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DEAR HONORED GUESTS, INVITED
SPEAKERS, DELEGATES AND STUDENTS,

On behalf of the Scienti�c and Organizing Committee it is a pleasure to welcome you to
Ohrid for the 5th Congress of Pharmacy in Macedonia with International Participation. The
congress is organized as a joint activity of the Macedonian Pharmaceutical Association and
Faculty of Pharmacy - Skopje as a quadrennial event since 1995.

This year�s conference promises to be our most exciting and rewarding one yet, since more
than 800 Pharmacist, among them scientists, educators, policy makers, professionals and the
student community will be presenting and discussing some of the major opportunities and
challenges affecting the pharmaceutical profession, today.

A great number of oral sessions and poster presentations will give both young and estab-
lished scientists the opportunity to present their work and share ideas with colleagues on dif-
ferent topics. The opening lecture and the interdisciplinary plenary lectures presented by
opinion leaders in particular �elds are designed to create starting point for a fruitful congress
for researchers, pharmacists and other health professionals. The scienti�c sessions that follow
will start with opening lectures from a  leading scientists in a particular �eld and will cover: I.
Pharmaceutical Analysis / Quality Assurance / Regulatory Affairs, II. Pharmaceutical technology
and biopharmacy, III. Pharmacoeconomy / Social Pharmacy, IV. Clinical biochemistry / Toxicol-
ogy / Food and nutrition, V. Medicinal aromatic plants, VI. Clinical pharmacy, VII. Pharmaceuti-
cal chemistry / Biomolecular sciences. New trends in academia and education will be discussed
during the half day Academic session. Two Workshops organized within the Congress, one on
modern analytical techniques and one that will promote Regional ISPOR Chapter Macedonia
will further enrich the activities planned for health professionals and scientists interested in
those �elds. The student session has a goal to introduce our students and other students from
the region to experienced pharmaceutical and medical professionals, educators and scientists. 

Best oral and poster presentations, selected by a Special Congress Award Committee will
be awarded with prizes donated by our general sponsor.

You are invited to submit extended papers for publishing in Macedonian Pharmaceutical
Bulletin immediately after the Congress. 

We are especially grateful to the dedication of the entire faculty and all other colleagues
and collaborators and our sponsors that have accepted to be a part of the Congress activities
to ensure that this event is a success

We wish you a successful Congress in Ohrid%
Regards,

Chair of the Scientific Committee
Prof. Katerina Goracinova

Chair of the Organizing Committee
Prof. Suzana Trajkovic Jolevska 
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CURRENT TRENDS AND FUTURE
PROSPECTS OF PHARMACOECONOMICS
AND OUTCOMES RESEARCH - 
WITH SPECIAL REFERENCE TO HEALTH
TECHNOLOGY ASSESSMENT

Finn Boerlum Kristensen
1National Board of Health, EUnetHTA 
Coordinating Secretariat, Copenhagen
2 University of Southern Denmark, Odense, Denmark

Pharmacoeconomics, outcomes research and health technology as-
sessment are composite scientific disciplines that are increasingly
used to determine value and inform healthcare decisions.
Pharmacoeconomics refers to the scientific discipline that compares
the value of one pharmaceutical drug or drug therapy to another[1]. It
is a sub-discipline of Health economics. A pharmacoeconomic study
evaluates the cost (expressed in monetary terms) and effects
(expressed in terms of monetary value, efficacy or enhanced health
related quality of life) of a pharmaceutical product. Health Related
Quality of Life refers to how the individual�s wellbeing may be
impacted over time by a disease, a disability, or a disorder[2]. It
encompasses those aspects of overall quality of life that can be clearly
shown to affect health�either physical or mental.
Outcomes research investigates the outcomes of healthcare
practices. It has been defined as the study of the end results of health
services that takes patients� experiences, preferences, and values into
account. It is intended to provide scientific evidence relating to
decisions made by all who participate in healthcare [3] .
Health Technology Assessment (HTA) is a multidisciplinary process that
summarises information about the medical, social, economic and
ethical issues related to the use of health technology in a systematic,
transparent, unbiased, robust manner. Its aim is to inform the
formulation of safe, effective, health policies that are patient focused
and seek to achieve best value. Despite its policy goals, HTA must
always be firmly rooted in research and the scientific method[4] .
The European network for HTA (EUnetHTA) is developing and testing
tools to facilitate European cross-border collaboration in HTA to in-
crease the application, volume, and quality of information for health-
care decision-making at the national level. It is co-financed by the EU
Commission and partner institutions in Member States[5] .
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PERSPECTIVES OF EUROPEAN AND
GLOBAL PHARMACOVIGILANCE

Gunilla Sjölin-Forsberg

CIOMS, c/o WHO, 20 Avenue Appia-CH-1211 Geneva 27, Switzerland

The management of pharmacovigilance has shifted from national are-
nas to more global activities. There is a development to perform more
clinical trials in resource-limited countries and national or regional de-
cisions may have an impact globally. To make efforts towards harmo-
nization, common standards (ICH, CIOMS WHO etc) and capacity
building is essential. Knowledge about pharmacological mechanisms
including pharmacokinetics, metabolism and genetics is a necessary
basis for understanding adverse drug reactions. Over the years there
has also been a major development in methodologies to detect ad-
verse drug reactions and new knowledge and competence needs to
be incorporated into pharmacovigilance. During recent years this also
includes communication science and an increased interaction with
concerned stakeholders especially patients and representatives of pa-
tient organizations. A tendency for a more holistic view on total pa-
tient safety has developed, this also being reflected in the agenda of
meetings organized by different scientific societies. This holistic view
also includes the whole life-cycle of the medicinal product develop-
ment. 
Examples of development and efforts of global initiatives are: The
�Pharma package� with inclusion of support of patient reporting of
suspected ADRs (European initiative, EU commission), PV in disease-
oriented programmes in resource-limited countries and PV toolkit for
resource-limited countries (WHO initiative). Melinda and Bill Gates
Foundation (US initiative to financially support safety systems in WHO
disease programmes of Malaria, Tb, HIV etc.), reflection paper on eth-
ical and GCP aspects of clinical trials of medicinal products for human
use conducted in third countries and submitted in marketing autho-
risation applications to the EMA (EMA initiative), efforts of a global
risk minimisation toolkit (CIOMS).
Future needs will be to increase capacity building when it comes to the
implementation of standards and development and maintenance of
pharmacovigilance systems. Furthermore a harmonization in order to
avoid duplication of work and reduce costs seems necessary. The use
of resources in an effective manner is further strengthened by con-
tinuous development of tools for outcome evaluation of risk mini-
mization measures. Finally there is a need to find ways of fighting
counterfeit medicines.
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EUROPEAN LEGISLATION ON TRADITIONAL
HERBAL MEDICINAL PRODUCTS

Werner Knöss 
Federal Institute for Drugs and Medical Devices, Bonn, Germany

Almost everywhere in the world medicinal plants have been used in
health care since ancient times. In Europe, first manuscripts describ-
ing medicinal plants were written more than two thousand years ago.
Starting from this traditional use, which was often based on ready-to-
use receipts, there was a development towards usage of finished
herbal medicinal products in central Europe during the 20th century.
Whereas selection and documentation of manifold receipts have a
long tradition the formal regulation of herbal medicinal products is
rather young. In parallel with an increasing scientific knowledge on me-
dicinal plants - which included also the identification of highly active
purified compounds of plant origin - a regulatory environment for all
medicinal products has been established in Europe. The basic regula-
tory approach is to control the access to the market and to assess
quality, safety and efficacy of medicinal products in order to improve
public health and to facilitate supply with medicinal products. 
In the European Union national regulations have been replaced step
by step by implementation of European legislation. The basic regula-
tory framework for medicinal products is laid down in the Directive EC
2001/83 (and its amendments). There are specific definitions for herbal
medicinal products and traditional herbal medicinal products (Direc-
tive EC 2004/24). The regulatory framework differentiates between
marketing authorization of herbal medicinal products and registra-
tion of traditional herbal medicinal products, for which the efficacy
must be plausible based on their long-standing use instead of being
proven by clinical trials. Quality, efficacy (or longstanding use) and
safety of these medicinal products have to be proven.
A harmonised scientific evaluation in this field is resulting from the
work of the Committee on Herbal Medicinal Products (HMPC) at the
European Medicines Agency (EMA). The HMPC has drafted and
adopted a series of guidelines which are intended to support assess-
ment of traditional herbal medicinal products and herbal medicinal
products considering their particular characteristics. One of the major
tasks of the HMPC is to establish community monographs and list en-
tries of herbal substances/preparations or combinations thereof. Such
harmonized monographs will facilitate assessment within European
procedures, reduce the workload for national competent authorities
and contribute to the development of a common market of (tradi-
tional) herbal medicinal products in Europe. Currently, about 80 mono-
graphs have been finalized and about 20 monographs may be finalized
furthermore per year. 
With respect to globalization the application of Traditional Medicines
is not always restricted to specific regions. Some well-known thera-
peutic systems (e.g. phytotherapy, homeopathy, Traditional Chinese
Medicine) are getting more and more popular all over the world. Gen-
erally, according to Directive EC 2001/83 the requirements for quality,
efficacy and safety must represent the same standards as usually re-
quired for all medicinal products.
In conclusion there is a clear European regulatory framework for me-
dicinal products (directive 2001/83/EC as amended) providing basic
definitions and offering two options to bring products into the market:
i) registration of traditional herbal medicinal products and ii) market-
ing authorisation of herbal medicinal products. Beside applications at
the national level there are also options for European procedures. 

PATIENTS; BRIDGING THE GAP BETWEEN
CLINICAL THEORY AND PRACTICAL CARE

Sue C Jones
Institute of Pharmaceutical Sciences, King�s College London

From the caring perspective of wellbeing we, as healthcare profes-
sionals, exist due to the presence of illness in the world population.
More specifically in pharmacy, a major role is to work directly with pa-
tients on a number of levels.  They may visit a pharmacy with a par-
ticular symptom causing some discomfort and worry; here we would
triage the patient and recommend a course of action.  Commonly,
they may have been prescribed some medication for a condition they
are suffering.  Whether acute or chronic, our responsibility is to en-
sure that the prescribed medication, in all situations, is suitable for
that patient.  Being appropriate clinically can have many facets, for
example:  

» Is the medication �safe� in terms of dosing, the patient�s
pre-existing pathologies, side effects, contra-indications, 
adverse drug reactions etc? 
» Is the medication effective for this condition in this patient?  
» How can we be sure this is the most optimum treatment
for this patient?

Whilst all of these questions are important, conventionally it has been
the domain of the prescriber, usually a medical doctor, to diagnose
and prescribe and therefore address the majority of these areas.  

Traditionally, the role of the pharmacist has been evolving fundamen-
tally from public perception of concocting a recipe to cure all ills to a
re-professionalisation with expanding roles and with that, additional
responsibilities.  In 1990 Hepler and Strand1 talked about a term �phar-
maceutical care� where they explored how the pharmacist could be
more involved in working with patients to improve health outcomes:  

�pharmaceutical care involves the process through which a
pharmacist cooperates with a patient and other profes-
sionals in designing, implementing and monitoring a thera-
peutic plan that will produce specific therapeutic outcomes
for the patient�� ibid 539

Interestingly, their work sparked research globally1 to expand and en-
hance the clinical role of a pharmacist leading to a variety of emergent
roles and responsibilities for patient care.  Lots of this research showed
that money could be saved in drug choice; health outcome measures
such as morbidity and mortality of patients reduced using pharmacists;
working relationships between pharmacists and other healthcare pro-
fessionals improved; communication barriers reduced etc 2,3,4,5,6.  

Whilst a huge amount of effort has gone into developing standard op-
erating procedures, clinical governance agendas and standardizing
care, somewhere in this situation is the patient themselves visible as
a unique entity?  The United Kingdom (UK) Government suggested
(2010)7 regarding patient care that there should be:

�no decision about me, without me� ibid 3
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In these economic times, making the best use of a diminishing level of
resource will be become more important.  In 2010, the spending re-
view included a 0.5% increase over a five year period so the issue of en-
hancing pharmaceutical care, prescribing costs and treatment
adherence will only become more salient8. Perhaps by understanding
patients better, it could bring about enhanced care effectiveness
through a reduction in costs, as highlighted in the Wanless Report9.

However, over a million patient complaints are received to the NHS
about the standards of care they receive and how they are forgotten
in as system that does not work10.  Somewhere in this mix of pharma-
ceutical care have the basics of dealing with people been forgotten?
Being aware and sensitive to the actual needs of the patient as an ho-
listic being not just a system of pathologies to be dealt with.  There-
fore by considering the wider perspective of what the patient might be
bringing with them to their healthcare, pharmacy could be in a unique
position to influence patient outcomes and medication safety.
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NEW LC/MS/MS TECHNIQUES 
IN PHARMACEUTICAL ANALYSIS 

Sebastian Kujund�i�

DSP Chromatography d.o.o., Milutina Milankovi�a
120g, Belgrade, Serbia

Liquid chromatography/mass spectrometry (LC/MS) combines the
physical separation capabilities of high-performance liquid chro-
matography (HPLC) or ultra-high-performance liquid chromatography
(UHPLC) with the mass analysis capabilities of mass spectrometry (MS).
LC/MS is used for many applications that require very high sensitivity
and specificity, with the goal of specific detection, potential identifi-
cation, or quantification of compounds within a complex mixture.
UHPLC systems are capable to deliver fast and optimal separations,
providing speed, resolution, and sensitivity. These performances of
UHPLC systems create demands on the mass spectrometer to yield
faster, sensitive MS/MS. This practically means that MS systems must
have excellent mass accuracy, isotopic fidelity, mass resolving power
and acquisition rates. These challenges are met by introducing new
technologies in every part of the mass spectrometer. All these de-
mands are clearly demonstrated on Figure 1.

Figure 1 � Clearly Better LC/MS optimizes all analytical dimensions

Multiple Reaction Monitoring (MRM) mode has become the preferred
method for the quantitative analysis of known or target compounds
using triple quadruple mass spectrometry. The current solution for
MRM analysis uses time segmentation, where a method is divided into
a series of time segments and predefined sets of MRM transitions are
monitored for each segment. As sample complexity increases (e.g.,
quantifying very low levels of many of residues in a wide variety of ma-
trices), very real practical limitations in the time segmentation
methodology become apparent. A better solution is required. 
New dynamic MRM methods on Triple Quadrupole instruments create
new capability to tackle large multi-analyte assays and to accurately
quantify exceedingly narrow peaks from fast LC separations.
Several factors cause fast LC/MS/MS method development in the drug
discovery area to be an arduous task. Combination of ESI/APCI sources
offers broad response with multiple ionization modes, but optimiza-
tion can be difficult and some sources limit flow rates to 1 mL/min,
while others compromise chromatographic performance. The scan
speed of the mass spectrometer needs to be fast enough to acquire
an adequate number of data points across the narrow peaks gener-
ated using sub-2 �m columns. At typical fast LC conditions, current
HPLC systems (pressure limit ~ 400 bar) would yield back pressures

greater than the threshold limit. Using an UHPLC system coupled with
an Triple Quadrupole mass spectrometer comprising thermal gradi-
ent focusing (Jet Stream Technology � JS) ESI to streamline high-
throughput bioanalytical method development using in vitro
metabolic stability samples. Incubations of the substrates buspirone,
verapamil, dextromethorphan, or diclofenac were carried out sepa-
rately. JS technology was compared to conventional orthogonal ESI
using generic source values. The UHPLC/MS/MS system, which allows
flow rates up to 2 mL/min, pressures up to 1200 bar, dwell times as
low as 1�2 ms, and polarity switching time of 30 ms, achieved an analy-
sis time of less than 1.1 min without sacrificing quantitative data qual-
ity. Due to the high data acquisition rate provided by the Triple
Quadrupole mass spectrometer, compounds ionizing in positive and
negative modes were analyzed in a single run. An adequate number of
data points (>10) could be collected across the extremely narrow peaks
(Average full width half maximum [FWHM] <1.3 sec) generated by the
UHPLC system. JS showed enhanced area response and signal-to-noise
in comparison to conventional orthogonal ESI (Figure 2).
Figure 2 - Overlaid MRM chromatograms obtained using JS in comparison to

conventional orthogonal ESI for the metabolic stability study.

This presentation will give an overview of new LC/MS techniques used
to get better results in pharmaceutical analysis e.g. an in vitro meta-
bolic stability study and pharmacokinetic assay.
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CHALLENGES OF QUALITY MANAGEMENT
IN ANALYTICAL LABORATORIES

L. Ugrinova, K. Brezovska, J. Acevska, 
A. Poceva Panovska, J. Tonic Ribarska, 
S. Trajkovic Jolevska, A. Dimitrovska

Center for drug quality control, Faculty of Pharmacy, 
University Ss. Cyril and Methodius, Skopje, Macedonia

QUALITY SYSTEM
Hierarchy of quality stages in laboratory is set with the following qual-
ity terms: quality control, quality assurance, quality system, quality im-
provement and quality management. Quality control covers the
operational techniques and activities that are used to fulfill require-
ments for quality and regulatory compliance. Quality assurance is de-
fined as planned and systematic activities to provide confidence that
an organization fulfils requirements for quality. Quality system repre-
sents comprehensive and coordinated efforts to meet quality objec-
tives. Quality improvement emphasis the recognizing opportunities
for improvement based on the use of quality indicators. Quality man-
agement is management approach centered on quality, focused on
long-term success through customer satisfaction.
Legislation is one of two major forces driving the setting up the qual-
ity system in analytical laboratories. The second and more important
reason for validation and qualification of analytical laboratory is to
improve the reliability, consistency, and accuracy of analytical results.
Well-designed, developed, and validated analytical methods,
equipment, and materials, together with motivated and qualified
people are prerequisites to achieve this goal.
The challenge for any validation plan is to ensure compliance and
quality, but with minimal extra cost and administrative complexity.
The optimal validation effort is somewhere between doing nothing
and the attempt to validate everything 100% [1].
One question that has frequently arisen is: �How much validation is
enough?� The real problem lies in the lack of clear guidelines on how
to implement regulations and quality standards.

REGULATIONS, STANDARDS, AND GUIDELINES
�nalytical laboratories in the chemical and pharmaceutical industries,
as well as analytical routine laboratories in other disciplines such as
environmental and food analysis, have generally accepted and introduced
the appropriate standards, norms, and principles in the analytical
process.
Validation and qualification of analytical laboratories are required by
many regulations, regulatory guidance documents, quality standards,
and company policies. 
The most important regulations applying to validations are the good
manufacturing practices (GMPs), good clinical practices (GCPs) and
good laboratory practices (GLPs) [2,3]. 
The ICH publishes guidelines as the results of the discussion on
scientific and technical aspects of product registration between the
regulatory authorities and the experts of Europe, Japan, and the
United States [4]. The most important guidelines are those for the
validation of analytical methods, stability testing, impurity testing,
good manufacturing of APIs, and risk assessment.
The best-known quality standards are the ISO 9000 series, which
provide generic standards for development, manufacturing, and service.
Most relevant ISO Standard for laboratories is ISO/IEC 17025 [5,6]. The

standard specifies the general requirements for the competence to
carry out tests and/or calibrations, including sampling. It covers testing
and calibration performed using standard methods, non-standard
methods, and laboratory developed methods. The requirements of the
standard are segmented into management and technical requirements
and are used as a basis for laboratory accreditation.

HOW TO DEAL WITH MULTIPLE 
REGULATIONS AND QUALITY STANDARDS
Laboratories are frequently faced with a situation where they have to
comply with regulations from different countries or with both
regulations and quality standards at the same time. The solution to
this problem is to combine all regulations and quality standards in a
single quality manual and a single set of operating procedures. 
Analytical control laboratory within a pharmaceutical company that
markets medicinal products in different countries has to work in
compliance with the GMPs of the countries in which the drug is
marketed. A chemical companies are certified for ISO 9001. The scope
of the certification also covers the analytical service laboratory, so
the laboratory has to work in compliance with ISO 9001 and with ISO
Guide 17025. An independent test laboratory has to comply with ISO
17025 and with GLP and cGMP regulations.
The laboratory management establishes, implements and maintains a
quality system appropriate to the scope of its activities, including the
type, range and volume of testing and/or calibration, validation and
verification activities it undertakes. The laboratory management
describes its policies, systems, programmes, procedures and
instructions to the extent necessary to enable the laboratory to assure
the quality of the test results it generates. Documentation used in this
quality system must be communicated and available to, understood
and implemented by, the appropriate personnel. The elements of this
system must be documented in a quality manual, which is available to
the laboratory personnel and must be maintained and updated by a
nominated responsible member of the laboratory personnel.
The quality manual should place the laboratory�s own quality system
first and foremost. This may be based on a well-known quality
standard, such as ISO 17025.
ISO 17025 contains all of the requirements that testing and cali-
bration laboratories have to meet if they wish to demonstrate that
they operate a management system, are technically competent, and
are able to generate technically valid results [6].
The acceptance of testing and calibration results between countries
should be facilitated if laboratories comply with this International
Standard and if they obtain accreditation from bodies, which have en-
tered into mutual recognition agreements with equivalent bodies in
other countries using this International Standard. The use of this In-
ternational Standard will facilitate cooperation between laboratories
and other bodies, and assist in the exchange of information and ex-
perience, and in the harmonization of standards and procedures.
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�����	 
� ��
������� � ����	��� �� ������, ��	��������� �� �� � ���,
�����	
���� ���. ��	�� � ������j�, ���
��, �. ���������� 

������ �� ��������
���	�	!����� �� �������� �� 	���� �� ���� ��"�	���	��� � ���	����
�� �������� ��	����: ����	��� �� ��������, �"�
"������� ��
��������, ������ 
� ��������, 
���"	����� �� �������� � �
	�������
�� ��������. ����	����� �� ���������� �
��#� �
�	������ ��!����
� ���������� $�� �� ��	����� 
� �� �� ��
����� "�	����� 
�
�������� � 	�&�����	���� "�	���. ’"�
"������� �� ����� ����� �
������	��� ���� �
	��������� �� 
�� �� 	� �� � �����������
���������� 
� �"�
"������� �� ����	"� ���� �	&���
������� &�
��
������ "�	����� 
� ��������. �������� 
� �������� �
��#�
�Ø�
����� � ���	����	��� ��
�	� 
� ��
�������� �� ������ 
�
��������. *���"	����� �� ���������� ����� ������ ��

	�
�
�������� �� ��+������� 
� 
���"	����� �	
 ������ ��
���� �� ��	��� 
� ��������. �
	������� �� ����� �� ��� � �
	�������
������	��� �� ���&�	�;�� ��
�! �� 
����������� �� "�	����� ��
��	�������� �� ����&�.
��&��������� � ���� �� ����� &����� ���� $�� &� ���
��+���
���
������������ ��  �������� 
� �������� �� �������;����
��"�	���	��. =��	��� � 
���+�� 
	�;��� � 
���"	����� ��
��&�	�����, ���
�����-������ � ��;����� �� �������;���� 	�
������.
@�"	� ��
����	���, 	�
����� � ���� �� 	� �� �������;�� ������,
������������� �
	��� � ����	�����, 
����� �� ������	�� �
������������ 
� 	����� �� 
	������� 
� 
����&������ �� ���� ���.
*	���
����� 
� "��� ��� 
��� 
� ���������� � �"�
"������� ��
��������, �� �� ��������� ��
��������� �	�$��� � �������
��������	������ �
��	�������. X�
�	�� 
� 
����&������ ��
�
������� ���������� � �� &	������� 
���Z� �� �
	��������� ��
"��� ����� ���������� � �"���� �� �� ������	� �Ø (100%) [1].
*	�$��� $�� ;���� �� 
�������� �: �@� ��� ���
�� � 
��	�"�� �� ��
�
	����� ������������?� =���������� 
	�"��� ��+� �� ���� ��� �� -
��� �� ����� ������ 
� ��� ���� �� �� ��
�������	��� 	�&���������
� ������	���� 
� ��������.


�	�������, ������
�� � ������
�������;���� ��"�	���	�� �� 	���� �� !�������� � ��	�� ��� � ��� -
�� ������	���, ���� � �������;���� ��"�	���	�� �� �	�&� �� ��� -

����, ���� $�� �� +�������� �	����� � !	���, ����� ��������
��������� ������	��, ��	�� � 
	����
� �� �������;���� 
	����. 
=����������� � ��������������� �� �������;���� ��"�	���	�� ��
"�	� �� ��	��� �� ���&� 	�&�����	�� ���������, ������	�� 
�
��������, � 
������� �� ���
������.
X����+���� 
	����� $�� �� ���������� �� ������������ ��
������	��� ��: @�"	��� 
	��
��������� 
	���� (@**), @�"	���
�����;�� 
	���� (@�*) � @�"	��� ��"�	���	���� 
	���� (@\*) [2,3].
ICH ����;��� 
� ���;���� � ��!��;���� ��
���� 
� 	�&���	����� ��
��������, �� 
	��
��� �� ��	�"������ ��Z� 	�&�����	���� ���� �
���
�	���� �� ^�	�
�, _�
����� � ��@ [4]. X����+�� �� ����;��� 
�
���������� �� �������;�� ������, ��
������� �� ���"������,

��
������� �� ���;��������, ��"	��� 
	��
�����  
	���� �� 
	 -
�� 
��������� �� ������� ��
�������, ���� � 
� 
	�������� �� 	�
��.
X��
�
������ ������	�� 
� �������� �� ��	����� �� ISO 9000, ��� &�
������	��� "�	��� 
� �������� 
� 	�
���, 
	��
������� � ����&�.
X��	��������� ISO ������	� 
� ��"�	���	���� � ISO/IEC 17025 [5,6].
’��� ������	� &� �
�������	� �
$���� "�	��� 
� ���
���������

� �
�	$����� �� ��
������� �/��� ����"	�����. ‘�	����� ��
������	��� �� 
������� �� "�	��� 
� �
	������� � ��!��;��
"�	���. ������	��� �� ��	���� ���� ������ 
� ��	��������� ��
��"�	���	����.

��
������� �� ������ 
�	�����
�� ��
��� �
������
�� �� ��������
\�"�	���	���� ;���� �� ���;����� �� ��������� ���� $�� �	�"� ��
�� ���&����� �� 	�&��������� �� 	�
��;�� 
���� �/��� �� 	�
��;��
������	�� 
� �������� �� ���� �	���. ��$������ 
� ���� 
	�"��� �
���"���	��� �� ���� 
	�
��� � ������	�� 
� �������� �� ����

	�	�;��� 
� ��������.
����	������ �������;�� ��"�	���	��� �� 	������ �� ����
��	��������� ���
����� $�� �
��
��� ������ �� 	�
��;�� 
����
��	� �� 	�"��� �� ��&������� �� @** �� 
������ �� ����	��.
���
������ 
� 
	��
������� �� !�������� �� ��	������	��� 
�
ISO 9001. X�, ������� �
��&�� �� ���������� �
��#� � ����&� ��
����� �� ��"�	���	�� 
� ��
������� �/��� ����"	�	���,
���
������� ��	� �� 	�"��� �� ��&������� � �� ISO 9001 � ISO
17025. X�
������ ��"�	���	��� 
� ����	���, 
��  ��	� �� 	�"���
�� ��&������� �� ISO 17025 � �� 
	�
����� �� @\* � @**.
����������� ��� �� ��"�	���	����� &� ���
���� � � ��, ��
�������	�
� ��	+��� �������� 
� �������� ��������� �� �"���� ��
������������ �� ��"� 	� �� 	� ����.      ����������� ��� &� ������	�

�  � �   � � �� ��, ���������, 
	�&	�����, 
����
���� � �
�� ���� �� ��
���
�� 
��	�"�� 
� �� �� ���
��+� ��"�	���	����� �� �"�
"���
�������� �� 	� 
�� �� �� �� �� ��
��������� $�� &� �
	�������. @�� � -
��� �� ������ $�� �� ��	���� �� �������� 
� �������� �	� "� �� "���
�����
��, 	�
"�	���� � ��
����� �� 	��� �� ��	��� �� �����������

�	�����. 
^��������� �� �������� 
� �������� �	�"� �� "���� ������	��� ��

	�	�;����� 
� ��������, � �� �� 
�������� �� ��"	� 
�
������
������	�� 
� ��������, ���� $�� � ISO/IEC 17025 ������	��� [6]. 
*	���#��� �� 	�
�������� �� ��
������� � ����"	����� 
���Z�

������ � ��
��+�� ��� ��"� 	� �� 	���� 	�"���� �� ��&������� ��
���� ��Z � �� 	� ��� ������	� � ��� �� ��	�����	��� �� ���� $�� ��

����� 
	�
����� �� ������������ ���� �� �	� &� 
���� �� ����� ��
���� ��Z���	���� ������	�. �
��	�"��� �� ������	��� �� ��������
��	�"������ 
���Z� ��"�	���-	���� � 	�&�����	���� ����, � 
���&�

	� 	�
���� �� ����	����� � ��������, ���� � 
	� ���&�������� ��
������	�� � 
	� �� �� 	�.
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REVIEW, EVALUATION 
AND REPORTING OF ANALYTICAL RESULTS 
K. Brezovska, J. Acevska, A. Poceva Panovska, J. Tonic
Ribarska, L. Ugrinova, S. Trajkovic Jolevska, A. Dimitro-
vska

Center for drug quality control, Faculty of Pharmacy, 
University Ss. Cyril and Methodius, Skopje, Macedonia

The analytical laboratory should perform the testing in a quality
system based on quality regulations, guidelines and standards in order
to guarantee a sufficient level of confidence in the results. The
purpose of any chemical analytical measurement is to get consistent,
reliable, and accurate data. Many decisions are based on the results
obtained from qualitative and quantitative chemical analysis, and it is
important to be aware of the quality of the analytical results.
The results of the testing performed in analytical laboratory may have
significant consequences for the products involved, especially if a
sample is found to be out of specification. Measures taken by the
Competent Authority may include recalls, batch rejection, thorough
production investigations, refusing of marketing authorisation of the
product. If drugs with undetected impurities are distributed, they can
have a negative impact on peoples� health. If harmful contaminants
in environmental or food samples are not detected, they can be
dangerous to the environment or to consumers. In addition, reporting
incorrect analytical results at any particular time leads to loss of a
laboratory�s confidence in the validity of future results. Any laboratory
should do its utmost to ensure accurate results within a known level of
confidence, and reliable reporting of test results and conclusions of
conformity or non-conformity of a product. Validation and qualification
of processes and equipment will help to meet this goal [1,2]. 

TEST RESULTS
Analytical laboratory should have quality control procedures for
monitoring the validity of tests performed and results obtained.
Standard operating procedure should be established and main-
tained for protecting the data, and should include definition of raw
data, integrity and confidentiality of data entry or collection, data
storage, data transmission and data processing. Data obtained from
analytical tests should be reviewed and validated by a qualified and
authorized person following the standard operating procedures.
Final results should be traceable back to the individual who entered
the data, or, in cases where data are acquired on-line from an
analytical instrument, the instrument should be identified. If changes
have been made to any data, the original raw data should not be
obscured by these changes. 
Checks, preferably performed automatically, should be built into any
routine method to identify errors. Requirements for a validity check of
data include well-maintained instruments, documented measurement
processes, and statistically supported limits of uncertainty [1,3].
Estimation and reporting of uncertainty of measurements 
The uncertainty of measurement �characterises the dispersion of the
values that would be reasonably attributed to the measurand� [4].
According to ISO/IEC 17025: ��Testing laboratories shall have and shall
apply procedures for estimating uncertainty of measurement...� [3].
The uncertainty of the measurement should be considered in the
result for all quantitative measurements. 
Both the Eurachem/CITAC Guide [4] and EA guidelines EA 4/16 [5] give
two possible approaches for estimation of measurement uncertainties:

- �step-by-step� approach (combined uncertainty) - identifying and
quantifying each component which contributes to the overall
uncertainty and combining all contributions. 

- �overall� approach (overall uncertainty) - data from prior studies
originating from defined internal quality control procedures,
from method validation, from collaborative studies or from
proficiency tests. 

The confidence in the result obtained by the laboratories for
compliance testing can be assured by the �overall� approach for the
estimation of the uncertainty, by the application of the system
suitability criteria and by adherence to pre-defined analytical
acceptance criteria, provided that a well-functioning quality system is
in place [6,7,8].

EVALUATION OF RESULTS
Evaluation of test results is the process by which data are reviewed,
checked for plausibility and accuracy and accepted or rejected based
on defined procedures [1].
The laboratory should clearly define how, if applicable, averaging of
results is performed and how these results are evaluated.
Guideline of the Official Medicine control laboratories (OMCL) net-
work, for evaluation and reporting of results, gives two examples of
approaches for pharmacopoeial testing of active substances and one
approach when testing the content of active substance in finished
products [2].
Out of specification result (OOS result). When the obtained result does
not comply with the specifications, an investigation should be con-
ducted in the laboratory, following the standard procedure, to
establish whether this result is due to analytical error, the influence
of variables unrelated to the product, or whether this result reflects
the actual condition of the product tested. 
When clear evidence of laboratory error exists, laboratory testing
results should be invalidated. When evidence of laboratory error
remains unclear, a full-scale OOS investigation should be conducted by
the manufacturing firm to determine what caused the unexpected
results. A written record of the investigation should be made and
should include the conclusions and follow-up [1,2].

REPORTING OF RESULTS
The results should be reported, usually in an analytical test report and
should include all the information requested by the customer and nec-
essary for interpretation of the test or calibration results and all in-
formation required by the method used. 
The information given in the test report should be based on the
requirements given in ISO 17025 (Chapter 5.10). The results and the
relevant specification should be reported as the mean of a
predetermined number of replicates, given with appropriate number
of figures and, if applicable, the standard deviation.
The results of each test should be recorded accurately, unambiguously,
and objectively and in accordance with any specific instructions in the
test methods and requested by customers [3].
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��������, �����	
���� ���. ��	�� � ��������, ���
��, �. ����������

������ �������;�� ��"�	���	���, �	�"� �� &� �
	�������
��
��������� �� 	������ �� ������ �� �������� "�
�	�� ��
	�&�������, ����;� � ���� �� 	 �� 
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��������, ��&�	�� � ��;�� 	�
������ �� ��
� ��������. 
��
�������� �� �������������� � ��������������� ��
������� ��+�

��;������ �� ������� �� ��
��������� 
	��
����, 
���"�� ���
��"������ 	�
������ �� �����	 �� ��
�������� &	����� ��
�
������������� 
� ��������. =� ���� ���;��, �����������
	�&�����	�� �	&��� ��+� �� 
�
�;��� 
����
�� 
� 
���������� ���
���	���� �� ��	�����, ������� ���	�&� �� 
	��
��������� �
��"����� �� ���"	������ 
� 
�$���� �� 
	���� �� ��
���������

	��
���. =� �
	������, �� ��	� "� �	��� �� ������ ��� ��� �� ��
�������	��� 
	�������� ���;��������, ���  �����	����� �� �
����
������������ �� +�������� �	������� ��� �� 
	���	��� �� !	���
��+� �� ��� ��&������ �������� �� 
�	������ �� ��Z���.
@�
���������, 
	���+������� �� ����;�� 	�
������ �� ��� �� �� ;��
��
������� �� ���� �������;���� ��"� 	� �� 	���, �������� ��
������	"� �� ���������� �� ������ 	�
������. {���� &����� ��� ��
������ �������;�� ��"�	���	��� �	�"� �� "��� �"� 
 "� �� �� �� ��
��;�� � ��	��������� 
	���+��� 	�
 � � �� �� �� �
	���������
��
�������, 
� $�� � �� �
- !���� 
�������� ��������	��� �
������������� �� 
	������� � �
	����� [1,2]. 


�������� �� ������������
=� �������;���� ��"�	���	��� �	�"� �� �� ���
������� �

	��������� ������	��� �
� 	� �� ���  
	�����	�, �� ������	���

����
�� 
� �� � � 	�  �� �� ���������� �� ��� ������� �� ����������
�� �
	��������� ��
������� � ��"������ 	�
� �� �  ��. =�

	�����	��� �	�"� �� ������	� ��;���� �� ��"�	���, ���������,
;�����, �	�����	 � 
	��� �� 	���  �� 
��������� ���� � 
����
����
�� 
	� &�� ������ � ������	��� �� 
��������� �� ��	��� ��
������������ � ����	�
�	�� 
�	�����. ���� ; �� �� 	�
������ �	�"�
�� "���� ������� �� �������;�	�� ��� &� ���� 
��������� ��� ��
���;�� ��&� 
��������� �� ��"���� on-line �� �������;��
����	�����, �	�"� �� �� ������������ ������. ‘��� ����� 
	�����
�� 
���������, �� �	�"� �� &� 
	��	���� �	�&�������� ��	���

�������. 
=� ������ 	������� ������ �	�"� �� ��� 
����
�� 
� 
	���	�� ��

���������� �� 
��������� � �������������� �� &	�$����, 
�
��+���� �� �� �
	��������� ��������
�	���. ‘�	����� 
� 
	���	��
�� 
��������� ����;����� ��"	� ��	+����� ����	������,
���������	��� 
	����� �� ��	����� � ��������;�� 
���	+���
&	����� �� ����	������� [1,3].
’�	������� � 
	���+����� �� ��	���� ����	�������
��	���� ����	������� � �� ��	����	�
�	� ���
�	
����� ��
�	��������� ���  	�
���� "� ��+��� �� �� ������� �� �
��	�����
�	������ �[4].
��
	�� ISO/IEC 17025 ������	��� [3]
�� \�"�	���	���� 
� ��
������� �	�"� �� ����� � �� 
	���������

	�����	� 
� ��	������� �� ��	���� ����	������� ...�.
��	���� ����	������� �	�"� �� �� 
��� �� 
	����� �� 	�
��������
�� ���� ������������� ��	���. 
=���;��� ������ ��� ��+�� ��;��� �� �
	��������� �� ��	����
����	�������:
�;���	 
� ;���	� 
	����
 � �������������� � �������������� ��
������ ���
������ $�� 
	��������� �� ���
���� ����	������� �
���"���	��� �� ���� �;������ �� ��	���� ����	�������.
������
��� 
	����
 � 
������� �� 
	��!���� ��
������� �
�	��
������	��� ����	�� 
	�����	� 
� ����	��� �� ��������, ��
������������ �� �������, �� 
�����;�� ��
�������, ��� ��
��Z���"�	���	���� �
�	��"� [4,5]. ’��� 
	����
 �� ��	���� 
�
��
"������� �� ����	������� �� 	�
�������� �� ��
��������� ��
��"�	���	���� 
� compliance ��
������� [6,7,8].

���������� �� 
����������
^����������� �� 	�
�������� 
	��������� 
	���� �� ��� �� �	$�

	�&��� �� 	�
��������, 
	���	�� �� ������� ��	����������� �
��;���� � ����� 
	���#��� ��� ��"�����  �	
 ������ ��
������	��� 
	�����	� [1].  
=� ������ ��"�	���	����� �	�"� ����� �� "��� ������	��� ����,
������� � ��+��, � �
�	$��� ��	������� �� �	������ �	������ ��
��"������ 	�
������ � ���� ��� 	�
������ �� ������	���. 
=���;�� �� OMCL (Official Medicine control laboratories) �	�+��� 
�
���������� � 
	���+������ �� 	�
��������, ���� ��� 
	����
� 
�
��������� �� 	�
�������� 
	� ��
������� �� ��	����
�����
��
������� � ���� 
	����
 
� ���������� �� 	�
�������� 
	�
��
������� �� &����� 
	��
���� [2].
��
������ ��� �����
����� �� �
������������� 
� ��������
��&� ��"������ 	�
����� �� ��&���	� �� "�	����� ��
�
������������� 
� ��������, �� ��"�	���	����� �	�"� �� ��
�
	����� ���������	��� ���	�&�, �
�	�� ������	��� 
	�����	�,
�� ��� �� �� ���	�� ���� ���� 	�
����� �� ���+� �� �������;��
&	�$��, �������� �� �����	� ��� �� �� 
��	
��� 
� 
	��
�����, ���
��"������ 	�
����� �� 	�������	� ����������� ������"� ��
��
��������� 
	��
���. =� ���;�� ��&� 
����� ����� ����
 
�
��"�	���	���� &	�$��, 	�
�������� �� ��"�	���	������ ��
� �� �� -
�� �� ���	����. ��&� �� ��+� �� �� ����+� ��"�	��� 	� ��� &	�$��,
�� �
	������� ��
�� �� ��� �� ���	�&� �� 
	��
���������, �� ��� ��
�� ��	��� $�� � 
	�;����� 
� ���;��������� 	�
������ [1,2].

�
��������� �� 
���������� 
��
�������� �	�"� �� "���� 
	���+��� �� �
��$��� �� �������;����
��
������� � �	�"� �� &� ���	+�� ���� ����	����� "�	��� ��
��������, 
��������� ���
!���� 
� ����	
	������� �� ��"������
	�
�������� � ����	����� 
�  ��	�������� ����� 
� ��
�������, ��
��&������� �� "�	����� �� ISO 17025. ��
�������� ��&����� ��
�
������������� 
� �������� �	�"� �� "���� 
	���+��� ����
�	���� �	������ �� 
	��!���� ���	��� "	�� �� 	�
������, ����� ��
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��������� "	�� �� ���	�, � ������� � 
	�������� ������	���
����������. 
��
�������� �� ����� ��
������� �	�"� �� "���� ��������	���
��;��, ������������� � �"��������, �� ��&������� �� �
�����;����
"�	��� �� ���� ��� ��� �� �������� [3].
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EQUIPMENT QUALIFICATION FOR QUALITY
ASSURANCE IN ANALYTICAL LABORATORY

A. Poceva Panovska, K. Brezovska, J. 
Tonic Ribarska, J. Acevska, L. Ugrinova, 
S. Trajkovic Jolevska, A. Dimitrovska

Center for drug quality control, Faculty of Pharmacy, 
University Ss. Cyril and Methodius, Skopje, Macedonia

Validation and qualification are important processes for assuring qual-
ity in analytical laboratory. They are required in order to improve the
reliability, consistency and accuracy of analytical data.
Validation is a quality assurance process of establishing evidence that
provides a high degree of assurance that any procedure, process,
equipment, material, activity or system actually leads to the expected
results.1,2,3 Qualification is a quality control process that is used to
evaluate whether or not a product, service, or equipment works cor-
rectly and leads to the expected results 2. Validation and qualification
are ongoing processes and cover the complete lifetime of methods or
equipment. Equipment qualification begins when laboratories have
a need for new equipment and define specifications and it ends when
the equipment is taken out of service.
According to ISO 17025, �equipment and its software used for testing,
calibration and sampling shall be capable of achieving the accuracy
required and shall comply with specifications relevant to the tests
and/or calibration concerned� [4].Similar requirements are also stated
in ICH Guideline Q7 [5].
Process of equipment qualification is represented by 4Q model [6]
which includes: 
DQ (design qualification) ensure that instruments have performance of
all the necessary functions, which will enable them to be successfully
implemented for the intended application. The DQ phase should also
verify that the vendor can support the equipment during installation
and ongoing use. Errors in DQ can have a tremendous technical,

compliance, and business impact, and, therefore, a sufficient amount
of time and resources should be invested in the DQ phase.
IQ (installation qualification) establishes that the instrument is
delivered as designed and specified, that it is properly installed in the
selected environment, and that this environment is suitable for the
operation and use of the instrument. A system installation can be
verified by analyzing a reference sample under well-characterized
conditions. Any changes to the system should be thoroughly recorded
and documented and few (hardware, firmware, or software upgrades)
will require IQ in order to maintain the qualification process. 
OQ (operational qualification) ensures that the equipment�s hardware
and the computer software meets functional and performance
specifications as required for the intended application and as specified
in the DQ document. OQ is an important part of the overall
equipment qualification process. The careful selection of test items,
the test procedures, and acceptance limits is extremely important.
Frequency of performing the OQ depends of few factors (type, usage,
stability of equipment) but the most important criterion is to make
sure that selected test frequency will result in a high probability that
the equipment will pass the tests.
PQ (performance qualification) is the process of demonstrating that an
instrument consistently performs according to a specification
appropriate for its routine use. The purpose of this process is to ensure
that the equipment is functioning without problems and that
analytical results have the highest probability of being of acceptable
quality. The frequency and need for PQ activities should be based on
the type of equipment, the instrument�s application, and previous
experience with the equipment. Examples are system suitability tests
and the analysis of quality control samples. In many cases they are
enough proof that instruments are suitable for intended use and no
additional tests are required [8].
The guideline of OMCL (Official Medicines Control Laboratory) for
qualification of the equipment defines the general requirements for
the qualification of analytical equipment, in accordance with the
requirements of ISO 17025. This document proposes the following four
levels of equipment qualification: 

»Selection of instrument and suppliers 
»Installation and release for use
»Periodic and motivated instrument checks 
»In-use instrument checks 

These four levels correspond to the four phases in equipment qualifi-
cation process previously described as 4Q model. In addition, separate
annexes for the qualification of the different equipment types (HPLC,
GC, UV-Vis, IR and Automatic Titrators) are given [7].
Computer systems nowadays are non-dividable parts of the analytical
laboratory equipment that are widely used for instrument control,
data acquisition, data evaluation, document generation and archiv-
ing, and information management. Regulatory agencies pay much at-
tention to the validation and use of computers in the regulated
environment. The OMCL Guideline on Validation of Computerised
Systems outlines general validation principles for compu terised
systems of OMCLs in accordance with ISO/IEC 17025. The purpose of
this validation is to guarantee the confidence in analytical results
obtained with each computerised system. A validated system ensures
accurate results and reduces the risk of failure of the system.
The reliability of all the instruments and the software used for
measuring, processing and reporting data are of great importance, be-
cause of their direct impact on product quality and consumer safety.
In order to obtain reliable and accurate data every analytical labora-
tory should conduct the processes of qualification of equipment and
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software as an important step towards accomplishing analytical
quality assurance [9].
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�����
������� �� ��
��� ��
������������ �� �������� ��
���������� ����
���
���

�. �	��
� ���	
���, �. 
���	
���, �. �	���
��������, �. ���
���, �. �����	
�, �. �����	
��
�	��
���, �. ������	
��� 
�����	 
� ��
������� � ����	��� �� ������, ��	���������
��������, �����	
���� ���. ��	�� � ��������,  ���
��, ����������

=����������� � ��������������� �� ��+�� 
	����� �� �"� 
 "� �� �� -
�� �� �� �������� �� ���� �������;�� ��"�	���	���. |�� �� 
��	�"��

� �� �� 
���"	� ��&�	�����, ����������� � ��;����� �� ��� �� �� ; -
�� �� 
�������. 
=����������� 
	��������� 
	���� �� �"�
"������� �� �������� ��
��� �� ����� ���
�� �� ��&�	���� �� ����+��� ���� "��� ����

����
��, 
	����, �
	���, ����	����, �������� ��� ������ &� ����
����������� 	�
������ [1-3]. ��������������� � 
	���� �� ����	���
�� �������� ��� �� ��	���� 
� �� �� ���	�� ���� ����� 
	�����, ����&�
��� �
	��� 	�"��� ��;�� � �������� �� �;������� 	�
������ [2].
=����������� � ��������������� �� ������� 
	����� � &� �
������
������
���� +������ ��� �� �������� � �
	�����. ���������������
�� �
	����� 
�
�;���� ��&� ��"�	���	����� ��� 
��	�"� �� ����
�
	��� � �� ������	� �
������������� 
� ������, � 
��	$��� ��&�
�
	����� 
���#� �� �� ��	����.  ��&����� �� ISO/IEC 17025
��
	����� � ������	�� ��� �� ��	����� 
� �����
�, ����"	����� �

����� �� 
	���	��� �	�"� �� �"�
"���� 
����&������ ��
"�	����� ��;���� � �� ��&���	��� �� �
������������� 
�
����������� ��
��������/��� ����"	�������� [4] ���;�� "�	��� ��
������ �� ICH ����;�� Q7[5].*	������ �� ������������� �� �
	���
� 
	�������� 
	��� ������� 4Q ��� ����;��� [6]: 
������������� �� ��
��� (DQ) �� ���� �� �"�
"����� �
	����� �� &�

������� ���� 
��	�"�� ������� ��� #� ���
��+�� ������ ��
�$��
�� �� ��	���� 
� 
����	����� �
��	�"�.  @�� �� ���� ��
� � �
�"�
"������� �� ��!��;�� 
���	$�� �� ��"�����;�� 
� �
	�����,

� �	��� �� ����������� � 
	� ���
����� ������� �
��	�"�. =� DQ
��
��� ���
!���� � �� �� ���+�� ������� �	��� � 	���	�� "����#�

&	�$���� �� ������ ��+� �� ����� �&	���� ��!��;��, ����+�� �
"�
��� ��������. 
}������������� ������������� (IQ) 
���	���� ���� �
	����� �
��������� ���� $�� � ��
����	��� � �
�������	��� � ���� �

	������ �������	��� �� ������� ���� � ��������� 
� 	�"��� �
��	������ �� ������. *	�������� ����������� �� �������� ��+� ��
�� ��	������� 
	��� �����
� �� 	���	����� 
	���	�� �� ��"	�
������	��� ������. ������ 
	����� �� �������� 
��	�"�� �
������� �� �� ���������	�. ��� ����� 
	����� (���� ���&	�������
�� !�	���	��, ������	�� ��� ������ �� ��������) 
��	�"�� �

����	�� IQ �� ��� �� �� ��	+� 
	������ �� �������������. 
’
�	�������� �������������  (OQ) �"�
"����� !�	���	�� �
������	�� �� �
	����� �� &� 
����������� ����������� "�	��� 
�
�������� �
��������, �
�������	��� �� DQ. ’� &����� 
��;��� �

	��e	����� � 
����
���� 
� �����
� � &	������� �� 
	����������
�� "���� ���������� ��"	���. �	����������� �� �
�������� �� ’Q

����� �� ������� �����	� (��
��, ��	��������, ���"������� ��
�
	�����) �� �����+�� � �
"	����� �	��������� �� �
�������� ��
��������� 
� OQ �� ���&�	� &����� ��	�������� ���� �
	��� �� &�

����� ������. 
������������� �� 
�	��	������� (PQ) � 
	���� �� ��� �� ����+���
���� ����	������� 	�"��� �������� �� �
������������� 
� ��&���
	������� �
��	�"�. ����� � �� �� ���&�	� 
	�������� 	�"����� ��
�
	����� � ������ ��	�������� ���� �������;���� 	�
������ ��� ��
��"����� ����� 
	������� ��������. �	����������� � 
��	�"��� 
�
������������� �� 
�	��	������� �� �
�	���	��� �� ���	������ �	

������ �� ��
�� �� �
	���, 
	������� �� ����	�������� �

	��!������ �������� �� ������. *	���	 
� PQ �� ��������� 
�
����������� �� �������� � �����
� �� ����	���� 
	���	��� ���
���;���� �� ������� ����
 ���� ����	������� � ��������� 
�
�
��	�"� [8]. 
=���;o� �� OMCL (Official Medicines Control Laboratory) 
�
��������������� �� �
	��� &� ������	�� ��������� "�	��� 
�
������������� �� �������;���� �
	��� �� ��&������� �� "�	�����
�� ISO 17025. ’��� �������� 
	����+��� 4 ����� �� �������������
�� �
	���: 

» }
"�	 �� ����	������ � ��"�����;�
» }���������� � 
�$���� �� �
��	�"�
» *�	����;�� � ������	��� 
	���	�� �� ����	�������
» *	���	�� �� ����	������� 
� �	��� �� ��	������

’��� ;���	� ����� ��&���	��� �� ;���	��� ��
� �� 
	������ ��
������������� �� �
	��� ��� 
	��!���� "�� �
�$��� ���� �����
�� 4Q. ���� ��
�������� ������ �� ������ ��� �� ���������� ��
	�
��;�� ��
��� �� �
	��� (HPLC, GC, UV-Vis, IR � ����������
���	���	�) [7].
���
����	����� ������� ��� ����� �� ��	����� �� ���� �������;��
��"�	���	��� �� �������� ��� �� �
	�����. �� ��	����� 
� ����	���
�� ����	�������� ���� � �� 
	������� �� ��"����� � ���������� ��

�������, �	��	��� � �	!���	��� �� ��������� � ������	��� ��

�������. ��&�����	���� �	&��� 
���������� ���"��� �������� ��
������������ � ��	�������� �� �������	���. =���;�� �� OMCL 
�
=��������� �� ���
����	��� ������� &� ����  ��������� 
	����
�
�� ���������� �� ���
����	�
�	��� ������� �� ��&������� ��
ISO/IEC 17025 ������	���. ����� �� ���� ���������� � �� ��
&�	����	� ����	������� �� �������;���� 	�
������ ��"���� ��
����� ���
����	�
�	�� ������. =����������� �� ���� ������
�"�
"����� ��;�� 	�
������ � &� �������� 	�
���� �� ����
�! ��
�������� [9].
��&�	����� �� ���� ����	������ � ������	�� ��� �� ��	���� 
�
��	���, 
	�����	��� � 
	���+����� �� 
������� �� �� �&	����
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��;��� 
�	��� ������� ��	����� �������� �� ���������� �
��&�	����� �� 
	��
�����. �� ��� �� �� ��"���� ��&�	�� � ��;��
	�
����� ������ �������;�� ��"�	���	��� 
��	�"�� � �� &�
�
	������� 
	������� �� ������������� �� �
	��� � ���
�����
������	 ���� ��+�� ;���	 �� �"�
"������� �� ��������.
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QUALIFICATION AND 
RE-QUALIFICATION OF ANALYSTS

J. Tonic Ribarska, L. Ugrinova, K. Brezovska,
J. Acevska, A. Poceva Panovska, S. Trajkovic
Jolevska, A. Dimitrovska

Center for Drug Quality Control, Faculty of Pharmacy, 
University �Ss Cyril and Methodius�, Skopje, Macedonia

The hiring, training, and managing of qualified personnel is the factor
of greatest influence in terms of acquiring accurate and reliable data.
All of the documentation and specific equipment available in the lab-
oratory aside, consistently good analytical data will not be obtained,
should the personnel not be properly qualified and motivated to han-
dle all laboratory activities [1]. 

REGULATIONS, QUALITY STANDARDS AND GUIDELINES 
All quality standards and good laboratory practice (GLP) regulations
have chapters on people qualification and training due to the impor-
tance of the people factor. 
According to GLP, �the laboratory must have sufficient personnel with
the necessary education, training, technical knowledge and experience
for their assigned function. The personnel should be free from any con-
flict of interest and pressure that will interfere with the quality of the
results� [2]. 
The ISO/IEC 17025 (Chapter 5.2) claims that �The laboratory manage-
ment shall ensure the competence of all who operate specific equip-
ment, perform tests and/or calibrations, evaluate results, and sign test
reports and calibration certificates. Personnel performing specific
tasks shall be qualified on the basis of appropriate education, training,
experience and/or demonstrated skills, as required� [3].
The summary of regulatory requirements and recommendations based
on common sense is as follows:

»  It is required that personnel be qualified for the job (education,
experience, training). Training should enable the performing of
assigned tasks.

» The compulsory character of the training applies to each em-
ployee.

» Training should cover operational tasks, GLP, and quality sys-
tems.

» A company�s training program should be described in a policy
document, in a master plan, or in the company�s quality plan 

» There should be a procedure on how to train individual em-
ployees and quality assurance should verify that procedures
are followed.

» An assessment of the efficiency of the training is required.
» Training should be delivered by qualified trainers.
» Each employee should have their training documentation. This

also includes information technology (IT) professionals and
software engineers.

» Training should be an ongoing effort.
» Regular quality audits should include training to verify that

training programs and procedures for training are followed.
Therefore, it is the laboratory management�s obligation to provide in-
ternal and external training and an evaluation of the effectiveness of
training actions [1, 3].
In principal, there are 3 types of situations in which qualification is
needed:
1. New personnel 
When recruiting new people, it is very important that the person has

the right knowledge and technical qualification for the specific
job, as well as the right personality to fit into the laboratory�s en-
vironment. Also, the evidence of good teamwork and communi-
cation skills is of utmost importance [1]. Before recruiting new
employees, a description of the needed qualification and educa-
tion for this post, based on the job description, should be estab-
lished. 

After the new staff member has entered the organization, according
to Official Medicines Control Laboratories (OMCL) network [4], a
basic educational plan should be written, including: definition of
the targets of the training� time schedule� clear definition of the
conditions for successfully completing the training� responsible
person for every part of the training, and responsible person for
the approval of every particular part of the training and the whole
training program. Successfully completing the training can be
achieved, either by passing an exam, performing tests under sur-
veillance of a senior analyst, or performing internal PTS.

2. Laboratory staff that change or enlarge duties 
In this case the personnel should be treated like new personnel, with

the difference that only specific parts of the training have to be
successfully completed.

3. Maintaining the qualification of personnel
The laboratory should have a procedure which defines the need for re-

qualification and the minimal intervals depending on the
complexity of the individual technique to keep the particular staff
member qualified [4].

MONITORING PROGRESS AND PROVIDING FEEDBACK
The job should be accurately described and tasks and responsibilities
should be well understood and accepted by all personnel (this holds for
both, new and senior personnel). The person�s development process
in the job and the extent to which the previously specified objectives
have been met should be monitored. Instant and regular feedback
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should be given to employees on how they are doing and how they
could improve their performance. Continuous good work should be
rewarded [1].

TRAINING
The company�s most valuable asset is a well-trained personnel. Proper
training not only builds skills as required for the job, but also builds
confidence. Initial and ongoing training should be given on analysis
techniques� equipment� methods and procedures� regulations and
quality standards� environmental, health and safety� teamwork� im-
proving communication and improving creativity. 
Each training activity should be documented with content, dates and
location. For all trainings, certificates on the successful participation
should be available and signed by the instructor [1].

PLANNING, REVIEWING AND DOCUMENTING QUALIFICATION
ACTIVITIES
All qualification activities have to be planned and reviewed periodically [4].
According to ISO/IEC 17025 and GLP the laboratory should maintain
records of the relevant authorization(s), competence, educational and
professional qualifications, training, skills and experience of all tech-
nical personnel. This information should be readily available and
should include the date on which authorization and/or competence
has been confirmed [2, 3].    
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�����
������� � 

�-�����
������� ��
A��������
���

�. �	��� ��������, �. �����	
�, �. 
���	
���, �.
���
���, �. �	��
� ���	
���, �. �����	
��
�	��
���, �. ������	
���

�����	 
� ��
������� � ����	��� �� ������, ��	���������
��������, �����	
���� ���. ��	�� � ��������, ���
��, �. ����������

=	�"���������, �"����� � ������	����� �� ������������ 
�	 �� -
��� � ���� �� ��������������� �����	� 
� �� �� ��"���� ��;�� � �� -
&� 	 �� 
�������. @������ 
�	������� �� � ��������� ������������
� ������	�� 
� �� �� �
	��� �� ���� ��"�	���	���� ����������, �

��	�� ������ ������������� � �
�����;���� �
	��� ���� � �� 	� -
� 
� ��&��� �� ��"�	���	�����, ���� �� �� ��"����� ��������	���
��"	� �������;�� 
������� [1].


�	�������, ������
�� �� �������� � ������
*�	��� &������� ��+���� �� ;���;���� �����	, ���� ������	�� 
�
�������� � 	�&������� 
� ��"	� ��"�	���	���� 
	���� (@\*)
���	+�� 
�&����� 
� ������������� �� �	�"������� � ����� �"���.

�
�	��  @\*, ��� ������ ��"�	���	��� ��	� �� ��� ������� 
�	 �� -
��� �� ���
!���� �"	�
������, �	����&, ��!��;�� 
�
������ � �� -
�� ���� 
� 
���;��� $�� �� �� �������� � 
�
������� �� ���� $�� ��
�� �Z�. *�	������� �� ���� �� "��� ���$�� �� ������� ���������
��  ����	��� � �� "��� 
�� 
	������� ��� "� �������� �� ����������
�� 	�
��������� [2].
�
�	�� ISO/IEC 17025 (
�&����� 5.2), �	���������� ��� �� �� "� 	� -
�� 	����� �	�"� �� "��� ��&�	�� �� �
���"����� �� ����� �	�"����
��� $�� 	�"��� �� ��	����� �
	���, �
������ �����
� �/��� �� �� -
" 	� ���, ������	� 	�
������ � 
��
�$��� 	�
����� �� �����
� �/���
��	 �������� 
� ����"	�����. *�	������� ��� $�� �
������ �� 	� �� -
�� 
���;� ��	� �� "��� ������������ �	
 ������ �� ��������� �" -
	� 
� �����, �"���, �������� � 
���+��� ��$����, �
�	�� ��� $�� �

	� 
�$��� �� "�	������ [3].
’
$�� 
	������� 	�&�����	�� "�	��� � 
	�
�	���:

» 
�	������� �	�"� �� "��� ������������ 
� 	�"���
(�"	�
������, ��������, �"���). ’"����� �	�"� �� ���
��+�
�
�	$����� �� 
���������� 
���;��

» �"����� ��� 
����+������ ��	����	 ��� �� �������� �� �����
�	�"����� 

» �"����� �	�"� �� &� 
��	��� �
�	�������� 
���;�, @\* �
�������� 
� ���������

» 
	�&	����� 
� �"��� �� ���� "��� �	&���
�����, �	�"� ��
"��� �
�$��� �� 
��������� 
� ��������, �����	 
����� ���

�� �� 
����� 
� ���������

» �	�"� �� ��� 
	�����	� 
� ��� ���� �	�"� �� �� �"�;��
�	�"������� � �"�
"��������� �� �������� �	�"� �� 
���	��
���� �� 
����
��� �
�	�� 
	�
�$����� 
	�����	��

» 
��	�"�� �  
	������ 
� ����������� �� �"������            
» �"����� �	�"� �� �� �
	������ ������������� �	���	��
» �"����� �	�"� �� "��� ���������	��� 
� ����� �	�"����. ’��

"� &� ����;��� � 
	������������� 
� ����	�������
��!����&��� � ������	����� ��+���	��

» �"����� �	�"� �� "��� ��������	����
» �"����� �	�"� �� � ����;��� �� 	�������� 
	���	�� ��

�������� 
� ��������, �� ��� �� �� 
���	�� ���� 
	�&	�����
� 
	�����	��� 
� �"��� �������� �� �
�	$�����.

�
�	�� ���, 	���������� ��� ��� �"�	��� �� �
	����� ����	�$��
� �����	�$�� �"��� � ���������� �� ������������ �� �
	���������
�"��� [1,3].
=� 
	����
, ��� �	� �������� �� ��� � ���
!���� �������������:
1. X�� 
�	�����
��&� �� �	�"������� ���� ��Z�, ���&� � ��+�� ����� �� ��� �� &� ���
����������� 
����� � ��!��;�� ������������� 
� ����	������
	�"���, ���� � ��������� �� �� ����
� �� 	�"������ �	�����. }���
����, �
���"����� 
� ������ 	�"��� � ������������� ��$���� �� ��
&����� ��+���� [1]. *	�� �	�"������� �� ���� ����, �	�"� �� ��
���
������ 
	�����	� 
� 
��	�"���� ������������ � �"	�
������

� ����������� 	�"���� �����, �	
 ������ �� 	�"������ 
���;�,
���� � 
��� 
� �
	��������� �� �"���. ��
�$���� 
��	$����� ��
�"����� ��+� �� �� 
����;� ��� �� 
���&��� �� ��
��, �
��������
�� �����
� 
�� ���
�	 �� 
����	 �������;�	 ��� 
�� �� ����	��
�
�	��"��� �������[4].
2. \�"�	���	���� 
�	����� ��� $�� &� ������ ��� 
&������� ������
���+�����. =� ���� ���;��, �� 
�	������� �	�"� �� �� &���� ���� ��
��� 
�	�����, �� ���� ���� 	�
����� ���� ��	����� ������ ��
�"����� �	�"� ��
�$�� �� �� 
��	$��.
3. ’�	+����� �� ��������������� �� 
�	�������. 
\�"�	���	����� �	�"� �� ��� 
	�����	� ���� "� &� ������	���

��	�"��� 
� 
����	�� ������������� � 
�	����� �� �
��������,
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������ �� ���+������ �� �������������� ��!����, �� ��� �� ��
��	+� 
�	������� ������������ [4].

������� �� ���
������ �� ��
������� �
������������ �� ���
���� ��
�
�����
��"����� �	�"� ��;�� �� �� �
�$� � 
���;��� � ���&���	�������
�	�"� ��"	� �� &� 	�
"�	� � 
	����� ������
���� 
�	����� (���
��+� � 
� ������ � 
� 
����	��� 
�	�����). |	�"� �� �� �����
	�
������� 
	���� �� ����� �	�"���� � �� 	�"����� � �� ����� ��
&	������� �� ��� 
	��!���� �
	��������� ���� �� ��
������. X�
�	�"������� �	�"� �� �� �� ������ "	
� � 	������ 
��	����
����	����� 
� ��� ���� &� ��
�������� 
���������� 
���;�, ����
"� ��+��� �� &� 
���"	�� ������ 
�	��	�����. ��������	�����
��
�$�� 	�"��� �	�"� �� �� ��&	��� [1].

�����
X���	������ ��$�� �� ���� ���
����� � ��"	� �"�;����� 
�	�����.
����������� �"��� �� ���� $�� &� �
&	����� ��$������ 
��	�"�� 
�
���� 	�"���, ���� &	��� � ��������	"�. *	��;���� � ��� �� �� �	 � �� -
�� �"��� �	�"� �� "���� 
�������� �� ��!������ 
� �����
�, �
 	� -
�� ��, �������� � 
	�����	���, 	�&��������� � ������	���� 
�
��� �� ���, ������	���� 
� 
�$���� �� ��������� � 
�	������, "�
 "� �-
�� ���, �������� 	�"���, 
���"	������� �� �������������� � �	� -
���� �����. ������ ��������� �� 	������ �� �"����� �	�"� �� ��
�� �������	� �� ���	+���, ����� � ��������. {� ������ �"���, �	�"�
�� �� �"�
"���� ��	�������� 
� ��
�$�� �;����� 
� ���� ��� "���
��� �� ���, 
��
�$��� �� ��	��� �� ����	����	�� [1].

�����
���, 
�����
��� � ���������
��� ��
�����
���������� ����������
���� �������������� ���������� �	�"� �� �� ��
����	��� �
	�����	��� 
�	����;�� [4]. �
�	�� ISO/IEC 17025 � @\*, �� "� 	� �� -
	� ���� �	�"� �� ��� ���������� �� 	����������� �����������, ��� -
�� + �����, �"	�
���� � 
	����������� ��� �� �� �� ���, �"���, �� -
$���� � �������� �� ������ ��!��;�� 
�	�����. ’��� ����	 �� ���
�	�"� �� "���� ����� �����
�� � �� &� ����� ������� �� ��� ��� � -
��������� �/��� �����+����� � 
���	���� [2, 3].

����
���
�
1. Validation and Qualification in Analytical Laboratories, Informa Healthcare, Inc.
New York, USA, pp 189-208, 2007 
2. WHO Good practices for pharmaceutical quality control laboratories, Working
document QAS/09.296, 2009
3. ISO/IEC 17025: General requirements for the competence of testing and
calibration laboratories, Geneva, Switzerland, 2005 
4. Qualification and re-qualification of analysts, PA/PH/OMCL (11) 84, OMCL draft
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MANAGEMENT OF PROFICIENCY TESTING
SCHEME (PTS)

J. Acevska, L. Ugrinova, K. Brezovska, A. Poceva
Panovska, J. Tonic Ribarska, S. Trajkovic Jolevska,
A. Dimitrovska

Center for drug quality control, Faculty of Pharmacy, University Ss.
Cyril and Methodius, Skopje, Macedonia

INTRODUCTION
In the introduction chapter of the ISO/IEC 17043 [1] it is stated:
�Interlaboratory comparisons are widely used for a number of pur-
poses (...). Typical purposes for interlaboratory comparisons include:

» Evaluation of the performance of laboratories for specific tests
or measurements and monitoring laboratories� continuing per-
formance�

» Identification of problems in laboratories and initiation of ac-
tions for improvement which, for example, may be related to
inadequate test or measurement procedures, effectiveness of
staff training and supervision, or calibration of equipment�

» Provision of additional confidence to laboratory customers�
» (...)�.

Interlaboratory studies are primarily performed for one of three rea-
sons [2]: validation of a measurement method (method performance
studies), validation of a reference materials (material certification
studies) or assessing laboratory performance (proficiency studies).
Proficiency testing shares two key objectives: the provision of regular,
objective, and independent assessments of the accuracy (which in-
volves trueness and precision) of analytical laboratory results on rou-
tine test samples, as well as the promotion of improvements in the
quality (accuracy) of routine analytical data. 
Successful participation in proficiency testing schemes proves that
the entire analytical quality process is working well [3]. This holds true
for the analytical method, the equipment hardware and software, ref-
erence materials, and people.
Bodies assessing the technical competence of testing laboratories,
such as accreditation and certification bodies, use the results of pro-
ficiency testing in their assessment. ISO/IEC Guide 43 Part 1 [4] has
recommendations on the development and operation of proficiency
testing. The second part covers guidance for selection and use of pro-
ficiency testing schemes by laboratory accreditation bodies [5]. 
However, results from proficiency testing schemes are only one of the
mechanisms which contribute to the establishment of mutual confi-
dence between users of the participating laboratories� services.

PROCEDURE
The proficiency testing process should follow a protocol that has been
developed by a collaboration of scientists from many countries under
the joint organization of ISO, IUPAC, and AOAC International [6]. In a
typical proficiency testing scheme, portions of a well-characterized
test material are distributed by the organizer, on a regular basis, to
participating laboratories for analysis. The laboratories analyze the
samples using methods and standards usually applied for that sample
and send the results back to the organization that distributed the test
material. Each laboratory�s result is then compared to the true (as-
signed) value for the test material concerned. 
There are five methods for obtaining the assigned value, a working es-
timate of the true value [7]:
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» Use of a theoretical value confirmed in the feasibility study.
» The addition of a known amount or concentration of the ana-

lyte to a base material containing none of the analyte (s).
» Use of official Assay Chemical Reference Substances or Bio-

logical Reference Preparations from the Ph. Eur. or WHO.
» Use of a consensus value produced by a group of experts or ref-

eree laboratories.
» Use of a consensus value based on the results of the participants.

Robust statistics are applied for evaluation of the PTS results. One of
the goals of the procedure is to find a way to convert the data of the
laboratories into scores that are easy to understand and of universal
applicability. Each result (x) is converted into a ��� score that describes
the previously specified acceptable variability between laboratories
and is related to the ruggedness of the analysis method. � scores be-
tween –2s will occur in 95 percent of all cases and are regarded as sat-
isfactory. � scores between 2 and 3 are considered to be questionable
and will occur in 5 percent of all cases, but those outside the range of
–3s are considered unsatisfactory. Results are plotted to visualize
them as easily as possible and are sent to each laboratory.
Depending on the degree of agreement with the assigned value, the
laboratories are scored and receive a report that enables them to re-
view how well they have performed in the test. The results are confi-
dential to the laboratory and the organizer, but clients of the
laboratory and the accreditation body may request the test results.
Typically, calibration standards are not sent with the sample, and the
analytical methods are not mandated. However, laboratories are ad-
vised to report the method because this may be used to obtain infor-
mation if the method itself is a source of the deviation from the true
results.

ADVANTAGES FOR LABORATORIES
Participating in proficiency testing schemes can be quite expensive�
but the advantages for a laboratory are quite numerous:

» External and independent assessment of data quality for spe-
cific tests.

» A means of demonstrating the data quality to customers, ac-
creditation bodies, and regulatory agencies.

» A motivation to improve analytical quality.
» Information on the performance characteristics of analytical

methods and the quality of reference materials.
» A laboratory experiencing difficulty with a particular analysis

can often seek advice from the scheme organizer to improve
its processes.

» Investigations can result in improved methods being introduced
and, therefore, produce more accurate data.

» Compliance with accreditation standards.
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=� ��������� ��� �� ISO/IEC 17043 [1] � ����	���:
���Z���"�	���	������ �
�	��"� ���"�;����, �� �������� 
�:

» ^��������� �� 
�	��	������� �� ��"�	���	���� 
�
�
�����;�� ��
������� ��� ��	���, ���� � ������� ��
��������	����� ���
��������� �� ��"�	���	�����

» }������������� �� ��"�	���	������ 
	�"���� �
��
�;������ �� ��	�� 
� 
���"	�����, $�� �� 
	���	, ��+�
�� �� 
��	
��� ��: ������������ 
	�����	� 
� ��
�������
��� ��	���, ������������ �� �"����� �� 
�	������� �
�
	����������� �� ���
�	��, ��� ����"	����� �� �
	������

» ’"�
"������� �� ��
��������� ����	"� �� ��	�������� ��
����&��� �� ��"�	���	������

» (...)�.
|�������� 
� ��Z���"�	���	���� �
�	��"� 
	��������� �� �
	� �� -
�� ���� 
�	��� ���� �� �	��� 
	�;��� [2]: ���������� �� �������
(��� ��� 
� 
	������ �� 
�	��	������� �� �������), ���������� ��
	���	����� ����	����� (������ 
� ��	������	��� �� 	���	�����
����	����) ��� 
	������ �� 
�	��	������� �� ��"�	���	�����
(������ 
� 
	������ �� ��$����).
*	�������� �� ��"�	���	������ ��$���� 
� �
	��������� ��
��
��������� ��� ��� ���;�� ����: �"�
"������� �� 	������,
�"�������� � ��
������ 
	������ �� ��	������������ (���� ����;���
��;���� � 
	���
����) �� �������;���� 	�
������ 
� 	�������

	���	���, ���� � 
	������� �� 
���"	����� �� ���������� ��
�������;���� 
�������.
��
�$���� �;����� �� �������� 
� 
	������ �� ��$���� ����+���
���� ���
���������� ������ 
� �������� ���������	� ��"	� [3]. 
��	������������ � ��	������������� ���� $�� �	$�� 
	������ ��
��!��;���� ���
��������� �� ��"�	���	���� 
� ��
�������, ��
	������ �� ������� ������, &� ��	����� 	�
�������� ��"���� ��
�������� 
� 
	������ �� ��$���� [4].  
��
�������� �� �
	��������� ������ 
� 
	������ �� ��$����

	����������� ���� ���� �� ��!���
���� 
� ��
������ �� ����	"�
��� ��	�������� �� ����&��� �� ��"�	���	�����. 

��������
�������� 
� 
	������ �� ��$���� �� �
	��������� �
�	�� 
	������
$�� � 	�
���� ���� 	�
����� �� ��	�"���� ��Z� ���
�	���� ��

���#� 
���� 
�� 
�����;�� �	&���
����� �� ISO, IUPAC � AOAC [5].
=� 	���� �� ���� ���"�;���� ������� 
� 
	������ �� ��$����,
�	&���
���	�� ����	�"��	� ��"	� ������	�� 
	���	�� 
� ��
� -
������ �� ��"�	���	����-�;����;��. \�"�	���	���� &� ��� �� 
� 	� -
�� 
	���	����� ��	�����#� ������ � ������	�� $�� �� 
	� ��������

� ��� 
	���	�� � &� ��
	�#��� 	�
�������� �� �	&� �� 
� ��	��. �����
	�
����� ��"��� �� 	�
��;���� ��"�	���	��� �� �
� 	� ���� �� �� -
���� ����� �	������ 
� ��
��������� ��	���� 	� ��� �� �� 
	� �� 	����.
*������� 
�� ������ 
� �
	��������� �� ����������� �	������ ��
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��
��������� ��	����	������ �� 
	���	���� [6]:
» �
��	�"� �� ���	������� �	������ 
���	���� �� ������� ��

��
�"������.
» @������� �� 
�
���� ����;��� ��� �������	����� ��

��������� �� ��������� 
	���	�� $�� �� ���	+� ���� ����
�� ��
��������� �������.

» *	����� �� !������ 	���	����� ��
������� ��� "����$��
	���	����� 
	�
�	��� �� ^�	�
����� ��	����
��� ���
��������� 
�	�������� �	&���
�����.

» �
��	�"� �� ������
����� �	������ ��"���� �� ��	��� ��
&	�
� �� ���
�	�� ��� 	���	����� ��"�	���	��.

» �
��	�"� �� ������
����� �	������ ��"���� �	
 ������ ��
	�
�������� �� �;��������.

{� ��������� �� 	�
�������� ��"���� �� �������� 
� 
	������ ��
��$���� �� 
	������� 	�"����� ����������, �� ��� 
	����	��� ��
��"������ 
��������� �� ��"�	���	���� �� 	�
������ $�� �� �����
	�
"�	���� � 
	��������. ����� 	�
����� (x) �� 
	����	� �� ���
�	������ $�� �� �
�$��� 
	��!���� ������	����� 
	��������
��	���"������ 
���Z� ��"�	���	����. � �	������� $�� �� ���Z���

���Z� ��� ������	��� ���������  �� ������� 
� 
������������ (95%
�� ���;����). � �	������� ��Z� ��� � �	� ������	��� ��������� ��
������� 
� ���������� � �� �������� ��� 5% �� ���� ���;����. X�,
���� ���� 	�
������ �����	 �� 
��	�;���� �� �	� ������	���
��������� �� ������� 
� ��
������������. ��
�������� �� 
	�� ��� �� -
���� &	���;�� � �� ��
	�#��� �� ������ ��"�	���	���-�;����;��.
=� 
�������� �� ���
���� �� ���
�Z��� �� ����������� �	������,
��"�	���	���� ��"����� �
��$��� $�� ���
��+��� 
	������ ��
���������� �� �
	��������� �� ���������. ��
�������� �� ����	����

� ��"�	���	����� � �	&���
���	��, �� 
� 
��	�"� ��+� ��
�����
�� � 
� ��	�������� �� ����&��� �� ��"�	���	����� � 
�
��	������������ ����. 

�
������� �� ����
���
��
�;������� �� �������� 
� 
	������ �� ��$���� ���� "	����

	������� 
� ��"�	���	�����:

» X����	�$�� � ��
������ ������ �� ���������� �� 
���������

� �
�����;�� ������.

» X�;�� �� �������	�	��� �� ���������� �� 
��������� ��
��"�	���	������ ��
������� �� ��	�������� �� ����&���,
��	������������ ���� � 	�&�����	���� �	&���.

» *���"	����� �� �������� 
� ��������.
» }���	����� 
� ��	����	�������� �� �������;���� ������ �

���������� �� 	���	������� ����	�����.
» *	���
��������� ��+� �� 	�
����	� �� 
���"	����� �� �� -

�� ������ ������, � �� ��� � ��;����� �� ��"������ 
� �� �� ��.
» ���&�������� �� ������	���� 
� ��	���������.
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AN RP-HPLC STUDY FOR THE PKA 
DETERMINATION OF RIZATRIPTAN 
AND ITS IMPURITIES

Biljana Ota�evi�, Mira Ze�evi�, Zorica Vuji� and
Vesna Kunti�

Faculty of Pharmacy, University of Belgrade, Belgrade, Vojvode Stepe
450, Serbia

INTRODUCTION
Rizatriptan (N,N-dimethyl-2-[5-(1H-1,2,4-triazol-1-ylmethyl)-1H-indol-3-
yl]ethanamine), (Fig. 1a) is a recently developed antimigraine drug used
for the treatment of migraines and severe headaches. It is a selective
serotonin 5-HT1B/1D receptor agonist who blocks the stimulated se-
cretion of neuropeptides from trigeminal nerves and breaks the noci-
ceptive cycle of migraine. The degradation products of rizatriptan are
L-747.019 (Fig. 1b) formed by N-oxidation in the presence of air and L-
783.540 (Fig. 1c) formed in the interaction of the drug with the sweet-
ener in the formulation (transferring the methyl group from aspartame
to the aliphatic tertiary nitrogen in the rizatriptan molecule).

OBJECTIVES
The goal of this investigation was to determine the dissociation con-
stants (pKa) of rizatriptan  and its impurities by the HPLC assay. pKa of
rizatriptan had been already investigated by classical  methods like
potentiometry and UV-Vis spectroscopy, but there is no literature data
for pKa of its impurities (1,2).

EXPERIMENTAL
The standard substances of rizatriptan benzoate, L-747.019 and L-
783.540, were obtained from Merck. Chromatographic analyses were
performed on an HP 1200 

(Agilent, Palo Alto, CA, USA) chromatographic system equipped with
on-line degasser, binary pump, column oven and photo diode array de-
tector. Sample injection was made through Rheodyne injector valve
with a 20 lL sample loop. The method used C18 XTerra (5 µm, 150 mm
x3.9 mm) column (Waters, MA, USA). After being loaded onto the col-
umn, the samples eluted at a temperature of 20°C at a flow rate of
1.0 mL min-1 with the mobile phase consisting of a mixture of 1% TEA
and methanol (10:90 v/v) while pH of the water phase was 

Fig 1. The structure of rizatriptan and its impurities
adjusted from 2 to 10 with orthophosphoric acid. The detection was
performed at 225 nm. Solutions for the determination of dissociation
constants were prepared in water in conacentration of 5µgmL-1.

RESULTS AND DISCUSSION
Plots of the retention factor versus pH are presented in Fig. 2 for riza-
triptan a) and its impurities b) and c). Typical sigmoidal curves were
obtained for mobile phase of 10% MeOH. The observed retention fac-
tors versus pH of the mobile phases were fitted to the equation (Boltz-
man sigmoid Y = bottom + (top) bottom)/[1 + exp(V50) X)/slope]), using
a non-linear least square program (Origin 7.0) (3). Computer generated
plots k versus pH were obtained and the pH value at the inflection
point (V50) was taken as valuable index of apparent pKa. Using po-
likratic method (plot of apparent pKa versus percentage of methanol)
the real pKa values were obtained: for rizatriptan: pKa=9.477, for im-
purity L-747.019: pKa=6.298 and for impurity L-783.540 pKa= 6.157.

CONCLUSION
The proposed method enable accurate determination of pKa values,
since the obtained value for rizatriptan is in agreement with literature
data.20

�������	�
 ���
�����	�
 �
���� 57 (�������), 2011

��������	
�� �
����� / ������������ �����	�	 / 
������	��� ������ ���������!!

����� ���	
�� �� 
�
�������� �� ������
���� �������



Fig. 2. Plots of the retention factor of risatriptan and its impurities
versus pH
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SOLID-PHASE EXTRACTION OF IBUPROFEN
FROM PHARMACEUTICAL CREAM

Slavica Sunaric, Milica Petkovic and Marko Denic

Faculty of Medicine, Department of Chemistry, 
Bulevar Zorana Djindjica 81, Nis, Serbia

In many new commercial preparations ibuprofen is mixed with other
active substances or excipients that facilitate its absorption. These
substances may interfere with the determination of ibuprofen by UV
spectrophotometry. In cream, the active substance is dispersed in
complex emulsion containing hydrophobic and hydrophilic
compounds, emulsifying agents and preservatives. Solid phase
extraction is widely used tools for sample cleanup, but in the analysis
of drugs from pharmaceuticals is rarely used. The aim of this study
was investigation of ibuprofen extraction on three different SPE
sorbents. The appropriate SPE conditions (sorbent, pH, adsorption,
washing, and elution) were investigated using UV spectrophotometry
and ibuprofen absorption at 264nm. The performance of the
developed SPE method was first evaluated on standard ibuprofen
solutions and then the suitability of the method was checked on
solutions of commercial pharmaceutical cream samples.
Optimal solid phase extraction conditions and recovery were tested on
three different sorbents:  OASISfi MAX, 1 cc, Waters Corporation, Mil-
ford, Mass., USA, OASISfi HLB, 1 cc, Waters Corporation, Milford, Mass.,
USA and Chromabondfi C18ec, 1ml/100mg, Macherey�Nagel, GmbH,
Düren, Germany. Methods optimization has been done with the
standard methanol ibuprofen solution concentration of 0.5 mg/ml.
Since ibuprofen is a weak acid (pKa 5.2) at low pH values will be in the
neutral form, while at higher pH values ionized form will be dominant.
In order to investigate the retention of ibuprofen on hydrophilic-
lipophilic sorbent (HLB), octadecyl-modified silica (C18) and strong

anion exchanger (MAX), pH of the ibuprofen solutions was varied in the
range from 3.0 to 10.0.
Before use, the SPE columns were conditioned and equilibrated with
2ml methanol and 3ml deionized water. Solutions of ibuprofen, which
are passed through HLB and C18 columns are adjusted by acetic acid
to pH 3.0. For extraction on MAX cartridges pH of the ibuprofen
solution is set to 10.0 with 2% ammonium hydroxide. After sample
loading, the sorbents were washed with 2% CH3COOH (HLB and
C18ec) and 2% NH4OH (MAX). For elution of ibuprofen from HLB and
C18 cartridges methanol was used, while elution from MAX sorbent
was performed with mixture of MeOH:2%CH3COOH (2:1,v/v). After
extraction ibuprofen was determined by UV spectrophotometry using
calibration curve at 264nm. 
Adequate retention was observed for ibuprofen on all three SPE
sorbents. At low pH ibuprofen was more strongly retained under
reversed-phase condition, so the recovery values were higher on HLB
and C18ec sorbents. In contrast, at high pH ibuprofen was strongly
retained on strong anion-exchange MAX sorbent. Yield of standard
ibuprofen extraction has very good value for the MAX cartridge
(recovery 98%). For HLB and C18ec sorbents these values were 88%
and 105% respectively. For all three used cartridges relative standard
deviations were up to 3%.
Commercial pharmaceutical ibuprofen cream (Brufenfi-Galenika) was
disolved in methanol, homogenized by stiring and filtered. Further
sample preparation and extraction procedure were the same as for
the standard ibuprofen solutions. The best extraction yield was
obtained on the MAX cartridge 99.2%. For HLB and C18 sorbents
recovery values were much higher, which indicates retention and
interferences some lipophilic compounds from pharmaceutical cream.
The obtained results show that ibuprofen could be successfully
separated and determined UV spectrophotometrically using the
proposed extraction procedure for MAX Oasis cartridge.
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DETERMINATION OF DOXYCYCLINE IN
PHARMACEUTICAL SAMPLES
BY HPLC WITH UV DETECTION
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Doxycycline is a broad spectrum antibiotic against gram-positive and
gram-negative bacteria and non-typical microorganisms. Favourable
antimicrobial properties, as well as absence of great number of side ef-
fects led to its wide application in therapy of both human and animal
infections. The solid dosage forms available on our market contain
doxycycline in the form of monohydrate and hyclate.
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Determination of active substances in pharmaceutical preparations
is an integral part of quality control of drugs. The aim of this paper
was the modification of the existing pharmacopoeia�s HPLC method
for determination of doxycycline. For such a purpose, it was necessary
to investigate the influence of various parameters and determine op-
timal chromatographic conditions. Mobile phase has been inserted
isocratically. The composition of mobile phase was partially changed
in comparison to the procedure given in Ph. Jug V. The mobile phase
consisted of 2-methyl-2-propanol (80g), 35 g/L K2HPO4 adjusted to pH
9.0, 10 g/L triethylammonium-acetate adjusted to pH 9.0 and 40 g/L
Na-EDTA adjusted to pH 9.0. Measured pH of mobile phase was 8.5.
ODS silica gel C18 analytical column was used instead of the styrene-
divinylbenzene copolymer. Satisfactory separation of doxycycline from
the mixture with excipients and filling agents was achieved on the re-
versed-phase Zorbax Extend C18 analytical column (4.6x250 mm, 5 �m
particle size) at 40°C with flow-rate of 1.0 mL/min and the injected vol-
ume of 30 µl. A UV/VIS detector set at 254 nm, 275 nm and 375 nm was
used to monitor the effluent. 
For calibration curve, a series of standard solutions of doxycycline was
prepared in the interval of concentrations from 1.85-12.94 µg/mL.
Chromatograms of standard solutions at three above-mentioned
wavelengths were recorded. Calibration curves at 3 wavelengths were
linear with correlation coefficients of 0.999. The limits of detection
and quantification were from 0.24-0.25 µg/mL for LOD and 0.80-0.83
µg/mL for LOQ. Calibration curve at 275 nm has been the most suit-
able for quantitative analysis of doxycycline from solid dosage forms
due to its largest slope. Retention time at which the peak of doxycy-
cline appears is short (4.45 min), enabling fast and efficient chro-
matographic analysis.
After validation, the method was applied for determination of doxy-
cycline-hyclate and doxycycline-monohydrate in commercial solid
preparations Doksiciklinfi, Dovicinfi and Vibramycinfi. Proposed HPLC
method may be applied for determination of doxycycline in pharma-
ceutical preparations with satisfactory accuracy and precision. Mean
recoveries were 101.1%, 96.6% and 91.4% for Doksiciklinfi, Dovicinfi and
Vibramycinfi. The relative standard deviation was lower than 1.5% for
the most of samples.  Each analysis required no longer than 5.0 min.
Results obtained by the proposed method, were compared to those by
the reference HPLC method that is described in Ph.Jug V and satis-
factory agreement was achieved.
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DETERMINATION OF KETOCONAZOLE IN
PHARMACEUTICAL FORMULATIONS

Biljana Gjorgjeska

Faculty of Medical Sciences, University �Goce Delcev�-Stip

INTRODUCTION
Ketoconazole is used to treat fungal infections. Ketoconazole is most
often used to treat fungal infections that can spread to different parts
of the body through the bloodstream such as yeast infections of the
mouth, skin, urinary tract, and blood, and certain fungal infections
that begin on the skin or in the lungs and can spread through the body.
Ketoconazole is also used to treat fungal infections of the skin or nails
that cannot be treated with other medications. Ketoconazole is in a
class of antifungals called imidazoles. It works by slowing the growth
of fungi that cause infection. Branded as NizoralR ketoconazole is for-
mulated as tablets, cream and over-the-counter ketoconazole
shampoo. 

OBJECTIVES
The aim of this research was to study and to standardize an ultraviolet
spectrophotometric (UVS) method, potentiometric and a high per for -
mance liquid chromatographic (HPLC) method for the determ i na tion
of ketoconazole in commercially available pharma ce uti cal pre pa ra ti -
ons (tablets and creams). These three methods were com pared and
dis cussed with respect to their sensitivity and ready-applicability in
ro utine analytical work.

METHODS
Absorption spectra and spectrophotometric determination were car-
ried out on a UVS spectrophotometer, in 1 cm cuvettes. The concen-
tration of ketoconazole stock solutions was 10-4 mol�dm-3 in 0.1
mol�dm-3 HCl. Solutions in range of investigated concentrations were
obtained by diluting of stock in range from 0.003 to 0.02 mg�dm-3. The
absorbance was measured at 224 nm. Potentiometric titrations were
made using glass and saturated (KCl) calomel electrode. The deter-
mined ketoconazole is dissolved in acetic acid. A solution of HClO4
(0.1 mol�dm-3) in acetic acid was used for titrations. Each cm3 of HClO4
(0.1 mol�dm-3) is equivalent to 0.02657 g of ketoconazole. HPLC analy-
sis of ketoconazole, in the presence of econazole as internal standard,
was performed using Ultrapac LiChrosorb RP 18 (5 µm) column, with
the mobile phase consisting of 0.2% diethilamin in methanole/0.5%
ammonium acetate solution (78:22); flow rate = 0.9 cm3/min and UV
detection at 224 nm.

RESULTS 
From the obtained results it can be seen that the differences in assay
values in all methods are not statistically significant. 

CONCLUSIONS
The described methods for quantitative determination of ketocona-
zole in pharmaceutical preparations are simple and accurate. They can
be performed directly without removing the ingredients. The spec-
trophotometric method is recommended for quantitative determina-
tion in routine analysis. It is not only satisfactorily reproducible, but
also selective with respect to the ingredients. Although, the poten-
tiometric method cannot be considered as selective, it is rapid and
reproducible enough to be used as an alternative routine method. The
HPLC method is useful especially for determination of impurities and
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degradation products in stability studies.
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��  �� ������� �����
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��������	�� �������� �� �������� 	� �������� �� ������� �����
��
��� 
���� �� �� !���� �� ��	����� ������ �� ������ �����
��������� ���� !�� �� ������� �����
�� �� ������, ������, ��
���������� �����, � ���, � ����� ������� �����
��, ��� 	����������
�� ������ ��� �� ������ ������� � 
��� �� �� ���!��� ��	 ������.
��������	�� ���� ���� �� ������� 	� �������� �� ������� �����
��
�� ������ � ������� ��� �� 
���� �� ����� ��������� �� �����
������. ��������	�� � �� ����� �� ������������ ������ ��������
�
���	���. "�� ������ ����� 	��������� �� ������ �� ������ ���
�����	�������� �����
��. #�!����� ���� NizoralR , ��������	��
���$� �� ���
� �� �������, ���
 � ���� ��������	�� !�
���. 

���
’���� �� ��� ����������� � �� �� ������� � ���������	�����
���������������� �����������
������� (�*<) ��������, ����� 
� -
�
� �������� � ������ ������
������� ����� >��
����������
(HPLC) 
����� 	� ���������� �� ��������	�� �� ��
��
������
�������� ���
�
������ ��������� (���
��� � �������). ?��� ���

����� �� ����������� � ����������� � ������� ���	�������� �
���
�������� 	� �������� ���������� ������.

����
����� � ������
@�����
������ ������� � �����������
��������� ������������
��� ���
��� �� �*< �����������
����, �� ������ �� 1 �
. ��� 
��� -
�� 
����� �� ��������	�� �� ��������� ������� ��!� 10-4 mol\dm-3

�� 0,1 mol mol\dm-3. *� ��
���� ��  ���������� ���
�����
��

������ �������� �� ������� �� ��	�������� �� ���������
������� �� ���
�����
�� �� 0,003-0,02 mg\dm-3. @�����
����� ��!�
�	
����� �� 224 nm. ̂ ����
��
��������� �����
���� ��� ��������
�� ��������� �� �������� � 	������� (KCl) ����
�� ���������. ?� -
�� ���������� ��������	�� �� �������� �� ������� �� �
���� �� �� -
����. _������ �� HClO4 (0,1 mol\dm-3) �� �
���� �������� ��!�
�� �� ���� 	� �����
����. <���� �
3 �� HClO4 (0,1 mol\dm-3) � ���� -
�������� �� 0,02657 g �� ��������	��. ‘�������� ��!� HPLC
�����	� �� ��������	��, �� ��������� �� �����	�� ���� ������!��

��������, ��������� � Ultrapac LiChrosorb RP 18 (5 �m) ������, ��

������� ��	� ���� �� ������ �� 0,2% �������
�� �� 
������/0.5%
������� �� �
����
 �
���� (78:22); ������ = 0,9 cm3/min � �*
�����
��� �� 224 nm.
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����
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��������� 
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������������ �� �������� �����	�. "�� �� � ��
� 	������������
�������
������, ���� � ���������� �� ����� �� ����������. {���,
�����
��
��������� 
���� �� 
��� �� �� �
��� ���� ����������,
��� � ��	 � ������� �������
������ 	� �� �� ������� ���� ���� � -
�� �� ��� �������� 
����. HPLC 
������ � ������� ������� 	� �� �� -
�� ������ �� ���������� � �������
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�
�
����
1. European Pharmacopoeia (2008) 6th Ed., European Pharmacopoeia Commission
2. The United States Pharmacopoeia  33th NF 29 (2010), Ed. Rockwille: United States
Pharmacopeial Convention
3. Heyden, Y.V., A.N.M. Nguyet, M.R. Detaevernier, D.L. Massart & J.P. Vercammen (2002)
J. Chromatogr. A 958 p. 191-201
4. Arranz, P.; Arranz, A.; Moreda, J.M.; Cid, A.;Arranz, J.F. (2003) J. Pharm.Biom. Anal., New
York, 33, p. 589-596
5. Inara Staub, Ana Maria Bergold (2004) Acta Farm. Bonaerense 23 (3) p.387-390
6. Y Vander Heyde, A Nguyen Minh Nguyet, M R Detaevenier, D L Massart, J Plaizier-
Vercammen(2002) Journal of Chromatography A 958 (1-2), p. 191-201
7. El-Shabouri, S.R.; Emara, K.M.; Kashaba, P.Y.;Mohamed, A.M (1998)
Anal. Lett, New York,  31, p. 1367-1385

VALIDATION AND QUANTIFICATION OF
BACTERIAL ENDOTOXINS IN SOLUTIONS
FOR HAEMODIALYSIS ��INAL-100B AND
AMINAL-100K

Elizabeta Popovska1, Hristina Babunovska1, 
Silvana Ilioska-Zlatanovic1, Maja Simjanovska1, 
Biserka Simonovska2

1ALKALOID  A. D, Blvd. A. Makedonski 12, 1000 Skopje, R.Macedonia
2Dijagnostika Farmahem, St.4-th July No.2/3, 1000 Skopje, R.Macedonia

INTRODUCTION
The importance of endotoxin contamination in solutions for haemo -
di alysis manufacturing becomes apparent when confronted with four
aspects of its existence: its ubiquity in nature, potent toxicity, stabil-
ity or ability to retain after being subjected to extreme conditions and
relative likelihood of its occurrence in haemodialysis solutions.

OBJECTIVE
Validation of Bacterial endotoxins test for concentrated haemodialy-
sis solutions AMINAL�100B and AMINAL-100K.
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METHOD
For quantitative determination of bacterial endotoxins in concen-
trated haemodialysis solutions, Kinetic turbidrimetric method
PYROGENT- 5000 has been used, along with Microplate reader Elx808.
The results are calculated and stored with WIN QCL 3.1 software. The
Kinetic turbidrimetric method is based on measuring the turbidity
(optical density) of an LAL/sample mixture at regular interval
troughout the test. The time required before the appearance of
turbidity (Reaction time) is inversely proportional to the amount of
endotoxin present. 
Solutions for haemodialysis are solutions of electrolytes with a
concentration close to the electrolytic composition of plasma.
Because of the large volumes used, haemodialysis solutions are usually
prepared by diluting a concentrated solution. pH problems are the
most important biochemical cause of LAL-test inhibition. When deal-
ing with acid or base solutions, correction of pH should be made in
optimum rang 6-8. AMINAL�100B has pH 8,3 and correction should be
made with LRW dilution. AMINAL-100K has acid pH 2,3 and correction
should be made with 0,1 N NaOH . 
Concentrated haemodialysis solutions firstly should be diluted: AMI-
NAL-100B (1,83: 36,83); AMINAL-100K(1:36,83) with water of suitable
quality than pH correction should be made.

RESULTS
Validation has been made firstly with screening (Inhibition /
Enhancement) test, upon received results the validation further was
done on three series. For that purpose LONZA   reagents have been
used; lysate sensitivity  l = 0,01 EU/ml; MVD= ELC/l = 0,5 / 0,01 = 50
.Dilutions used for preliminary, Inhibition / Enhancement test are: 1:2,
1:4, 1:8, 1:16, 1:32 and 1:50.
Concentrated haemodialysis solution AMINAL�100B is inhibitory up

to 1/4 dilution inclusive. The inhibition was overcome at 1/8 dilution
which gave PPC recovery 81%. Upon received results the validation
further was done on three series of AMINAL�100B with dilution 1:10.
The endotoxin concentration reported is less than 0,100 EU/ml.
Concentrated haemodialysis solution AMINAL�100K has low pH. This
property makes it a powerful inhibitor of the LAL assay. pH adjust-
ment has been made with 0,1N NaOH and the product was tested in
dilutions up to MVD. Since the inhibition was overcome, validation
further was done on three series of AMINAL�10KB with dilution 1 : 2
The endotoxin concentration reported is less than 0,020 EU/ml.

CONCLUSIONS
Validation of the Bacterial endotoxins test on Concentrated haemodial-
ysis solutions AMINAL�100B and AMINAL�100K   was successfully done.
1. The inhibition was overcome at Concentrated haemodialysis solu-
ti on AMINAL�100B. Routine testing should be done with dilution 1:10.
2. The inhibition was overcome at Concentrated haemodialysis solu-
tion AMINAL�100K. Routine testing should be done with dilution 1:2,
after pH adjusting.
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�����, �������� PY-
ROGENT- 5000, �� Microplate reader Elx808cse ��� ������� WIN QCL
3.1 �������. ^���
���� �� 
������� � 
����� �� ������������
(��������� �������) �� �
����� LAL/
����� �� ������� ���
�����
���������. *��
��� �������� 	� ������ �� ���������� (����
����
���
�) � ������� ������
������� �� ���
�����
����� ��
���������� �����������.
_��������� 	� >�
�������	� �� �������� �� ����������� ��
���
�����
��� ������ �� �������������� ������ �� ���	
���.
}������ �� �������� �� ����
 ����
�� �� ������������ ��
��	�������� �� ���
����������� �������� .

» pH ��������� � �������� ����� 	� �	����� �� ����������
���������� ���� � 	���� � ����>���� ������ �����
���  ���
�������� � ��	���� �������� 	� >�
�������	�, �� ����� 6-8 .
���
����������� �-� 	� >�
�������	� 

» AMINAL-100B �
� pH 8,3 � �����
����� �� ��!� �� ����
��� ��
LRW. ���
����������� �-� 	� >�
�������	� AMINAL-100K
�
� ����� pH 2,3 � �����
����� �� pH �� ��!� �� 0,1 N NaOH.

» _��������� ���� �� ���������� �� ��	�������� ��� ��
���������� 	� >�
�������	�: AMINAL-100B(1,83 : 36,83); AMI-
NAL-100K (1 :36,83) , � ����� �� ��!�� �����
���� �� pH.


��������
*�����
����� �� 
������� � ��������� ���� !�� ���� � �	�������
�������� ({�>���
��� /#���	�����), � ����� �� ��!� ������
��� ��
��� �����. ������������ �� �������� �� Lonza, ��	�� �� ��� 	� �� � -
���� l =  0,01 EU/ml; MVD = ELC/l = 0,5 / 0,01 = 50. #� ������  {� >� �� -

��� /#���	����� ��� ����� �������� ��������� �� ��������
��	 ��������: 1:2, 1:4, 1:8, 1:16, 1:32 � 1:50.
��� 
����������� �-� 	� >�
�������	� AMINAL�100B �������� �� -
>� �� 
��� ����������� �� ��	����������1:4. {�>���
����� �� ���
 � -
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�  ��� ��� ��	�������� 1:8 ��� ���� PPC recovery 81%.*�	 ������ ��
�� ������� ��	������ �� ���������� �	��!��� � ������
��� �� ���
����� ���
�������� �-� 	� >�
�������	� AMINAL�100B �� ����
���
1 : 10 � ��� ��� �� ������� ��	������ � 0,100EU/ml.
���
����������� �-� 	� >�
�������	� AMINAL-100K �� ��>�����
����
����� !�� �� ����� �� ������� pH , 	���� ���� 
� �� ��������
pH �� 0,1 N NaOH , � ����� �� ��!� ����
��� �� MVD. }������ ��
�
��>���
��� �� ����
����� �� �����
��� �� pH, 	� ������
��� �� ���
����� �� ������� ����
��� 1 :2. ��� ����� ���������� ����� �������
�� ��	������ � 0,020 EU/ml.

���������
����!�� � ��������� ������
��� �� 
�������!���� �� ������ 	� �� -
�� ������ �� ���������� ����������� � �������� �� �������� 	� -
��� �� 
�:

» ‘��
����� � ��>���
����� �� ���
����������� �-� 	�
>�
�������	� AMINAL-100B. ^�� �������� ���������� �� ��
������ �� ��	�������� 1 : 10.

» ‘��
����� � ��>���
����� �� ���
����������� �-� 	�
>�
�������	� AMINAL-100K. ^�� �������� ���������� �� ��
������ �� ��	�������� 1 : 2, �� ������������ �� pH.

����
���
� 
1. Ph. Eur. 7  (2.6.14)  &  Haemodialysis solutions ; 
2. LAL Times Vol.8, No1 MARCH 2001; 
3. PYROGENIC REACTIONS DURING H˘MODIALYSIS CAUSED BY EXTRAMURAL
ENDOTOXIN; The Lancet, Volume 306, Issue 7938
4.  EDTNA/ERCA Guidelines:Technical Section; Quality assurance for dialysis-quality
water and dialysis fluid
http://www.edtnaerca.org/pdf/education/WTguidelinesmicrob.pdf
5. FDA - Guideline on Validation of the Limulus Amebocyte Lysate Test as an End-
product Endotoxin Test for Human and Animal Parenteral Drugs, Biological
Products, and Medical  Devices. U.S. Food and Drug Administration.
6. ENDOTOXINS, Kevin L. Williams

DEVELOPMENT OF AN HPLC METHOD FOR
RELATED AND DEGRADATION PRODUCTS
IN LOSARTAN FILM COATED TABLETS 

Marija Spasevska, Gordana Evgenievska, Mena
Ivanovska, Tatjana Bogovska, Hristina Babunovska

Quality Control Department, AD Alkaloid-Skopje, Pharmaceutical,
Chemical and Cosmetic Company, A. Makedonski 12, Skopje, Mace-
donia

Losartan is an angiotensin II receptor antagonist drug used mainly to
treat high blood pressure (hypertension). It may also delay progression
of diabetic nephropathy and reduce renal disease progression. It is
recommended as first-line medicine for younger patients under 55 who
cannot tolerate ACE inhibitor. 
Our aim was to develop an HPLC method for related and degradation
products of Losartan in our finished product Losartan film coated
tablets that evaluate all impurities declared by European Pharma-
copoeia. 
The European Pharmacopoeia specifies impurities D, J, K, L and M.
There are 7 more impurities that are declared as other detectable im-
purities (B, C, E, F, G, H and I) for which is not necessary to be identi-

fied. Imp. B, Imp. C (losartan isomer), Imp. D (BCFI), Imp. E (methyl-
biphenyl tetrazole), Imp. F (isopropyl losartan), Imp. G (tritanol-triph-
enylmethanol) Imp. H (N-trityl losartan), Imp. I (O-trityl losartan), Imp.
J (O-acetyl losartan) and Imp. K (losartan aldehide) are process related
and Imp. L (losartan degradant-1) and Imp. M (losartan degradant-2)
are process/degradation impurities. The identification of the impuri-
ties is made by comparison of the chromatogram supplied with losar-
tan for system suitability CRS with the chromatogram gained from
the standard solution made from losartan for system suitability CRS
containing impurities J, K, L, M, spiked with standard of Imp. G. The
system suitability criteria is the peak-to-valley ratio of minimum 2.0
between Imp. M and Imp. G from this solution. The European Phar-
macopoeia method is applicable for all 12 impurities.
Our method is different from this method but applicable for the same
impurities and gives better chromatography and suitability. 
The method that was developed is a gradient method with constant
flow rate. The column is Hypersil BDS 250mm x 4.6mm i.d., 5 �m at
room temperature. The mobile phase A is phosphate buffer pH=2.5
and mobile phase B is Acetonitrile. 
The detection is at 230nm and the injection volume is 20 �l. The sol-
vent is a mixture of acetonitrile and water, in ratio 80:20.
The system suitability parameter that needs to be achieved in the
pharmacopoeia is a peak-to-valley between Imp. M and Imp. G, which
is after Imp. M in the chromatogram. 
In our method the order of elution for Imp. G is changed and it is be-
fore Imp. M but the separation is significant. The achieved resolution
between those peaks is 8.12. The order of the other impurities from
the standard for system suitability (J, K, L and M) is as the one from
the chromatogram supplied with losartan for system suitability CRS.
There is a very good separation between all the identified peaks of im-
purities: D, J, K, L, M and G and Losartan peak. 
The Relative Retention Times of the specified impurities with respect
to the Losartan peak were calculated and are as follows:
Imp. D-0.54, Imp. J-1.59, Imp. K-1.72, Imp. L-2.11, Imp. M-2.46.
The Response Factor for Imp. D was calculated and is 0.14.
The method was validated through Specificity, Limit of Detection and
Quantitation, Linearity and Range, Accuracy, Precision, Robustness,
Filter retention studies and Stability of solutions.

REFERENCES
1. Drug Master File-Losartan Potassium (Aurobindo Pharma Limited)
2. Ph. Eur. 6.0
3. Validating chromatographic methods, A practical guide, David M. Bliesner
4. http://www.drugs.com/search.php�searchterm=losartan
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����� �� HPLC ������ ��
��
��������� �� �
���� �
��	
�������� �
������ ��
����
��� 
��� ��’���� 

������ ����
����, "
�#��� ��$
��
����,  �
��
����
����, %������ �
$
����,   ��������
�����
����

�������� �� ��������, @� @�������-<�����, ���
�
������, ��
����
� ��	�
������ ��
������, @. ~��������� ��.12, ~���������

|��������� � ���������� �� ��������	�� 2 ��
�������� ��� ��
������� ������ 	� �������� �� ����� ����� �������� (>�������	���).
~��� �� �� ������� � 	� ���������� �� ��������� ����������� �
	� ��
������� �� ������������ �� ������� 	���������. <�
����������� ���� ��� �� ���
���� �	��� ��� ��
����� ��
���� ��
55 ������ ��� �� 
��� �� �� ���������� ACE ��>������.
‘�!��� 
�� ��!� �� ��	���
� HPLC 
����� 	� ������ �
�������
���� �������� �� Losartan �� ��!��� �������� |�������
���
 �������, ���� �� �� ������ ���� ������������ �����������
�� ���������� ���
�������. 
���������� ���
������� �� ���
���
��� �������������� D, J, K, L
� M. {
� �!�� 7 ����� ������������ ��� �� ����������� ���� �����
������������ !�� 
��� �� �� ����������� (B, C, E, F, G, H � I) ��� ��
� �������� �� �� ��������
�����.
?������������� B, ?������������� C (losartan isomer),
?������������� D (BCFI), ?������������� E (methylbiphenyl
tetrazole), ?������������� F (isopropyl losartan), ?������������� G
(tritanol-triphenylmethanol) ?������������� H (N-trityl losartan),
?������������� I (O-trityl losartan), ?������������� J (O-acetyl
losartan) � ?������������� K (losartan aldehide) �� ������������
����	��� �� ����	����������� ���
��, � ?������������� L
(losartan degradant-1) � ?������������� M (losartan degradant-2) ��
������������ ����	��� �� ����	����������� ���
��/�������
����
��������. {���������
����� �� �������������� �� ����� ��
�������� �� >��
������
�� !�� �� ������ �� ���������� losartan
	� ����������� �� �����
�� CRS � ��������� >��
������
 ��
������������ ������� �������� �� ��� �������� ��� �� ������
�������������� J, K, L, M, ��������� �� �������� �� ��������������
G. ������� 	� ����������� �� �����
�� � peak-to-valley ����� ��

���
�
 2.0 ��
�$� ���
���������� between M � �������������� G
�� ���� �������. 
~������ �� �������� ���
������� �� ������� 	� ���� 12 ��� �� �� �� ���.
‘�!��� 
����� � ��	����� �� ��� � ���� ���� ���
������ 	� ������
������������, �� ��� !�� ���� ������� >��
���������� �
�����������.
_�	������� 
����� � �� ���������� ����� �� 
�������� ��	� ���
���������� ������. �������� �  Hypersil BDS 250mm x 4.6mm i.d., 5
�m, �� ����� ��
��������. ~�������� ��	� @ � �������� ����� ��
pH=2.5, � 
�������� ��	� B � @
���������.  
�����
����� �� ��!� �� ������� ������� �� 230nm, � ����
���� ��
����������� � 20 µl. _������������ !�� �� ������� � �
� �� �� � �� �:
����, ������� The 80:20. 
^���
������ 	� ����������� �� �����
�� ������ ��������
���
������� !�� ����� �� �� ������� � peak-to-valley ��
�$�
�������������� M � �������������� G, ��� �	������ ����� ����� -
��� ������ M �� >��
������
��. 
<� ��!��� 
����� ���������� �� �������� �� �������������� G �

���
���� � ���� �	������ ���� �������������� ~, �� ��	�� � � �� �� -
�� � 	���������. ^����������� ��	���
��� 
�$� �������� � 8,12.
_��������� �� �������� �� ���������� ������������ �� ����������
	� ����������� �� �����
�� (J, K, L � M) � ��� ���� ��� �� >�� 
� �� � -
�� 
�� 	� ���������� losartan 	� ����������� �� �����
�� CRS.
^����� 
���� ����� ��	��������� ��
�$� ���� ��������������
������ �� �������������� D, J, K, L, M � G � ����� �� Losartan.
^���
����� �� ����������� �����
���� ���
��� �� ���
��� 
� �� -
�� �� ������������ �� ����� �� ����� �� Losartan � �� �������
�������� ���������:
?����������� D - 0.54, ?����������� J - 1.59, ?����������� K - 1.72,
?����������� L-2.11, ?����������� M - 2.46.
Response �������� �� ��������������. D � ����
���� � ��������
�������� � 0.14.
~������� � ���������� �����, ���
��������, ��
�� �� �����
��� �
����������
���, ���������� � �����, �������, ���
�	����,
����������, 	���!�� ��� ���������� � ���������� �� ��������.


�
�
����
1. Drug Master File-Losartan Potassium (Aurobindo Pharma Limited)
2. Ph. Eur. 6.0
3. Validating chromatographic methods, A practical guide, David M. Bliesner
4. http://www.drugs.com/search.php�searchterm=losartan

PRODUCT QUALITY REVIEW

Verce Jovanovska Jankovska, Jasminka Veleska
Ivanovska, Sonja Sterjevska, Miroslava Ilievska

Alkaloid AD Skopje, Blvd. Aleksandar Makedonski 12, 1000 Skopje, Re-
public of Macedonia

INTRODUCTION
Product Quality Review is regular periodic or rolling quality reviews of
all licensed medicinal products, including export only products, which
are conducted with the objective of verifying the consistency of the
existing process, the appropriateness of current specifications for
both starting materials and finished product to highlight any trends
and to identify product and process improvements1.
There are significant differences between the United States and Eu-
ropean Union requirements for the annual review of records related
to the manufacturing and control for pharmaceutical products and
active pharmaceutical ingredients2.
The Product Quality Review is an effective quality improvement tool
to enhance the consistency of the process and the overall quality of
the product. The PQR will capture a broader view of product data,
capturing trends and will help determine the need for revalidation and
changes if any1.

SCOPE
The purpose of the document is to communicate expectations with
regard to the conduct of Product Quality review. Product Quality
Review is a GMP requirement listed under Chapter 1 of the PIC/s
GMP guide for medicinal product effective since 1 January 2006.
Product Quality Review3,4.
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METHODS
There are 12 spots in product that should be outlined within one PQR3:
A review of starting materials and product contact primary packag-
ing materials used for the product especially those from new sources,
a review of critical in process controls and finished product results, a
review of all batches that failed to meet established specification(s)
and their investigation, a review of all significant deviations or non-
conformances, their related investigation, and the effectiveness of re-
sultant corrective and preventive actions taken, a review of all changes
carried out to the processes or analytical methods, a review of Mar-
keting Authorization variation submitted/granted/refused/, a review
of the results of the stability monitoring program and any adverse
trends, a review of quality related product returns, complaints and re-
calls and the investigation performed at the time, a review of ade-
quacy of any other previous product process or equipment corrective
actions, for new marketing authorizations post marketing commit-
ments, the qualification status of relevant critical equipment and util-
ities, a review of technical agreements to ensure that they are up to
date1. Microsoft office tools were used to calculate average, max, min,
standard deviation, relative standard deviation. Statistical tools were
used in a manner to achieve potential capability (CP),  capability ratio
(CR), demonstrated excellence (Cpk),  non-centering correction (K), –3s
limits, results (observed, expected),  above specification limit (ob-
served, expected), below specification limit, Stnd. skewness, Stnd.
kurtosis, run tests [(to outline some trends and searches for and
identifies any unusual patterns in the data. This is helpful in detecting
processes which are slowly drifting away from target, even though no
points fall outside the control limits (3 sigma)], individual and moving
range. 
Analysis of Lisinopril tablets 20 mg was performed for period of
01.01.2009 - 31.12.2009. Three year analysis of the results was also per-
formed, using the same Statistical and Microsoft office tools.

OBTAINED RESULTS
Regarding the review of the Lisinopril tablets 20mg obtained results
for starting materials as well as finished product were within specifi-
cation limits. 

CONCLUSION
All the data for drug product Lisinopril tablets 20mg for 2009 as well
as taking into consideration three years period (2007-2009) and other
relevant information, can confirm that process is in the state of
control5. 

REFERENCES
1 HEALTH SCIENCES AUTHORITY - Guidance notes on Product Quality Review
2 Product Annual/Quality Review: US�EU Comparative Analysis and Interpretations
3  PIC/s  - Guide to good manufacturing pactice for medicinal products - part I
4  Eudralex - The rules governing medicinal products in the European union -
Volume 4 EU Guidelines to Good Manufacturing Practice Medicinal Products for
Human and Veterinary use - Part 1 chapter 1 Qualiry Management
5Western Electric Rules (zone rules), 1956
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�����
^������ �� ���������� �� ����	����� � ������� ���������� ���
�������� ������� �� ���������� 	� ���� ��
��
����� 
���
�����
����	����, ����������� �� � ����	������ 	� �	��	, ��� ��
������������ �� 
�� ��������   ��  ���	����������� �� ������������
�� ���
����, ������������ ��  ��������� ���
�����
�� ���� 	�
���	���� 
��������� ���� � 	� �������� ����	��� 	� �� ��
�����
����� ���� ����� ��������, � �� �� ��������������
����������� �� ����	����� � ���
����1.
^������� 	������� ��	���� ��
�$� �������� �� <����������
@
��������� ������ � ���������� ����� 	� ����!���� ������� ��
	������� ����	��� �� ����	������� � �������� �� ���
�
��������
����	���� � ��������� ���
�
������ �����������2.
^�������� �� ���������� �� ����	�����  � �������� ������ 	�
����������� �� ������������ �� ���
���� � 
�������� �������� ��
����	�����. ^�������� �� ���������� �� ����	����� ������ ����
��!���� ������ �� ������
� 	� ����	�����, 	�
���� �� �������
���������� �� !�� ���	
����� �� �� ������ ������� ��
��������
��� � ���
��� ������� �� �
�1.

���
’���� �� ���� ����
���  � ��  �� ����	�� ����������� 	� �� ��
�	����� �����  ^������ �� ���������� �� ����	�����.  ^������ ��
���������� �� ����	����� � ������ �� ������� ̂ ���	����� ^�����
�������� �� �������� 1 �� PIC/s �^^ ����� 	� 
���
�����
����	���� ��� ���� �� 1 ������� 2006. ^������ �� ���������� ��
����	�����3,4.

������
^������� 12 ����� �� ����	����� ��� ����� �� ����� �������� ��
��
���� �� ���� ������� �� �������� �� ����	����� (PQR)3.
^�������� �� ���	���� 
��������� � ������� �� ����	����� ��
���
������ �
������ ��� �� ������������ 	� ����	�����, �������
���� �� ���� �	����, ������� �� ������� ���
���� ��������, �
��	�������� 	� ����� ����	���, ������� �� ���� ����� ��� ��
���������� �� �������������� ���
�����
��� � ����� ����������,
������� �� ���� 	������� ������
�� ��� ���������������, �������
��������� ���������� � ������� �� ��	������� �� ����	�
�����
���������� � ����������� 
����, ������� �� ���� ���
��� ��� ��
���������� �� ���
����� ��� ������������ 
�����, ������� ��
������
���� �� ~�������� @�����	�
���� ��������� / �������� /
�������, �������  �� ���� ��	������ ��� 
��������� �� �����������
�  ���� ����� ����������� �������� ������� �� �
�, ������� ��
�����
�
�� ��� �� ���������� �� ���������� �� ����	����� ���� �
������� �� ����	����� � ���������� ���������� �� ���
�, �������
�� ������������ �� ������������ ��
�� �� ����>������ ����	�����
���
�� ��� ����
� 	� ���� ��!���� 	� ������� �� ���
�� � ����

�������� 	����������, ���������
������ ������ �� �����������
�������� ����
� � �������������, ������� �� ��>������� ��������
�� 
�� �� �� �������
� ���� ������ �� ���������1. @������� �� Mi-
crosoft office �� ������������ �� �� ����
����� ������ ��������,
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����
�
, 
���
�
, ���������� ������
��� � ��������� ����������
������
���. <������������ ������ �� �������� 	� ���������� ��
���������� �� ���
�� (CP),  ����� �� ����������� (CR), demon st ra -
ted excellence (Cpk),  �����
����� ������ (K), –3s �����
�, ��	������
(��������, ���������),  ����� ���
�����
����� ��
�� (��������,
���������), ����� ���
�����
����� ��
��, ������ �� �������, run
tests [(�� �� �������� ���������� ��� ���� ����� ������������
���������� �� ������
�����). ?�� � �� ��
�! �� ��������� ��
���
�� ��� �� ��������� �� 
���� ���� ������ ����� �� �	������ ��
����������� �����
� (3 sigma)], ����. 
}�!� ��������� �����	� �� Lisinopril ������� 20 mg �� �������� ��
01.01.2009 - 31.12.2009. {��� ���� ��!� ��������� �������!�� ��� -
�� 	� �� ��	�������� ������������� �� ������ ����������� � Microsoft
office ������.

��’���� 
��������
*� ����� �� ��������� �� Lisinopril ��������� 20mg ��������� �� -
	�� ���� 	� ���	���� 
��������� ���� � �������� ����	��� �� ��
�����
��� �� ���
�����
�����. 

��������
<��� ������
� 	� ����� Lisinopril ������� 20mg 	� 2009 	�
���� �� ��
���� ��� � �������!���� ������ (2007-2009) � ����� ���������� �� ��� -

�
��, 
��� �� �� ������� ���� ���
���� � �� �������� �� ��������5. 


�
�
���� 
1 HEALTH SCIENCES AUTHORITY - Guidance notes on Product Quality Review
2 Product Annual/Quality Review: US�EU Comparative Analysis and Interpretations
3  PIC/s  - Guide to good manufacturing pactice for medicinal products - part I
4  Eudralex - The rules governing medicinal products in the European union -
Volume 4 EU Guidelines to Good Manufacturing Practice Medicinal Products for
Human and Veterinary use - Part 1 chapter 1 Qualiry Management
5Western Electric Rules (zone rules), 1956

FIVE YEAR EXPERIENCE IN SPECIAL 
QUALITY CONTROL IN THE CROATIAN
AGENCY FOR MEDICINAL PRODUCTS 
AND MEDICAL DEVICES

Mikul�i� D., Pipi�-Kosanovi� M., 
Truban �ulj R., Tomi� S.

Agency for Medicinal Products and Medical Devices, Zagreb, Croatia

INTRODUCTION
For the purpose of placing on the market, the quality, efficacy and
safety of each drug product has to be established. Quality control im-
plies the procedure for establishing conformity of medicinal product
quality with predetermined quality requirements. It can be performed
on a regular basis as a special quality control, off shelf quality control,
and as quality control in extraordinary cases. Special quality control
means that every single batch of blood and plasma derivates and other
biologicals either manufactured by local manufacturer or imported
one has to be analyzed before it could be released on the market.
Quality control must be carried out in line with procedures laid down
in the accepted medicinal product documentation accompanying the
application for granting the marketing authorization.

MATERIALS AND METHODS
During the period of five years (2005-2009) data for blood and plasma
derivatives were collected and summarized for an annual surveillance
of circulation of blood and plasma derivatives on the Croatian drug
market.

RESULTS
Collected data were analyzed for every year individually over the men-
tioned period of time for imported drugs and local manufacturer
blood and plasma derivates. They were based on special quality con-
trol certificates of first and every batch, off shelf quality control, and
as quality control in extraordinary cases. The average ratio of local /
imported blood and plasma derivatives examined through these 5
years was 52/48. Although the ratio is in favour of local manufacturer,
in last two years there is a trend of decrease of local blood and plasma
derivatives (from 87 in 2007 to 45 in 2009) and an increase of the im-
ported ones (from 55 in 2007 to 72 in 2009).
The number of imported drugs increased for 50% during these five
years especially between year 2005 and 2006. During the same time
number of special quality control certificates issued for local manu-
facturer were the highest in year 2007 (87) and decreased in 2009 for
a 50%.
Number of overall special quality control certificates varied over the
selected period of time. From year 2005-2007 there was an increase of
number of certificates and it was highest in year 2007 when 142 spe-
cial quality control certificates were issued. That number shows a
slight decrease of 15-20% through years 2008-2009.

CONCLUSION
Over the analyzed period of five years (2005-2009) there was a signifi-
cant increase of imported blood and plasma derivatives, but due to
decrease of number of certificates for local manufacturer blood and
plasma derivates the overall number of certificates decreased too.
Role of the special quality control performed by the Croatian Agency
is to ensure that only high quality blood and plasma derivatives are
being placed on the Croatian market.

ANALYSIS OF PURITY IN AMLODIPINE
TABLETS IN CROATIA

G. Benkovi�, M. Sokoli�, B. +udina, R. Truban �ulj,
S. Tomi�

Agencija za lijekove i medicinske proizvode RH (HALMED), 
Ksaverska cesta 4, Zagreb

INTRODUCTION
In view of an increasing number of generic drugs emerging, a compar-
ative study was performed including the approved amlodipine prepa-
rations in the form of tablets marketed in Croatia, to compare purity
profiles of generic drugs versus the original medicinal product. Am-
lodipin was selected as the representative of the increasing group of
drugs sharing the common property of being introduced into the or-
ganism on a daily basis for a longer period and that are marketed in
Croatia in a large and increasing number of generic preparations.
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MATERIALS AND METHODS
The samples of the amlodipine tablets were collected from the Croa-
tian market. In choosing samples, the principle criterion was the shelf
life, aiming to obtain distribution of different batches of the individ-
ual drug in the course of its shelf life. Several batches of each individ-
ual medicinal product at different stages of their shelf life were
analyzed. Impurities were determined by means of high performance
liquid chromatography (HPLC).

RESULTS AND DISCUSSION
Impurity profiles were demonstrated to be specific for each individual
drug. Levels of total impurities found in the analysed preparations
were ranging from 0.1% to 0.6% per tablet. The highest amount of un-
specified impurity was observed at the level of 0.2% in two prepara-
tions. All the analyzed drugs meet the specification limits approved
by the Croatian Agency for Medicinal Products and Medical Devices
(HALMED) in the procedure of granting marketing authorization in the
Republic of Croatia.
Original drug, as compared to its generic copies, settled at the lowest
levels of total impurities. The comparison of impurity profiles and the
levels of total impurities as well as of average values of the same pa-
rameters indicates to the existence of differences in manufacturing
processes, quality of drug substances or formulation�s stability.

CONCLUSION
Although there is a relative discrepancy in purity levels among the
preparations, it can be generally concluded that all the analyzed me-
dicinal products are within the ranges of approved specification lim-
its. Therefore, it is not expected, in case of amlodipine tablets, for the
administration of any specific preparation, as compared to others, to
be safer for the patient.
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HPLC METHODS COMPARISON FOR RE-
LATED AND DEGRADATION PRODUCTS IN
SKOPRYL )LISINOPRIL* TABLETS

Cveta Dolikoska, Dafinka Damcevska, Blagica
Samarova-Stoev, Ana Aleksandric, Hristina
Babunovska

AD Alkaloid-Skopje

Lisinopril is a drug of the angiotensin-converting enzyme (ACE) class
that is primarily used in treatment of hypertension, congestive heart
failure and heart attacks and also in preventing renal and retinal com-
plications of diabetes. Lisinopril is the lysine-analog of enalapril. Lisino-
pril is hydrophilic, has a long half-life and tissue penetration, and is not
metabolized by the liver.
Our aim was to compare the two different HPLC methods for related and
degradation products of Lisinopril in our finished product Skopryl tablets.
The method for  related and degradation substances in Lisinopril
tablets according to BP -a little bit adjusted for better chromatogra-
phy for our internal use-is a simple isocratic method. The column is
LiChrospher RP 8 250mm x4 mm 5 µm, the mobile phase is 70% of
KH2PO4 and Sodium hexan sulphonate buffer pH 2 and 30 % of Ace-
tonitrile, flow rate of 1ml/min, detection at 215 nm, temperature of
the column 40°C, injection volume of 20 µl. The diluent is mixture of
80% water and 20% of methanol. The system suitability parameter
that is needed is the resolution factor between the peaks due to
Lisinopril diketopiperazine and Lisinopril that should be at least
5.There is only one impurity that is limited by the requirements of this
monograph: Lisinopril diketopiperazine    which is detected as one peak
and actually is a racemic mixture of S,S,S diketopiperazine or Lisino-
pril dihydrate Impurity C and R,S,S diketopiperazine or Lisinopril dihy-
drate Impurity D.
These are only two impurities from the six specified impurities de-
clared in the European pharmacopoeia:

» Impurity A-Process related Impurity
» Impurity B- Process related Impurity
» ImpurityC-S,S,S diketopiperazine - Process related and degra-

dation Impurity
» ImpurityD- R,S,S diketopiperazine Process related and degra-

dation impurity
» ImpurityE-Lisinopril R,S,S-isomer-Process related Impurity
» Impurity F-cyclohexyl analogue-Process related Impurity

So that�s why we developed and validated additional reliable method,
adjusted from the Ph.Eur.method for our finished drug products Sko-
pryl 5, 10 and 20mg tablets. The new method has ability to differenti-
ate the active ingredient from all closely related process and
degradative impurities. Optimisation of the method was achieved
using LiChrospher RP 8 250mm 4.6mm ; 5 �m column ,gradient elu-
tion with Sodium dihydrogen phosphate buffer solution pH 5 and Ace-
tonitrile mixed in mobile phase A and mobile phase B,with a flow rate
from 1.8 to 2 ml/min.The detection is at 210 nm, temperature of the
column is 50°C,injection volume of 20 �l.The first condition for system
suitability to be achieved is :
- The chromatogram obtained from the Lisinopryl dihydrate for per-
formance test is similar to the chromatogram supplied with Lisinopryl
dihydrate for performance test CRS in which the peaks due to impu-
rity A and Impurity E fall on either side of the peak due to lisinopril.The
second condition is:
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- the peak-to-valley ratio: minimum 9 between Impurity A and Lisino-
pril and minimum 9 between Lisinopril and Impurity E. Complete val-
idation of the method is performed ,even resolution and not only p/v
is achieved  between Impurity A and Lisinopril of about 3.42 and be-
tween Lisinopril and Impurity E of about 3.74.The relative retention
times of the known impurities with reference to Lisinopril peak were
calculated and are as follows: Impurity B 0.70; Impurity A 0.79; Impu-
rity E 0.32; Impurity F 2.26;Impurity D 2.63; Impurity C 2.85.The cor-
rection factor for each impurity is also incorporated in the method
and their values are: 1 for Impurity B; 0.89 for Impurity A;1.18 for Im-
purity E; 2.37 for Impurity F; 1.30 for Impurity D; 1.27 for Impurity C.
From our conducted stability studies for Skopryl(Lisinopril) tablets we
have concluded that our products is very stable during its shelf life.
The both methods are equally reliable for analyzing the related and
degradation products. The conclusion is that the second method is
added to our internal standard for analysis of Skopryl tablets as a sec-
ond additional method, only in case of need for identification of any
unknown impurities greater than the specification limits found with
the first method.

REFERENCES
1. British Pharmacopoeia 2010
2. European Pharmacopoeia 6.0
3. Drug Master File-Ranbaxy Laboratories Ltd
4. Drug Master File-Aurobindo Pharma Ltd
5. David M Blesner, Validating chromatographic methods,a practical guide 

�������	 
	 ��� HPLC ��
��� �	
	
	���	 
	 ����
� � ����	�	���
�
������
� �� ������� (����
�����)

	���
�

����� ��	
���
�, ���
�
� �������
�, �	��
��
��������-�����, ��� �	�
�����
�,   ��
��
��
��������
�

�� �������	 - 
����
 , 

���������� ����� �� ������� �� ���������� �� (���) ������
����
����
�������� 
���� ��� �������� �
 �������� �� ��
���� ��
���
��
�����, ����
������ ���
�� ������� � ���
�� �	���,�
�������� �� ��
�
����� �� �
������
 � �
��������
 �����������
��� ������
 �	 �
!
��� ���
��. ������������ 
 �������� ������
�� 
����������. "�� 
 ��	��#���� ��������� ,��� 	��� ����$����
� ������ �
�
������� � �
  �
 �
���������� �� ������ 	���.
%��� �
� 
 	� �� ����
	��
 	�
�
 �������� HPLC �
��	� ��
�	�
	���&
 �� ���	���
 � 	
���	������ ���	���� �� ���� �� ��� -
��� �� ������ ����� �������	 -
������ ����
��. 
’
��	��� �� ���	�� � 	
���	������ ���	���� �� ����������
����
�� ����
	 *�������� #�������
��-�	�������� ����	�
��	���� ����������#���&
 �� ���� ���
��� �����
�� 
 
	 �� ���� -
�� ���������� �
��	�. ’
��	��� �
 ������ �� LiChrospher RP 8
������ �� 	��
���� 250mm x 4 mm 
5 �m, ��������� #��� 
 �
������ �	 70+ ��#
� �� pH ��
	���� 2
(������ 	���	���
� #��#�� � %������ �
���� ���#���� ) � 30+

��
��������, �������� 
 1 �� �� ������,	
�
������� �� 215 nm,
�
��
�������� �� �������� 
 40°C,� �����
��� �� ���
�����&
 20 µl.
<������������ 
 �
������ �	 80+ ��	� � 20+ ’
�����.=��������
�
�����
��� �� ���	�
����� �� ����
��� 
 �
�������� ���
��
�������
 ��� ���
������� �	  Lisinopril diketopiperazine � Lisinopril,
� ������� ��� ��
�� 	� �
 �������
 � 
 ��������� 
 :<
����������
���
�� ��
 	�� ���� 	� �
 ��	
 ������ �	 5. 
� ����&��� �� ����
�������#��� �
 �	
���#����� � ������#����� ���� 
	�� �������
��
�������&
: Lisinopril diketopiperazine    ��
 �
 	
�
����� ����

	
� ��� � �������� 
 ���
���� ��
�� �	 S,S,S 	��
�����
�����
��� >�
�������&
 C � R,S,S 	��
�����
����� ��� >�
�������&
 D.
>��
 �
 ���� 	�
 �	 ��������
 ��
�������&� �	 ������ �
��
 ���
�
 	
��������� �� ���������� ?�������
��:

» >�
�������&
 A- >�
�������&
 ��
 ���
����� �	 ����� ��	 -
�� �� ����
�

» >�
�������&
 B- >�
�������&
 ��
 ���
����� �	 ��� � � ��	 -
�� �� ����
�

» >�
�������&
 C - S,S,S 	��
�� ���
����� - >�
�������&
 ��

���
����� �	 �������	���� ����
� � 	
���	������
��
�������&


» >�
�������&
 D- R,S,S 	��
�� ���
����� - >�
�������&
 ��

�� �
����� �	 �������	���� ����
� � 	
���	������ ��
 �� �� -
� ��&


» >�
�������&
 E - ���������� R,S,S-����
�->�
�������&

��
 ���
����� �	 �������	���� ����
�

» >�
�������&
 F- ������
���� ������- >�
�������&
 ��
 �� -
�
 � ���� �	 �������	���� ����
�

"�� 
 ��������� ����	� ���� �������
 � ����	�����
 	�������
���
���	�
��� ���
��� �
��	� �	�������� �� �������#����� �	
�������� #�������
�� �� ������ ����� �������	 
������ ����
��
�	 5,10 � 20 ��. %����� �
��	� ��� ���������� 	� �� ���	���
��������� ��������� �	 ���
 ������ ���	�� � 	
���	������
���������,��
 	� �
 �	
���#������� � ���	�
��� 	� �

������#�������.>����������� �� �
��	��� ����������
 ������
�!�
LiChrospher RP 8 ������ �� 	��
��� 250mm � 4.6mm 5 µm, ��
���	�
���� 
�����&
 ������
�!� %������ 	���	���
� #��#��
�
��#
�
� ������� �� pH 5 � ��
�������� ���
���� �� ’������
#��� � � ’������ #��� =.@������� �
 �
���� �	 1,8 	� 2 �� ��
������,	
�
������� 
 �� 210nm, �
��
�������� �� �������� 

50°C,�����
��� �� ���
�����&
 
 20 µl.@����� ����� �� ���	�
�����
�� ����
��� ��� ��
�� 	� �
 �������
 
 :
- X������������ 	���
� �� ����������#���&
 �� �
#
�
������
����	��	 ���������� 	���	��� �� �
�#������ �
�� 
 ����
� ��
������������� 	�����
� �� ��� ����	��	 �	 �������� ?�������
��
��	
 ��� �������
 �	 >�
�������&
 � � >�
�������&
 � �
 �������
�� ��
�
 ������ �	 ����� ��� ���
����� �	 ������������.
=������ ����� 
:
-  peak-to-valley �	���: ������� 9 ���
�� >�
�������&
 � � �� �� �� -
���� � ������� 9 ���
�� ����������  � >�
�������&
 �. %�����
��

 �����
��� ����	����� �� �
��	���,	��� � �
�������� ���
��� p/v
�	��� 
 ���������� �	 ����� 3,42 �
�� >�
�������&
 � �
���������� � ����� 3,74 �
�� ���������� � >�
�������&
 �. @�
 ��
 -
���� �
 � �
��������
 �
�
������ ��
��&� �� ��������
 ��
 �� �����&�
�� �	��� �� ����� �� ���������� ��� ���
������: >�
 �������&
 B 0.70;
>�
�������&
 A 0.79; >�
�������&
 E 0.32; >�
�������&
 F 2.26;
>�
�������&
 D 2.63; >�
�������&
 C 2.85.���
������ #������ ��
��
��
����&
 �� ��
	������
 �� �
��
 ��
�������&
 �
 ���� ����
�����
�� �� �
��	���.%�����
 ��
	����� �
: 1 �� ��
�������&
 B, 0,89
�� >�
�������&
 �,  1,18 �� >�
 �� ��� �� &
 �, 2,37 �� ��
�������&
 F,
1,30 �� ��
�������&
 D � 1,27 �� ��
�������&
 C.
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?� ��������� ��  ���������� �� ���� ��������, �� �������� 	�
���������� � 	�������� ����  ��!��� ����	��� � 
���� �������� 	�
���
� �� �������� ��� �� ������. ����� 
����� �� ����������
��������� 	� �����	����� �� �������� � �������
���� ��������.
#��������� � ���� ������� 
����� � �������� ��
� ����
������������ 
����� �� ��!��� ������� �������� -@��������� ��� -

� �� �� 	� �����	� �� ������ � �������
���� ��������  �� <������
(|�	�������) �������, ��
� �� ������ �� � �������� ����������
���
�� ���� ��� ����	���� ���������� ������������ ��� ��	��������
���
�����
���� �����
� ������� �� �����	����� �� ����	�����
�� ������ 
�����.
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HPLC METHOD FOR DETERMINATION OF
RELATED AND DEGRADATION SUBSTANCES
IN AMLODIPINE ALKALOIDfi TABLETS

M. Dobrkovic, V. Dubrova-Koceva, S. Naumovska, N.
Stojanovska, H. Babunovska

Quality Control department, AD Alkaloid-Skopje, Pharmaceutical,
Chemical and Cosmetic Company, A. Makedonski 12, Skopje, Macedonia

Amlodipine is a dihydropyridine calcium antagonist or long-acting cal-
cium channel blocker, widely used in treatment of hypertension and
coronary artery disease. The use of Amlodipine as a hypertension drug
is highly common, as it acts as a peripheral arterial vasodilator, on the
other hand its precise use in treatment of angina is not fully delin-
eated.
The purpose of our work was to develop and validate a reliable and
sensitive HPLC method for quantitative determination of related and
degradation substances in our finish product Amlodipine tablets.
The optimal chromatographic separation was achieved using a YMC
Pack ODS AQ column, 250 x 4,6 mm; 5µm, with mobile phase con-
taining mixture of phosphatic buffer pH = 3,5 (mobile phase A) and
methanol (mobile phase B), with gradient elution mode and constant
flow rate, 1 ml/min. UV detection was at 237 nm, room temperature
of the column and injection volume of 20 µl . 
These chromatographic conditions allowed separation of Amlodipine
from its related and degradation impurities A, B, E, G, which are
formed during the process of synthesis, Impurity D which is a degra-
dation product generated due to oxidation of amlodipine base and
Impurity F . The relative retention times of Impurities A, B, D, E, F, and
G were calculated according to the retention time of Amlodipine and
are given in addition: 7.0, 3.9, 0.7, 1.3, 0.8, and 2.8, respectively. The res-
olution between benzene sulfonate and Impurity D, and Amlodipine
and Impurity F in the resolution solution were 2.34 and 4.25, respec-
tively and system suitability criteria were met.
The identification of the impurities was made by comparison of the
chromatograms gained from standard for peak identification CRS and

spiked standard with impurities.
Validation of the HPLC method was performed with concentration of
the amlodipine standard  0,005mg/ml, as a target concentration that
correspondents to 0,5 % of the test solution. To perform method vali-
dation, results obtained by the HPLC method were compaired via speci-
ficity, linearity and range, accuracy, precision, robustness, quantitation
and detection limit, filter retention studies and stability of solution.
Our method differs from the method given in the European
Pharmacopoeia for determination of impurities in Amlodipine. Given all
the facts above, our study provided enough evidence that this method
is applicable for determination of the same impurities and is applied for
the same purpose in routine quality control and stability studies.

REFERENCE
1. Validating Chromatographic methods, David  M. Bliesner
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HPLC ������ �� ��
������� ��
�
���� � ��	
�������� �
������
�� AMLODIPINE ALKALOIDfi ��’����

M. *
���
���, &. *���
��-5
3
��, �. 6��!
����,
6.��
���
����,  �. �����
����

�������� �� ��������, @.�  @�������-<�����, ���
�
������, �� 
 � ���
� ��	
������ ����������, @. ~��������� 12, <�����, ~���������

@
������� � ��>�������������� ���
��
 ����������  �������
�������� �� ���
��
����� ������ �� ���������� �������, ��� �
�
!����� ���
��� �� ����
���� �� >�������	����� � �����������
��������� 	���������. ���������� �� �
��������� �� ����
����
�� >�������	����� �� ����� �� �������� ������� ���� ���������
��������� ��	���������� � � ����� ��	����, ������ �������� �����
����� �� ����
���� �� ������ �� � ������� ���������.
’���� �� ��!��� ������� ��!� �� ��	���
� � ��������
� ������� �
���	������ HPLC 
����� 	� ������������� ���������� �� ������ �
�������
���� �������� �� ��!��� ����� �������, @
�������
�������.
?���
������ >��
���������� ������
��� ��!� ���������� ��
�������� �� YMC Pack ODS AQ ������, 250 x 4,6 mm; 5µm, ��

������ ��	� ���� � 
�!����� �� �������� ����� pH = 3,5
(
������ ��	� @) � 
������ (
������ ��	� }), ���������� ���
��� �
���������� ������ �� 1
�/
��. �* �����
����� ��!� �	������ ��
237 nm, �� ����� ��
�������� � ����
�� �� ���������� �� 20 µl. 
?��� >��
���������� ������ ���	
����� ������������ �
�� -
������� ��  �������� ������ � �������
���� �������� A, B, E, G,
k�� ����������� �� ��o
���� �� �����	�, D ��� �� ��	���� ����
�������
����� ������� ��� ������
����� �� �
������� ��	� �  F.
_���������� �����
���� ���
��� �� �������������� A, B, D, E, F, �
G ��� ����
����� �� ����� �� �����
������ ���
� �� �
���������
� �� ��������: 7.0, 3.9, 0.7, 1.3, 0.8,  i 2.8,  ���������. _�	���
�����

�$�  �������� ������� �� benzene sulfonate � Impurity D, �
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Amlodipine � Impurity F �� �����	
������ �
����� ���� �������
�

� �����	�
 2.34 � 4.25, ���������, �� ��� ��
 ��������� 	������� �

����������� �
 ��������.
���������

��
�
 �
 �������	�
�
�
 ���� �
��
���
 ��
������	�
�� �
 ����
����
���� ������� �� ��
���
��� �
 ���
���������

��
 � ��
��	�
� ��
��
�� �� �������	�
�
�
.
�
���

��
�
 �
 HPLC �����
�
 ���� �������
 �� ���
����

��

�
 
�������� ��
��
���� �� 0,005��/��, �
�� �
���� ���
����

��

��� �����
�
 �
 0,5% �� �
������� �
 ����
�
. �� ������	�
�� �

���	��
����  HPLC �����
�
  �� ���
�
 ���
 � ���
�����
,
����
��
 �� ����� ����� �
 ���
����

��, ����
, ���
���
 �
���	���
.
�
�
�
 �����
 �� �
����	�
 �� �����
�
 �
���
 �� !������
�

"
��
�����
 �
 �����	�
�� �
 ������ � ����
�

����
�������	�
�
 �� 
����������. �� ���� �
��������, �
�
�
 ��	���

�������� ������� ���
�� ���
 ��

 �����
 � ���������
 �

�����	�
�� �
 ������  ������ � ����
�

���� �������	�
�
 ��

����������, � �� ������� �
 ���
�
 
�� �� �	�������� 
�
���� ���
�������
 �
 ��
�����  �
�� � �� ��	����� �
 ��
�������.
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HPLC METHOD VS. UPLC METHOD FOR
QUANTITATIVE DETERMINATION OF 
RELATED SUBSTANCES IN METADON 
CHLORIDE ORAL SOLUTION 10mg/ml

Sanja Despotovska, Mena Ivanoska, Milena Stre-
zovska, Petranka Petruseva, Hristina Babunovska

Quality Control department,ALKALOID AD, Aleksandar Makedonski 12,
1000 Skopje, Pharmaceutical, Chemical and Cosmetics Company

INTRODUCTION
Methadone, or (RS)-6-(Dimethylamino)-4,4-diphenylheptan-3-one, is a
synthetic, long-acting opioid receptor agonist that acts primarily on
the µ-opioid receptor. Methadone maintenance is a widely used ther-
apy in the rehabilitation of opioid addiction.
The aim of the present study was to observe and compare results ob-
tained using two methods for quantitative determination of related
substances in Metadon Chloride solution 10mg/ml, an in-house HPLC
method and an UPLC method. 

METHODS AND MATERIALS
Optimal HPLC separation was performed on Varian HPLC chromato-
graphic system and was carried out using LiChrospher 100 RP 8,
250x4mm; 5µm, with mobile phase containing mixture of 0.005M
sodium pentane sufonic acid, acetonitrile and phosphoric acid
(70:30:2) as mobile phase A and acetonitrile as mobile phase B in ratio
95:5, using isocratic elution mode with flow rate 1.0ml/min and injec-

tion volume 20 µl. UV detection was performed at 210nm. These con-
ditions allowed separating the following impurities: Impurity A
(Isomethadone ketoimine), enantiomer of Levo-Methadone, originat-
ing from the route of synthesis; and Impurity B (Methadone nitrile),
starting material in the route of synthesis. 
Optimal UPLC method transfer was performed on Nexera UHPLC
chromatographic system and was carried out using Acquity UPLC BEH
C8, 50x2.1 mm; 1.7µm, mobile phase containing mixture of 0.005M
sodium pentane sufonic acid, acetonitrile and phosphoric acid
(70:30:2) as mobile phase A and acetonitrile as mobile phase B in ratio
95:5, using isocratic elution mode, with flow rate 0.5ml/min and in-
jection volume 0.5 µl. UV detection was performed at 210nm. These
conditions allowed separating the following impurities: Impurity A
(Isomethadone ketoimine), enantiomer of Levo-Methadone, originat-
ing from the route of synthesis; and Impurity B (Methadone nitrile),
starting material in the route of synthesis. 

RESULTS
The Relative Retention Times of Isomethadone ketoimine and
Methadone nitrile in sample using HPLC method were following: 0.16
and 0.66 respectively, and were calculated according the principal
peak in the spiked sample. The Relative Response factors for
Isomethadone ketoimine and Methadone nitrile in sample were 0.82
and 1.33 respectively, and were calculated according the UV response
of the impurities at the same wavelength with the principal peak in
the spiked sample. 
Validation of the HPLC method was performed with the concentra-
tion of 0.01mg/ml Methadone of the standard solution as a target con-
centration corresponding to 0.1% of the Methadone test solution used
in the determination of chromatographic purity. To perform method
validation, results obtained by the HPLC method were compared via
specificity, linearity and range, accuracy, precision, quantification and
detection limit.
The Relative Retention Times of Isomethadone ketoimine and
Methadone nitrile in sample using UPLC method were following: 0.17
and 0.52 respectively, and were calculated according the principal
peak in the spiked sample. The Relative Response factors for
Isomethadone ketoimine and Methadone nitrile in sample were 0.88
and 1.43 respectively, and were calculated according the UV response
of the impurities at the same wavelength with the principal peak in
the spiked sample. 

CONCLUSION
Numbers of batches of Metadon Chloride, oral solution 10mg/ml were
analyzed simultaneously with both methods. With statistical compar-
ison of the results the conclusion is that the UPLC method was found
to be simple, accurate, rapid and economical for determination of re-
lated substances in Metadon Chloride, oral solution 10mg/ml. Hence,
it can be easily and conveniently adopted for routine analysis. 
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HPLC � UPLC ��	��� ��

���	�	�	���� ������������ ��

����� 
��
	����� �� METADON
CHLORIDE, ��
	��� �� ������
���	���� 10mg/ml

���� ����	
	����, 
��� ����	���, 

����� �
���	����, ��
����� ��
������,
����
��� �����	����

#������
 �
 ��
�����, $&#$&’�* $*, $����
��
� +
�������� 12,
1000 ������, "
��

������-�������-���������
 ���	�����


�����
+��
���, ��� ������� (RS)-6-(Dimethylamino)-4,4-diphenylheptan-3-
one, ������
�	�
 ��������� 
������ �
 ���������� ��
������ ��
�������
��� ���	�
��, ��� ����
��� ���	�
�� � ���	���
�� ���
µ-���������� ��
������.
<���
 �
 ��

 ��	���
 � ������

��
 � ����
�

��
 �
 ���	��
����,
������� �� 	������
 �
 ��� ������ �
 ��
����
����� �������	�
��
�
 ������ �	���
�
�� �� ����
�
��� Metadon Chloride, �
����� �

��
��
 	������
 10mg/ml, � ��
, �
�����
�
 HPLC �����
 �
��������
 UPLC �����
. 

��	��� � ��	�������
#�����
���
�
�
 � ������ �
�����
�
, HPLC �����
 � �������
 �

Varian HPLC ����
����
���� ������, �� 	������
 �
 �����

LiChrospher 100 RP 8, �� �������� 250x4mm; 5µm. #
�� ������

�
�
 �
 �����
���� ��	��
�� �� ������ 1.0ml/min, �� 	���������
����
 �� 0.005M �
���	� ����
� �	����
�, 

��������� �
�������
 �������
 (70:30:2), �
�� �
�����	�
� $ � 

���������
�
�� �
�����	�
� =, �� ����� 95:5. >��������� � 
���
��
� �

�����
�
 �� ���	��� �
 ��������
�� �� 20 µl. ?
 	���
��������

�����
��
 � 	��������
 ��
���
 ������
 �� 210nm. �� ����
����
����
���� 	����� � ���������� �
����	�
�� �
 ��������
�������	�
�
 Impurity A (Isomethadone ketoimine), ��
������� �

Levo-Methadone, ��� ������	�
 �� ���
���� �
 ������
; � Impurity B
(Methadone nitrile), ��� ������
�	�
 ������� �
�����
� �� ���
���� �

������
. 
’����
����� UPLC ��
����� �
 �����
�
 � ������� �
 Nexera Shi-
madzu UPLC ����
����
���� ������, �� 	������
 �
 �����
 Ac-
quity UPLC BEH C8, �� �������� 50x2.1 mm; 1.7µm. #
�� ������

�
�
 �
 �����
���� ��	��
�� �� ������ 0,5ml/min, �� 	���������
����
 �� 0.005M �
���	� ����
� �	����
�, 

��������� �
�������
 �������
 (70:30:2), �
�� �
�����	�
� $ � 

���������
�
�� �
�����	�
� =, �� ����� 95:5. >��������� � 
���
��
� �

�����
�
 �� ���	��� �
 ��������
�� �� 0,5 µl. ?
 	���
��������

�����
��
 � 	��������
 ��
���
 ������
 �� 210nm. �� ����
����
����
���� 	����� � ���������� �
����	�
�� �
 ��������
�������	�
�
 Impurity A (Isomethadone ketoimine), ��
������� �

Levo-Methadone, ��� ������	�
 �� ���
���� �
 ������
; � Impurity B
(Methadone nitrile), ��� ������
�	�
 ������� �
�����
� �� ���
����
�
 ������
. 

�����	�	�
@��
������� �����
���� ������
 �
 �������	�
�
�
 Isomethadone
ketoimine � Methadone nitrile, �������
�� �� ����� �
 ��
����� ���
�� ����������, �� ������
 �
 HPLC �����
 �� 0.16 � 0.66

���������. @��
������� ������� �
����� �
 �������	�
�
�

Isomethadone ketoimine � Methadone nitrile, �������
�� �� �����
�
 	���
����������� ������� �
 ��
����� ��� �� ���������� �� 0.82
� 1.33 ���������.

�
���

��
�
 �
 HPLC �����
�
 � �������
 �� ���
����

��

0.01mg/ml Methadone �� ��
��
������ �
�����, ��� ����������	�

�� ���
����

��
 �� 0.1% Methadone �� ���������� �
 
�
���
.
�
���

��
�
 �
 �����
�
 � �������
 ����	 �
�
�������
���
��������, ����
����� � �����, �������, ���
������, ����� �

�����
��
 � ����� �
 ��
������

��
. 

@��
������� �����
���� ������
 �
 �������	�
�
�
 Isomethadone
ketoimine � Methadone nitrile, �������
�� �� ����� �
 ��
����� ���
�� ����������, �� ������
 �
 UPLC �����
 �� 0.17 � 0.52
���������. @��
������� ������� �
����� �
 �������	�
�
�

Isomethadone ketoimine � Methadone nitrile, �������
�� �� �����
�
 	���
����������� ������� �
 ��
����� ��� �� ���������� �� 0.88
� 1.43 ���������. 

��
����

�� ���� ��� ������ ����������� �� 
�
�����
�� ������� ����
���������� ����� �� Metadon Chloride, �
����� �
 ��
��
 	������

10mg/ml. �� ��
�������
 ���
����
 �
 ���	��
���� ���� �
 ��
�
��	�� ���
 ��������
�
 UPLC �����
 � ������
��
, ����
, ���
 �
��������� ���
��
�
 �
 ��
����
����� �������	�
�� �
 ������
�	���
�
�� �� Metadon Chloride, �
����� �
 ��
��
 	������

10mg/ml � ���
�� ��
 ���� �
 �� ���	�� �� �	�����
�
 �������
 �

��
�������. 
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HPLC METHOD VS. UPLC METHOD FOR
QUANTITATIVE DETERMINATION OF RE-
LATED SUBSTANCES IN CEFACLOR CAP-
SULES 500mg

Milosh Todorovski, Ana Giceva, Tasika Kovacevic,
Slavica Janeva, Hristina Babunovska

Quality Control department,ALKALOID AD, Aleksandar Makedonski 12,
1000 Skopje, Pharmaceutical, Chemical and Cosmetics Company

INTRODUCTION
A typical HPLC method was optimized for UPLC method in order to
achieve higher sample analysis throughput, better sensitivity, and ro-
bust, rapid, simple, accurate and economic analysis. Method transfer
was performed on Cefaclor capsules 500mg, on parameter �Determi-
nation of related substances�. Cefaclor is a semi synthetic broad-spec-
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trum antibiotic and an oral second generation cephalosporin, which is
widely used in treatment of variety of both gram positive and gram
negative aerobic bacteria. In this work, an HPLC method for quality
control (QC) was optimized for UPLC. Strategies to reduce total run-
time, lower cost per assay, and promote instrument uptime were con-
sidered.

METHODS AND MATERIALS
The original 55-min HPLC QC method which was used to quantify the
content of degradation products in Cefaclor capsules 500mg was per-
formed on Varian HPLC chromatographic system, on LiChrospher 100
RP 18, 250 x 4 mm; 5µm column, using gradient elution with mobile
phase consisting of phosphate buffer (pH 4,0) as mobile phase A and
mixture of phosphate buffer (pH 4,0) and acetonitrile as mobile phase
B, with flow rate 1.0ml/min and injection volume 20 µl. Gradient elu-
tion was performed in range of 5 to 100 volumes mobile phase B.
Wavelength was fixed at 220nm. Cefaclor was separated from the Im-
purity delta-3-Cefaclor. System suitability parameters, as resolution
between Cefaclor and delta-3-Cefaclor, were calculated on the typi-
cal chromatogram of the resolution solution.
The UPLC method was performed on Nexera Shimadzu UFLC chro-
matographic system, on Acquity BEH C 18, 50 x 2.1 mm; 1.7µm col-
umn, using gradient elution with mobile phase consisting of phosphate
buffer (pH 4,0) as mobile phase A and mixture of phosphate buffer (pH
4,0) and acetonitrile as mobile phase B, with flow rate 0.4ml/min and
injection volume 1 µl. Gradient elution was performed in range of 5 to
100 volumes mobile phase B at wavelength of 220nm. Cefaclor was
separated from the Impurity delta-3-Cefaclor. System suitability pa-
rameters, as resolution between delta-3-Cefaclor and Cefaclor, were
calculated on the typical chromatogram of the resolution solution.

RESULTS
The HPLC method was validated with standard solution of delta-3-
Cefaclor with concentration of 0.06mg/ml which is equal to 1.2% of
the delta-3-Cefaclor test solution used in the determination of the
chromatographic purity.
The Retention Times of delta-3-Cefaclor and Cefaclor in the resolu-
tion solution using HPLC method were 15.34 and 18.26 respectively,
achieving resolution of 7.55. The Relative Retention Time of delta-3-
Cefaclor was 0.84. 
Run time for the analysis is 55 minutes for UV detection and additional
15 minutes for equilibrating, with total run time of 70 minutes.
Using the transferred UPLC method we achieved separation of the
two components with retention times of 4.07 and 4.92 minutes. Res-
olution between delta-3-Cefaclor and Cefaclor was 4.56 with Relative
retention time of delta-3-Cefaclor 0.83. 
Achieved run time for the analysis was 18 minutes for UV detection
and additional 4 minutes for equilibrating, with total run time of 22
minutes which is 3.18 times faster than the HPLC analysis. 

CONCLUSION
The transferred UPLC method has shown that is robust, rapid, simple,
accurate and economical and therefore suitable for routine control in
the Quality Control department. The results from both HPLC and
UPLC analysis of the same batches of Cefaclor capsules 500mg were
compared and were found to be identical so using the UPLC method
is recommended whenever possible for saving time and money. 
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�
���
, �
��
���
 � �������

��
 �

������� HPLC ����� �� UPLC �����. X�
������� �
 ������� �
������� �
 Cefaclor �
��	�� 500mg, �
 �
�a���
��� �’������	�
��
�
 ������ �	���
�
��� <��
���� ������
�	�
 ���	���������

��������� �� ����� �����
� �
 ���	�
�� � 
��
�������� ��
����
 �����

��
, ��� �� 	������	�
 �� �����
� �
 �����
��
���������
�� �� ��
�-��������� � ��
�-���
����� 
������
�
������. �� ��

 ��	���
 �
��
���
 � �������

��
 �
 HPLC
�������, ��� �� 	������	�
 �� �������
�
 �
 ��
����� �� UPLC
�����. �
�
�	�
���� �
 �������
����� �
 
����	��
�
 
�
���
,
��������� �����
� �
 ����	�
�� �
 ���
�
 � ������	�
���� �

��������� ��� �
 �����	������ �� ������ �
�� ���
����� ���
�����	�
�� �
 ��	���
�
. 

��	��� � ��	�������
’�����
����� HPLC �����, ��� ��
� 55 ���	��, � �� 	������	�
 �

��
������

��
 �
 ����
�

������ ����	��� �� Cefaclor �
��	��
500mg � ������� �
 Varian HPLC ����
����
���� �����, ��
	������
 �
 �����
 LiChrospher 100 RP 18, �� �������� 250 x 4 mm;
5µm. #
�� ������
 �
�
 �
 ��
������� ��	��
�� �� ������
1.0ml/min �� 	��������� ����
��� �	��� (pH 4,0) �
�� �
�����	�
�
$ � ����
 �� ����
��� �	��� (pH 4,0) � 

���������, �
��
�
�����	�
� = . Y�
��������� ��	��
�� �� ����� �� ����� �� 5 ��
100 ���	���� �
�����	�
� =. >��������� � 
���
��
� �
 �����
�

�� ���	��� �
 ��������
�� �� 20 µl. ?
 	���
��������
 �����
��
 �
	��������
 ��
���
 ������
 �� 220nm. ’�

 �����
 �������	�

����
����
���� �
����	�
�� �
 Cefaclor �� �������	�
���� delta-
3-Cefaclor. >
�
������� �
 ����������� �
 ��������, ��Z	 ��� �
�����	
��
�
 ����Z	 Cefaclor � delta-3-Cefaclor �� �������
�� �

����
����
���, ��� � ������ �� �����	
������ �
�����.
UPLC �����
�
 � �������
 �
 Nexera Shumadzu UFLC ����
 �� ��
� -
��� �����, �� 	������
 �
 �����
 Acquity BEH C18, �� �������� 50
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x 2.1 mm; 1.7µm. ���� 
������ ��	� 	� ���������� �������� ��
��� ��� 0,4ml/min �� ���������� �������� ����� (pH 4,0) ����
����������� @ � �
��� �� �������� ����� (pH 4,0) � �
���������,
���� ����������� }. ������������ �������� �� ����� �� ����� �� 5
�� 100 ����
��� ����������� }. ^��
������ � ����
���� ��
�������� �� ����
�� �� ����������� �� 1 µl. ?��� 
�����
���	
����� >��
���������� ��	�������� �� Cefaclor �� ���������
������������ delta-3-Cefaclor. ^���
������ 	� ����������� ��
�����
��, 
�$� ��� � ��	���
����� ��
�$� Cefaclor � delta-3-
Cefaclor �� ����
����� �� >��
������
��, ��� � ������ ��
��	���
������ �������.


��������
HPLC � 
������ � ��������� �� ���������� ������� �� delta � 3 �
Cefaclor �� ���
�����
��� �� 0.06 mg/ml !�� � ������� �� 1.2% ��
delta � 3 � Cefaclor �� ����  ��������� �������� 	� ������������ ��
>��
������������ �������.
_����
������ ���
��� �� delta � 3 � Cefaclor � Cefaclor ��
��	���
������ ������� ���������� �� HPLC 
������ �� 15.34 � 18.26
���������, ��� ��� ������������� ��	���
��� �� 7.55. _����������
�����
���� ���
� �� delta � 3 � Cefaclor e 0.84.
*��
�������� �� �����	� 	� ���� ���
���� �	������ 55 
����� 	�
UV �����
��� � ������������ 15 
����� 	� ���������
��� ��
��������� �������� �� ����������, �� ������ ���
������ �� 70

�����.
���������� �� ��������������� UPLC 
���� ���������
�
���������� �� ����� ��
������� �� �����
���� ���
��� �� 4.07 �
4.92 
�����. _�	���
����� ��
�$� delta � 3 � Cefaclor � Cefaclor ��!�
4.56 �� _�������� _����
���� *��
� �� delta � 3 � Cefaclor �� 0.83.
*��
�������� �� �����	� 	� ���� ���
���� �	������ 8 
����� 	�
UV �����
��� � ������������ 4 
����� 	� ���������
��� ��
��������� �������� �� ����������, !�� � 	� ������ �� 3 ����
�������� �� �������� �� ������
��������� HPLC 
�����.

��������
"�������������� UPLC 
���� �� ������ ���� ��������,
����������, ����� � �����
���� � 	���� � ��������� 	� ��������
�������� �� ������������� 	� �������� �� ��������. _�	�������� �
�� HPLC � �� UPLC �����	��� �� ������ ����� �� ���
���
� �� Ce-
faclor ������� 500mg �� ����������� � � 	�������� ���� �� ��� � -
����� ���� !�� ����������� �� UPLC 
������ � ������� � ��������
������! ���� � ��� ��	
���� �� 
�� 	�!���� �� ���
� � ����.
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THE ROLE OF TEMPERATURE DEPENDENCE
OF CHROMATOGRAPHIC RETENTION COEF-
FICIENT IN SEPARATION OF BILE ACIDS
INTO CONGENERIC GROUPS

Ana Pilipovi�, Mihaj Po�a, Mladena Lali�

Department of Pharmacy, Faculty of Medicine, University of Novi Sad,
Hajduk Veljka 3, 21000 Novi Sad, Serbia

INTRODUCTION
This work deals with finding temperature dependence of bile acids�
retention coefficient obtained in reversed phase chromatography and
its role in separation of bile acids into different congeneric groups.
Bile acids with one, two and three hydroxyl group and their glico-,
tauro and oxo derivatives are investigated. Particular attention is paid
on bile acids� oxo derivatives that have a growing pharmacological use
due to a lower membranolythic activity.

MATERIALS AND METHODS 
The HPLC capacity factor was calculated from the obtained eluted
peak retention time [1]. Linear equation that connects bile acids�
retention coefficient with temperature fits very well with experimental
data. Linear model explains 96% to 99% of the whole variance. There
is a good correlation between the slope (b) and intercept (a) in the ob-
tained equation in a group of the examined bile acids. 

RESULTS AND DISCUSSION
This correlation indicates the possibility of forming homologic series
in the examined bile acids� molecule group [2]. On a � b plot bile acids
form three groups. Lithocholic acid and its� conjugates (bile acids with
one hydroxyl group in the steroid skeleton) belong to the first group.
In the second group there are deoxycholic and chenodeoxycholic acid
and their conjugates while the third group contains bile acids oxo
derivatives and next hydroxyl bile acids derivatives: ursodeoxycholic
(UD), hyocholic (HC), and hyodeoxycholic acid (HD). For UD, HC and HD
molecules it is characteristic that beside C3 hydroxyl group (that has
the same spatial orientation in each examined bile acids) they posses
additional hydroxyl group with equatorial (e) orientation (HC and HD:
C6 �(e) OH; UD: C7 �(e) OH). Oxo groups� oxygen atom has equatorial
orientation as well, so it is characteristic for bile acids of the third
group that oxygen atoms of the hydroxyl or oxo group are switched to
the � side of the steroid skeleton (i.e. toward angular methyl groups).
Comparing with molecules of the first and the second group,
molecules of the third group posses at least one conformation in
which spatial orientation is moved for the 60” minimum in the proper
Newmanns� projection formula. The cholic and glicocholic acid belong
to the third group as well. Those two molecules structurally (according
to the orientation of the hydroxyl group) i.e. conformationally do not
show common elements with other molecules from the third group.
After implementing PCA method on the same data, on the scatter
plot of the scores PC1- PC2 three congeneric groups are formed with
identical elements (molecules) as on the plot a- b. steroid skeleton.
Temperature dependence of bile acids� retention coefficient is linear.
Parameters of linear dependence (a, intercept, and b, slope) strongly
correlate to a bile acids� structures and this correlation can be used for
grouping examined bile acid into three cogeneric groups.
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VALIDATION OF CLEANING PROCESS FOR
EQUIPMENT FOR WET GRANULATION

Gordana Evgenievska, Ana Giceva, Miona  Man-
asova, Vasilka Dubrova, Hristina Babunovska

Quality Control department, ALKALOID AD-Skopje, Pharmaceutial,
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Cleaning of equipment for manufacturing of pharmaceutical dosage
forms is  required to ensure the quality of finished products. The goal
of cleaning is to remove the residue from previous manufactured phar-
maceutical dosage forms , cleaning agents and other residues  which
can be  formed in manufacturing process. Validation of cleaning
process is necessary to be done for all equipment which are in direct
contact with pharmaceutical dosage forms and equipment where the
manufacturing process of different pharmaceutical products takes
place.
The whole concept for cleaning validation includes many aspects of
cleaning cycle: design of manufacturing equipment which should be
cleaned, cleaning agents, the process which is used for the cleaning
and what is most important for this study, the analytical methods
which are used for determination the present residues.
The aim of this paper is to explain the validation the process of re-
moving the residues of active substance �Propafenone HCl of phar-
maceutical dosage form Propafenon tbl 150 mg from equipment for
wet granulation.. Validation of cleaning process is done after manu-
facturing of three successive series of product which is chosen to be
the �worst case�. For that aim specific HPLC method is used for de-
termining the presense of residues of Propafenone HCl and getting
realible results of present residues which are under acceptable limits
of 10 ppm.
Product which is worst case for water cycle is Propafenone tbl 150 mg
for equipment for wet granulation. Sensitivity of the analytical method
should be low enough to correspond to the calculated limits so the
special challenge of the analytical method is the opportunity to detect
the contaminants on very low level.  
The method is carried out  on column : RP Select B 250 x 4mm; 5 µm.,
with mobile phase : A41 % ( buffer which is a mixture composite of 0.5
mg-ml sodium hexan� sulphonate and 1 ml/min acetic acid ) : B 48 %
( methanol ) : C 11 % ( acetonitrile ) .The flow is 1ml/min, volume  of in-
jection is 20 µm and wavelength is 250 nm.
From  obtained  results of the  validation of  the  analytical method it
can be concluded  that the results are within  the acceptable limits
for  the validation of analytical method  ,which means that   proposed
and validated analytical method   is appropriate for determinating the
residues of active substances Propafenone HCl  of Propafenone tbl
150 mg.

After estimating the suitability and validation of the analytical method
and after calculation of the acceptable limits of contaminants, the
control of the efficiency of the cleaning process is performed. The ef-
ficiency of cleaning process is based on obtained results ,from taken
examples after the  equipment is  cleaned. The examples are taken
after manufacturing of  three subsequent series of Propafenon tbl
150mg , and after that, it  can be estimated  that the validation of
cleaning process of equipment for wet granulation is successfully com-
pleted.
The results from the taken examples from three subsequent series of
solid dosage forms as worst case from the  place which is  most diffi-
cult to clean  , are under acceptable limit for permited contamination
of 10 ppm, which means that it  is confirmed that the  cleaning process
is secured and  efficiently for removing the residues.The upper limit for
determinated residue is 2,32 ppm, after the cleaning of manufactur-
ing  of the Propafenon tbl 150 mg  with water cycle , which is much
lower then permited limit of 10 ppm..
The cleaning process is validated , which  means that  the evidence is
obtained  for  efficiently  removal of  residues from the manufacturing
equipment for  of  solid dosage forms .The residues are below the ac-
ceptable limits, which  means that they doesn�t affect the  security of
the patients.
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’����  �� ������ � �� �� ������� ����������  �� ���
���� ��
�������, 	� ������������ �� �����
������ �� ���������
�������
��� - Propafenone HCL �� ���
�
������ ��	����� ���
�
Propafenon tbl 150 mg �� ����
��� 	� ������ �����������.
*�����
����� �� ���
���� �� ������� �� ��!� �� ����	������� ��
��� �������������� ����� �� ����	��� !�� � ������ 	� �����!
������. #� ��� 
�� � ��������  ���
������ HPLC 
���� 	�
���������� �� ��������� �� �����
������ �� Propafenone HCL �
�������� ������������ ��	������ �� �������� �����
������ ��� ��
��� ��	������ �����
� �� 10 ppm..
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����� �
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��� 	� ������ �����������.
^������ �����	��� 	� ������������ 
���� � 
������ 	� �����
���
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�������� �� 
���� ����� ���� 	���� !�� ����������� ��
����������� 
���� ����� �� � ��������� �� ����
������� �����
�
�� �����
���
���. ~������� � �	������ �� ������ : RP Select B 250
x 4mm; 5 µm., �� 
������ ��	� : @ 41% (����� ��� � �������� �� 0.5
mg/L ������
 >����� �������� � 1 ml/L �
���� �������� ) : B 48%
(
������): C 11% (�
���������). ^�������  � 1ml/min, ����
���� ��
���������-�� � 20 µm � ���������  �������  � 250 nm..  
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���� 
���
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����
������� �� �����
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���
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��� �� �� ���
��� ���� ������
����� �� ���
���� ��
������� �� ����
��� 	� ������ ����������� � ����!��
	���!���.��������� ��������� 	� ��	�������� �� ������������ ��
	�
����� ���
���
� �� ��� �������������� ����� �� 
�����
���
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���
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THE QUANTITATIVE STRUCTURE- 
RETENTION RELATIONSHIP )QSRR* 
ANALYSIS OF SOME CENTRALLY ACTING
ANTIHYPERTENSIVES AND DIURETICS IN
CYCLODEXTRIN-MEDIATED CAPILLARY
ELECTROPHORESIS

Slavica Filipic1, Katarina Nikolic1, Irena Vovk2, Mitja
Krizman8, Danica Agbaba1

1Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Uni-
versity of Belgrade, Belgrade, Serbia
2Centre of Excellence, National Institute of Chemistry, Ljubljana, Slovenia
3Laboratory of Food Chemistry, National Institute of Chemistry,  
Ljubljana, Slovenia

The migration behavior of eleven antihypertensive drugs was exam-
ined by capillary electrophoresis employing 30 mM phosphate back-
ground electrolyte (pH 2) with different concentrations of �, � and �
cyclodextrins. 
The Quantitative Structure-Retention Relationship (QSRR) models of
the inclusion complexes between the analyzed compounds (ligands)
and  �, �, and � cyclodextrins (ACD, BCD, GCD) were performed to in-
vestigate correlations between electrophoresis migration order  and
the constitutional, geometrical, physico-chemical, and electronical
properties of the molecular models. 
The theoretical calculations were performed using the Gaussian 98
software package. The initial molecular geometries of �CD, �CD, �CD,
guest molecules and inclusion complexes were fully optimized using
PM3 methods [1]. The corresponding frequencies were calculated to
ensure that the obtained stationary points were true minima. 
The ChemPro, Marvin 4.0.5 Chem Axon and CS Gaussian 98 [B3LYP/6-
31G+(d, p), B3LYP/3-21G(d) and HF/3-21G(d) basis set] programs [2, 3]
were applied for molecular parameters computation of the optimized
ligands and ligand-ACD, ligand-BCD and ligand-GCD complexes. 
Partial least square regression (PLSR) has been used for calculation of
variable importance in the projection (VIP) and QSRR model develop-
ment. For the regression analysis was employed Soft Independet Mod-
eling of Class  Analogy SIMCA P+ 12.0 program [4]. The quality of the
regression models was estimated using parameters such as the square
of correlation coefficient (R2), root mean square error of estimation
(RMSEE), root mean square error of prediction (RMSEP), Q2, F ratio and
P values.
The developed QSRR models can help in understanding the structural
features that contribute to the electrophoresis retention behavior of
the investigated antihypertensives  in presence of different types of cy-
clodextrins and can be used as a fast, easy and reliable tool for elec-
trophoretic migration parameters prediction of other related
antihypertensive drugs.
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THE EFFECT OF PH OF THE MEDIUM ON
DISSOLUTION OF OMEPRAZOL IN OMEZOL
CPS.20mg

Dragana Kafedziska, Sonja Naumovska, Blagica
Samarova Stoev, Hristina Babunovska

AD Alkaloid Skopje

Omeprazol (INN) is a proton pump inhibitor used in the treatment of
peptic ulcer disease.Omeprazole is a racemate. It contains a tricoor-
dinaten sulfur in a pyramidal structure and therefore can exist in equal
amounts of both S and R enantiomers.In the acidic conditions of the
stomach, both are converted to achiral products, which reacts with a
cystein group in H+/K+ ATP ase, thereby inhibiting the ability of the
parietal cells to produce gastric acid.
This component is poorly soluble in water and labile in aqueous acidic
environment.
As active component is incorporated in the acidorezistance pellets in-
troduced into capsules in the product Omezol.
The method for determining the extent of release of active compo-
nent in acidic medium (acdorezistance) and then in intestinal medium
(dissolution) is performing with HPLC method.The column is octade-
cylsilil silica gel stacionar phase 250mmx4mm, i.d.5 �m,mobile phase
is isocratic - acetonitrile:phosphate buffer(40:60),flow rate 1ml/min,de-
tection on 280 nm, temperature of the column is ambient, injection
volume 20µl.

FIRST STAGE (ACIDOREZISTANCE)
The acidorezistance is performing in acidic medium(NaCl,37%HCl,
aq.purif) apparatus tip II,speed 100rpm for 2 h, temperature of medium
37 ”C.

FINAL STAGE (DISSOLUTION)
After the prescribed time passed, 0.235M Na2HPO4 is added to achive
pH=6.8 in which medium dissolution test is continuing under the same
conditions for 30 minutes.
The aim of our work was to achive better results from the dissolution
where because of insufficient alkalinity of the medium (dissolution
test) and diluent which is used to prepare the sample and standard
solutions the areas of standards and samples are decreased over time.
In the course of the analysis, in order not to lead to desintegration of
the omeprazol, by which we had been gaining results that were below
the declared limits; we came to a conclusion that the medium where
the dissolution test performs should have pH that ranges between al-
kaline limits (6.75 � 6.85); and during the preparation for the standards
and the samples for dissolution test, the dissolved omeprazol should
also occur in alkaline medium that we have obtained by adding
0.25MNaOH.  In an alkaline medium the Omeprazol, as an active com-
ponent is very stable so that the results for the dissolubility have also
improved a lot, and they enter the limits of the specification pre-
scribed by the manufacturer.              
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QUALITY OF GLASS 
SURFACES CLEANING PRODUCTS

Olga Ortakova, Agim Ameti, Maja Shishovska,
Dejan Stefanovski, Katerina Starkoska 

Institute for Public Health of the Republic of Macedonia, Department
for Quality Control of Medicines, 50 Divizija No 6, 1000 Skopje,
Republic of Macedonia

The quality control of the glass surfaces cleaning products was
performed by determination of the compounds that are declared on
the original packing and by testing the compliance with the quality
specification provided by the manufacturer.
In the most cases these products are aquatic solutions of organic
solvents, surfactants, color and perfume. The organic solvents that
are usually present are: ethanol, methanol and isopropanol. 
Gravimetric method is used for determination of the surfactants, while
gas chromatography method is used for identification and
quantification of the organic solvents.
GC method for separation and determination of organic solvents has
been developed and validated following ICH recommendations (1, 2).
Shimadzu GC-2010 Plus Instrument with FID (Flame-ionization
detector) was used. The optimum separation of organic solvents was
achieved using Agilent column DB-5MS (60 m x 0.32 i. d., 0.5 mm),
injector port temperature at 225°C, detector temperature at 250°C
and following oven temperature program: 40°C (5 min), 5°C/min to
100°C (10 min).
Statistical analysis of the validation data proved that the method is
precise, reproducible, sensitive, specific and accurate. The linearity,
sensitivity, accuracy, short retention times, resolution of components
and chromatographic peak shapes imply that this method is suitable
for routine analysis with high precision and accuracy and it can find
application in routine determination of solvents present in glass
surfaces cleaners.
The report of all glass surfaces cleaning products supplied and
inspected by the State Sanitary Health and Inspection Service for the
previous year period is given. 
The 40 % of the samples analyzed are domestic products, 20 % are
products imported from the EU countries and 33 % are from non-EU
countries. On the base of the results obtained, 13.3 % from the
samples analyzed do not comply with the declared composition, while
26.6 % of them do not have data for the content of the analyzed
compounds. 
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DETERMINATION OF FERULIC ACID WITH
RP-HPLC METHOD IN ORAL SOLUTION
CONTAINING EXTRACT OF FERULA AS-
SAFOETIDA L. AND VISCUM ALBUM L.

Jasmina Slavkovska, Maja Shishovska, 
Dragica Doneva, Zorica Arsova �Sarafinovska, 
Katerina Starkoska

Institute for Public Health of the Republic of Macedonia, Department
for Quality Control of Medicines, Skopje, Republic of Macedonia

Ferula assafoetida L. is a medicinal plant widely used in the traditional
medicine. Roots of Asafoetida, produces natural antiviral drug com-
pounds that kill the swine flu virus, H1N1.1 The aim of this study was
to develop and validate a RP-HPLC method for quality control of com-
mercially available oral solution containing extract of Ferula as-
safoetida L. and Viscum album L., 
Determination of the content of Ferula assafoetida L. extract in the
oral solution was made by determination of ferulic acid, one of com-
ponents identified in Ferula assafoetida L. plant. 
The chromatographic separation was achieved on a reversed-phase
column Purospher STARÒ RP -18e (150 x 4.6 mm i.d., partical size 5µm),
gradient run (using acetonitrile and 0.01 mol L-1 orthophosphoric acid
as a mobile phase), at 25oC temperature. The flow rate was kept at 1.5
ml min-1. Detection of ferulic acid was carried out at 316 nm using
photodiode array detector. The proposed method was fully validated
according to the ICH guidelines in terms of accuracy, precision, lin-
earity and range.2-4 The obtained data for precision, (RSD of 9.69%),
and accuracy (recovery of 104.39%) are suitable for this kind of analy-
sis. The linearity of the proposed method was tested in the range of
0.1 � 1.8 �g mL-1 with regression coefficient of 0.9995 obtained.  These
validation results demonstrate the suitability of the method for qual-
ity control of this oral solution with expected content of ferulic acid
of about 0.0001%, m/m (1ppm).
This developed HPLC method was proven to be precise, specific, sen-
sitive, and accurate for routine quality assessment of raw material
plant Ferula assafoetida L., its extract, and pharmaceutical products.
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������� �� ��������� ����, H1N1.1 ’�� �� ��� �����������  ��!� ��
�� ��	��� � �������� RP-HPLC 
���� 	� �������� �������� ��
�������� �� ��������� ������� ��� ������ �������� �� Ferula
assafoetida L. � Viscum album L., �������� �� ��	���� �� _��������
~���������.
?��������� �� ���������� �� ���������� �� Ferula assafoetida L.
�� ����������� ������� ��!� �	������ ����� ���������� ��
���������� �� ������� ��������, ���� �� ��
��������
�������������� �� ������� Ferula assafoetida L.. ���
����������
������
��� ��!� ���������� �� �����	�� � ��	�� ������ Purospher
STARÒ RP -18e (150 x 4,6 mm i.d., �� ����
��� �� �������� 5µm),
�������� �� �������� (���������� acetonitrile � 0,01M ����-
�������� ��������, ���� 
o����� ��	�), �� ��
�������� �� 25 oC,
�� ������ 1,5 ml min-1. �����
����� �� ��������� �������� ��!�
�	������ �� 316 nm. ^����������� 
���� ��!� ��
������
��������� �������� ICH �������� �� ����� �� �������, ���
�	����,
���������� � �����.2-4��������� ��	������ 	� ���
�	����� (RSD
9,69%), � �������� (���������� ������ �� 104,39%) ���������� ��
���� ��� �����	�. |���������� �� ������������ 
���� ��!�
��������� �� ����� �� 0,1 � 1,8 �g mL-1 �� �����
���� �� ������
���
0,9995. _�	�������� ������� ��� ������
����� �� 
������
����������� ���� ������������ 
���� � ��������� 	� �������� ��
�������� �� ��������� ������� ��� ������ ������� �������� �����
0,0001%, m/m (1ppm).
_�	������� HPLC 
���� � ���
�	��, ���
������, ������� � �����,
� �� ��� � ��������� 	� �������� �������� �� ��������  �� �������
Ferula assafoetida L., ���������� � ���
�
������ ����	����.
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SALTING-OUT EFFECTS IN THE ETHER EX-
TRACTION OF PARACETAMOL

G.M. Nikoli�, J.V. �ivkovi�, A.M. Veselinovi�, D.
Atanaskovi�, D. Vlajin

University of Ni�, Faculty of Medicine, Department of Chemistry,
Bulevar dr Zorana �in�i�a 81, 18000 Ni�, Serbia

INTRODUCTION
Paracetamol (acetaminophen, N-acetyl-p-aminophenol) is one of the
most widely used analgesic and antipyretic drugs. Since misuse of
paracetamol may lead to serious toxic effects (eg. hepatic necrosis)
its determination in various samples is of great importance (1).
Numerous methods for paracetamol determination include the liquid-
liquid extraction step during the sample preparation for the analysis
and diethyl ether is often used for such purpose (2). However, as in the
case of some other phenolic compounds paracetamol is poorly
extracted with ethers and one way to overcame this problem is salting-
out (3).
The aim of this work was to study salting-out effects in the extraction
of paracetamol with diethyl and diisopropyl ether from aqueous solu-
tions containing inorganic salts.

MATERIALS AND METHODS

MATERIALS
All the chemicals used in this study were of analytical grade purity and
have been used without further purification. Stock solutions of parac-
etamol (0.01 mol dm-3) and inorganic salts were prepared by dissolving
exactly weighted mass of pure substances in doubly distilled water
and 0.01  mol dm-3 solution of HCl was added to adjust the pH value
of paracetamol solution to �2. Just before each series of extractions
stock solution of paracetamol was diluted 100 times with doubly dis-
tilled water or aqueous salt solutions. Extraction was performed by the
shake-flask method for each aqueous phase composition in triplicate.

MEASUREMENTS AND CALCULATIONS
Evolution 60 UV/Vis scanning spectrophotometer (Thermo Scientific,
USA) was used for absorbance measurements. The absorbance of
aqueous phases were measured at 243 nm and the distribution ratio
(D) of paracetamol was calculated by using the equation

where A0 and A were absorbances of the aqueous phases before and
after extraction, and Vaq and Vorg were the volumes of aqueous and or-
ganic phase, respectively.
Salting-out effect in the extraction of paracetamol was quantified by
calculating the salting coefficient, ks, according to the equation analo-
gous to that given by Setschenow (4)

log (D/D0) = ks·Cs

where D0 and D represented distribution ratios obtained in the extraction
of paracetamol from pure aqueous solution and solution containing inor-
ganic salt, respectively, and Cs was the concentration of salt in solution.

RESULTS AND DISCUSSION
The dependence of log(D/D0) on the salt concentration for the parac-
etamol extraction by diethyl ether is shown in Fig.1.

Fig. 1: Dependence of log)D/D0* on the salt concentration in the aque-
ous solution for the paracetamol extraction by diethyl ether.

The values of salting-out constants for the extraction of paracetamol
with diethyl and diisopropyl ether from aqueous solutions of salts in-
vestigated in this study are given in Table. 1.

Table 1. Salting-out constants for the extraction of paracetamol with
diethyl and diisopropyl ether from aqueous salt solutions.

For booth ethers used in this study we found that salting-out con-
stants for the paracetamol extraction decreased in the order

ks(NaCl) � ks(KCl) � ks(NH4Cl)

the same order which was found for the extraction of catechol with di-
ethyl ether (4) and extraction of 1-naphtol with carbon tetrachloride (5).
Although salting-out constant for a particular substance/salt combi-
nation is expected to be independent of the organic solvent applied
for the extraction we obtained higher values for all three salts investi-
gated in the case of diisopropyl ether. Some variability of ks(NaCl) val-
ues was also observed for the 1-naphtol when different organic
solvents have been used for the extraction (5). In our case possible rea-
son for higher ks values in the case of diisopropyl ether may be that it
is much less soluble in water than diethyl ether. When comparing
ks(NaCl) values for different substances the value for paracetamol ob-
tained in this study was much lower than the value for 1-naphtol (be-
tween 0.195 and 0.218 for four different organic solvents) probably
because of the more polar nature of paracetamol.
Our results indicated that salts investigated in this study exhibited sig-
nificant effect on the extraction efficiency of paracetamol with ethers
which could be used for improving sensitivity of analytical methods
using liquid-liquid extraction for sample treatment as in the case of
catechol and hydroquinone (3). Also these results may be used for bet-
ter understanding of salting-out phenomenon and its dependence on
the chemical structure of various substances. 
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Salt
Salting-out constant

Diethyl ether Diisopropyl ether

NaCl 0.118 0.162

KCl 0.106 0.127

NH4Cl 0.058 0.080
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SALIVA AS AN ALTERNATIVE MATRIX FOR
TDM OF AEDS: HPLC DETERMINATION OF
CARBAMAZEPINE AND VALPROIC ACID IN
SALIVA OF EPILEPTIC PATIENTS

J.Tonic�Ribarska1, Z.Sterjev1, A.Haxhiu1, G.Kiteva2,
E.Cvetkovska2, I.Petrov2, I.Kuzmanovski2,
N.Baneva2, A.Arsovska2, N.Tanovska2, Lj.Suturkova1, 
S.Trajkovic-Jolevska1

1Faculty of Pharmacy, University �Ss Cyril and Methodius�, 
Skopje, Macedonia
2Clinic of Neurology, Faculty of Medicine, University �Ss Cyril and
Methodius�, Skopje, Macedonia

INTRODUCTION 
During the last several years there has been a great interest in the use
of saliva as an alternative body fluid for the TDM of AEDs. Not only
saliva can be obtained easily with minimal discomfort to the patient,
but more importantly, salivary AED concentrations are assumed to re-
flect their free levels in tissue and therefore may have greater clinical rel-
evance than measurements of AED concentrations in serum/plasma (1).
Carbamazepine and valproic acid, in view of their broad therapeutic
spectrum and proven efficacy, are important and commonly used
drugs in the treatment of epilepsy (2, 3).
The purpose of this study was to establish the reliable SPE-HPLC
methods for the determination of CBZ and VPA in saliva samples ob-
tained from the epileptic patients undergoing chronic CBZ and VPA
therapy, in order to investigate the possibility to use saliva as an
alternative matrix for TDM of these AEDs.

MATERIALS AND METHODS
CHEMICALS AND REAGENTS

CBZ, nitrazepam (IS), valproic acid sodium salt and octanoic acid (IS)
were purchased from Sigma-Aldrich, USA. Methanol and acetonitrile
(HPLC grade), potassium dihydrogen phosphate and phosphoric acid
(analytical grade) were obtained from Merck, Germany. For all analysis,

HPLC grade water was used. OASIS HLB cartridges and SampliQ OPT
cartridges used for sample preparation were supplied by Waters, USA
and Agilent Technologies, USA, respectively. 

SALIVA SAMPLES
Saliva was collected from healthy volunteers and from the epileptic
patients under oral chronic CBZ and VPA therapy. The saliva samples
were frozen at -20”C until the analysis. The principles embodied in the
Helsinki Declaration were adhered to and the Ethics Committee at
the Faculty of Pharmacy and the Faculty of Medicine, Ss.Cyril and
Methodius University � Skopje, approved the research protocol for this
study.
The extraction of the analytes from  saliva samples was performed by
means of a solid-phase extraction (SPE) procedure using OASIS HLB
cartridges for CBZ and SampliQ OPT cartridges for VPA determina-
tion. 

CHROMATOGRAPHIC CONDITIONS
The separations were performed on Agilent 1100 HPLC system with:
- CBZ: Zorbax Extend C18 column using isocratic elution with AcN and
water (35:65, v/v) as a mobile phase. The temperature was 30°C and
UV detection was set at 220 nm. 
- VPA: Zorbax Eclipse XDB column with a mobile phase of AcN - phosp hate
buffer (pH 3.0; 0.02M) (40:60, v/v). Detection was made at 210 nm. 
Validation of the methods was developed following the recommendations
for validation of bioanalytical methods of EMA guideline (4).

RESULTS AND DISCUSSION
The extraction yield values were in the range of 98,3%-99,2% for CBZ
and 96.8%-99.4% for VPA measured at four concentration 
levels of the linear concentration range. Under the proposed chro-
matographic conditions, no interfering peaks were observed in the re-
tention times of analytes. 

a)

b)
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c)

Fig. 1: RP-HPLC chromatograms obtained from (a) blank saliva; (b)
blank saliva spiked with CBZ (2.5µg/ml), CBZ-EP (1.25µg/ml) and ni-
trazepam (1µg/ml) and (c) saliva sample from a patient treated with
600mg/day of CBZ, taken 10h after the last oral administration

�)

�)

c)
Fig.2. RP-HPLC chromatograms obtained from (a) blank saliva; (b) blank

saliva spiked with valproic acid (50µg/ mL) and octanoic acid (36.2µg
/mL) and (c) saliva sample from a patient treated with  800 mg /day of
valproic acid, collected 2 h after the last drug intake
Both methods displayed excellent selectivity, sensitivity, linearity,
precision and accuracy. Stability studies indicate that stock solutions
and saliva samples were stabile under different storage conditions at
least during the observed period (1 month).
The proposed methods give satisfactory results when were applied to
saliva samples collected from epileptic patients (currently 20 patients
have been enrolled in this study, 10 with CBZ and 10 with VPA) with
carbamazepine and valproate therapy (Fig 1c and Fig 2c).

CONCLUSIONS
Therapeutic drug monitoring of antiepileptic drugs in saliva can be
useful in paediatric, geriatric and patients with disabilities, for ana-
lyzing the concentration of free drug (pharmacologically active
fraction, especially when a change in protein binding is suspected) and
in situations where multiple repeated sampling is necessary. From
technical point of view, saliva collection is noninvasive, painless,
simpler, less stress, and complications of infection and thrombosis are
avoided.
The proposed methods were successfully applied to separate and
determine the CBZ and VPA in saliva samples obtained from epileptic
patients. The obtained results in this group of patients were encour-
aging, however further studies are required to assess whether salivary
concentration of AEDs may serve as a viable alternative to plasma con-
centration monitoring in routine clinical practice. 
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�
�� 	���	 �� ��
�����	� ������� ������ �������� � ��	���
�	 ��
���	���� �� ������ ���� ��	����	���� ��	���
 �� 	������	
��

������ �� ��	�������	����	� ������. ���������	� �� ������ 
�
�����	 ����
	����, ��� ���������
	 �� ������	�	�, � �����	��, 
�
���	��
	����� ���� ������	������	� �� !"# �� ������ ��
���	
	����� 
�������	� 
������� �� ���� ������ �� 	����	� �
������ 	�� ��$� �� ��� �������� �������� ��$��
	 �	�����
������������	� �� ������	������	� �� !"# �� ������/
���� (1). 
�������������	 � ��������
��	� ��
�����, 
� ����� ��
	������	
���	 
���	�� � ����$���	� �
���
��
	, 
� �������� �
�����
	� ���	�������� ������ �� 	��	��� �� ������
��� (2,3). 
%��	� �� ��� �
��	����� � �� 
� ��
��
	���	 
������ SPE-HPLC
��	��� �� ������������ �� CBZ � VPA �� ������ ������� ��
������	���� ������	� �� &������� 	������� 
� CBZ � VPA, 
� ���
�� 
� �
��	� ��$��
	� �� ����
	��� �� ������ ���� ��	����	����
��	���
 �� 	������	
�� 
������ �� �
��	�����	� ��	�������	����
������.

��	
������ � �
	���
����	����� � �
��
���

������������, ��	������� (IS), ��	���� �������	 � ��	����
��
��
����� (IS), Sigma-Aldrich,USA. ��	����, ���	���	���, KH2PO4 �

�

���� ��
�����, Merck, ’��������. *� 
�	� ������� � ����
	���
���� 
� HPLC ��
	�	�. OASIS HLB � SampliQ OPT ������� ��
�����	���� �� ���������	� 
� ������� ��  Waters, USA � Agilent
Technologies, USA. 

�����	�
�� �� ����
���� �� ������
���������	� �� ������ 
� ������ �� ������ ���������� � ��
������	���� ������	� ��� &������� ������ 	������� 
� CBZ � VPA.
+������	� ���������	� 
� ����������	 �� -20”C. �� ���� 
	�����
����	����� 
� ��������	� �������� �� 5��
��6��	� ����������� �
���	�����	 �� �
	��$����� � ������� �� "	�����	 ����	�	 ���
��������	
���	 
����	�	 � �������
���	 
����	�	 �� ������. 
�����	����	� �� ���������	� �� ������ � �������� 
� ���	���� ��
���
	�-
���� ��
	������� (SPE). *� ��
	������� �� CBZ �� ������
���	�������� 
� OASIS HLB �������, � ��
	�������	� �� VPA �
�������� ��  SampliQ OPT �������. 

�����	�������� ����
�

7
��	�����	� 
� �������� �� Agilent 1100 HPLC 
�
	��: CBZ: Zorbax
Extend C18 ������ 
� ������	
�� �������� 
� AcN � ���� (39:;9 v/v)
���� ������� 
���< 	������	��� �� ������ 30°C< UV ��	������ ��
220 nm. VPA: Zorbax Eclipse XDB ������< ������	
�� �������� ��

���� 	������	��� 
� ������� 
��� AcN � 
�

�	�� ��
�� (pH
3.0< 0.02M) (40:;0, v/v)< ��	������ �� 210 nm. 
��	���	� 
� ���������� �� 
����
��
	 
� ������	 �� ���������� ��
��������	���� ��	��� ������$�� ��  EMA (4).

�
���	�	� � ���������
+������	� ������
	� �� ��
	������� ���������� �� ��	���
������	����
�� ����� �� ���������	 ������	����
�� ��
��,
����
����	 =8,3>-==,2> �� CBZ � =;.8>-==.4> �� VPA. �� ������� ��
�	������	� &����	����

�� �
���� ������� � ������	��
����������� �� �����	�	� �� ��	��
��������	� 
��
	�����. 

a)

b)

c)
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<����. 1: RP-HPLC >��
������
� (a) ����� ������; (b)����� ������
���������� �� CBZ (2.5µg/ml), CBZ-EP (1.25µg/ml) � NTZ (1µg/ml) �
(c) ������ �� ��
���� ��������  �� CBZ 600mg/��� 	�
��� 10h
����� ���������� ������ ��	�

�)

�)

c)

<����.2. RP-HPLC >��
������
� (a) ����� ������; (b) ����� ������
���������� �� VPA (50µg/ mL) � OA (36.2µg /mL) � (c) ������ ��
��
���� ��������  �� VPA 800mg/��� 	�
��� 2h ����� ����������
������ ��	�

����� 
����� �
��� ������� ������������, ����������, ����������,
���
�	���� � �������. <������� �� ���������� ��������� ����
������������ �������� � ���
���
��� �� ������ �� �������� ��
��	����� ������ �� ������ �� ������ �� 1 
���
. <� ���
��� ��
�������������� 
����� 	� �����	� ������� �� 	������������
��	������ �� ���
���
� �� ������ 	�
��� �� ����������� ��
�����
��� �������� �� CBZ � VPA (������������ �� �	������ �� 20
��
�����, 10 �� CBZ (����� 1c), 10 �� VPA) (����� 2c).

��������
"������������ ������� �� ����������������� ������ �� ������ 
� -
�� �� ���� ������� ������� 	� ��
�, ����� ��
� � ��
����� �� � � ��� -
�� �������, 	� �����	� �� ���
�����
����� �� �������� ��� (�� ��	�� 	�
��������, ���
�����!�� �������), ���� � �� ������ �� �� �� ��� �� �� -
� �����	�. ?� ��>����� ������, 	�
����� �� ���
���
� �� ���� �� �
������	����, ��	�����, ����������, � �� �	��������� ��
 ��� �� 
��
�� �����
�� � ���
��	�. *������������� 
����� �� ����!��
���
����� 	� ��	�������� � ������������ �� CBZ � VPA �� ������
������� �� ����������� ��
�����. ��������� ��	������ ��
������������ ����� �� ��
����� �� �>����������. <����, ��������
�� ������������ ���������� 	� �� �� ���
��� ���� ���
�����
�����
�� @�| �� ������ 
��� �� ���� ��������� ����������� 	� ������� ��
���	
������� ���
�����
��� �� ���������� �������� ������.  
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OPTIMIZATION OF MELC ANALYSIS OF
PRAMIPEXOLE AND ITS IMPURITIES

A. Malenovi�, A. Vemi�, N. Kosti�, T. Raki�, B.
Jan�i�-Stojanovi�

University of Belgrade, Faculty of Pharmacy, Department of Drug
Analysis, Belgrade, Serbia

In this paper, the desirability-based optimization of microemulsion liq-
uid chromatographic (MELC) method intended for the determination
of pramipexole and its five impurities (BI-II 751 xx, BI-II 546 CL, BI-II 820
BS, 2-aminobenzothiazole and BI-II 786 BS) is presented. Desirability
function approach proved to be a useful statistical tool to solve multi-
variable problems and optimize one or several responses. The method
finds operating conditions that provide the �most desirable� response
values. 
During the preliminary study, contents of butylacetate, sodium dode-
cyl sulphate/Brij 35fi, n-butanol and triethylamine were selected as
factors to be varied. As outputs, retention factor k for the last eluting
peak of impurity BI-II 786 BS (kBI-II 786 BS) and separation criterion S
for the critical pair pramipexole/2-aminobenzo-thiazole (S P/2-ABT)
were chosen. Separation criterion is defined as the difference between
the retention time at the beginning (tB) of the second peak and the re-
tention time at the end (tE) of the first peak of the critical pair [1]. The
lowest acceptable value of S is 0 corresponding to base line separation
of the observed peaks. So, any value higher than 0 might be rated as
acceptable.
All other factors (column: Thermo Hypersil GOLD C18 4.6 x 100 mm, 5
µm particle size; flow rate: 1 ml min.-1; pH of the mobile phase adjusted
to 7.0 with orthophosphoric acid; wavelength 262 nm for pramipex-
ole, BI-II 751 xx, 2-ABT, BI-II 786 BS, and BI-II 820 BS, and 326 nm for BI-
II 546 CL, were kept on defined levels. Chromatographic separation
was done on the chromatographic system Waters Breeze consisted of
Waters 1525 Binary HPLC Pump, Waters 2487 UV/VIS detector and
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Breeze Software, Windows XP, for data collection. 
As the starting point, the plan of experiments was defined by full fac-
torial 24 design with four replications in the central point. Accordingly,
the set of microemulsion eluents of the varying compositions was pre-
pared. The statistical evaluation of obtained data was performed by
Design-Expert trial version 7.0.0. (Stat-Ease Inc., Minneapolis). Mathe-
matical relationship between inputs and two selected outputs was
presented by appropriate interaction polynomial model. The influence
of certain factor was estimated based on its absolute value calculated
for the coded factor values. It was showed that the kBI-II 786 BS was
under the strongest influence of n-butanol, while other factors i.e. in-
ternal phase, composition of surfactant mixture and triethylamine af-
fected it in somewhat smaller but similar extent. On the other hand,
the S P/2-ABT was mostly influenced by the content of triethylamine
and the proportion of ionic and nonionic surfactant. ANOVA test was
done and determination coefficients of 0.9764 and 0.9318 for k and S
respectively, signified a good correlation among results.
The next step was method optimization by Derringer�s desirability
function. This function is defined as the geometric mean, sometimes
weighted, of the individual desirability functions [2]. The equation 1
defines Derringer�s desirability function:

where D is the value of the global desirability function, di is the partial
desirability function for each of the n responses and ri is the relative
importance assigned to the response i. Relative importance ri is a
comparative scale for weighting each of the resulting di in the overall
desirability product and it varies from the least important (ri = 1) to the
most important (ri = 5). The characteristics of a goal may be altered by
adjusting the importance or weight. Weights lower than 1 give less em-
phasis to the goal, whereas weights greater than 1 give more empha-
sis to the goal. In both cases, di varies in a non-linear way while
approaching the desired value, while with a weight of 1 di varies in a
linear way [2]. A value of D close to 1 implies the combination of the
different criteria is globally optimal, so that the response values are
near defined target values.
In the present report the goal was to obtain the target value for kBI-II
786 BS set at 5 with the lower and upper bound 3 and 7, respectively.
The weights were set to 1 on the both sides. For the S P/2-ABT the
goal was maximization in the range from 0 to 0.1, while the weight was
adjusted to 1. The importance was set to 3 for both responses. Fol-
lowing the conditions and restrictions above, the optimization proce-
dure was carried out. The predicted optimum was: 0.7% w/w butyl
acetate, 1.0% w/w sodium dodecyl sulfate and 2% w/w Brij 35fi, 7.6%
w/w n-butanol and 0.75% w/w triethylamine. The corresponding global
desirability D was 1. The predicted response values (5 for kBI-II 786 BS
and 0.28 for S P/2-ABT) were confirmed experimentally. The observed
difference between the predicted and experimental responses is found
to be in good agreement and well within the acceptance limits at 95
% confidence interval. 
Desirability-based optimization proved to be a valuable approach in
optimizing parameters controlling separation in the proposed MELC
method. It was confirmed that the appropriate selection of experi-
mental design and optimization approach ensure the provision of

many useful information in the most efficient and reliable way.
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CENTRAL COMPOSITION DESIGN I
N SEPARATION OF RAMIPRIL AND
HYDROCHLOROTHIAZIDE

B. Jan�i�-Stojanovi�1, B. Markovi�2, A. Malenovi�1, 
T. Raki�1, A. Vemi�1, N. Kosti�1

1University of Belgrade, Faculty of Pharmacy, Department of Drug
Analysis, Belgrade, Serbia 
2Galenika a. d., Zemun, Serbia

In this paper, the optimization of high performance liquid chromato-
graphic (HPLC) method for ramipril and hidrochlorothiazide determi-
nation is presented. Having chemically completely different structures,
their chromatographic separation demands an attentive approach. To
fulfill all the requirements for an optimal chromatographic run, the
experimental design was employed. In order to define factors which
should be investigated through the experimental design, careful pre-
liminary study was conducted. As factors to be followed during the
optimization, the content of acetonitrile in the mobile phase, pH of
the mobile phase and the concentration of potassium-dihydrogen-
phosphate were chosen. All other factors (column: Thermo Hypersil
gold C18 4.6 x 100 mm, 5 µm particle size, flow rate: 1 ml min.-1, tem-
perature: 30 °C and wavelength 210 nm) were kept on defined levels.
Chromatographic separation was done on the chromatographic system
Waters Breeze consisted of Waters 1525 Binary HPLC Pump, Waters 2487
UV/VIS detector and Breeze Software, Windows XP, for data collection. 
For the optimization, central composite design (CCD) was chosen. The CCD
is built of the full factorial 2k design and star design [1, 2]. Finally, the CCD is
completed by the addition of the central point. The total number of exper-
iments N for 3 investigated factors is 18, where four experiments present
replications. Mathematical relationship between inputs (for three factors)
and outputs is presented as the second order polynomial model. As outputs,
retention factors for active substances and selectivity factor were chosen. 
Significance of appropriate factor was estimated according to p-value.
If p�0.0500, the influence of certain factor is significant, and vice
versa. Thus, the retention behavior of both substances is under strong
acentonitrile influence. Further, on the retention of hydrochloroth-
iazide, the concentration of potassium-dihydrogenphosphate was in-
fluential. Finally, on the retention between two substances,
acetonitrile had the strongest influence as well as the interaction of
two factors � pH and the concentration of potassium-dihydrogen-
phosphate. Also, ANOVA test was done and correlation coefficient
higher than 0.9856 for all the outputs showed a good correlation
among results. A good adequacy of the model was confirmed by F
value. In the end, 3D graphs of the most influential factors on all three
outputs were constructed. 
On the basis of the obtained results, the optimal chromatographic
conditions were set: 36 % of acetonitrile in the mobile phase, pH of the
mobile phase 3.5 and the concentration of potassium-dihydrogen-
phosphate 20 mmol L-1. It could be concluded that CCD was useful for
the method development and evaluation. 
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SIMULTANOES ANALYSIS OF TAXIFOLIN 
)DIHIDROQUERCETIN* AND VITAMIN C BY
DERIVATIVE UV SPECTROSCOPY AND 
UPLC METHOD

Nada Pavicic, Ivan Velikinac, Ljiljana Milovanovi�
Department of Quality Control, Pharmanova, 
Industrijska ?, 11@UU Obrenovac

INTRODUCTION 
There is a lack of articles using different  analytical methods, in ana-
lysing taxifolin in combination with Vitamin C. High-performance, Li-
quid Chromatography, Mass spectrometry, polarimetry and NMR
spectroscopy, are used for determining taxifolin from Bark of Pinus
Contorta [1]. On the second hand, there are a numerous articles, and
Pharmacopoeiaes [2,3] with various methods for determining vitamin
C. Our aim was to develop two methods (UV-Vis and HPLC with Uv-Vis
detector) for simultaneous analisys of the taxifolin and vitamin C in
capsules. Therefore, we are foccussed only on articles presenting ana-
lysis of vitamin C used HPLC, with UV or DAD. The assays on vitamin
C, given in articles, included food derivatives, juices, multivitamin pre-
parations and different beverages [4,5,6,7,]. 

MATERIALS AND METHODS
Taxifolin (dihydroqurcetin) used as the working standard, manufac-
tured by Ametis, Vitamin C used as the working standard, manufac-
tured by Shadong luwei pharmaceutical, ethanol HPLC grade
(J.T.Baker, U.S.A.), Hydrochloric acid p.a. (Fisher Scientific), Methanol
HPLC grade (J.T.Baker, U.S.A.), orto-phosphoric acid 85% (Merck) and
water HPLC grade. Ketrixfi capsulles was manufactured by Phar-
manova d.o.o. Obrenovac. 
UV/VIS analysis was carried out on Lambda 16 Uv/Vis
Spectrophotometar (Perkin - Elmer, USA). The apsorbance of the
standard, sample and blank solutions were measured after derivatiza-
ton at 295.74 nm for taxifolin, and at 276.42 for vitamin C. using 10mm
quartz cells. 
UPLC analyses was performed on Acquity UPLC system (Waters, USA)
equipped with Binary Sovent Manager, Sample Manager, column
compartment and PDA detector. Separations were made on Waters
Acquity UPLC BEH C18 column (50 mm L x 2.1 mm i.d., 1.7 �m partical
size). Data aquisition was performed using Empower software. The
analysis was performed at flow rate 0.4 ml/min, the detector wave-
length was at 270 nm for vitamin C and at 290 nm for taxifolin.  The
column temperature was ambient and the injection volume was 1 �l.
Gradient elution was used for separation. 
Sample and standard preparation
The sample was prepared as follows for Uv/Vis analysis: 0.10g of pow-
der obtained from 20 capsules was transferred into a 20.0 ml
volumetric flask, added 2.0 ml 0,1M hydrochloric acid and dilluted with

70% ethanol V/V to the mark. 1.0 ml of this solution is transferred into
a 50.0 ml calibrated �ask and dissolved to the mark with mixture of
0,1M HCL and 70% ethanol V/V (1:9). Standard stock solution of taxi-
folin and vitamin C for Uv/Vis ( in mixture 0,1M HCl and 70% ethanol
V/V (1:9)), was used for preparing the series solutions. Those solutions
containing taxifolin and vitamin C of 6.0, 8.0, 10.0, 12.0, and 14.0
µg/ml were used for preparing the calibration curve.
Sample preparation for the UPLC analysis: 0.10g of powder obtained
from 20 capsules was transferred into a 20.0 ml volumetric flask, add
2.0 ml 0,1M hydrochloric acid and dilluted with ethanol HPLC grade
to the mark. The solution was filtered throught 0,45 �m membran filter
to a vial. Standard stock solution of taxifolin and vitamin C for UPLC
analysis (in mixture 0,1M HCL and 70% ethanol V/V (1:9)) was used for
preparing the series solutions. Those solutions containing taxifolin and
vitamin C in concentration of 0.3, 0.4, 0.5, 0.6, and 0.7  mg/ml were
used for preparing the calibration curve. 

RESULTS AND DISCUSSION
The proposed Uv/Vis and UPLC assays for the determination of taxi-
folin and vitamin C were validated for linearity, selectivity, accuracy
and precision (repeatability). The calibration curves were established
as dependance of absorbance/peak area on the taxifolin and vitamin
C concentration. The Uv/Vis method was shown to be linear over the
concentration range 6.0-14.0 µg/ml. The regression equations w�re:
y = 0.0032 + 0.0174, with correlation coef�cient r = 0.9999 for taxi-
folin and y = 0.0032 + 0.0174, with correlation coef�cient r = 0.9997
for vitamin C, indicating good linearity. In the case of UPLC, linear
response was over the concentration range 0.3-0.7 mg/ml. Over this
concentration range, linear regression analysis of peak areas (y)
versus concentrations (x) yielded the equations y = 8065779x
+113037.7 with r = 0.9998 for taxifolin and y = 1178594x + 10086.71
for vitamin C with r = 0.9999 which improve good linearity.
Selectivity of the methods was checked by observing if there was
any interference from the excipients from capsules. Retention times
of 0.4 min for vitamin C, and 0.9 min for taxifolin, showed, that the
UPLC method can analyze both vitamin C and taxifolin in capsules
in a very short time. The results obtained for assay precision, with six
different concentrations of taxifolin and vitamin C, in two days, has
shown RSD bellow 1.5 % for both methods. The accuracy of both
methods were proven by determination of the taxifolin and vitamin
C in laboratory, prepared dosage formulations containing def�ned
quantities of the active substances (80, 100 and 120% levels of label
claim). The recoveries obtained in Uv/Vis method varied from 99.99-
102.76% for taxifolin, 97.69 -103.0% for vitamin C, and recoveries ob-
tained in UPLC method are from 100.35 � 102.93% for taxifolin and
99.52 � 102.32% for  vitamin C . 
All these results have shown that there is no significant difference in
determining the content taxifolin and vitamin C using both tech-
niques. 
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APPROACHING EU - A CLOSER LOOK 
INTO EUROPEAN PROCEDURES FOR 
REGISTRATION OF MEDICINAL PRODUCTS:
MRP AND DCP

Zorica Pej�i�, Tanja Nedji�

Medicines and Medical Devices Agency of Serbia

INTRODUCTION 
In order to get prepared for joining EU in the future, so called ex-Yu-
goslav countries are all on the same course of following EU regulatory
rules for registration of medicinal products. Procedures that are es-
pecially important for these mainly generic markets are mutual recog-
nition procedure (MRP) and decentralized procedure (DCP). National
competent regulatory authorities as well as pharmaceutical industry
are already dealing with registration documentation for medicinal
products that are registered within EU through these two procedures.

AIM
Presentation of the most important phases and dates within MRP and
DCP.
Short overview of  ALIMS position regarding registration documenta-
tion for medicines already registered in EU through MRP or DCP. 

LEGAL BASIS 
Directive 2004/27/EC and relevant EU and HMA guidances.

DISCUSSION 
If an applicant plans to obtain marketing authorisation for a medici-
nal product in more than one EU member state (MS) at the same time,
application for MRP or DCP should be submitted, provided that the
medicinal product doesn�t require centralised procedure application.
The MS that is preparing the expert report is reference member state
(RMS), while other states that are included in the procedure are con-
cerned member states (CMS). Submitted documentation is the same
for all MS, except for some country specific differences in administra-
tive part.

» MRP: used for the products already having marketing authori-
sation in one or more member states.

» DCP: used for the products not yet registered within EU.
These procedures consist of several clearly defined phases which are
strictly followed by all MS.

MAIN MRP PHASES
» Preliminary phase (approx. 90 days before start of the proce-

dure: discussion between applicant and RMS about upgrading
documentation, RMS preparing draft exert report)

» Submission of documentation and validation (D -14)
» Start of the procedure (D0)
» CMS comments/questions (D50)
» CMS final opinion (D85)
» End of the procedure (D90).

Main DCP phases:
» Preliminary phase (short: discussion between applicant and

RMS about application)
» Submission of documentation and validation (D -14)
» Start of the procedure (D0)

» RMS assessment of documentation and preparing preliminary
report (D0 � D70) 

» CMS comments/questions (D70-D100)
» RMS finishes draft expert report (D120)
» CMS comments/questions (D145)
» CMS final opinion on draft expert report (D205)
» End of the procedure (D210).

In cases of different opinions, unsolved problems regarding procedu-
ral or scientific issues, and if no consensus is reached among MS, help
is provided by the CMD group and CHMP.
After the end of the procedure, the national phase starts, in which
each MS grants its licence for the product.
All MS are connected through common database (Communication and
Tracking System - CTS) which contains all the important information
about each procedure. The procedure is initiated and finished by the
RMS, and data are regularly filled into the database by each MS as the
procedure goes on. 
Member states have close cooperation in assessment of documenta-
tion, and after the procedure is finished, the marketing authorisation
is granted in each MS.

ALIMS POSITION
During past few years, ALIMS received many applications for medicinal
products that were already registered in EU through MRP or DCP.
These applications are processed through national procedure. The
same documentation as submitted in EU for MRP/DCP is required, to-
gether with all the later variations that were approved for the product
until the date of the submission of the documentation to ALIMS. The
final expert report issued by RMS is sometimes required to further
support and clarify submitted documentation.

CONCLUSION
For granting marketing authorisation for a medicinal product in more
than one EU MS at the same time, MRP or DCP applications are of-
tenly used. Getting more familiar with these procedures enable coun-
tries who aim to join EU to be better prepared for the processes that
are expecting them in the future. 
ALIMS has a lot of experiance in assessing documentation for medici-
nal products that were already registered in EU through MRP or DCP.
For taking part in these procedures in EU, resources and internal pro-
cedures need to be additionally developed.

REFERENCES
1. Directive 2004/27/EC.
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CHAPTER 2  Mutual Recognition  February 2007.
3. www.hma.eu.
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WHICH ONE IS COUNTERFEIT DRUG?

Golocorbin-Kon S.1,8, Mikov M.,2.,8

1Department of Pharmacy, Medical Faculty Novi Sad, Serbia
2Department of Pharmacology, Toxicology and Clinical Pharmacol-

ogy, Medical faculty Novi Sad, Serbia
3Faculty of Pharmacy, Podgorica, University of Montenegro

INTRODUCTION
According to the World Health organization, counterfeit drugs become
a growing threat for population. Counterfeit medicines are medicine
that are deliberately and fraudulently mislabeled with respect to iden-
tity and/or source. All kinds of medicines have been counterfeit,
branded and generic. Counterfeit medicines may include products
with the correct or with wrong ingredients, without active or with in-
sufficient or too much active ingredients, or with fake packaging.

DISCUSSION
The counterfeiting of medicines has been known of since around 1990
and is a growing problem-in both developing and developed countries.
Around 2500 people are believed to have died in Niger in 1995 after
they were given a fake meningitis vaccine. The consumption of parac-
etamol syrup prepared using glycerol, which was contaminated with di-
ethyl glycol (a toxic chemical used as an anti-freeze), resulted in the
death of 89 people in Haiti in 1995. Up until 1999, of 771 cases of coun-
terfeit drugs reported to WHO, indications about the quality of the
active ingredients contained were supplied only for 325 cases. Of
these, about 59% contained no active ingredients, 7% contained the
incorrect amount of active ingredients and 16% contained different
active ingredients. The majority of counterfeit cases involve tablets
and capsules. Antibiotics account for almost half of the reported cases
of counterfeit drugs.
Counterfeit medicines are estimated as more than 10% of the global
medicine market and in some developing countries it is thought to be
as high as50%. Since counterfeit drugs first time appeared, they have
been more sophisticated and more difficult for detection. The in-
creased occurrence of counterfeit medicines has several serous con-
sequences. These may include illness or death of patients, higher
medical insurance and lost revenues to pharmaceutical manufacturer
and governments. Children are particularly at risk. 
Counterfeiting of pharmaceuticals is a criminal activity often under-
taken by people and organizations involved in other types of crime.
The supply of counterfeit drugs is more pronounced in countries where
the manufacture, importation, distribution, supply and sale of medi-
cines are less regulated and enforcement weak. The growth in inter-
national trade of pharmaceutical ingredients and medicines adds a
further dimension of complexity to this issue. For example, trade
trough brokers and free zones where regulation is lax or absent (and
medicines repackaged and relabeled to conceal country of origin) is
increasing. In over 50% of cases , medicines purchased over the Inter-
net from illegal sites that conceal thei physical address have been
found to be counterfeit.
In most industrialized countries with effective regulatory system and
market control (i.e. Australia, Canada, New Zealand, most of the Eu-
ropean Union and the United States of America), incidence of coun-
terfeit medicines is extremely low-less than 1% of market value
according to the estimates of the countries concerned. 
Counterfeiting medicines can be very lucrative. Since many countries
have not yet enacted deterrent legislation, counterfeiters often do

not fear prosecution. Stringent regulatory control of medicines and
enforcement by national medicines regulatory authorities contributes
significantly to prevention and detection of counterfeit medicines.
WHO provides direct country and regional support for strengthening
medicines regulation. 
In 2006, WHO helped to create the International Medical products
Anti- Counterfeiting Taskforce, or IMPACT. The aim is to involve a range
of stakeholders in collaborative efforts to protect people from buying
and taking counterfeit medicines. To prevent the manufacture and
distribution of counterfeit medicines, IMPACT�a areas of focus are: leg-
islative and regulatory infrastructure, regulatory implementation, en-
forcement, technology and communication.

CONCLUSION
The fight counterfeit medicines effectively, a range of stakeholders-
not just health professionals-is needed. Governments should establish
and/or strengthen their drug regulatory authorities with responsibility
for the registration and inspection locally manufactured and imported
medicines. National laws should ensue that the manufacture, trade,
distribution and sale of medicines are effectively regulated. Adequate
training and powers of enforcement against counterfeits should be
given to personnel from drug regulatory authorities, the judiciary, cus-
toms and policy. Drug regulatory authorities should initiate wide-
spread use of screening tests for the detection of counterfeits.
Partnership should be established between health professionals, im-
porters, industry and local authorities to combat counterfeits. Coun-
tries in the same region should work towards the harmonization of
their marketing authorization procedures . Countries with experience
in combanting counterfeit drugs should provide assistance to others
for training in areas related to quality control, drug detection and en-
forcement.
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DETERMINATION OF ALL-RAC-ALPHA-TO-
COPHEROL AND ALL-RAC-ALPHA-TOCO-
PHERYL ACETATE )SYNTHETIC VITAMIN E*
IN COSMETIC PREPARATIONS

Biljana Nastova, Sandra Atanasovska, Dragica
Doneva, Zorica Arsova�Sarafinovska

Institute for Public Health of the Republic of Macedonia, Department
for Quality Control of Medicines, Skopje, Republic of Macedonia

Different forms of tocopherols, together with tocotrienols, are col-
lectively named as vitamin E, (a lipid-soluble vitamin with antioxidation
effect in several stages of peroxidation of lipids in vivo) and each pos-
sesses different degree of medical, biological and physiochemical sig-
nificance. Among four tocopherols (�-, �-, �- and �-tocopherol),
alpha-tocopherol has been reported to possess the highest biological
activity (1). In order to obtain the larger amounts, vitamin E is
synthetized as a racemic mixture of D- and L- forms which are optical
isomers, unlike a natural tocopherol that is found only in the D-form.
Synthetic vitamin E is derived from petroleum products as all-
racemic alpha tocopherol and its ester form all-racemic alpha
tocopheryl acetate (or DL-tocopheryl acetate). The tocopheryl esters
are more stable for an extended time of use (2).
In the belief that vitamin E is a natural skin conditioner and humidifier,
it is used in cosmetic industry in the preparation of lipsticks, shadows,
powders, humidifiers, soaps, creams, shampons etc. (3). The recent
popularity of vitamin E preparations for topical application, together
with reports of adverse dermatological reactions linked to cosmetics
containing this vitamin led to concern about the desirability of
including these compounds in such products (4). Therefore, a sensitive,
accurate and rapid HPLC method was developed for determination of
alpha-tocopherol and its ester form in cosmetics.
The chromatographic separation was performed on a column
Purospher Starfi RP 18 (150 x 4.0 mm i.d., 5µm), with a mobile phase
consisted of a methanol - n-hexane (90:10, V/V) The flow rate was kept
at 1.2 ml min-1. Detection of all-racemic alpha-tocopherol and the ester
form all-racemic alpha-tocopheryl acetate was carried out at 220 nm.
Effect of various parameters (different concentration of methanol and
n-hexane in the mobile phase composition and different columns
used), and the separation of alpha-tocopherol and alpha-tocopheryl
acetate from other numerous ingredients present in cosmetic
preparations was studied.
The proposed method was fully validated according to the ICH guide-
lines in terms of accuracy, precision, linearity, limit of detection and
quantification and range (5). The method is sensitive and allows de-
tection of active components in concentrations of 0,007 µg and 0,011
µg for �-tocopherol, and �-tocopherol acetate, respectively, while the
lowest concentrations that could be determined were 0,023 µg, and
0,033 µg for �-tocopheryl acetate and �-tocopherol, respectively.
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0,023 µg ����-��������� �
���� � 0,033 µg ����-���������.
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INTRODUCTION
Inherent chemical stability of the active pharmaceutical ingredient
(API) largely determines the stability of the final drug product (DP), and
regulatory authorities require novel chemical entities to undergo ex-
tensive chemical stability evaluation through stress testing (1,2).
Mycophenolate mofetil (MMF) is an immunosuppressive agent, which
is mostly used in solid organ transplant patients to prevent organ re-
jection. MMF is pro drug that is rapidly absorbed and hydrolyzed to
form free Mycophenolate mofetil (MPA), the active metabolite, which
is considered as impurity in the final DP (3).

OBJECTIVES
The main objectives of this investigation were determination of the
influence of oxidative stress agent on MMF stability and identification
of unknown key-degradation products, if any.

MATERIALS AND METHODS
MMF was purchased from Sigma. HPLC analysis was performed with an
Agilent Technologies (Palo Alto, CA, USA) HP 1200 chromatograph
equipped with on-line degasser, binary pump, column oven, diode array
detector, and Rheodyne 20-mL loop injector. Data was acquired by
means of HP ChemStation software. Before HPLC performing,
all mobile phases were degassed and vacuum filtered through 0.45 mm
nylon membranes. The chromatographic conditions included Chro-
molith RP-18e (100 mm x 4.6 mm, macropore size 2 �m, mesopore size
13 nm) column, flow rate of the mobile phase of 1 mL min�1, the cho-
sen temperature of the column of 40°C and composition of the mobile
phase of acetonitrile � 0.015 M ammonium acetate (pH 4.4) (28:72, v/v).
The pH of the water phase was adjusted to 4.4 with glacial acetic acid,
and oxidation product was analyzed in the positive ionization (PI)
mode, though MPA was detected in the negative ionization (NI) mode

with the proposed mobile phase. The mass spectrometer operated in
full scan mode and for all the experiments spray needle voltage was set
at 4.5 kV. Nitrogen was used as a sheath and auxiliary gas, and values
(a scale of arbitrary units in the 0�100 range defined by the LCQ Ad-
vantage system) of their flow rate were 50 and 0, respectively. The cap-
illary temperature was maintained at 290 ”C and Helium was used as
the collision gas.

RESULTS AND DISCUSSION
The influence of 3%, 10% and 15% H2O2, as oxidation agent, on MMF
was investigated in duration of 1h. Adding 10% H2O2 resulted in degra-
dation of 17.90% of drug amount and MPA, first (DP I) and second ox-
idation products (DP II) were formed.
The importance of all degradation products was estimated consider-
ing key-degradants rule (4). Therefore, the main degradation product
was DP II with 41.67% of total degradation followed by MPA with
14.32% of total degradation and 34% of the largest degradant. On the
other side, DP I appeared in 3% of total degradation and 7.09% of the
largest degradant. Considering these results DP II and MPA could be
noted as key-degradants, whereas DP I is not significant. In order to
identify key-degradant denoted as DP II LC�MSn nalysis was performed. 
In full scan mode were observed positive ions m/z 434 corresponding
to MMF, m/z 336 corresponding to DP I, m/z 450 corresponding to DP
II and negative ion m/z 319 corresponding to MPA. Along with m/z 450
adduct ions [M+Na]+ (m/z 472) and [M+K]+ (m/z 488) have been formed.
DP II has m/z 450 and is 16 units higher than m/z 434 of MMF,
indicating oxidation of MMF and arisen of its N-oxide. To confirm the
identity of DP II the MSn analysis of all analytes has been conducted.
The MSn analysis was performed by infusing sample subjected to 15%
H2O2 directly to the mass spectrometer, with the syringe pump at the
5 µl min�1. Obtained fragments for mycophenolate mofetil,
mycophenolic acid and DP II, all in positive ionization mode, together
with their relative abundances confirmed the structure of DP II. The
identical fragmentation pattern for both MMF and DP II strongly
indicates the same main structure of these compounds.

CONCLUSION
Mycophenolate mofetil showed to be instable towards oxidation
agents and tree degradation products have been formed. LC-MSn

analysis was used to resolve the structure of key-oxidation product N-
oxide of MMF.
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VALIDATED HPLC METHOD FOR DETERMI-
NATION OF SILDENAFIL IN PHARMACEUTI-
CAL DOSAGE FORMS

Z. Poposka, M. Shishovska, K. Starkoska, Z. Arsova�
Sarafinovska

Institute for Public Health of the Republic of Macedonia, 50 Divizija 6,
1000 Skopje, Republic of Macedonia

INTRODUCTION
Sildenafil is oral drug used primarily to treat male sexual function
problems (impotence or erectile dysfunction) since becoming avail-
able in 1998. It is a potent and selective inhibitor of cGMP specific
phosphodiesterase type 5 (PDE5) in the corpus cavernosum, where
PDE5 is responsible for degradation of cGMP. Sildenafil has a peri-
pheral site of action on erections. This substance has no direct re-
laxant effect on isolated human corpus cavernosum but potently
enhances the relaxant effect of NO on this tissue. 
However, there is no analytical method for determination of this ac-
tive compound in pharmaceutical preparations in the current Euro-
pean and US Pharmacopoeia. 
The aim of this study was to develop and validate HPLC method for sil-
denafil analysis in pharmaceutical dosage forms.

MATERIALS AND METHODS
HPLC analysis was performed using a Schimadzu LC-2010
chromatographic system (Schimadzu, Kyoto, Japan) consisting of a LC-
20AT Prominence liquid chromatograph pump with DGU-20A5
Prominence degasser, a SPD-M20A Prominence Diode Array Detector,
RF 10AXI fluorescence detector and a SIL-20 AC Prominence auto
sampler. Data analyses were done using Class VP 7.3 Software. The
elution was carried out on a column Hypersil BDS-C18 (125 x 4 mm
i.d., 5 mm), mobile phase consisted of phosphate buffer (20 mM, pH
2.8)-acetonitrile (71:29, V/V), flow rate 1.5 mL min-1, at controlled tem-
perature (25oC) and autosamler temperature at 4oC. Detection of silde-
nafil was carried out at 285 nm. Commercially available, film-coated
tablets, containing 50 mg sildenafil as sildenafil citrate, were used in
this study. 

RESULTS AND DISCUSSION
The method was fully validated according to the ICH (International
Conference on Harmonization) guidelines by determination of linear-
ity, precision, accuracy, limit of detection and limit of quantification. 
Linearity of the method was tested in the range of: 2 � 100 mg mL-1

sildenafil (Fig. 1). Experimental data showed high level of linearity
which was proved with the value for the correlation coefficient (R2 =
0.9994).
Limit of detection (LOD) and quantification (LOQ) of the method were
tested in the range of: 20 � 200 ng mL-1 sildenafil. The results were:
0.23 ng and 0.68 ng for LOD and LOQ, respectively (9.2 ng mL-1 and
27.2 ng mL-1 for LOD and LOQ, respectively, obtained with 25 mL in-
jected).
Selectivity of the method was proved with the chromatographic peak
resolution obtained between sildenafil and tadalafil (Rs = 10, 5) 

(Fig. 2) and the characteristic UV-spectrum.

Fig. 1. A typical sildenafil calibration line, with regression line Abs =
27066 conc. + 14033, and R2 = 0,9994

Fig. 2: Typical chromatogram obtained from a mixed standard solu-
tion: sildenafil (1), tadanafil (2).

Fig. 3: Typical chromatogram obtained from sildenafil in: standard
solution (1), test solution (2).
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Mean recovery for sildenafil was between 99,74% and 100,88% indi-
cating that the developed method was accurate for determination of
sildenafil in pharmaceutical formulation.
The proposed method was successfully applied for determination of
sildenafil in film-coated tablets, containing 50 mg sildenafil as silde-
nafil citrate (Fig. 3).

CONCLUSIONS
The results of the validation demonstrated that the proposed analyt-
ical procedure is accurate, precise and reproducible for sildenafil analy-
sis in pharmaceutical dosage forms. Furthermore, this procedure is
relatively inexpensive and simple and is particularly suitable for routine
analyses when tandem mass spectrometric detection is not available.
Additionally, it is important to mention that decreased consumption
of organic solvent considerably reduces the laboratory expenses.
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���, M. ;�7
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���, �.
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����

{������� 	� ����� 	������ �� _�������� ~���������, <����� 	�
���������� � �������� � �� ������, 50 ����	��� }�. 6, 1000 <�����,
_�������� ~���������

�����
<��������� � ��� ��� �� ������� ����������� 	� �������� ��
������
� �� �
�����
��� ��� ��������� �������
���, �� 
�
�����
���� ������� ��
��
������ �������� �� 1998 ������. <���������
� �������� � ���������� ��>������ �� ��	�
�� cGMP-���
������
�������������	� ��� 5 (PDE5) �� corpus cavernosum ���� PDE5
��	�
�� � ��������� 	� �������
��� �� cGMP. <���������
�������� ��������� 
�>���	�
 �� �������. ?��� �������
��� ��
�
�������� ����� �� ���!���� �� corpus cavernosum, �� �
� �����
����� �� �������
��� �� NO �� ���� �����.
~�$����, �� ��������� �	����� �� ���������� � �
�����������
���
������� �� ������ ���������� 
���� 	� ���������� �� ����
������� ��
������� �� ���
�
�������� ���������.

’���� �� ��� ����������� ��!� �� �� ��	��� � �������� HPLC 
�� -
�� 	� �����	� �� ���������� �� ���
�
������ ��	����� ���
�.

����
����� � ������ 
HPLC �����	��� ��!� �	������ �� >��
���������� �����

Schimadzu LC-2010 (Schimadzu, Kyoto, Japan) �������� ��: 20AT
Prominence ��
��, DGU-20A5 Prominence ����	��, SPD-M20A
Prominence DAD ��������, RF 10AXI �������
����� �������� � SIL-
20 AC Prominence ������
����. @����	��� �� ������
��� �� ��!�
�� ��������� �� ������� Class VP 7.3. ���
������������
������
��� ��!� �	������ �� ������ Hypersil BDS-C18 (125 x 4 mm
i.d., 5 mm), �� 
������ ��	� ��������� �� �������� ����� (20 mM,
pH 2.8)-�
��������� (71:29, V/V), �� ������ �� 1.5 mL min-1, ��
��
�������� �� 25oC � ��
�������� �� ������
���� �� 4oC.
�����
����� �� ���������� ��!� �	������ �� 285 nm.
*� ��� ����������� ��� ��������� ��
��
������ ��������, ���
-
�������� �������, ��� ������� 50 mg ���������� �� ����� ��
���������� 
�����. 


�������� � ���������
~������ ��!� ��
������ ��������� �� ���������� �� �������� ��
ICH (~�$�������� ��������
��� 	� >��
���	�
���), �����
������������ �� ����������, ���
�	����, �������, ��
�� ��
�����
��� � ����������
���. 
|���������� �� 
������ ��!� �������� �� ����� ��: 2 � 100 mg mL-

1 ����������. (������ 1). �������
��������� ������
� �������
������ ���� �� ����������, !�� �� ��������� � �� ��������� ��
�����
������ �� ������
��� (R2 = 0.9994).
|�
���� �� �����
��� (LOD) � ����������
��� (LOQ) �� 
������ ���
�������� �� ����� ��: 20 � 200 ng mL-1 ����������. ���������
��������� ��: 0.23 ng � 0.68 ng 	� LOD � LOQ, ��������� (9.2 ng mL-

1 � 27.2 ng mL-1 	� LOD � LOQ, ���������, ������� �� �����������
�� 25 mL).
<������������ �� 
������ ��!� ��������� �� ��	���
����� �������
��
�$� ����� �� ���������� � ����� �� ��������� (Rs = 10, 5)
(������ 2) � ����������������� UV-�������.

���. 1. "������ �������� �������
 	� ����������, �� ������� ��
��������� Abs = 27066 conc. + 14033, � R2 = 0,9994
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���. 2. "������ >��
������
 ������ �� 
�!�� ���������� �������:
���������� (1), ��������� (2).

���. 3. "������ >��
������
 ������ �� ���������� ��: ����������
������� (1), ������ ������� (2).

^��������� ���������� ������ 	� ���������� ��!� �� 99,74% ��
100,88% !�� �������� ���� ������������ 
���� � ����� 	�
������������ �� ���������� �� ���
�
������ ��������.
^����������� 
���� ��!� ����!�� ���
���� 	� ������������ ��
���������� �� ��	���� ���
�
������ ���
� (������ 3).

���������
_�	�������� �� ��������� 	� ������
��� ���������� ��� ���� �� -
������ ���������� 
���� � �����, ���
�	�� � �������
������ 	�
��� ��	� �� ���������� �� ���
�
������ ���������. �� ��� �� -
�����, ���� ���������� �������� � ��������� ������ � ����������
� � ������� ������� 	� �������� �����	� ���� 
����� ���� ��� 
� -
��� �� �� � �� �����������. {��� ����, ����� � �� �� ���
�� ����
�� 
������� �����!������ �� �������� ����������� 	��������� ��
��
����� ��������������� ���!�
�.
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EFFECT OF HYDRODYNAMICS ON THE DIS-
SOLUTION TEST OF BCS CLASS II ACTIVE
COMPONENT FORMULATED AS SOLID
DOSAGE FORM WITH IMMEDIATE RELEASE

Irena Bra�narska, Nata�a Karalija, Suzan Memed-
Sejfulah, Sanja Simeonovska, Gjorgji Petru�evski,
Ema Kikovska-Stojanovska, Biljana �apkareva,
Sonja Xgarkovic

Research and Development, ALKALOID AD, Aleksandar Makedonski 12,
1000 Skopje, Republic of Macedonia

INTRODUCTION
The in vitro dissolution test in the last few decades of drug product de-
velopment has distinguished as important physicochemical tool for
evaluation of the pharmaceutical quality and bioavailability of the
product. Dissolution method development must be considered as a
continuing process that needs to adapt to changes as the product
changes. Specific drug substance information like: solubility, pKa, sta-
bility as a function of pH and BCS classification give directions to the
research team to develop product specific discriminatory dissolution
method. Different rotation speeds, different mediums and different
apparatus must be evaluated to define dissolution method that can
provide appropriate measure of product performance, but also have
sufficient discriminatory power to detect changes in the formulation. 
Film-coated tablets with immediate release and incorporated BCS
Class II active component [1] (low solubility, high permeability), pKa �
4.5 were evaluated in this study. The active component has a pH de-
pendent solubility and increase of the pH would enhance its solubility
and consequently the dissolution rate, particularly at pH � pKa of the
compound. (Fig.1) Solubility of the active substance was determined
by shake-flask method in three different media. The results were
0.00385 mg/ml, 0.0113 mg/ml and 0.143 mg/ml for pH 2.2, pH 4.5 and
pH 6.8, respectively. The active component is completely ionized and
rapidly dissolved in the intestinal region with an average of pH�6.5. As
a result, phosphate buffer pH 6.8 [2] was chosen as physiologically rel-
evant and in accordance with the regulatory requirements.

Figure1. Dissolution profiles at different pH media
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METHODS AND MATERIALS
The content of dissolved active substance was quantified using HPLC
method with UV detection at 246 nm, VWR Hitachi Elite La Chrom.
Separation was performed on RP Select B 125 x 4.0mm 5µm column.
Dissolution test was performed on Varian VK 7025 Dissolution tester
using Apparatus I (basket) and Apparatus II (paddle). Dissolution profile
time points used were 5, 10, 15, 30 and 45 minutes, and for the disso-
lution end point test 30 minutes was chosen. Quantitatively propor-
tional film-coated tablets with different dosage strengths produced with
the same manufacturing process were used for experimental purposes.

RESULTS AND DISCUSSION
a* Influence of rotation speed
The effect of hydrodynamics on the dissolution rate of the active prin-
ciple from the formulation has been evaluated by varying paddle ro-
tation speed. The evaluation was performed with dissolution end point
test with rotations of 50 rpm, 75 rpm and 100 rpm. On 50 rpm conning
was noticed which lead to incomplete release of active ingredient
from tablets. Additionally, high scattered values at the first time point
were observed from dissolution profiles at 50 rpm in comparison with
75 rpm. (Fig.2)

Figure2. Dissolution profile with 75rpm and 50 rpm results per vessel

Table1. RSD values at first time point from dissolution profiles with
75 rpm and 50 rpm

Increased rotation speed at 75 rpm and 100 rpm gave higher results,
potentially as a result from reduced coning, which on the other hand
gives greater exposure of drug component to the dissolution medium.
Useful information about the influence of hydrodynamics was gath-
ered when Infinity time point test was performed, with increase of
paddle speed at 250 rpm for additional 30 minutes. The results were
close to 100%, and although 100% dissolution is not a regulatory re-
quirement the dissolution at the infinity point gave prove that higher
agitation increases the dissolution rate.

Table2. Dissolution end point test results with
different rpm

\ (after 60 minutes)

b* Influence of different type of apparatus
Additionally, Apparatus I (basket) was evaluated at 100 rpm [3]. Al-
though the results revealed that the use of baskets increases the dis-
solution rate, further experiments demonstrated that baskets have
lower discriminatory abilities.

Figure4. Dissolution profiles on trials with different polymorphic
forms performed with Apparatus (I)-100rpm and Apparatus (II)-75rpm

In general, lower rotation speed demonstrated lack of robustness,
while higher rotation speeds showed lack of discriminatory power.

CONCLUSION
Based on all experiments performed, a specification dissolution
method was established which employs Apparatus II (paddle) [4], 75
rpm and buffer pH 6.8 as optimal test conditions for evaluation of the
specific compound. During development of the dissolution method
the right choice of conditions for performance of the test is of the ut-
most importance to reflect the product performance from quality as
well as regulatory aspect.
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rpm RSD after 5 min )6*

50rpm 22.33

75rpm 2.90

Dissolution test
End point

Released active component
after 40 minutes )6*

50 rpm 80.78

75 rpm 91.41

100 rpm 96.36

250 rpm 100.08\
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In vitro ������ 	� ������
��� �� ���������� ������ �� ��	����� ��
���� ����	���� �� �	���� ���� 	������� ��	����->�
���� ������ 	�
���������� �� ���
�
�������� �������� � ������������ ��
�������� ���������� �� ����	�����. _�	����� �� 
������� 	�
������
��� ����������� ����������� ���
�� ��� 
��� �� �� �����
���
����� ���� !�� �� 
����� ����	�����. <��
������
�����
�
�� 	� ���������� �������
� ���� ���	����� �������������,
pKa, ����������� ���� ����
��� �� pH � BCS ������� �� �����
�������������� ��
 ��� ��	��� �� ������
�������� 
���� 	�
������
���, ���
������ 	� ����� ����	���. _�	����� ��	��� ��
����
���, ��	����� 
����
� � ��	����� ������� 	� ������
���
����� �� �� ���������� 	� �� �� �������� 
���� 	� ������
��� ���
�� ���� ��������� ����� 	� ������
������ �� ����	�����, ��
�������� �� �
� ������� ������
�������� 
�� �� �� ���������
���
����� �� ���
���
�����. 
���������� ��� ���
 �������� ������� �� ��	� ������������ ��
������� ��
������� �� BCS Class II (����� �������������, ������
���
���������) � pKa �������� �� � 4.5 [1]. @��������  ��
���������
�
� pH 	������ ������������� � �������� ��  pH �� ���������
���	����� �������������, � �� ��� � ��	����� �� ������
���,
������� ���� pH � pKa �� ��
���������. _������������� ��
���������� �������
� � �������� �� shake-flask 
����� �� ���
��	����� 
����
�. ������� �� �������� ���������   0.00385mg/ml,
0.0113mg/ml � 0.143mg/ml 	� pH 2.2, pH 4.5 � pH 6.8, ���������.
@�������� ��
������� � 
������ ����	����� � ��	� ����������� ��
�������������� ������ �� pH �6.5. <���������, �	����� ��
�������� ����� pH 6.8 [2] ���� 
����
 	� ������
��� �����������
��	����!�� �	���� 
����
, �� ����� �� ������������� ������.

���#� 1. ������
���� ������� �� 
����
� �� ��	����� pH

������ � ����
�����
����������
��� �� ���
����� �� ���������� ������� ��
�������
��!� ��������� �� HPLC 
����� �� UV �����
��� �� 246 nm,
������
��� VWR Hitachi Elite LaChrom. <�����
����� � �	������ ��
RP Select B 125 x 4.0mm 5µm ������. T����� 	� ������
��� �
�	������� �� Varian VK 7025  ������ 	� ������
��� �� Apparatus I
(basket) � Apparatus II (paddle). ?������ ���
����� ����� 	�
������
���� ������� �� 5, 10, 15, 30 � 45 
�����, ������ 	� ���� ��
������ ����� � ������� 30-���� 
�����. B� �������
������� 
���
��������� �� ������������� ������
�-������ ���
������� ���
-
�������� ������� �� ��	����� ��	���� ������, ����	������ �� ���
����	����� ���
��. 


�������� � ���������
�* ���$�7�� 7� 89��7� 7� ;9��<�
<� �������� �� ��	����� �� ������ �� �������� ������� ��
>��������
����� �� ��	����� �� ������������ �� ���������
��
������� �� ���
���
�����. ������
��� �� ���������� ��
��	������� ��	��� �� ����
��� ��!� �	������ �� ������� �� ������
����� �� 50 rpm, 75 rpm � 100 rpm. }�	����� �� 50 rpm ��	������!�
�� ���
����� �� ����, ��� ���� ��� ��
������ ������������ ��
��������� ��
������� �� ���������. ������������ ��!�
	��������� �������
� ������ ������� �� ������ ���
����� �����
�� �������� �� 50 rpm ��������� �� 75 rpm. 

���#� 2. ������
���� ������� �� 75 � 50 rpm; ��	������ �� ��!�

��8��� 1: RSD �� ������ ���
����� ����� �� ������
���� �������
�� 75rpm � 50rpm

<� 	����
����� �� ��	����� �� 75 rpm � 100 rpm �� ���������
��	��������, 	����� 
���� ��
������� �� ���
������� ����, ��
!�� �
� ������
� �	���������� �� ��
��������� �� 
����
��.
������a �����
�
�ja 	� ���������� �� >��������
����� �� ����
�� �	����� �� Infinity time point test - ��"� ;& 8�"#&7�%7� �&%#� ��
	����
����� �� ��	����� �� ������� �� 250 rpm, 	� ������������
30 
�����. _�	�������� ��� ������ �� 100.0% � ���� �� ������
����������� ������ 	� 100.0% ���������-����� �� ����������
����� ������ ���� �� ������
� ��	��� �� ������ �� 	����
���
��������������.
��8��� 2. _�	������ �� ���� �� ������
��� �� ������ ����� ��
��	����� rpm
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����� ���	
�� �� 
�
�������� �� ������
���� �������

rpm RSD =&"�� 5 min )6*

50rpm 22.33

75rpm 2.90



\(����� 60min)

8* ���$�7�� 7� ;�! 7� �=�9��
������������, ��������� � @pparatus I (�����) �� 100 rpm [3]. }�!�
�������� ����  ������� �� 	����
����� ������
�����, �� ��
������
�!�� �������
���� ��!� ������� �� ���� �� �� �������
������
��������.

���#� 4. ������
���� ������� �� ����� �� ��	����� ����
�����
���
� �	������ �� @����� (I) 100rpm � @����� (II) 75rpm
���������, ��
����� ��	��� ������� ���������� �� ����������,
������ 	� ������
��� ��	��� ��!� �������� ���� ��
��� �������
������
�������� 
��.

��������
}�	����� �� ���� ����>���� �������� �������
���� ��!� ��������
���
���-��
���� 
���� 	� ������
��� ��� ��������  Apparatus II
(paddle) [4], 75 rpm � ����� pH 6.8 ���� �������
���� ������ 	�
������
��� �� ���
�������� ������� ��
�������. #� ���
� ��
��	��� �� 
������� 	� ������
��� �� �������� 	������ � ����������
�	��� �� �������� �� �	�������� �� ������ 	� ������ �� ��
���������� ��������� ����� 	� ����	����� ���� �� ������ ��
�������� ���� � �� ����������� ������.

����
���
�
1, FDA, CDER 1995. SUPAC-IR: Immediate-Release Solid Oral Dosage Forms: Scale-Up
and Post-Approval Changes: Chemistry, Manufacturing and Controls, In Vitro Dissolution
Testing, and In Vivo Bioequivalence Documentation
2, European Pharmacopoeia 6th Edition 2009 Supplement 6.8. Chapter  5.17.1.
Recommendations on dissolution testing Directorate for the Quality of Medicines of the
Council of Europe: Germany 2009.
3, United States Pharmacopoeia, USP 32, National Formulary 27. General Chapter 1092 :
The dissolution procedure: Development and Validation; United States Pharmacopeial
Convention: Rockville, MD, 2009.
4, European Pharmacopoeia 6th Edition 2009 General Chapter 2.9.3. Dissolution Test for
Solid Dosage Forms; Directorate for the Quality of Medicines of the Council of Europe:
Germany 2009.

HPLC METHOD FOR DETERMINATION OF DI-
CLOFENAC SODIUM AND ITS IMPURITIES
USING �CORE-SHELL� TECHNOLOGY

M. Hadzieva, L.Xgrinova, N. Nakov, K. Brezovska, A.
P. Panovska, S. T. Jolevska, A. Dimitrovska

Center for drug quality control, Faculty of Pharmacy, University Ss.
Cyril and Methodius, Skopje, Macedonia

INTRODUCTION 
Diclofenac Sodium belongs to a group of non-steroidal
antiinflammatory drugs (NSAIDs), and is routinely used in treatment
of rheumatoid arthritis and various pains [1].
The monograph of Diclofenac Sodium in the current edition of Euro-
pean pharmacopoeia (Ph.Eur.) specifies five impurities: A, B, C, D and
E. The determination of these impurities is performed by HPLC
method, using LC column packed with 5 �m, end-capped octylsilyl
silica gel (C8), size 250 x 4.6 mm. The analysis time to separate the im-
purities of diclofenac with required chromatographic resolution is too
long (35 minutes) [2]. 
Recent developments in liquid chromatography (LC) are focused in ob-
taining HPLC columns with higher efficiency and increased resolution
in less analysis time.  For that purpose, shorter columns packed with
smaller particle size (3 �m and sub-2 �m) have been introduced in LC.
These columns generate high pressures which exceeds the limits of
standard HPLC equipment, thus requiring the use of ultra high pres-
sure HPLC systems [3].
Recently HPLC columns based on a core shell technology have been
developed in order to obtain ultra high efficiency, on standard HPLC
instruments. Core shell particles (also called fused-core� particles, shell
particles or controlled-surface-porosity particles) consist of a non
porous silica core and a narrow shell of porous silica [4]. The thin
porous layer minimizes the analyte diffusion path and improves the
mass transfer of the analytes significantly, resulting in higher column
efficiency, without affecting the chromatographic resolution, when
compared to fully porous silica columns [4]. The increased efficiency
provides an immediate benefit on sensitivity, making it eseaier to
detect low level impurities in comparison to traditional LC columns
[3]. 
The aim of this work is to develop HPLC method for simultaneous
determination of Diclofenac Sodium and its impurities in
pharmaceutical preparation (eye solution, gel), using the advantages of
core-shell technology.

EXPERIMENTAL
Standard solutions: 
Diclofenac sodium, standard substance, was dissolved in methanol and
diluted with water to final concentration of 1 mg/ml.  
Standard solutions of all impurities were prepared individually and in
a mixture by dissolving the impurities, standard substances, in
methanol and diluting with water to final concentration of 2 mg/ml
each. 
Sample solutions:
Eye solution (0.1 % diclofenac sodium): The commercially available eye
solution 0.1% was used directly, without dilution. 
Gel formulation (1% diclofenac sodium) was diluted to final concen-
tration of diclofenac sodium 0.1%. 
Chromatographic conditions
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��"� 7� !�"&��>�$�
;& #9�$7� �&%#�

�"�&8&!�7� �#��;7�
#&@=&7�7�� =&"�� 40 min )6*

50 rpm 80.78

75 rpm 91.41

100 rpm 96.36

250 rpm 100.08\



Experiments were made on Agilent 1200 LC System. The separation
was performed on Kinetextm (Phenomenex, Inc) core-shell column C18
100 x 4.6 mm 2.6 �m, using buffer (1.04 g/L NaH2PO4x2H2O, pH 2,5)
and methanol (60/40, v/v) as a mobile phase. The column temperature
was 30oC. Flow rate was 2.3 ml/min. Injection volume was 20 �l. UV
detection was performed at 254 nm. 

RESULT AND DISCUSSION
Under the proposed chromatographic conditions, satisfactory sepa-
ration (Rs �2) of the obtained peaks was achieved in total analysis time
of 6 minutes (Table 1). The resolution between the peaks from di-
clofenac sodium and impurity A is approximately 16 (the requirement
of Ph.Eur is at least 6.5).  

Table 1. Results from system suitability of the method

N-theoretical plates, k�-capacity factor, Rs-resolution with preceding
peak, RT-retention time, AUC-peak area

The obtained numbers of theoretical plates for all of the peaks indi-
cate a good separation efficiency of the column. The precision of the
system was confirmed by the repeatability of the retention times and
peak area (RSD % � 2.0%).
The limit of detection (LOD) and limit of quantification (LOQ) were de-
termined from the residual standard deviation of the regression line (s)
and the slope (S) [5]. The obtained results for LOD (3.3�/S) and LOQ (10
s/S) indicate a good sensitivity of the method (Table 2).

Table 2. LOD and LOQ for the impurities 

Applicability of this method for determination of diclofenac sodium
and its impurities in pharmaceutical preparations was evaluated by
analyzing the samples of commercially available eye solution and gel
formulation (Fig. 1 and Fig. 2). 

Fig. 1 Chromatogram of sample solution from Eye solution

Fig.2 Chromatograms of the sample solution from gel  

In the chromatograms of placebo solutions for both formulations no
interference with the peaks were observed indicating the specificity of
the method. 

CONCLUSION
A simple and rapid reverse phase HPLC method for determination of
Diclofenac Sodium and its impurities using core shell technology for
stationary phase was developed. The method is sensitive, selective
and specific and can be used for analysis of pharmaceutical prepara-
tions containing diclofenac sodium.
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HPLC ����� �� ��
��������� ��
�����
���� ���
��� � ��	�����
������������ �� �
����� ��
�CORE-SHELL� ��(����	���

�. ��9�
��, \. [$���
��, 6. 6��
�, 5. ��
�
����,
A. �
3
��  ���
����,  �. T����
��� (
�
����,
A. *�!���
���� 

’����� 	� ���������� � �������� �� ������ , ���
�
������
��������, ������	���� �<�. ����� �  ~�������,<�����, Ma��������

����� 
���������� ������
 �����$� �� ������� �� �����������
���������
������ ������ � �������� �� ������� 	� ����
�� ��
���
������� �������� � ����� �� ��	����� ������� [1]. 
*� 
������������ �� ���������� ������
 �� ����������
���
������� (Ph.Eur), �� ���
���
����� ��� ������������: @, *, <,
D � �. ‘������ ������������ �� ��!� �� HPLC 
����, �� ���
���
�� ���������� ������ ��� ���� ���
������� ��	� (C8) �� ��
��	��
250 > 4,6 mm. *��
��� �� �����	� �������� �� �� ��������
	������������ ��	���
���, �������� �� �������� �� ���
���������
�	������ 35 
����� [2].
*� ���������� ������  ������������� �� ������� >��
����������
�� �������� ��� �������� �� HPLC ������ �� ������
�
���������� � 	����
���  ��	���
���. #� ��� 
��, �� ��������
�������� ������ �� ��
��� �������� (3 �m � ���-2 �m). ^�� ������
�� ���� ������ �� ��	������ ������ �������
� ��� �� ���
�������
�����
��� �� ������������ HPLC ����
�, !�� ���� �������� ��
UPLC �����
� [3].
‘����
�� �� ��	����� HPLC ������, ��	����� �� �core shell�
��>�������� �� 
�� �� �� ����� ����� ������ ���������� ��
���������� HPLC ������
����. �Core-shell� ���������� (���� ����
�������� �fused-Core� � ��������,  �shell� �������� ��� �������� ��
������������ ����	���� �� ����!�����) �� �������� �� 
�����
����� � ����	�� ������� [4]. "������ ����	�� ����  �� 
���
�	���
����� �� ����	��� � 	��������� �� ��������� ����������  �� 
���,
!�� ��	������ �� ������
� ���������� �� ��������, ��	 �� ��
������ �� >��
������������ ��	���
���, � �������
��� ��
���	������ 	����
��� ����������, �� �������� �� �����
���������
������ [3,4].
’���� �� ���� ���� � �� �� ��	��� HPLC 
���� 	� �������
���
������������ �� ���������� ������
 � �� �������� ������������
�� ���
�
������ ��	����� ���
� (����� 	� ���, ���), �� ���
���
�� HPLC ������ ��	����� �� �core-shell� ��>���������� �� �������.

�����
��������� ��� 
<��������� ��������: 
���������� ������
, ���������� �������
���, � ��������� ��

������ � ��	����� �� ���� �� ������ ���
�����
��� 1 mg/ml. 
<����������� �������� �� ���� ������������ �� ����������
���������� � �� �
��� �� ���������� �� ��������������,
���������� �������
��, �� 
������ � ��	�������� �� ���� ��
������ ���
�����
��� 2 mg/ml 	� ����� ������������.
^����� �������: 
����� 	� ��� (0,1% ���������� ������
): ��
��
������ ��������
0,1% ������� � �������� ��������, ��	 ��	��������. 
��� (1% ���������� ������
): ���
���� �� �������� �������� �

��������� � ��	����� �� ���� �� ������ ���
�����
��� ��
���������� ������
: 0,1% 
���
���������� ������ 
{����������� �� ���������� �� Agilent 1200 LC �����
, �� ���
���
�� Kinetextm (Phenomenex,Inc) �core-shell� C18 ������  �� ��
��	��
100 x 4,6 mm 2,6 µm,  ���������� ����� (1.04 g/l NaH2PO4x2H2O, pH
2,5) � 
������ (60/40, v/v) ���� 
������ ��	�. "�
���������� ��
�������� � 30oC. ^������� � 2,3 ml /min. *���
���� �� �����������
� 20 µl. UV �����
����� � �� 254 nm.


�������� � �������JA
<� ���
��� �� �����������e >��
���������� ������, 	� ���
� ��
6 
����� � ���������� 	������������ ��	�������� (Rs� 2) ��
��������� ������ ("����� 1). _�	���
����� ��
�$� ����������
������
 � �������������� @ � ����� 16 (������ �������� �� Ph.Eur
����� �� �	������ ���
���� 6,5). 
"����� 1. _�	������ �� ������������ �� �����
��

N-��������� ������, � �-������ �� ����
����, R�-��	���
��� ��
����>������ ���, RT-�����
���� ���
�, AUC-����!��� ��� ���

��������� ��������� 	� ����������� ������ 	� ���� ������
��������� �� ����� ��	�������� �� ��
��������� � 	������������
���������� �� ��������. ^��
�	����� �� �����
�� � ��������� ��
������������� �� �����
������ ���
� � �� ����!����� ��� ���
(RSD% � 2,0%).  
|�
���� �� �����
��� (LOD) � ��
���� �� ����������
��� (LOQ) ��
���������� �� ��	��������� ���������� ������
��� (s)  � ��������
(S) �� ������������ ����� [5]. ��������� ��	������ 	� LOD (3.3s/s) �
LOQ (10s/s) ��������� �� ����� ���������� �� 
������ ("����� 2). 
Tab��� 2. LOD � LOQ 	� ���� ������������ 

^����������� 
���� � ���
���� 	� �����	� �� ���
���
� ��
��
��
������ ��������  ����� 	� ��� � ��� (<���� 1 � <���� 2).
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<���� 1. ���
������
 �� �������� ������� �� ����� 	� ���

<���� 2. ���
������
 �� �������� ������� �� ���

‘� >��
������
��� �� ���
��� ����������   	� ����� ���
���
��
�� �� 	��������� �������������� ������ !�� �� ���������
���
��������� �� 
������.

��������
_�	���� � ���������� � ��	 HPLC 
���� 	� ������������ ��
���������� ������
 � �������� ������������ �� ���
��� ��
������ ��	����� �� �core-shell� ��>��������. ~������ � �������,
��������e� � ���
����e� � 
��� �� �� ���
����� 	� �����	� ��
���
�
������ ��������� !�� ������� ���������� ������
. 
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HEADSPACE GAS CHROMATOGRAPHY
METHOD FOR DETERMINATION OF 
PROPYLENE GLYCOL

M. Hadzieva, A. Poceva Panovska, K. Brezovska, L.
Xgrinova, J. Tonic Ribarska,  A. Dimitrovska

Center of drug quality control, Faculty of Pharmacy, �Ss. Cyril and
Methodius�, University, Skopje, Macedonia 

INTRODUCTION 
Propylene glycol (propane-1,2-diol) (PG) is an odorless and colorless
liquid with wide practical applications. It has good solvent properties
for many aromatic compounds and it is miscible with water in all pro-
portion.  Due to these characteristics PG is frequently used to increase
the solubilization of non-polar pharmaceuticals in aqueous solvents.
It can be found as a solvent/co-solvent in many pharmaceutical prepa-
rations including oral, parenteral and topical. 
Concerning its toxicity PG is generally recognized as safe and it is
approved by the FDA (Food and Drug Administration) for use in food,
drugs and cosmetics [2]. Although consider harmless, there is reported
toxicity in patients receiving large amounts of PG through long term
administration of intravenous pharmaceutical preparations. Toxic ef-
fects are manifested by metabolic acidosis, cardiac arrhythmias, renal
disfunction, central nervous system disturbances, and hyperosmolarity
[1,3].
Quantitative determination of PG is usually required in pharmaceuti-
cal preparations where its content is very high (up to 80%). The com-
monly used analytical method to quantify glycols is based on gas
chromatographic separation with flame ionization (FID) or MS detec-
tion. Several GC methods require derivatisation of propylene glycol
prior chromatography [4,5].
The aim of the study was to develop headspace - gas chromatographic
(HS-GC) method for determination of PG as a solvent in parenteral
preparation with a high content of PG.

EXPERIMENTAL
Chromatographic conditions
Experiments were performed on Perkin Elmer Clarus 500 GC System
equipped with a flame ionization detector (FID) using Headspace
Turbo matrix sampler (Perkin Elmer). Separation was done on 100%
polyethylene glycol capillary column (DB-WAX, 30 m x 0,53mm i.d, 1
�m film thickness, Agilent Technology, Inc.).  Operating conditions are
given in Table 1 and Table 2.

Table 1 Headspace Conditions 
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Table 2 Conditions of the gas chromatograph 

Standards and samples
Stock solution of PG was prepared by dissolving PG in water and di-
luting to final concentration of 80 mg/ml.
Internal standard stock solution was prepared by dissolving benzyl al-
cohol (BA) in water and diluting to final concentration of 1,5 mg/ml.
Standard solution: 5 ml of standard stock solution of propylene glycol
and 5 ml of internal standard stock solution in 25 ml volumetric flash.
Test solution: 5 ml commercially available concentrate for solution for
infusion of �-lipoic acid and 5 ml internal standard stock solution were
diluted to 25 ml with water.
Validation of the method
Validation of the method was perfomed following the International
Conference on Harmonisation (ICH) guidelines and included determi-
nation of specificity-selectivity, linearity (40-120 mg/ml), accuracy and
precision [6]. 

RESULTS AND DISCUSSION
A HS-GC FID method for determination of PG as a solvent in parenteral
preparation with a high content of PG was developed. 
The obtained retention time (RT) of PG was 4.54 min with a good peak
shape (Fig 1). The internal standard, BA (RT=11.5, Fig 2) elutes after
the PG with complete resolution (Rs � 2, Table 3) indicating a good se-
lectivity of the method.

Table 3.  Results of system suitability parameters

(N-theoretical plates, k�-capacity factor, Rs-resolution) 

The obtained values for repeatability of the retention times and peak
areas (AUC) (RSD � 2%, n=6) confirmed that the system is precise (Table 3).
The results obtained from the regression analysis of AUC versus con-
centration, indicate that the method is linear (y = 366.68x + 176.83,
R2=0.996). 
In the chromatograms obtained from the blank sample and placebo no
significant influence of other compounds on quantification was
observed, which indicates on the specificity of the method.

Fig.1 Chromatogram of the standard solution of PG

Fig.2 Chromatogram of the test solution

The values for recovery and RSD%, obtained from determination of
PG in concentrate for solution for infusion of �-lipoic acid, using
method of standard addition, confirmed that the method is accurate
and precise in the range of 80% to 120% of the working concentra-
tion.

CONCLUSION
A simple, specific, accurate and precise method based on a HS-GC FID
was developed for determination of PG as a solvent in parenteral
preparation with a high content of PG. 
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����� �� ��
��������� ��
�
������ 	����� �� �
����� ��
�HEADSPACE� 	���� (
�����	
�
���

�. ��9�
��, A. �
3
�� ���
����, 5. ��
�
����,
J.%
��� <�������,  \. [$���
��, A. *�!���
���� 

’����� 	� ���������� � �������� �� ������, ���
�
������
��������, ������	���� �<�. ����� � ~�������, *�������� 17, <�����,
Ma��������

����� 
^������� �������� (������-1,2-����) (PG) � ��	����� �������, ��	

����, ���� �� 
�!� �� ���� �� ���� ������ � e ���a� �����������
	� 
���� ���
������ �����������. ^����� ���� �������������� PG
����� �� ������� 	� �� �� 	����
� �������������� �� ���������
������ �� ������ ������������. "�� �� ���������� ���� ������ �� -
���/������������� �� 
���� ���
�
������ ��������� �����������
������, ������������ � ��������� 	� �������!�� ��������. 
*� ����� �� �������� ����������, �������� �� �
��� 	� ��	����� �
� ������� �� @
��������� @���
��� 	� >���� � ������ (FDA) 	�
�������� �� >����, ������ � ��	
����� [2]. {��� ���� 	� ��	�����,
��������� � ���������� ��� ��
����� ��� ���
��� ����
� ��������
�� PG ����� ����������� ��
�������
��� �� ��������� 	� ����� ��� -
��� ��������. "��������� ������ �� 
������������ �� 
��������
�
���	�, ��
��� ����
��, �������� �������
���, ����!����� ��

���������� ������ �����
 � >������
�������� [1,3].
*� ���
�
������ ��������� ���� �������� �� PG � ������ (�� 80%)
�������� � ������ ������������� ������������. ‘������� ��������
���������� 
���� 	� ����������
��� �� ������� � �������
>��
���������� (GC) �� ���
�� ����	�
����� (FID) ��� 
����
��������. ‘���� GC 
����� �������� �������� �� ��������	�
���
�� PG [4,5]. 
’���� �� ���� ���� ��!� �� �� ��	���  
���� 	� ������������ �� PG
���� ����������� �� ������������ ��������� �� ���
��� �� �head-
space� ����� >��
���������� (HS-GC).

E����
�������E� ���
���
���������� ������
{����������� �� ���������� �� Perkin Elmer Clarus 500 GC �����

����
�� �� FID � Headspace Turbo Matrix sampler (Perkin Elmer),
���������� ��������� ������ �������� �� 100% ���������� ������
(DB-WAX, 30 m x 0,53mm i.d, 1 µm ft, Agilent Technology, Inc.).
_�������� ������ �� ������ �� "����� 1 � "����� 2. 

"����� 1. �Headspace� ������

"����� 2. ������ �� ������� >��
������� 

_������� 	� ������
���
?������ ���������� ������� �� PG � ��������� �� ���������� ��
PG � ��	�������� �� ���� �� ������ ���
�����
��a �� 80 mg/ml.
?������ ������� �� ������!�� �������� � ��������� ��
���������� �� ���	�� ����>�� (*@) � ��	�������� �� ���� �� ������
���
�����
��� �� 1,5 mg/ml.
<��������� �������: 5 ml �������  ��������e� ������� �� PG � 5 ml
������� ������� �� ������!e� �������� �� ��	�������� �� ���� ��
25 ml.
^����� �������: 5 ml ��
��
������ ���
������ 	� ������� 	�
����	��� �� �-��������� �������� � 5 ml ������� ������� ��
������!�� �������� �� ��	�������� �� ���� �� 25 ml. 

*�����
��� �� 
������
*�����
����� �� 
������ � �	������ ������ �������� �� ~�$� �� �� -
��� ��������
��� 	� >��
���	�
��� (ICH) � �������� ������������
�� ���
��������/ ������������, ���������� (40-120 mg/ml), �������
� ���
�	���� [6].


�������� � �������JA 
_�	���� � HS-GC FID 
���� 	� ������������ �� PG ���� �����������
�� ������������ ��������� �� ������ �������� �� PG.
��������� �����
���� ���
� (RT) �� PG �	������ 4,54 
�����
(<���� 1). *�����!���� ��������, BA (RT = 11,5, <���� 2) ������ ��
����� �� PG �� ��
������ ��	���
��� (Rs � 2, "����� 3), !�� �������
�� ����� ������������ �� 
������.
"����� 3. _�	������ �� ����
������ 	� ����������� �� �����
�� 

(N-��������� ������, � �- ������ �� ����
����, Rs-��	���
���)

��������� ��������� 	� ������������� �� �����
������ ���
� �
����!����� ��� ��� (AUC) (RSD�2%, n=6) ja ����������� ���
�	�����
�� �����
�� ("����� 3). 
_�	�������� ������� �� �������o���� �����	� �� AUC �� ����� ��
���
�����
�����, ��������� ���� 
������ � �������� 
(y = 366.68x + 176.83, R2 = 0,996). 
‘� >��
������
��� ������� �� ������� ����� � ���
����� �� ��
	� �������� �������������� ������ ��� �� �������� �� ���� �� �� -
�� 
����� �� ������� ��
�������, !�� ������� �� ���
��������a ��

� �����.
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<���� 1. ���
������
 �� ���������� ������� �� PG

<���� 2. ���
������
 �� ������ ������� 

*���������� 	� ���������� ������ � RSD%, ������� ��
������������ �� PG �� ���
������ 	� ������� 	� ����	��� �� �-
��������� ��������, �� 
���� �� ���������� ������
�,
����������� ���� 
������ � ����� � ���
�	�� �� ����� �� 80% ��
120% �� ��������� ���
�����
���.

��������
_�	���� � 
���� 	� ������������ �� PG ��	���� �� HS-GC FID.
~������ � ����������, ���
������, ����� � ���
�	�� � 
��� �� ��
������� 	� ������������ �� PG �� ���
�
������ ��������� 	�
������������ ��������. 
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TECHNIQUES FOR THE PREPARATION OF
BIOLOGICAL SAMPLES: THEORETICAL AS-
PECTS OF SPE 

S. Petrovski, J. Tonic-Ribarska, S. Trajkovic-Jolevska 

Faculty of Pharmacy, University �Ss Cyril and Methodius�, Skopje,
Macedonia

INTRODUCTION
Sample preparation is a procedure used to clean up a sample before
analysis and/or to concentrate a sample to improve its detection.
When samples are biological fluids such as plasma, serum or urine, this
technique is described as bioanalytical sample preparation.
Sample preparation used to be a long step (60% of the work activity
and operating cost) in the analysis and is necessary because most
analytical instruments cannot accept the matrix directly. Three major
goals for sample preparation are to remove interferences from the
sample matrix, to concentrate analytes of interest and to improve
analytical system performances [1].
To accomplish these goals, the most commonly used techniques for
sample preparation are: liquid � liquid extraction (LLE), solid � phase ex-
traction (SPE), solid � phase microextraction (SPME) and stir � bar sorp-
tive extraction (SBSE).
The aim of this paper was to present advantages and disadvantages of
solid phase extraction which is the most widely used sample prepara-
tion technique in the analysis of active compounds and their metabo-
lites in biological matrices.

MATRIX EFFECT AND SAMPLE PRETREATMEN
The analysis of such samples requires an adequate sample preparation
step prior to the separation, detection and quantification. Biological
samples cannot usually be injected directly into an analytical system,
because of the multitude of substances present in the sample matrix
that can potentially interfere with the analysis. These materials
include proteins, salts, endogenous macromolecules, small molecules
and metabolic by-products [2]. This matrix component can potentially
affect of the analyte ionization and can lead to decreased
reproducibility and accuracy for an assay. Therefore, analysts need to
use a post-extraction spiked matrix blank and compare the results with
an analytical standard in solution to determine the influence of the
matrix on the analysis [2,3].
Sample pretreatment steps are commonly used to adjust sample pH
and/or disrupt protein binding and their removal. For adjustment of
pH generally are used either buffers or basic or acidic solutions. When
using a blood or plasma sample, protein binding must be disrupted in
the sample pretreatment step by the addition of a organic solvent,
strong salt solution or a strong acid solution. Presence of metabolic
conjugate in urine sample may need to be liberated before adsorption
and therefore hydrolysis with strong acids and bases or enzyme
hydrolysis with � � glucuronidase must be performed. Dilution may be
appropriate to reduce sample viscosity and improve flow
characteristics. Centrifugation and filtration are also used in these
situations [2,3].

SOLID � PHASE EXTRACTION
Solid � phase extraction (SPE) is nonequilibrium, but exhaustive pro-
cedure compared to the other techniques for sample preparation: LLE,
SPME and SBSE, which are more complex to perform.  
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There are two strategies for SPE:  first, active substance can be unre-
tained, while matrix interferences are adsorbed (Fig. 1); and the sec-
ond, active substance can be retained, while matrix interferences are
washed through (Fig. 2) [4]. 

Fig. 1. SPE: Active substance          Fig. 2. SPE: Active substance 
is unretained.                                          is retained.

Depending on how compounds are retained by the sorbent, there are
several retention mechanisms: 

» reversed phase (polar liquid phase, nonpolar modified solid
phase). Retention of the analyte are by hydrophobic interactions
(nonpolar �nonpolar interactions, van der Waals or dispersion
forces);             
»normal phase (nonpolar liquid phase, polar modified solid
phase). The analyte is retain on the sorbent by hydrophylic inter-
actions (polar � polar interactions, hydrogen bonding, � � � inter-
actions, dipole � dipole or dipole � induced dipole interactions); 
»ion exchange (anion or cation exchange) (electrostatic attrac-
tion of charged group on compound to a charged group on the
sorbent�s surface) [5].

The basic steps for solid � phase extraction involve (Fig. 3): condition-
ing/equilibrating the sorbent, loading the sample; washing the sorbent
(clean up) and elutioning of target analyte [5].

Fig. 3: The basic steps for SPE.

Numerous advantages of the solid � phase extraction technique for
sample preparation include: very selective extracts; wide variety of
sample matrices accepted; analytes can be concentrated; high
recoveries with good reproducibilities; improved throughput via
parallel processing; low solvent volumes; suitable for full automation;
and no emulsion formation as seen with LLE. Disadvantages such as in-
complete removal of interferences, and low stability of the sorbents in
base solution, also may be present [2].

CONCLUSIONS
Sample pretreatment including solid � phase extraction procedure is
important to ensure efficient detection and quantification of analyte.
SPE is a nonequilibrium and exhaustive procedure, which is mostly
used for preparation of biological samples.  

This technique is simple and effective method to separate groups of
compounds with different characteristics. In clinical analysis where
drugs are potent and are dosed at low levels, the important criteria of
ultra sensitivity, great selectivity and a rugged method point toward
solid � phase extraction as the technique of choice for preparation of
biological samples.
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���-
(
�
����

���
�
������ ��������, ������	���� �<������ � ~�������, <�����,
~���������

�����
^����������� �� ���
������ 	� �����	� � �������� !�� �� �������
	� ������������ �� ���
������ ���� �����	� �/��� �� ��
���
������� �������� �������� �� ���
������ �� 
�� �� ��
������� �������� �����
�����. ���� ���
���
��� 	� �����	� ��
�����!�� �������� ���� �� ���
��: ���	
�, ����
 ��� �����, ����
�������� �� �������� ���������� �� ���
���
� 	� �������������
����������.
^���������� �� ���
������ ����������� ���� ���
�� (60% ��
���������� � ���!���� 	� �������� >�
���� �����	�) � � �������
�����, ������� ��� �������
��� ��� �� ������������ ������
����
!�� �� �������� 	� ������������, ���
������ 	� �����	� �� 
���
�� ���� �������� ����
���� �� �����
��. ^����������� �� ��� 
� -
�� ��� �
� ��� ������� 
���: ������������ �� ����� �� ��� 
� ��� ���

��� �� ����� �������� �� 
��������, ���
��������� �� ���������
�� ������� � ����������� �� ������
������ �� ������������
�����
 [1].
‘������� ��������� ��>���� 	� ���������� �� ���
���
� ��: �����
� ����� �������
��� (LLE), 
����� � ��	�� �������
��� (SPE), 
�����
� ��	�� 
�����������
��� (SPME) � �������
��� �� ����
����

�!���� (SBSE).
’���� �� ���� ���� � �� �� �	����� ����������� � ���������
��� ��

�����-��	���� �������
���, ���� �������� ������������ ��>���� 	�
���������� �� �����!�� ���
���
� 	� �����	� �� ��������� ��
�� -
����� � 
�����������.
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���
��� �
��� � �
���
����� �� �
���
����
^�� �����	� �� �����!�� ���
���� �������� �  ���������
���������� �� ���
������ ���� ��	����������, �����
����� �
��������������. }����!���� ���
���
� �������� �� 
��� �� �����
�������� ����������� �� ������������ �����
, ������ �����������
�� �������������� �������
�� �� 
��������. ���� ��������������
�������
�� �� ��������: ��������, ����, �������� 
����
�������,

��� 
������� � 
�������� �������� [2]. ?��� ��
������� 
��� ��
������� �� ����	�
����� �� ��������� � 
��� �� ������� ��
��
������� �� �������
��������� � �������� �� ��	��������.
^����� ���, ����>���� � �� �� �������� ���������� �� 
��������
��	 ������������ ������� [2,3].
^����������� �� ���
������ ���� �������
���, �������� �� �	������
	� ���������� �� pH �� ���
������ �/��� 	� ����������� ��
������� �� ��������� �� ����������. #� ���������� �� pH ������
�� �������� ������ ��� ��	�� /������ ��������. ������� ���
����
	� �����	� � ���	
� ��� ���, ������� �� �������� �� ����������
����� �� �� ������� �� �������
���� �� ���
������, � ��� ��
�������� �� �������� �����������, �������� �� ���� (���������)
��� ������� �� ���� ��������. ������� �� ���
���
� �� ����� ��
�������� 
�������� ��������, �������� � �� �� �	��!� �����
>������	� �� ����� �������� ��� ��	� ��� ��	�
��� >������	� ��
� ������������	�. ‘�
������� �� �����	����� �� ���
������ �
����������� �� ���������� ������� 
��� �� �� �������� ��
��	��������,  
������������� �/��� ������
��� [2,3].

��
��� � 
���� ����
������
SPE ����������� ����
�������, �� �������� �������� �� ��������
�� ������� ��>���� ��� !�� �� �������� 	� ���������� ��
���
���
��� 	� ������������� ����������: LLE, SPME � SBSE, ���
������ �� � ��������� ��>���� 	� ������.
^������� ��� ������ 	� �	�������� �� 
����� ��	���� �������
���:
������
��� �� ���������������� ��
������� �� 
�������� ��
��������� (<�.1); � ������
��� �� ��������� �������
��� ��
��������� (<�.2) [4].

<�. 1. SPE: @�������� �������
�           <�. 2. SPE: @�������� �������
�
�� �� 	������� �� ���������        �� 	������� �� �������.

*� 	�������� �� ������� �� ��� ��
��������� �� ����������� ��
����!����� �� ���������, �������� ������� 
�>���	
� ��
�����
���:

» �����	�� ��	��: �����
����� �� �������� �� ��!� �����
>��������� �������
�� (��������� � ��������� �������
��,
van der Waals���� ���� ��� ���� �� ������	���);
» ���
���� ��	��: �������� �� ��������� �� ��������� ��
��� �� >��������� �������
�� (������� � �������
�������
��, ��������� �����, ��� �������
��, ����� � �����
��� ����� � ����
���� ����� �������
��);
» ������ ��	
��� (�������������� ������������ ��
���������	������� ����� �� �������� ��� ���������
���������	������� ����� �� ����!����� �� ���������).

<�. 3: ?������ ������ 	� SPE.

?�������� ������ 	� SPE ����������: �����
�������� ��
���������, ������� �� �������� �� ���
������ 	� �����	�, 
����
� �������� �� �������� [5]. (<�. 3)
~������������ ��������� �� SPE, ���� ��>���� 	� ���������� ��
���
���
� 	� �����	�, ����������: !���� ������� �� 
������� !��

��� �� �� ���������, ���
�������� �� ���������, �����
���������� ������ �� ����� �������
��������, 
������ 	�
������
��� � �����	� �� ������ ���
���
� �������
���, ��������
�� 
��� ����
��� �� ������������, 
������ 	� 
������
����
���	�
��� �� ���
���� � �� �� ���
����� �
��	�� ���� ���
LLE. ~�$����, ������ �������� ���������, SPE �
� � �������
���������
�, ���� !�� �� ��
������ ������������ ��
���������������� �������
�� � 
����� ���������� �� ���������
�� ��	�� �������� [2]. 

��������
^����������� �� �����!�� ���
���
� 	� �����	�, �� ���
��� ��

����� � ��	�� �������
���, � ����� �������� �� ���� �� ���	������
�������� ����� � ���
�	�� ��	������ �� ���������������
����������
SPE ����������� ����
������� � �������� �������� !�� � ��������
������������ 	� ���������� �� �����!�� ���
���
�.
?��� ��>���� � ���������� � �������� 
���� 	� ��	�������� ��
��
������� �� ��	����� ��������������. *� ���������� ������
���� �������� �� �������� � �� ��	����� �� 
���� �����
���
�����
���, ��������
��� �� ������ ���������� � �������
������������ �� 
������ �� ������ !�� �� ������ 
����� � ��	����
�������
��� ��>���� �� �	��� 	� ���������� �� �����!��
���
���
�.

����
���
�
1. Hannah White, Presentation of Sample Preparation Strategies  for Water Analysis,
Waters Corporation, (2007)
2. David A. Wells, High Throughput Bioanalytical Sample Preparation Methods and
Automation Strategies, Sample Prep Solutions Company, St.Paul, Minesota, pp. 41-51,
361-383, (2003)
3. J.Henion, E.Brewer and G.Rule, Anal. Chem. 70 (1998) 650A-656A
4. Patrick D. McDonald, Ph.D.; Edourd S.P. Bouvier, Ph.D., Solid Phase Extraction
Applications Guide and Bibliography, A Resource for Sample Preparation Methods
Development, Sixth Edition, (1995) 
5. Somenath Mitra, Sample Preparation Techniques in Analytical Chemistry, volume 162
(2003), pp. 81-96
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FORCED DEGRADATION STUDY ON CLOPI-
DOGREL [5 mg FILM COATED TABLETS AS
USEFUL TOOL DURING ANALYTICAL
METHOD DEVELOPMENT

Ksenija Brzilova, Ana Georgieva,
Elena Kazandzievska, Gjorgji Petru�evski, 
Suzan Memed-Sejfulah, Sanja Simeonovska, 
Biljana �apkareva, Sonja Xgarkovic

Research and Development, ALKALOID AD, Aleksandar Makedonski 12,
1000 Skopje, Republic of Macedonia

INTRODUCTION 
Clopidogrel is active pharmaceutical ingredient which belongs to the
group of platelet aggregation inhibitors used to inhibit blood clots in
coronary artery disease, peripheral vascular disease and cerebro vascu-
lar disease. 
In the literature, four impurities of Clopidogrel have already been iden-
tified: Clopidogrel related compound A, positional stereo isomers of
Clopidogrel named as Clopidogrel related compound B1 and B2, and
chiral isomer of Clopidogrel named as Clopidogrel related compound C.

AIM OF THE STUDY
The purpose of this forced degradation study was to challenge the
ability of the analytical method, enclosed in USP monograph for Clopi-
dogrel tablets, to separate, detect, identify and quantify degradation
products formed when film coated tablets were exposed on several
different stress conditions.

EXPERIMENTAL
Clopidogrel 75 mg film coated tablets were exposed at the following
stress conditions:

» photolytic degradation [2] (illumination of 1.2 million lux
hours for 7 hours; integrated near ultraviolet energy of
200Wh/m2 for 3hours; and then exposed to five times increased
irradiance dose for 35hours);
» thermal degradation (105°C for 120hours);
» temperature and humidity degradation
(40°C and 75%RH for 50days).

HPLC method was used for determination of degradation products:

» Column: Ultron ES-OVM Chiral, 150mm x 4.6mm i.d.; 5um;
» Detection: UV-220nm;
» Mobile phase A: Phosphate buffer containing 1.36g KH2PO4
in 1000ml H2O;
» Mobile phase B: Methanol;
» Isocratic elution;
» Waters Alliance HPLC system, with PDA Detector.

RESULTS AND DISCUSSION 
The obtained results are presented in the Table 1.

Table 1. Obtained data for the control and stressed sample of Clopi-
dogrel 75 mg film-coated tablets.

It can be seen that th� biggest amount of the degradation products
was formed during the thermal degradation. On the other hand, it can
be noticed that thermal degradation study was performed at extreme
external stress stimuli, notably different than the real environmental
condition on which the finished product can be exposed. Therefore, it
can be concluded that the main degradation of active pharmaceuti-
cal ingredient Clopidogrel is generated when film coated tablets are
exposed to higher temperature and humidity levels. This stress condi-
tion causes growing of the amount of the known impurities Clopido-
grel Related Compound A and Clopidogrel Related Compound C. It
can be also seen that there is a significant growth of the amount of
the unknown impurity with relative retention time around 0.3. The lit-
erature data [1] suggests that this impurity is oxidation impurity of
the active substance. 
UV and ~ass spectroscopy characterization of the unknown impurity
was performed by LC-DAD-ESI-MS. The obtained UV and ~ass spectra
were compared with the corresponding UV and ~ass spectra pre-
sented in the literature [1] and it was found that they are identical.
Small portion of this impurity was synthesized according to the mo-
lecular structure found in the literature, having chemical name 5-[1-(2-
ch loropheny l ) -2 -methoxy-2 -oxoethy l ] -6 ,7 -d ihydroth ieno
[3,2-c]pyridine-5-ium. The comparison of the spectral data, regarding
the unknown impurity, obtained from the forced film coated tablet�s
specimen and the synthesized example, confirmed the identity of this
compound, having relative molecular mass of 320. 
The purity of the obtained peak of Clopidogrel in this forced degra-
dation study was also checked. Since the purity angle value was lower
than the purity threshold value, it was shown that the Clopidogrel peak
was pure, with no peaks beneath it. 

CONCLUSION 
It is concluded that HPLC method used for determination of related
and degradation products in the finished product has shown good se-
lectivity and is stability indicating. This HPLC method can be used in
determination of potential known and unknown impurities which can
be formed during the degradation process of active pharmaceutical in-
gredient Clopidogrel bisulfate.

REFERENCES
1. A. Mohan, M. Hariharan, E. Vikraman, G. Subbiah, B. R. Venkataraman, D. Saravanan,
J. Pharm. Biomed. Anal. 47 (2008) 183�189.   
2.  Q1B: Photostability Testing of New Drug Substances and Products,(November1996)
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������� �� ��’
���� ��	
�������
�� CLOPIDOGREL [5 mg 
���
�’��+��� ��’���� � ��
����
������ �
� 
����� �� ������������
������

5�
���� �����
��, 4�� "

�$�
��, ��
��
5����9�
����, 	
��� �
���7
����, ����� �
!
#-
�
�0���Y, ��)� ��!

�
����, �������
;�����
��, �
)� [$���
���
{���������� � ��	���, @|�@|?{� @�, @��������� ~���������
12, 1000 <�����, _�������� ~���������

�����
Clopidogrel � ������� ���
�
������ �������
� ���� ���$� �� �������
�� ��>������� �� ���
��
������ ������
���. *� ������������ ��
��	���� � �������������� ������ ������������ �� Clopidogrel:
Clopidogrel Related Compound A, ������ �	�
����� ��  Clopidogrel
�
������� ���� Clopidogrel Related Compound B1 � B2, � >��������
�	�
�� Clopidogrel Related Compound C.

��� �� ���������
’���� �� ���� ������� �� 	���	���  �������
��� ��!� �� �� ������
����������� �� ������������ 
�����, �������� �� USP

������������ 	� Clopidogrel �������, �� �� �����, ���������,
������������ � ��������
��� �������
������ �������� ��� ��
��	������ ���� ���
 ���������� ������� �� �� �	����� ���
�������� �� ��	����� �������!�� ����� ������.

�����
��������� ������
Clopidogrel 75 mg ���
 �������� ������� ��� �	������ ��
�������� ����� ������: 

» ����������� �������
��� [2] (	������ �� 1.2 
������ lux/h ��
������ �� 7 ����, ����������� �* �������� ��  200Wh/m2 ��
������ �� 3 ����, � ����� �	�������� �� ��� ���� 	����
���
��	� �� 	������ �� ������ �� 35 ����);
» ���
���� �������
��� (105°C 	� ���
� �� 120 ����);
» �������
��� ��� �������� �� ��
�������� � ����� (40°C �
75%RH 	� ���
� �� 50 ����).

#� ����������� �� �������
������ ����	���� ��!� ���������
HPLC 
�����:

» ������: Ultron ES-OVM Chiral, 150mm x 4.6mm i.d; 5um;
» �����
���: UV-220nm;
» ~������ ��	� A: �������� ����� ��� ������ 1.36g KH2PO4
�� 1000ml H2O;
» ~������ ��	� B: ~������;
» {	�������� �������� �� 
�������� ��	�;
» Waters Alliance HPLC �����
 �� PDA ��������.


�������� � ���������
��������� ��	������ �� ���	�������� �� "����� 1.

��8��� 1. ������� ��	������ 	� ���������� � �������� ���
����
Clopidogrel 75 mg ���
 �������� �������

^�� �	����� �� ���
������ �������
��� �� 	������� ��	������ ��
�������
� ���������� �� �������
���� ��������. ‘�, ������� ����
������� ��!� �	������ ��� ������� �� ������
�� ����� ������, ���
	��������� �� ��	�������� �� �������� ������ �� ��� ��������
����	��� 
��� �� ���� �	�����, �� ��� 	�
��� ���� ����������
����	����� 	� ����������� �������
���. *��!����, ��!�
	��������� ���� �������� �������
��� �� ���
�
������ ���������
�������
� Clopidogrel �� ������� ���� ���
 ���������� ������� ��
�	������ �� �������� �� 	����
��� ��
�������� � �����. ^�� ����
����� ������ ���$� �� 	����
����� �� ������������ �� ��	������
������������ Clopidogrel Related Compound A � Clopidogrel Related
Compound C. {��� ����, ��!�  	�������� � 	��������� ������ ��
������������ �� ����	������ ������������ �� ���������
�����
���� ���
� ����� 0.3. |������������  ������
� [1] ���������
���� ��� ������������ � ������
���� ������������ �� ���������
�������
� Clopidogrel.
���������	�
����� �� ����	������ �������� ���� ��!� �	������ ��
�	������� �� �������� ������������� (�*) � 
���� ������� �� ��
�!
�� LC-DAD-ESI-MS. ��������� �* � 
���� ������� ��� ���������
�� ����������� ������� ���	�������� �� ������������ [1] � ��!�
	�������� ���� ��� �� ���������. ~��� ���������� �� ���
������������ ��!� �������	�����, ������ 
����������� ���������
�������� �� ������������ (5-[1-(2->���������)-2-
������-2-
��������]-6,7-��>��������� [3,2-c]�������-5-��
. {��� �� �� ��
���
�� ����	������ ������������, ������� ��� �����������
�������
��� �� ���
 ���������� �������, ��!� ������������
�	������ ����� �������� �� �������� ������� � ��������� �������
�� �������	������� ���
����. }�!� 	��������� ��������
�����$��� �� ���������������� ������
� 	� ������ �������� �
�������	������� ��� 
����. }�!� ���������� � �����������

��������� 
��� (320) �� �������������o.
������������, ��!� ��������� � ��������� �� ��������� ��� ��
Clopidogrel. ��������� �������� 	� �purity angle� ��!� ������� ��
��������� �������� 	� �purity threshold�, �� !�� �� ������ ����
����� �� Clopidorel � ����, ������� ���� ��� �������� ����!���
��
� ����� ������.
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��������
<����� ������
��� ������� �� ��������� �� 	���	��� �������
���
��!� 	�������� ���� HPLC 
������� ���� �� ������� 	� ����������
�� �������� � �������
������ �������� �� �������� ����	��� �
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INTRODUCTION
Clopidogrel is a prodrug which is intensively metabolized in the human
liver (1). The presence of clopidogrel and its active metabolite in
human plasma can not be accurately determined. Therefore, the phar-
macokinetic profile of clopidogrel is determined by quantification of
the serum concentration of clopidogrel-carboxilic acid (CCA) - the
main circulating metabolite which is pharmacollogicaly inactive (2, 3).
The quantification of CCA in human plasma can be performed by sev-
eral GC-MS, LC-MS and HPLC methods (4). 
The aim of our study was to optimize and validate RP-HPLC method
with UV detection for determination of clopidogrel-carboxilic acid
(CCA) in human plasma.

MATERIALS AND METHODS

CHEMICALS AND REAGENTS
Acetonitrile and tetrahydrofuran were HPLC-grade and monobasic
potassium phosphate was analytical grade. Solid-phase extraction
(SPE) columns �Strata-X-C 30 mg/1 ml with SCX/RP sorbent were pur-
chased from Phenomenex. Clopidogrel-carboxilic acid   and ticlopi-
dine hydrochloride used as an internal standard were reference
standard substances.

SAMPLE PREPARATION
Human plasma was obtained from volunteers who had recived
clopidogrel therapy. 0.2 N HCl and 50 �L internal standard solution
were added to 0.5 ml plasma and, then samples were mixed for 10s.
Solid-phase extraction was performed in several steps. The SPE
column was washed with 1 ml 0.1 N HCl and then with 1 ml methanol.
The elution of the compounds of interest was performed with 1 ml 5%
ammonia solution prepared in methanol and acetonitrile mixture 1:1.
The eluent was collected in clean glass tubes  �nd dried under
nitrogen. The residue was reconstituted in 200 �l freshly prepared mo-
bile phase. 50�l from this solution were injected into the HPLC sys-
tem.

CHROMATOGRAPHY
The chromatographic separation was performed on Gemini C18,
150x4.6 mm, 5�m, Phenomenex analytical column and suitable Gemini
C18, 4.0x3.0 mm Phenomenex guard column at 25oC. The mobile
phase consisted of buffer solution of  0,01~ monobasic potassium
phosphate pH=3.2, acetonitrile and tetrahydrofurane in the ratio
80:18:2 was used. The final pH of mobile phase was 3.5. The mobile
phase flow was 1 ml/min and the analysis was monitored under the
wavelength of 202 nm. The injection volume was 50µL.

RESULTS AND DISCUSSION
A rapid, simple and sensitive HPLC method for determination of CCA
in human plasma was developed and validated according to FDA
Guideline (5).
The selectivity of the analytical method was determined by compar-
ing the chromatograms of the diluents, CCA and internal standards,
blank plasma and spiked plasma samples. There were no interfering
peaks at the retention times of CCA and IS. The retention times of
CCA and IS were 6,1 and 7,6 minutes, respectively (Fig.1).

Fig.1.Chromatograms  of standard solution of CCA (0.2 µg/ml CCA)
and pure plasma

Linearity was performed at 10 concentration points (exluding blank
values) in the concentration range from 0.2 µg/ml to 10 µg/ml in
tri pli cate, on three different days. The method has shown linear (R2=
0.9996). Accuracy was determined by 5 times replicate analysis of
plasma samples at three different concentration levels of CCA, 0.4, 1
� 8 µg/ml. Table 1 shows the intra-day accuracy and precision.
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Table 1:  Intra-day  accuracy and precision

Table 2: Intermediate  accuracy and precision

Robustness was investigated using Plackett-Burmane experimental
design (N=8). Results of robustness testing by means of effect of in-
vestigated factors on resolution (Rs) between peaks of CCA and IS are
shown in Table 3. The method has shown robust.

Table 4: Robustness testing

CONCLUSION
The HPLC analytical method for determination of clopidogrel-car-
boxilic acid in spiked human samples has shown parameters of preci-
sion, accuracy, linearity, limits of quantification and detection and
robustness in the limits of validation criteria. The results of this vali-
dation shown that CCA can be analyzed in human plasma in the con-
centration range 0.2µg/ml to 10µg/ml and the proposed HPLC method
can be successfully used for testing relative bioavailability of pharma-
ceutical products containing clopidogrel.
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����� ����� ������������ �� ����
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�������� ��
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��� �� �� �	���� �� ������� GC-MS, LC-MS ��� HPLC

����� (4). ’���� �� ��!��� ����������� ��!� �� ����
�	�
��� �
������
��� �� HPLC 
���� �� UV �����
��� 	� ������������ ��
�����������-����������� �������� (CCA) �� >�
��� ���	
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@CN � THF (HPLC-grade); KH2PO4 p.a.; �����a 	� 
�����-��	��
�������
��� Strata�X-C- 30mg/1ml �� Phenomenex; CCA � ����� �� -
��� >����>����� (IS) ���������� ���������� �������
�.

���	������ �� �
���
����
‘� 0.5 ml ���	
� �� ��
����� ��� �� ���������� ����� �� ��������
0.5 ml 0.2 N HCl � 50µL ������� �� ������!�� ��������.
^��
���
��� �� 
�!��� �� 10 s � �� ����������� �� 
����� ��	��
�������
��� (SPE). SPE �������� �� �����
������ �� 1 ml 0.1 N HCl
�� !�� �����  ���	��� ���������� �� 1 ml 
������. ���������� ��
��
��������� �� �	������ �� 1 ml 5% �
������ ����>���� ���������
�� �
��� �� 
������ � �
��������� �� ����� 1:1.
�������� �� ������ �� ����� �������� 
������ � �� ��!� ��
��
������ �� �	��. <����� ������� �� ������������� �� 200 µL ��� -
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mm, 5µm, Phenomenex  ���������� ������ � ��������� Gemini C18,
4.0x3.0 mm Phenomenex ���������� � 
�������� ��	� ���������
�� 0.01~ �����
 ��>������� ������ �� pH=3.2, �
��������� �
�����>��������� �� ����� 80/18/2, ��������� pH �������� ��

�������� ��	� � 3.5. ^������� �� 
�������� ��	� � 1 ml/min a UV-
�����
��� �� ������� ������� �� 202 nm. *���
���� �� �������-
���� �	������ 50µl.


�������� � ���������
_�	���� � ��	, ������� � ���
�	�� HPLC 
���� 	� ������������ ��
CCA �� >�
��� ���	
�, ��������� ������ ����������� �� FDA
������� (5). ‘� >��
������
��� �� �������������, ������� ��
���������� �������
�, ����� ���	
� � ���	
� �� ������� ���,
��������� 	� ������������ �� ������������� �� 
������, �� ��
	��������� �������������� ������ �� �����
������ ���
� ��
CCA � IS. _����
������ ���
��� �� CCA � IS ��� 6.1 � 7.6 
�����,
��������� (��.1).

<�.1.���
������
�  �� ������� �� ������������ �������
��� CCA
(0.2 µg/ml CCA) � ����� ���	
� 

|���������� ��!� ���������� �� ���
�����
���� �������� �� 0.2
�� 10µg/ml �� 10 ���
�����
���� ����� (������ ���
���
�) �� CCA
�� ��� ��	����� ������ (R2= 0,9996). "������� ��!� �������� ��
���
���
� �� ���	
� �� ���� ��!� �������� ����������� -
����������� ��������, �� ��� ��	����� ���
�����
��: 0.4, 1 �
8µg/ml ("����� 1) 

"����� 1: "������ �� ���� ������� ���

{����
��������� ���
�	���� ��!� �������� ����� �����	� �� 5
������������ ���������� ���
���
� �� ���	
� ��� �������
������� ��� �� ��� ��	����� ���
�����
�� ("����� 2).

"����� 2: {����
������� ���
�	����

@����������� ������ 	� CCA �� ���
���
� �� ���	
� �� ���
�������� �� ������ �������� �� CCA �	������ 95.87%. _����������
�� 
������ ��!� ���������� �� ���
��� �� Plackett-Burmane
experimental design (N=8). _�	�������� ��  ������������ ��
�����������, �	��	��� ���� ����� �� ������������ >��
����������
������ �� ��	���
����� 
�$� �������� �� IS � <<A � ��������� ��
"����� 3.

"����� 3: _��������� �� 
������
?���
�	�������  
���� � �������� �� ������������ �������
�� -
��� �� �������� �� >��
������������ �������.
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�	���� HPLC

���� 	� ������������� ���������� �� CCA  �� >�
��� ���	
�.
~������ �� ��������� ���� ��������
� �����!��� �� FDA �������
	� ������
��� �� ������������� 
�����. _�	�������� ������� ���
������
����� �� ���������� ���� 
������ 
��� �� ���� ���
���� 	�
������������ �� ����������� ���������������� �� ���
�
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OPTIMIZATION OF METHOD FOR DETERMI-
NATION OF ACE INHIBITORS IN HUMAN
PLASMA BASED ON ENZYME-INHIBITOR
BINDING ASSAY FOLLOWED BY RP-HPLC

L.Bogdanovska, N.Nakov, V. Karcev, A. Dimitrovska,
R. Petkovska

University �Ss Cyril and Methodius�, Faculty of Pharmacy, Vodnjanska
17, 1000 Skopje, Macedonia

INTRODUCTION
ACE inhibitors are drugs that inhibit the activity of angiotensin-con-
verting enzyme, thereby reducing hypertension. Determination of
ACE-inhibitors, such as lisinopril and fosinopril in biological samples,
can be performed by fluorimetric, LC-MS and GC-MS methods with or
without derivatisation (1,2,3). These methods for direct determination
of ACE inhibitors in human plasma are fast and precise, but lack of re-
liability.  ACE inhibitors in human plasma can also be quantified using
indirect enzyme-inhibitory binding reaction (4). In our study, we used
enzymatic reaction for degradation of ACE inhibitors in human plasma
and develop, optimize and validate RP-HPLC method for determina-
tion of hippuric acid (HA) as a product of enzyme- inhibitory reaction.

MATERIALS AND METHODS
CHEMICALS AND REAGENTS

Hipuril-L-Histidil-L-Leucin (as a free base),  hippuric acid (as a free acid)
and potassium salt of phtalic acid were obtained from Sigma Chemi-
cal Co. The substrate, Hipuril-L-Histidil-L-Leucin, was prepared in buffer
(100 mM potassium phosphate and 300 mM sodium chloride, pH=8.3).
The internal standard solution of phtalic acid was prepared in HPLC-
grade methanol.

INHIBITOR-BINDING ASSAY 
The amount of lisinopril and fosinoprilat bound to the enzyme is in-
versely related to the amount of hippuric acid (HA) liberated on hy-
drolysis from the artificial substrate Hipuril-L-Histidil-L-Leucin (4).
Hippuric acid was determined by RP-HPLC method using phtalic acid
as an internal standard.

CHROMATOGRAPHY
The chromatographic separation was performed on Polar-RP 80A
Synergi, 150x4.6 mm, 4µm, Phenomenex  analytical column and suit-
able Polar-RP Synergi, 4.0x3.0mm, 4µm Phenomenex guard column at
25°<. The mobile phase was ammonium acetate buffer (0.02M,
pH=4.3) and methanol in ratio 95:5 with flow rate of 1.4 ml/min. UV
detection was performed at 228 nm. The injection volume was 50µL.

RESULTS AND DISCUSSION
The validation of HPLC bioanalytical method for determination of HA
in human plasma was performed according to FDA Guidance (5). The
selectivity of the method was confirmed by comparing the chro-
matograms of the diluents, HA and internal standards, blank plasma
and spiked plasma samples. There were no interfering peaks at the re-
tention times of HA and IS.
The retention times of IS and HA were 4.1 and 5.6 minutes, respec-
tively (Fig.1).

Fig.1.Chromatograms of pure plasma, plasma spiked with IS and
plasma containing 0,15µg/0.1 ml HA

Linearity was performed at 10 concentration points in the con cen tra -
ti on range from 0.25 µg/ml to 25 µg/ml in triplicate, on three diffe rent
days. The method has shown linear, (R2= 0.9996). Accuracy was deter-
mined by 5 times replicate analysis of plasma samples at three differ-
ent concentration levels of HA (Table 1)

Table 1:  Intra-day precision

Intermediate precision was determined by measuring 5 individually
prepared spiked plasma samples at 3 different concentration levels of
HA: low, middle and high in three different days. The content of HA
(µg/ml plasma) was calculated for each sample against the standard
calibration curve. From 15 determinations the average value and rel-
ative error were calculated. Results are shown in Table 2.

Table 2: Intermediate precision

The recovery for HA in spiked plasma samples, compared to HA water
samples, is 97.94-101.01%. Robustness was investigated using
Plackett-Burmane experimental design (N=12). Results of robustness
testing by means of effect of investigated factors on resolution (Rs)
between peaks of  HA and IS are shown in Table 3.
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Table 3: Robustness testing

The method has shown robust.

The proposed validated method was successfully applied in determi-
nation of lisinopril in human plasma taken from healthy volunteers
after oral administration of single dose of 20 mg lisinopril. Table 4
shows plasma concentrations (ng/ml) of lisinopril obtained from ten
healthy volunteers.

Table 4: Plasma concentrations of lisinopril (ng/ml) in healthy volun-
teers after administration of single dose of 20mg 

CONCLUSION
The data presented in this study indicate that the proposed HPLC
method for determination of HA in plasma samples is repeatable,
reproducible, linear in demanding range, accurate and robust. The re-
sults from the validation study shown that HA can be analyzed in
human plasma in the concentration range of 0.25�g /ml to 25�g /ml
with sufficient reliability for pharmacokinetic studies. This method
can further be used for determination and quantification of many
ACE-inhibitors in human plasma.
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��� �� ��	�
���-��>�������� 
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Hipuril � L � Histidil  - L - Leucin, �������� (�������� ��	�), >������
�������� � �����
����� ��� �� ������ �������� �� ������� ��
Sigma Chemical Co. <��������� �� ���������� �� ����� (100 mM
�����
 ������ � 300 mM ������
 >�����, pH=8.3). _�������� ��
������!���� �������� (IS), ������ ��������, e �������e� �� 
������
�� HPLC �������.

��������-��(�’���
�� ����� 
���
�����
����� �� @�� ��>�������� ��� ������ �� ����
��� ��
��	�
�� � ������� ������
������� �� ���
�����
����� �� >������
�������� ���� �� ���������� �� ����������. ���������� ��
��	������ >������ �������� �� ��������� ������������� ���������
�� @�� ��>��������. 

(
�����	
�
��� ����
�����
#� >��
���������� ��	�������� ��������� � Polar-RP 80A Synergi,
150x4.6 mm, 4µm, Phenomenex  >��
����������  ������ �
��������� Polar-RP Synergi, 4.0x3.0 mm, 4µm Phenomenex
���������� �� ��
�������� �� 25°< � 
�������� ��	� ���������
�� 0.02~ �
����
 �
���� �� pH=4.3 � 
������ �� ����� 95/5.
^������� �� 
�������� ��	� � 1.4 ml/min, a UV- �����
����� � ��
�������  ������� ��      228 nm. *���
���� �� ����������� � 20�l. 


�������� � ���������
*�����
����� �� HPLC ��������������� 
���� 	� ������������ ��
HA �� >�
��� ���	
� � �	��!�� �� ���������� �� �������� �� FDA
������� (5).
<������������ �� 
������ ��!� ���������� �� �������� ��
>��
������
��� �� �������������, ������� �� HA � IS, ����� ���	
�
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� ���	
� �� ������� ���, ��� !�� �� �� 	��������� ����� �� -
������� ������ �� �����
������ ���
� �� HA � IS. _����
������
���
��� �� IS � HA ��� 4.1 � 5.6 
�����, ��������� (��.1).

<�.1.���
������
�  ����� ���	
�, ���	
� �� ������� �������� �
���	
� �� 0,15µg/0.1 ml HA

|���������� ��!� ���������� �� ���
�����
���� �������� �� 0.25
��         25 µg/ml �� 10 ���
�����
���� �����  �� HA, �� ��� ��	�����
������ (R2= 0.9996). "������� ��!� �������� �� ���
���
� ��
���	
� �� ���� ��!� �������� HA, �� ��� ��	����� ���
�����
��
("����� 1).
"����� 1: "������ �� ���� ������� ���

{����
��������� ���
�	���� ��!� �������� ����� �����	� �� 5
������������ ���������� ���
���
� �� ���	
� ��� �������
������� ��� �� ��� ��	����� ���
�����
�� ("����� 2).
"����� 2: {����
������� ���
�	����

@����������� ������ 	� HA �� ���
���
� �� ���	
� �� ���
�������� �� ������ �������� �� HA, �	������ �� 97.94-101.01%.
_���������� �� 
������ ��!� ���������� �� ���
��� �� Plackett-
Burmane experimental design (N=12). _�	�������� ��  ������������
�� �����������, �	��	��� ���� ����� �� ������������
>��
���������� ������ �� ��	���
����� 
�$� �������� �� IS � HA �
��������� �� "����� 3.

"����� 3: _��������� �� 
������

{��������� ������� _�	���
��� (Rs) ����� P-�����. pH ��

������ ��	� -1,9565 1,20E-06 ^����� (ml/min) -0,1322 0,1229
"�
�������� �� �������� -0,3608 0,0039 <������� �� MOH ��

������ ��	� (v/v) -0,4672 0,0012 ���
�����
��� �� �
����

�
������ ����� (M) 0,3428 0,0048 ^����������� 
���� ��!�
����!�� ���
���� 	� ������������ �� ��	������� �� >�
���
���	
� 	�
��� �� 	����� ��������
� �� ������
��� �� ��������
��	� �� 20 mg ��	������� ("����� 4).

"����� 4: ^��	
����� ���
�����
�� �� ��	������� (ng/ml) ���
	����� ��������
� �� ��������� ��
�������
��� ��  ��������
��	� �� 20mg 

��������
_�	�������� �� ������
����� �� ������������ HPLC 
���� 	�
������������ �� HA �� ���	
� ���������� ���� 
������ ��������,
���
�	��, ����� � ��������. ~������ 
��� �� �� ���
��� 	�
������������ �� >������ �������� �� ���	
� �� ���
�����
����
�������� �� 0.25 �g/ml �� 25 �g/ml. "�� ���� 
������ 	� ����!��
���
��� �� ���
����������� ������, ���� 
���� 	� ������������
�� ���
�����
����� ��   @�� ��>���������� ������ �� >�
�����
���	
�.

����
���
�:
1. Sagrilli O, Ersoy L: An HPLC method for the determination of lisinopril in human
plasma and urine with fluorescence detection. J. Chrom. B 2004, 809: 159-165.
2. Huang J, Gao S, Guo Q. Development of a LC-MS assay for the quantification of
lisinopril in human plasma. Rapid. Commun. Mass. Spectr., 2006, 20: 248-252.
3. Greenbaum et al. Comparison of the pharmacokinetics of fosinoprolat with
enalaprilat and lisinopril in patients with congestive heart failure and chronic renal
insufficiency. Brit. J Clin. Pharm. 2000;49(1): 23-31.
4. Anzenbacherova E, Anzenbacher P, Macek K, and Kvetina J. Determination of
enzyme (angiotensin convertase) inhibitors based on enzymatic reaction followed
by HPLC. J. Pharm. Biomed. Anal. 24: 1151-1156, 2001.
5. FDA. Guidance for Industry; Bioanalytical Method Validation. U.S. Department of
Health and human services, Food and Drug administration, Center for Drug Evaluation
and Research(CDER), Center for Veterinery Medicine(CVM), May 2001(GENERIC).
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COMPARISON OF THE HYDRODYNEMIC EF-
FECTS ON THE DISSOLUTION RATE IN THE
PADDLE APPARATUS AND ITS DESIGN
MODIFICATIONS

Blagica Debarlieva, Irena Brasnarska, 
Ema Kikovska-Stojanovska, 
Biljana Sapkareva, Sonja Xgarkovic

Research and Development, ALKALOID AD, Aleksandar Makedonski 12,
1000 Skopje, Republic of Macedonia

INTRODUCTION
Drug dissolution testing is an integral part of drug product develop-
ment and quality assessment. Often drug dissolution testing is a reg-
ulatory requirement to establish the quality of a drug product[1]. It
utilizes specialized equipment, commonly known as basket and pad-
dle apparatuses, also referred to as Apparatuses 1 and 2, respectively.
It has been well documented that results obtained from dissolution
testing using these apparatuses may be highly variable and unpre-
dictable[2] and often lack relevance to the in vivo drug release charac-
teristics (bioavailability) of the products[3]. In some reported studies[4],
it has also been demonstrated that, because of the lack of an ade-
quate stirring and mixing environment in the dissolution vessels, in-
accurate comparative drug dissolution/release of the test products
may also be observed. 
Regulatory agencies often consider dissolution methods with Appa-
ratus 2 developed using speed of 50 rpm to represent the most ap-
propriate operating conditions since it is assumed that it provides
optimum discriminating power with respect to both manufacturing
process and stability changes. However, for certain tablet formula-
tions, the dissolution rates can be a reflection of system artifacts
rather than a discriminatory tool. Under these conditions there is vari-
ability in dissolution rates due to radial flow in the cylindrical vessel.
A �dead zone� forms at the bottom of the vessel where the agitation
rate is minimal. The disintegrated mass of the dosage form settles in
this zone forming a cone of trapped drug particles leading to low dis-
solution rates.
To address these flaws and artifacts of the currently used apparatuses,
we have demonstrated the role of hydrodynamics in the dissolution
testing with the Apparatus 2 by comparing the dissolution rates
achieved with normal set-up and some design modifications.

MATERIALS AND METHODS
We performed dissolution tests of immediate release tablets con-
taining BCS Class II active substance using paddle apparatus (Appara-
tus 2) at 50 rpm under normal set-up, by tilting the vessels by 7 mm,
in the PeakTM vessels and by using crescent-shaped spindles (Figure 1).
The tilting was achieved by inserting shims between the lips of each
vessel and the base plate of the dissolution equipment resulting in tilt
of 7 mm. The modified spindles were shaped from commercially avail-
able brush made of stiff twisted metal wires and fine bristles, attached
to the shaft as a substitute for the paddle spindle. The bristles were in
contact with the surface of the vessel. The medium was 900 ml simu-
lated gastric juice without pepsin and the bath temperature was main-
tained at 37–0.5°C. Samples were pulled at 20 minutes, centrifuged
and analyzed using a UV-visible spectrophotometer at a wavelength
of 291 nm.

Figure 1. Photographic image of PeakTM vessel (left) and crescent-
shaped spindle (right).

RESULTS AND DISCUSSION
The active substance is a low solubility drug and some of the excipi-
ents in the formulation increase the viscosity in the microenvironment
of the disintegrated particle making it a good candidate for our re-
search.
As observed in Table 1 under the normal set-up 52.73–1.14% of the
active substance was released. 

Table 1. Results from the effect of different apparatus settings on the
dissolution performance of studied samples (Q stands for �quartile�)
When the vessels were tilted, the release rate increased to 57.34–1.74%.
The flow at the bottom of the vessel increases when the vessels are
tilted. This in turn disrupts the cone and exposes more drug to the dis-
solution medium, enabling the drug to go into solution (Figure 3). 

Figure 3. Schematic depiction of the dissolution in the normal set-up
and with the tilted vessels adopted from T. Mirza et al, 2005 [5].

The release rate from PeakTM vessels was 61.04–0.85%. The cone in the
Peak vessels is not stationary and is located on the top of the convex
shaped bottom. This explains the higher release rates and lower vari-
ability of the results. With the crescent shaped spindle the release rate
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was 61.71–1.01%. The bristles of the crescent shaped spindle were
continuously sweeping the bottom and sides of the vessel which ac-
complished even distribution and mixing of the disintegrated material
avoiding any accumulation, therefore resulting with higher dissolution
rates. In the tests performed with the design modifications, the con-
tact area between the particles of disintegrated tablets and the dis-
solution medium is increased and the thickness of the boundary layer
is decreased, which improves the dissolution rate. 

Figure 2. Box and whiskers plot of the released active substance unter
the normal set-up and the design modifications.

CONCLUSION
Using 50 rpm with Apparatus 2 for the studied tablet formulation did
not provide adequate mixing resulting in pockets of unstirred area and
variable hydrodynamics, thus giving rise to dissolution results that are
occasionally highly variable and unpredictable. The coning artifact ef-
fect can be easily minimized or eliminated by simply increasing the
paddle rotation speed, though some times at cost of the discriminat-
ing ability of the dissolution method.

REFERENCES
1. Guidance for Industry: Dissolution Testing of Immediate Release Solid Oral
Dosage Forms. U.S. Department of Health and Human Services, Food and Drug
Administration, U.S. Government Printing Office: Washington, DC, 1997,
http://www.fda.gov/cder/guidance/1713bp1.pdf.
2. McCarthy, L. G.; Kosiol, C.; Healy,A. M.; Bradley,G.; Sexton, J. C.; Corngan,O. I.
Simulating the Hydrodynamic Conditions in the United States Pharmacopeia
Paddle Dissolution Apparatus. AAPS PharmSciTech 2003, 4, 172�187.
3. Meyer, M. C.; Straughn, A. B.; Mhatre, R. M.; Shah,V. P.; Williams, R. L.; Lesko, L. J.
Lack of In Vivo/In Vitro Correlations for 50 mg and 250 mg Primidone Tablets.
Pharm. Res. 1998, 15, 1085�1089.
4. Qureshi, S. A. Improved Drug Dissolution and Product Characterization Using the
Crescent-shaped Spindle. J. Pharm.Pharmacol.2004, 56, 1135�1141.
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�������� �� (��
����������� ��
��������� �� ���������� �� ���
��
����� � ��	��� ����
������

���$�3� *
�����
��, ��
�� ���7������, �!�
5��
����-��
���
����, ������� ;�����
��, �
)�
[$���
���

{���������� � ��	���, @|�@|?{� @�, @��������� ~��������� 12,
1000 <�����, _�������� ~���������

�����
"����� �� ������
��� ���������� ���������� ��� �� ��	����� �� ����
����	���� � ������������ ���
��� �� ������� ��������[1]. ‘�������
���
������� ������� 	� ������ �� ������
��� �� @����� 1 (�����) �
@����� 2 (�����). ‘������ �� ������� ��	�������� ������� �� ����
��������� �� �� ����������� � �������������[2], � �� �� ����������
�� ����������������� �� ����	�����[3]. ^������� ������[4] ���� �
��
���������� ���� ������ ���������� �� ��������� 
�!��� ��
������
������ ��!�, �� �������� �����!�� ������
� 	� ���������
�� ������������ �� ��������� �������
�.
"�������� �� ������
��� �	������ �� 
���� �� ����� �� 50 rpm ��
�
����� ���� ������������ �� ������ �� ������������� ����
��,
	����� �������������� ���� ���	�������� ����
���� ������
�� � -

� �� �� ����� �� ����	����������� ���
�� � ����������� �� ��� �� -
�� ����. *� �������� ������, ��	�������� �� ������ �� ������
���
�	����� ��� ���� ������ �� �� �����$��� �� �������� ������� �� -
��� �� �� ���
���
�����, ���� �� �������
� �� >��������
�����.
_���������� ��� �� 
����
�� �� ��!��� �������� ���
����� ��
�
���� 	���� �� �����, ���� 
�!����� � 
���
����. *� ���� 	��� ��
���
��� ���� �� ��	����������� ��	���� ���
� �� ���� ��
	������� �����
��� �� ��������� �������
�, !�� ��������!
�������� �� ������� � ����������� ��	������.
’���� �� ������ � �� �� ��
�������� ���������� �� >���� �� �� 
� -
���� �� ��������� �� ������
��� ����� �������� �� ��	�������� �� -
�� ��� �� @����� ����� �� ������ 
�������
��.

����
����� � ������
‘�������� �� ������� �� ������
��� �� ������
������� �������
��� ������� BCS Class II ��
������� �� ���
��� �� ������ �����.
~�������
���� �� ��������� �� 	��������� �� ��!��� 	� 7 mm,
�� ���
��� ��  PeakTM ��!� � �� 	�
��� �� ������� �� ����������
����� ���� 
�!���� (<���� 1). #����������� � ��������� �� �
�� -
�� ���� �� �������������� ������� ��
�$� �������� �� ��!��� �
�� ����� ����� �� ��������. ~�����
������� 
�!���� ����������
��
��
������ ����� 	� ��������, ���������� �� ���
� ��
����
������� � ��������� 	� ��������� ��
���� �������. *�������
�� ������� �� �� �������� ������� �� ����!����� �� ��!���. <���
������� �� �	�������� �� 900 mL ��!����� ��������� ��� ��	
������, � ��
���������� �� ������ �� �������� �� 37 – 0.5”<.
^��
���
��� �� 	�
��� �� 20 
�����, �� 
������������� � �� 
����
�� UV-Vis �����������
���� �� ������� ������� �� 291 nm.
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<���� 1. ����������� �� PeakTM ��!� (����) � �� ���������� �����
- 
�!���� (�����).


�������� � ���������
{����������� ������� �������
� � �� ����� ������������� � ��� ��
���
��������� �� ���
���
����� �� 	����
����� �����	����� ��

������������� �� ���� �� ������� ��������������, !�� ��
��������� �	����� �� ���� ��� ���
���
��� 	� �����������
����������. 
?� ������
��� �� "����� 1 �� 	��������� ���� ��� ����������
������ ���������� �� 52.73–1.14% ������� �������
�. 

"����� 1. _�	������ �� ������� �� ��	����� 
�������
�� ��
������ 2 ��	 ������
������ ������������� �� ������������
���
���
� (Q ����������� �quartile�)
^����� 	����
����� �� ����� �� 
����
�� �� ����� �� ��!��� �
����!����� �� ������, �������� �� ���������� ������� �������
�
� 	����
�� �� 	��������� �� ��!��� ��  57.34–1.74% (<���� 3). 

<���� 3. ��
����� �����	 �� ������
����� ��� ���������� ������
� �� 	��������� �� ��!���. @��������� �� T. Mirza et al, 2005 [5].

<� PeakTM ��!��� �� ���������� 61.04–0.85%. ������ ��  PeakTM

��!��� �� � �������� � ����� �� ����� �� ����������� ���[5].  ?�� ��
��������� ������
��� ���
��� �� ������������ � ��
�����
������������� �� ��	��������. <� 
�����
������� 
�!����
������� ��  61.71–1.01% �� ���������� �������
�. *������� ��
������� ��������� �� �������� ����� � �������� �� ��!��� �� !��
������� �� ������������� � 
�!��� ��	������������� 
���,
�	���������� ���
���
���. *� 
�������
������� ������� ��
������
���, ����������� ����!��� ��
�$� �����
��� �� ���������
�������
� � 
����
�� � 	����
���, � ���������� ��  ����	���� ����
� ��
�����, !�� �������� ����	� ������������.

<���� 2. Box and whiskers ������ �� ���������� ������� �������
�
�� 
���� �� ����� � ������ 
�������
��.

��������
^��
����� �� @����� ����� �� 50 rpm 	� ��������� ������������
�������� �� ���	
����� ������
�� 
�!���, ������ ������ ��
����� �� ����� �����
��� � ����������� >��������
���, !��
�������� �� ������ ����������� � ������������� ��	������.
^�����
��� �� >��������
����� 
��� �� �� ��
���� ��� �	������
����� ���������� 	����
����� �� ��	����� �� 
�!���, ��
��������! �� �
���� �� ������
���������� ���������� �� ������
�� ������
���.
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COMPARISON OF ION-PAIR HPLC AND
HILIC METHOD FOR DETERMINATION OF
CETYLPIRIDINIUM CHLORIDE IN PHARMA-
CEUTICAL PREPARATION

N. Nakov, L. Bogdanovska, L. Xgrinova,   M.
Hadzieva, R. Petkovska, A. Dimitrovska

University �St.Cyril and Methodius�, Faculty of Pharmacy, Center of
drug quality control, Skopje, Macedonia 

INTRODUCTION
Cetylpiridinium chloride (CPC) is classified as cationic surfactant and
is one of the very important surfactants that is used in manufacturing
of dermal oitments, drugs and comsetics. As a quaternary ammonium
compound cetylpiridinium has antibacterial activity, so it is widely
used in formulations intended for treatment of mouth and throat in-
fections.  Determination of CPC could be performed by various meth-
ods: thin-layer chromatography (1), spectrophotometric (2), titration (3)
and reverse-phase (RP) chromatography (4). As CPC belongs to the
group of polar, basic molecules, it is difficult to retain it in conven-
tional RP-chromatographic system and to be separated from the dead
volume. Ion pairing reagents, in order to provide better retention, are
often used as additives in RP analysis of cetylpiridinium. The most
common disadvantages of using ion-pair reagents are long
equilibration time, disturbance of eqiulibration by an injection, col-
umn cannot be used anymore for other ion-pair reagents, peak tailing
for basic compounds, etc (5). 
In the past few years hydrophilic interaction liquid chromatography
(HILIC) has steadily gaining interest as a option to RPLC for many ap-
plications dealing with polar and hydrophilic anilities. HILIC is a variant
of NPC, but utilizes water (at least 3%) in water-miscible organic sol-
vent (most often acetonitrile from 60% to 97%) as an eluent in con-
junction with hydrophilic stationary phase (6,7). The aim of this work
is to propose a HILIC method for determination of cetilpiridinium in
pharmaceutical formulations and to compare it with ion-pair chro-
matographic method.

MATERIALS AND METHODS
Separation was performed on Agilent Rapid Resolution HPLC System
1200 Series. All measurements were made with flow rate of 
1 ml/min, 10µl injection volume and UV detection at 254 nm.
HILIC Chromatographic conditions
Experiments were made using Purospher STAR Si 150 x 4.6 mm, 5µm
particles column and acetonitrile : 20mM ammonium formate at pH4.0
in ratio 80:20 (v/v, %) as a mobile phase. Solvent used for HILIC method
was acetonitrile : water in ratio 90:10 (v/v, %).
Ion-pair HPLC Chromatographic conditions
Novapak CN 150 x 4.6 mm, 5µm particles, column was used for the
ion-pair HPLC method. Mixture of 3.6 ml 20% tetrabutylammonium
hydroxide (TBAH) up to 950 ml water (pH 3.5) : methanol in ratio 40:60
(v/v, %) was used as a mobile phase. The mobile phase was used as a
solvent for this chromatographic method.
Standard solution of cethylpiridinium chloride was prepared in con-
centration 0.025 mg/ml. Test solution was prepared from lozenges
containing CPC.

RESULTS AND DISCUSSIONS
In the experiments for HILIC method for determination of CPC, we
used ACN as it encourages retention of polar anilities compared to
methanol as organic eluent. Ammonium  formate in 20mM concen-
tration was chosen as a buffer, because of its solubility  in highly or-
ganic solvent  content. Also, ammonium  formate provides important
counter ion concentration necessary for good peak shape, through im-
proved kinetics and surface interactions. The conducted experiments
shown that the optimal value for retention factor was obtained using
mobile phase composition acetonitrile : ammonium formate (pH 4.0,
20mM) in ratio 80 : 20   (v/v). The representative chromatogram of the
test solution obtained under optimized HILIC conditions is presented
in Fig.1. 

Fig.1 Chromatogram of test solution containing cetylpiridium (HILIC)

The ion-pair chromatographic method was conducted using TBAH as
a ion-pair reagents, because quaternary ammonium compounds are
most often used as a ion-pair reagents for attaining retention of CPC
using CN column. The obtained chromatogram of the test solution by
ion-pair HPLC method is presented on Fig.2.

Fig.2 Chromatogram of test solution containing cetylpiridium
(ion-pair HPLC)

In our work, comparison of the HILIC and ion-pair chromatographic
method was done by comparing the retention time, capacity factor
(k�), tailing, symmetry factor of the peak and the number of theoreti-
cal plates (N). The obtained values for the stated chromatographic pa-
rameters are presented in table 1.
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Table 1 Values for the chromatographic parameters

HILIC method Ion-pair method RT 3.9 7.3 k� 1.2 2.1 Tailing factor 1.2
2.1 Symmetry factor 0.8 0.4 N 5300 4800 
The HILIC method provided shorter retention time, better peak shape
and column efficiency compared to the ion-pair HPLC method for de-
termination of CPC. Comparison of the values for the chromato-
graphic parameters, shown that HILIC method has a better
chromatographic performances.

CONCLUSION
HILIC determination of cetilpiridinium  on bare silica column using an
ACN-ammonium formate buffer is effective technique that offers good
retention without the need of ion-pair reagents. Also HILIC method
provided better chromatographic performances than the ion-pair
method and faster analysis time. This method offers an attractive, if
not a superior alternative to RP-HPLC method for determination of
cetylpiridin in pharmaceutical preparations.
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������	���� �<�.����� � ~�������, ���
�
������ ��������, ’�����
	� ���������� � �������� �� ������, <�����, ~���������

�����
’����������� >����� (CPC) �� �������
��� ���� ��������� ������ -
���� � ����������� ���� �� ���	��������� ����������� ��� !��
���$��� ���
��� �� ����	��������� �� ���
�
������ � ��	
������
���������. ’�����������, ���� ����������� �
����
��� ���, ���� -
���� �������������� ��������� � ������� �� ������ �� ����
 ���� ��
��������� ��
����� 	� ����
�� �� �����
�� �� ������ !������ �

������. |������������ ������
� ��������� �� �������� ��
��	����� ��>���� 	� ������ ������������, ���� !�� ��: �����������
>��
���������� (1), �����������
������ (2), �����
��� (3) �
�����	��-��	�� >��
���������� (4). CPC �����$� �� ������� ��
�������, ��	�� 
�������, ������ !�� �������� �������������� ��
������
��������� RP ���
������� ��	� � ��������, ���� ��	�����
�� ��
������� 	� ������ ��	�������� �� 
������ ����
�� (V0) ��
���
��������� ��	�. ���������� �� ���-��� �������� �� �����
������ � ����>���� 	� ���	�������� �� �����
����� �� CPC ���
������������ �� RP-HPLC. ~�$���� ���-��� >��
������������

����� �
��� ����
 ���� �� ���������
�: ����� ���
� ��
�������	�
��� �� ��������, ����!����� �� ����������
�� ��
�����������, �������� �� 
��� �� �� ������� �� ���� ��� �� ���-���
�������, ����
��������� �� ������ �� ��	�� ��
������� � �����
(5). *� ���������� ������, >��������� �������
��� �����
>��
���������� (HILIC) ������ �� ������
� 	������ ���� ��
��� ��
���-��� LC 	� ������������ �� ������� �������. HILIC � ���������
�� NPC, �� ��� ��	���� !�� 
�������� ��	� �� ������ �� 
��
���
��� �� ���� (���
���� 3%) �� �
�!� �� ����
 ���
��� ��
������� �������� ����������� (6,7). ’���� �� ��!��� �����������
� �� ������
� HILIC 
���� 	� ������������ �� CPC ��
���
�
������ ��	����� ���
�, ���� � �� �������
� �������� ��
���-��� HPLC 
����.   

����
����� � ������
�������
������ �� �	������ �� Agilent Rapid Resolution HPLC
<����
, ������ 1200. <��� 
����� �� ��������� �� ������ �� 1
ml/min, 10µl ����
�� �� ����������� � UV-�����
��� �� 254 nm. 
HILIC ���
���������� ������
���
������������ ��	�������� � �	��!��� �� ������ Purospher
STAR Si �� ��
��	�� 150 x 4.6 mm, 5µm � �
��������� (ACN) : 20 mM
�
����
 ���
�� (pH4.0) �� ����� 80:20 (v/v, %) ���� 
������ ��	�.
���� ����������� ��������
� �
��� �� �
���������:���� �� �����
90:10 (v/v, %).
���-��� HPLC ���
���������� ������
�������
������  �� ��������� �� Novapak CN ������ �� ��
��	��
150 x 4.6 mm, 5µm � �
��� �� 3.6 ml 20% �����������
����

>�������� (TBAH) �� 950 ml ���� (pH 3.5) � 
������ (MOH) �� �����
40:60 (v/v, %) ���� 
������ ��	�, ��� !�� 
�������� ��	�
�����������!� � ������� �� ���� ������. ��������
� ����������
������� �� CPC �� ���
�����
��� �� 0.025 mg/ml � ������� ��
�����	� �� ���� ���
�����
��� ��������� �� ������� ��� �������
CPC.


�������� � ���������
*� �������
������ 	� HILIC ������������ �� CPC ��������
� ACN
���� �������� ������, ������� ���	
����� ������
� �����
����� ��
������� ������� �� ����� �� MOH. <� ����� �� ������ !�� �
����

���
�� �� ���
�����
��� �� 20mM �
� ����
� ������������� ��
��������� �� ����� ���
��� �� �������� �����������,  ������ ��!�
�	���� ���� �����. ������������ �������� � !�� ���	������
������� �������� �� �������-���, ����>���� 	� ����� ��
������ ��
�����, ����� ��������� �������� � ����!����� �������
��.
<����������� �������
���� ������� ���� ����
���� ��������� 	�
�������� �� �����
��� (k�) �� ������������ ���������� ACN: �
����

���
�� (pH 4.0, 20mM) �� ����� 80:20   (v/v, %). ���
������
 ��
�������� ������� ������ ��� HILIC ������ � �������� �� ����� 1. 
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<���� 1 ���
������
 �� ������ ���t��� (HILIC)
#� ���-��� HPLC 
������ ��������
� TBAH, ������� �������������
�
����
��� ���� �� �������� ��������� ���-��� �������� 	�
	����
����� �� �����
����� �� CPC �� CN ������. ���
������
 ��
�������� ������� ������ �� ���-��� HPLC 
���� � �������� ��
����� 2. 

<���� 2 ���
������
 �� ������ ������� (���-��� HPLC)

<��������� �� ���� ��� 
����� �� ��������
� ������������ ��
���
��� �� �����
��� (RT), �������� �� �����
��� (k�), ������ ��
��	��������� (As) � ��
������  �� �����, ���� � ������ �� ���������
������ (N). ��������� ��������� �� ��������� �� ������ 1.

"����� 1 *�������� 	� >��
���������� ����
����

HILIC 
���� ���-��� 
���� RT 3.9 7.3 k� 1.2 2.1 As 1.2 2.1 ������
�� ��
������ 0.8 0.4 N 5300 4800 
<��������� �� >��
������������ ����
���� ������ ���� HILIC

������ ���	������ �������� ���
� �� �����
���, �������
��
������ �� ����� � ������
� ���������� �� �������� �� �����
�� ���-��� HPLC 
������. 

��������
HILIC �������������� �� CPC �� ������ ������ ���������� ACN-
�
����
 ���
�� ���� 
������ ��	�, ����������� �������� ��>����
���� !�� ���	
����� �����
��� �� ������� ��
������� ��	
���������� �� ���-��� ��������. HILIC 
������ ���� �������

>��
���������� ������
���� �� ����� �� ���-��� HPLC 
������,
���� � ���������� �� ���
��� �������� 	� ������������ ��
�����	���. ~��� �� �� 	������ ���� ���� 
���� � ����������
����������� �� ���-��� HPLC 
������ 	� ������������ �� CPC ��
���
�
������ ���������. 
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EXPERIMENTAL DESIGN OF STRESS TEST-
ING STUDY FOR DOUBLE ACTIVE COMPO-
NENT SYSTEM IN DRUG PRODUCT

Ivana Mickoska, Aleksandra Jovanovik, Biljana �ap-
kareva, Sonja Xgarkovik, Nata�a Anevska-Sto-
janovska

Research and Development, ALKALOID AD, Aleksandar Makedonski
12, 1000 Skopje, Republic of Macedonia 

INTRODUCTION
Skopryl plus tablets is a genuine brand product of ALAKLOID AD,
Skopje, being advanced pharmaceutical formulation used for sup-
pression and control of high blood pressure (hypertension).    It incor-
porates two active pharmaceutical ingredients (API): Lisinopril
dihydrate and Hydrochlorothiazide. Lisinopril Dihydrate is API which
belongs in the group of angiotensin converting enzyme inhibitors,
while Hydrochlorothiazide is thiazide group diuretic. 

AIM OF THE STUDY
Main objective of this study was to provide information about degra-
dation pathways of both APIs used in the formulation Skopryl plus
tablets and to investigate the selectivity of the applied  HPLC analyt-
ical methods (Analytical Procedures for Assay of Related and Degra-
dation products deriving from Lisinopril Dihydrate and the other one,
Assay of Related and Degradation products deriving from Hy-
drochlorothiazide) . For the purpose of the experiment, dedicated
stress testing study was conducted.  

REGULATIVE PERSPECTIVES 
According to the ICH and FDA guidance documents, stress testing is
conducted to fulfill three main purposes:
1. To provide a stability assessment of the drug product.
2. To elucidate the possible degradation pathway of the API in the
drug product.
3. To investigate the stability-indicating power of the analytical pro-
cedures applied for the drug product.  
However, it is generally recognized that during stress testing, degra-
dation products can be observed that are not formed during acceler-
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ated or long-term stability studies. The requirements for establishing
relevant stress conditions can be summarized as below:
l. Should lead to the degradation of the main compound, but not more
than 5�15%.
2. Should lead to a good predictability of degradation pathways (i.e.,
a low probability of �drastic� or �false� degradation).
3. Should be conducted for no longer than three months.
Generally, the stress testing should induce not more than 5-15% degra-
dation of the main components. A stress test should be stopped when
this percentage of degradation is achieved.In particular, the issue of how
much stress is adequate in stress testing is not addressed specifically. 

Overstressing a molecule can lead to degradation profiles that are not
representative of real storage conditions and perhaps not relevant to
method development. 
Therefore, stress-testing conditions should be realistic and not exces-
sive. General protocol for stress studies (stress testing) of drug sub-
stances and drug products is presented in Table 1. 

Table 1. General protocol for establishing stress study of API and
drug product

�-recommended,  X-optional

RESULTS AND DISCUSSION
The designed protocol as well as the obtained results by HPLC analy-
sis for the stress study in the case of the Skopryl plus tablets are pre-
sented in table 2. 

Table 2. The stress study protocol and the obtained results

Following observations might be pointed out:

» The amount of benzothiadiazine (Related Compound A) was
found growing when the drug product was exposed at influence
of higher temperature, humidity and oxidative solution.
» Increase of the amount of Clorthiazide was observed when
the  product was exposed at influence of higher temperature,
light and oxidative solution;
» Unknown impurity with Relative retention time  2.21 was
formed when the drug product was exposed under the influence
of light of 765W/h2; 35 hours.
» The amount of Lisinopril Diketopiperazine (Related Compound
A)  was growing when the drug product was exposed at influence
of higher temperature;
» Unknown impurities with Relative retention times: 1.16, 1.91,
2.61 and 3.85 were formed when the drug product was exposed
under the oxidative solution (20% H2O2, 3 hours at 50 °C).

The obtained results from stress testing studies were used to assess
drug product stability, to provide information about possible degra-
dation pathways, and to demonstrate the stability-indicating capabil-
ity of the analytical method used.
The purity plot show that the both active ingredients Lisinopril Dihy-
drate and Hydrochlorthiazide peaks are homogenous and this is con-
firmed for all above stressed conditions where the degradation
products does not interfere.

CONCLUSION
It was concluded that the HPLC method used for determination of re-
lated an degradation products in Skopryl plus tablets, has shown good
selectivity and is stability indicating. This HPLC method can be used
in determination of potential known and unknown impurities which
can be formed during the degradation process of the incorporated
APIs.  
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1. D. W. Reynolds, K. L. Facchine, J. F. Mullaney, K. M. Alsante, T. D. Hatajik, M. G.
Motto �Available Guidance and Best Practices for Conducting Forced Degradation
Studies�, Pharmaceutical Technology (www.pharmtech.com, February 2002).
2. Q1B: Photostability Testing of New Drug Substances and Products,
(November1996).
3. S. Klick, P. G. Muijselaar, J. Waterval, T. Eichinger, C. Korn, T. K. Gerding, A. J.
Debets, C. Sanger-van de Griend, Cas van den Beld, G. W. Somsen, G. J. De Jong
Motto �Toward a Generic Approach for Stress Testing of Drug Substances and Drug
Products�, Pharmaceutical Technology (www.pharmtech.com, February 2005).
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�����
��������� ������ �� ��
��
������� �� ��’���� �� ���-
����������� ������ ��

�
��������� ������� ��������� 

����� ��3�
���, 4�
����#�� (
���
���, �������
;�����
��, �
)� [$���
���, 6���7� 4�
����-
��
���
����

{���������� � ��	���, @|�@|?{� @�, @��������� ~��������� 12,
1000 <�����, _�������� ~���������

����� 
�Skopryl plus� �������, ����	��� �� @������� @� <�����, � ��������
���
�
������ ���
���
��� ���� �� ���������� 	� ��
������� �
�������� �� �������� ����� ��������. ���� ���
�
������ �������
����������� (�@<) ������ ��
����
��� ��  Lisinopril dihydrate �
Hydrochlorthiaizde. Lisinopril dihydrate �����$� �� ������� ��
��>������� �� ��������	�� ������������� ��	�
�, ������
Hydrochlorthiaizde �����$� �� ������� ��  ���	���� �������
�. 

��� �� �������
�������� 
�� �� ���� ������� � �� �� ���	����� �����
�
�� 	�
����� ��  �������
��� �� ����� ������� ��
������� �������� ��
���
���
����� �� �Skopryl plus� ��������� � �� �� ������
������������� �� ���
������� HPLC 
����� 	� �����	� (���
������� ���������� ���
����� 	� �����	� �� �������
����
����	���� ��� ������������ �� Lisinopril dihydrate � Hydrochlorthi-
aizde, ���������). #� ��������� �� ������� 
�����, ��!� ����������
������� ����� ���� �������. 


�	�������
<����� ����
������ �� ICH � FDA ��������, ����� ������ ��
���������� 	� �� �� �������� ��� ������ 
���:

» �� �� ���	���� ���
���� 	� ����������� ���
�
��������
����	���.
» �� �� ������� 
������ ��� ��  �������
��� �� ���������
��
������� �� ���
�
�������� ����	���.
» �� �� ������ ������������� � �� �� ���
��� 
���� ��
������������ 
����� 	� ������� �� �������� �
�������
������ ��� ��������� ����	���.

}������, ��!�� � ��	���� ���� 	� ���
� �� ����� ������, �� 	��� �� -
�� �� ���
����� �� �������
���� ����	���� ��� �� �� ���
�����
	� ���
� �� 	���	����� ��� ������������ ����������� ������,
�������� ��������� ��������� 	� ��	������ �� ���������� �����
������. <���� �	���� ����� �������� ����� �� �� ������� ��������
��������
�:

» �� ���� ��� �������
��� �� �������� ��
��������, �� ��
������ �� 5-15%.
» �� ���� ��� ����� �������������� �� ����� �� �������
���
(�.�. ����� ����������� �� ����������� ��� �������
�������
���).
» �� �� ������ �� ������ �� ������ �� ��� 
���
�.

?�!�� 	�
���, ����� ������ �� ����� �� �����	������ ������ �� 5-
15% �������
��� �� �������� ��
�������. <���� ������ ����� �� ��
	���� ���� ���� ���
��� �� �������
��� �� ���� ���������.
^��!����� 	� ��� ����� � ��������� ������� �� ����� ������ �� �
���������  �������. ^������������ 
������� 
��� �� ������ ��

������� �� �������
��� ��� �� �� �����	��������� 	� �����������
������ �� ������, � 
����� � �� �� ���������� 	� ��	����� ��

������. #����, ����� �������� ����� �� ����� ������ � �� �� ��
������
��. ����������� �������� 	� ����� �������� (����� ������)
�� �������
�� � ������� ���
�
������ ����	���� � �������� ��
"����� 1.

��8��� 1. �������� �������� 	� �������������� �� ����� ������ ��
�@< � ���
�
������ ��������

\-�� �����������,  X-�� �	���


�������� � ��������� 
��	���������� �������� 	� ����� ��������� �� �������� �� �Skopryl
plus� �������, ���� � ��������� ��	������ �� HPLC �����	��� ��
���	�������� �� "����� 2.

��8��� 2. ^������� 	� �	�������� ����� ������� � �������
��	������

?� ����������� ������
� �� ����� ����:
» _���� ���������� �� Benzothiadiazine (Related Compound @)
���� ���	������ � �	����� �� �������� ��
��������,
�������� � ������
���� ������ (�� �������).
» ^����� �� ���������� �� Clorthiazide ���� ����	����� �
�	����� �� �������� �� �������� ��
��������, �������� �
������
���� ������ (�� �������).
» ‘���	���� ������������ �� ��������� ���
� ��
	��������� 2,21 ��!� ���
����� ���� ��� ����	����� ��!�
�	����� ��� �������� �� �������� �� 765W/h2 ��
���
������� �� 35 ����.
» <��������� �� Lisinopril Diketo piperazine (Related
Compound @) �� 	����
��� ���� ��� ����	����� � �	����� ���
�������� �� �������� ��
��������.
» ‘���	���� ������������ �� ��������� ���
��� ��
	���������: 1,16, 1,91, 2,61 � 3,85 �� ���
����� ���� ���
����	����� � �	����� ��� ������� �� ������
���� ������ (20%
�-��. �� H2O2, 3 ���� �� 50 ” C).

��������� ��	������ �� ����� ���� ��������� �� �������� 	�:
�
������� �� ����������� ��������� ����	���, ���	�������� ��
�����
�
�� 	� 
������  ����!�� �� �������
���  �  	�  ����������
�� ������������� � 
���� �� ������������ 
����� 	� ������� ��
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�������� � �������
������.
^���
������ 	� ��������� �� �������� ���������� ���� ��������
�� ����� ������� ��
������� Lisinopril dihydrate �
Hydrochlorthiazide �� >�
����� � ��� � ��������� 	� ���� ������
�������� ������. "�� ���� ���� � �������� ����	 ����
�������
������ ����	���� �� �� 
�!��� 
�$������.

��������
?� ��������� ��	������ 
��� �� �� 	������ ���� ���
������� HPLC

����� ��� �� �������� 	� ���������� �� �������
������
����	���� �� �Skopryl plus� �������, ���������� ����� ������������
� ����������. ?��� HPLC 
����� 
��� �� �� �������� ���
���������� �� �����
������ ��	���� � ����	���� ������������ ���

��� �� �� ���
����� �� ����� �� ���
���� �� �������
��� ��
��������� ��
������.
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�
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COMPARATION OF EXTRACTION 
EFFICIENCY OF DIFFERENT ORGANIC SOL-
VENTS FOR SIMPLIFICATION OF DIMENHY-
DRANATE COMPONENTS QUANTIFICATION

M.Piponski, M.Naumovska, I.S.Slavevska, T.Ru-
sevska, I.Mitreski, G.T.-Serafimovska
Pharmaceutical Company Replekfarm - Quality Control Department

INTRODUCTION
The quantitative determination of Dimenhydranate, Diphenhydramine
and 8-Chlorotheophyllne components is known to be very complex,
harmful and tedious in described Pharmacopoeias monographies. It
should be performed with many repeated Liquid-Liquid Extraction
(LLE) on the crushed samples. This is especially unpleasant situation
when a large number of samples should be performed, like daily
control, stability studies, dissolution testing

AIM OF WORK
was to investigate a possibility to avoid , skip or replace the  repeated
LLE preparation of active ingredients in Dimenhydranate tablets and
to establish a concept for healthier, faster, green-er and cheaper
method for quantitative analysis of this product

METHODS AND INSTRUMENTS 
A single organic solvent extraction of crushed and powdered tablets
were concepted and performed with testing the uses of methanol,
ethanol, isopropanol, chlorophorm, and mixture of tetrahydrofuran-
isopropanol with appropriate acidification. The samples were

ultrasound treated an after filtration directly injected in integrated
HPLC system Varian 920 with DAD, controlled with Galaxy 1.9 Version.
The used column was LiChrosphere RP Select B 125 x 4 mm with 5um
particles, with simple in-house developed and modified HPLC method
for quantification, which does not use solid substance added for
buffering and without filtration of mobile phase

RESULTS AND CONCLUSION
After testing of 5 different organic extraction mediums, we found very
similar extraction efficiencies of more polar solvents, then with less
polar solvents. The low polarity solvents besides no extraction recovery
advantages, impairs the peak shapes in chromatograms and often
induced impaired baseline stabilities. This high quantitative recoveries
of more polar aliphatic alcohols suggest and prompt the concepts for
developing analytical method for Dimenhydranate without LLE steps
in sample preparation before injection in HPLC.

REFERENCES
1, EP 7
2, Clarke�s Isolation and Characterisaton of Drugs
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������� �
�
������
������� �� ������������
�� �����(��
����

�. ���
����, �. 6��!
����, �. �. ����
����,  %.
<��
����, �. ����
����, ".%.-�
��0�!
����

���
�
������ ��
������ _��������
 � _�����, <����� 	� ��������
�� ��������, <�����, _. ~���������

�����
��������������� ���������� �� ��
��������� �� ��
��>�������,
�����>����
�� � 8-������������� � ���!��� � ��	���� ����
�������� ��
�������, !����� � 
�������� �� ������������ �����-
����� �������
��� (""�) �� �������	������� ���
����. *������
������
� �� ������� ��������� � ���������� �� �����
���� ����
����
 ���� �� ���
���
� ����� �� ����� �����	����� �� ����� ��
�����, ���� �� ���
�� �� ����
��� ���� �� ������ �����������
����	����� � ��	����� �����	�, ��� ������ �� ����������, ���
������������ �� ����������������.  

��� �� �
���� 
’���� ��!� �� �� ������ 
������� 	� �	���������, �������������
��� 	�
��� �� �������������� ""� �� ��������� ����������� ��
��������� � �� �� ���������� ���
��� 	� ��	����, ����	,
�������!�� � ������� 
���� 	� ������������� �����	� �� ����
�������. 

������ � ����
������ 
���������� ��������-��������� �������
��� �� �������	����

�������� �� ������� ��!� 	�
����� � �����	���� ����� ���������
�� 
������, ������, �	���������, >�������
 � 
�!����� ��
�����>��������� � �	���������, �� �������� 	�����������.
^��
���
��� ��� ����������� �� �����	����� ����, ���������� �
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��������	�� 
������� �� ����
���	� HPLC ������ ��
�� Varian 920
�o DAD, ���������	� �
 ������� Galaxy ������a 1.9. ��������	
���� �����	 LiChrospher RP Select B 125x4mm �� 5um �	������ �
��������	 ���� �	�	 ������� �	�����	 HPLC ����
	 �	
��	������	���	 ���	 �� ������� ������ �����	��� �	 �������	��
��� ����	 ����	 
	 �� �������		�.

��������	 	 ��
����
 
����� 5 ������	�� �	������ ��
	���� ����� ��
����, ����
����
���
� ������ ������ �����	������ ����	������ �	 ������ ���	 � -
�� �� ��������, ������� �	 ���� 
������ �� ������	 ���	�����. �� -
�� ������� �	 ����������	����� ��
	���� ��������, ����	� ��	 ���
�� ���	�	 ���	��	 ���
���� �� �������� �	 �����	����	�	 ���	�	
� 
��
	 ��������	 ���	�	 � ����
���� ����	��� �	 ������� �	
�������� �� ����	��
�	���� � ��	���������� �	 ������� �	���
�����. �������	�	 �����	�����	 ����	����� �	 �������� ���	� �� -
�� 	���	����� 	������� �� 	�����	 � �� ���������	 �	 ������ �� -
	�� ���	�� �	 	�	������� ����
 �	 ��	������	���	 �	
�� �� ��
�	�	� ��� ��������� �	 �������� ��������	��� !!". 

�	��������
1, EP 7
2, Clarke‘s Isolation and Characterisaton of Drugs

ADOLOR GRIPO C  AS COLD MEDICINE
PREPARATION � A REAL AND PERMANENT
ANALYTICAL CHALLENGE
M.Piponski, T.Rusevska, I.S.Slavevska, B.Vulovska, M.Mindoseva,
M.Petreska, G.T.-Serafimovska
Pharmaceutical Company Replekfarm-Replek Skopje, Quality Control
Department, Skopje

INTRODUCTION 
A famous pharmaceutical complex preparation known as Cold
Medicine formulations, have always been a challenge for analyst‘s and
prone to further method improvements from the aspects of simplicity,
speed, peak shape and resolution and sensitivity of chromatographic
separations, without sacrificing of the accuracy and reproducibility
and ruggedness of the method.

AIM OF WORK 
The employing of chromatographic theory, rules and experience throw
conceptualisation of experimental variables, manifested with many
considered combinations of buffers, amino modifiers and organic
solvents, to create simplest, fastest and best system suitability HPLC
method for separation of four components, Ascorbate, Paracetamol,
Caffeine an Chlorpheniramine with isocratic elution in solid
pharmaceutical dosage forms.

METHOD AND INSTRUMENTS 
Separation optimisations were performed with Varian HPLC systems
with DAD, models ProStar modular and integrated Model 920,
controlled with Galaxy 1.9 Version 1.9. Many different mobile phase
compositions were composed of combinations of methanol,
acetonitrile, UV-transparent amino modifiers and phosphate buffers
with different concentrations and pH values. Adding and omitting of
amino-modifiers was compared, different RP bonded phases, i.e.

columns with C8 and C18 matrixes made from different vendors were
checked and compared, like LiChropsper, Purospher from Merck and
Discovery from Supelco.  The chromatogram quality was estimated by
following peaks shapes, resolutions, base line stabilities with
calculating their system suitability parameters. All this variables should
generate simple, accurate, sensitive, reproducible and as much as
possible rugged method

RESULTS AND CONCLUSION 
The best result we got with the column Discovery LC-8 column
150x4,6mm with 5um particles, with equal parts of methanol and
acetinitrile with dominant part of 25mM phosphate buffer at pH=2.3
with 0,2% of  diisopropylamine. Since the enormous differences in the
peaks sizes of constituents, especially Paracetamol and
Chlorpheniramine induced from their molar absorptivity and mass
participation, it was concluded and suggested in aim to achieve high
sensitivity and accuracy, the quantification of all 4 components to be
performed with 2 very similar methods which differ in the percentage
of organics in mobile phase and monitored UV signal. The same
column and buffer are recommended and used.  The separation with
perfect resolutions and peak shapes is easily achieved one mobile
phase, but the accuracy of the method is little jeopardized with the
peak height differences, for Paracetamol 1350 mAU, compared with
Chlorpheniramine with less than 10mAU.

REFERENCES
1, USP32-33
2, BP2011
3, Clarke‘s Drug Isolation and Characterisation of Drugs 
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�. ������	�, 
. ���
��	�, �. �. ����
��	�, �
������	�, �. ������
��, �. �
��
�	�, �.
.-
�
��������	�
#	��	������	 ����	���	 $������	�� � $�����, &����� �	 �������	
�	 ��	�����, &�����, $. ’	��
����	

����
 
����	���� �	��	������� ���������� ����	�	� �
 
���	�	 �	 Cold-
#�����	���, ������
	� ��� 	�	������� ���
����� � ��
����� �	
���	�	����� ����
������ ��
�����	�	 �
 	����� �	
�
����	�����, �����	, ��������	 � ���������	 �	 ����	��
�	����
������, �	�� � ������������ �	 ����
	�	 ��� �����	 
	 �� ������	
�������	 � �����
����������	, �	�� � ��
�
����	 �	 �	�	�	
����
	.

��� �� ���
�� 
&� ������	 �	 
����
	�	�	 �	 ����	��
�	���	�	 ������	, ��	���	
� ��������, ��� ��������	�����	�� �	 �����������	��� �	���	���
�	�� �	������ ������	��� �	 ������, 	����-��
����	���� �
��
	���� ������� � �������	, �� ��� 
	 �� �	��	�� �	��
����	���,
�	���� ����
 �� �	�
���� ���
����� ����	��
�	���� �	�	��� �� ��� -
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�� �� ������
����� �� �������� ��
������� Ascorbat, Paracetamol,
Caffeine � Chlorpheniramine �� 
�����-��	���� ���
�
������
��������.

����� � ����
������ 
<�����
������ ����
�	�
�� ��� �	�������� �� Varian-��� HPLC
�����
� � ��� 
�������� Pro-Star � ���������� 
���� 920 �� DAD,
������������ �� ������� Galaxy ���	��� 1.9. ~���� ��	�����
������� �� 
������ ��	� ��� ���
������� � ��������� �� 
�������
�� 
������ � �
���������. ��������� ��� � ��������� UV-
������������� �
���-
����������� �� ��	����� ���
�����
�� �
pH ���������. �������� � �	�������� �� �
����� ��!�
����������� ��� ��	����� RP �������� �� ������ ��������� �� C8
� <18 
������� ����	������ �� ��	����� ����	��������.
��������� ��� ��������� ����	������ �� Merck �� ����� ��
LiChrospher, Purospher Star, Select B � �� ��
�������� Supelco
�������� �� ������
����� Discovery. ���������� �� >��
������
��
��!� ������������� ����� ����� � ��
������ �� ���, ��	���
���,
���������� �� ��	�� ������, ����
���� ��� �� �������� ��� ��
����
������ <����
��� ^��������. <��� ���� ��������� �����!�
�� ���������� ���� ����������, �����, ���	������, �������
������
� ����� !�� � 
���� ��������� 
����.  


�������� � �������� 
‘������� ��	������ �� ��������� �� �������� Discovery LC-8 150 x
4,6 mm � 5 um ��������, ��� ��������
����� ������� �� 
������ �
�
��������� �� 
������ ��	� �� ��
������� ���� �� 25 mM
�������� ����� ��� �‘=2.3 � ������� 0.2% ���	��������
��.
^����� ����
���� ��	���� �� ����
����� �� >��
������������
������ �� Paracetamol-�� � Chlorpheniramine-��, �������� ��
����
��� ��	���� �� 
������� ���� �� ��������� � ��	������ ��

�������� �������������� ������
� �� 	������� ���� �������� �
���� ������ ��
������� �� ����� ���������� �� ��� ������ 
�����,
��� 
�$������ �� ��	�������� ��
� �� �������� � �������� ��

�������� ��	�. ?��� ������� �� �������� �� ��� 
����� � ������
����
���� ��	���� �� ���������� �� �������� �� �������
�������
��
�������,  ������ Paracetamol-�� �	������ �a� ���������� ����
�� ���������� (1350 mAU), Chlorpheniramine-�� ��!�� ����������
������� ���
�	�� � �������
������ ���� (15-18 mAU). ^o����
���� �����
���� ��	���� ��� ��
������� �� ���������� �� ����

������ ��	� �� 10-15% ��
���� �������� ������� � ��� ����
��
�� �����
����� ����
��, ������ Chlorpheniramine-�� �
� 
����
�� ��>��������� 
������ ��	�, ������
 �����
����� ����
�� �
������
 ������. <��� �������� ���������, ���
�����
��� �� �����,
�‘ � ������ �� ��������� �� ����� 
�����.

����
���
�
1, USP32-33
2, BP2011
3, Clarke�s Drug Isolation and Characterisation of Drugs 

AZITHROMYCINE HPLC QUANTIFICATION
METHOD � CONCEPTS AND TESTING OF EX-
PERIMENTAL VARIABLES

M.Piponski, M.Globocki, I.S.Slavevska, T.Rusevska,
B.Vulovska, G.Trendovska-Serafimovska

Pharmaceutical Company Replekfarm �Replek Skopje, Quality Control
Department

INTRODUCTION
A big molecule of Azithromycine always needs maximal precautions
and more care and experience for it�s quantification methods. Relative
high Mw, lack of strong UV chromophore almost without UV spectrum,
slow diffusion rate at ambient temperature, strong interaction with
RP bonded phases C8 and C18, need excessive care in performing
analytical methods of this analyte.

AIM OF WORK
It is always beneficial to test any new ideas and changes in HPLC
operational parameters when Azithromycin comes for chemical
analysis for continuous improvement of the simplicity, harness,
reproducibility, sensitivity and ruggedness of the analytical method,
especially when large number of analysis should be done in one day,
many batch or lots of series,  solubility testing, many new
technological formulations. Testing  of many different and UV-
transparent buffering substances with different concentrations, pH
values, organic solvents and their combination of mixture, different
stationary RP matrix from different vendors, always bears a new
moments and situations, ideas for creating simpler, faster, healthier
and cheaper method with better chromatogram and without sacrifice
of the main demands of the analysis, accuracy, sensitivity,
reproducibility and maximal ruggedness. 

METHOD AND INSTRUMENTS 
All chromatographic analyses were performed on two different HPLC
systems Varian, modular edition model ProStar and integrated model
920 with DAD, both controlled from Galaxy Version 1.9. We tested and
found very different combinations of mobile phase  constituents,
organics, buffer substances, an ion-pair reagents and amino-modifiers.
A plenty of HPLC columns tested were from stabile RP modified silica
of high purity and broad range of pH use at 1.5-10 even up to 60�C.
Our columns were products of Merck, Purospher C8 and C18 from
55mm up to 250 x 4 mm with 5 um particles, and Gemini NX-C18 from
Phenomenex with 250x4,6mm, 5um.

RESULTS AND CONCLUSION 
Depending on the target in   the Azithromycine determinations
demands, the column length was chosen for appropriate separation
needs. In our investigation work we found that the cheapest pH and
temperature stable RP bonded phase columns Purosphere C8 and C18
generate better chromatogram than the more expensive in our
conditions. The fastest run was for less than 2 minutes was achieved
with Purospher C8eSTAR 55 x 4 mm with 5um, worked at 45�C and 10ul
injection volumes, with peak symmetry AsUSP=1.1. The mobile phase
was dominant mixture of organics, mixed with 25mM phosphate buffer
at pH=7.4. The flow rate was 1.4ml/min and peak hight about 130mAU
for determination of content and more than 60mAu for solubility
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testing samples. For determination of  related compounds and
degradation products, replacement of of C8eSTAR with more
hydrophobic and retentive C18eSTAR with longer dimensions 125 to
250mm, showed very good separation power, selectivity and stability.
These methods can be readily redesigned in situation of lack of
selectivity and resolution, moderating the run length, and maximizing
samples throughput per day. Purospher RP sorbents confirmed their
stability and applicability at extreme working conditions of pH and
Temperature, supporting their values with lowest available prices for
such chromatography matrixes. One of the most important feature
was achievement of perfect peak symmetry for Azithromycine, as a
result of highest purity of silica material for creating bonded RP
columns, which result in much better sensitivity, accuracy, precision,
repeatability and ruggedness of the method.

REFERENCES 
1. USP33
2. BP2011
3. EP7

����
������ HPLC
������
��������� ����� �
�������� � �����
��� ��
�����
��������� ��
���’�� 

�. ���
����, �. "�
�
’��, �.�. ����
����, %.
<��
����, ".%-�
��0�!
���� 

���
�
������ ��
������ _��������
 � _�����, <����� 	� ��������
�� ��������, <�����, �� ��	�� 188, _. ~��������� 

����� 
����
��� 
������ �� @	����
�
�� ��������! ����� 
����
����
���
����, �������������� � �������� 	� ��������
����������
���� 
�����. _�������� ����
��� 
��������� 
���,
������������ �� �����	���� UV >��
����� ��	 ����!�� ��������
������
����� �������, ������� ����	��� ��� �
���������
��
��������, ������� �������
��� �� RP ��	����� �������� <8 �
<18 ������  ����
� ���
���� ��� �	������� �� �������� ����������
�����
���
���� 
�����.

��� �� �
���� 
?�������! ���� ������� �� �� ��������� ������ ���� ����� �
���
��� �� HPLC ������������ ����
���� ��� �����	������� ��
@	���
��
�� ���
���
�, �� 
�� ������������ �� �� ���������
�������������, !��������, �������
���������, ���	��������� �
���������� �� ������������ 
����, ������� ���� ����
 ����
���
���
� ����� �� ����� �������� 	� ������ ���
�, ���
�����	������� ������
���� ������, ��������� �� �������������,
������ �� ����������, ��	� ������
�� �� ��>������� � ��������.
"���������� �� ������ ��	����� UV-������������� �����������
�������
� ��� ��	����� ���
�����
�� � �‘ ���������, ��������
������� � ����� 
�������, ��	����� ���
������� �������� ��
��	����� ���
�, ������! �����
����� ���� 
�
���� � �����
��,
���� 	� �������� ������������, ����	�, ��	����� � ��������

����� �� ������� >��
������
�, ��	 	����	����� �� ��������

������� �� �����	���, ������� �������, ���	��������,
�������
�������� � 
����
���� ���������.

������ � ����
������ 
<��� >��
���������� �����	� ��� �	�������� �� ��� ��	�����

����� �� HPLC �����
� �� Varian � ��� 
�������� Pro-Star �
���������� 
���� 920 �� DAD ������������ �� ������� Galaxy
���	��� 1.9. "�������
� � �������
� 
���� ��	����� ��
����
�� ��

������-��	�� ��������, �������� ������������ � 
�������,
�������� �������
�, ���-��� �������� � �
���-
�����������.
^������� �� ����������� HPLC ������ ��� �� RP �������, ��� ���
�������� ���� �‘ 1,5-10 � ��
��������� �������� �� 60�C
��������. �������� ��� �������� �� Merck �� ����� �� LiChrospher
�  Purospher Star-e C8 � C18, Select B,  �� ������� 55-250mm � 5um
��������, ���� � Gemini NX-C18 �� Phenomenex �� ��
��	�� 250 x
4,6mm � 5um ��������.


�������� � ��������� 
#������ �� 
���� ��� @	����
�
�� �����
���
������ ������
��������� �� �������� ��!� ��������� �	������ 	� �����������
������
���� �������. *� ��!��� ���������� �������
� ����
����������� �‘ � ���
���	���������� RP ��	��� ������ ���
Purospher C8eStar � C18eSTAR, �� ��
��	�� 55 > 4 mm � 5 um
�������� �� 45�< � 10ul �����
����� ����
�� �� 214nm � ����������
��
������ �� AsUSP=1.1. ����������� 
������ ��	� ��!�
��
������� �� ��������-��������� 
������� �� �
��������� �

������, ��������� �	
�!��� � ������
��� �� 25mM
�����
�������� ����� �� �‘ 7.4. ^������� ��	 �������� ��!� 1.4
mL/min ��� !�� ����� �� @	����
�
���� �������� � �� 120   mAU
�� ����� 	� ���������� �������� � �� 60 mAU �� ������� 	�
���������� �������������. #� ���������� �� ������ �
�������
���� �������� 	�
����� �� C8eSTAR  �� ��>�����������
� ������������ C18eSTAR, �� ������� ��
��	�� 125mm � ��������
250mm ������ 
���� ����� ������
���� 
��, ������������ �
����������. ?��� 
����� 
���� ����� �� �� ����	�������� ��
�����
�� �� ��������� ������������ � ��	���
��� �� ��
���������
�� ���
��������� �� ������
����� � 
����
�	����� �� ������ ��
�����	� �� ��������� ���, ������� �� �����
� ���
�. <���������
�� ����� �� Purospher STAR ��
� �� ��������� ������� ���������� �
���
�������� �� ������
�� ������� ������ �� ������ �� �‘ �
��
��������, ���������� �� ������� �������� 
��� �� ������� 	�
����� ��� �� >��
���������� 
�������. ���� �� ����������
�������� �� ���� ������ � �������������� �� ��������� ��
�����
�� ����� �� @	����
�
�� �� >��
������
���, ���� ��	����� ��
������ ������������ ��������� ������� � ������� �������
��������� �� ���������� ��������� �����.  


�
�
����
1. USP33 
2. BP2011 
3. EP7
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TRIMETAZIDINE HPLC METHOD 
OPTIMIZATION � INFLUENCE OF SOLUBILITY
PRESCRIBED MEDIUM ON THE SELECTION
OF ORGANIC MODIFIER ON MOBILE PHASE
COMPOSITION

M.Piponski, M.Globocki, I.Mitreski,  E.Lazarevska,
M.Petreska,  K.Andonovska, G.Trendovska.-Serafi-
movska

Pharmaceutical Company Replekfarm � Replek, Quality Control
Department, Skopje

INTRODUCTION 
Creation of quantitative HPLC method for Trimetazidine was governed
by composition of medium for solubility testing of the solid
pharmaceutical dosage forms composed of 50mM phosphate buffer at
pH=6,8. This was the prescribed medium for optimal solubility which
we had to obey, and parameter which restricted the use of acetonitrile
in development of simple, reproductive and rugged method with less
surprises in retention time instabilities and better peak symmetry.

AIM OF WORK
Testing of the two most common organic solvents for mobile phase in
HPLC, methanol and acetonitrile in combination with phosphate
buffers with different concentrations, pH values and presence or
absence of UV-transmittable amino-modifiers, in aim to create simple,
suitable accurate, reproductive and rugged method for quantification
of Trimetazidine. The peak symmetry and mobile phase simplicity were
of prime interest and targets in chromatographic solvent composition
conception. 

METHODS AND INSTRUMENTS 
All testing�s were performed with Varian HPLC systems, modular
conception Prostar and integrated model 920 with DAD, controlled
with Galaxy software Version 1.9. The operating conditions were UV-
monitor at 215nm, at 30�C, with 1.1ml/min and 10ul injection volumes.
The HPLC column used was LiChrosphere RP Select B 60,  with 125 x
4 mm and 5um particles. All used chemicals and reagents were PhEur
grade, products of Merck and Sigma.

RESULTS AND CONCLUSION
Since the relatively high concentration of prescribed medium for
solubility testing, composed of 50mM phosphate buffer with pH=6.8,
using of acetonitrile up to 30mM at pH between 2.8-3.2 region in
mobile phase generated relatively asymmetric chromatogram peaks
varying at As USP values diapason 1.56-1.82. Using of suitable amino-
modifiers with higher UV-transparency corrects the peak symmetry at
concentration levels higher than 0.1% v/v. But even the best UV-
transparent amino-modifier at concentration levels higher than 0.1%
v/v  during signal measuring at 215nm can easily disturb baseline
flatness. The second problem which appears after many injections is
retention time fluctuations and increasing peak asymmetry, the
problems induced from great differences in compositions of mobile
phase buffer and buffer in solubility medium, their concentration and
pH value�s. The mobile phase 15mM phosphate buffer with nominal

pH=2.8, cannot keep the chromatographic equilibrium with the more
powerful 50mM phosphate buffer with pH=6.8. Increasing the
concentration of buffer over 50mM in mobile phase is not very healthy
for columns and HPLC systems. Raising the pH of mobile phase buffer
up to 6.8, stabilise the retentions but slightly improves the peak
symmetry about AsUSP=1.56. Reducing the injection volume to 5ul
and further to 3ul with the use of nominal pH of mobile phase buffer
solves both problems with retention fluctuations and peak symmetry,
but impairs the sensitivity, accuracy and precision of the method.
Replacement of acetonitrile in mobile phase with methanol, showed
to be much better choice for peak symmetry, retention fluctuations,
lower demands of amino-modifiers, and at the end, less toxic exposure
of analyst and environment to harmful chemicals.

REFERENCES 
1.EP7; 
2.Clarkes Drug Isolation and Characterisation of Drugs

�
���������� ������������ ��
HPLC ����� � �������� ��
�
����
���� ���������� ������
�� ����������� �� �
	�����
����
�����
 �� �������� ��
��’������ 
���

�. ���
����, �. "�
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’��, �. ����
���, �.
\����
����, �. �
��
���, ". %�
�#
����-
�
��0�!
���� 

���
�
������ ��
������ _��������
 � _�����, <����� ��������
�� ��������, <�����, _. ~��������� 

����� 
���������� �� ������������� HPLC 
���� 	� "��
���	���� ��!�
��
������� �� �������� �� ������
������ 
����
 ��� �����������
�� ��������������  �� ���� ���
�
������ �������� �� 
�����
��	���� ���
�, ��� ��!� �������� �� ����
���� 50 mM ��������
����� �� �‘=6.8. *��� ��������������� ����
���� ������
�����

����
 ��!� ������������ 	� ��� ��!� ����>���� �� ����
�����������, � �����������!� ����
���� ��� �� ��������!�

������� �� ��������� �� �
����������� �� ��	����� ��
���������� HPLC 
����, �� ���������� �������, ���	��������,
�������
�������� � ���������, �� ��
��� ����������� ��
�	����������� �������
�� �� �����
���� � �������� ��
������ ��
����� �� "��
���	����  � ��	�� ������. 

��� �� �
���� 
������ 	�
���� ��!� �� �� ��������� ����� ������������� ��������
�������� �� ��������� �� 
�������� ��	� 	� RP-HPLC, 
�������� �
�
�����������, �� ��
����
�� ��   �������� ����� �� ��	�����
���
�����
��� � �‘, ��������� � �������� �� UV-�������������
�
���, �� 
�� �� �� ������� ����������, �������, �����,
������������� � ������� 
���� 	� ���������� �� "��
���	������.
<�
�������� �� >��
������������ ��� � ������������� ��

�������� ��	� ��� �� ���
���� 	������ � 
�� ��
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���
�������	�
����� �� 
�������� ��	� 	� HPLC. 

����� � ����
������ 
<��� ��������� ��� �	�������� �� Varian-��� HPLC �����
�,

�������� ��� Pro-Star � ���������� 
���� 920 �� DAD,
������������ �� ������� Galaxy ���	��� 1.9. ?��������� ������
��� 
����������� �� UV ������ �� 215 nm �� 30�< ��� 1.1 ml/min
� 10 ul �����
����� ����
��. ��������� ��!� Merck-��� ������ RP
Select B 125 x 4 mm so 5um. <��� ��������� >�
������ ��� �� PhEur
������� �������� �� Merck � Sigma.


�������� � �������� 
^����� ��������� �������� ���
�����
��� �� ���������������
������
����� ���� 
����
 �� 50 mM �������� ����� �� �‘=6.8,
����������� �� �
��������� �� 
�������� ��	� ���� � ��� 30 mM
����� �� �‘ 2.8-3.2 �������� ��������!� ��������� ���
�������
��� �� AsUSP=1.56-1.82. ����������� �� ������� �
���-

����������� �� ������ UV ��������������� ����� �����
�����
��� �� ��
�������� �� ����� �� AsUSP ��� 1.5, �� ��
���
�����
�� �������� ��� 0.1% v/v. ^��������� ���
�����
��
���� � �� ���������� �
��� �� 
������������ ��	������ ��
������� �� �����, �� ��������� �� ����������� �� ��	���� ������
������� �� ������ �� 215 nm �� ��� �� 
��� "��
���	������. *���
������
 ��� �� �������� �� �������
���� �� �����
���� �� �������
����������� � �������� �� ���
����������, ������
 �����
����
�� ����
��� ��	���� �� ���
�����
���� � �‘ �� ������
������ ����

����
 � ������� �� 
�������� ��	� �� !�� �� ����
�����
����������
�� �� >��
������������ �����	�. ~�������� ��	� ��
15mM-30mM �������� ����� �� �‘ ��������� 2.8-3.2 �� � ��

������ �� �� ����� ���������� ����������
�� �� ��������
����	�� � 2-3 ���� �����
�������� �����. ^����������� ��
���
�����
����� �� ������� �� 
�������� ��	� ��� 50 mM �� �
������������ 	� ���� ����� �� RP �������� � HPLC ��
����.
������������ �� �‘ �� 
�������� ����� �� �‘ 6.8 �� ��!���
������
�� �� �����
������ �������
��, �� �� � �� ��
������� ��
���
�������� AsUSP ��� 1,5. ‘�
��������� �� �����
������
����
�� �� 5ul � ������� �� 3ul �� ��������� �� ��
��������
25mM �������� ����� �� pH=2.8 �� ��!��� ����� ������
� ��
������� �� ����� � �����
������ �������
��, �� �� ��
�����
���	��������� �������� � ���
�	����� �� 
������. #�
����� ��
�
��������� �� 
������ �� 
�������� ��	� ������ ���� � 
����
������� �	��� 	� ��
������ �� �����, ���������� �� �����
����,
������� �� ��
��� ���
�����
�� �� �
��� � ��
���� ��
���
���������!�� ������������� �� ���������� � ���������. 

����
���
�
1.EP7; 
2.Clarkes Drug Isolation and Characterisation of Drugs

NEW BYLAW ON VARIATIONS OF MARKET-
ING AUTHORIZATIONS FOR MEDICINAL
PRODUCTS IN THE REPUBLIC OF MACEDO-
NIA, HARMONIZATION WITH THE LATEST
�U REGULATION

Vesna Nasteska-Nedanovska, Ilcho Zahariev, Marija
Trajchuleski, Rajna Kostoska

Bureau for Medicinal Products at the Ministry of Health of the Re-
public of Macedonia

The Bylaw on variations of marketing authorizations for medicinal
products (�Official Gazette of the Republic of  Macedonia� No. 145/08)
regulates the main principles for classification of the variations, the
conditions that have to be fulfilled, the legal procedures for notifica-
tion or approval of the changes of marketing authorization, as well as
the manner of their implementation. This Bylaw was adopted as a re-
sult of the process of harmonization of the national regulation in that
time in accordance with existing European �soft� legislation.
The implementation of this Bylaw so far showed the need for further
amendment, respectively - changing the existing classification of the
variations, parallel with the legal procedures, all in goal to improve the
procedures and for continuous supervision of the medicinal products.
The objective of the new Bylaw on variations of marketing authoriza-
tions for medicinal products in the Republic of Macedonia is to im-
prove some particular solutions for the classification of variations and
the manner of their notification or approval and implementation of
given variation. This review arises from the continuous following the
European Commission regulations and transposing them accordingly.
The new Bylaw on variations proposes simplified, clear and more flex-
ible legal framework that guarantees the same level of public health
care protection. The adjusted procedures laid down in the Bylaw are
adapted without departing from the general principles on which those
procedures are based. The variations are classified in different cate-
gories, depending on the level of risk to public health and the impact
on the quality, safety and efficacy of the medicinal product concerned.
Definitions for each of those categories and details of the conditions
for classification of the various categories of variations are regularly
updated in the Bylaw; they assist foresight and follow the basic guide-
lines with the details for various categories of variations that are in-
tegral parts of the Regulation (EC) No. 1234/08 of the Commission of
the European Parliament and Council. Certain changes which have the
highest potential impact on the quality, safety or efficiency of medic-
inal products require a complete scientific assessment, in the same
way as for the evaluation of the new marketing authorisation appli-
cations.
In order to further reduce the overall number of procedures for varia-
tions and to enable focusing on those variations that have a genuine
impact on the quality, safety and efficiency of the medicinal products,
a system of annual reporting for certain minor variations has been in-
troduced. Procedure �do and tell� is set-out for such minor variations
that do not require any prior approval before implementation and they
need to be notified within 12 months following their implementation.
Other types of minor variations whose immediate reporting is neces-
sary for the continuous supervision of the medicinal product are not
subject of the annual reporting system.
Each variation requires a separate single submission. In order to facil-
itate the review of the variations and reduce the administrative bur-
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den, grouping the variations is allowed in certain cases, accordingly to
the directions provided. Single submission with grouping of variations
covers all such variations that fall within one of the allowed cases or
have agreement with authority to be in the same procedure.
Grouping of variations can be accepted only in cases when the same
group of minor changes are affected in the same time in one or more
medicinal products of the same marketing authorisation holder and in
cases when multiple variations are introduced within one medicinal
product at the same time according to determined directions or after
prior consent by the Agency that all stated variations can be included
in a single procedure.
The new Bylaw explains when the holder of marketing authorization is
allowed to implement the given variation and from an economic as-
pect it is of essential importance for each producer.
The aim of the new Bylaw on variations is to unify the classification of
the variations, to provide continuous supervision of the medicinal
product, to adjust the legal procedures and to define their time dura-
tion, to clarify when the holder of marketing authorisation has been al-
lowed to implement the variations and to achieve maximum level of
harmonization with the latest EU regulation.
The different categories of variations introduced by this Bylaw should
be regularly updated in the light of scientific and technical progress,
taking into account the particular importance of the harmonization
on international level.

REFERENCES
Bylaw on variations to a marketing authorization for a medicinal product or to the
approved documentation of a medicinal product with a marketing authorization
(�Official Gazette of the Republic of  Macedonia� No.62/11 since 05 May 2011)
Commission  Regulation (EC) No 1234/2008 of 24 November 2008 concerning the
examination of variations to the terms of marketing authorization for medicinal
products for human use and veterinary medicinal products
Post-authorization procedural advice on variation regulation (EC) No 1234/2008,
Human Medicinal Products
Commission � Guideline on the details of various categories of variations to the
terms of marketing authorization for medicinal products for human use and
veterinary medicinal products

���� 
�	������� �� ��
������ ��
���’
���� �� ������� �� ��� ��
�
���� �� 
���’���� ����������,
(�
���������� �� ��

&
��� 6���
���-6
#��
����, ��’
 ��Y���
�,
������ %���’��
���, <���� 5
��
���

}��� 	� ������ ��� ~����������� 	� 	�������� 
�� _�������� ~� ���� ����

*� ^���������� 	� ������
�� �� ���� ������� ��������� 	�
������� �� ��� �� ���
�� (�<������ ������ �� _��������
~����������, ��. 145/08) �������� �� ��������� ������ 	�
���������
��� �� ������
����, �������� !�� ����� �� �����
���������, ��������� �������� !�� �� ����� 	� �����������/
���������� �� ���
�����, ���� � 	� ������� �� �������
����������. ������������ �� ���� ��������� ����	�� �� ��!� ��
������������ �� ���� 
������� �� ���������� �soft� 	������������. 
������!���� ���
��� �� ���� ��������� ������ ���� �
� �������
�� ����
�!�� �����������, ������� 
������� �� ����������
���������
��� �� ������
����, �� �������
��� � �� ���������
��������, 	����� ����������� �� ���������� �� ������ � �������
������� �� �����. ‘����� ��������� 	� ������
�� �� _��������
~��������� � �� ����
��� �� ����������� �� ������� ��!����� ��
���������
����� �� ������
���� � ������� �� ������� ����������� �
����������, � ��� ����	�������� �� �������������� ������� ��
������������ �� ���������� ��
����� � ����� ��������� ������� �� -
����.
<� ������ ��������� 	� ������
�� �� ���������� ����������, �����
� ������ ����������� ������� ��!����� !�� ����������� ���
������ �� 	���������� 	�!���� ��� ��$���. ^��������� 	�
����������� �� ������
���� �� �����������  ��	 �� �� ������� ��
����������� ����
��� �� ��� ��� �� ��	�����. *�����
���� ��
�������
����� �� ��	����� ��������� �� 	�������� �� ��	���� ��
	�������� �� ��$��� � ������� �����
������ �������� �� ����������,
��	�������� � ����������� �� �����. ‘������� � �������� 	�
���������
��� �� ������
���� �� ����������� ���������, ��
�����
����� ����� �� �� ����� � �� ������ ��������� ����������� ��
������������� 	� ��	������� ��������� �� ������
�� !�� ��
�������� ��� �� _����������� (�#) ��. 1234/08 �� ��
������� ��
���������� �����
��� � <����. <����� ���� �������� ���
��� ���
!�� �
��� �������
� �����
������ �������� �� ����������,
��	�������� � ����������� �� ����� � ������ 
������ ������
���
����, �������� ��� ����� �� ������
��� ���� � ���� ������ 	�

�������� �� �� �� 	� 
� ��.
<� 
�� �� �� ��
��� ������
���� ���� �� �������� 	� ������
�� �
�� �� �������� ���������� �� ���� ������
�� ��� !�� �
���
	��������� �������� �� ����������, ��	�������� � ����������� ��
�����, �������� � �����
 �� ����!�� �	��������� 	� �������� 
���
���
���. #� 
��� ������
�� ��� !�� �� ������ ����>����
���������� �� �������� ������� �do and tell� � ������ �� �����������
�� ��� �� 12 
���
� ����� ������� ����������. ?������� 
���
���
��� ����� �����! �� �� ������
����� ����� �������
����������, �� 
�� �� �� ���	���� ������������ ������� �� �����
� ��� �� �� ����
�� �� ����!�� �	��������� (immediate notification).
*� ���� �������� 
��� �� �� ������� ���������� ������ 	� ������
�������  ������
���. #� �� �� �������� ����������� �� ������
����,
� �� 
�� �� �� ��
��� ��
�������������� �����, ��	������ � ������
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	� ��������� �� ������
���� �� ���� ����	�
 �� ������ !�� �
��	������ ��
� �� �������� ������, ������ ������ ������.
��������� �� ������
���� 
��� �� �� ������� ��
� �� ������ ����
���� ����� �� 
��� ���
��� �� ���������� �� ���� ���
� ��� ����
��� ������ ������ �� ���� ��� ������� �� ������������ 	� �������
�� ���
�� � �� ������ ���� ������ ������
�� �� ���������� ��� ����
��� �� ���� ���
� ������ �������� ������ ��� �� ����>����
���������� �� @���
����� ���� ���� �������� ������
�� 
���� ��
�� ������� �� ���� ���� ��������.
^���������� ��������� ���� �� ��������� �� ����������� 
� �
����!���� �� �� ������ �������� ������, � ��� � �� ��!������
������� 	� ����� ����	������� �� �����
��� ������.
’���� !�� ����� �� �� �������� �� ������ ��������� 	� ������
��
� �����
����� �� ���������
����� �� ������
����, ���	��������
�� ������������ ������� �� �����, ������������ �� ���������
�������� � ��������� �� �������� 	� ������, ���������� ��
������
���� � 
����
���� >��
���	�
��� �� ������������ �� ��.
_�	������� ��������� �� ������
�� !�� �� �������� �� ����
��������� ����� � �� ������ ������� �� �� ��������� ��
���������� �� �������� � ��>������� ��	���, 	�
���� �� �������
	�������� �� �������
��������� >��
���	�
���. 

��
������ ����
���
�
^�������� 	� ������
�� �� ����������� 	� ������� �� ��� �� ���
�� ��� ��
����������� ����
����
��� �� ��� !�� �
� ������� ��������� 	� ������� ��
���
�� (�<������ *����� �� _~� ��.62/11 �� 05 
�� 2011 ������)
Commission Regulation (EC) No 1234/2008 of 24 November 2008 concerning the
examination of variations to the terms of marketing authorization for medicinal
products for human use and veterinary medicinal products
Post-authorization procedural advice on variation regulation (EC) No 1234/2008,

Human Medicinal Products
Commission � Guideline on the details of various categories of variations to the
terms of marketing authorization for medicinal products for human use and
veterinary medicinal products

CLASSIFICATION OF MEDICINES AS RE-
GARDS THEIR SUPPLY, PREREQUSIT FOR
PUBLIC HEALTH PROTECTION

Merjem Hadjihamza 

Ministry of Health, Republic of Macedonia

Classification of medicines as regards their supply is the competency
of Health authorities of each country and is of particular importance
for the preservation of public health. We live in times when enormous
financial resources are invested in pharmaceutical industry, which
means development of new medicines that represent advancement
in pharmacotherapy, thus proper selection and classification of these
medicines is of strategic importance for each country especially for
those in transition.  Legal classification of medicines as regards their
supply with or without medical prescription has implications on
patient safety, the accessibility of medicines to patients and also at
the responsible management of health care expenditure.
Considering the broader accessibility of medicines  and the necessity
of introducing  harmonized provisions and conditions favoring the safe
use of prescription and nonprescription medicines,   On April 2007
Committee of ministers,  member states of the Partial Agreement in
Social and Public Health Field,  adopted the Resolution ResAP(2007)1

on Classification of Medicines as regards their supply. 

Council of Europe Committee of Ministers Resolution ResAP (2007)1
on the classification of medicines as regards their supply 

» Recommends to the governments of the member states of the
Partial Agreement in the

Social and Public Health Field that they supply information on the
national legal classification of medicines as regards their supply on a
regular basis;

» Recommends to the same governments that they apply the
general provisions and the

Classification of active substances depending on the supply conditions
of the medicines which contain them, as set out in the appendices of
the Resolution ResAP(2007)1

» Recommends to the same governments that they adopt the
general provisions relating to

Minimum information to be included in prescriptions;
These recommendations are not legally binding but they are legal
instruments and contain a political statement. 
There is a Committee of Experts on classification of medicines as
regards their supply which is coordinated by the European Directorate
for Quality of Medicines & HealthCare (EDQM), Council of Europe. This
Committee at its work uses scientific approaches and methods taking
account of medicines� pharmacological properties, issues relating to
direct and indirect risks (pharmacovigilance) as well as miss/abuse,
matters of public health concern. It gives annual recommendations
on classification of medicines as regards their supply which can be
found at the web site of EDQM. Although this recommendations are
not legally binding the may be used as a relevant reference to the
member states and broader. 
It is evident that classification practices differ from Country to
Country and harmonization in this field would be preferred especially
for over the counter medicines.
Having in mind all above mentioned  it may be concluded that the
current regulative (Law on medicines and medical devices -article 13
and the  Rulebook on the manner of prescribing and dispensing
medicinal products on prescription)  regarding classification of
medicines in  Republic of Macedonia do comply with European
Directives. The Rulebook allou us to also implement the
recommendations and provisions set up at the appendices of
Resolution ResAP(2007)1 on the classification of medicines as regards
their supply.    

REFERENCES
1. Resolution ResAP(2007)1 on the classification of medicines as regards their
supply
2. Law on medicinal products and medical devices
(www.reglek.com.mk)
3. Rulebook on the manner of prescribing and dispensing medicinal products on
prescription
(http://www.reglek.com.mk)
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�����
���������  �� ��������
���
�� ������� �� ��������
�
������� �� ���������� ��
������� ��
����

�
��
! ��9�Y�!��  

~����������� 	� #��������, _�������� ~���������

���������
����� �� �������� ������ ������� ��  �	������
����������� ������� �� 	������������ ���������� ������� ��
��
��������� ���� �� ��
���� �� 	������������ �����
 �� ������
	�
��  � � �� ������� ������� 	� 	��������� �� ������� 	������.
�����
� �� ���
� ���� ����
�� ��������� �������� ��
����������� �� ���
�
�������� ���������� !�� ��	������ ��
����	������� �� �� ������
 ���� ���� ������ ��� �������������
������������ �� ���
������������� �� �����  	a ������ 	�
�� a
������� 	� 	�
���� ��  ����	�
��� ������������ ����� � ��
������!�� 	������ � ���������� �����
��� �� ��� ������ �
����������� ����� �� �����!����� � �	������. {	�������� ��
�������� �� ��������  ��
��� ��� ��	 ��
��� �
� �
�����
�� ��
��
� ��	 ��	�������� �� ��
������ � ����������� �� �������� ����
� �� ����������� ���������� �� 	������������ ���!�
�. ^��$����
��  ������ �� ��	�������� �� ��
�������, ����������� �� ��������
���� � 	����������� �� ������� 	������ � <������ �� ������
������� �������� ���� ��������� 	� ���
�
�������� ����� ��
	������������� 	� >��
���	�
��� �� ��
��������� 	�������
������� ����	��� �� ���������
����� �� �������� ������ �������
�� �	������. "��
� �� ���� ������� ~������������ ��
���� ��
	�
���� ������ �� ^��
�������� ������� �� ������ �� ��
��������
� ������� 	������  �� ����� 2007 ������ �� ����� _�	���
����� ResAP
(2007)1 	� ���������
��� �� ������ ������ ������� �� �	������.
^�� ��� �� ������� �� 	�
���� ������, ����������� �� ^��
��������
������� �� ������� �� ��
�������� � ������� 	������ ��������
_�	���
����� �� ������ ��������� ��� ��   �� ���������� ��: 

» ����������� �� ������
� 	�:  ���������
����� �� ��������
������ ������� �� �	������ �� ������� ������
» ���
������� ��  ��!���� ��������
� 	� ���������
��� ��
�������� ������ ������� �� �	������ ���� !�� ��� � ��������
��  ����������� ��� ����	�������� �� ��	���
����� ResAP
(2007)1  ���� � 
» ��������� ��  ��!���� ��������
� 	� 
���
�
��
�����
�
�� !�� ����� �� �� ������ ���� ��
���

^���������� ��� ����	�������� �� _�	���
�����  �� �������������
	������� �������  �� ����� �� ������� ������
���� ��� �� ����
������� �  ��������� ������.
*� ��
���� �� <������ �� ������ ������  ��
����� 	� ��� �� �� �� -

��� �� ������ ������ ������� �� �	������ � ������ ������ ���
������� �� ���������� ���������� 	� �������� �� ������ (EDQM) ��
<���	���. *� ������� ������ ���� ��
����� ������� ������ ��������
� 
����� �
���� �� ��� ��� �� ������� ���
�����!���� �������
�� �����, ���!����� 	� ���������� � ������������ ��	�
� (��� 
 � -
�� �� �����
���), 	������������ �� �������� ���� � ����� ���!���
�� 	������ 	� ������� 	������. ?��� ��
����� ������ ��������� ��
����� �� ���������
����� �� �������� ������ ������� �� �	������
�� ���� �� ����!�� ���� � ������ �� ���������� �� ��� �������� ��
EDQM. {��� ���� ��������� �� �� ������ ����	������ �� �����
������ ������������� ����� ����� 	� �������
� ��� ���������� ��
���������
��� �� �������� ������ ������� �� �	������ 	� ����

���� 	�
�� �� ���������� ����� � ��!�����. {
���� �� �� �������
�������������� 
��� �� �� 	������ ���� ����!���� ���������� ��
_�������� ~��������� (���� 13 �� #������ 	� ������ � 
���
�����
��
����� ���� �  ^���������� 	� ������� �� �����!����� �
�	������ �� ������ �� ��
���) �� ����� �� ���������
����� ��
�������� ������ ������� �� �	������ � �� ���������� ��
���������� ����������. ���������� ^��������  ��� ����	������ ��
#������  	� ������ �������� �� ���� 
������ �� �� �
���
������
�
����������� ���� �   ��������
��� ����������� �� ����������� ��
_�	���
����� ResAP(2007)1 	� ���������
����� �� �������� ������
������� �� �	������ . ���� � �� � ��������� � ���� �� ��������
���� ���������
������ ������  �� ��	�������� �� 	�
�� �� 	�
�� �
�� ���	� �� 	��������� �� ������� 	������ >��
���	�
��� �� ���
���� �� ���� �������, ������� ���� �� ������ 	� �������� ���

���� �� �� �	����� � ��	 �������� ��
��� (?"’-��������).

��
������ ����
���
�
1. Resolution ResAP(2007)1 on the classification of medicines as regards their
supply
2. #���� 	� ������ � 
���
����� ��
����� (http://www.reglek.com.mk)
3. ^�������� 	� ������� �� �����!����� � �	������ �� ������ �� ��
���
(http://www.reglek.com.mk)

HPLC DETERMINATION OF KETOPROFEN
RESIDUES ON MANUFACTURING EQUIP-
MENT SURFACES IN CLEANING VALIDATION
PROCESS

Katerina Kocova, Irina Batkovska Borozanova,  De-
spina Efremova , Gordana Trendovska Serafi-
movska

Quality Control Department, Pharmaceutical Company �Replekfarm�,
DOOEL, Kozle 188, Skopje, Republic of Macedonia 

INTODUCTION
In the pharmaceutical industry, cleaning validation is an essential part
of the production of drugs and active pharmaceutical ingredients.
Cleaning validation is a process of providing documented evidence
that the cleaning methods used for the equipment in the manufac-
ture of pharmaceutical products, consistently controls potential car-
ryover of a product into a subsequent product to a level which is below
predetermined level of acceptability.
In many cases the same equipment is used for manufacturing of dif-
ferent pharmaceutical products. Well defined cleaning procedure must
be used to avoid any contamination of a subsequent product with
residues of a previous product, detergents and microbial contami-
nants.

MATERIAL AND METHODS
Varian HPLC System was used, equipped with Varian Prostar 240
pump, Varian 325 LC detector and Galaxie1.9.301.220 software for
data handling.
The experiments were carried out by RP- HPLC using LiChrospherÒ RP
18, (125 x 4 mm i.d.) column.The HPLC system was operated at isoc-
ratic mode using mobile phase composed of solvent A (20mM KH2PO4
,pH-3.5) and acetonitril as solvent B - in ratio 50% : 50%. .The tempe-
rature was 35°C and UV detection was at 254 nm.
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RESULTS AND DISCUSSION
The goal of this study is to develop a sensitive HPLC method for de-
termining the residues of Ketoprofen on the surfaces equipment, used
in manufacturing process, thus controlling the cleaning methods. The
Pharmacopoeia HPLC method was appropriately adapted and vali-
dated according to ICH guidelines. The method was validated through
determining these validation characteristics: selectivity, linearity,pre-
cision,accuracy,  quantification limit  and detection limit. Achived va-
lues for LOD of 0,05 µg/ml and  for LOQ of  0,2 µg/ml , indicate that the
proposed HPLC method is enough sensitive for determining the esta-
blished  product residual limits. Predetermined levels of acceptability
for Ketoprofen residues were in the range from 4.9 ppm to 6.5 ppm, de-
pends on the used manufacture equipement.
The recovery and its RSD are very important parameters used to eva-
luate the effectivness and credibility of the cleaning process.The direct
surface sampling method (swab method) was used. It was defined the
percentage of swab recovery process using the cupons that mimic the
surface equipment . The obtained  % recovery of 85.51 confirmed the
appropriatness of the cleaning method.

CONCLUSION
In conclusion , the developed HPLC method for determination of re-
sidues of Ketoprofen on manufacturing equipment surface is enough
sensitive and can be used in routine analyses in cleaning validation
process.

REFERENCES
1. Cleaning Validation Manual, Syed Imtiaz Haider, Ph.D., Erfan Syed Asif Ph.D.,
2010, USA
2. FDA, Guide to Inspections of Validation of Cleaning Processes, (Validation of
cleaning Processes 7/93).
3. Anex 15 GMP, 2001;
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�����
*� ���
�
�������� ���������� ������
��� �� ������� �����������
����� ���
��� �� ����	������� �� ������ � ������� �������
�. ̂ ��
*�����
��� �� ������� �� �����	���� ���
�� ��� �� ���	���� ��
��������� ���������� �� ������� �� ����	������� ����
�, �� ��
��������� ������
���  �� ������� ��
������� ���  ����������
��
��� �� ������������. 
*� 
���� ������,  ������ ����	����� ����
� 
��� �� �� ������� 	�
����	������� �� ��	����� ����	����. #� �� �� �	�����
�����
���
��� �� ������� ����	��� (�� ����>���� ����	���,
����������,
����������	
�) ����>���� � ��������� �������� ��
�������.

����
����� � ������
^�� ����������
����� �� ������� HPLC �����
 Varian, ����
�� ��
���
����� ��
��, UV-VIS ��������, ������
����, ���
����� 	�
������ ����������� ����� ���������� ������
 Galaxy Data system. 
��������� � ������ LiChrospherÒ RP 18(125 x 4 mm i.d.) . ^��
����
� �	�������� ����� �� >��
������������ �� 
������ ��	�
��������� �� ����������� @ (20mM KH2PO4 ,pH-3.5) � ���������� }
- �
��������� �� ����� 50% :50%. ���������� � ��
�������� ��
35°C � �����
��� �� 254 nm.


�������� � ���������
’���� �� ���� ������� e �� �� ��	��� ���	������ HPLC 
���� 	�
������������ �� ��	���� �� K��������� �� ����!��� ��
����	����� ����
�, 	� �� �� ���������� ���
���� �� ������
���
�� �������. ���
����������� HPLC 
���� 	� ������������ ��
K��������� EP , ��!� ��������� ���������  � ��������� �� �����
�� ������������,  ����������, ���
�	����/������� ���� �
���	�������� ��� !�� ��� ���������� ��
���� �� �����
���  -LOD
� ��
���� �� ����������
��� -LOQ. ��������� ��������� 	� LOD
�� 0,05 µg/ml � 0,2 µg/ml 	� LOQ, ��������� ���� ������������
HPLC 
���� � ������� ������� 	� �� �� �����
����� ����������
��
��� �� ������������ �� ��	���� �� ����������. |�
��� ��
������������ 	� ��	���� �� ����������  �� �� 4,9 ppm do 6,5 ppm
, �� 	�������� �� ����������� ����	����� ����
�. 
^��������� �� 	�
��� �� ���� �� ������� ������ �� ����	�������
����
� , ��!� ����>���� �������� ����� ������������ ��
������������  ������ �Swab Recovery� ��  ���������� �������
�����- ������  (�� ��� ���
�����
���� ����� �� ��� ��������� ��
����� ���� )��� 
�������� ������������� �� ����	������� ����
�.
"�>������ �� 	�
��� �� ������� ��!� ����
�	����� , �� 
�� �� ��
����� ��������� ���������� ������ �� ���������� ��
������������ ������� ����!���. ̂ ��������� ���������� ������ ��
85,5% ������� ���� ���
������� ����� �� 	�
��� �� ������� �
��������� 	� ��������� �� ������
��� �� �������. 

��������
������������  HPLC 
���� � ������� ���	������ � 
��� �� ��
������� �� �������� �����	� ���� ��� �� ���
���� �� ������
���
�� ������� .

����
���
�
Cleaning Validation Manual, Syed Imtiaz Haider, Ph.D., Erfan Syed Asif Ph.D., 2010,
USA
FDA, Guide to Inspections of Validation of Cleaning Processes, (Validation of
cleaning Processes 7/93).
Anex 15 GMP, 2001;
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HEALTH ECONOMIC ASPECTS OF DIABETES

Marcin Czech

1Department of Pharmacoeconomics, Medical University of Warsaw
2Europe East Regional Office, Novo Nordisk

Diabetes mellitus is one of the most important clinical problems in
the world today being the 4th leading cause of death in Europe. Ac-
cording to information from the World Health Organization (WHO)
more than 180 million people worldwide have diabetes. In 2005, an es-
timated 1.1 million people died from diabetes. Almost half of diabetes
deaths occur in people under the age of 70 years and 55% are in
women. Without introducing effective projects within the public
health domain, diabetes-related deaths will increase by more than 50%
in the next 10 years. 
More than 32 million European Union (EU) citizens have diabetes,
meaning 9% of the total population.
An additional 32 million citizens (8,8% of the population) suffer from
impaired glucose tolerance (pre-diabetes).
This situation will deteriorate in the future, with an estimated 38,3
million adult citizens with diabetes in 2030.
Type 2 diabetes, accounting for about 85-90% of all diabetes in Eu-
rope, decreases life expectancy by 5-10 years. 
High prevalence and incidence have a substantial social impact, es-
pecially in less developed countries like those of Central and Eastern
Europe. 
Health economic aspects of diabetes can be considered from at least
three stand points; global burden of the disease, cost- effectiveness of
different interventions and cost-utility, where quality of life aspects
play their role.
Costs of illness include not only costs associated with prevention, di-
agnosis, and treatment (direct costs) but also indirect costs regarding
reduced or lost productivity. 
In most EU Member States, diabetes is responsible for over 10% of
healthcare expenditure; a figure sometimes climbing as high as 18,5%.
In total, diabetes costs the EU at least 77 billion EUR a year.
The general healthcare cost for an EU citizen with diabetes is on av-
erage 2.100 EUR a year.
Despite strong beliefs, it is not the treatment of diabetes that costs
the most; it is the treatment of its complications. A vast majority of
diabetic patients remain uncontrolled, which increases costs of micro-
and macro-angiopathic complications (including blindness, neu ropa t -
hy, diabetic foot, and arteriosclerosis of the coronary and the renal
arteries). In other words, the longer one waits for treatment, the more
it will cost. 
Indeed, 25% of these expenditures are spent on the treatment of dia-
betes, while 75% is spent on late stage complications; only 7% is spent
on anti-diabetic drugs, while 55% is related to hospitalisation.
Cost- effectiveness evaluations provide reliable information support-
ing a decision making process. It helps pricing and reimbursement spe-
cialists from governments to choose best options from clinical and
economic point of view. It has a special importance in case of inno-
vative, usually expensive therapies and diagnostic procedures. For this
purpose, especially in chronic disease health economic modeling is
frequently used. Diabetes is a good example of such a disease. Mod-
eling allows extrapolation of treatment results and costs beyond the
clinical study period.
New health technologies have an impact on quality of life evaluation,
which is a part of patient- reported outcomes, which is growing in im-

portance in contemporary pharmacoeconomics and outcomes re-
search. These considerations are included in cost- utility analyses,
which are obligatory in many jurisdictions including countries of Cen-
tral and Eastern Europe. This domain is regulated by law, described by
detailed pharmacoeconomic guidelines and driven by specific institu-
tions like health technology assessment agencies. 
All these efforts, an involvement of different stakeholders are aimed
at ensuring the most rational use of scarce resources of health care
systems. Special emphasis should be placed on these aspects in the
period of global crisis coupled with cost containment measures and in
the case of diseases with a strong impact on the society like diabetes
mellitus.

TECHNOLOGY ASSESSMENT 
AND PHARMACOECONOMICS TODAY

Dinko Vitezi�

University of Rijeka School of Medicine and University Hospital Centre
Rijeka, Rijeka, Croatia

Health technology assessment (HTA) is a new rapidly developing field,
accepted internationally as a multidisciplinary process that summa-
rizes information about the medical, social, economic, and ethical is-
sues related to the use of health technology (drugs, medical devices,
procedures, etc.) in a systematic, transparent, unbiased and robust
manner. The main aim of HTA is to support health policy decisions on
different levels. Today, in many of developed and developing countries
agencies for HTA have been established on national and also on in-
ternational level. Part of HTA is health economy and pharmacoeco-
nomics which can be defined as the branch of economics that uses
four main types of evaluation (cost-benefit, cost-effectiveness, cost-
minimization, and cost-utility analyses) to compare pharmaceutical
products and treatment strategies (Table). 

Table. Classification of economic evaluations according to the meas-
urement of health gain
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These evaluations provide healthcare decision-makers with valuable
information, allowing optimal allocation of limited resources. When
conducting pharmacoeconomic analyses, researchers often struggle
with limited local epidemiological and cost data. 
The most frequently used analysis is cost-effectiveness analysis (CEA)
which is a technique that is most appropriately applied when a choice
must be made between two or more competing options for which the
expected health gains can be expressed in terms of a common out-
come measure. CEA has been described as a technique for making de-
cisions at the margin, in situations where the question may be framed
as, �Is it worth spending an additional financial mean (e.g. Euro) to
achieve the additional benefits offered by the new drug compared to
existing therapy?� It would be complicated and time-consuming to
rank all available health care technologies according to their cost-ef-
fectiveness, therefore the cost-effectiveness criteria are assessed
mainly for the new and expensive therapies in the majority of coun-
tries.  
The importance of evidence based health policy is widely acknowl-

edged among health care policy-makers all over the world. The trans-
parent method of HTA may improve the consistency of
pharmaceutical reimbursement decisions and makes this process in
accordance to the Transparency Directive of the European Union. For
the adequate usage of HTA process and pharmacoeconomics, health
economic training and education of local professionals, including de-
cision-makers, is of utmost importance. 

PHARMACOECONOMY AND OUTCOMES 
RESEARCH: INDUSTRY PERSPECTIVE

Monika Szkultecka-Debek

Roche Poland

Nowadays more and more countries are looking for tools which can
be helpful when taking decisions related to spending the budget funds
on new technologies. Pharmacoeconomics and outcomes research
can be such a tool. It can support decision making process and be one
of the integral elements of the reimbursement process. Both activities
areas can provide answer to the questions that the decision makers
can face, not only about the value of the drugs but also of other health
related technologies. 
To ensure proper and common understanding it is important for all
stakeholders to have guidelines on what is required, how to approach
the topic and a transparent decision making criteria should be de-
fined. It is of importance to consider in the process all stakeholders,
allowing for open communication with the industry, not forgetting
about patients and their preferences as they are those who know the
best the disease they have to live with. Such complex approach will
allow all involved parties to work and deliver high quality level results.

In some countries with established HTA agencies and where pharma-
coeconomics has been already implemented in the reimbursement
process, recommendations of  HTA agencies are not always imple-
mented. What could be done at the very early stage of pharma-
coeconomics implementation to use it in the best and most
productive way?

DEVELOPING THE NATIONAL FRAMEWORK
FOR GOOD GOVERNANCE IN THE PUBLIC
PHARMACEUTICAL SECTOR

Renata Slaveska Raichki1, Arta Kuli2, 
Tatjana Kadifkova Panovska1 and Merjem Hadjihamza3

1Faculty of Pharmacy, University Ss. Cyril and Methodius, Skopje, Re-
public of Macedonia
2WHO Regional Office, Republic of Macedonia, 

2Ministry of Health, Republic of Macedonia

Good governance is an essential factor for economic growth and sus-
tainable development at all levels and within all sectors of society. The
establishment of a national integrity system is a basic prerequisite for
the performance of good governance. An integrity system is based
upon a set of elements that ensure and reflect the characteristics of
�Good Governance� and comply with established moral values and eth-
ical principles in structuring and implementing policies and enforcing
laws (1). In 2004, World Health Organization (WHO) established the
Good Governance for Medicines (GGM) programme in line with the
WHO Global Medicine Strategy. The programme�s goal is to support
countries in maintaining efficient pharmaceutical system through the
implementation of transparent, accountable administrative proce-
dures, supported by the promotion of ethical practices (2). Our coun-
try, recognizing the concept of the GGM as one of the priority of the
Medicines Strategy is among the countries which pioneered work re-
lated to this issue.  With the aim of encouraging and supporting the
development and maintenance of a sound health system with high
standards, based upon the clearance of the Ministry of Health and in
collaboration with WHO regional office, Macedonia joined the GGM
project at the end of 2007. The GGM program is implemented in a 3-
steps approach. Phase I, �Measuring transparency in the public phar-
maceutical sector�, provides a comprehensive picture of the level of
transparency and the vulnerability to unethical practices in key func-
tions of the pharmaceutical sector (3). The Phase II includes the de-
velopment of �Ethical Framework for Good Governance in the
Pharmaceutical Sector� after wide consultation with key stakehold-
ers. The 3rd phase aims to implement and institutionalize the national
GGM programme through a set of officially adopted long-term strate-
gic activities. Recommendations for Good Governance Practices in
the pharmaceutical sector suggest building and following two ap-
proaches:

» Values approach: 1. A framework of moral values and ethical prin-
ciples; 2. A code of conduct; 3. A programme for the socialization
of an ethical framework and code of conduct; 4. Promotion of
moral leadership. 
» Disciplinary approach: 1. Established anti-corruption legislation;
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2. Mechanisms for whistle-blowing; 3.Sanctions on reprehensible
acts based on anticorruption legislation; 4. Established manage-
ment procedures, including internal and external financial audits;
5. Collaboration between anti-corruption agencies, NGOs and pri-
vate sector; 6. Management, coordination and evaluation of the in-
tegrity system. 

Development of a national framework for Good Governance in the
pharmaceutical sector requires consensus building through the disci-
pline approach (�top to bottom�) which is based on the development
and review anti-corruption laws, policies, by-laws and administrative
procedures. Values approach (�from bottom to top�) starts inside in-
stitutions based on consensus building on shared moral values and
ethical principles and standards.
Based on WHO model framework document (4) and its contextualiza-
tion to Macedonian context, Ethical framework defines the elements
that need to be in place at country level including; moral values and
ethical principles necessary for the building of Good Governance in
the pharmaceutical sector. In addition, the document includes the
code of conduct in order to establish ethical standards, norms and
basic principles of public service ethics, values and high professional
standards for public servants, and to enhance adherence to these
standards and values and consolidate the foundations of good prac-
tices and good governance.
The GGM Project is motivating in terms of its overall strategic and
broad impact. It has a clear dimension of upgrading the capacity and
capability (strengthened competitiveness of human potential, sub-
stantial improvement of drug management, new services and appli-
cations that are tailored to specific needs). Thereby it has a potential
to make an essential contribution to the pharmaceutical functions,
societal issues, health policy and the health system in the country.
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COST ANALYSIS OF THE MANAGEMENT OF
DIABETES IN ALBANIA

Besiana Bezhani1, Florian Toti2, Adriana ˙ano3

1Hygeia Hospital Tirana 
2Zendra Spitalore Universitare Nene Tereza 
3Poliklinika nr 8, Tirane

OBJECTIVE
Determine the cost per patient and determine the overall cost of
illness of diabetes mellitus in Albania by the Ministry of Health, the
Insurance Institute of Public Health (ISKSH) and prospects of the
society.

METHODS
To do my study, I conducted an observational study, retrospective

using the method of clinical audit, an instrument that through the
analysis and review of the work, aims to assess the cost of managing
this disease in Albania by Albanian Institutions. Were identified the
direct means (drugs, laboratory tests, doctors, hospitals, health care)
and the cost has been verified by national lists or values that these
institutions have established. The data used for these calculations
come from two sources:   1) . From the recordings and by referring to
the individual medical records from the database of Dr.  Adriana Cano,
GP at the clinic no. 8 of Tirana. We extracted (for each diabetic
patient-a total of 92) respective data on medications used for for each
diagnosis established by specialists, covering the period from [anuary
to November 2010 (observation period). 2). In addition, we studied the
medical records of discharged patients from the hospital in the
department of endocrinology at the University Hospital Center
Mother Teresa in Tirana. We decided about the study period to be two
months, August and September 2010, to better represent the average
number of admissions. The total number of folders is 190. 

RESULTS
The cost of a patient admitted to hospital in the department of
endocrinology was   146.54 for an average hospitalization of 7.11 days.
Our study calculated only the direct costs. As for indirect costs or
social point of view there is no data or studies available. For the
patient following the ambulatory service, for 1 patient, the cost of
their diabetes treatment is Eur 13.43 per month or 38.6%, while the
total treatment with care also for the complications is EUR 34.8 per
month. Of this amount, ISKSH pays respectively Eur 12.4 and  Eur 29.1
per month and the patient pays the rest. The total amount spent by
this Institution for antidiabetics A10-group, is EUR 4,426,344.12 per year.   

CONCLUSIONS
We estimated the direct annual cost of diabetes in Albania by the
Albanian institutions� point of view. For indirect costs or social point
of view there is no data or studies available. We also estimated the
direct cost per patient and the cost of treatment of diabetes and
macrovascular complications. The economic burden is significant and
it is not comparable to results from other countries. The model
showed a logical progression of the disease.
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ADJUSTMENT AND IMPLEMENTATION OF
CROATIAN P&R MODEL IN MACEDONIA

Tonci Buble

Belupo d.d., Croatia

Pricing and Reimbursement policy in Croatia was established in 2001,
where the final P]R policy model was established in 2006. This model
is still in place with some minor changes. In 2009, Croatian model was
presented in Macedonia, using the same methodology for referral as
Croatian model: external referral as comparative price for all drugs
from the positive lists and internal referral as reference price for pre-
scription drugs as per pharmaco-therapic groups.
In 2001 in Croatia started implementation of model with external re-
ferral of prices and calculation of comparative prices, while reim-
bursement was defined as percentage of wholesale price. Even though
the same methodology is still in place, the system has been through
many changes (levels of correction of the prices, rules for prices of new
generics) and the major influence on increase of expenditures was the
measure of releasing of over 50% of ensures of payment co-payment
(2003). Change in P]R policy was placed in 2006 when in reimburse-
ment for drugs on prescription, reference prices per therapic groups
were introduced, where co-payment in percentages has changed in
difference in price towards the reference price and any release for pay-
ing co-payment was excluded. 
Croatian model for P]R provided unique approach in defining prices
for drugs on positive list, financially covered by the National health in-
surance (H\\O). When system was completely defined and imple-
mented (2007) it was based on external referral to 3^2 countries for
reference (Italy, France, Slovenia ^ Spain, Czech Republic). Three lev-
els of comparison were defined, where comparison was determined
separately for generics and for originator drugs. Negotiations for prob-
lematic prices of specific drugs were introduced as well. The internal
referral system was placed through definition and implementation of
41 therapeutic groups for prescription drugs (drugs with same or sim-
ilar pharmacotherapic effect, mostly up to the fourth ATC level of
comparison). Additional criteria for defining the reference price were
possibilities for supply of the market (share of consumption), based on
expenditures and utilization for previous year. The system enabled au-
thorities in realistic projections of expenditures on drugs on yearly
basis, as well as control of the market and rational drug use. This is
shown in drugs expenditures for the period 2008-2010 where expen-
ditures for prescription drugs remained the same, despite inclusion of
new drugs on the drug list and increased number of prescriptions for
approx. 7 millions.
The adjustment of the Croatian P]R system in Macedonia started in
2009 and implementation as of May 2010. The Croatian model was ad-
justed to the needs of Macedonian�s pharmaceuticals market. The
same model of external referring was used for 383 drugs from the pri-
mary health care positive list, where four countries of reference were
selected (Croatia, Slovenia, Serbia and Bulgaria). Internal referring was
used for 5 pharmacotherapic groups defined for prescription drugs.
Within the methodology, data on drug utilization and expenditures for
previous year was used. The model enabled decrease of total drug ex-
penditures for the patients (in terms of decreased co-payment) for
same expenditures for National health insurance (F\OM). It is shown by
the following indicators announced by the F\OM: for more than twice
the number of drugs without co-payment has been increased (209

generics without copayment compared to 77 as per old model), and
even though the number of prescriptions in 2010 was increased for
2,1%, expenditures for drugs for F\OM decrease 2,8%. 
Both models were implemented adequately and their best practice
was seen as increasing transparency for drug expenditures and rational
drug utilization for National health insurances. Overall overview of the
expenditures was established with realistic estimation of planned
costs. In addition, model enabled the National insurance to obtain
more available effective drugs for the population within same expen-
ditures. Systems were set as benefit for state and patients, but they
need �close look� and fine tuning, regarding the needs of the popula-
tion, countries� financial capacities and developments of pharmaceu-
ticals� markets.

CONSUMPTION OF THE PRESCRIPTION
DRUGS COVERED BY THE HEALTH INSUR-
ANCE FUND: DRUGS FROM GROUP 
C, J AND N BY ATC CLASSIFICATION 

Kristina Hristova, Sonja Zlatanovska, Kristina To-
sevska

Health Insurance Fund of  Macedonia

Monitoring of the consumption of drugs has a direct impact on the
process of rational consumption of drugs. The costs associated
with use of drugs account for a significant portion of the total costs of
health care which amounts to approximately 10-15% in more
developed countries and around 30 to 40% in some developing
countries. 
In the recent years the Health Insurance Fund in Macedonia put
emphasis on the monitoring and analysis of the consumption of drugs
that are covered by the HIF. It is a good way to assess the rational use
of drugs, plan the introduction of new drugs on the positive list that
is provided by the Fund and plan the primary health care drugs
budget. 
The HIF receives the data on drug consumption from its own e-
information system which directly collects the data from the
contracted pharmacies. So far, the HIF concluded contract with 740
pharmacies out of 838 registered in the Republic of Macedonia, that
is 88% of all pharmacies.
The purpose of this analysis is to evaluate and present the
consumption of drugs in different cities in Macedonia. The
classification of drugs is in accordance with ATC classification. The
consumption of drugs is followed by the methodology of defined daily
doses (DDD).  The targeted groups of drugs in accordance to the
highest consumption per volume and value of prescriptions are as
following: antibiotics ([), drugs for the cardiovascular system (C) and
the nervous system (N). 
For the period 2008-2010 the largest amounts and growth in the
consumption rate, increase from 21 to 25% has been observed in the
C drug group. It is followed by the second largest drugs group [
(antibiotics) which share remains constant at the level of 20% of the
total amount.  In the same period, drugs group N is on the third place
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with around 15% of the total amount of consumption. 
For the same period (2008-2010) the largest volume has been observed
for the C drug group with 40% of all prescribed drugs.  Drugs from the
N group are the second and remark increase of 2% (from 13% to 15%).
On the third place are [ group drugs with approximately 13% of all pre-
scribed drugs, and remark decrease of 2% (from 15% to 13%).

���
�������� �� ������ �� 
�����
�� ����
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���: ������ �� 	
���
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�� ATC �����
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�������� 
� ���	����	� �� ������	� ��������	 ���’��� ��� ��
������	� 	��$��� �� �����
	���� ��$	�	� � ����
����	 �� 10-15% ��
��������	� ����� �� 30-40% �� ����� ����� �� ������. &� ���������
����������, �����	 �� �����
	���� �
�������!� �� ��
�����	�
������ 
	��� �����	 �� 
����!�	� � �������	� �� ��	��$���’��	�
�� ������ ��� 
� �� 	���� �� ����. _�� � ����� ��’�� ��
�������!� �� ����������	� ����
	�!� �� ������, �������!� ��
��������!� �� ���� ������ �� ��
	�	� �� ������ ��� 
� �� 	���� ��
���� � �������!� �� 
����
�
��	� 
���
	�� �� ���� ������	�
�� ������ �� ��������	� �����
	���� ��$	�	�.
*���	���	� �� ��	��$���’�� �� ������, ��� �� ������ �����

��
	��� ��
����	�’�� 
�
	�� �����	�� �� *�� ��	���	� 
� ���
�����	 ��� �������. ��
��� 	���� 
� 740 *�� ��	��� �� ������ 838
����
	������ �� ��, $	� � 88% �� �������	 ���� �� ��	���.
@��	� �� ���� ������� � �� 
� ����� � �����#� ��	��$���’��	� ��
������ �� �����	 �� 	���� �� ���� �� ������� �� �.����������
����
�� �� �����’�� 
��#�� �� ����. ���
�
�������	� ��
������	� � 
����
�� J_� ���
�
�������	�. *�	��$���’��	� ��
������	� � 
������ ����� ��	���������	� �� ��
������� ������
���� (���). ���� ����� ����� �� ������, 
����� ���������
��	��$���’�� �� ����
� � �����	 �� ����������� �����	�,
����������� 
� 
�����	� ����� �� ������: ��	����	��� (‘), ������
�� ��������
������� 
�
	�� (�) � ������ 
�
	�� (N). 
�� �������	 2008-2010 ������ ��������� ��	��$���’�� � ��������
����
	 �� ��	��$���’��	� (�� 21% �� 25%) 
� ������#��� ���
������	� �� � �����	�. ����� ��	��$���’��	� �� ������	� �� ‘
�����	� (��	����	���	�) ��� 
� �� �	��� ��
	� 
� ���
	��	�� 20% ��
������	� ��	��$���’��. �� �
	��	 ������, ������	� �� �����	� N 
�
�� 	��	� ��
	� 
� ����� 15% �� ������	� ��	��$���’��. 
�� �
	��	 ������ (2008-2010 ������) 
����� �����	 �� �����������
�����	�, ���� �� ��	��$���’�� 
� ������	� �� � �����	� 
� �����
40% �� �������	 ���� �� ����������� �����	�. {�����	� �� N
�����	� ����#�	 ����
	 �� 2% (�� 13% �� ����� 15%) 
� $	� 
� ��
�	��� ��
	�,  � ������	� �� �����	� ‘ (��	����	���	�) 
� 	��	� 
�
��������!� �� �������	 ���� �� ����������� �����	� �� 15% ��
13% (2%).

DRUG CONSUMPTION IN CROATIA 
2007-2009 COMPARED TO NORWAY 
AND DENMARK

Sasa Zezelic, Pero Draganic, Sinisa Tomic

Croatian Agency for Medicinal Products and Medical Devices 
(HALMED)

INTRODUCTION
The importance of collecting and analyzing drug consumption data is
in correlation with improvement in disease therapy.

OBJECTIVES
To show overall drug consumption in Republic of Croatia and to com-
pare with developed European countries with similar population.

METHODS
HALMED collected data on drug consumption from 2007-2009 from
obliged entities. ATC classification was used. Data was considered in
terms of DDD and monetary indicators. Results were compared with
official publications on drug consumption from Norway and Denmark.

OBTAINED RESULTS
(for brevity, abstract will show data for 2009 only) Population of Croa-
tia, Norway and Denmark in 2009 was 4.4, 4.7 and 5.5 million respec-
tively. GDP per capita in Croatia, Norway and Denmark was  9.790,
 54.447 and  38.546 respectively. Overall drug consumption in Croa-
tia, Norway and Denmark was  525,  2.243 and  1.778 million and
1.386, 2.558 and 2.718 million DDD respectively. Main anatomical
groups used in Croatia were C with  127 mill, N with  100 mill and A
with  82mill. In Norway main anatomical groups used were L with  441
mill, N with  409 mill and C with  261 mill. In Denmark main anatom-
ical groups used were N with  534 mill, R with  243 mill and C with
 242 mill. Most used drugs in terms of DDD in Croatia were amlodip-
ine, acetylsalicylic acid and atorvastatin with 75, 70 and 64 mill DDD
respectively. In Norway most used drugs were acetylsalicylic acid, sim-
vastatin and sodium fluoride with 123, 115 and 91 mill DDD respec-
tively. In Denmark most used drugs were simvastatin, acetylsalicylic
acid and paracetamol with 153, 147 and 124 mill DDD respectively.

MAIN CONCLUSIONS
Results show that higher GDP is followed by higher overall drug con-
sumption, both in terms of DDD and monetary indicators. Additionally,
all subject countries have similar rate of growth in drug consumption,
in terms of DDD and monetary indicators.

REFERENCES
Ronning M. et al, Drug Consumption in Norway 2003-2007, 
Folkehelseinstituttet, 2008
Ronning M. et al, Drug Consumption in Norway 2004-2008,
Folkehelseinstituttet, 2009
Ronning M. et al, Drug Consumption in Norway 2005-2009, 
Folkehelseinstituttet, 2010
Poulsen [. et al, Medicinal Product Statistics Denmark, 2005-2009 Total Sales,
Danish Medicines Agency, 2010
www.worldbank.org
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DIAGNOSIS RELATED GROUPS (DRG) PAY-
MENT MODEL IN HOSPITALS AND THE
ISSUE OF EXPENSIVE DRUGS

Gulija Marija

AD �Dr. Panovski�, Skopje, Macedonia  

DRG payment model to hospitals in Macedonia was introduced in 2008
in 51 public hospitals having contracts with the Health Insurance Fund
of Macedonia (HIF). Besides data collection on hospital related out-
puts, DRG was deployed as prospective payment system.
Standardization and price predefinition enables service providers to
plan resources, and the central national insurance (HIF) to have
overview of the scope and type of services paid for, on national and
health facility level. The weak point of the model is that model does
not adjust for expenditures for treatments where real costs exceed
the average price. Exceed in cost mainly regards use of specific ex-
pensive drugs/therapies and medical devices. 
In Macedonia nationwide, there is no conducted structured national
costing study and reliable data on inpatient acute budget for public
health institutions. Thus, this study estimates and evaluates only ex-
pensive therapeutic approaches for first line treatment from data
available within the DRG system. Expensive therapeutic first line ap-
proaches/therapies were defined. Starting criterion for selection was
set as price per original package calculated for the duration of therapy,
resulting in selection of 44 generics. Following the subsequent crite-
ria of expensive therapy validation, 19 generics were defined linked to
24 DRG codes. After additional adjustments of all 665 DRG reference
prices, still the costs of therapy including 13 generics cannot be cov-
ered by the reference price of 24 DRG codes. This first line expensive
treatment drugs represent over 50% of the DRG reference price.
The study gives overview of some weaknesses of the methodology
used to calculate DRG cost weights linked to implementation of ex-
pensive therapy, suggesting that national costing study is absolutely
necessary for further implementation of DRG as payment methodol-
ogy. Thus, it is very important to conduct a national costing study to
understand  real costs of services provided and consequently decide
how and which expensive drugs/therapies should be excluded from
DRG budget.

������� �� ������� ���
��������� �
��� ����	��������
�
���� 	
��� (��	) � �
������� ��
������� ������

"�	
�� ���
��

J� ��-� *����
���, ������, ����������

�������
	�’�� 
����� ����� (��|) ���� ����� �� ���<�!� ��
�������	� ��$� ������� �� ���������� �� 2008 ������, �� ��� 50
����� ������� ��� ���� ������� 
� �����	 �� �����
	����
�
�������!� �� ���������� (����). �
��� �� 
�����!� ��
����	��� �� �����’��	� ����	�!�, ��| ��$� ������� ����
���
���	���� 
�
	�� �� ���<�!� �� �����
	����	� �
����.
�	�������������	� � �����
�����!�	� �� ����	� �� ������#���
�� ��������’�	� �� �����
	���� �
���� �� �� ��������	 ��
��
�	�,
� �� �����
	����	� �
�������!� (����) �� ��� ������ �� ��
���	
� ����	 �� �
���� �� ��� ���<� �� ���������� � �� ���� ��
�����
	���� ��
	�	����. �����	� 	�’�� �� ���� ����� 
� ����
���
�� ����#��
	� ������	 �� �� ��������� 	��$���	� �� 	��	���� ���
��� ������	� 	��$��� �� ����������	 ���
�’��	� 
	�������������
����. +��������!�	� �� ����������	� 	��$��� ���’�
	� 
�
����
��� �� ���	����	� �� 
����
�’�� 
���� ������/	������ �
�������
�� ��������.
&� ���������� �� ���������� ����, �� � 
��������� 
	���	�������

	����� �� 	��$���	� ��� 
� ����
����	 �� ��}�	�	� ��
"�
��	��������� �� �����	� �����
	���� �
	�����. ���� 
	�����
��$� �������� � ���������� 
��� �� 
����	� 	�����
�� ���
	���
�� ���� ������ �� 	������� �� ����	���	� ��� 
� ��
	���� �� ��|

�
	���	. Q�� ��
������� 
����	� 	������ ��� 
� ���� ������ ��
	�������. *�’�	�� ���	����� �� 
�������� ��$� ��
	���� �� ����
�� ����	� �� ���������� ������!� �� ����	 
��	��� �� ���#���	�
�� 	���!� �� ������	� 	�������, $	� �����	���$� 
� 
�������� �� 44
������’�� 
����. +�	���, 
� �������	���� ���	������ ��
���������� �� 
����	� 	�������, 19 ������’�� 
���� ���
��
������� � 
�����	�� �������� 
� 24 ��| $�
��. *��
��	���$��	� �#�����!� �� 
�	� 665 ��| ��
����	�� ����, ����	�
�� 	������	� ��� ����’����	 13 ������’�� 
���� �� ��#�	 �� ����	
�������� 
� ��
����	��	� ���� �� 24 ��| $�
��. ���� 
����
	������ �� ���� ������ ���	
	������	 50% �� ��| ��
����	��	�
����.
���� 
	����� ���� ������� �� ����� 
����
	� �� ��	���������	�
���	������ �� ���
��	���!� �� 	��$���	� �� ��| ��� 
�
����
����	 �� ���	����	� �� 
���� 	������, ���� 
������� ����
���������� 
	����� �� 	��$���	� � ��
���	�� ����"���� ��
��	���$�� ��������	����� �� ��| ���� ��	�� �� ���<�!� ��
�������	�. ��	�� � �� ������� ��#��
	 �� 
� 
������� ����������
	��$����� 
	����� 
� ��� �� 
� �������	 ��
	��
��	� 	��$��� ��
�
����	� ��� 
� ���#��	 � ��
������	���� 
� ����’� ��� 
����
������/	������ 	���� �� 
� �
���’�	 �� ��| ��}�	���!�	�.  
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RATIONAL ANTIBIOTIC USE IN TREATMENT
OF RESPIRATORY INFECTIONS IN CHIL-
DREN UNDER FIVE YEARS OF AGE 

Marina Petric1, Svetlana Nestorovic2, Ljiljana
Tasic1, Ana Sabo3

1University of Belgrade � Faculty of Pharmacy
2Public Pharmacy Nis
3University of Novi Sad � Faculty of Medicine

INTRODUCTION 
Upper respiratory tract infections are the most prevalent infections
in childhood and it is important to know the use of antibiotics
according to guidelines. Resistance to antibiotics is a major public
health problem and it is associated with prior, usually inadequate,
receipt of antibiotics. As limited information is available about
antibiotic use among children in Serbia, data regarding antibiotics use
in childhood are very valuable for assessment of rational antibiotic
use, as well as for assessment of compliance with guidelines. National
guidelines for antibiotic prescribing in the primary health care practice
(NGA) recommends the following antibiotics for the treatment of
respiratory and otorhinolaryngology diseases: amoxicillin as first line,
than amoxicillin with clavulanic acid as a second line, and
cephalosporines of II and III generation as a third line of therapy, while
ma crolides (firstly erythromycin, and than azithromycin) are rec o m -
men ded in the cases of penicillins and cephalosporins sensitivity (1).   

OBJECTIVES
(i) To investigate prescription (Rx) antibiotic use in the children under
five years of age (ii) To assess compliance with NGA. 

METHODS
This was retrospective study for the period 2008-2010 within two
populations of children in Nisava region: infants (up to 12 months of
age) (3.377) and children aged 1-4 years (13.889). Data base of
dispensed Rx drugs in the Public Pharmacy Nis was used as the source
of data. The common pharmacoepidemiology unit was used for
expression of antibiotics usage (defined daily doses (DDD) per
thousand of inhabitants per day). The following respiratory and
otorhinolaryngology diseases were observed (International
classification of diseases 10): acute bronchitis ([20), chronic bronchitis
([42), pneumonia ([12-[18), tonsillopharyngitis ([02, [03), otitis media
(H65), acute sinusitis ([01), and chronic sinusitis ([32). 

RESULTS
The most used drugs among infants during the period 2008-2010 were
penicillins, amoxicillin (10.227, 8.6410, and 9.0840 DDD/1000
inhabitants/day, respectively) and amoxicillin with clavulanic acid
(4.3448, 4.0602, and 4.4160 DDD/1000 inhabitants/day).
Cephalosporins were on the second place, with the following usage:
cefixime (III generation) 2.8071, 2.7908, and 3.0018; cephalexin (I
generation) 2.5276, 2.1463 and 2.3446 DDD/1000 inhabitants/day; and
cefprozil (II generation) 1.3824, 1.7329, and 1.5788 DDD/1000
inhabitants/day, respectively. Macrolides were on the third place, and
azithromycin dominated in this group of drugs with the following
usage: 2.2029, 5.1022 and 2.5591 DDD/1000 inhabitants/day,
respectively, while the use of erythromycin was only 0.075, 0.1399, and
0.7667 DDD/1000 inhabitants/day, respectively. Penicillins were, also,

the most frequently used antibiotics in the 1-4 years old children, but
amoxicillin with clavulanic acid was dominated compare to amoxicillin
(11.3997, 10.7532, and 9.7234 vs. 8.6314, 5.2057 and 8.1902 DDD/1000
inhabitants/day, respectively). Cephalosporins and especially
macrolides, particularly azithromycin, were more used among this
population compare to infants.  The use of cefixime during the
observed period was 4.8121, 5.2057, and 4.2972; cephalexin: 3.5122,
2.9521, and 2.7033; cefprozil: 2.2878, 2.3174, and 1.7379 DDD/1000
inhabitants/day. The use of azithromycin was 4.1783, 8.7857, and
4.2299, and the use of erythromycin was 0.3192, 0.3191, and 0.5188
DDD/1000 inhabitants/day, respectively. Observing the NGA for
antibiotics use in respiratory infections, it is clear that the physicians
are well informed and compliant with the recommendations for
infants, while it is not within the children 1-4 years old. Moreover,
exception of compliance with NGA could be seen in macrolides usage
(high use of azithromycin and low use of erythromycin).

CONCLUSION
Besides physicians are compliant with the NGA in children of one year
of age, the noncompliance with the recommendations in the 1-4 years
old children was estimated and assessed as it could be non-rational.
Further and broader assessment of antibiotics use in Serbia should be
useful, as well as additional education of health care providers. 

REFERENCES
1. [ankovic S. et al. Izbor i upotreba antibiotika u op�toj praksi. Nacionalni vodi~ za
lekare u primarnoj zdravstvenoj praksi. Ministarstvo zdravlja Republike Srbije,
Republi~ka stru~na komisija za izradu i implementaciju vodi~a u klini~koj praksi.
Valjevo print. Beograd. 2004.

RESEARCH OF BRAND MANAGEMENT ON
MACEDONIAN PHARMACEUTICAL MARKET

Acevski Stevce 

PharmaSwiss DOOEL, Skopje, Macedonia

AIM 
- to research brand management on Macedonian pharmaceutical market.

INTRODUCTION 
- company�s value and capital could improve by creating, implement-
ing and managing brands. It is a long time process, which demands
constantly research of brand management, to identify, use and fight
against everydays challenges of brand. 

Matherials and methods
- Zuestionary which will scan current brand position, on primary phar-
maceutical sector. Anketed were pharmacists and pharmacy techni-
tians who work in pharmacies in Macedonia. Zuestionary consists of
26 questions, divided in few subdivisions, which will help to achieve
goals: profiling of Macedonian pharmaceutical market and positioning,
qualification of position, rivals and avarenes for brand of researched
company.
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RESULTS 
� Zuestionary was conducted in 42 pharmacies, throu 35 pharmacists
and 7 pharmacy technitians. One fourth of anceted answered that
basic field of service is dispense of medicines conered by reimburse-
ment list, but half of all count on reimbursed and nonreimbursed med-
icines as main part of income. With specific questions we position
brands of examined company, their strengths, weaknesess and threats.
With gained results and SWOT analysis we create strategy for further
brand management.

CONCLUSION 
�brand management is constant process of interactive brand research,
in terms of foloving brands health, for identifuing threats, making
strategy and appropriately react on brand defense.

���
������� �� ������
����� 
�� �
������ �� ������������

�
��������� ����


�#�
��
 ���
��

��������
 ���>{, ������, ��������� ����������

��� 
� �� 
� ����$� �
��	���!� �� ����}���!�	� 
� �������� ��
�������
���	 
�������	
�� �����.

����� 
� �������
��	� ������
	 � ����	�� ��#� �� 
� ������� �����

������!�, �������!� � ����}���!� na ��������. _�� � �����	����
�����
 ��� ���� ��
	����� �
��	���!� �� ��’���	 �� ����}���!�

� ��������	� �� ������	, 
� ��� �
��$�� ����	�
�����!�,
�
����
	���!� � 
���	�
	�����!� �� 
����������	� ���������� ��
������	.

����
����� � ������
- J���	�� ���$����� 
� ��� 
� �	���� 
�
	����	� 
� ��������	�, ��
���������	 
�������	
�� 
��	��. ��
�	��� ��� 
�������	�	� �

�������	
��	� 	�"��’��� �����	��� �� ��	���	� ��� �������	� ��
��������� ����������. �� 
�
	�� �� 26 ���$�!� �������� ��
������� ������ 
� ’��� ����$ 	���� �� 
� �	����	 �����’��	� �� ��:
����������!� �� ���
���	 �� �������
���	 
�������	
�� �����
� ����������!� �� ��������	�, ��������	�	� � 
��
��
	� ��
��������	� �� �
��	�����	� ���������


������� 
- J���	�	� ��$� 
��������� �� 42 ��	���, ��
�	��� 35 
�������	�
� 7 
�������	
�� 	� " ��’���. ��	��	��� �� �
��	�����	� 
��	��	
���� �
����� �����
	 � ������!� ������ �� ����	���� ��
	�, �
�������� 
��	��	 ���� � ����	���� � ����	���� ��
	� ����	 ���� ��
�����	�	. �� 
����
�’�� ���$�!� � �	������ ��������	� ��
��������	� �� �
��	�����	� ���������, �����	� ������
	�,

����
	� � ������. +� �
���� �� �������	� �����	�	� � ����$���	�
�&�_ (SWOT) ������� �������� � ������� 
	��	����� �� ��	���$��
����}���!� 
� ��������	�.

�������� 
� ����}���!�	� 
� ��������	� ���� ��
	����� ��	����	����

����!� �� ��������	�� �� ������	, 
� ��� �� 
� ����	�
������	
��
	�����	� ������, �� 
� �����	�� 
	��	����� � �� 
� �������

�����	�� �� ������� �� �����	.

INTERNET INFOVIGILANCE � 
PRACTICAL APPROACH IN BULGARIA

Hristina Lebanova, Malina Bileva, Ilko Getov

Medical University � Sofia, Faculty of Pharmacy

The theoretical definition of infovigilance is: �activity of error or
inaccuracy notification in information sources which could be
responsible for medication errors�. Information disseminated by drug
information systems is not always easy to apply. Sometimes there is
conflicting information in reference books, in journals, or in official
sources.
The aim of the study is to assess the reliability of the drug-related
information in the 10 most visited internet health related sites in
Bulgaria, according to the search engine www.google.com.  The
following criteria were used: accuracy of the information, error/lack
of information, discordance between the dates of the last revision of
the patient leaflet, etc.
The test results show that in many cases the drug information in the
internet sites contains errors and discrepancies.  There is a need of
monitoring the drug information available online in order to prevent
patient confusion that could lead to medication errors.
In conclusion the internet gives the patients a rapid access to drug
information. No one edits the vast amount of drug information on the
internet to ensure its quality and accuracy. Some web sites may be
accurate while others offer information that only may be advertising
or worse harmful. There is a need of strict regulatory measures
concerning the drug-related information in internet and its reliability.
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ACTIVITIES OF HOSPITAL PHARMACISTS
ASSOCIATION ON EUROPEAN LEVEL
Tajda Miharija Gala

University Medical Centre Ljubljana, Slovenia 

The European Association of Hospital Pharmacists (EAHP) is the fed-
eration of national associations of hospital pharmacists, and repre-
sents more than 21000 hospital pharmacists in 31 countries across
Europe. The main goal of the association is: to develop hospital phar-
macy and to establish a common pharmaceutical policy in Europe, to
work for the advancement of the position and role of the pharmacists
in hospitals, to uphold the interests of hospital pharmacists from the
member states of the European Union and the Council of Europe and
to promote co-operation with other professional bodies. 
EAHP ensures that the voice of hospital pharmacists is heard when
new pieces of legislation of concern to them are being drafted and re-
views all EU public documents that could affect their job. It was/is in-
volved in several projects on EU level such as: a pan-European project
on Patient Safety (EuNetPaS), the European pharmacovigilance sys-
tem,  a project on preparation of curriculum for the specialisation in
hospital pharmacy recognised by the EU (PHARMINE), medication
safety projects through use of codes on unit/single doses, the PHIS
project - pharma ceutical pricing and reimbursement systems which
aims to establish a comprehensive Pharma ceutical Health Informa-
tion System and many others.
Numerous EAHP activities foster research and educational activities
to allow hospital pharmacists of every European country to develop
their activities like: Congress EAHP, Academy Summits, Academy Sem-
inars, participation in working groups. Academy seminar is  intended
for hospital pharmacists from member states that joined the EU since
2004 and new EAHP members. 
The members are encouraged to publish their research work and the
advancement in hospital pharmacy practice on national level in the
official journal of the EAHP: European [ournal of Hospital Pharmacy
E[HP (Practice and Science edition).
EAHP follows the development of the hospital pharmacy throughout
Europe. Since 1995 a pan European survey is carried out in 5 years in-
terval and a comparison of the results is performed, showing the
trends of hospital pharmacy service in Europe. In 2010 the fourth
EAHP survey was  carried out and some preliminary results will de-
scribe the state of the art of hospital pharmacy services across Eu-
rope as well as their progress in the last five years. 
The involvement of hospital pharmacists in various pharmacy activi-
ties will be presented: distribution of drugs in the hospital and distri-
bution to outpatients, production and preparation, clinical
engagement, new technologies used in practice, as well as trends in
optimizing the safety and economic value of pharmacotherapy.
The outcomes of the survey are intended to help hospital pharmacy
managers reflect on the extent to which pharmacists are engaged in
various activities and to assess the role of pharmacists within their
hospital. The results are useful for the comparative analysis of the cur-
rent service level and future planning. 
The knowledge on services and research provided by hospital phar-

macists is fundamental to the educational and development pro-
grammes of the EAHP which will lead to diminishing the differences in
hospital pharmacy practice in the European countries in future.
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FULLERENOL: 
MAGIC BULLET OR CELL KILLER
Rade Injac, Borut —trukelj

Faculty of Pharmacy, Institute of Pharmaceutical Biology, University of
Ljubljana, Askerceva 7, 1000 Ljubljana, Slovenia

Studies on biological properties of fullerene C60 and its derivatives
started a decade ago as curiosity-driven studies and are now flourish-
ing as an area of trandisciplinary research. Fullerenes are the third pure
crystal form of carbon in addition to diamond and graphite. Fullerenes
consist of a spherical (C60), ellipsoid (C70), or cylindrical (carbon nan-
otubes) carbon atoms. They were named after Richard Buckminster
Fuller. A spherical fullerene C60 looks like a soccer ball and therefore
it is often called •buckyballŽ or •footballeneŽ. Robert F. Curl, Jr., Richard
E. Smalley, and Sir Harold W. Kroto discovered fullerenes as an unex-
pected surprise during laser spectroscopy experiments at Rice Uni-
versity in September 1985. The Nobel Prize in Chemistry in 1996 was
awarded to this American-English research team for discovery of this
molecule with the perfect symmetry existing in nature. Fullerenes C60
are polyhedral closed cages made up entirely of n three-coordinate
carbon atoms and having 12 pentagon and 20 hexagonal faces.
Fullerene C60 molecule possesses geometry of truncated icosahe-
drons fulerene-60-Ih. Diameter of the molecule C60 is 0.710±0.007 nm.
The outer and inner diameters of  p electron cloud can be estimated
as 0.340 nm and 0.350 nm respectively, and bond energy per atom is
7.40 eV. Pure fullerenes are black crystals and powder insoluble in
water and proton-acceptor solvents. It is soluble in halogen and alkyl-
substituted benzene (1,2-dihlorbenzen 27mg/ml). Using combinations
of nucleophilic and electrophilic additions, cyclo-additions and radical
additions, it is possible to covalently bond any class of organic com-
pounds to a fullerene core. These structural and electronic charac-
teristics of fullerene C60 provide possibility for conducting various
types of chemical transformations that resulted in a wide variety of
biologically active water-soluble fullerenes. Fullerenes derivatives take
important place in the development of nano-biotechnology and nano-
medicine related products. The chemical modification of fullerene C60
molecule by attachment of hydroxyl groups was an easy and straight-
forward method to synthesis water-soluble fullerenes, named fullerols
or fullerenols (C60(OH)n n=2-36).  Structure of fullerenol C60(OH)24
shown in Figure 1. [1-3].

Figure 1. Fulerenol C60(OH)24.

Fullerenol C60(OH)24has diameter of around 1 nm with symmetrically
arranged hydroxyl groups on the C60sphere. Fullerenol is a dark brown
amorphous substance, soluble in water and in DMSO. Fullerenol can be
dissolved in water, in concentration ranging from 10-3 mol/dm3 to 5x10-

3 mol/dm3 and in pH interval from 3.5 to 9.8; it forms nano-aggregates,

with up to 40 presences of aggregates larger than 400 nm (Figure 2.)[4].
Fullerenol may react rapidly and irreversibly with a variety of metal
salts under ambient aqueous conditions to produce insoluble metal-
hydroxyfullerene cross-linked polymers (M-fullerenol). Interaction of
fullerenols with bio-metal is important with regards to fullerene-based
pharmaceutical agents and waste treatment as well. Several chemi-
cal properties of fullerenols may significantly influence their biological
activity. Similar to nonhydroxylated water-soluble fullerene derivatives,
the most important characteristics of fullerenols regarding mecha-
nisms of their biological activity are photosensitizing property and
free radical scavenging activity [6-12].

Figure 2. Propertis of fullernol C60(OH)24.

Antioxidative and free radical scavenging activity of fullerenols are
their most exploited properties in biomedical studies. Antiprolifera-
tive, and cytotoxic effects of various water-soluble fullerenol C60(OH)n
have been observed in different experimental models (in vivoas well as
in in vitro). 
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DERIVATIVE SPECTROPHOTOMETRY IN EN-
VIRONMENTAL, FOOD AND CLINICAL SAM-
PLES ANALYSES - EVALUATION OF EP7
MONOGRAPH

K.Karljikovic-Rajic1, B.Markovic2, 

University of Belgrade, Faculty of Pharmacy, 1Department of Analyti-
cal Chemistry, 2Department of Pharmaceutical Chemistry, Serbia

INTRODUCTION
Derivative spectrophotometry (DS) is one of the advanced modern
spectrophotometric techniques (since 2002 official in 4th Ph.Eur.-EP)
which consist in the differentiation of zero-order spectra. This tech-
nique usually improves: a) resolution of overlapping spectra due to
higher separation efficiency as the band is much sharpened; b) elimi-
nates the influence of background or matrix; c) enhances the de-
tectability of minor spectral features (required for trace analyses) and
d) provides more defined fingerprints than the conventional UV-Vis
spectrophotometry. 

Fig.1. Discrimination against broad bands

Analytical advantage of derivative spectra originates from the fact
that the derivative process discriminates in favor of sharp bands and
against broad (Fig.1) to an extent that increases with derivative order.
Derivative transformations (mainly evenderivatives) permit discrimi-
nation against broad band interferences arising from turbidity or non-
specific matrix absorption and it tends to emphasize subtle spectra
features, allowing the enhancement of the sensitivity and specificity
in mixture analyses most frequently assayed by zero-crossing-point
technique (Fig.2). 

Fig.2. Zero-crossing-point technique for multicomponent analyses

It is worth noting that though higher derivatives appear to improve
resolution, the spectra obtained are also significantly distorted by
noise.  Since 1996 several reviews have been published (1-6). 

APPLICATIONS
Within environmental analyses applications of DS will be presented in
chemical oxygen demand (COD) analysis as it is often used to reflect
the degree of pollution and characterizes pulping effluents, as well as
for monitoring of dissolved organic matter (DOM) composition in nat-
ural waters and engineered treatment systems using first- through
fourth-order derivative absorption spectra. Among the environmen-
tal pollutants such as: phenol and mononitrophenol isomers; mixtures
of phenols and herbicides (HPLC-DS supporting technique); aromatic
amines (HPLC-DS complementary technique); fungicides (thiram-
fourth derivative assays); herbicides and pesticides (diquat and
paraquat-second derivative, parathion and p-nitrophenol in vegetable
tissues) as well as simultaneous determinations of nitrite and nitrate
(first- and second-order derivative) have received considerable atten-
tion. Textile and other industrial dyes and pigments (emitted into
wastewaters) represent an increasing environmental danger thus the
DS applications are focused on: determination of dyes contents in bi-
component solutions by means of zero-crossing point DS; simultane-
ous determination of three textile dyes in industrial effluents as well
as removal (adsorption) of basic dyes from single and binary compo-
nent systems. 
Different applications of DS in clinical samples analyses in the first pe-
riod included quantitation of urinary porphyrins; plasma paraquat con-
centration as an index of severity of poisoning; methemoglobin in
blood as well as diverse analyses of amino acids. The relevance of DS
assays for antibiotics; trapidil and gemcitabine in urine/plasma sam-
ples; drug and corresponding metabolite (naproxen in presence of 6-
desmethyl metabolite with importance of an interaction graph); in
combination therapy (methotrexate and leucovorin in biological fluids)
were established. Clinical samples such as amniotic fluid (analyses of
bilirubin, oxyhemoglobin and albumin), human serum (malondialde-
hyde as widely accepted biomarker of lipid peroxidation in evaluation
of oxidative stress), post-haemodialysis fluids (Fe(III)/Al(III)), plasma
coenzyme Q10 and partition of drugs into model systems of bio-
membranes were considered. In our laboratories direct determination
of paracetamol in urine using second-order DS was used for biophar-
maceutical characterization of drug products. Lead, cadmium and
thallium in clinical samples were evaluated using DS.
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