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Abstract

Many anti-diabetic herbal preparations have been rec-
ommended in alternative systems of medicine for the
treatment of diabetes. No systematic study has been
done on the anti-diabetic efficacy of Byesukar, a poly-
herbal formulation to treat diabetes. The anti-diabetic
efficacy of byesukar ethanol extract was evaluated in
an animal model of diabetes induced by alloxan. Male
Wistar rats were divided in to four groups. Group 1
was normal control group; group 2 and 3 received al-
loxan. After inducing experimental diabetes group 2
served as diabetic control; group 3 received byesukar
(500 mg/kg body weight) orally for 30 consecutive
days. Group 4 were normal rats which received bye-
sukar extract alone. The effect of byesukar on glucose
level in diabetic rats was studied and the level of glu-
cose metabolizing enzymes (Hexokinase, glucose-6-
phosphatase and fructose 1, 6-bisphosphatase) in the
liver and kidney were estimated. The effect of bye-
sukar on the serum and tissue lipid profile (Cholester-
ol, triglycerides, phospholipids and free fatty acids)
were also estimated in diabetic rats. Our results indi-
cate that treatment with byesukar resulted in significant
reduction of blood glucose, tissue glucose-6-phosphatase
and fructose 1, 6- bisphosphatase activity. The de-
creased tissue hexokinase activity in diabetes state was
found to be significantly increased by byesukar treat-
ment. Also the byesukar treated diabetic rats showed a
significant decrease in the tissue lipid profile compared
to the diabetic rats. In conclusion the decreased blood

glucose accompanied with decreased lipid profile and
changes in the activities of the glucose metabolizing en-
zymes shows the antidiabetic effect of byesukar.

Key words: Byesukar, alloxan, diabetes, hepatic en-
zymes, lipid profile.

Introduction

Diabetes mellitus is a syndrome, initially characterized
by a loss of glucose homeostasis resulting from defects in
insulin secretion, insulin action both resulting impaired
metabolism of glucose and other energy yielding fuels
such as lipids and protein.1 Liver is an insulin dependent
tissue, which plays a pivotal role in glucose and lipid ho-
meostasis and is severely affected during diabetes.2 Liver
participates in the uptake, oxidation and metabolic con-
version of free fatty acids, synthesis of cholesterol, phos-
pholipids and triglycerides. During diabetes a profound al-
teration in the concentration and composition of lipid oc-
cur.3 Decreased glycolysis, impeded glycogenesis and
increased gluconeogenesis are some of the changes of glu-
cose metabolism in the diabetic liver.4 Despite the great
strides that have been made in the understanding and man-
agement of diabetes, the disease and disease related com-
plications are increasing unabated.5 Death rates are twice
as high among middle-aged persons (i.e., persons aged
45-60 years) with diabetes than among those without dia-
betes. Mortality from diabetes is related primarily to heart
disease. Other complications also lead to increased mor-
bidity and mortality rates. Risk for stroke is 2-4 times
higher among persons with diabetes. Diabetes is the lead-
ing cause of new cases of blindness among adults aged
20-74 years and the leading cause of end-stage renal dis-
ease. Inspite of the presence of known antidiabetic medi-
cine in the pharmaceutical market, remedies from medici-
nal plants are used with success to treat this disease.6

Many traditional plant remedies for diabetes are used
throughout the world. Plant drugs7 and herbal formula-
tion8-10 are frequently considered being less toxic and
more free from side effects than synthetic one. Few of the
traditional plant treatments for diabetes have received sci-
entific scrutiny and the World Health Organization (WHO)
has recommended that this area warrants attention.11
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In the traditional system of Indian medicine, plant for-
mulation and combined extracts of plants are used as
drug of choice rather than individual. Various herbal for-
mulations such as diamed,12 coagent db,13 hyponidd14 and
diasulin,15 are well known for their antidiabetic effects.
Byesukar is a polyherbal drug composed of three medici-
nal plants (Table I), which are already reported for their
anti-diabetic activity. In our previous study, we have
demonstrated the anti-diabetic effect of byesukar in al-
loxan diabetic rats.16 The present investigation was un-
dertaken to study the effect of the potential antidiabetic
herbal formulation, byesukar on blood glucose, tissue
lipids and glucose metabolism in alloxan-diabetic rats.

Experimental procedures

Animals

Twenty four male Wistar rats of body weights ranging
from 150-200g were obtained from PSG Institute of Med-
ical Sciences, Coimbatore. The animals were fed with
standard pellet diet (Sai Durga Feeds, Bangalore, India)
and water ad libitum. They were maintained in a con-
trolled environment (12:12 h light/dark cycle) and tem-
perature (30 ± 2 ºC). The experimental protocol was ap-
proved by the Institutional Animal Ethical Committee,
Government of India.

Drug and chemicals

Byesukar, a polyherbal formulation was a gift from
A.Z. Siddha Medicines, Chennai, India. 250 g of herbal
drug powder were soaked overnight in 750 ml of 95%
ethanol. The suspension was filtered and the residue was
resuspended in an equal volume of 95% ethanol for 48 h
and filtered again. The two filtrates were pooled and the
solvents were evaporated in a rotary evaporator at 40-50
ºC under reduced pressure. The yield of the extract was
12%. The extract was suspended in 0.1% gum acacia and
used for this study.

Alloxan monohydrate was purchased from BDH Chem-
icals, Poole, England. All other biochemicals and chemi-
cals used for the experiments were of analytical grade.

Experimental induction of diabetes in rats

The rats (n = 18) were injected with alloxan monohy-
drate dissolved in sterile normal saline at a dose of 120

mg/kg body weight. After two weeks, rats with moderate
diabetes having glycosuria (indicated by Benedict’s
qualitative test) and hyperglycemia (i.e. with a blood glu-
cose of 200-300 mg/dL) were used for the experiment.

Experimental design

The rats (n = 24) were divided into four groups of six
animals each

Group 1 = Normal rats administered with gum acacia (n = 6)
Group 2 = Diabetic control rats (n = 6)
Group 3 = Diabetic rats administered with byesukar

(500 mg/kg body weight) daily for 30 days
(oral) (n = 6)

Group 4 = Normal rats administered with byesukar (500
mg/kg body weight) daily for 30 days (oral)
(n = 6)

At the end of 30 days, all the rats were euthanized
under mild chloroform anaesthesia. Blood was collect-
ed and used for the estimation of blood glucose. Liver
and kidney were immediately dissected out, washed in
ice-cold saline to remove the blood. Lipids were ex-
tracted from serum and tissues by the method of Folch
et al17 using chloroform-methanol mixture (CHCl

3
:

MeOH) (2:1 v/v).
Total cholesterol was estimated by the method of Zlat-

kis et al18 and triglycerides by the method of Foster and
Dunn.19 Free fatty acids and phospholipids were analyzed
by the method of Falholt et al20 and Zilversmit et al.21

Hexokinase, glucose-6-phosphatase and fructose-1, 6-
bisphosphatase were assayed by the method of Brandstrup
et al,22 Koida and Oda23 and Gancedo et al24 respectively.

Statistical analysis

The data for various biochemical parameters were ana-
lyzed using analysis of variance (ANOVA) and the group
means were compared by Duncan’s Multiple Range Test
(DMRT). Values with p < 0.05 were considered statisti-
cally significant.

Results

Results in table II shows the levels of blood glucose
of normal and experimental rats. There was a significant
elevation in blood glucose in alloxan diabetic rats com-

Table I. Byesukar (Composition and concentration).

Sl. No. Botanical name Family Part used Concentration (mg/dL)

1 Cassia auriculata Caesalpinaceae Bark 4 0
2 Eugenia jambolana Myrtaceae Seeds 4 0
3 Thespesia populnea Malvaceae Leaf 20
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pared to normal rats. Administration of byesukar signifi-
cantly (p < 0.01) decreased the blood glucose level to-
wards the normal.

The activities of carbohydrate enzymes in liver and
kidney are represented in tables III and IV respectively.
Activity of hexokinase in the tissue decreased markedly
in diabetic control rats. Treatment with byesukar signifi-
cantly (p < 0.001) increased the hexokinase activity. The
activity of gluconeogenic enzymes, glucose-6-phos-
phatase and fructose-1,6-bisphosphatase showed a
marked increase in the tissue of diabetic control rats.

Treatment with byesukar significantly (p < 0.001) de-
creased the glucose-6-phosphatase and fructose-1,6-bis-
phosphatase activity.

Tables V, VI and VII shows the levels of cholesterol,
free fatty acids, triglycerides and phospholipids in serum,
liver and kidney of control and experimental rats respec-
tively. Serum, liver and kidney of diabetic rats showed
significantly increased levels of cholesterol, free fatty ac-
ids, triglycerides and phospholipids, when compared to
normal rats. In rats treated with byesukar, there was a sig-
nificant (P < 0.001) decrease in the content of cholester-
ol, free fatty acids, triglycerides and phospholipids in the
serum as well as tissues, when compared with diabetic
control rats.

Discussion

The diabetogenic effects of alloxan are attributed to a
specific cytotoxic action mediated by hydroxyl radical
generation on pancreatic β-cells. This damages a large
number of β-cells resulting in a decrease in endogenous
insulin release. Alloxan-administered rats therefore be-

Table V. Effect of Byesukar on the levels of cholesterol, free fatty acids, triglycerides and phospholipids in the serum of control and experimental
animals.

Lipid profile Group 1 Group 2 Group 3 Group 4
(mg/100 mL) (Control) (Diabetes induced) (Diabetes induced + Byesukar) (Byesukar alone)

Cholesterol 75.20 ± 1.56 102.22 ± 3.66 84.56 ± 2.16*** 76.42 ± 1.68
Free fatty acids 70.64 ± 3.96 85.88 ± 5.52 74.26 ± 2.46*** 71.24 ± 2.06
Triglycerides 45.54 ± 3.24 64.65 ± 2.54 53.64 ± 1.70*** 47.58 ± 2.12
Phospholipids 82.42 ± 2.56 99.56 ± 4.26 86.28 ± 2.66*** 84.64 ± 3.36

n = 6 rats in each group. Values are expressed as mean ± SD. ***p<0.001 compared to Group 2.

Table IV. Effect of Byesukar on hexokinase, glucose-6-phosphatase and fructose-1, 6-bisphosphatase in the kidney of control and experimental
animals.

Enzyme Group 1 Group 2 Group 3 Group 4
(Units (mg protein)-1) (Control) (Diabetes induced) (Diabetes induced + Byesukar) (Byesukar alone)

Hexokinase 205.56 ± 1.75 112.17 ± 2.86 185.22 ± 3.55*** 206.65 ± 14.77
Glucose-6-Phosphatase 7.40 ± 0.33 10.17 ± 0.63 8.08 ± 0.78*** 7.03 ± 0.29
Fructose 1,6-diphosphatase 19.50 ± 0.41 27.80 ± 0.65 21.66 ± 0.78*** 19.00 ± 0.61

n = 6 rats in each group. Values are expressed as mean ± SD. One unit of enzyme activity was expressed as: hexokinase- nmol glucose-6-phosphate; phosphoglucoisomerase-
nmol fructose; aldolase- nmol glyceraldehyde formed min-1 (mg protein)-1 at 37 ºC. ***p < 0.001 compared to Group 2.

Table III. Effect of byesukar on hexokinase, glucose-6-phosphatase and fructose-1, 6-bisphosphatase in liver of control and experimental
animals.

Enzyme Group 1 Group 2 Group 3 Group 4
(Units (mg protein)- 1 ) (Control) (Diabetes induced) (Diabetes induced + Byesukar) (Byesukar alone)

Hexokinase 591.73 ± 21.24 325.14 ± 20.40 490.07 ± 16.58*** 591.09 ± 34.24
Glucose-6-Phosphatase 8.63 ± 0.51 13.46 ± 1.26 10.32 ± 0.19*** 8.02 ± 0.43
Fructose 1,6-diphosphatase 23.94 ± 0.77 47.50 ± 0.57 25.38 ± 0.61*** 23.66 ± 0.54

n = 6 rats in each group. Values are expressed as mean ± SD. One unit of enzyme activity was expressed as: hexokinase- nmol glucose-6-phosphate; phosphoglucoisomerase-
nmol fructose; aldolase- nmol glyceraldehyde formed min-1 (mg protein)-1 at 37ºC. ***p < 0.001 compared to Group 2.

Table II. Effect of Byesukar on the blood glucose of control and
experimental rats.

Treatment Glucose (mg/100 mL)

Normal control 97.90 ± 2.65
Control diabetic 259.16 ± 3.96
Diabetic + Byesukar 112.33 ± 2.25***
Normal + Byesukar 97.32 ± 1.89

n = 6 rats for each group. Results given as mean ± SD. ***p < 0.001 compared with
diabetic control.
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come hyperglycaemic in a short period of time, followed
by hepatic glucose over production.25 In our study, we
have found that byesukar treatment decreased the blood
glucose in alloxan-diabetic rats. The possible mechanism
of action of byesukar could be correlated with the reminis-
cent effect of the hypoglycemic sulphonylureas that pro-
mote insulin secretion by closure of K+-ATP channels,
membrane depolarization and stimulation of Ca2+ influx,
an initial key step in insulin secretion. In this context,
number of other plants has also been reported to have anti-
hyperglycemic and insulin stimulatory effects.26,27

The liver is regarded as one of the central metabolic
organs in the body, regulating and maintaining homeo-
stasis. It performs most of the reactions involved in the
synthesis and utilization of glucose. The balance be-
tween glucose production and its utilization in the liver
is regulated primarily by insulin. Liver is an insulin-de-
pendent tissue and is severely affected during diabetes.
In experimental diabetes, enzymes of glucose metabo-
lism are markedly altered. Persistent hyperglycemia is a
major contribution to such metabolic alterations that
lead to the pathogenesis of diabetic complications.28

Diabetes results in a decrease in glucose utilization
and an increase in glucose production in insulin-depen-
dent tissues such as liver.29 Decreased glycolysis, imped-
ed glycogenesis and increased gluconeogenesis are some
of the changes of glucose metabolism in the diabetic liv-
er.30 Hexokinase is an insulin-dependent and insulin-sen-
sitive enzyme and are almost completely inhibited or in-
activated in diabetic rat liver in the absence of insulin.28

Decreased enzymatic activity of hexokinase and phos-
phofructokinase has also been reported in diabetic ani-
mals, resulting in depletion of liver and muscle glyco-

gen.31,32 In our study, we also have observed decrease in
hepatic as well as renal hexokinase activity in alloxan-
diabetic rats. Administration of byesukar to alloxan treat-
ed rats resulted in an increased activity of hexokinase in
liver and kidney. This increased activity of hexokinase
can cause the increased utilization of glucose for energy
production. Byesukar has been observed to decrease the
level of blood glucose. The decrease in the concentration
of glucose in alloxan-treated rats given byesukar may be
as a result of increased glycolysis (increased liver hex-
okinase activity).

Two gluconeogenic enzymes, glucose-6-phosphatase
and fructose-1,6-bisphosphatase have been measured in
the liver and kidney of diabetic animals and those treated
with byesukar. Both enzymes showed an increase in ac-
tivity during diabetes in the liver. Administration of bye-
sukar was found to be more effective in reversing both
the enzymes to normal levels in the liver of alloxan-dia-
betic rats. The increased hepatic as well as renal fruc-
tose1,6-bisphosphatase activity may be due to the
changes in the allosteric effectors of the enzymes namely
fructose-2,6-bisphosphate, ATP, AMP and citrate. In a di-
abetic state, there is more lipolysis than lipogenesis, es-
pecially in liver, which will result in the formation of
more AMP and lower utilization of citrate for lipogenesis
leading to high energy state in the cell, i.e. higher con-
centration of ATP is more favorable for fructose-1,6-bis-
phosphatase activation.30 The reduction in the activities
of these gluconeogenic enzymes can result in decreased
concentration of blood glucose. Administration of bye-
sukar had increased the activity of hexokinase and de-
creased the activities of both glucose-6-phosphatase and
fructose-1, 6-bisphosphatase in alloxan diabetic rats.

Table VII. Effect of Byesukar on the levels of cholesterol, free fatty acids, triglycerides and phospholipids in the kidney of control and
experimental animals.

Lipid profile Group 1 Group 2 Group 3 Group 4
(mg/g tissue) (Control) (Diabetes induced) (Diabetes induced + Byesukar) (Byesukar alone)

Cholesterol 4.18 ± 0.54 7.02 ± 0.15 5.15 ± 0.54** 4.11 ± 0.39
Free fatty acids 8.23 ± 0.39 23.68 ± 1.37 15.37 ± 0.54*** 8.04 ± 0.61
Triglycerides 2.87 ± 0.20 4.89 ± 0.42 3.12 ± 0.15** 2.77 ± 0.24
Phospholipids 12.35 ± 0.63 26.92 ± 1.25 15.75 ± 0.61*** 11.75 ± 0.61

n = 6 rats in each group. Values are expressed as mean ± SD. **p < 0.01, ***p < 0.001 compared to Group 2.

Table VI. Effect of Byesukar on the levels of cholesterol, free fatty acids, triglycerides and phospholipids in the liver of control and experimental
animals.

Lipid profile Group 1 Group 2 Group 3 Group 4
(mg/g tissue) (Control) (Diabetes induced) (Diabetes induced + Byesukar) (Byesukar alone)

Cholesterol 3.21 ± 0.37 5.70 ± 0.10 4.45 ± 0.18** 2.97 ± 0.26
Free fatty acids 6.93 ± 0.42 15.87 ± 0.71 10.31 ± 0.50*** 6.75 ± 0.20
Triglycerides 3.78 ± 0.12 6.20 ± 0.29 4.43 ± 0.26** 3.51 ± 0.34
Phospholipids 14.02 ± 0.51 30.47 ± 0.77 16.05 ± 0.84** 13.78 ± 0.95

n = 6 rats in each group. Values are expressed as mean ± SD. **p < 0.01, ***p < 0.001 compared to Group 2.
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ESTE DOCUMENTO ES ELABORADO POR MEDI-
GRAPHIC

Excess of fatty acids in serum produced during diabe-
tes promotes conversion of excess fatty acids into phos-
pholipids and cholesterol in liver. These two substances
along with excess triglycerides formed at the same time in
liver may be discharged into blood in the form of lipo-
proteins.29 The abnormal high concentration of serum
lipids in the diabetic subject is mainly due to increase in
the mobilization of free fatty acids from the peripheral
fat depots, since insulin inhibits the hormone sensitive li-
pase. Hypercholesterolemia and hypertriglyceridemia
have been reported to occur in diabetic rats33,34 and sig-
nificant increase observed in our experiment was in ac-
cordance to these studies. The marked hyperlipidaemia
that characterize the diabetic state may therefore be re-
garded as a consequence of the uninhibited actions of li-
polytic hormones on fat depots.35

The antihyperlipidaemic effect of byesukar may be
due to the down regulation of NADPH and NADH, a co-
factor in the fat metabolism. Higher activity of glucose-6-
phosphatase provides H+ which binds with NADP+ in the
form of NADPH and is helpful in the synthesis of fats
from carbohydrates. When glycolysis slows down be-
cause of cellular activity, the pentose phosphate pathway
still remain active in liver to breakdown glucose that
continuously provides NADPH which converts acetyl
radicals into long fatty acid chains. Byesukar may be ca-
pable of oxidizing NADPH. Enhanced hexokinase activi-
ty in byesukar treated rats suggests greater uptake of glu-
cose from blood by the liver cells.

Activities of enzymes suggest that enhanced lipid me-
tabolism during diabetes is shifted towards carbohydrate
metabolism and it enhances the utilization of glucose at
the peripheral sites. One of the possible actions of bye-
sukar may be due to its inhibition of endogenous syn-
thesis of lipids.

Metabolic aberration in diabetic rats suggests a high
turnover of triglycerides and phospholipids. Byesukar
may antagonize the metabolic aberration and thereby
restore the normal metabolism by tilting the balance
from high lipids to high carbohydrate turn over. Alter-
ation of fatty acid composition by increased lipid levels
contribute to lowering the resistance of tissues and
higher rate of oxidative stress. Decreased activity of
glucose 6-phosphatase through pentose phosphate
shunt results in high reduced glutathione to oxidized
glutathione ratio (GSH/GSSG),36 which is coupled with
conversion of NADPH to NADP. Byesukar may produce
high NADP+ which results in down regulation of lipo-
genesis and lower risk of the tissues for oxidative stress
and high resistance for diabetes.

Thus, our results conclude that byesukar controls the
increase in the concentration of blood glucose by in-
creasing glycolysis and decreasing gluconeogenesis.
Moreover byesukar treatment significantly reduces the
levels of serum and tissue lipids, which are actively
raised in alloxan diabetic rats. This could be due to dif-

ferent types of active principles, each with a single or di-
verse range of biological activities. Cassia auriculata,
one of the main constituent of byesukar has been report-
ed to possess pharmacologically active component, di-
(2-ethyl) hexyl phthalate.37 Eugenia jambolana has been
reported to contain flavanol such as myricetin 3-o-(4"-
acetyl)-alpha-L-rhamnopyranoside.38 Similarly Thespesia
populnea has been reported to possess pharmacological-
ly active sesquiterpenoids.39 Further biochemical and
pharmacological investigations are in progress to eluci-
date in detail the mechanism of action of this drug.

References

1. Scheen JA. Drug treatment of non-insulin dependent diabetes
mellitus in the 1990s. Achievements and future development.
Drug 1997; 54: 355-368.

2. Seifter S, England S. Energy metabolism, In: Arias I, Popper H,
Schacter D, et al. (Eds). The Liver: Biology and Pathobiology.
Rauen Press, New York. 1982; 219-249.

3. Sochor M, Baquer NZ, McLean P. Glucose over and under utili-
zation in diabetes: Comparative studies on the change in activities
of enzymes of glucose metabolism in rat kidney and liver. Mol
Physiol 1985: 51-68.

4. Baquer NZ. Glucose over utilization and under utilization in
diabetes and effects of antidiabetic compounds. Ann Real Acad
Farm 1998; 64: 147-180.

5. Tiwari AK, Madhusudana Rao J. Diabetes mellitus and multiple
therapeutic approaches of phytochemicals: Present status and
future prospects. Curr Sci 2002; 83: 30-38.

6. Bhattaram VA, Ceraefe M, Kohlest C, Vest M, Deundorf H. Phar-
macokinetics and bioavailability of herbal medicinal products.
Phytomed 2002; 9: 1-36.

7. Bailey CJ, Day C. Traditional treatments for diabetes. Diabetes
Care 1989; 12: 553-564.

8. Mitra SK, Gopumadhavan S, Muralidhar TS, Anturlikar SD, Sujatha
MB. Effect of a herbomineral preparation D-400 in streptozotocin
induced diabetic rats. J Ethnopharmacol 1996; 54: 41-46.

9. Bhattacharya SK, Satyan KS, Chakrbarti A. Effect of Trasina, an
Ayurvedic herbal formulation, on pancreatic islet superoxide
dismutase activity in hyperglycaemic rats. Indian J Exp Biol
1997; 35: 297-299.

10. Annapurna A, Kanaka, Mahalakshmi D, Murali Krishna K. An-
tidiabetic activity of a polyherbal preparation (tincture of
punchparna) in normal and diabetic rats. Indian J Exp Biol 2001;
39: 500-502.

11. The WHO Expert Committee on diabetes mellitus. Technical re-
port series 646. World Health Organization, Geneva 1980: 61.

12. Pari L, Ramakrishnan R, Venkateswarn S. Antihyperglycaemic
effect of Diamed, an herbal formulation in experimental diabetes
in rats. J Pharm Pharmacol 2001; 53: 1139-1143.

13. Pari L, Saravanan G. Antidiabetic effect of coagent db, a herbal
drug in alloxan induced diabetes mellitus. Comp Biochem Physiol
Part C 2002; 131: 19-25.

14. Subash Babu P, Prince PSM. Antihyperglycemic and antioxidant
effect of hyponidd an ayurvedic herbomineral formulation in
streptozotocin induced diabetic rats. J Pharm Pharmacol 2004;
56: 1435-1442.

15. Saravanan R, Pari L. Antihyperlipidemic and antiperoxidative
effect of Diasulin, a polyherbal formulation in alloxan induced
hyperglycemic rats. BMC Complement Altern Med 2005; 5: 14.

16. Guruvayoorappan C, Sudha G. Antioxidant potential of Byesukar,
a polyherbal formulation on alloxan induced oxidative stress in
rats. Malaysian J Biochem Mol Biol 2005; 11: 31-35.

17. Folch J, Lees M, Solane SGH. A simple method for isolation and
purification of total lipids from animal tissues. J Biol Chem 1957;
226: 497-509.



C Guruvayoorappan et al. Phytopharmacological evaluation of Byesukar 363

www.medigraphic.com

18. Zlatkis A, Zak B, Boyle GJ. A method for the determination of
serum cholesterol. J Clin Med 1953; 41: 486-492.

19. Foster JB, Dunn RT. Stable reagents for determination of serum
triglycerides by colorimetric condensation method. Clin Chim
Acta 1973; 19: 338-340.

20. Falholt K, Falholt W, Lund B. An easy colorimetric method for
routine determination of free fatty acids in plasma. Clin Chim
Acta 1973; 46: 105-111.

21. Zilversmit BB, Davis AK. Microdetermination of plasma phos-
pholipids by TCA precipitation. J Lab Clin Med 1950; 35: 155-
161.

22. Brandstrup N, Kirk JE, Bruni C. Determination of hexokinase in
tissues. J Gerontol 1957; 12: 166-171.

23. Koida H, Oda T. Pathological occurrence of glucose-6-phos-
phatase in liver disease. Clin Chem Acta 1959; 4: 554-561.

24. Gancedo JM, Gancedo C. Fructose-1, 6-bis-phosphatase, phos-
phofructokinase and glucose-6-phosphate dehydrogenase from
fermenting yeast. Arch Microbiol 1971; 76: 132-138.

25. Milgro FI, Martinez JA. Effect of the oral administration of a beta
3-adrenergic agonist on lipid metabolism in alloxan-diabetic rats.
J Pharm Pharmacol 2000; 52: 851-856.

26. Rajagopal K, Sasikala K. Antihyperglycaemic and antihyperlip-
idaemic effects of Nymphaea stellata in alloxan-induced diabetic
rats. Singapore Med J 2008; 49(2): 137-141.

27. Pari L, Maheswari JU. Hypoglycaemic effect of Musa sapientum
L. in alloxan-induced diabetic rats. J Ethnopharmacol 1999; 68:
321-325.

28. Gupta BL, Nehal M, Baquer NZ. Effect of experimental diabetes
on the activities of hexokinase, glucose-6-phosphate dehydroge-
nase and catecholamines in rat erythrocytes of different ages.
Indian J Exp Biol 1997; 35: 792-795.

29. Seifter S, England S. Energy metabolism. In: The Liver: Biology
and pathology. Arias I, Papper M, Schacter D (Ed.) Raven Press,
New York 1982; 219-249.

30. Baquer NZ. Glucose over utilization and under utilization in
diabetes and and effects of antidiabetic compounds. Ann Renal
Acad Farm 1998; 64: 147-180.

31. Laakso M, Malkki M, Deeb SS. Amino acid substituents in hexoki-
nase II among patients with NIDDM. Diabetes 1995; 44: 330-334.

32. Murray RK, Granner DK, Mayes PA, Rodwell VW. Harper’s
Biochemistry. 25th Ed. Stamford, Connecticut: Appleton and
Lange. 2000: 610-617.

33. Sharma SR, Dwivedi SK, Swarup D. Hypoglycemic and
hypolipidaemic effects of Cinnamomum tomala nees leaves. In-
dian J Exp Biol 1996; 34: 372-374.

34. Luo Q, Cai Y, Yan J, Sun M, Corke H. Hypoglycemic and
hypolipidemic effects and antioxidant activity of fruit extracts
from Lycium barbarum. Life Sci 2004; 76: 137-149.

35. Goodman LS, Gilman A. The pharmacological basis of thera-
peutics. 7th Edition. Mac Millan, New York 1985; 1490-1510.

36. Bopanna KN, Kannan J, Sushma G, Balaraman R, Rathod SP.
Antidiabetic and antihyperlipaemic effects of neem seed kernel
powder on alloxan diabetic rabbits. Indian J Pharmacol 1997;
29: 162-167.

37. Nageswara RG, Mahesh KP, Dhandapani VS, Rama KT, Hayashi T.
Constituents of Cassia auriculata. Fitoterapia 2000; 71(1): 82-83.

38. Timbola AK, Szpoganicz B, Branco A, Monache FD, Pizzolatti
MG. A new flavanol from leaves of Eugenia jambolana.
Fitoterapia 2002; 73(2): 174-176.

39. Boonsri S, Karalai C, Ponglimanont C, Chantrapromma S,
Kanjana-Opas A. Cytotoxic and antibacterial sesquiterpenes from
Thespesia populnea. J Nat Prod 2008; 71(7): 1173-1177.


