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Abstract

Recombinant DNA technology has led to a significant increase in the number of peptide and protein based pharmaceuti-
cals, giving a new approach to combat poorly controlled diseases. This particular development has been reached in the last two
decades. However, proteins are highly susceptible of physical and chemical degradation resulting in a decrease or completeloss
of biological activities. Reasons for their physical and chemical instabilities and the methods for their examination, become a
challenge for the pharmaceutical scientists for successful development of stabile protein - based pharmaceuticals.

The stability of protein - based pharmaceuticals is significant in terms of their pharmaceutical quality and biological activ-
ity. In addition, aright choice of suitable analytical methods is needed in order to detect an early formation of degradation prod-

ucts or modified forms.
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Inroduction

During the past two decades, peptides and proteins
have become an important class of potent therapeutic
drugs. They have gained significant importance in the
treatment of several severe diseases including autoim-
mune diseases, memory impairment, hormonal disorders,
organ transplantations and different cancers. Mg or advan-
tages of protein drugs are both their extremely specific
activity and their high tolerability (1).

While recombinant DNA technology, which is provid-
ing exciting opportunities for new pharmaceutical devel-
opment and new approaches to the diagnosis, treatment
and prevention of diseases, hasled to asignificant increase
in the production of peptides and proteins for pharmaceu-
tical purposes, this has not been matched by the number of
peptide and protein based drugs available on the market.
Thereasonsfor that are multiple: proteins highly suscepti-
bility to chemical and physical degradation, which is asso-
ciated with relevant difficulties in purification, storage and
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delivery, multifaceted metabolic properties, variable tissue
penetration and toxicity related to the stimulation of the
immune or alergic reaction (2, 3, 4).

The structure and function of proteinsis determined
by their amino acid sequence which defines the peptide
backbone, the primary structure. In spite of the enormous
number of naturally occurring proteins, amere of 20 amino
acids construct proteins. The vast difference in the three-
dimensiona structure and, therefore, also in protein func-
tion originates solely from a different amino acid sequence,
i.e. the unique structure of a protein is determined by the
chemica and physical properties of the amino acids aligned
within the protein sequence. The secondary structure des-
cribes the folding or the shape of the polypeptide chains
into regular, ordered structures like o-helices and 3-sheets.
Furthermore, areas with increased flexibility —the so-called
turns or loops — are to be subsumed in this level of protein
structure. The domains of the secondary structure and al
noncovalent interactions such as hydrogen bonds and hydro-
phobic, dectrostatic, or van der Wadls interactions generate
the intrinsic, three-dimensional arrangement of a protein,
the tertiary structure. Some proteins consist of several
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polypeptide chains. The quaternary structure characterises
the non-covalent interactions binding these chains into a
single protein molecule (5). For example, haemoglobin
consists of four polypeptide chains, which are associated
by one Fe** ion. The retention of the tertiary structure is
deemed the primary requirement for the biological activi-
ty of protein molecules. However, the biochemical and
structural complexity of these molecules is the reason for
proteinsto react sensitive to even marginal changesin their
natura environment (6).

In the context of protein structure, the term stability
can be defined as the tendency to maintain a native (bio-
logically active) conformation.

As proteins and peptides continue to enter the phar-
maceutical market, their stability becomesapressing issue
for the pharmaceutical scientists. Native proteins are only
marginally stable and highly susceptible to degradation,
both chemical and physical (7-9).

Chemical ingtahility refersto the formation or destruction
of covaent bonds, within a protein molecule, i.e. some amino
acid sde chains are chemically reactive, whereas others are
chemically inert. It has been demonstrated that ,1abile"
amino acid residues are susceptible to covaent modifications
via bond formation or cleavage through nonenzymatic reac-
tions, including hydrolysis, deamidation, oxidation, racemi-
sation, B-elimination and cystine destruction/disulfide ex-
change (10, 11). These changes ater the primary structure of
the protein, and impect higher leve of its structure.

Physical instabilities include aggregation and precipi-
tation, and adsorption to surface (7- 9, 12,). Chemical insta-
bilities such as deamidation and disul phide bond cleavage,
may aso lead to physicd indtahilities, and vice versa (6, 11).

The primary focus of this minireview isto present and
discuss the main reasons for the most common physical
and chemica instabilities and the methods for their detec-
tion. It isimportant to remember that every proteinisunique,
both physically and chemically, and therefore exhibits uni-
que stability behaviour.

Denaturation

The loss of tertiary structure, and frequently also of
secondary structure is generally referred to as denaturation
of the protein. Perturbation of secondary or tertiary struc-
ture can lead to exposure of previousy buried amino acid,
facilitating its chemical reactivity; thereby leading to loss
of itsnative or original characteristics. Denaturation can be
caused by destabilizing agents such as excipients (reducing
sugars, antioxidants, surfactants, meta ions), heat, hydrolysis
by strong acid or akali, enzymatic action, exposureto urea
or other substances, or exposure to ultraviolet light. Exci-

pients like reducing sugars can react with protein amino
groups to form schiff’s bases (Maillard reaction) which
can be shown by LC/MS (13). Antioxidants may contain
reducing agents that will destroy disulphide bonds. Severa
surfactants like Tween 20 and Tween 80 can cause oxida
tion of aminoacid due to residual peroxides present in
these materials, which can be detected by RP-HPLC (14).
Many chemical reactions involving polypeptides and pro-
teins are catalyzed by metal ionssuch as Zn?, Cd %, Pb?".
At high temperature (80-100°), aspargine and glutamine
are susceptible to deamidation, Aspartate- X aa peptide bonds
are susceptible to hydrolysis, disulphide bonds rupture,
and Xaa-Prolin peptide bonds undergo cis-trans isomeri-
sation (where Xaa is any amino acid). High temperature
can result in physical degradation dueto irreversible dena-
turation. Residual moisture can be responsible for protein
instability in the solid state. pH has aso strong influence on
denaturation and aggregation rate (15, 16).

The folded state of proteinsis connected to conforma:
tional stability, which is expressed as the free energy
change AG during the unfol ding/denaturation reaction under
physiologica conditions (17). The higher the AG vaue, the
greater the stability of the protein. However, the reported
AG values for proteins of 45 +/- 15 kJ/mol indicate that
the folding state is only marginally more stable than the
denatured state (18). Asamatter of fact, the conformation-
al stability of aprotein in agueous solution tallieswith only
afew hydrogen bonds or ion pairs (2). Simplified, protein
denaturation can be described as:

N2> pU > D

(pU),
Figure 1: Equation of the native and denatured state of a protein

The native state N existsin an equilibrium with a par-
tially unfolded state pU. This unfolding of the native pro-
tein can be reversible, e.g. an increase of the temperature
causes unfolding, which can be reversed by a subsequent
temperature decrease (7). Generaly, the loss of the tertiary
structure implies an increase in the protein molecule’'s
reactivity, which results in a decrease in their stability.
Hydrophobic regions, which were accumulated in the core
of the folded protein, are then exposed to surrounding sol-
vents. As a consequence, side reactions can now lead to an
irreversible, denatured state D. Alternatively, partially
unfolded proteins may encounter irreversible aggregation
(pU)n. Congtantly elevated temperatures, extreme pHs, the
formation of interfaces during shaking, shearing, adsorpt-
ion to hydrophobic surfaces, high pressure, and denatu-
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rants such as urea and guanidine hydrochloride foster irre-
versible transitions (2,19-23).

Physical instability

Physical instability of proteins denotes that these
super structured molecules can undergo changes inde-
pendent of any chemical modification, i.e. includes the
reactions that do not involve the formation or cleavage of
covalent bonds.

Aggregation and precipitation

Protein aggregation is arguably the most common and
troubling manifestation of protein instability, encountered
in amost all stages of protein drug development, during
refolding, purification, sterilization, shipping and storage
processes (24).

The aggregation of protein molecules into non-native
assemblies in vivo can have profound pathological impli-
cations, as in the aggregation of 3-amyloid proteinsin
Alzheimer’s disease and the aggregation of prion protein
in numerous neurodegenerative diseases (24-26). The pre-
sence of aggregatesin therapeutic protein pharmaceuticals
can cause adverse effects within patients, ranging from
immune response to anaphylactic shock (27, 28).

Protein aggregation is defined as the association of at
least two denatured protein molecules. With increasing
numbers of molecules the solubility of these species will
decrease, eventually resulting in the precipitation of the
protein. Aggregation can occur even under conditions
where the proteins native conformation is favored thermo-
dynamically compared to the unfolded state and at con-
centrations well below the proteins solubility limit (24, 29,
30). To effectively inhibit aggregation, both in vivo and in
vitro, a more complete understanding of the mechanisms
by which proteins aggregate is needed (31).

Mechanisms of protein aggregation are still not fully
understood. One plausible mechanism is that aggregation
is catalyzed by the presence of a small amount of a con-
taminant. That contaminant could be a damaged form of
the protein product itself, host cell proteins, or even non-
protein materials such as silica particles (32). Damaged
forms of aprotein product can arise from chemica modifi-
cation (such as oxidation or deamidation) and from con-
formationally damaged forms arising from thermal stress,
shear, or surface-induced denaturation. A second mecha-
nism begins with partial unfolding of the native protein
during storage. Protein conformation is not rigid — the
structure fluctuates around the time-averaged native struc-
ture to different extents depending on environmental con-
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ditions. Some partially or fully unfolded protein molecules
are always present at equilibriumin al protein solutions, but
most such molecules smply refold to their native structure.
However, those unfolded proteins may instead aggregate
with other such molecules or may be incorporated into an
existing aggregate nucleus, eventually to form larger aggreger
tes as described above. Factors such as elevated tempera-
ture, shaking (shear and air-liquid interface stress), surface
adsorption, and other physical or chemical stresses may
facilitate partial unfolding. A third aggregation mechanism
is reversible self-association of the native protein to form
oligomers. The tendency of different proteinsto reversibly
associate is highly variable, and the strength of that asso-
ciation typically varies significantly with solvent condi-
tions such as pH and ionic strength. Such reversible oligo-
mers often eventually become irreversible (they are afirst
step along a pathway to irreversible aggregation). Detection
of reversible aggregates can be especidly challenging. One
of the reasons is that such aggregates can dissociate from
dilution during the measurement process (33-36).

Regardless of the mechanism of aggregation, prevent-
ing aggregation problems requires sensitive and reliable
technologies for quantitative determination of aggregate
content and aggregate characteristics (37). Size-exclusion
chromatography (SEC) has been aworkhorse for detecting
and quantifying protein aggregation (2, 38-39). Native gel
electrophoresis and SDS-PAGE have also been used to
observe protein aggregation. Column-free techniques such
as analytical ultracentrifugation (AUC), field-flow frac-
tionation (FFF), and dynamic light scattering (DL S) now
find increasing application in aggregation analysis (36-37,
40). Asit can be concluded, there are various techniques
for ng protein aggregation, which will enable detec-
tion of dimmer and aggregate formation at the very begin-
ning. All that isimportant for pharmaceutical quality and
biological activity of protein - based drugs.

Chemical instability

Chemical instability of proteins can be potentiated or
induced by temperature, pH, light and composition of the
formulation buffer. Such chemical modifications may
result in alteration of structure, loss of function, acquired
immunogenicity and altered pharmacokinetics.

Oxidation

Methionine, cystine, tryptophan and tyrosine residues
are susceptible to oxidation. Air, residual peroxide con-
tent, or intense fluorescent light, can convert thioether to
sulfoxide, and then sulfone (41-46). The polysorbate-80
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and polysorbate-20, which are usually used in the protein
formulations like surfactants, have a tendency to produce
peroxides, which in turn, can lead to oxidation of the
methionine residues. This peroxide contamination appears
to have a greater effect on protein oxidation than the pres-
ence of atmospheric oxygen in the vial headspace or the
effects of product foaming in thefill lines (14). Oxidative
modification can be variable (47). Peptide maps are con-
venient for detecting methionine oxidation, and RP-
HPLC is used to separate the oxidized forms. Oxidation
causes a protein to become more hydrophilic and oxidized
proteins elute before the native form in RP-HPL C (48).
Oxidation occurs in a number of proteins favored by
factors like temperature, pH etc. Most proteinslose biologi-
cal activity when oxidized. Thereby, formulation appro-
aches include addition of anti oxidants (sodium thiosul-
phate, catalase, or platinum) and adjustment of environmen-
tal conditions (pH or temperature) to prevent oxidation (49).

Deamidation

For many proteins deamidation is one of the most often
observed stability problems and occurs more rapidly than
any of the other degradation routes (14). Deamidation of
asparginine residues (glutamine residues to lesser extent)
to aspartate or isoaspartate via succinimide intermediates
(positive to negative charge) is amajor cause of sponta-
neous degradation and loss of aminoacid sequence homo-
geneity. Deamidation can make protein prone to proteases
and denaturation. This can affect the in vivo haf-life, acti-
vity, and conformation of protein, and also increase the
immunogenicity of certain protein. Deamidation often
resultsin the loss of biologica activity (50, 51).

The deamidation process is mainly dependent on the
storage temperature, on the pH of the formulation buffer
and on the sequence and conformation. Deamidation can
be detected by isoelectric focussing and quantified by den-
stometric scanning of the gd and by RP-HPLC (50, 52, 53).
A common means of determining deamidation isto digest
the protein with tripsin and to look for new peptide frag-
ments eluting slightly later than fragments containing
asparagine in RP-HPL C, because under acidic conditions
aspartic acid is slightly more hydrophobic than asparagi-
nes (50). At neutral pH, fragments containing asparagines
elute after the aspartic acid deamidation products because
they are less hydrophobic under these conditions (53).

Conclusions

Proteins are only marginally stable and highly suscep-
tible to physical and chemical degradation. Physical and
chemical instabilities of proteins are the major road barri-
ers, hindering rapid commercialization of potential pro-
tein drug candidates. Thereby, the successful devel opment
of stabile protein-based pharmaceuticalsis highly depend-
ent on athorough understanding of their physico-chemical
and biological characteristics and of the mechanisms by
which proteins stabilizes.

Due to the complexity and heterogeneity of protein
structures, multiple analytical methods for stability testing
must be employed. Stability indicating test methods must
be vaidated to be suitable to detect potential degradation
products or modified forms. Detection of degradation prod-
ucts or modified forms at the very beginning signalling the
stability changesimportant for pharmaceutical quality and
biological activity of protein - based pharmaceuticals.
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Pe3nme

Hecradouanoct Ha nporeunnn: TeopeTckn acnekTw,
Aerpaganony NPOAYKTH M METOM 32 HUBHO JeTEKTHPambe

Cy3ana TpajkoBuk-Jonescka, Jacmuna Tonuk-Pubapcka*, Anera [JlumMuTpoBCcKa
Dapmayesiticku paxyaitietti, YHugepauitieti ,,Ce. Kupua u Meitioguj*, Bogrwancka 17, 1000 Ckotije, Maxegonuja

Kayunu 360poeu: nporenHn, (pu3udka CTabIIIHOCT, XEMUCKa CTaOMITHOCT, METONH

Pexom6unantHata [JHK Texnosoruja fosefe 0 3HaUUTEIIEH MOPACT Ha 6pOjOT Ha MENTHIHU U IPOTEHHCKH (papMalieBTCKU
npenaparTi, JaBajKu HOB IIPUCTAI BO TPETMAHOT Ha OHUE 3a00IyBamba, 32 KOU Jocera pUMeHyBaHUTe (papMalleBTCKU IIpemna-
paTH He aBaaT 3aJ0OBONUTENHY pe3ynaTaT. OcoGeHo O6p3 pa3Boj Ha OBa IOJE € MOCTUTHAT BO MOCIEHNUTE [IBE ACLECHU.
MefyToa, Kako pobieM ce jaByBa HeCTaOMIIHOCTA Ha IPOTEUHCKUTE MOJIeKyH. FIMeHO, TO3HATO € ieKa MPOTEUHUTE Ce MOf-
JIOKHU Ha (pr3MUKa U XeMHCKa ierpafalija, IITo pe3ylTHpa CO HaMalyBamke WU LEIOCHO IyOemhe Ha HUBHATa OMOJIOIKA
akTuBHOCT. TokMy mopajiu Toa, IPUYUHKUTE MITO JOBEAYBAAT O HUBHA (pU3KMYKA M XEMHCKa HECTAaOUITHOCT, KaKO ¥ METOJIUTE
3a HUBHO HCIIUTYBame, IPETCTaByBaaT NpeAu3BHK 3a (hapMaleBTUTE 3a pa3BOj Ha CTAOUIIHY NPOTEUHCKU (hapMaleBTCKU
npenapaTi.

CrabuaHOCTa Ha IPOTEMHCKUTE (hapMalieBTCKU MPENapaTi € MHOTY 3HayajHa BO OAHOC Ha HUBHUOT (papMaleBTCKU KBa-
JUTET 1 Ouosonka akTuBHOCT. [Topanu Toa, noTpebeH e npaBuiieH U360p Ha COOABETHH AHATTMTUYKU METOU KOU K€ 0BO3MO-
KaT AeTeKTUPAbe BO IIOUETHUOT CTAAUYM Ha (DOPMUPAKETO HA AETPAfAl[MOHUTE IPOAYKTH MU MOAUULIPAHU (POPMU.

Maced. pharm. bull., 51, (1,2) 3-8 (2005)
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Abstract

The pattern of urinary proteins in healthy full-term neonates was examined by sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE), coupled with determination of few parameters related to urinary protein excretion.

Twenty hedlthy full-term neonates were included in the investigation. Five urine samples from each subject were collected on days 3, 7,
14, 21 and 28 &fter birth. Determination of total proteins was performed using turbidimetric method with sulfosdicylic acid. Urinary creati-
nine concentration was determined by Jaffe method. Urinary proteins were separated by horizontal gradient SDS-PAGE according to Garg.

The highest values for total urinary proteins and for protein/creatinine ratio were detected in urine samples excreted on days 3 and 7
after birth. Three types of SDS-PAG electrophoretic profiles were observed. The first type of electrophoretic profile was characterized by
the presence of proteins of mixed glomerular and tubular origin with molecular weights from 10 to 160 kDa. Typical for the second type
of electrophoretic profile was the presence of two faint fractions with molecular weights of 78 and 90 kDa and several intensive low
molecular weight fractions (14-67 kDa). In the third type of electrophoretic profile only low molecular weight proteins (10-67 kDa) were
detected in al five urine samples. These findings express the transitory immaturity of the glomerular filter and tubular protein reabsorbing

system of the newborn kidney. Apparently, the tubular protein handling normaizes later than the glomerular filtration of proteins.

Key words: Proteinuria; neonates; SDS-PAGE; electrophoretic profiles

Introduction

It has been clearly demonstrated that the rend cells are
not fully differentiated at birth and that many of the differ-
ences in rena function seen between infants and adults
should be attributed to immaturity (1). Thisrena immaturity
does not seem to carry any risk in healthy full-term infants
fed an appropriate diet, but can represent amgjor risk in Sit-
uation of disease, ingppropriate fluid and electrolyte losses,
and exogenous pharmacologic stress (2).

Renal insufficiency and renal failure of newbornsin an
intengive care unit isavery common problem. It was reported
that between 8 and 24 % of neonatesin specid care wards ex-

Snezhana Palchevska
e-mail:zanpal @hotmail.com
tel. +389 2 3147-717; fax. +389 2 3230-43

periencerena failure (3). Acuterenal failureisarecognized
complication of birth asphyxiaand may result in permanent
renal damage in up to 40 % of survivors (4).

Taking all these facts into account it is obvious that
evaluation of renal glomerular and tubular functional and
structural integrity in neonatesis of great importance. For
this purposein clinical practice the investigation of a bat-
tery of biochemical parametersis frequently undertaken.

Measuring of serum concentration of creatinine, as
well as cistatin C is frequently used as a parameters for
evaluation of glomerular function (5). A more precise
assessment of the functional capacity of the kidney is
made by measuring glomerular filtration rate (GFR), but
this procedure is expensive, time consuming and invasive
because puncture of peripheral vein isnecessary to obtain
several blood samples (6,7).
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It is generally recognized that urine, as amedium, isa
source of great number of diagnostic information. Determi-
nation of concentration of total urinary proteins, aswell as
measuring of concentration of different urinary proteins
has been used to monitor kidney and urinary tract disease
for more than 150 years. The determination of total urinary
protein does not differentiate between glomerular and tubular
proteinuria. It has been demonstrated that different urinary
proteins carry different diagnostic information (8). So, uri-
nary concentration of high-molecular proteins, especially
albumin and immunoglobulin G, are the best markers for
assessment of glomerular function. Determination of uri-
nary concentration of low-molecular weight proteins, such
as o,-microglobulin, B,-microglobulin and retinol binding
protein (RBP) is recommended as potential markers for
evaluating function of renal proximal tubules (9). Measuring
of fractionary excretion of urinary sodium is used for
investigation the functional reabsorption capacity of the
distal segment of the nephron. Of al urinary enzymes, the
brush-border membrane enzyme leucine-aminopeptidase
(LAP) and the lysosomal N-acethyl-B-D-glucosaminidase
(NAG) were recommended as markers for investigation of
the structurd integrity of renal proxima tubules (10).

In the recent years the accent is put on separation of
urinary proteins using high resolution electrophoretic
techniques, such as sodium dodecyl sulfate-polyacry-
lamide gel electrophoresis (SDS-PAGE), capillary elec-
trophoresis and 2D-electrophoresis (11).

The results from great number of studies have shown
that SDS-PAGE isamethod of choice for detection of early
rend lesions (12). It is also very attractive method, because
of its non-invasive nature, relatively low price and accuracy.

In the present work the patterns of urinary proteinsin
healthy full-term infants during the first month of lifewere
investigated by SDS-PAGE, coupled with determination
of few parameters related to urinary protein excretion.

The purpose of this examination is to evaluate SDS-
PAGE profiles characteristic for healthy newborn infants;
thisis the basis for further evaluation of SDS-PAGE in
assessment of glomerular and tubular function in conditions
in which rena function might be affected (such as hypoxic
ischemic encephal opathy, sepsis, nephrotoxic agents etc.).

Experimental

The present investigation was conducted on 20 healthy
full-term neonates with gestational ages ranging from 36
to 41 weeks (mean 38.2 + 1.10 weeks).

Urinary samples excreted on day 3,7,14,21 and 28 after
birth were used for all examinations. Collection of urine
samples was made by using a collection bag placed over the
infants’ external genitals. All samples were taken promptly
to the laboratory and centrifuged on 3000 rpm for 15 minutes.

Total urinary proteins were determined by the Meule-
man's method, using sulfosalicylic acid (13). Urinary cre-
atinine concentration was determined by Jaffe method (14).
Proteine/creatinine ratio (P/C) was calculated by dividing
the total urinary protein concentration with urinary con-
centration of creatinine.

Separation of urinary proteins was performed by hori-
zontal ultrathin pore gradient-dodecyl sulfate electro-
phoresis according to Gorg et a. (15). Urinary sampleswere
neither diluted nor concentrated; 0.9 ml urine with 0.1 ml
samplebuffer (1.5M TrigHCI, 10% SDS, pH 8.8) wasincubat-
ed for 3minutesin boiling water. SDS-polyacrylamide gra-
dient gels (4-22 %) were prepared by standard procedurein
dimensions 195 x 250 x 0.5 mm. SDS-PAGE worked at 5°C
for 2 hours on Multiphor 11 Unit, LKB (Brown, Sweden).
Pharmacia LKB low-molecular weight calibration proteins
were used for determination of molecular mass of separated
protein fractions. Gelswere stained with Coomassie Blue R-
250 and prepared in stable preparations.

Results and discussion

Results regarding the concentration of total urinary
proteins and P/C ratio in healthy full-term neonates on
days 3,7,14,21 and 28 of life are presented in Table 1.

The highest valuesfor total urinary proteinsin healthy
full-term neonates were detected in urinary samples
excreted on days 3 and 7 after birth with upper value of
405 mg/L and lowest values in samples excreted on days
21 and 28 of life with range between 10-50 mg/L.

The highest detected value for P/C ratio was detected
inurinary samples excreted on day 3 of life (480 mg/g cre-

Table 1. Data (arithmetic mean and range) for total urinary proteins and P/C ratio on days 3,7,14,21 and 28 after hirth

in healthy full-term neonates (n=20)

Healthy full-term neonates

Parameters Day 3 Day 14 Day 21 Day 28
Total urinary proteins 156 32 29 25
(mg/L) (10 - 405) (10 - 355) (10-120) (10-50) (10-50)
P/Cratio 190 139 153 134
(mg/g Creetinine) (30— 480) (38 —460) (30-415) (80-248) (36 -369)
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atinine). The highest mean arithmetic value for P/C ratio
was detected in urine samples excreted on day 7 after birth
(297 mg/g creatinine). The differencesin arithmetic means
for P/C ratio between day 3 and day 28 were not so expres-
sivelike for the total urinary proteins concentration.

Fig.1, 2 and 3 present typical SDS-PAGE profiles
obtained from separation of urinary proteins in neonates,
included in conducted investigation. For electrophoretic
separation of each subject, five different urinary samples
(excreted on day 3,7,14,21 and 28 of life), with laterally
applicated protein markers, were used.

In 40 % of neonates (n=8) electrophoretic profileswere
characterized by the presence of proteins of mixed glomeru-
lar and tubular origin, detected in al five urinary samples.
The molecular weight of proteinswere found to be distributed
over awiderangefrom 10to 160 kDa. Theintensity of frac-
tions was highest in urine sample excreted on days 3 and 7
and decreased thereafter. On day 3 the fractions with high-
est intensity were those with molecular weight of 67 kDa
(albumin) and molecular weight of about 30 kDa. Oneweek
after birth the low molecular weight proteins predominated
because there was a substantial decrease in the excretion of
albumin and of high molecular weight proteins (Fig. 1).

In 20 % of neonates electrophoretic profiles were char-
acterized with presence of two faint fractionswith molecular
weights of about 78 kDa and 90 kDa, and severa intensive
and higher proportional low molecular weight fractions
(from 14 to 67 kDa). Fractions with molecular weight of
about 45 kDa, 30 kDa and 14 kDa were the most prominent
in urinary samples excreted on days 3 and 7 after birth. The
intensity of all fractions decreased in urinary samples ex-
creted on days 14, 21 and 28 after birth (Fig. 2).

In other 40% (n=8) of newbornsin al urinary samples
only the presence of low molecular weight proteins (from 10-
67 kDa) was detected. The intengity of fractions was highest
in urinary samples excreted on days 3 and 7 after birth and
lowest in samples excreted on days 21 and 28 of life. In 7 of
neonates with thistype of electrophoretic profilein samples
excreted 21 and 28 days after birth, the presence of only
albumin fraction was detected (Fig. 3).

Physiological proteinuriain adultsis well known with
many studies regarding the determination of physiological
excretion of different proteins as well as separation of uri-
nary proteinswith SDS-PAGE (16,17,18). Thereare dso a
great number of studies related to quantitative changesin
some specific urinary proteins during the first month of life
and later in early infancy and older children (19, 20). There
areonly afew reportsin literature regarding the SDS-PAGE
electrophoretic profilesin heathy newborns (21-23).

In view of the lack of knowledge about physiological
proteinuriain neonates, the present study was undertaken to
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Fig. 1 Electrophoretic profiles of urinary proteinsin healthy
full-term neonate 3, 7, 14, 21 and 28 days
after birth (A,B,C,D,E)
TP: totd urinary proteinsin mg/L, MW: molecular weight,
ST: Standard (Pharmacia LKB LMW calibration proteins)
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Fig. 2 Electrophoretic profiles of urinary proteinsin healthy
full-term neonate 3, 7, 14, 21 and 28 days
after birth (A,B,C,D,E)
TP: totd urinary proteinsin mg/L, MW: molecular weight,
ST: Standard (PharmaciaLKB LMW calibration proteins)
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Fig. 3 Electrophoretic profiles of urinary proteins
in healthy full-term neonate
3,7, 14, 21 and 28 days after birth (A,B,C,D,E)
TP: total urinary proteinsin mg/L,
MW: molecular weight,
ST:Standard (Pharmacia LKB LMW calibration proteins)

obtain more information about the quantity and SDS-PAGE
profilesin these subjects.

The results obtained in our study for total urinary con-
centration have shown the highest values for TP excretion
detected on days 3 and 7 with range from 10-405 mg/L which
decrease thereafter with range from 10-50 mg/L on days 21
and 28. Thereare only afew reportsrelated to TP concentra-
tion in neonates with different methods used for TP determi-
nation. The resultsin our study wasin close agreement with
the findings from Miltenyi (22) who reported TP concentra-
tion between 95 - 455 mg/L in healthy full-term newborn
infantsin the first month of life (7-30 days old).

In our study the determination of proteine-to creatinine
ratio was included, since the results of great number of stud-
ies of adults and children have shown that there is a strong
correlation between the urine P/C ratio, obtained in random
urine samples, and 24-hour urinary protein excretion correct-
ed for body—surface area (24-26). Thus with determination of
PIC ratio thereis no need for 24-hour urine collection.

The highest valuefor P/C ratio in our study was detected
in urine samples excreted on day 3 after birth (480 mg/g
creatinine). In urine samples excreted on day 7 asimilar
values for P/C was determined as in samples excreted on
day 3. In urinary samples excreted on day 14, 21 and 28 the
values for P/C ratio were lower with highest detected val-

ues of 415 mg/g creatinine. It is obvious that the differ-
ences between values for P/C ratios between urinary sam-
ples excreted on day 3 and samples excreted on days 7,14,
21 and 28 was no so expressive like the differences noticed
for otal protein concentration expressed in mg/L for the
same urinary samples. In urine samples excreted on day 3
the values for total protein concentration ranged between
10-405 mg/L and decreased rapidly thereafter in urine
samplesexcreted on day 14 (10-120 mg/L) with lowest vaues
in samples obtained on days 21 and 28 (10-50 mg/L). These
results confirmed the usefulness of urinary PIC ratio as a
better measure for urinary protein concentration, since it
is very obvious that dividing the total protein concentra-
tion by urinary creatinine concentration eliminates varia-
tions due to changing rates of urine output and provides a
measure independent of urine concentration.

The results obtained in our study for P/C ratio wasin
close correlation with the results reported by other investi-
gators. In astudy of Houser (26) the upper valuefor P/C ratio
found in 1 month old healthy infants was 500 mg/g creatinine,
which valueisvery similar to the valuesin our investigated
group of healthy neonatesin first month of life.

The SDS-PAGE profiles obtained in our study from
investigation of the physiological proteinuriain hedlthy full-
term neonates reflected an incompletely developed rena
function. The presence of numerous bands digtributed over the
broad range of molecular weights observed in urine samples
from neonates could be explained with transitory immaturity
of the glomerular filter and of the tubular protein resbsorbing
system of the newborn kidney. Apparently, the SDS-PAGE
profiles demonstrated that tubular protein handling normal-
izes|ater than the glomeruler filtration of proteins.

The presence of protein fraction with molecular weight
of about 160 kDa, which according to molecular weight
belonged to imunoglobulin G, in some urinary samples of
neonaes excreted on days 3 and 7 after birth (Fig. 1), could be
due to the fact that maternally derived antibodies are present
at birth. Likewise, in the most of neonates prominent frac-
tion with molecular weight of about 45 kDa was detected in
urinary samples excreted on days 3 and 7 after birth, which
according to molecular weight belonged to o,- acid glyco-
protein, probably due to the acute phase response &t hirth.

Electrophoretic SDS-PAGE profiles, obtained in our
study, have shown that the intensity of albumin fraction (67
kDa) decreased during the neonatal period, which finding
could be supported by the results from quantitative determi-
nation of abumin in urine samples of neonates, excreted dur-
ing the first month of life, reported by Tsukahara et a (27).
Theresultsfrom their sudy have shown that urinary dbumin
decreased postnatally in hedlthy full-term neonates, while it
remained almost constant in preterm neonates. In sick pre-
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termswho were depressed at birth and have respiratory failure,
urinary abumin was elevated during thefirst week, indicating
the presence of glomerular damage in this period.

Indmogt al urinary ssmplesexcreted ondays 3, 7 and 14
after birth, intensive fraction with molecular weight about
30 kDa was detected, which according to molecular weight
belonged to o,-microglobulin. Thisfindingsisin close cor-
relation with the results from quantitative determination of
o,-microglobulinin urine samples of neonates, reported from
Tsukaharaet d. (28). The resultsfrom their study have shown
high levels of o,-microglobulinin urine samples of neonates
excreted during the first two weeks of life, which declined
thereefter. Thisfinding is due to the fact that o,-microglobu-
lin was found by many authors to be early marker of renal
tubular dysfunction, characterized by incomplete or inade-
guate reabsorption of low molecular weight proteins.

On SDS-PAGE profiles, obtained in our study, in agreat
number of urine samples from neonates, excreted on days 3
and 7, the presence of protein fraction with molecular weight
of aproximately 12 kDa, with poor resolution, was found
(Fig. 1 and Fig. 3). According to molecular weight this frac-
tion belonged to 3,-microglobulin, which finding could be
supported by results from quantitative determination of -
microglobulin in urine samples of neonates, during the first
month of life, reported by Tsukaharaet d (27). Theresultsfrom
their study have shown peak level on day 7 for B,-microglob-
ulin, both in term and preterm neonates, with trend towards
higher levels of B,-microglobulin with decreasing gestation,
showing that proxima tubular protein reabsorption decreases
with increasing degrees of prematurity. In sick pretermswho
were depressed at birth and had respiratory failure, this
parameter was elevated during thefirst two weeks, indicating
the presence of tubular damagein this period.

Electrophoretic SDS-PAGE profilesin 16 of neonates
have shown the presence of visible, but with poor resolu-
tion protein fraction, with molecular weight of about 16 kDa.
This fraction was found in al urine samples excreted on
days 3,7 and 14 and in some urine samples excreted on
days 21 and 28 as a palide fraction. According to molecular
weight this fraction belongs to hemoglobin, which isthe
fraction considered to be physiological, due to the short-
ened life of erythrocytes (22).

Karlsson and Kristoffer (21) investigated the urinary
protein pattern of pooled urine samplesin the first year of
life. They found atubular type proteinuriain apooled urine
sample of eight 1- 4 week old newborns, while the protein
pattern of the pooled urine of eight 4-6 month old infants
was identical with the pattern of adults. Their study has
shown that tubular proteinuria disappears gradually during
thefirst years of life. Miltenye and his coworkers (22) frac-
tionated the urinary samples from 20 full-term neonates
(aged from 7 to 30 days) by sodium dodecy! sulphate gel
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discelectrophoresis (7.5 % polyacrylamide gels stained
with 0.6 % Amido Black in 7 % acetic acid). The results
from their study have shown that proteinuria was predomi-
nantly tubular, although in some urine samples high mole-
cular weight protein fractions with molecular weight big-
ger than 100 000 kDawas detected, aswell asmiddle mole-
cular weight fractions (89 000 and 80 000 kDa). They re-
ported al so the presence of hemoglobinuriaduring the first
weeks of life.

The results obtained by analysis of the molecular
weights of urinary proteins in healthy newborns, separat-
ed by SDS-PAGE and stained with Coomassie Brilliant
Blue G-250, reported by Thanner et a. (23) confirmed the
findings of previous mentioned authors for presence of
glomerulo-tubular imbalance in early life. According to
the number of separated protein fractions and their rela-
tive concentration (expressed as percent of total protein
concentration) they concluded that proteinuriain healthy
full-term neonates is predominantly tubular and is due to
ineffective proximal tubular reabsorption of low molecu-
lar weight microproteins.

Conclusion

The results in the present study, related to examina-
tion of SDS-PAGE profilesin healthy full-term neonates,
confirmed the results obtained by other investigators that
electrophoretic profiles are a source of great number of
information about the physiological proteinuriafrequently
detected in urine of neonates by screening methods. Know-
ledge of the modifications that occur in urinary protein
pattern due to age is therefore very important in order to
distinguish such modifications from those caused by other
factors. Investigation of SDS-PAGE profiles, coupled with
determination of few parameters related to protein excre-
tion, such as total urinary protein concentration and pro-
teine-to-creatinine ratio might be of great usefulness for
detection of early rend lesionsin neonates, in clinical con-
dititionsin which rena function is affected.
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Pe3ume

EBanyanuja Ha ypMHAPHUTE NPOTEMHH KAj 3PaBH TOHOCEHH HOBOPOJEHH CO
npumena Ha SDS-PAGE

Cuexana ITamuescka', Benmu6op Tacuk', [Tetap Kopuern?,

Teopru lecrakor®, CeTiana LlekoBcka®

'K aunuxa 3a getticku 6o.aectiu, Meguuuncku gaxyaitetsi, Bograrncka 17, 1000 Crotije,
ZHHcmumym 3a MEQUUUHCKA U eKcliepuMeniiianta buoxemuja, Meguuuncku gaxkyaitierd,
50 Queusuja 6p. 6, Ckoiije, Peiiybauxa Makegonuja

Kayunu 360poeu: llporennypuja, HoBopopenu, SDS-PAGE, enekTpodopeTcku mpouiin

W3BpIiieHo € menuTyBamhe Ha BUIOT Ha M3JTaYeHATE YPUHAPHH IIPOTENHH Kaj 3TPpaBH TOHOCEHN HOBOPOJICHH CO TIPAMEHA Ha
HATPHUYM JIofielu cyidat nomuakpusamup rei enekrpogopesa (SDS-PAGE), 3aefiHo co ofipefiyBambe Ha HEKOJIKY TapaMeTpu
TIOBP3aHM CO €KCKpelrjaTa Ha ypUHAPHUTE IPOTEHHN.

Bo ncruryBameTo Gea Bkiyuyenn 20 3qpaBu JOHOCEHN HOBOpOAeHH fena. Kako MaTepwjal BO NCIATYBAkETO Gea KOpHC-
TEHH TI0 TIET MPUMEPOIY YPUHA Off CEKOe HOBOPOJIEHO, m3nadeHn 3, 7, 14, 21 u 28 pena o parameTo. OnpenenyBameTo Ha BKY-
HHTE MPOTENHH Gellle HAapaBeHO co TYpPOUANMETPICKI METOJ] CO Cyipocannuina Kucennna. KonnenTpanmjata Ha Kpea-
THHIHOT BO MIPUMEPONUTE YpuHA Gele ompenenxyBana co MetofoT no Jaffe. Cenmapanujara Ha yprHapHUTE IPOTEHHN Oeliie
HampaBeHa co XOpu3oHTanHaTa rpaguenTHa SDS-PAGE cnopen GOrg.

HajBrcokn BpetHOCTH 32 BKYITHATE YpUHAPHH IPOTENHH 1 32 IPOTEWH/KPEATHHIH COOTHOCOT Gea IeTEeKTHPAHH BO IpAMe-
pOIHUTE YpHHA M3IaUeHU TPETHOT M CEMUOT JIeH TI0 parameTo. bea yTBpaeHn Tpu Tuma Ha enekTpoopeTcku npodmm. 3a
NPBHUOT THN eJIeKTpoopeTcKr npocunu Helre KapaKTepUCTHIHO IPECYCTBOTO Ha POTEHHM O METIIaHO, TIIOMEPYIapHO I
TyOyIapHO MOTEKJIO co MoJiekyrapHa Maca off 10 mo 160 kDa. TunmyHO 3a BTOPHOT THTI eJIeKTPOOpeTCKH podmiin Oere
TIPECYCTBOTO Ha ABe Grean (hpakimu co MonekymnapHa Maca off 78 1 90 kDa, Kako u moBeKe MHTEH3WBHI HICKO MOJICKYIIApHA
(ppakuun (14-67 kDa). 3a TpeTHOT THII €I€KTPOPOPETCKH MPOQUIN KAPAaKTEPUCTUYHO Oellie MPUCYCTBOTO CaMO Ha HUCKO
Monexyiapan paknmn (10-67 kDa) Bo cuTe IeT NCIUTYBaHA MPAMEPONH yprHA. MoXKe f1a ce 3aKIy4n ieKa HAOIUTE Off
ACIATYBAETO ja M3pa3yBaaT MAHINBATA HE3PEIOCT Ha TIIOMEPYIIapHAOT (PUITEP M Ha CHCTEMOT 3a pearcoponyja Ha TyOymap-
HUTE POTENHN Kaj 6yOperoT off HoBopoaeHoTo. OunrienHo e nfexa TyoyjaapHara (hyHKIH]ja ce BOCIOCTaBYBa MOIOIHA BO
copenba co TIIoMepynapHaTta (punTpanyja Ha MPOTENHATE.
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Abstract

The objective of this study was to develop diazepam orally disintegrating tablets and to optimize tablets characteristics using
response surface methodology (RSM). Tablets were prepared by direct compression of mixture containing mannitol, copovidone,
crosspovidone flavor and lubricant. A full factorial design for 2 factors at 3 levels each was applied to investigate the influence of 2
formulation variables on the mechanical strength/hardness, the percent of friability, disintegration time and dissolution of the poorly
soluble active ingredient. The amounts of copovidone and crosspovidone were taken as independent variables. All datawere analyzed
by using statistical program.

The results of multiple linear regression analysis revealed that for obtaining a rapidly disintegrating dosage form, tablets should be
prepared using an optimum concentration of crospovidone and copovidone. A contour plot is aso presented to graphically represent the
effect of the independent variables on the tablet hardness, disintegration time, percentage friability and dissolution. A checkpoint batch
was a so prepared to prove the vaidity of the evolved mathematical model.

3 level factoria design allowed usto obtain ODT with rapid disintegration and dissolution of the active ingredient with desirable

properties of low tablet friability and appropriate mechanical strength (hardness) of the tablet.

Key words: orally disintegrating tablets, experimental design, response surface methodol ogy.

Introduction

Recent developments in technology have presented
viable dosage alternatives for patients who may have diffi-
culty swallowing tablets. Traditional tablets and capsules
may be inconvenient or impractical for some patients.
Geriatric and pediatric patients experience difficulty in
swallowing conventional tablets which leads to poor pati-
ence compliance. This problem is overcomed with use of
drug delivery system known as orally disintegrating tablets.
These are novel types of tablets which disintegrate/dis-
solve/dispersein salivafor 60 seconds or less (1, 2, 3).

They are also suitable for the mentally ill, the bedridden
and patients who do not have easy accessto water. The be-

* Buijana HeCTopOBCKa—f‘omeBCKa
e-mail adress: biljanag@yahoo.com
* Biljana Gjosevskais employed in Jaka 80, Radovis,
and part of the experimental work was undertaken in their Laboratories.

nefits in terms of patience compliance, rapid onset of
action, possibility for increased bioavailability, and good
stability make these tablets popular as a dosage form of
choicein the current market (2). Orally disintegrating tab-
lets are suitable formulation for all active substances which
can be oraly administered (3).

A pharmaceutical formulation is composed of severa
composition factors and process variables. These factorsand
variables not only affect the characteristic property of the
dosage form but also makeit difficult to formulate. Formula
tion experience with pharmaceutica preparation generaly can
guide aformulation expert to select those variables that most
likely have an effect on those corresponding responses (4).

Traditional formulation designs were based on trial
and error. It istime-consuming, unreliable, costly and often
unsuccessful. The rapid development of statistical experi-
mental designs, optimisation techniques and computer
technologies provide an effective method for modelling
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complicated multivariate drug formulations. Pharmaceuti-
cal formulation thus has been brought into a new era (5).

When atarget is to evaluate one or more tablet pro-
perties, the experimenter can make use of aset of toolsand
techniques known under experimental research methodo-
logy. In general, adopting such an experimental approach
means defining the problem which one is going to cope
with by determining the objectives, the possible congtraints
in the component proportion and the response variables
under study (6).

Many dtatistical experimental designs have been reco-
gnized as useful techniques to optimize the process variables.
Different types of designs as screening, mixture, response
surface, have been used for preformulation evaluaions (7, 8).

Response surface Methodology (RSM) is a widely
practiced approach in the development and optimization
of drug delivery devices. Based on the principal of design
of experiments (DoE), the methodology encompasses the
use of various types of experimental designs, generation
of polynomial equations, and mapping of the response
over the experimental domain to determine the optimum
formulation. The technique requires minimum experi-
mentation and time, thus providing to be far more effec-
tive and cost effective than the conventional methods of
formulating dosage forms. It is a collection of statistical
and mathematical techniques, useful for developing, im-
proving and optimizing processes (9, 10). It d'so hasanim-
portant application in the design, development and for-
mulation of new products as well asin the improvement
of existing product designs. The basic components of res-
ponse surface methodology include experimental design,
regression analysis and optimisation algorithms which
are used to investigate the empirical relationship between
one or more measured responses and a number of inde-
pendent variables, with the ultimate goal of obtaining an
optimal problem solution. Also, interaction between diffe-
rent factors, which can influence the target responses,
may be detected (11, 12, 13).

Table 1. Responce surface experimental design

The current study aims at developing and optimizing
an oraly disintegrating tablet of diazepam using RSM.

Experimental

Materials

Diazepam was supplied from Fabbricaltaliana Sintetici -
Italy, Mannitol direct compressible grade from Merck KgA-
Germany, Copovidone and Crosspovidone from BASF KgA,
Germany and magnesium gearate from Mossdman, Belgium.

Methods

Experimental design

Response surface experimental design was used to opti-
mize and evaduate main effects, interaction effects, and quad-
ratic effects of the formulation ingredients on the percent of
friability, hardness, disintegration time and drug release. A 3
randomized full factorial design is suitable for exploring
response surfaces and congtructing polynomia models (10).

In this design 2 factors were evaluated, each at 3 lev-
els, and experimental trials were performed at all 9 possi-
ble combinations. The amount of the binding agent, copo-
vidone (X1) and the amount of superdisintegrant, cros-
spovidone (X2) were selected as independent variables.
The percent of friability, hardness, disintegration time and
drug release were selected as dependent variables.

The composition of formulations of the factoria design
isshowninTable 1.

Preparation of Diazepam orally disintegrating tablets

The raw materials were passed through aNo.1.2 screen
prior mixing. Diazepam, copovidone and crosspovidone
were homogeneously blended with directly compressible
mannitol as a diluent. The mixture than was blended with
the fixed quantity of the lubricant magnesium stearate and
compressed into flat faced tablets (6 mm diameter) using
rotate tablet compression machine.

Di Magnesium . . Mannitol
Series iazepam Flavor stearate Copovidone Crosspovidone DC
(%, wiw) (%, wiw) (%, win) (%, wiw) (%, wiw) (%, win)
1 2.6 0.2 3.0 0.50 1.0 92.70
2 2.6 0.2 3.0 5.00 1.0 88.20
3 2.6 0.2 3.0 0.50 5.0 88.70
4 2.6 0.2 3.0 2.75 1.0 90.45
5 2.6 0.2 3.0 0.50 3.0 90.70
6 2.6 0.2 3.0 2.75 3.0 88.45
7 2.6 0.2 3.0 5.00 5.0 84.20
8 2.6 0.2 3.0 5.00 3.0 86.20
9 2.6 0.2 3.0 2.75 5.0 86.45

Maced. pharm. bull., 51 (1,2) 15-22 (2005)
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Evaluation of tablet properties

Hardness /Mechanical strength
The tablet hardness was measured by hardness tester
(VanKelVK200 ,USA)

Percent Friability

Thefriability of tablets was determined using friabili-
ty tester (VanKel, USP). The method of determination was
according to USP28 method. The percent friability was
obtained from 20-tablet sample.

Disintegration Time

The disintegration time was measured by using accord-
ing USP 28 method for disintegration of tablets (VanKel 6-
Basket System,USP)with purified water at 37 °C as disin-
tegration medium. The mean and standard deviation were
calculated from six determinations.

Percent Drug Release

Dissolution studies were performed employing USP
28 paddle method (VanKel Dissolution tester, VK-700,
USA), 900 ml of 0.1mol/I HCI as dissolution medium at
50 rpm. The samples were analyzed using HPLC method
(USP28).

Tablet assay

The tablets were assayed for drug content according
USP 28 monograph for Diazepam tablets (Varian, HPLC
system UV /vis variable wavelength detector, USA).

Statistical analysis

The data obtained from the evaluation of the tablet
characteristics were analyzed using Statgraphics® plus,
Windows software program (Version 5.1, USA).

Results and discussion

Tablet evaluation

All nine formulations of the experimental response sur-
face design were prepared as different combinations of inde-
pendent variables, copovidone (0.5-5 %) and crosspovidone
(1-5 %) and the following parameters were analyzed: hard-
ness, tensile strength, friability, disintegration and dissolu-
tion of the tablets.

Theresults of analysis of dependent variables- respon-
ses for each formulation are presented in Table 2.

The expressed results are mean values, for the hardness
and friability determination of 20 tablets, disintegration of
12 and dissolution of 6 tablets.

During the preparation of the tablets, lower mechani-
cd strength and increased friability for the series 1, 3, 5 under
the applied pressure during tabletting were gained (RS
design, quantity of the binding agent copovidone 0.5 %).
Adequately, the friability of these formulations was not
within the required limit, as described in USP28.

The hardness and friability were improved with incre-
ase of the concentration of the dry binder in the formula-
tions. Complete release of diazepam from the prepared for-
mulations was noticed after 20 and/or 30 min, showing dif-
ferencesin drug release rates due to different composition
among series within the first 10 and 20 min. Disintegration
of the tablets showing appropriate mechanica strength was
fastest for series 9 (combination with 2.75 % of copovidone
and 5 % of crosspovidone). However, the results given in
Table 2 express that percent of drug release and the time of
disintegration are not parameters that could be easily evalu-
ated (followed) and are complex functions which mathe-
matical expression and dependence (effect) of independent
variable will be obtained from the experimental design.

Table 2. Results of the determination of the dependent variables for each series

Series Y2 Y,P ‘'
(kp) (MPa) (%)
1 1 0.30 1.050
2 55 1.80 0.062
3 1 0.31 1.163
4 4 1.27 0.078
5 1 0.31 1.001
6 4 1.28 0.085
7 55 1.80 0.051
8 55 1.81 0.055
9 4 1.27 0.085

aY1- Hardness b Y2 - Tensile strength ¢ Y3 - Friability

Maken. papm. 6umnr., 51, (1,2) 15-22 (2005)

d Y4 - Disintegratione

Y,° Ys (%) ©

(sec) 10 min 20 min 30 min

20 95.80 97.02 complete diss.
100 95.08 98.30 complete diss.
10 95.53 95.08 complete diss.
55 96.20 97.20 complete diss.
12 94.68 97.30 complete diss.
19 94.30 95.60 complete diss.
40 93.16 95.06 complete diss.
60 93.89 97.41 complete diss.
12 93.11 96.15 complete di ss.

Y5 - Dissolution of diazepam in 0.1 mol/l HCI
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Fig. 1. Standard pareto chart showing the effects
of independent variables X1 (copovidone) i X2
(crosspovidone) and their combined effects
on the response Y 1 (hardness of the tablets)

Factorial design

Hardness of tablets

The relationship between the hardness of the tablets
and the independent variablesis presented in Fig. 1.

The standardized pareto chart a Fig. 1. depictsthemain
effect of the independent variable on the tablet hardness.
The length of each bar in the graph indicates the effect of
these factors and the leve of their responses. From Figure 1
it can be interfered that the factor X1 has a main effect on
theresponse Y 1. Factors X2, X1X2, X2X2 did not show
significant effects on the Y 1 response (the hardness of the
tablets). With excluding of the factors which do not have
significant effect on the response, the mathematical rela-
tionship in the form of polynomial equation for the meas-
ured response Y 1 would be;

Y1=0.75+1*X1 (Eq. 1)

Results presented in Fig. 1 and Eq. 1 show that the
most significant effect on the hardness of the tablets has the
binding agent copovidone, without the significant influ-
ence of theinteraction between the factorsi.e. between the
binding and disintegrating agent.

ha dness(kp)
0,006
612

Hardness (kp)

Also, Fig. 2 illustrates that the quantity of the binding
agent is afactor which shows significant and linear effect
on the hardness of the tablets (when applied constant
punch pressure).

Friability of the tablets
The mathematical relationship in the form of polyno-
mia equation for the measured response, Y 3islisted bel ow:

Y 3=1.37834-0.750494* X 1+0.0280278* X 2+0.0979753*
X172-0.00688889* X1X2 (Eq.2)

The polynomial equation represents the quantitative
effect of process variables (X1 and X2) and their interac-
tion on the response Y 3. The values of coefficients X1
and X2 are related to the effect of these variables on the
response Y 3. A positive value represents an effect that
favor the optimisation, while a negative value indicates
an antagonistic effect.

The main effect on the independent variables on the
dependent variables was further investigated using a pare-
to chart (Fig. 3) and interaction plot (Fig. 4). Also, the relation-
ship between the dependent and independent variables

X1:Copovidone

X1X1

X1X2

X2:Crosspovidone

0 & & 10
Effect

o
8 L

Fig. 3. Standard pareto chart showing the effects
of independent variables X1 (copovidone) and
X2 (crosspovidone) and their combined effects
on the response Y 3 (friability of the tablet)

141 ]
L Crospovidone=5.0 ]
S 11[  Crosporidoneo ]
S L
2 osf ]
8 os[ ]
=
LL N i
02} Crosspovidone=1.0 b
Crosspovidone=5.0 1
-0.1
05 50

Copovidone

Fig. 2. Response surface plots showing the effect
of independent variable X1 (copovidone) on response
Y 1 (hardness of the tablets)

Fig. 4. Interaction plot showing the effects of interactions
between the factors on the friability of the tablets
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Fig. 5. Response surface plots showing the effect Fig. 7. Interaction plot showing the effects of interactions
of independent variables, varying ratio of between the factors on the disintegration of the tablets
(X1) copovidone and (X2) crosspovidone
on response Y 3 (friability of the tablet)
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Fig. 6. Standard pareto chart showing the effects
of independent variables X1 (copovidone) and
X2 (crosspovidone) and their combined effects
on the response Y 4 (disintegration of the tablet)

was further elucidated using response surface plots (Fig.
5). Fig. 3 depicts the main effect of the independent vari-
able on the friability of the formulations.

From Figs. 3 and 4 it can be interfered that the factors:
X1, X1X1 (quadratic effect of copovidone), X1X2 (inter-
action effect of copovodone and crosspovidone) and X2
have a significant effect on the response Y 3.

Fig. 5 further explainsthe effect of X1 and X2 ratioson
the friability of the tablets. From response surface plotsit is
clear that the ratio of copovidone and crosspovidone has a
major effect on determining friability of formulations.
Figure 5 showsthat at lower concentrations of copovidone
the frigbility increases.

Disintegration of tablets

Fig. 6 represents the influence of independent variab-
les on disintegration.

Mathematical relationship in a form of polynomial
equation islisted below:

Y 4=19.2428+7.36214* X 1-1.77778* X 2+2.30453*
X1/2-2.77778* X 1* X2 (Eq.3)
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of independent variables, varying ratio of
(X1) copovidone and (X2) crosspovidone
on response Y 4 (disintegration of the tablet

The main effect on the disintegration time depend on
copovidone and crosspovidone quantity in the formula-
tion, interaction between the binding and disintegrating
agent and quadratic effect of copovidone. Decreasing the
percentage of copovidone and increasing the percentage
of crosspovidone decreases the time of disintegration of the
tablets (influence of the copovidone/crosspovidone inter-
action on the disintegration timeis shown on Fig. 7).

X2:Crosspovidone

X1X2

X1:Copovidone -
x| [

0 05 1 15 2 25 3
Effect

Fig. 9. Standard pareto chart showing the effects
of independent variables X1 (copovidone)
and X2 (crosspovidone) and their combined effects
on the response Y5 (dissolution of diazepam
in 0.1mol/I HCI, for 30 minutes)
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Fig. 10. Response surface plots showing the effect
of independent variables, varying ratio
of (X1) copovidone and (X2) crosspovidone
on response Y5 (dissolution of diazepam
in 0.1 mol/l HCI)

Adeguately, at level of 1 % of incorporated disinte-
grating agent, increasing quantity of copovidone will sig-
nificantly increase the value of the disintegration time for
the prepared formulations (Fig. 8 shows response surface
plots showing the effect copovidone and crosspovidone
on disintegration).

Drug dissolution

Dissolution of the active ingredient in orally disinte-
grating tablets starts in the mouth after the fast disintegra-
tion where the pH is approx. 6.8 (6.4-7.2). After the swal-
lowing of the granules or the primary particles the drug
dissolution continues at pH approximately 1.5 and the ab-
sorption of the released drug depends on the basic dissolu-
tion of the active ingredient and its permesbility through the
membranes. Diazepam is classified in the second group of
biopharmaceutical classification systemii.e. is practically
insoluble substance at pH 6.8 or at basic pH and showing
good permeability through the biological membranes.
Except better patient compliance, fast dispersible/disinte-
gration tablet means avoiding the factors of the disintegra-
tion process on the efficacy of the tablet formulation. As
diazepam dissolution rate decreases at basic pH, itsimme-
diate availability in primary particles for dissolution after
reaching the gaster and pH 1.5 might contribute to its bet-
ter availability for absorption.

The Response Surface design showsthat drug releasein
acidic medium isinfluenced only by the quantity of disinte-
grating agent, which isrepresented in Fig. 9 and Fig. 10 where
factor X2 shows the main significant effect.

Conclusion

Optimization of Diazepam ODT using response sur-
face full factorial design was performed.

The quantity and the ratio of independent variables
showed significant effects on the tablet characteristics.

The most significant effect on the hardness of the
tablets shows the binding agent copovidone. Increasing the
quantity of copovidoneincreasesthe hardness of the tablets.

The most significant effect on the friability of the
tablets has copovidone, athough effect on the friability due
to the interaction between copovidone and crosspovidone
is also present. With increasing the content of copovidone
the percent of friability of the tablets decreases.

The quantity of the copovidone and crosspovidone
presents the main effect on the tablet disintegration. Inter-
action among copovidone and crosspovidone shows sig-
nificant effect on the disintegration process, also. Incre-
asing the quantity of crosspovidone and decreasing the
quantity of copovidone decreases the time of disintegra-
tion of the tablets. Faster disintegration of diazepam tablet
means that complete drug release will be achieved in
medium where the active substance has a good solubility
i.e. the influence of the disintegration time of the pharma-
ceutical dosage form on the dissolution time and of the
active component is completely avoided and the dissolu-
tion rate and time will depend only on the characteristics
of the active ingredient, which if needed might be modi-
fied as well. Based on the quantitative effect of the poly-
nomial equations generated by RSM, the optimum formu-
lation from RS design could be formulation with adequate
hardness, friability and disintegration time less than 20
sec. Such formulation/s contains copovidone 2.75 % and
crosspovidone in aquantity of 3-5 %.
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Pe3ume

Ilepopanna qucnep3uduina Tadaera: Popmynanucku (U3ajH U
onTuMHu3aNuja co npumena na Response Surface meropoaoruja

Bunjana Hecroposcka-I'omescka*, Mapuja ['naBami-Jonos, Karepuna ['opaunHoBa

Unciiuityii 3a papmayesiiicka tiexnoaozuja u buogapmavuja, Papmauesiicku gpaxyaitiert,
Yuusepauitieiti ,,Ce. Kupua u Meitioguj*, Bograrcka 17, 1000 Ckoitije, Maxegonuja

Kayunu 360poeu: nepopaiHa aucnep3uOWiIHa Tabnera, eKCliepuMaHTaleH A13ajH, response surface merogonoryja.

Len Ha oBOj Tpyx Gellle pa3Boj Ha AMasenaM MepopajiHa AuCIep3nOnIHa TablieTa 1 ONTHMHA3ALM]a Ha KapaKTePUCTUKATE
Ha TableTaTa co MpUMeHa Ha response surface meroponorujara. TaGneTuTe Gea IMOATOTBEHM CO AMPEKTHAa KOMIIpecHja Ha
MeIlIaBUHA Off MAHUTOJI, KOTIOBHJIOH, KPOCIIOBU/IOH, apoMa H CPEJICTBO 3a JIyOpHKalyja.

Beme npumener full factorial nu3aju Ha aBa hakTOpU Ha (hopMyJanyjaTa, CeKoj NOCTaBeH Ha 3 HIBOA, CO e a ce UCIH-
Ta e(peKTOT Ha jBaTa IPOMEHIINBY (DaKTOpH Ha (hopMyaljaTa Bp3 MEXaHUUKATA jaKOCT/IBPCTUHATA, IIPOLEHTOT Ha (ppuja-
OWITHOCT, BpEMETO Ha JIe3MHTerpalyja Ha TabIeTHTe M UCOTyyjaTa Ha TEIIKO pacTBOPJIMBaTa aKTHBHA KoMIoHeHTa. Kako
He3aBHCHY IPOMEHJINBY Oea 3eMeHH KOIMYNHUTE Ha KOMOBHJIOH U KpocnoBrfoH. [loOueHnTe pe3yaraTn 6ea aHaTM3MpaH CO
IpEMEeHa Ha COOfJBETHA CTATHCTHYKA IIporpama.

PesynraTuTe off MyATHIIHATA perpecuja MoKaxaa fieka 3a jfia ce fobne o3npaHa ¢opMa co MHOTY Gp3a ie3MHTerpanyja,
TabneTure Tpebda 1a CORpKAT ONTUMAIIHA KOHIEHTPAIja Ha KOMIOBHJIOH M KPOCITOBHJIOH.

EdekToT Ha He3aBHCHNUTE IPOMEHIIMBY Ha LIBPCTHHATA Ha TableTaTa, BpeMEeTO Ha Ie3MHTerpalyja, IpoLeHTOoT Ha (pHja-
OWITHOCT ¥ AMCONyIHjaTa TpaMuKy € PETCTaBeH CO COOABETHN KOHTYPHH HAIPTH. 3a /a ce IpUKaske BaIMIIHOCTa Ha IpPUMe-
HETHOT MaTeMaTH4YKN MofieJT Oellle MOAIrOTBEHa U KOHTPOJIHA CepHja.

dakTopujanHNOT AN3ajH Ha 3 HIBOA OBO3MOXKH JIa ce Jo0me IepopaiHa Aucnep3nouiHa TabaeTa co MHOTY Op3a Jle3nHTe-
rpanyja 1 AUCONyIHja Ha aKTUBHATa KOMIIOHEHTA, CO 3aJI0BOJIMTETHA (hpHjabIITHOCT 1 COO/IBETHA MEXaHNUKA jaKoCT (LBPCTH-
Ha) Ha TabieTuTe.
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Abstract

A simple, rapid and precise HPL C method has been developed for the assay of hydrochlorothiazide in urine. The clean-up of the
urine samples was carried out by solid-phase extraction using HLB cartridges. Extraction recovery was 94.00-100.28 %. HPL C separa-
tion was performed with isocratic elution on Hypersil BDS C18 column (100 x 4.0 mm I.D., 3 um particle size) protected with appro-
priate guard column. The mobile phase was 18 % acetonitrile and 0.025 mol/L solution of KH,PO,, pH 4 at flow rate of 0.3 mL/min.
Detection of the substances was performed at 220 nm. The calibration curves were linear in the range of 2-50 pg/mL. The developed
method is validated by checking its accuracy, precision and stability. The detection limit is 2 ug/mL hydrochlorothiazide. The method is
proved to be convenient for routine analysis of hydrochlorothiazide in urine.

Keywords: Hydrochlorothiazide, urine, solid-phase extraction, HPLC

Introduction

Hydrochlorothiazide is a thiazide diuretic drug (Fig.
1), which isused in treatment of hypertension, either alone
or together with other agents, it is effective in treatment of
congestive heart failure and hepatic disorders. In medical
practice, it is mostly used in a conventiona tablet form in
dose of 25 to 250 mg (1).

Severa investigations have been performed for deter-
mination of hydrochlorothiazide in urine by high-perfor-
mance liquid chromatography (HPLC) with UV detection
and electrochemical detection. Zendelovska and Stafilov
(2) published areview of HPLC methods for determination

H
Clj@:ENW
NH
H,NO,S (S)/

2

Fig. 1. Structure of hydrochlorothiazide

*Correspondence; marinaiv@iunona.pmf.ukim.edu.mk

of diureticsin biological fluids including procedures for
sample preparation. Liquid-liquid extraction with different
organic solventsis mostly used for determination of hydro-
chlorothiazidein urine. But, in thisway, separation of hydro-
chlorothiazide from interferential componentsisnot achieved
and recovery values are poor. Cooper and coworkers (3)
suggested a liquid-liquid extraction of hydrochlorothiazide
from urine and serum by ethyl acetate and back extraction with
sodium hydroxide, but recovery values were 91,5 + 2,5 %.
Shiu and coworkers (4) proposed aliquid-liquid extraction
of hydrochlorothiazide from urine with ethyl acetate, but
again, the recovery values are ranged from 62.2 to 80.7 %.
Alton and coworkers (5) have also used ethyl acetate for
extraction of hydrochlorothiazide from urine.

On the other hand, Domingo and coworkers (6) used
micellar liquid chromatography for determination of
hydrochlorothiazide in urine by direct injection of sample
in the chromatographic system without any sample pre-
treatment. Zendelovska and coworkers (7) developed a
solid-phase extraction method for determination of hydro-
chlorothiazide in human plasma. Papadoyannis and co-
workers (8, 9) have performed a chromatographic deter-
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mination of cephalosporin antibioticsin biological fluids
and pharmaceuticals using hydrochlorothiazide as an in-
terna standard. The confirmation technique most widely
used is GC/MS, which reguires methylation of the amino-
sulfonyl group followed by GC/M S measurement (10).

The purpose of this study was to develop and validate
aliquid chromatographic method with UV detection suit-
ablefor the determination of hydrochlorothiazide in urine.
A new solid-phase extraction method was devel oped using
HLB cartridges. Thisis a convenient method for separa-
tion and concentration of the analyzed drug and elimina-
tion of urine interferences, because of its efficiency and
rapid sample preparation. The method was validated by
evaluating the recovery, selectivity, linearity, precision and
accuracy. Finaly, the method was used for determination
of hydrochlorothiazide in urine samples from patients.

Experimental

2.1. Materials and reagents

Hydrochlorothiazide was kindly provided from Chang-
zhou Pharmaceutical Factory (China). Acetonitrile, metha
nol, phosphoric acid, and potassium dihydrogen phosphate
were from Merck (Darmstadt, Germany). All solvents used
were of HPLC grade. HPL C column was purchased from
Hewlett Packard and cartridges for solid-phase extraction
were purchased from Waters.

2.2. Preparation of standards

Stock solution of hydrochlorothiazide was prepared at
concentration of 2 mg/mL by dissolving gppropriate amounts
of hydrochlorothiazide in methanol. The working solu-
tions were prepared by diluting appropriate portions of this
solution with redistilled water and stored at 4°C.

2.3. Instrumentation and HPLC analysis

Analysis of hydrochlorothiazide was carried out with
a Varian HPLC system equipped with a ternary pump
Model 9012 and UV Diode Array Detector Model 9065.
Satisfactory results (peak shape and run time) were obta
ined with Hypersil BDS C18 column (100 x 40 mm |.D.,
3 um particle size) protected with appropriate guard col-
umn. A mobile phase consisting of solution of KH,PO,
with concentration 0.025 mol/L (pH 4) and 18 % acetoni-
trile was found to give the best results. Isocratic elution
was performed with flow rate of 0.3 mL/min at ambient
temperature. Elution was monitored in the whole UV
region and the best detection was achieved on wavelength
of 220 nm.

Solid-phase extraction was performed with the device
(SPE) Visiprep™ from Supelco.

2.4. Sample preparation

Urine samples were collected from healthy volunteers
and stored at -20°C. After thawing, samples were spiked
daily with working solutions of hydrochlorothiazide. Severa
cartridges with different stationary phases for SPE were
tested: LiChrolut RP-18 (Merck), LC-18 (Supelco) and Oasis
HLB (Waters). Best results for isolation of hydrochloroth-
iazide were obtained when SPE was performed with Oasis
HLB cartridges.

Before extraction, 1 mL of urine sample was buffered
with 1 mL of 0.1 mol/L KH,PO, solution, pH 9. The car-
tridges were conditioned with 1 mL methanol and 1 mL re-
distilled water. The buffered urine was introduced into the
cartridge. 1 mL of redistilled water was used to rinse the
cartridge and remove the interfering components. Elution
was performed with 1 mL methanol. The eluate was evap-
orated to dryness under air for about 15 min at 40-45°C.
Reconstitution was performed with 200 UL mobile phase
and 20 pL sample was injected into the HPL C system.

2.5. Calibration standards

Linear regression analysis was performed. Typical ca
libration curves were constructed with five blank urine
samples spiked with appropriate amounts of the standard
solution of hydrochlorothiazide. The calibration range was
2-50 pg/mL of hydrochlorothiazide in urine. Three quality
control standards containing 7, 15 and 30 pg/mL hydro-
chlorothiazide in urine were used for precision and accu-
racy measurements.

Results and discussion

3.1. Method development

In order to develop a convenient, simple and rapid
HPLC method for quantitative determination of hydro-
chlorothiazide in urine, several HPLC method variables
with respect to their effect on the place and shape on the
peak of hydrochlorothiazide, were investigated. The opti-
mization of the HPLC conditions was performed for hydro-
chlorothiazide and cefotaxime, which wastested asan inter-
na standard. Symmetrical shape of the peaks and relatively
short time for analysis were obtained when separation was
performed on Hypersil BDS C18 column (100 x 4.0 mm
I.D., 3 um particle size) protected with appropriate guard
column with flow rate of 0.3 mL/min flow rate. The elution
was monitored in the whole UV region and the wavelength
of 220 nm exhibited the best detection of hydrochloroth-
iazide due to an absorption maximum &t this wavelength.

Series of mobile phases with variable content of the
organic modifier acetonitrilein range from 15 to 30 % were
prepared in order to investigate its effect on hydrochloro-
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thiazide and cefotaxime retention. Satisfactory results (peak
shape, short retention time) were obtained when the volume
fraction of acetonitrile in the mobile phase was 18 %.

Additionally, the effect of the buffer concentration on
analyte retention was investigated in the concentration range
from 0.0125 to 0.0500 mol/L. Best resultswere achieved with
solution of KH,PO, with concentration of 0.025 mol/L. The
subsequent increasing of the buffer concentration caused
increase in analysistime. Therefore, al following investiga-
tionswere performed with amobile phase, containing KH,PO,
with concentration of 0.025 mol/L and 18 % acetonitrile.

The effect of the pH value on the hydrochlorothiazide and
cefotaxime retention was also checked by elution with mobile
phases with pH in the range from 2.2 to 4.5. A mobile phase
with pH 4 provided ashort anadysistime and good peak shape.

Finally, the effect of temperature on retention of the
analyzed component was checked in the range from 20 to
50°C. The obtained results showed that temperature does
not affect the peak shape and analysis time significantly,
so ambient temperature was chosen for al investigations.

From these data it was established that the best results
(satisfactory retention, acceptable runtime less than 6.5
min.) were obtained using mobile phase consisting of 18 %
acetonitrile in solution of KH,PO, with concentration of
0.025 mol/L and pH 4. The retention time of hydrochloro-
thiazide is 5.8 min and 4.0 min for cefotaxime. Typical
chromatogram obtained from standard solution of hydro-
chlorothiazide and cefotaxime produced by the developed
HPLC method is shown in Fig. 2.

Cadlibration diagram was constructed for establishing
the dependence of the peak area of hydrochlorothiazide
and concentration. The obtained linear dependence of
peak area of hydrochlorothiazide and mass concentration
of hydrochlorothiazide in pure solutions, with correlation
coefficient (0.9999) is the following:
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Fig. 2. Chromatogram of standard solution of hydrochlorothiazide
(8 pg/mL) and cefotaxime (8 pg/mL)
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Area(H) = 194029 - y(H) (ug/mL) + 297658

As previoudly said, several cartridges for solid-phase
extraction (LiChrolut RP-18 (Merck), LC-18 (Supelco) u
OasisHLB (Waters)) were tested in order to obtain satis-
factory values for recovery of hydrochlorothiazide from
urine samples. Results from this investigation show satis-
factory values for recovery of hydrochlorothiazide when
urine samples were extracted on Oasis HLB (Waters) car-
tridges. The values obtained for recovery of hydrochloro-
thiazide ranged from 94.00 to 100.28 %. The chromato-
graphic peak is sharp, with relatively symmetric shape with
small tailing, well separated form the matrix components
present in the urine (Fig. 3). In this phase, cefotaxime was
excluded as a possible internal standard because of its
poor separation from the endogenous compounds from
urine and the method was then validated using HLB car-
triges for sample preparation and the optimized HPLC
conditions for measurement using calibration with an
externd standard of hydrochlorothiazide.

0.75

0.50 1

0.257

0.00

tr/min

Fig. 3. Chromatogram of urine sample spiked with
hydrochlorothiazide (25 pg/mL) obtained
after SPE on HLB columns

Separation of interferential components from matrix
was not achieved with application of RP-18 cartridges for
solid-phase extraction of hydrochlorothiazide and aloss
of analyzed component during the washing step was noticed.
L C-18 cartridges were not convenient for separation of the
analyzed component from matrix components present in
urine. Endogenous components from urine were not elim-
inated and the chromatographic peak of hydrochlorothia
zide was overlapped with chromatographic peaks of the
interferential endogenous components.



26 Violeta Ivanova, Dragica Zendelovska and Marina Stefova

Table 1. Intra- day and inter- day accuracy and precision data for hydrochlorothiazide in urine determined with solid-phase extraction

Intraday precision and accuracy

<7’>/n i%/ ml RSD (%)
7 pg/mL 6.84 1.03
15 pg/ml. 15.03 1.01
30 pg/mlL. 20.96 2.77

3.2. Method validation

3.2.1. Linearity

Linearity was tested in 3 days at five concentration
points ranging from 2 to 50 2g/mL of hydrochlorothiazide.
The following values for the slope, intercept, and correla
tion coefficient were obtained:

Slope=1841994  Intercept=-46177.9  R®=0.99977

3.2.2. Accuracy and precision

Intrarand inter-day precision and accuracy were deter-
mined by measuring urine quality control samples at low
(7 pg/mL), middle (15 pg/mL) and high (30 pg/mL) con-
centration levels of hydrochlorothiazide. An indication of
accuracy was based on caculation of the relative error of
the mean observed concentration compared with the nomi-
nal concentration. Precision was expressed as relative
standard deviation (RSD). Obtained results are presented
inTable 1.

Relative errors ranged from 0.26 to 9.28 %, and rela-
tive standard deviation from 1.01 to 5.16 %. The obtained
resultsindicated good precision and accuracy of the devel-
oped method.

3.2.4. Limit of quantification (LOQ)

Thelimit of quantification is defined asthe lowest con-
centration of hydrochlorothiazide which can be measured
with an error less than 20 %. The LOQ was determinated
using the lowest calibration standard in five different ana-
lyticd days. The RSD vaue of 7.57 % and arelative error
lessthan 10 % confirmed that the hydrochlorothiazide con-
centration of 2 pg/mL in urine can be accepted as LOQ.

3.2.5. Stability of hydrochlorothiazide in urine samples

The stability of hydrochlorothiazide in urine samples
wasinvestigated with spiked samples at two different con-
centration levels prepared in duplicate. Spiked samples
were analyzed after different storage conditions: immedi-
ately, after staying for 2 and 24 hours at room temperature,
after one and two freeze/thaw cycles and after 1 month
stored at -20°C. The obtained results form these investiga-
tions are shown in Table 2.

Interday precision and accuracy

(oe/;) < gt RSD (%) (fiﬁ)
-2.24 6.86 5.16 -1.90
0.22 15.28 4.42 1.85
-0.13 30.05 361 0.16
Table 2. Stahility of hydrochlorothiazide in urine
Analyzed 7 er 30 er
samples pg/mL (%) pg/mL (%)
Immediately 6.98 -0.28 29.48 -1.73
After 2h 6.72 -3.72 30.95 4.98
After 24h 6.85 -1.86 29.42 -0.20
Cycle1 7.02 0.57 3112 5.56
Cycle 2 7.23 3.58 27.83 -5.59
After 1 month 7.13 214 30.19 241

The obtained results show that relative errors are
between 0.28 to 5.59 %, which means that, hydrochloroth-
iazide added in urine samplesis stable under different sto-
rage conditions.

3.2.6. Ruggedness of the method

Ruggedness of the method was checked by employing
the proposed HPL C method with dlightly changed pH val-
ue of the mobile phase and by using slightly changed
detection wavelength. The relative error was calculated by
comparing the results obtained with the optimized condi-
tions and the ones obtained with the slightly changed
parameters (pH value of the mobile phase from 3.7 to 4.3,
detection wavelength 215 and 224 nm). For this test, a
standard solution with medium concentration of hydro-
chlorothiazide (7 pg/mL) was directly injected into the
HPLC system. Results are present in Table 3.

The relative errors between 0.08 and 4.77 % indicat-
ing ruggedness of the devel oped HPL C method when using

Table 3. Ruggedness of the method for hydrochlorothiazide
at dightly varied pH values and detection wavelengths

Sample

220 nm
215nm
224 nm
pH 2.5
pH 2.2
pH 2.8

7 ng/mL
<Area>
2058948
1999378
2137594
2058948

2075528.3

1990904

e(%)

-2.89
3.82

0.81
-3.30
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dightly variable pH values of the mobile phase. Theresults
presented in Table 3, show that little changes in the detec-
tion wavel ength produce relative errors in the range from
1.09 to 4.87 % which confirms the ruggedness of the SPE
method developed for solid-phase extraction of hydro-
chlorothiazide.

The developed HPL C method after solid-phase extrac-
tion of hydrochlorothiazide from urine was used for analy-
sisof patient urine samples after oral administration of the
analyzed drug. Typical chromatograms obtained from
urine samples prepared according to the developed proce-
dure for sample preparation are shown in Fig. 4.
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Fig. 4 Chromatograms obtained after SPE of:
1 - blank sample, 2 - spiked urine containing 25 pg/mL
hydrochlorothiazide and 3 - patient urine sample
(H - hydrochlorothiazide)

Conclusion

The HPLC method including solid-phase extraction
for sample preparation is smple, rapid and convenient for
determination of hydrochlorothiazide in urine samples.
HPLC conditions are optimized as well as the sample
preparation procedure. Different SPE cartridges for separa-
tion and concentration of hydrochlorothiazide were tested
and best results are obtained with HLB cartridges. SPE
conditionswith HLB cartriges are optimized for separation
of hydrochlorothiazide and efficient clean up of the com-
plex biological matrix and high recovery of the investigat-
ed drug is achieved. The validation data demonstrate good
precision and accuracy, which proves the reliability of the
proposed method. Finaly, this method is suitable for iden-
tification and quantification of hydrochlorothiazide in
urine and it can be used in pharmacological studies.

Maken. papm. 6umnr., 51, (1,2) 23-28 (2005)
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Pe3ume

HPCL onpepenyBame Ha XHAPOXJIOPTHA3U] BO YPHHA
nocje UBpcrogasna ecrpakuuja

Buonera Msanosa’, [Iparuua 3engenoscka’, Mapuna Crecosa®™

1 o . _ __ .
Hucriuitiyia 3a xemuja, [Ipupoono-mattiemattiunku ghaxyaitiet,
2 T s .
Hncriiuitiyisi 3a GpetiikAuHUYKA U KAUHUYKA (hapmakoaozuja u oKCuKoaozuja,
Meguuuncku gaxyaitieti, YHusep3auitieiii ,,Ce. Kupua u Mewmitioguj*, Crotje, Petiybauxa Maxegonuja

Kayunu 360poeu: xunpoxnopTnasuj, ypuHa, nspcrodasna, ekcrpakimja, HPCL.

Pa3Buen e egHocraBeH, 6p3 u npemuzen HPCL Mmerop 3a ompepfenyBame Ha COApPXKUHA HAa XUPOXJIOPTUA3UJ BO ypHUHA.
INoxroroBkaTa Ha IPUMEPOLUTE Off YPUHA 1 HUBHO NPOYNUCTYBamke € HanpaBeHo co HLB konoHu off uBpcrogasHa ekcTpakiu-
ja. ITpuHocoT no npeuncryBameTo € 94,00 — 100,28 %. Pa3aBojyyBambeTo Ha KOMIOHEHTHTE € HAlIPaBEHO CO HCKPATCKO eIynpa-
e Ha Hypersil BDS C18 komona (100 x 4,0 mm, |.D., 3 um roiemMuHa Ha YeCTHYKH) CO COOJIBETHA MpeaKOonoHa. MobmiHa ¢aza
BO cocTaB: 18% aueronutpun u 0,02 mol/L pacrBop na KH,PO,, pH 4 u nporok Ha 0,3 mL/min. [JeTekuyjaTa Ha CylCTaHLUTE €
u3BpiLeHa Ha 220 nm. KanubpanuuonaTta KpuBa NOKaxyBa JUHeapHOCT Bo oricerot off 2-50 pg/mL. MeTopoT e BajuaupaH co npo-
BepKa Ha TOYHOCT, IPELU3HOCT U COOABETHOCT HA CUCTEMOT. JIuMUTOT Ha fieTeknyja e 2ug/mL xuppoxnopruasuy. OBoj MeTOf
BeKe ja Ma JOKaKaHO CBOjaTa eAHOCTABHOCT U YIOTPEOINBOCT BO PYTHHCKA aHAIN3a Ha XUAPOXJIOPTHA3UA.

Maced. pharm. bull., 51, (1,2) 23-28 (2005)
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Abstract

The present study describes the ability of different extracts of H. plicatum obtained from flowers, stems and leaves, to act as natural
antioxidantsin different in vitro experimental models in which free radical reactions are involved: inhibition of DPPH (1,1-diphenyl-2-
picrylhydrazyl) radical, inhibition of hydroxyl radicals and protection of -carotene-linoleic acid model system.

Investigate extracts showed radical scavenging activity with 1Cg, from 6 to 11 mg/ml. The extracts are capable to reacting with OH*
radical with inhibition of its production ranged between 33-58%. The high preventive activity against the bleaching of beta-carotene
(15-49% of initial value after 120 minutes) was also observed. The antioxidative activity of the extracts in the experimenta systemswas
compared with that of reference substances: luteolin, quercetin, BHA, BHT and sylimarin (the main agent of the well-known milk this-

tle — Silybum marianum L.).

Results of this study suggest that Helichrysum plicatum represent a natural source with antioxidant potential.

Key words: Helichrysum plicatum, flavonoids, DPPH, hydroxyl radicals, lipid peroxidation.

Introduction

Helichrysum species (Asteraceae) have been well known
plantsin folk medicine for hundreds of years. One of them,
Helichrysum plicatum DC. iswidely distributed throughout
the wholeterritory of Balkan Peninsula. Water extract (infuse)
of this plant have been used for treatment of gastric and
hepatic disorders, usualy in combination with other plants
with similar effects (1). Phytochemical screening (HPLC) of
the Helichrysum plicatum from Macedonia proved the pres-
ence of gpigenin and naringenin as free aglycones and glyco-
sides of apigenin, naringenin, quercetin and kaempferol in
the flowers as well as quercetin and luteolin glycosides and
freeluteolinin semsand leaves (2). Its antioxidant and scave-
nging properties have not been studied previously. Among
phytochemicals, flavonoids deserve a specia mention due
to their free radical scavenging activitiesand in vivo biolog-

*Prof. Dr. Tatjana Kadifkova Panovska, Institute of Applied
Biochemistry, Department of Toxicology, Faculty of Pharmacy,
Vodnjanska 17, 1000 Skopje, Macedonia.

E-mail: taka@ff.ukim.edu.mk

Phone: ++389 02 3126 032  Fax: ++389 02 3123 054

ical activities that are being investigated by many rese-
archers (3,4,5,6,7). The goa of research on antioxidative
characteristics of plant extracts is to discover a potential
replacement for synthetic antioxidants (BHT, BHA), which
cause unwanted processes after prolonged used.

The evauation of plant extracts antioxidant capacity is
not easy task, as many methods can be used to determine this
activity, and substrates, conditions, analyticad methods, and
concentrations can affect the estimated activity (8). This paper
reports a study in which antioxidative activity of methanolic,
ethyl acetate, and after hydrolysis extracts are tested. This
effect was followed by three complementary in vitro meth-
ods. evaluation the free radica scavenging capacity (DPPH
method) (9), inhibition of hydroxyl radicals production (10)
and protection of B-carotene-linoleic acid system (11).

Materials and Methods

Plant material

The aerial parts of Helichrysum plicatum DC. were
collected on the Golac Mountain, Eastern Macedonia, in
the flowering period of the plant, during the summer of
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2001. Voucher specimens were deposited at the Herbarium
of the Institute of Pharmacognosy, Faculty of Pharmacy,
Skopje, Macedonia.

Reagents

The reagents used were of highest purity (>99.95 purity)
and were purchased from Sigma Chemical Co (Germany).
Authentic samples of luteolin, quercetin, sylimarin, BHA
(butylated hydroxyanisole) and BHT (butylated hydroxy-
toluene) were the products of Extrasynthese (France).

Preparation of plant extracts

Dried powdered plant material (flowers, stems and
leaves separately) was cut into small pieces and extracted
intheratio 1:10 (w/v) by three procedures. a. with metha-
nol (M-extract); b. with ethanol-water (7:3), then evapora-
ted until water remains and extracted with ethyl acetate
(EA-extract); c. hydrolysis with HCI, aglycones extracted
with ethyl acetate (H-extract). All extracts were dried over
anhydrous sodium sulfate, filtered and concentrated under
vacuum up to concentration of 1 g per 1 mL of extract. M-
extract was further diluted with methanol; EA and H
extracts with ethyl acetate, in order to obtained 0.01 g mL™
solutions used in the experiments.

Free radical scavenging activity in 1,1-diphenyl-2-picryl-
hydrazyl radical (DPPH) assay

The antioxidant activity using the DPPH assay was
assessed by the method of Brand-Williamset al. (9). A test
sample solution (200 uL) was added to 4 mL of 200 mmol
L* ethanolic DPPH. After vortexing, the mixture was in-
cubated for 10 minutes at room temperature and the
absorbance at 517 nm was measured. The difference in
absorbance between a test sample and a control (ethanol)
was considered as activity. The activity was shown as1Cy,
value (50% of inhibitory concentration in mg mL™). Lute-
olin, quercetin, BHA, BHT and sylimarin (100 ug mL™ in
ethanol) were used as reference substances. All values are
shown as the mean of three measurements.

Evaluation of the hydroxyl radical scavenging activity

Hydroxyl radical scavenging activity was carried out by
measuring the competition between deoxyribose and the
extracts for hydroxyl radicals generated from the Fe**/ascor-
bate/EDTA/H,0, system. Attack of the hydroxyl radical on
deoxyribose led to TBARS (thiobarbituric acid-reactive sub-
gances) formation (10). The extractswere added to the reection
mixture containing 2.8 mmol L™ deoxyribose, 100 umol L™
FeCl,, 104 umol L™ EDTA, 100 umol L™ ascorbic acid,
1 mmol L™ H,0, and 230 mmol L™ phosphate buffer (pH 7.4),
making afina volume of 1.0 mL. One milliliter of thiobarbi-

turic acid TBA (1%) and 1.0 mL trichloroacetic acid (TCA
2.8%) were added to test the tube and incubated at 100°C for
20 min. After cooling, absorbance was measured at 532 nm
againg ablank containing deoxyribose and buffer. Reactions
were carried out in triplicate. In the series of control experi-
ments, reference substances:. Iuteolin, quercetin, BHA, BHT
and sylimarin (100 ug mL™ in phosphate buffer-pH 7.4) were
used ingtead of the extract solution. The reaction mixture was
incubated at 37°C for 1 h.

Evaluation of antioxidant activity

The antioxidant activity of the extracts was evauated
using a B-carotene/linoleate model system (11). A solu-
tion of B-carotene was prepared by dissolving 2.0 mg of
[-carotenein 10 mL of chloroform. One milliliter of this
solution was then pipette into a round-bottom flask. After
chloroform was rotary evaporated at 40 °C under vacuum,
20 mg of purified linoleic acid, 200 mg of Tween 40 emul-
sifier and 50 mL of distilled water were added to the flask
with vigorous shaking. Aliquots (5 mL) of this emulsion
were transferred into a series of tubes containing 2 mg of
each extract or 2 mg of BHA (butylated hydroxyanisole)
for comparison. An aliquot (5 mL) of emulsion without
any further additions was used as control. As soon as the
emulsion was added to each tube, the zero time absorbance
wasread at 470 nm. Subsequent absorbance readings were
recorded at 10-min intervals by keeping the samplein a
water bath at 50 °C until the visua color of B-carotenein the
control sample had disappeared (about 120 min).

Results and discussion

Interest in the search for new natural antioxidants has
grown dramaticaly over the past years because reactive oxy-
gen species production and oxidative stress have been shown
to be linked to ageing related illnesses (12). Also the restric-
tionsto use of synthetic antioxidants, such as butylated hydro-
xyanisole (BHA) and butylated hydroxytoluene (BHT), due
to their toxicity (13) has been animportant incentivefor such
research. Numerous plants have been examined for antioxi-
dant activity. According to this, antioxidant properties of
Origanum spp. (aeria parts) have been studied relatively
well over the past years (14,15,16). Also, Urtica sp., hasbeen
shown to have antioxidant activity (17). On the other hand,
Helichrysum species have not been investigated systemati-
cdly for their potential health-benefiting properties.

Free radical scavenging activity

This method is based on the reduction of DPPH, a sta-
ble free radical. Because of the odd electron of DPPH, it
gives a strong absorption maximum at 517 nm by visible
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spectroscopy (purple color). As the odd electron of the
radical becomes paired off in the presence of a hydrogen
donor, that is, afree radical scavenging antioxidant, the
absorption strength is decreased, and the resulting discol-
oration is stehiometric with respect to the number of elec-
trons captures (18). This reaction has been widely used to
test the ability of compoundsto act as free-radical scaven-
gers of hydrogen donors and to evaluate the antioxidant
activity of food and plant extracts (19-21).

Freeradica scavenging activity (FRSA) of Helichrysum
extracts was determined by comparing with activities of
substances such as luteolin, quercetin, BHA, BHT and
sylimarin (reference substances), which possess some
antioxidant potential. In Table 1. FRSA values obtained for
plant extracts together with reference substancesin DPPH
assay are shown. Various extracts showed different activity
in this assay. Methanol extract derived from stems and
leaves showed the highest inhibitory activity with 1Cg, of
6 mgmL™. Thelowest DPPH scavenging activity was shown
by ethyl acetate extract derived from flowers (ICg, 11 mgmL™Y).
The other Helichrysum extracts demonstrated similar DPPH
scavenging activity (8-9 mg mL™). When compared to the
reference substances, the Helichrysum extracts were found
to belessefficient in radical scavenging. L uteolin, querce-
tin, BHA, and sylimarin interacted intensively with DPPH

Table 1. DPPH radical scavenging activity of the
Helichrysum plicatum extracts against luteolin,
quercetin, BHA, BHT and sylimarin as standards.

ICs? (mg mi™)
Flower extracts
Methanol 9+0.7°
Etanol :water 11+22
After hydrolysis 8+19
Stem and leaf extracts
Methanol 6+30
Etanol :water 8+05
After hydrolysis 8+24
Reference substances
Luteolin 0.09 + 0.01
Quercetin 0.06 + 0.02
Sylimarin 1.96 + 0.03
BHA 0.152 + 0.002
BHT 3.52+0.02

81C 5, denotes the extract concentration a which the absorbance shows 50 % of control
b All values are shown as the mean + SD of more than 3 measurements
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(ICs: 0.09, 0.06, 0.152 and 1.96 mg mL ™, respectively) while
BHT possessed moderate scavenging properties (3.52 mg
mL™). The scavenging effects can probably be attributed
to the flavonoids present in the examined extracts, but could
also be the result of the activity of other secondary meta-
bolites, such as volatile oils, carotenoids, and vitamins,
that in the case may contributed to the antioxidant capaci-
ty (16,17).

Hydroxyl radical scavenging activity

The Fenton reaction describes the oxidation of H,O,
by Fe** to OH* and Fe**. In the model employed in this ex-
periment, the production of OH* induced oxidation of the
deoxyribose, which in turn reacted with TBA to produce a
TBA reactive chromofore that was detectable at 535 nm,
thus enabling assessment of antioxidant activity of plant
extracts (10).

Fig. 1 presents the results of the effects of examined
Helichrysum extracts, reference substances (luteolin,
quercetin, BHA, BHT and sylimarin) as well as control
solution on OH* radical production. The results show that
all extracts of Helichrysum plicatum inhibited the produc-
tion of OH" radicals. The strongest inhibitory activity was
exhibited by the H-extract derived from stems and leaves
(58%). When compared to the reference substances, lute-
olin, quercetin, BHA, BHT and sylimarin (48%, 42%, 52%,
47% and 43%, respectively), the extracts had dightly lower
activity, except of H-extract derived from stems and lea-
ves with greater activity than BHT.

The findings demonstrate hydroxyl radical scavenging
potential of Helichrysum extracts against Fenton reaction
induced OH* generation, showing similar performance with
|uteolin, quercetin, BHA, BHT and sylimarin. This activity
is mainly due to the redox properties of flavonoids, which

BHT ‘ I‘
BHA + |

S\/Iimarinfg‘—‘—‘—‘_\

Quercetin 74‘—‘—‘—L\

Luteolin

Stemsand leaves-H

Flowers-H A

Stemsand leaves- EA
Flowers-EA |
Stemsand leaves-M A
Flowers-M A

Control #
0O 10 20 30 40 50 60 70 80 90 100
inhibition of OH lproduction (%)

Fig. 1. Effects of Helichrysum plicatum extracts against
luteolin, quercetin, BHA, BHT, sylimarin as standards
and control on the in vitro OH* production.
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allow themto act as reducing agents, hydrogen donors, and
singlet oxygen quenchers. They may also have a metal
chelating potential (22). The dight quantitative differences
in the amounts of flavonoids (2) might also explain the
minor differences between the activities of the extracts.

Antioxidant activity

For the screening of antioxidant potentid of Helichrysum
extracts, -carotene/linoleate model system has been gpplied
(11). Thistest involves areaction between a potentia antioxi-
dant, B-carotene and linoleic acid. -Carotene undergoes
rapid discoloration in the absence of an antioxidant. The
presence of antioxidant compounds can hinter the extent of
[3-carotene destruction by neutrdizing thelinoleste free radical
and any other free radicas formed within the system.

The antioxidant activity of each extract of Helichrysum
plicatum, BHA and control is presented in Fig. 2. According
to the preventive activity against bleaching of -carotene,
M-extract (46%) derived from flowers and H-extract
(44%) from stems and leaves are the most promising
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Fig. 2. Effect of Helichrysum plicatum extracts and control on
oxidation of the B-carotene-linoleic acid model system.

Helichrysum extracts. M-extract (22%) and EA-extract
(29%) derived from stems and leaves showed short and
weak inhibition of bleaching, close to that of flowers EA-
extract (24%). H-extract (15%) from flowers was found to
be less efficient in thismodel system. The inhibitory effect
on p-carotene bleaching of the all Helichrysum extracts
was lower than that of BHA.

Theantioxidant activity of Helichrysum plicatum extracts
has been attributed to various mechanisms, among which
is neutralizing B-carotene destruction. Also, we can suggest
that there is always no linear correlation between antioxi-
dant activity and the content of flavonoids (2). Thisindica-
tes that the concentration of flavonoidsis not the only fac-
tor related to the antioxidant activity. Possible synergism
of flavonoids with other components present in the extracts
may be responsible for this observation.

Conclusion

Results of this study suggested that Helichrysum pli-
catum DC. could be regarded as a good source for natural
antioxidant. Its extracts exhibit potent free radical scav-
enging, hydroxyl radical scavenging and antioxidant acti-
vity in vitro. The information from this study can explain
the traditional use and the further development of these
extracts into new pharmaceuticals.

The data reported here can be consider as thefirst in-
formation on the antioxidant properties of Macedonian
Helichrysum plicatum. Further studies are needed to eval-
uate the in vivo potentia of these extractsin anima models.
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Pe3nme

AnTnokcugarusen notenmujana va Helichrysum plicatum DC. (Asteraceae)

Tarjana Kagudrosa [Tanoscka® u Ceetnana KyneBanosa®

1 o _ . _ o . .

Hncmiuimiym 3a Gpumeretiiabuoxemuja, Papmayesiticku axyaitieti, Ckoiije Maxegonuja
2 o , . il o . )
Hucrmuinyin 3a papmarxoznosuja, Ppamayesiiicku gaxyaitietti, Ckotije, MaxkegoHuja

Kayunu 360poeu: Helichrysum plicatum, dmaBoroui, DPPH, XupoKkcri pagukal, TUNaHa NepOKCHyalyja.

Omnmirana e ciocoGHOCTa Ha Pa3IndHI €KCTPAKTH Off IBETOBH, cTe6la 1 ucToBd Ha H. plicatum ga memyBaaT Kako npupo-
HP QaHTHOKCHIAHCH BO PA3JINIHM iNn Vitro eKCieprMEHTAIHI MOJIENH BO KOH €€ BKITYIEHN PEAKIWN CO CIIOOOHI PaIiKaJIi: MHXU-
oumja ma DPPH (1,1-diphenyl-2-picrylhydrazyl) pagukanor, nHxubnipja Ha XMIPOKCAI PagMKAIA M 3aLITHTA Ha [-KapOTeH-
JIMHOJICHCKA KVICEINHA MOJIEN CACTEMOT. VICIIMTyBaHNTE €KCTPAKTH MOKaXKyBaaT aKTHBHOCT 3a (paKame Ha CIIOOO[HI PaiiKajn
co I1Cyy ot 6 mo 11 mg/ml. ExcrpakTuTe ce cioco6HM fia pearnpaaat co OHe pagnkaioT co MHXOUIHja Ha IpOAyKIja Mefy 33-
58%. V3pa3eHa NpeBEHTUBHA aKTUBOCT IIOKAKyBaaT 1 KOH MpoMeHuTe Ha J-kaporenoT (15-40% op moyeTHaTa BPEQHOCT, IIOCIE
120 MuHyTH). AHTHOKCHIATABHATA AKTUBHOCT Ha €KCTPAKTUTE BO EKCIEPUMEHTATHATE CHCTEMH € CTIOpeflyBaHa co pedpepeHT-
HATE CYNICTAHINI: JIYTEONHH, KBepueTtnH, BHA, BHT u cinmMapuH (TIaBHEOT aKTHBEH NIPHHINI HA PACTCHIETO MIICUCH TPH -
Silybum marianum L.). PeaynraTuTe o McmuTyBameTO yKaskyBaar feka Helichrysum plicatum mpercraByBa mpupojieH U3BOp o
AHTHOKCHATABECH MOTCHIHjaJL.

Maced. pharm. bull., 51, (1,2) 29-34 (2005)
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Abstract

Despite recent studies showing that serum Cystatin C(CysC) is a better marker for glomerular filtration rate (GFR) than the ubiqui-
tously used creatinine, the clinical utility of this remains to be evaluated. This marker is very sensitive for alograft function after renal
transplantation. Concentration of CysC was compared with that of creatinine. Decreased renal function was followed in 64 transplanted
patients. Plasma CysC significantly correlated (r=0.625, p<0.001) with crestinine in healthy controls. In these patients the mean plasma
creatinine and Cystatin C concentrations were: 81+/-13 mmol/L,0.90 +/-0.22 mg/L, respectively. Plasma Cystatin C and creatinine signi-
ficantly correlated throughout the post-transplantation period (r=0.686, p<0.001), but we confirmed differences between kinetics of
these parameters. In thefirst four days after transplantation the CysC concentration was normalized faster than creatinine concentration.
Development of acute rejection episode ( between 5 and 7 days) showed high sensitivity and specificity of the changes of CysC com-
pared with those of creatinine.

Key words: renal transplantation, delayed graft function, cystatin C

Introduction

Cydtatin C (Cys C) isanonglycosylated basic protein
(13.36 kDa) and can be found in a variety of biologic flu-
ids (1). CysC serum concentration is not influenced by
gender, inflammation, or lean tissue mass and is regarded
to be mainly determined by glomerular filtration rate
(GFR) (2, 3). Cydatin C has been described as meeting many
of the characteristics of anideal GFR marker (e.g., endo-
genoudly produced at a constant rate, freely filtered in the
glomerulus, neither reabsorbed nor secreted in the renal
tubule, not extrarenaly eliminated) and has been reported
to be at |east as accurate as the commonly used serum cre-
atinine to detect impaired renal function in various patient
groups, including renal transplant patients (4-11).

Prof. Dr. Todor Gruev

Ingtitute of Clinical Biochemistry, University Clinical Center
Vodnjanska str.17 1000, Skopje ,Macedonia

tel.++389 2 119 080; ++ 389 2 112 539
e-mail:todorgruev@hotmail.com

In recent literature, cystatin C has been advocated asa
new and more accurate estimate of GFR (1).Cystatin C is
a 13-kDa endogenous cysteine proteinase inhibitor pro-
duced by al nucleated cells at a constant rate and broken
down completely in the renal tubuli (12). Cystatin C con-
centrations are independent of age and body weight, and
thereis no need for urine collection for clearance estima-
tions. Furthermore, serum concentrations of cystatin C are
not influenced by malignancy or inflammation. In con-
trast, the often-used serum creatinine concentration is sup-
posedly influenced by dietary intake, renal tubular metab-
olism, age, and variations in muscle mass. There are also
various analytical difficulties with the widely used Jaffe
colorimetric assay for creatinine. A dlight decreasein GFR
has been found in patients with hypothyroidism, which
improved significantly after treatment (2,3). We wondered
whether cystatin C would also be a good marker of renal
function in case of thyroid dysfunction. Thyroid hormones
have metabolic effects and thus, thyroid state could influ-
ence plasma cystatin C concentrations.
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Patients are at risk of acute damage of the transplanted
kidney because of rejection or toxicity from immunosup-
pressant therapy. Earlier detection of renal damage may
lead to more effective intervention. In apreliminary study,
LeBricon et al. (13) first suggested that CysC was more
sensitive than serum creatining(SCr) for detecting decreas-
esin GFR and delayed graft function in renal transplant
patients. Asin most studies, plasma CysC measurements
correlated well with SCr and creatinine clearence (CrCl).
However, in the three cases of acute renal rejection that
were confirmed by biopsy, the increase in plasma CysC
va ues was more pronounced than that observed for SCr.

After rena transplantation, plasma (or serum) creati-
nine is the most common marker for assessment of allo-
graft function. In a steady-state muscular mass balance,
the plasma creatinine concentration is assumed to reflect
glomerular filtration rate (GFR) (14). However, plasma
creatinine is far from being an ideal marker of GFR, des-
pite its convenience and low cost (15) Plasma creatinine
suffers a high degree of interindividual variability related
to sex, age, body composition, and dietary factors (16).
With altered renal function, the plasma creatinine concen-
tration increases only when the GFR is reduced by >50%.
Furthermore, secretion or reabsorption of creatinine by the
renal tubuleis highly unpredictable, thus leading to under-
or overestimation of GFR (15).

Numerous drugs and endogenous substances also
interfere with the measurement of creatinine by the Jaffé
technique or enzymatic methods, leading to falsely high
or low creatinine values (17).

Experimental

Samples

Sixty-four patients with end-stage renal disease
undergoing renal transplantation were included in this
study. Primary diagnosis of the investigated patients was.
chronic interstitial nephropathy (n = 8), diabetic glomeru-
lopathy (n = 12), polycystic kidney disease (n = 3),
nephrosclerosis (n = 3), focal segmental glomerulosclerosis
(n=10), IgA nephropathy (n = 8), membranous glomeru-
lonephritis (n = 11), mesangiocapillary glomerulonephri-
tis(n = 1), and unknown (n = 4). Immunosuppressive regi-
men included steroids (methylprednisolone at the initial
dose of 500 mg, followed by 1 mg - kg-1 - day-1, progressi-
vely tapered) and cyclosporine A (initial dose of 8 mg -
kg-1 - day-1, and then adjusted according to blood concentra-
tions) or FK506 in cases of cyclosporine intolerance (at
thedose of 0.1 mg - kg-1 - day-1). The patients were class-
fied indo two groups according to the clinical diagnosis:
with or without delayed graft function.

The control group consisted of 50 healthy persons.
They werefree of cardiac, liver or renal diseases or hyper-
tension and had normal urine analysis and normal sera
urea,creatinine and Cys C concentration.

Methods

Delayed graft function (DGF) was defined as arequire-
ment for dialysis during the first 2 weeks after transplanta-
tion. All patients were on conventional dialysis. Episodes
of acute rejection diagnosed by renal biopsy were treated
with 5 days of intravenous methylprednisolone. This study
was in accordance with the ethics standards of the Helsinki
Declaration of 1975, revised in 1983.

Allograft function was evaluated on a daily basis
starting on the day of surgery (day 0) and for 25 daysthe-
reafter or until hospital discharge, whichever occurred
first. Blood (7 mL) was drawn by venipuncture in a
Vacutainer® Tube (Becton Dickinson) before centrifuga
tion (3500g at 20 °C for 15 min) and analyzed for creati-
nine and CysC. Creatinine concentration was enzymati-
cally assayed on a INTEGRA biochemical analyzer. The
sample volumewas 10 L, and the assay was performed at
37°C; total analysistimewas 7 min. The interassay impre-
cision (CV; n = 50) was <3%.

The concentration of CysC was measured using a
DAKO Immunoturbidimetric assay on a Cobas Mirabioche-
mical analyser.The reference serum interval was 0.80 —
1.25 mg/L. Briefly, the assay is performed a room tempera-
ture with a six-point calibration covering the range of
0.23-7.25 mg/L. The calibrator used is a purified Cys C
from human urine (1.45 mg/L). The sample volumeis80 L.
Thetimefor andysisis6 min, each subsegquent sample reading
being available after 8 s. Theinterassay CV (n = 20) was <4%
for both the low (1.4 mg/L) and high (4.2 mg/L) controls.

Calculations

The percentage of discordant changes in plasma
cystatin C and creatinine concentrations was cal culated
on aday-to-day basis after transplantation. A change in
opposite direction (increase/decrease) of >10% between
the two markers was considered as discordant. On hospi-
tal discharge or at the end of the 25 days period, creati-
nine clearance was estimated from plasma creatinine
using the formula of Cockcroft and Gault (14). A cutoff
of 80 mL/min was selected for normal estimated creati-
nine clearance (25).

Statistical analysis

Data are presented as mean + SD or as median and
range when appropriate after checking for gaussian distri-
bution. Differences between two groups were evaluated

Maced. pharm. bull., 51, (1,2) 35-40 (2005)
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by the Wilcoxon's signed-rank test. Multiple comparisons
were performed by the Friedman's repeated-measure
ANOVA on ranksfollowed by the Dunn’stest. Correlation
between techniques was evaluated by linear regression
and ANOVA. Results with P <0.05 were considered statis-
ticaly significant.

Results and discussion

CysC and creatinine concentration were measured in
50 healthy adults (39 +/- 9 years). Data were analyzed by
linear regression and ANOVA (P < 0.05 considered signif-
icant).The concentration of Cystatin C significantly corre-
lated (r = 0.625; P<0.001) with creatinine ( Fig. 1). Cysta-
tin C serum concentration was not influenced by age
(r=0.195; not significant). The calculated reference inter-
val for creatininewas 58-109 mmol/L (malesand females)
and the cystatin C : 0.80—1.25 mg/L.
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Fig. 1. Relationship between serum Cystatin C and serum
creatininein healthy controls ( r=0.625, p < 0.001)

Transplant patients were separated into two groups:
normal course (absent of complications; n= 38) (Fig. 2);
DGF and acute rejection episode defined as requiring hemo-
dialysis during the first 2 weeks after surgery (n=26).
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Fig. 2. Serum Cystatin C and serum cresatinine in renal
transplant patients without DGF
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In patients without DGF a significant decline in plasma
concentration was more rapidly obtained for cystatin C
that for creatinine.

Starting on day 4 post-transplantation the decrease in
plasma concentration in patients without DGF was more
pronounced for creatinine that for cystatin C (Fig. 3).
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Fig. 3. Serum Cystatin C and serum crestinine in renal
transplant patients with DGF

In patients with DGF, the reduction in plasma concen-
tration was not significant until day 14 for creatnine and
day 17 for cystatin C.

At the end of the 25 days - study period, a 50% reduc-
tion from the initial plasma creatinine concentration was
observed in patients with DGF vs 35% for Cystatin C.The
frequency of discordant daily changesin cystatin C and
creatinine values was significantly higher in patients with
DGF(40%) than in those without DGF (21%,P < 0.01).

In cases with acute rejection episode was demonstrat-
ed by persistent increases in both plasma creatinine and
cystatin C concentration. Serum cystatin C gradually
increase (115%) during 7 days before diagnosis (nephro-
toxicity — FK506-regressed spontaneously).

At the end of the study (day 25), serum creatinine was
150 pmol/L (79-602 pmoal/L) vs2.12 mg/L. (1.04-5.54 mg/L)
for cystatin C. Both markers significantly correlated
(r = 0.812; P <0.001). Estimated creatinine clearance by
the Cockcroft and Gault formula (14) in patients with sta-
ble renal function (no hemodialysis during the last week,
n = 19) was 49 mL/min (15-66 mL/min), and no patient
was within the reference interval (>80 mL/min). Serum
creatinine was within the reference interval for three
patients (80-109 pumol/L) compared with none for cystetin C.
The relationship between estimated creatinine clearance
and the serum concentrations of creatinine and cystatin C
in patients with stable renal function (n = 22) is presented
inFig. 4and 5.
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There was asignificant correlation between estimated
creatinine dearance and serum cystatin C (r = 0.714; P <0.001).

Discusion

Sensitive and reliable recognition of changesin GFR is of
primary importance in transplant patients. A DGF is an
identified and independent risk factor for graft survival
(26) Acute rejection is also an established risk factor for
renal graft failure, defined as areturn of patient to hemo-
dialysis (18-20). Recent studies have suggested that cysta-
tin C might be a potential better marker of GFR than plas-
macreatinine such asin rend trangplant patients (28-30).
The mean cystatin C plasma concentration in our group
of healthy adults was similar to that reported in agroup of
healthy subjects (n = 50; mean age, 40 years), using an
immunoturbidimetric assay (0.65 + 0.05 mg/L) (30). Slightly
higher values (mean cystatin C, 0.80 mg/L) were reported
by others (27) in a group of 52 adults with normal renal
function (ages, 21-79 years). These data are in agreement

with an increase in plasma cystatin C values with age,
especidly after the age of 50 years (35). We found no the
sex difference reported previously (22,23). Serum cystatin
C correlated poorly with serum creatinine, asreported pre-
vioudy in subjects with GFR >80 mL/min (24) or GFR >70
mL - min™ - 1.73 m? (23). These data suggest that different
physiological factors (such as sex, dietary factors, or body
composition) influence cystatin C and creatinine plasma
concentrations in healthy adults.

In rena transplant patients, plasma cystatin C concen-
trations paralleled those of creatinine regardless of graft
function (absence or presence of DGF). Consequently,
serum cystatin C and creatinine significantly correlated
over the postoperative study period as observed previous-
ly in adult renal transplant patients (31) and subjects suf-
fering from chronic renal disease (13). Some differences,
however, were apparent in their respective plasma kinet-
ics. During the first 4 days post-transplantation, the cys-
tatin C serum concentration decreased more rapidly than
that of creatinine. Tanstubular leakage of the low-molecu-
lar weight (M, 100) creatinine (23) has been reported in
acute rend failure, thus leading to high plasma creatinine
values. Starting on day 4 post-transplantation, decrease in
serum concentration became more prominent for creati-
nine than for cystatin C, which might be attributable to an
underestimation of GFR by plasma cystatin C, an overes-
timation of GFR by plasma creatinine, or both. A stronger
correlation between cystatin C than between creatinine
and the measured GFR has been reported in adults suffer-
ing from renal diseases (18).

For patient follow-up, the ability to detect rapid changes
in GFR is clinically more important than accuracy itself.
With diminished GFR, a significant increase in plasma
concentration of cystatin C and creatinine will depend on the
rate of its accumulation in plasma, which depends on its
production rate and distribution volume, but also on its
biological intraindividual variation. Repeated measures
obtained in healthy subjects (30) suggested that intrain-
dividual variation might be more important for cystatin C
(13.3%) than for creatinine (4.9%). If true, cystatin C
would be less sensitive for the detection of acute rejection
episodes for a given individual than creatinine (30). In all
episodes of acute rejection and acute nephrotoxicity in our
study, the plasma cystatin C concentration broadly paral-
leled that of creatinine. Therisein plasmacystatin C con-
centration was more prominent than in creatinine.

After rena transplantation, hemodialysis was required
in almost 55% of our patients. We found a higher degree of
discrepancy (45% of discordant results; P <0.01) between
cystatin C and creatinine kineticsin patients requiring hemo-
dialysis than in those with a norma course (19%). In addi-

Maced. pharm. bull., 51, (1,2) 35-40 (2005)
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tion, cystatin C and creatinine weakly correlated in hemodi-
alyzed patients (r = 0.429). The molecular weight of cys-
tatin C is 13 300 with an Einstein-Stokes radius of 30-40 A,
whichismuch higher than creatinine (M, 100 and 3 A) (15).
In a large study of 112 patients on stable maintenance
hemodialysis, a 30% reduction in serum cystatin C was
observed after dialysis with mostly AN69 high-flux mem-
branes (23). As expected, the elimination of cystatin C dur-
ing dialysis increased with the ultrafiltration coefficient
(UFC) of the membrane, an estimate of the permeability:
0% (vs40% for cretinine) for UFC <15mL - h* - m? - mmHg
and~ 60% (asfor creatining) for UFC >15mL - h* - n? - mmHg
(23). Thus, removal of cystatin C by hemodialysis seems
highly dependent on the type of membrane selected. Thisis
an important issue in renal transplantation because it could
limit the use of plasma cystatin C as amarker of graft func-
tion in patients with DGF. On the other hand, if poorly fil-
tered by dialysis membranes, plasma cystatin C could be
used by the nephrologist to monitor appropriate duration of
hemodidysisin patients with DGF. Prolonged unnecessary
hemodialysis could be avoided as soon as a significant de-
creasein plasmacystatin C is obtained by didysis.

In conclusion, the determination of cystatin C concen-
tration is an aternative and more accurate marker of GFR
than creatinine in adult transplantation. In some cases, a
more prominent risein serum cystatin C vauesalowsamore
rapid diagnosis of acute rejection or treatment nephrotoxicity.
Further prospective studies are needed to evaluate this last
issue and the potentia of plasma cydtatin C in the long term
follow-up of graft function in rend transplantation.
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Pe3ume

Cepym Cistatin C kaj nanueHTH co HapymeHna rpat pyskuuja

Topnop I'pyes’, Maprapura Bonuesa’®, Onusepa CrojueBa - Tanesa®,
Auwuren Murpescku', Backo AnekcoBcku®

1 I .3 .
Hnciiutiiyii 3a kaunuuka ouoxemuja, “Kaunuka 3a Heghpoaozuja,
Yrusepauttietticku kaunuyku yenitap, Ckoiije, Maxegonuja,

2 o . o
YHusep3uitieiticka kaunuka ,,/1ozeney”, Coguja, byzapuja

Kayunu 360poeu: peHanHa TpaHCIUIaHTalWja, HapylleHa rpadT ¢pynkuyja, Cystatin C

Nspaborenara cryqmuja yKaxyBa feka cepymckaTa konnentpanuja Ha Cystatin C (Cys C) e mogo6ap mapkep 3a GFR Bo
cropef6a co CTaHJapAHUOT KpeaTHHUH, ITO Oellle W KIUHUUKU eBaauypaHo. OBOj MapKep € MHOT'Y MOOCETIINB 3a TpadT
(pyrkumjaTa nocne 6y6pexkHa TpaHcmiaHatanyja. Konnenrpanujara Ha Cys C e ciopefieHa co oHaa Ha kpeaTHHUHOT. Hama-
JyBameTO Ha OyOpexkHaTa (DyHKIHMja e cllefieHo Kaj 64 TpaHcmianTupanu nanuenT. Konnentpanujara Ha Cys C curaucgu-
KaHTHO Kopemupa (r=0.625, p<0.001) co KpeaTHHNHOT Kaj KOHTpoNMHAaTa rpyna. Kaj oBre malueHTn cpefHATe KPEaTHHIH U
mucratu L kornenTpammu ce: 81+/-13 mmol/L ogrocho 0.90 +/-0.22 mg/L. [1na3ma KoHIeHTpauuTe Ha nuctatud L u kpeaTu-
HUHOT CUTHH(PHKAHTHO KOpelMpaaT BO MOCT-TpaHCITIaHTamOHNOT nepuoy (r=0.686, p<0.001), HO MOTBpAMBME pa3lMKN BO
KMHETHUKATa Ha OBUE MapaMeTpu. Bo npBute ueTupu feHa nocie tpaHcmianaTtanuja Cys C ce HopManusupa nobp3o of Taa
Ha KpeaTHHHUHOT. Pa3BUTOKOT Ha akyTHa peakuuja (momefy 5 u 7 ieH) yKaxkyBa Ha BHCOKATa OCETIIMBOCT U CEA(DPUIHOCT
Ha npomenute Ha Cys C cnopefieHH CO THE Ha KPEaTUHUHOT.

Maced. pharm. bull., 51, (1,2) 35-40 (2005)
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Abstract

The volatile fraction composition of commercially produced sweet and bitter orange oil from fruit peels was studied using GC-MS.
More than fifty components were identified in the oils using their mass spectra and linear retention indices. The monoterpene limonene
was the most abundant component even though not in a quantity expected for a fresh orange essential oil. Aldehydes, followed by alco-
hols and esters, were the main components in the oxygenated fraction. Aldehydes were the major oxygenated componentsin the sweet
orange oil, whereas alcohols and esters were present in higher amounts in the bitter orange oil. Among them, nonanal, decanal and
linalool are the most important components for the flavour of sweet orange oil and carvon is the most important ketone for the flavour
of bitter orange oil in combination with the other components. The amount of carvon gives a good indication about the freshness of the
oil and the quantities of o.-pinene and [3-pinene, sabinene and myrcene give an indication about the natural or artificially changed com-

position of the essential oils.

Key words: Citrus sinensis, Citrus aurantium, peel cil, GC-MS, volatile components

Introduction

Cold pressed orange oil is widely used in beverage,
perfumery industry and aromatherapy. In generd, there are
two typesof orange oils: sweet orange oil from Citrus sinensis
and bitter orange oil from Citrus aurantium.

Sweet orange oil isthe most widely used citrus oil. It
possesses alight sweet, fresh top note with fruity and alde-
hydic character (1). It iswidely used in the flavour indus-
try especialy in beverages and candies. It can provide the
top note for citrus flavouring as well as characteristic and
most universally accepted flavour. The sweetness and in
the same time the refreshing note makes them appropriate
base for still and carbonated soft drinks.

Most of the orange oils on the world market are Italian
and American industrid oils, but there are dso dils produced
in Spain, and in the South American countries. Moreover,

* e-mail: marinaiv@i unona.pmf.ukim.edu.mk
phone: ++389 2 3249934
fax: ++389 2 3226865

studies on laboratory-extracted oils from the ped of fruits of
specia cultivars from different regions such asAlgeria, Li-
bya, Israel, Russia, China.and Japan have been published (1).

Bitter orange oil possesses fresh citrus top notes, but
isconsidered less sweet, and even bitter and dry. It hasflo-
ral and adehydic characteristics (1). The tenacity is greater
than the most other citrus oils. In flavourings, this oil can
be used to provide a citrus top note or act as a modifier in
thedtrusblend. Themgor gpplicaionisinthedtrusflavourings
for beverages, especialy liqueurs. It also intensifies the
orange character in soft drinks.

Most of the papers pertinent to sweet orange oil com-
position were reviewed by Sawamura (2, 3) and Lawrence
(4). A large number of papers deal with the composition of
the volatile fraction of sweet orange oil and in many of
them its differencesin relation to the cultivars are reported
with particular references to the different content of
aliphatic aldehydes and linalool (5-10), and the volatile
components of bitter orange oil (11,12).

The goal of thiswork is to present away of compara
tive investigation of the cold pressed sweet and bitter
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orange oils found in the market and to see the difference
between the cils. The results are compared with the pub-
lished onesfor fresh orange oils and some indications about
the freshness and the origin are discussed.

Experimental

Two commercia samples of oils produced from peel
of Citrus sinensis and Citrus aurantium were kindly sup-
plied from an Italian flavour company.

Each sample was analysed by GC/MS using a HP
6890 Gas chromatograph equipped with a HP 5973 mass
selective detector with a HP-5 fused silica column
(30 m x 0.25mm, 0.25 umfilmthickness). Thecolumntem-
perature was changed linearly from 40t0 180 °Chy 4 °C/min,
and after that 20°C/min to 260°C. 0.2 uL wereinjected a a
split ratio of 1:100. Theinlet temperature was 260°C and the
transfer line temperature was 280°C.

The MS library used was Wiley 275. Also, compound
identification was checked by linear retention indices with
standard series of alkanes (Cq-C3,) and compared with the
LRI values in the database of the Citrus Research and
Education Centre at the University of Florida (13) and in
the book of Adams (14).

Results and discussion

Sample preparation is one of the most important proces-
sesin flavour research, because the aroma compounds are
substantialy volatile and unstable against heat (3). GC-MS
isavduabletool in characterization of essentia oilsbecause
the interpretation of the results of qualitative and quantita-
tive analysis can enable an insight in the process of produc-
tion, storage and age of the commercially produced oils.

In this work, more than fifty components were identi-
fied in the analysed sweet and hitter orange oils. The iden-
tified compounds and their linear retention indices calcu-
lated on HP-5 column are given in Table 1. For each sam-
ple, the quantitative composition (as a relative percentage
of peak area) for each component is given together with
the aroma descriptors for the components as found in the
database of the Citrus Research and Education Centre at
the University of Florida (13) and by Choi (15).

The GC-MS chromatograms obtained for both sam-
ples of essentia oils of sweet and bitter orange oil are giv-
eninFig. 1 and Fig. 2, respectively.

The datain Table 1 show that different quantities and
ratios of the same components give different taste of the
aroma. According to the data, the quantities of a-pinene,
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Fig. 1. Chromatogram of sweet orange pedl ail
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Fig. 2. Chromatogram of bitter orange peel oil

camphene, myrcene and octanal are higher than the usual
vaues for cold-pressed sweet and bitter orange oil (1). On
the other hand, the quantities of limonene are lower (76.65
% in sweet orange oil and 71.2 %in bitter orange oil) than
expected according to the published data for fresh sweet
and bitter orange essential oils (over 90 %) (1).

The quantity of a-terpinolene which givesthe citrus and
pine note according to odor description database of Citrus
Research and Education Centre (13) is dmost six times
greeter in bitter orange oil than in sweet orange ail. The quanti-
ty of vaencenein sweet orange oil is more than double com-
pared to hitter orange ail, which is expected because this com-
pound gives the specific sweet citrus odor for Sweet orange.

Aldehydes are the most important compounds for the
citrus flavour. The quantity of aldehydes in sweet orange
ped ail isdouble compared to the aldehydes content in the
bitter orange oil. Octand, nonanal and decanal, which are
very active odor compounds and have a sweet note, arein
higher quantity in sweet than in bitter orange ail (2).

On the other hand, alcohols content in bitter orange
oil is higher than in sweet orange oil, but linaool in both
analysed commercia oils is in bigger quantity than
expected from the published data (1).

Maken. papm. 6mnr., 51 (1,2) 41-346 (2005)

Also the quantity of estersis three times higher in bit-
ter orange oil in comparison to quantity of estersin sweet
orange oil, because the quantity of geranyl acetate and
linalyl acetate are very high in bitter orange oil.

There are some components expected and identified
in the in bitter orange oil like +-2-carene, n-octyl acetate,
linalyl acetate, 2,4-decadienal, 5-elemene, germacren B,
nerolidol, bergapten, which are missed in the sweet orange
oil. B-pineneis also missed in sweet orange oil and it is
present in bitter orange oil in enough high quantity.

It iswell known that the bitter taste of bitter orange oil
predominantly comes from the nonvolatile components of
the peel, but also the volatile components give a signifi-
cant part of the aroma of bitter orange oil (1). The compo-
nent which gives a bitter odor, carvon, isin higher quanti-
ty in bitter orange than in sweet orange ail. It has been
observed that orange oil deteriorates very rapidly in aque-
ous acidic environment and under the influence of light
and oxygen. Relatively high quantity of carvon in both
oils has been identified as the major degradation product
(Fig. 3), and has also been reported as a constituent of var-
ious old citrus oils (11, 16). From this we can include that
the oils purchased from the market are not fresh.
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Fig. 3. Biosynhesis of limonene and its transformation
to carvone during storage

All these results indicate that the two commercially
produced orange oils purchased from the flavour market are
not fresh and original cold pressed essentia ails, but some
of the components, like limonene, are removed from the oil

and some of the components, like o-pinene, sabinene are
added to the oils by physica or chemica methods (1).

In conclusion, the qualitative and quantitative analysis
of the commercial hitter orange oil showsthat thisoil isnot
pure cold pressed oil because the ratio o.-pinene/p-pinene
is greater then 0.8 which indicates addition of grapefruit
terpenesin the bitter orange ail (1). On the other hand, the
significant amount of myrcene (>2 %) and octanal (>0.2
%) in the commercial sweet orange oil gives an indication
that the oil is not an original cold pressed ail, but has been
modified in the manufacturing process, which is also sup-
ported by the significantly reduced content of limonene.

Table 1. Percentage composition as single components for the two different orange oils, the LRI index for each component of HP-5

column and aroma descriptors

%in
Component LRI C. snensis
Monoterpenes
1. &tuene 926 0.02
2. &-pinene 932 257
3. camphene 947 0.01
4. sabinene 972 183
5 myrcene 992 6.90
6. &-terpinolene 1090 0.13
7. &3-carene 1010 0.79
8. limonene 1033 76.65
9. trans-&-ocimene 1054 0.10
10. &-phellandrene 1060 0.01
11. &terpinene 1062 0.23
12. &-pinene 975
13. a-terpinene 1021
14. +-2-carene 1088
15. &4-carene 1351
Totd 89.24
hydrates
16. cis-sabinene hydrate 1070 0.03
Totd 0.03
alcohols
17. octanol 1074 0.07
18. linalool 1103 2.30
19. a-terpineol 1192 031
18. nerol 1233 0.07
20. €eemol 1552 0.06
21. nerolidal 1566
Totd 281
aldehydes
22. octand 1004 0.96
23.  nonand 1107 0.22
24. citrondld 1155 0.25
25.  decand 1208 127

C aj/roalr% um Aromadescriptor [13, 15]
0.02
210 pine-like, resinous, green, sweet
0.06 warm, oily, camporaceous
0.84 warm, oily, peppery, green
5.86 musty, wet soil
0.77 citrus, pine
0.37 sweet
712 citrus-like, fresh
0.32 herbacous, flowery, sweet, warm
- citrus-like, fresh
0.67 lemony, lime-like
0.79 resinous, dry, woody
0.05 lemony, citrusy
0.20
0.02
83.27
0.04
0.04
011 oapy
250 floral, green, citrus
0.83 flord, lilac-like
- fruity, floral
0.02 swest, woody, faint
0.12 woody, flord, mild
3.58
0.67 fatty, talowy, citrus -like
0.17 piney, flora, citrusy
0.12 powerful, flora, lemon
0.78 beefy, musty, marine, cucumber
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neral

gerania
perillaldehyde
undecanal
tridecanal
tetradecanal
a-snensd
a-snensal
2,4-decadiend
3-dodecen-1-d
Tota

esters

citrondlyl acetate
neryl acetete
geranyl acetate
n-octyl acetate
lindyl acetate
Tota
sesquiterpenes
a-copaene
a-cubebene
a-elemene
aromadendrene
a-edlemene
trans-a-caryophyllene
germacrene-D
trans-a-bergamotene
a-humulene
trans-a-farnesene
a-amorphene
germacrene-B
a-slinene
valencene
bicyclogermacrene
a-muurolene
a-bissbolene
&-cadinene

bergapten

Tota

oxides
caryophillene oxide
cis-limonene oxide
trans-limonene oxide
Tota

ketones

carvone

nootkatone

Tota

acids

hexadecanoic acid
Tota

1243
1273
1276
1309
1410
1614
1757
1700
1319
1468

1356
1367
1386
1214
1259

1377
1392
13%4
1397
1339
1421
1483
1437
1455
1458
1478
1559
1485
1495
1498
1510
1519
1526

1585
1135
1140

1246
1808

1890

024
0.42
014
0.08
024
0.01
0.06
0.17

4.06

0.01
0.02
0.02

0.05

0.16
0.18
0.07
0.02

014
011
0.01
0.03
004
0.03
0.04
0.01
034
0.04
0.07
0.07
0.19

155

0.04
0.03
0.07
014

0.07
0.05
013

0.03
0.03

0.15
0.27

0.15

0.02
0.08
0.02
0.04
247

0.12
0.22
0.09
254
297

0.08
0.07
0.06

0.05
0.32
0.22
0.06
0.04
0.03
0.02
0.01
0.01
0.15
0.03

0.07
0.09

0.12

143

0.03
0.09
0.09
0.21

0.09
0.03
0.12

0.06
0.06

lemony, citrusy
citrus-like, flowery, fruity

pleasant waxy, flora

waxy, fresh, citrusy, powerful

fresh, herbaceous
orange-like

orange ped
geranium, powerful

fresh, rasy, fruity
fruity, floral, very sweet
dry, herbaceous

fruity, dightly fatty
flora -fruity

fruity, green
fruity

citrus-like, fresh

woody
swegt, fruity

swest, woody, citrusy

woody, dry, mild

woody, spicy
citruslike
citruslike

bitter, spearmint, caraway
green, grapefruit
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Pe3ume

Crnopendeno ucnuryBpame Ha eTepUYHA Macjia
O]1 CJIAIOK U TOPYWINB NOPTOKAJ

Cama Kocragunosuk', Mapuna Credosa'™ u [luana Hukonosa

1HHcmuu7yu7 3a xemuja, IIpupogno-mattiematiuyKu paxyaitier,

YHugepsuitiei ,,C8. Kupua u Meitioguj*, Ckotije, Maxegonuja

ZHHcmumym 3a Opzancka xemuja co Llenitiap 3a @uitioxemuja,
byzapcka Axagemuja na naykuitie, Cogpuja, byzapuja

Kayunu 360poeu: Citrus sinensis, Citrus aurantium, Macio of kopa of noptrokan, GC-MS, ucnapiusu KOMIOHEHTH

HcnuTyBaH € cocTaBOT Ha MCHapiuBaTa (pakiija Ha Macio Off KopaTa Ha KOMepIyjalHy IPIMEPOLH Off TOPWIUB U ClIa-
JOK MOPTOKJI, KOPUCTEjKHU ja TEXHUKATa Ha FacHa XpoMaTorpaguja co MaceHa cieKTpoMeTpuja. MneHTugukyBanu ce noeke
071 50 KOMIIOHEHTH BO COTVIACHOCT CO HUBHUTE MACEHU CIIEKTPU U PeNaTHBHYU peTEHIUCKY HHAeKcu. Haj3acTaneHa KOMIOHEHTa
€ MOHOTEPIEHOT JMMOHEH HO He BO KOJIMUYMHUTE KOM MOXKAT fla OUflaT OUeKYBAHH Off CBEXKO €TEPHYHO MACIIO Off MOPTOKAL.
Anpexuan, a IOTOA aIKOXONU U €CTEPHU ce [NIaBHUTE KOMIIOHEHTH BO OKCHT€HMpaHa (ppakiuja Ha MacinoTo. Bo MacnoTo op
CIIafloK MOPTOKAJI, ANICXUAUTE CE JOMUHAHTHY OKCUTCHUPAHH KOMIIOHEHTH OAEKa BO MACIOTO Off TOPUIUB IIOPTOKAN allKO-
XOJIUTE U ECTPUTE Ce IPOHAjAEHH BO IOrosIeMo KouuecTBo. HajouTHI KOMIIOHEHTH 32 MIPUCOT HAa €TEPHYHOTO MACIIO Off Clla-
JOK IIOPTOKAJI Ce HOHAHAJ, ielJaHas 1 JIMHAJION a 32 MAaCJIOTO Off TOPWIMBHOT MOPTOKAJI TOA € KeTOHOT KapBOH BO KOMOMHAIIU-
ja co Apyru KoMHoHeHTH. KonmmyecTBOTO Ha KApBOH € MHUKATOP 3a CBEXKUHATA M CTapOoCcTa Ha MAclOTO A0AEKA Off KOIMYeCT-
BaTa M COOHOCOT Ha O - TMHEH, [3 - MMHEeH, cabWHEeH 1 MUpPLIEH MOXKe J1a Ce POIISHH Al HMa BEIITaYKK IPOMEHH BO IPUPOJ-
HHOT COCTaB Ha €TEPUYHO MacCJIO.

Maced. pharm. bull., 51 (1,2) 41-46 (2005)
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YIIATCTBO 3A ABTOPUTE

Marxeoonckuoiu ¢hapmayesiticku buaitien € opuIu-
jalIHO TIacuino Ha MakeloHCKOTO (hapManeBTCKO
ApywTBO. Bo cricanueTo ce o0jaByBaaT OpUTMHATIHA
Hay4HH TPYAOBH, KyCH COOMNIITEHH]a, PEBUjaTHHA TPY-
JIOBM ¥ CTPYYHHM TPY/IOBHU Off CUTE (papMalieBTCKH JHC-
IUIUTMHY ¥ CPOJIHU Mofipayja Ha paboTa KOH ce Off
nHTEepec 3a hapmanmjaTa (hapmareBTcKa 1 METATIAH-
CKa XeM#ja, UMYHOJIOTHja CO NMYHOXeMUja, MOJIEKY-
JapHa Ouonoryja, (papManeBTCKi aHAIU31, KOHTPOJIa
Ha JIEeKOBH, (papMaIieBTCKa TeXHOJIOTHja, (hapMaKOMH-
¢opmaTuka, 6noapmariyja, papmMakoIoruja, mpuMe-
HeTa OoTaHWKa, (hbapMaKOTHO3Wja, TOKCUKOJIOTH]a,
KIMHAYKA (papManuja, XpaHa W WcXpaHa, pu3myuka
(apmarnmja, OpraHcK CHHTE3H, COlMjaTHa hapmaru-
ja, ucropmja Ha hapMarmja u ap.).

Bo MakegonckuoT hapManeBTCK OUITeH ce 00ja-
ByBaaT M APYru npmio3u (TIOpakdW W COONIITEHH]a,
U3BELITaN ¥ KaleHIapy Ha HAYYHU U HAa CTPYYHM MaHU-
(hecranmm BO 3eMjaTa 1 BO CTPAHCTBO, IIPETJIEAN Ha KHU-
rn). CocraBeH jie1 Ha BIUITEHOT ce u pa3Hu pyOpyKH.

OpurusaannTe HAYYHH TPYAOBH 'l COIPXKAT PE3YII-
TaTUTE Ha COIICTBEHH, JOTOrall HeoOjaBeH! Hay4YHI
HCTpaKyBama KOU NPETCTaByBaaT 3a0KPYyKEHA LEN-
Ha, a 1aBaaT NPUAOHEC KOH Pa3BOjOT HA COOJIBETHATA
Hay4Ha obnact. Bpojot Ha cTpanumuTe (3a€IHO CO CIu-
KUTE 1 O TabenuTe) He Tpeba ja 6uje morosem of 15.

Kycnte coonmrennja copgpxar pe3ynTaTu of Ha-
YHM MCTPaKyBamwa IPE3CHTUPAHU BO IOMajl 00eM,
4ynj Opoj HA CTpaHUI He Tpeda fla Ouje MoroyieM off
TeT (T03BOJICHU ce e/lHa Tabesa 1 efTHa CITHKA).

Ilpernenure ce MuIyBaaT Ha MOKaHa O Y peny-
BayKMOT Of100P, a MPETCTaByBaaT MOOMIIUPEH MPH-
Ka3 Ha UCTpaxKyBamwaTa M CO3HAHMjaTa Ha MOBEKE
aBTOPH BO OIpefielieHa HayyHa o0acT, 3a Koja KOM-
NEHTHOCTa Ha aBTOPOT Ha MPErJefoT € MOTBpAcHa
IPEKY HETOBUTE 00jaBEHH UCTPaXKyBamba.

CrpyuynuTe TPymoOBH U3BECTYyBaaT 32 KOPUCHU pe-
3yJITATH KOM OBO3MOXYBAaT MOAATOIMTE Off OPUTH-
HAJIHUTE HAyYHU UCTPaXKyBamba 1a OMIaT NpuMeHeTH
BO IlpakTH4HaTa padora. CTpy4yHHUTE TPYLOBH MOXKAT
Jla ce TeMellaT U Ha 00pa0OTKa Ha TEOPETCKH MOflaTo-
u. Bpojor Ha cTpaHuIUTe (32€JHO CO CIMKUTE U CO
tabesuTe) He Tpeba na ouse moroaem of 10.

OpurvHaHUTE HAYYHU TPYAOBH, KYCUTE COOMIIITE-
HHja U mpersieaute Tpeba fa OujaT HANMIIAHU Ha
AHTJIMCKY ja3uK, IOfleKa CTPYYHUTE TPYJOBH U CUTE
OCTaHATH MPUJIO3M MOXKAT fa OUjaT HANUIIIAHN 1 Ha
MaKeJOHCKH ja3HK.
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IIpudakamero Ha TPYJOBUTE 3a eYaTEmE BO bui-
TEHOT ' OOBP3yBa aBTOPUTE UCTUTE PE3YJITATH J]a HE
ru o0jaByBaar BO APYIO CIVCAHUE.

IHoaroToBka Ha paKONUCOT:

Pakomnmcure Tpeba fja ce qocTaBat BO TpH HpUMe-
pOILM UCTIeYaTeHN Ha KOMIjYTEPCKHU TevaTay, efHO-
cTpano co npopep ox 1,5 co mapruna op 3,0 cm o ce-
KOja CTpaHa, Ha XapThja co popmat A4 Ha ajipeca Ha
TJIAaBHUOT YPETHUK:

ITpod. n-p CeeTnana Kynesanosa
dapmarneBTCcKE (haKyITeT,
Boamancka 17, 1000 Ckomje,
Peny6nuka Makenonnja

Crpanunure u npuno3ute Tpeda ga ougat HyMepH-
paHm.

IIpu moaroTByBame Ha PaKOMKUCOT 3a MeYaTeHhe
Tpeba fia ce BOIM CMETKa TOj 1a Oujje MaKCUMAaTHO
KOHIIU3€eH, 6€3 HeMOTPpeOHN TOBTOPYBAkA.

[Ipu numyBame Ha paKOMHUCOT 3a[JOJIKUTENHA €
ynoTpeba Ha CICTHATE SAMHALM 3a: JOJKIHA (M, Cm,
mm, um, nm, A); maca (kg, g, mg, ug, ng, pg); BomymMeH
(I, ml, ul); Bpeme (s, min, h, d); remmeparypa (°C, K);
panujamuja (Bq, Ci, dpm, Gy, rad): konnenTpammja (M,
mol/l, N, mg/ml, %, %(v/v), %(w/v), ppm).

Nmumata Ha cyncraHnuuTe Tpeda fa ce BO corac-
HOCT CO IpenopakuTe 1 npasunara gagenu og [lUPAC
WY, aKO TaKBU HE MIOCTOjaT, Copef] MpakTUKaTa Ha
Chemica Abstracts.

Tabenure u cnukute (poTorpacduu, AujarpamMu u
CKHUIIN), KaKO ¥ CTPYKTYpHUTE (hopMyH Tpeba fja Ou-
AT AJICHN ceKoja Ha OffiesieH JIUCT (BO TEKCTOT fia €
o0eJeskaHo HUBHOTO MecTo). TabennTe u CIMKuTE ce
HyMepupaat co aparcku 6pojku (Ha rip. Tabena 1., Ci.1).

Pakomnucor Tpeb6a fga coap:Ku: HaclOB, alCTPAKT,
KJIyYHU 300pOBU, BOBEJI, EKCIIEPUMEHTAEH JIell, pe-
3yATaTH U AUCKYCHja, 3aKIyUOK, GarogapHocT (o
notpeba), IUTEpaTypa U pe3ume.

Ha nacnoBnara crpanuna Tpeba ia CTOM HaClIOBOT
Ha pakonucoT. Bo noce6Hu pegosu Tpeba ja crou
MOJIHO UME U MPe3UMe Ha aBTOPHUTE, HA3UB U ajipeca
Ha WHCTHUTyIHWjaTa Ha aBropure. Kora aBTropute
MOTEKHYBaaT Of] MOBEKe pa3IuyHU UHCTUTYLUH TPe-

6a 1a ce 03HAUM MOTEKJIOTO HA CEKOj aBTOP €O L 2,3...
Ha Kpajot o HeroBoto uMe. Co see3guuka Tpeda fa
Oue 03HaYEHO MMETO Ha aBTOPOT 3a KOPECIOCHIIU-
ja. Bo monmHMOT 71€B aros o HacJIOBHATA CTPAHMIIA ce
HaBelyBa HeroBata e-mail ajgpeca, Tene(OHCKUOT
Opoj u 6poj Ha dakc.
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AmncrpakTot Tpeba mna 6une o 250 360pa (HayyHn
W CTPYYHH TPYAOBH), oqHOCHO 70 100 360pa (Kycu
COOMIITEeHN]ja), a Tpeba Jja I'M COIP3KU IeITa Ha pabo-
TaTa, METOAOJIOTMjaTa ¥ NO3HAYajHUTE PE3YJITaTH.
Bo npoponxenne Tpeda ga Oupat 3acraneHu TpH 10
HIecT KIy4YHU 300pa pacnopefieHu Crnopey pefocie-
IOT Ha BasKHOCT.

Bo BoBeannoT gen Tpeba HaKyco Jia ce HaBegaT caMmo
HajBaYKHUTE MOJJATOLH Off HOPAHEIIHUTE UCTPaKyBa-
Ha MOBp3aHu co 00paboTyBaHaTa NpobieMaTuKa u
fia ce 00jacHu L[eNTa ¥ BaXKHOCTa Ha paboTaTa.

Excnepumentanauor fen Tpeda fa Ouje n3BOEH
U J1a COAP3KYU MOAATONH 3a YHOTpeOYyBaHUTE MaTEPH-
jalld ¥ OTHKC HA IPUMEHETUTE METOAN HAa HAUUH LITO
Ke OBO3MOXM penpoAylypame Ha MocTankara, HO
0e3 IeTaTHO OMUIIlyBak-e Ha BeKe MO3HATOTO.

TPYHOBI/ITC IOTO €€ OgHECYBAaaT HA TCOPETCKU UCTPa-
KyBamba, HAMECTO EKCIICPUMCEHTAJICH [CJI Tpe6a aa
nMaatT COOABETHO nornaBje CO IMOJJHACJIOBHU BO KO€ Ke
6I/II[aT N3HECCHU HOI[pO6HOCTI/I HCONXOIHU 3a ITPOBEP-
Ka Ha IPE3CHTUPAHUTE PE3YIITATHU.

Pe3yararute u quckycujara TpeOa a Oujat fafe-
HU BO eJiHO morJiaBje. JluckycujaTta Tpebda 1a coapKu
aHaJIM3a Ha PE3YATATHTE ¥ HA 3aKIyYOLUTE IITO MPHU-
TOA MOKAT J1a ce U3BJIeYar.

3aKIy4oKOT IITO MPOU3JIETyBa Of M3JIOKEHHUTE
pe3yJiTaTu M AHUCKycuja ce M3[ABOjyBa BO MOCEOHO
NoTJIaBje.

Jlurepatypata ce HaBeJyBa BO IOCEOHO IIOIIIaBje,
1pu TO OubaMOrpaCcKuTe EAVHULM CE HyMEpUpaaT
1O OHOj pefl MO KOj ce MojaByBaaT BO TEKCTOT. AKO BO
TEKCTOT ce CIOMHYBaaT aBTOPH, CE HaBelyBaaT caMo
TNpe3UMIHaTa Ha aBTOPHTE (aKO I'M IMa eJIeH WITH [Ba),
a BO Clly4aj Ha MOBeKe aBTOPH ce MUIIYBa, Ha IPUMED,
\etter et al. (1).

CraTum ol HAy4HH CMIUCaHKja ce IUTHpaaT Ha OBOj
HAuWH:

1. P Premov and D. Dulanov, Maced. Pharm. Bull., 20,
2-10 (2000).

Kparenkure Ha cnmcaHujaTa ce HaBelyBaaT CIO-
pen Chemical Abstracts.

Kuuru ce qutipaaT Ha OBOj HAUMH:

2. A. Robert, M. Sporn, Progress in Organic Chemistry,
3rd ed., Butterworths Scientific Publications, London,
1998, pp 125-154.

Kuuru co ypegHuk:

3. J. Cook, in The retinoids, P. Cornwell, Ed., Academic
Press, Orlando, 1996, pp 25-29.

TpynoBuTe HanUIIaHN HAa AHTJIMCKY ja3WK HA Kpa-
joT Tpeba fja coipXkaT pe3uMe Ha MaKeJIOHCKH ja3uK.
Pesnumero Tpeba ga coppku HACIOB, IOJTHO UME U ITpe-
3MMe Ha aBTOpPOT/aBTOPUTE, HA3UB HA MHCTUTYLIHjaTa
Ha aBTOPOT/aBTOPUTE, KIIyYHU 300POBY ¥ TEKCTOT Ha
anctpakToT. CTpy4YHHTE TPYAOBH HANMIIIAHU HA MaKe-
JIOHCKH ja3WK Ha KpajoT Tpeda [ja CoffpKaT pe3nMe Ha-
NUIIAHO Ha AHTJIMCKHM ja3uK BO KOe Tpeba Jja ce BKIIY-
YEeHH UCTUTE MOIATOLH.

IIpumenuTe pakonucu Y pegyBaukuoT ofOop ru
ucnpaka Ha pelieH3upame. Peniensupanure Tpynosy,
3a€JJHO CO €BEHTYAJHUTE 3a0eNelIKN U MACIIEHha Ha
YpenyBaukuot of00p, ce fOCTaByBaaT 0 aBTOPUTE.
Tue ce goymkHU HajonHa Bo pok of 30 meHa ja ru
U3BpIIAT HEONXOHUTE KOPEKIUK U (prHAIHATA BEp-
3Mja Ha paKONHUCOT /a ja locTaBaT 0 Y peayBauKuoT
on0op BO nevaTeHa ¢opMma 1 3aJ0JKUTENHO 1 Ha PC
¢opmatupana guckera (Word; Times New Roman,
Mac C Times, Macedonian Times u rojieMrHa Ha
Oyksu 11).

Agstopute nobusaat 20 6ecriiaTHU cenapatu off
cexoj Tpyyn oOjaBeH Bo bunrteHoT.
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INSTRUCTIONS FOR AUTHORS

Macedonian Pharmaceutical Bulletin is an officia pub-
lication of the Macedonian Pharmaceutical Association.
The journa publishes origind scientific papers, short com-
munications, reviews and professional papersfrom all fields
of pharmacyand corresponding scientific fields of interest
for pharmacy (pharmaceutical and medicinal chemistry,
immunology and imunochemistry, molecular biology, phar-
maceutical analyses, drug quality control, pharmaceutical
technology, pharmacoinformatics, biopharmacy, pharma-
cology, applied botany, pharmacognosy, toxicology, clinical
pharmacy, food and nutrition, physica pharmacy, organica
synthesis, socia pharmacy, history of pharmacy etc.).

The Macedonian Pharmaceutical Bulletin, also, pub-
lishes and other contributions (recommendations and
announcements, reports of meetings, important events and
dates, book reviews, various rubrics).

Original scientific papers should contain own unpub-
lished results of completed original scientific research.
The number of pages (including tables and figures) should
not exceed 15.

Short communications aso should contain completed
but briefly presented results of original scientific research.
The number of pages should not exceed 5 (including one
table and one figure).

Reviews are written at the invitation of the Editorial
Board. They should be surveys of the investigations and
knowledge of severa authorsin agiven research area, the
competency of the authors of the reviews being assured by
their own published results.

Professional papers report on useful practical results
which are not original but help the results of the original
scientific research to be adopted into practical use.
Professional papers might be based on the elaborating of
theoretical data. The number of pages should not exceed
10 (including tables and figures).

Original scientific papers, short communications and
reviews should be writtenin

English, while professional papers and dl other contri-
butions may be submitted in Macedonian.

Acceptance for publication in the Bulletin obliges the
authors not to publish the same results el sewhere.

Preparation of manuscripts:

Manuscripts should be submitted in triplicate, typed (1
Ysspaced) on A4 paper with margins of 3.0 cm on each
side. It is recommended the manuscript be sent on the
Editor-in-Chief address's:
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Prof. dr. Svetlana Kulevanova

Faculty of Pharmacy

Vodnjanska 17

1000 Skopje

Republic of Macedonia

The pages and appendices should be numbered.

The papers should be written in the shortest possible
way and without unnecessary repetition.

Obligatorily, only the follow quantities and units must
be used: length (m, cm, mm, um, nm, A); weight (kg, gmg,
ug, ng, pg); volume (I, ml, ul); time (s, min, h, d); tempera-
ture (°C, K); radiation (Bg, Ci, dpm, Gy, rad); concentra-
tion (M, mal/l, N, mg/ml, %, %(v/v), %(w/v), ppm).

The names of substances should be in accordance with
the IUPAC recommendations and rules or Chemical
Abdtracts practice.

Figures (photographs, diagrams and sketches) and
structural formulae should each be given on a separate
sheet (the place to which they belong in the text should be
indicated). The tables and the figures should be numbered
inArabic numeras (e.g. Table 1, Fig. 1).

Manuscript should contain: title, abstract, key words,
introduction, experimental, results and discussion, conclu-
sion, acknowledgment (if desired) references and summary.

Papers should be preceded by atitle page comprising: the
title, the complete name(s) of the authors, and the author's
affiliations (institution and address). When the authors affil-
iated from various different institutions the origin of the
each author should be indicated with 1,2,3... at the end of
his name. The correspodence author should be indicated
with * and his e-mail address, telephone and fax number to
be supplied in the bottom left part of the title page.

Each paper must begin with an Abstract which should
not exceed more than 250 (original scientific and profes-
sional papers) or 100 (short communications) words. The
abstract should include the aim of the research, methods
and the most important results. A list of 3 to 6 key words
arranged in the order according to their importance should
follow the abstract.

In the introduction only the most important previous
results related to the problem in hand should be briefly
reviewed and the aim and the importance of the research
should be stated.

The experimental section should be written as a sepa-
rate section and should contain a description of the materi-
als used and methods employed in form which makes the
results reproducible, but without detailed description of
aready known methods.
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Manuscripts which are related to theoretical studies,
instead of experimental, should contain a sub-heading and
the theoretical background where the necessary details for
verifying the results obtained should be stated.

It is often advantageous to combine Results and Discus-
sion in one section. The discussion should contain an analy-
ssof the results and the conclusions that can be drawn.

Conclusion which isin consequence from the presented
results and discussion should be given in the separate section.

The list of references should only include works that
are cited in the text and that have been published or
accepted for publication. References should be numbered
in the order in which they appear in the text and listed in
numerical order in the referencelist.

The surname of one or two authors may be givenin the
text, whereas in the case of more than two authors they
should be quoted as, for example \etter et al. (1).

Papersfrom scientific journas should be cited asfollows:

1. P Premov and D. Dulanov, Maced. Pharm. Bull. 20,
2-10 (2000).

The names of journals should be abbreviated as in
Chemical Abstracts.

Books should be cited as follows:

2. A. Rabert, M. Sporn, Progress in Organic Chemistry,
3 ed., Butterworths Scientific Publications, London,
1998, pp 125-154.

Bookswith editor:

3. J. Cook, in The retinoids, P. Cornwell, Ed., Academic
Press, Orlando, 1996, pp 25-29.

Manuscripts written in English should contain a sum-
mary in Macedonian at the end of the paper. The summary
should contain: title, author(s) full-name(s), surname(s),
author's affiliations (institution and address), key words
and abstract. Professional papers written in Macedonian
should contain a summary in English in which the same
data should be included.

Papers received by the Editorial Board are sent to refer-
ees. The suggestions of the referees and Editorial Board
are sent to the author(s) for further action. The corrected
text should be returned to the Editorial Board as soon as
possible but in not more than 30 daysin a hard copy form
and obligatorily on the PC formatted disk (Word; font
Times New Roman, Mac C Times, Macedonian Times
andsize 11).

Twenty reprints of each paper are supplied free of
charge to the author(s).
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