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Abstract

P. MONEVA, D. GUDEV, S. POPOVA-RALCHEVA, D. ABADJIEVA and I. YANCHEV, 2010. Role of
glucagon in the metabolic response to stress in chickens. Bulg. J. Agric. Sci., 16: 91-98

Forty Lohmann breed chickens at seven weeks of age were housed in cages (5 per cage) .The chickens were
divided into 3 groups: I – control group injected with saline solution (0.9% NaCl), II group – injected with gluca-
gon (50 μg /bird) and III group - injected with glucagon (100 μg/bird)  into the breast muscle. Blood samples were
taken at the following intervals: 0 min (baseline level), 30, 60, 90 and 120 min following the injection in I and II
group, and 30 and 90 min following the injection in III group. Exogenous glucagon potentiated handling-induced
corticosterone enhancement. There was no relationship between plasma corticosterone and glucose level in
glucagon treated chickens. Plasma cholesterol level declined during the first 60 min following the administration
of glucagon and then increased during the next 60 min (60-120 min) in the chickens given 50 μg glucagon while in
the chickens given 100 μg glucagon cholesterol level declined both by 30 and 90 min, relative to baseline level.
The dynamics of heterophil-to-lymphocyte ratio did not correspond to plasma corticosterone level. Exogenous
glucagon had no significant effect on hematocrit, erythrocyte and leukocyte numbers.

These results suggest that exogenous glucagon stimulates adrenal function and exerts control on stress-
induced increase in plasma glucose level, heterophil-to-lymphocyte ratio and plasma cholesterol level.
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Introduction

Glucagon is a small polypeptide of 29 residues and
is synthesized as a part of a larger precursor
preproglucagon which in the case of domestic fowl is
151 amino residues (Stevens, 1996). Regulation of
proglucagon gene appears to be more complex in
chickens than in mammals which express a single
mRNA transcript in all tissues (Kieffer and Habenar,
1999). Two classes of proglucagon mRNA transcripts

(PGA and PGB) are co-expressed in variety of
chicken’s tissue (Richards and McMurphy, 2009).
Pancreas and proventriculus would be expected to
predominantly produce glucagon, whereas enhanced
production of GLP-1 and GLP-2 would be expected
from duodenum and brain (Richards and McMurphy,
2009). The plasma concentration of glucagon in birds,
at 1 to 4 ng/mL are 10 to 50 times (Lothrop, 1996)
those found in mammals. Glucagon plays an impor-
tant counter-regulatory role to insulin in both birds and
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mammals by maintaining glycemic control and energy
balance through its effects on carbohydrate, lipid and
amino acid metabolism (Jiang and Zhang, 2003). In-
terestingly, glucagon appears to play more dominant
role than insulin in birds compared to mammals in
controlling of the metabolic pathways mentioned above
(Hazelwood, 2000).

Glucagon and the stress hormones interaction have
been studied mainly in mammals (McGuinness et al.,
1994; Arvat et al., 1999) but even in them lots of
moments remain unknown. Administration of gluca-
gon to human subjects leads to a rapid increase in
blood glucose after either intravenous (i.v.) or intra-
muscular (i.m) injection (Arvat et al., 2000). Curi-
ously, i.m, but not i.v. glucagon, seems to activate
components of the HPA axis (ACTH and cortisol).
The mechanisms underlying this difference are not
clear. Freeman (1980) noted that glucagon is stress
hormone in chicks and that it is responsible for acti-
vating the hypothalamo-hypophyseal-adrenocortical
axis. However, glucagon-corticosterone interaction in
fowls is not completely elucidated yet.

Therefore, the aim of this study was to investigate
the role of glucagon on the dynamics of plasma corti-
costerone, glucose and cholesterol in chickens.

Material and Methods

Forty Lohmann breed chickens at seven weeks of
age were housed in cages (5 per cage) at the Experi-
mental Unit of the Institute of Animal Science-
Kostinbrod and allowed to adapt for 10 days in free
of stress conditions. Food and water were provided
ad libitum. All chickens had similar individual live
body weight.  The chickens were divided into 3
groups: I – control group injected with saline solution
(0.9% NaCl), II group – injected with glucagon (50
μg /bird) and III group - injected with glucagon (100
μg /bird) into the breast muscle. All birds were de-
prived from food 1 hour before the injection of saline
solution or glucagon.

Blood samples were taken by using heparin as
anticoagulant at the following intervals: 0 min (baseline
level), 30, 60, 90 and 120 min following the injection

in I and II group, and 30 and 90 min following the
injection in III group.  Blood samples from all birds
were obtained by venipuncture of the wing vein.

 Plasma glucose level was determined by the
method of Ceriotti as modified by Profirov (1990)
and plasma total cholesterol level was measured by
the methods of Watson (1960).

The hematological indices P.V.C. and leukocyte
and erythrocyte numbers were determined by the clas-
sical methods of Ibrishimov and Lalov (1984).

Plasma corticosterone was determined using en-
zyme immunoassay kits (IBL, Gesellschaft fur
immunchemie und immunbiologie, MBH, D 22335
Hamburg, Germany).

 Peripheral blood leukocytes subpopulations were
counted microscopically in smears (Giemsa-
Romanovsky-stain) made immediately after each veni-
puncture.

The results of one factor statistical analysis are
expressed as means ±S.E.M. and were analyzed by
ANOVA.

Results and Discussion

Plasma corticosterone level in saline treated chick-
ens increased insignificantly by 30 and 60 min
(P>0.05) following the treatment and then declined
by 120 min to values that were within the normal range
(Figure 1). These data are consistent with the our pre-
vious experiment with chickens (Moneva et al., 2009)
which   demonstrated sizable stimulatory effect of
stress caused by handling and painful procedure dur-
ing blood sampling on plasma corticosterone level.
Plasma corticosterone level in the chickens treated
with the lower-dose of glucagon (50 μg) increased
threefold by 30 (P>0.05) and 90 min (P<0.05) while
by 60 and 120 min the rate of increase was lower
(Figure 1). The lack of significance by 30, 90 and
120 min despite of the sizable increase of corticoster-
one was probably due to the individual differences.
Besides, we found a general trend towards corticos-
terone decline by 60 min followed by increase and
decline at 90 and 120 min respectively. This could be
due to the dynamic interaction between the hormones
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involved in the maintenance of glucose homeostasis –
glucagon, insulin epinephrine, norepinephrine, corti-
costerone etc. For example the higher corticosterone
level by 30 min was probably due to the concurrent
effect of exogenous glucagon and handling–induced
stress which is accompanied with increased levels of
catecholamines, glucagon and corticosterone. The
observed corticosterone decline by 60 min could be
explained with the fact that exogenous glucagon at
that time was probably completely metabolized be-
cause of its short-term half-life (5 min ) and therefore
corticosterone secretion was maintained mainly by the
handling-induced stress and partly by stress- induced
increase of endogenous glucagon (Freeman, 1980).

Unfortunately, we did not measure insulin dynam-
ics which could give us some clues concerning plasma
corticosterone fluctuations. It is known that glucagon,
besides its stimulatory effect (Stevens, 1996), pro-
motes  pancreatic somatostatin release which  in its
turn  exerts 5 times higher inhibitory effect on insulin
secretion than in mammals (Hazelwood, 2000) and
its interaction with the above mentioned hormones may
differ from that in mammals. Surprisingly, the higher
glucagon (100 µg) did not induce further increment of
plasma corticosterone level. On the contrary plasma
corticosterone levels tended to be lower in III group
of chickens both by 30 and 90 min relative to those
levels in II group of chickens.

Taken together these results suggest that exogenous
glucagon is provocative stimulus of corticosterone
secretion. Our data are in agreement with those re-
ported by Arvat et al. (2000) in humans and Freeman

(1980) in chicks. Furthemore, our results demon-
strated that glucagon – induced increase of plasma
corticosterone was not dose dependent, though the
mechanisms underlying this effect are unclear. Arvat
et al. (2000) hypothesized that both human corticotro-
phin-releasing hormone and vasopressin can play a
role in mediating the corticotroph rise which followed
the intramuscular administration of glucagon. How-
ever, they did not exclude the possibility that the ef-
fect of glucagon could have been mediated by un-
known mechanisms other than corticotrophin releas-
ing hormone and vasopressin.

Plasma glucose level in saline treated chickens in-
creased by 30 min and remained high throughout the
investigated period despite the fact that plasma corti-
costerone levels by 90 and 120 min were within the
normal range (Figure 2).

The observed high level of glucose against the
background of low level of plasma corticosterone at
90 and 120 min could be due to the fact that feed was
removed 1h before the injection. Feed withdrawal
was reported to increase plasma glucagon level in birds
(Edwards et al., 1999) which is a potent stimulator of
glycogenolysis (Cherrington  et al., 1984).

Plasma glucose response to glucagon in second
group of chickens increased to a greater extent than
that in I group during the investigated period (30-120
min). However, the extent of glucose increase did not
correspond to that of corticosterone. This discrep-
ancy could be explained with the short-term half-life
of glucagon (Pontiral et al., 1993). Therefore it was
possible that glucose production immediately after glu-

Fig. 1. Corticosterone dynamics in saline
and glucagon treated chickens

Fig. 2. Glucose dynamics in saline
and glucagon treated chickens
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cagon injection was controlled by the synergistic ef-
fect of epinephrine and glucagon-induced glucocorti-
coids increase, while the effect in the later period was
regulated by the dynamic interaction between corti-
costerone, catecholamines, endogenous glucagon, in-
sulin and pancreatic somatostatin. Glucagon has been
reported to increase glucose production in a rapid,
time dependent manner primarily by increasing gly-
cogenolysis (Chhibber et al., 2000; Magnusson et al.,
1995), whereas norepinephrine and epinephrine were
shown to stimulate glucose production, principally by
enhancing hepatic gluconeogenesis and glycogenoly-
sis respectively (Connolly et al., 1991; Stevenson et
al., 1991).

Stress hormones infusions (glucagon, epinephrine,
norepinephrine, cortisol) in conscious dogs has shown
that the increase of glucose production is due to a
combined increase in glycogenolysis (30%) and glu-
coneogenesis (70%) (McGuinness et al., 1993). Glu-
cagon facilitates the gluconeogenic pathway by
augmentic precursor entry into the liver and by en-
hancing the efficiency of gluconeogenesis
(McGuinness et al., 1993). Cortisol increases the sup-
ply of gluconeogenic precursors reaching the liver
(Fujiwara et al., 1996) whereas the effect of epineph-
rine on gluconeogenesis is due to the indirect action
of the hormone on peripheral substrate release (Chu
et al. 1997; Chu et al, 1996). Apart from its effect on
glycogenolysis glucagon also stimulates gluconeogen-
esis (McGuinnes et al., 1994). Furthermore Gustavson
et al. (2003) found that when raised concurrently glu-

cagon and epinephrine increased both component of
hepatic glucose production.

Plasma glucose level in III group increased sharply
(P<0.001) by 30 min following the administration of
exogenous glucagon and was 33 % higher than that in
II group (Figure 2). Glucose level declined by 90 min.
The observed elevation of plasma glucose level by 30
min was hardly due to the higher glucagon dose since
the contribution of hepatic glycogenolysis to glucose
production during stress is 30 % and that of gluco-
neogenesis – 70 % (McGuinnes et al., 1993). Bear-
ing in mind that plasma corticosterone level by 30 min
was lower relative to that in II group on the one hand
and that catecholamines and glucagon exert additive
effect on hepatic gluconeogenesis on the other
(Gustavson et al., 2003) we assume that the extremely
high level of glucose in III group was probably re-
lated with suppressed insulin secretion and conse-
quently lowered tissue uptake of glucose. Our sug-
gestion is based on the fact that somatostatin secre-
tion in avian pancreas is substantial (Hazelwood,
2000) and inhibits insulin secretion. Therefore, plasma
glucose level could remain high regardless of corti-
costerone level, due to the potentiating effect of glu-
cagon on somatostatin secretion (Stevens, 1996).

Plasma cholesterol level in saline treated chickens
increased insignificantly by 30 min relative to baseline
level then declined over the rest of the investigated
period, despite the elevated plasma corticosterone
(Figure 3).

Stress has been reported to increase plasma choles-

Fig. 3. Cholesterol dynamics in saline
and glucagon treated chickens

Fig. 4. Heterophil- to - lymphocyte ratio dynam-
ics in saline and glucagon treated chickens
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terol level in mammals (Brennan et al., 1992; Galman
et al., 2002) and birds (Moneva et al., 2008).

The extent of cholesterol increment by 30 min was
less than that found in our earlier study (Moneva et
al., 2008) probably because of the higher extent of
corticosterone increase (7 - fold) in adrenocorticotro-
pin treated chickens  However, the mechanism un-
derlying stress-induced increase of plasma cholesterol
is unclear.

Plasma cholesterol level declined (P<0.05) by 30
min relative to baseline level in glucagon treated chick-
ens (II group) and reached level of significance by 60
min (P< 0.05). Cholesterol level increased by 90 min
(P<0.05) and remained high by 120 min. Glucagon is
known for its inhibitory effect on de novo cholesterol
synthesis mediated by increased intracellular levels of
cyclic adenosine monophosphate (Kacsoh, 2000).
Similarily, catecholamines, which are concurrently re-
leased during stress, exert suppressive effect on cho-

lesterol synthesis (Muller-Wieland; Krone, 1995)
whereas insulin decreases cyclic AMP, which in turn
activates cholesterol synthesis (Osborne et al., 2004).

Consequently, the observed lower cholesterol level
by 30 and 60 min following glucagon injection could
be related with a change in the ratio between gluca-
gon and the rest of the hormones implicated in the
maintains of glucose homeostasis which have
counteregulatory effect on cholesterol production. This
assumption is further supported by the lower (P>0.05)
plasma cholesterol level at 90 min in the chickens in-
jected with the higher glucagon dose (100 µg), rela-
tive to those in II group of chickens.

Heterophil–to–lymphocyte ratio in saline treated
chickens increased from 0.188 before the treatment
to 0.305 by 30 min following the treatment (Figure
4). The ratio declined slightly by 90 and 120 min. The
observed changes in heterophil-to-lymphocyte ratio
are consistent with corticosterone dynamics. Plasma
corticosterone level increased insignificantly by 30 and
60 min but the extent of the increase by 60 min was
almost twofold. These results are in agreement with
those reported by Dhabhar et al. (1995). The authors
concluded that stress induced changes in the number
and proportions of leukocytes (an increase in hetero-
phil   number and percentage, accompanied by a de-
crease in lymphocyte number and percentage) are
largely dependent on adrenal hormones.

Heterophil-to-lymphocyte ratio in IInd group
(treated with 50 µg glucagon) was highest by 30 min
(0.503), declined by 60 min (0.30) and remained low

Fig. 5. Dynamics of blood  P.V.C. level  in
saline and glucagon treated chickens

Fig. 6. Dynamics of erythrocyte number
in saline and glucagon treated chickens

Fig. 7. Dynamics of leukocyte numbers in
saline and glucagon treated chickens
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by 90 and 120 min relative to pre-treatment ratio.
However, the observed changes in heterophil-to lym-
phocyte ratio did not correspond to plasma corticos-
terone levels. We hypothesize that exogenous gluca-
gon may have attenuating effect on corticosterone-
induced leukocyte distribution.

This assumption is further supported by the fact
that heterophil-to lymphocyte ratio by 30 min in IIIrd

group of chickens (injected with 100 µg) did not
change as compared to control group, despite the in-
creased corticosterone level at that time.

Our hypothesis is based on the fact that glucagon
stimulates pancreatic somatostatin release (Stevens,
1996) which in its turn influences polymorphonuclear
cells migration via chemotaxis (Partsch and Matucci-
Cerinic, 1992). Besides, somatostatin binding to lym-
phocyte is substantial (Bhathena et al., 1981).

Therefore, these findings suggest that glucagon may
inhibit corticosteroids-induced leukocyte distribution
via somatostatin.

Exogenous glucagon had no significant effect on
hematocrit, erythrocyte and leukocyte numbers (Fig-
ures 5, 6, 7).

Conclusion

Exogenous glucagon potentiated handling induced
corticosterone and glucose increase but reduced cho-
lesterol increment. Besides, higher level of exogenous
glucagon attenuated stress-induced changes in periph-
eral blood leukocyte distribution.

References

Arvat, E., B. Maccagno , J. Ramunni , R.
Giordano, L. DiVito, F. Broglio, M. Maccario,
F. Camanni and E. Ghigo, 2000. Glucagon is an
ACTH secretagogue as effective as hCRH after
intramuscular administration while it is ineffective
when given intravenously in normal subjects. Pitu-
itary, 3 (3): 169-73.

 Arvat, E., B. Maccagno, L. Di Vito, C. Gottero,
M. Talliano and E. Chigo, 1999. ACTH-releas-
ing effect of glucagon in humans. Interaction with

hCRH., AVP and hexarelin. Journal of Endocri-
nological Investigation, 22 (Suppl 4): 24.

Bhathena, S. J., J. Louil, G. P. Schechter, R. S.
Redman, L. Wahl and L. Recant, 1981. Identifi-
cation of human mononuclear leucocytes bearing
receptors for somatostatin and glucagon. Diabe-
tes, 30: 127-131.

Brennan, F. X., R. F. Job, L. R. Watkins and S. F.
Maier, 1992. Total plasma cholesterol levels of rats
are increased following only three sessions of tail
shock. Life Science, 50: 945-50.

Cherrington, A. D., H. Fuchs, R. W. Stevenson,
P. E. Williams, K. G. Alberti and K. E.  Steiner,
1984. Effect of epinephrine on glyconeogenesis in
conscious overnight-fasted dogs. Am. J. Physiol.
Endocrinol. Metab., 247: E137-E144.

Chhibber, V. L., C. Soriano and J. A. Tayek, 2000.
Effects of low-dose and high-dose glucagon on glu-
cose production and gluconeogenesis in humans.
Metabolism, 49: 39-46.

Chu, C. A. ., D. K. Sindelar, D. W. Neal and A. D.
Cherrington, 1997. Portal adrenergic blocade does
not inhibit the gluconeogenic effects of circulating
catecholamines on the liver. Metabolism, 46: 458-
465.

 Chu, C. A., D. K. Sindelar, D. W. Neal and A. D.
Cherrington, 1996. Direct effects of catechola-
mines on hepatic glucose production in conscious
dogs are due to glyconeogenesis. Am. J. Physiol.
Endocrinol. Metab., 271: E127-E137.

Chu,C. A., D. K. Sindelar, D. W. Neal, E. J. Allen,
E. P. Donahue and A. D. Cherington,  1997.
Comparison of the direct and indirect effects of epi-
nephrine on hepatic glucose production. J. Clin. In-
vest., 99: 1044-1056.

Connolly, C. C., K. E. Steiner, R. W. Stevenson,
D. W. Neal, P. E. Williams, K. G. M. M. Alberti
and A. D. Cherrington, 1991. Regulation of
lipolisis and ketogenesis by norepinephrine in con-
scious dogs. Am. J. Physiol.,261 (Endocrinol.
Metab. 24): E466-E472.

Dhabhar, F. S., A. H. Miller, B. S. McEwen and
R. L. Spencer, 1995. Effects of stress on immune
cell distribution. Dynamic and hormonal mecha-

P. Moneva, D. Gudev, S. Popova-Ralcheva, D. Abadjieva and I. Yanchev



nisms. J. of Immunology, 134: 551-5527.
Edwards, M., J. P. McMurtry and R. Vasilatos-

Younken, 1999.  Relative insensitivity of avian skel-
etal muscle glycogen to nutritive status 1,2 Domes-
tic Animal Endocrinology, 16 (4): 239-247.

Freeman, B. M., 1980. Glucagon: a stress hormone
in the domestic fowls. Res. Vet. Sci., 28 (3): 389-
390.

Fujiwara,T., A. D. Cherington, D. W. Neal and O.
P. McGuinness, 1996. Role of cortisol in the meta-
bolic response to stress hormone infusion in the
conscious dog. Metabolism, 45: 571-578.

Galman, C., B. Angelin and M. Rudling, 2002.
Prolonged stimulation of the adrenals by corticotro-
pin suppresses hepatic low-density lipoprotein and
high -density lipoprotein receptors and increases cho-
lesterol. Endocrinology, 143: 1809-1816.

Gustavson, S., Ch. A. Chu, M. Nishizawa, B.
Farmer, D. Neal, Y. Yang,, E. P. Donahue, P.
Flakoll and A. D. Cherrington, 2003. Interac-
tion of glucagon and epinephrine in the control of
hepatic glucose production in the conscious dog.
Am. J. Endocrinol. Metab., 284: E284-E707.

Hazelwood, R. L., 2000.Pancreas. Pp. 539-555 in
Sturkie’s Avian Physiology. 5th ed. G.C. Whitow,
ed. Academic Press. New York.

Ibrishimov, N. and H. Lalov, 1984. Clinical and labo-
ratory investigations in veterinary medicine. Pub-
lisher “Zemizdat”, Sofia (Bg).

Jiang, G. and B. B.  Zhang, 2003. Glucagon and regu-
lation og glucose metabolism. Am. J. Physiol.
Endocrinol. Metab., 284 : E671-E678.

Kacsoh, B., 2000. Endocrine Physiology. Mc Graw,
Hill professional, pp. 210-211.

 Kieffer, T. J. and J. F. Habenar, 1999. The gluca-
gon-like peptides. Endocrine Rev., 20: 876-913.

 Lothrop, C. D., 1996. Disease in the endocrine sys-
tem in Rosskopf W. J., Woerpel RW (eds): Dis-
ease of Cage and Aviary Birds, 3rd ed Baltimore,
William and Wilkins, pp. 368-379.

 Magnusson, I., D. L. Rothman, D. P. Gerard, L.
D. Katz and G. I. Shulman, 1995. Contribution of
hepatic glycogenolysis to glucose production in hu-
mans in response a physiological increase in plasma

glucagon concentration. Diabetes, 44: 185-189.
McGuinness, O. P., K. Burgin, C. Morgan, D.

Bracy and A. D. Cherington, 1994. Role of glu-
cagon in the metabolic response to stress hormone
infusion in the conscious dog. Am. J. Physiol.
Endocrinol. Metab., 266: E438-E447.

McGuinness, O. P. T. Fujiwara, S. Murrell, D.
O‘Connor and A. D. Cherrington, 1993. Impact
of chronic stress hormone infusion on hepatic car-
bohydrate metabolism in the conscious dog. Am. J.
Physiol., 265 (Endocrinol. Metab. 28): E314-E322.

 Moneva, P., S. Popova-Ralcheva, D. Abadjieva,
D. Gudev and V. Sredkova, 2009. Poultry wel-
fare assessment. Is it possible to avoid handling-
induced mental stress interference? 9th International
Symposium “Modern Trends in Livestock Produc-
tion”, Belgrade – Serbia, 7-9 October, 2009. Bio-
technology in Animal Husbandry, 25 (5-6): 1055-
1062.

 Moneva, P., S. Popova-Ralcheva, D. Gudev, V.
Sredkova and I. Yanchev, 2008. Stress response
dynamics in ACTH and formalin treated chickens
Bulg. J.  Agric. Sci., 14 (6): 598-605.

Müller-Wieland, D. and W. Krone, 1995. Stimula-
tion of á-adrenoceptors inhibits cholesterol synthe-
sis in freshly isolated human mononuclear leuko-
cytes. Life Sciences, 57: 1613-1620.

Osborne, A. R., V. V. Pollock, W. R. Lagor and G.
C. Ness, 2004. Identification of insulin-responsive
regions in the HMG – CoA reductase promoter1.
Biochemical and Biophysical Research Commu-
nications, 318: 814-818.

Partsch, G. and M. Matucci-Cerinic, 1992. Effect
of substance P and somatostatin on migration of
polymorphonuclear (PMN) cells. Inflamation, 16:
539-547.

Pontiral, A. E., A. Calderara, M. G. Perfetti and
S. R Bareggi, 1993. Pharmacokinetics of intrana-
sal intramuscular and intravenous glucagon in
healthy subjects and diabetic subjects. Journal of
Clinical Pharmacology, 45: 553-558.

 Profirov, Y., 1990. Amilolytic activity in the digestive
tract of lambs during the first months after birth.
Arch. Anim. Nutr., 40: 232-244.

97Role of Glucagon in the Metabolic Response to Stress in Chickens



Richards, M. P. and J. P. McMurptry, 2009. The
avian proglucagon system. General and Com-
parative Endocrinology, 163 (1/2): 39-46.

 Stevens, L., 1996. Avian biochemistry and molecu-
lar biology. Cambridge University press, pp. 102-
106.

 Stevenson, R. W., K. E. Steiner, C. C. Connoly,

H. Fuchs, K. G. M. M. Alberti, P. E. Williams
and A. D. Cherington, 1991. Dose-related effects
of epinephrine on glucose production in conscious
dogs. Am. J. Physiol,. 260 (Endocrinol.Metabol.23):
E363-E370.

Watson, D. 1960. A simple method for determination
of serum cholesterol. Clin. Chem.Acta, 5: 637-642.

Received July, 2, 2009; accepted for printing December, 22, 2009.

98 P. Moneva, D. Gudev, S. Popova-Ralcheva, D. Abadjieva and I. Yanchev


