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ABSTRACT

BACKGROUND
Since times immemorial, herbal drugs have been used in the treatment of many endocrinal disorders including diabetes mellitus.
The alarming rise in the incidence of diabetes mellitus in India as well as the entire world has necessitated the development of
safer and efficacious antidiabetic drugs.

The aim of the present study is to evaluate the hypoglycaemic action of ethanolic extract of leaves of Oxalis corniculata L.
on normal and alloxan-induced diabetic albino rats.

MATERIALS AND METHODS

The ethanolic extract (500 mg/kg/d) was administered orally for two weeks to alloxan-induced diabetic rats. Blood glucose was
estimated every week for two consecutive weeks along with bodyweight monitoring. The mechanism of action of the test drug
was evaluated by estimating the glycogen content in liver, heart and skeletal muscle and also by the action of the test drug on
adrenaline-induced hyperglycaemia in the albino rats. Phytochemical analysis of the extract was carried out. Antioxidant activity
of the extract was analysed by undertaking serum level estimations of catalase and malondialdehyde in the albino rats.
Statistical Analysis- One-way ANOVA followed by Dunnett’s multiple comparison test was used for statistical analysis. The body
weights of the rats before and after drug administration were compared using Student’s t-test (paired). Values of p <0.05 were
considered significant.

RESULTS

The test drug significantly (p<0.05) reduced the rise in blood glucose induced by alloxan. The test drug produced significant
(p<0.05) increase in liver glycogen and also significantly (p<0.05) reduced adrenaline-induced hyperglycaemia. Significant
(p<0.05) lowering of normal blood glucose was also found in the test drug group compared to the normal control group.
Significant (p<0.05) increase in serum catalase levels and significant (p<0.05) reduction in malondialdehyde levels were seen
in the test drug group and the diabetic standard group as compared to the diabetic control group.

CONCLUSION
Thus, the leaves of Oxalis corniculata has significant antidiabetic and hypoglycaemic activity.
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BACKGROUND

Diabetes mellitus is a chronic disease characterised by
elevated blood glucose levels and disturbances in
carbohydrate, fat and protein metabolism.

These metabolic abnormalities occur due to insulin
deficiency, which either cause increased release of glucose
into the circulation from the liver or due to reduced entry of
glucose into the peripheral tissues.! The side effects
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associated with the use of insulin and other hypoglycaemic
agents have led to an increased demand for the use of
natural products with antidiabetic properties.? Researches
conducted on several plants have revealed their
effectiveness in the treatment of diabetes mellitus. However,
in the perspective of an ever increasing incidence of diabetes
mellitus, a lot of research still remains to be conducted in
this field.3

Oxalis corniculata L., commonly known as Indian Sorrel
or ‘Chengeri tenga’ is a common garden weed found
throughout India. The leaves of the plant are considered
cooling, antiscorbutic, astringent and useful in fever,
biliousness, dysentery and prolapse of the rectum.*
Preclinical studies have reported the plant to possess wound
healing, antibacterial, antiepileptic, anxiolytic, antiamoebic,
antifungal, anticancer, antidiabetic, antihyperlipidemic,
cardioprotective, hepatoprotective, analgesic,
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antiinflammatory, abortifacient and antioxidant properties.®
Literature reviews indicated that although studies on the
antidiabetic potential of this plant in diabetic rats have been
undertaken, not much studies on its blood glucose lowering
activity in normal rats as well as its probable mechanism of
antidiabetic action have so far been undertaken. In view of
this, the present study (an experimental preclinical study)
was aimed at evaluating the hypoglycaemic activity of
ethanolic extract of leaves of Oxalis corniculata in normal
and alloxan-induced diabetic albino rats and also to evaluate
the probable mechanism of antidiabetic action.

MATERIALS AND METHODS

Collection of Plant Material and Extraction- The leaves of
Oxalis corniculata were collected from the local market,
Dibrugarh, Assam, in the months of January-April and the
plant material was authenticated by Dr. L.R. Saikia,
Associate Professor, Department of Life Sciences, Dibrugarh
University, Dibrugarh. A voucher specimen (No. DU/LS/206)
was deposited at the Department of Life Sciences, Dibrugarh
University.

The leaves were air dried, powdered (500 g) and
ethanolic extract was prepared using 90% ethanol by
percolation method.® The extract was evaporated to dryness
under vacuum and dried in a vacuum desiccator to obtain a
final yield of 39.5 g of the extract (7.9% w/w).

Preliminary Phytochemical Analysis- The ethanolic
extract of leaves of Oxalis corniculata Linn was subjected to
phytochemical analysis as per the standard methods.”:8

Animals- The study was carried out in healthy adult albino
rats (Rattus norvegicus) of either sex (100-200 g each).
They were procured from Chakraborty Enterprises, Kolkata,
and were housed in clean polypropylene cages with food
pellets and tap water provided ad libitum. Permission from
the Institutional Animal Ethical Committee for laboratory use
of animals (Registration No: 634/02/a/CPCSEA; dated
19/05/2002) was duly obtained and the animals were taken
care of as per the Guidelines of the Committee for the
Purpose of Control and Supervision of Experiments on
Animals (CPCSEA).

Acute Toxicity Study- Acute oral toxicity test for the
ethanolic Extract of Leaves of Oxalis Corniculata (ELOC) was
carried out as per OECD Guidelines 425.° Previous studies
reported the leaf extract of Oxalis corniculata to be relatively
nontoxic when administered orally.1? Hence, the limit test at
2000 mg/kg was performed. One fourth of the maximum
dose tested was decided to be considered for the studies.

Chemicals Used- Aventis Pharma Ltd., Goa, provided the
crude powder of glibenclamide. The glucose kit for blood
glucose estimation was purchased from Sigma Diagnostic
(India) Pvt. Ltd.,, Baroda. Alloxan monohydrate,
thiobarbituric acid, hydrogen peroxide, ferric chloride,
chloroform, ethanol, potassium sodium tartrate, copper
sulphate and all other chemicals and solvents of analytical
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grade used for antioxidant and phytochemical analysis were
obtained from Sigma-Aldrich India, Bangalore.

Study of Hypoglycaemic Effect in Normal Rats!! -
Three groups of animals (six in each) were divided as
follows-
e Group A- Normal Control. Received normal saline, 10
mL/kg/d orally.
e Group B- Test Drug. Received ELOC 500 mg/kg/d orally.
e Group C- Standard Drug. Received glibenclamide!? 0.5
mg/kg/d orally.!3

All the rats were kept fasting for 18 hours with free
access to water before the experiment. Blood samples were
collected from the orbital sinus of rats for glucose estimation
at ‘0’ min. before drug administration and also at ‘120" mins.
after the above treatment. Blood glucose estimation was
done by glucose oxidase method!* using a glucose kit.

Experimental Design for Antidiabetic Study? - A total
of 30 animals were equally divided into four groups with six
animals in each group-
e Group A- Normal control. Received normal saline, 10
mL/kg/d.
e Group B- Diabetic control. Received normal saline, 10
mL/kg/d.
e Group C- Diabetic test. Received ELOC, 500 mg/kg/d.
e Group D- Diabetic standard. Received glibenclamide
0.5 mg/kg/d.

The above drugs were administered orally once daily for
two weeks.

Induction of Diabetes- Leaving aside six rats for normal
control group, 24 rats were induced diabetes by a single
intraperitoneal injection of alloxan monohydrate in the dose
of 150 mg/kg bodyweight. The fasting blood glucose was
determined after 72 hours, i.e. on day ‘1’. Only 18 rats
showing blood glucose level greater than 200 mg/100 mL
were taken for the study.'® Blood glucose was estimated
every week for two consecutive weeks. Blood glucose
estimation was done by glucose oxidase method. During the
experimental period, the rats were weighed on day ‘0’ and
day ‘15’ of the experiment and the change in bodyweights
was compared.16

Biochemical Estimations for Antioxidant Activity of
Plant Extracts- The antioxidant activity of the plant extract
was carried out by estimating the activity of antioxidant
enzyme catalase in serum and also the serum level of
malondialdehyde as an indicator of oxidative stress.

Enzymatic Essay of Catalase- Catalase activity was
measured in blood on day ‘1’ and day ‘15’ of the experiment
by continuous spectrophotometric rate determination by
Beers and Sizer method.!” The values were expressed as
pmol of H202/min./mL.
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Estimation of Serum Malondialdehyde-
Malondialdehyde (MDA) level was measured on day ‘1" and
day ‘15’ of the experiment by colorimeter using thiobarbituric
acid reactive substance as described by Satoh K.!® The
results were expressed in nmol/mL.

Probable Mechanism of Antidiabetic- Action-
Glycogen Estimation of Liver, Skeletal Muscle and
Cardiac Muscle!® - Out of 30 rats, diabetes was induced
in 24 rats by intraperitoneal administration of alloxan
monohydrate 150 mg/kg bodyweight. Of them, 18 rats
having blood glucose level >200 mg/100 mL after 72 hours
of diabetes induction were considered for the study.
Four groups of rats with six in each were taken as follows-
e Group A- Normal control (normal saline, 10 mL/kg/d).
e Group B- Diabetic control (normal saline, 10 mL/kg/d
+ alloxan).
e Group C- Diabetic test (ELOC, 500 mg/kg/d + alloxan).
e Group D- Diabetic standard (glibenclamide, 0.5
mg/kg/d + alloxan).

Two hours after drug administration, all the 24 rats were
decapitated and their liver, leg muscle and heart tissues
were taken out. Extraction of the tissue was done by
homogenisation with Trichloroacetic Acid (TCA) solution
using a tissue homogeniser. Alcohol was used to precipitate
the glycogen from the extract. The glycogen content of the
tissues was then determined by direct treatment of the
precipitated glycogen with anthrone reagent.'®

Effect on Adrenaline-Induced Hyperglycaemia-2° For

this study, three groups of rats with 6 in each were taken.

e Group A- Normal control (normal saline 10 mL/kg/d
orally).

e Group B- Test drug (ELOC, 500 mg/kg/d orally).

e Group C- Standard drug (glibenclamide 0.5 mg/kg/d
orally).

Before administration of the above drugs, fasting blood
samples were drawn from the rats. One hour after drug
administration, adrenaline hydrochloride 100 pg was
administered intraperitoneally to all the rats. Half an hour
after adrenaline administration, blood samples were again
collected.

Statistical Analysis- The data was statistically analysed
using one-way ANOVA followed by Dunnett’'s multiple
comparison test. The bodyweights of the rats before (on ‘0’
day) and after (on 15th day) drug administration were
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compared using Student’s t-test (paired). The statistical
analysis was done using computerised GraphPad Prism
Software Version 5.00. Values of p <0.05 were considered
significant.

RESULTS

Acute Toxicity Test- None of the three rats, which were
consecutively administered 2000 mg/kg of the extract, died.
Therefore, LD50 of the extract was considered to be more
than 2000 mg/kg. One fourth of the maximum dose tested
was selected for antidiabetic studies.

Phytochemical Analysis- Preliminary phytochemical
analysis indicated the presence of flavonoids, saponins,
tannins, glycosides, carbohydrates, proteins, fatty acids and
phytosterols.

Effect on Fasting Blood Glucose Level- The statistical
methods used for analysing the data were one way ANOVA
and Dunnett’s multiple comparison test.

Normal Rats- A significant (p <0.05) lowering of normal
blood glucose was found in test drug and standard drug
groups when compared to normal control group after 120
mins. of drug administration (Table 1).

Mean Blood Glucose Level in mg/100 mL
Groups ‘0 min.’ ‘120 mins.’
Normal control 107 £ 0.97 104 £ 0.93
Test drug 108 + 1.24 93 + 1.462
Standard drug 108 + 1.53 87 + 0.862
F 0.2083 59.73
ANOVA Df 2,15 2,15
P >0.05 <0.05
Table 1. Effects on Blood Glucose Level of Normal Rats

e Values are expressed as mean = SEM; n=6 rats in each
group.

e One-way ANOVA followed by Dunnett's multiple
comparison test done.

e 3p <0.05 when compared to normal control group.

Diabetic Rats- On repeated administration of the extract
and glibenclamide for two weeks, a significant (p <0.05)
decrease in blood glucose was found in diabetic test group
and diabetic standard group respectively as compared to
diabetic control group, which showed a significant (p <0.05)
rise in blood glucose as compared to normal control group.
However, both the drugs failed to restore the blood glucose
level to that of the normal control group (Table 2).

Mean Blood Glucose Level in mg/100 mL

Groups ‘0 Day’ (Baseline) ‘15t day’ (After 72 Hours) ‘8th Day’ ‘15t Day’
Normal control 109 £+ 0.82 112 + 0.93 109 + 1.34 111 + 0.86
Diabetic control 108 + 1.07 296 + 2.322 330 + 1.002 372 £ 1.34°
Diabetic test 108 + 1.10 310 + 0.682 251 + 1,29 142 + 0.93°
Diabetic standard 111 £+ 2.00 279 + 1.072 184 £ 0.77°" 135 + 2.15P

F 1.143 4339 7018 7449

ANOVA Df 3,20 3,20 3,20 3,20

P >0.05 <0.05 <0.05 <0.05

Table 2. Effects on Blood Glucose Level of Alloxan-Induced Diabetic Rats
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e Results are expressed as Mean + SEM; n=6 rats in
each group.

e One-way ANOVA together with Dunnett's multiple
comparison test was done.

e 3p <0.05 when compared to normal control group. °p
<0.05 when compared to diabetic control group.

Effect on serum catalase and Malondialdehyde
(MDA) levels in diabetic rats- One-way ANOVA followed
by Dunnett’s multiple comparison test was used for the
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statistical analysis of the results. On Day 1 of the
experiment, there was significant increase (p <0.05) in
serum levels of MDA and significant decrease (p <0.05) in
serum levels of catalase in the diabetic rats as compared to
the normal control group. However, on administration of
ELOC and glibenclamide consecutively for two weeks, there
was significant increase (p<0.05) in catalase levels and
significant decrease (p<0.05) in MDA levels in test drug and
standard drug groups respectively as compared to the
diabetic control group (Table 3).

Groups Catalase (pmol/min./mL) Malondialdehyde (MDA) (nmol/mL)
Day 1 Day 15 Day 1 Day 15
Normal control 199 + 0.95 200 £ 2.08 3.5+ 0.43 3.3+ 0.76
Diabetic control 176.8 + 2.092 139.5 + 2.16° 5 + 0.95° 6.3 +0.88?
Diabetic test 177.8 £ 2.442 190.8 £ 1.35P 4.8 £ 0.682 3+ 0.58°
Diabetic standard 178.8 £ 1.702 198.6 + 3.18P 4.6 £ 0.372 2.8 + 0.60P
F 32.44 158.4 3.91 5.33
ANOVA Df 3,20 3,20 3,20 3,20
P <0.05 <0.05 <0.05 <0.05
Table 3. Effects on Antioxidant Levels in Alloxan-Induced Diabetic Rats

Each value represents Mean + SEM; n=6 rats in each
group. One-way ANOVA and Dunnett’s multiple comparison
test done. ?p <0.05 when compared to normal control
group. Pp <0.05 when compared to diabetic control group.

Effect on Changes in Body Weight- The bodyweights of
the rats before (on ‘0’ day) and after (on 15th day) drug
administration were compared using Student’s t-test

(paired). The final bodyweight showed significant (p<0.05)
increase from the initial bodyweight in all the groups except
in diabetic control group, in which there was significant
(p<0.05) decrease in bodyweight compared to the initial
bodyweight (Table 4). However, the percentage increase in
bodyweights in the diabetic test group and the diabetic
standard group respectively was relatively less than the
normal control group (Table 4).

Body Weights in Grams (g)
Groups Initial (0’ Day) Final (15 Day) Change % of Increase | % of Decrease
Normal control 125 £ 1.57 160 £ 1.772 35+ 1.57 28.00
Diabetic control 127 £ 0.77 82 = 1.00° 45 +£ 0.93 35.00
Diabetic test 126 + 1.59 149 + 1,072 23 + 0.83 18.00
Diabetic standard 123 £ 0.82 153 £ 0.972 30 £ 2.18 24.00
F 1.862 849.5 38.56
ANOVA Df 3,20 3,20 3,20
P >0.05 <0.05 <0.05
Table 4. Effects on Bodyweights in Alloxan-Induced Diabetic Rats

Values expressed as Mean + SEM; n=6 rats in each
group. One-way ANOVA and Student’s t-test (paired) test
done. 2p <0.05 when compared to the initial bodyweight.

Effect on Glycogen Estimation- The data was statistically
analysed using one-way ANOVA followed by Dunnett’s
multiple comparison test.

There was a significant (p <0.05) increase in the
glycogen content of liver, skeletal muscle and cardiac muscle
in diabetic test group and diabetic standard group as
compared to diabetic control group, which showed a
significant (p <0.05) reduction in glycogen content in the
above tissues as compared to normal control group (Table
5).

Groups Glycogen Concentration (mg/100 g)
Liver Skeletal Muscle Cardiac Muscle

Normal control 45 + 1.00 38 £ 0.68 32 £ 0.89
Diabetic control 6 £ 1.07° 5+ 0.932 3 £ 0.58°
Diabetic test 42 +1.77° 27 £1.34° 16 + 1.00°
Diabetic standard 40 + 1.46° 32 +1.32P 27 £ 0.86°

F 180.7 170.1 231.2

ANOVA Df 3,20 3,20 3,20

P <0.05 <0.05 <0.05

Table 5. Effect on Glycogen Concentration in Liver, Skeletal Muscle and Cardiac Muscle
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Values are expressed as Mean + SEM; n=6 rats in each
group. One-way ANOVA followed by Dunnett's multiple
comparison test was done. 2p <0.05 when compared to
normal control group. Pp <0.05 when compared to diabetic
control group.

Original Research Article

Effect on Adrenaline-Induced Hyperglycaemia- The
test drug and the standard drug significantly (p <0.05)
reduced hyperglycaemia induced by adrenaline. The
percentage reduction of blood glucose by ELOC was 20.31%
and that caused by glibenclamide was 50% (Table 6).

Groups Blood Glucose Level (mg/100 mL)
‘0 hour’ Fasting | 2 hour after Adrenaline Change % of Increase % of Decrease
Normal control 130 + 0.82 222 + 0.58 92 £0.73 70.76
Test drug 133 + 0.77 208 + 1.48a 75 + 1.07a 56.39 20.31
Standard drug 130 + 1.24 176 = 1.92a 46 £ 1.21a 35.38 50.00
F 3.214 269.0 518.0
ANOVA Df 2,15 2,15 2,15
P >0.05 <0.05 <0.05
Table 6. Effect of ELOC on Adrenaline-Induced Hyperglycaemia in Albino Rats

Each value represents Mean = SEM. One-way ANOVA
and Dunnett’s multiple comparison test done. 2p <0.05 when
compared to the normal control group.

DISCUSSION

From the study, it was seen that ELOC significantly lowered
the blood glucose level in diabetic rats. The ELOC also
significantly (p <0.05) lowered the normal blood glucose
level at 120 minutes after drug administration. The
antidiabetic and hypoglycaemic action of the leaves of Oxalis
corniculata may be due to the presence of saponins, tannins
and flavonoids in them. In the present study, the
phytochemical analysis of ELOC revealed the presence in it
of flavonoids, saponins, tannins, glycosides, carbohydrates,
proteins, fatty acids and phytosterols.

Flavonoids have been found to stimulate insulin secretion
or possess an insulin-like effect.?! Saponins are also known
to lower blood glucose levels.?? Raised blood glucose level is
the principal stimulus for insulin secretion.z3 The fact that
the ethanolic extract of leaves of Oxalis corniculata has
lowered normal blood glucose level, asserts the presence in
it of some constituents with insulin-like action. The
constituents of leaves of Oxalis corniculata might cause
hypoglycaemia by exerting a direct insulin-like insulin-
independent effect on glucose transport and glucose
metabolism.

Induction of diabetes with alloxan is associated with a
characteristic loss of bodyweight,? which is due to increased
lipolysis and increased muscle wasting and loss of tissue
proteins caused by insulin deficiency.?* Alloxan exerts its
diabetogenic effect by its cytotoxic action against insulin
producing beta cells of pancreas.?® ELOC, when
administered to diabetic rats caused an increase in
bodyweight on the 15™ day when compared to the initial
bodyweight on the Oth day probably by ameliorating the
extent of insulin deficiency and thereby preventing lipolysis
and proteolysis.

Diabetes is associated with an imbalance between the
pro-oxidant and antioxidant status of the living tissues.?® In
the present study, the ability of the extract (ELOC) to reduce
the raised levels of malondialdehyde and increase the
reduced levels of catalase in diabetic rats might be because
of its antioxidant and free radical scavenging property. This
has also been stated by Borah A et al.?” The presence of
flavonoids and saponins in the ethanolic extract of Oxalis
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corniculata (as revealed from the phytochemical analysis
done in this study) is mainly responsible for its antioxidant
property. Flavonoids acts as antioxidants by increasing the
function of endogenous antioxidants, directly scavenging
free radicals, directly inhibiting lipid peroxidation and
inhibiting release of peroxidise, which inhibits the generation
of reactive oxygen species.?8

Glycogen metabolism in the liver regulates the blood
glucose. The control of the synthesis and breakdown of
glycogen in the liver is central to the regulation of blood
glucose level.? In this study, it was seen that ELOC caused
increase in glycogen concentration of the liver and this
correlates well with the fall in blood glucose level seen in
normal rats at 120 minutes (2 hours) after ELOC
administration. The rise in liver glycogen maybe due to the
activation of glycogen synthase system3® by insulin or
insulin-like substances. Also, the increase in glycogen
content in skeletal muscles indicate enhanced peripheral
uptake of glucose together with stimulation of muscle
glycogen synthase enzyme,?* which may be due to insulin-
like action of ingredients present in the leaves of Oxalis
corniculata.

Adrenaline produces hyperglycaemia by inhibiting insulin
secretion, stimulating glycogenolysis in muscle and thus
providing substrate in the form of lactate for hepatic
gluconeogenesis, stimulating glucagon secretion and
stimulating ACTH secretion, which in turn stimulates
glucocorticoid secretion from the adrenal cortex.3! The test
drug significantly (p <0.05) reduced the adrenaline-induced
hyperglycaemia probably by inhibiting adrenaline-induced
stimulation of o 2 receptors in B-cells of pancreas and thus
promoting further insulin release.3?

Thus, from this study, it can be said that the
hypoglycaemic and antidiabetic effect of leaves of Oxalis
corniculata may be at least partly due to its positive effect
on glycogen synthesis in liver, skeletal muscle and heart
along with its stimulatory action on insulin release by
blocking the o, 2 receptors in B-cells of pancreas.

However, the present study failed to encompass a few
other studies, which were necessary to confirm the probable
mechanism of antidiabetic action of leaves of Oxalis
corniculata. Studies on serum insulin assay and insulin
secretagogue activity of the components of the leaves of
Oxalis corniculata are necessary to confirm their insulin
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releasing action. Also, studies for isolating and elucidating
the structure of the active principles responsible for
hypoglycaemia that are present in the leaves of Oxalis
corniculata can be undertaken.

ACKNOWLEDGEMENT

We are thankful to Dr. L.R. Saikia, Associate Professor,
Department of Life Sciences, Dibrugarh University,
Dibrugarh, for helping us with the taxonomical identification
of the plant. We are also thankful to Mr. Bipul Thakuria and
Mr. Michikanta Mech, Department of Pharmacology, Assam
Medical College and Hospital, Dibrugarh, for providing the
necessary technical help during the research work.

REFERENCES

[1] Mohammadi J, Naik PR. Evaluation of hypoglycaemic
effect of Morus alba in an animal model. Indian Journal
of Pharmacol 2008;40(1):15-18.

[2] Akhtar MA, Rashid M, Wahed MI, et al. Comparison of
long-term anti-hyperglycaemic and hypolipidemic
effects between Coccinia cordifolia (Linn.) and
Catharanthus roseus (Linn.) in alloxan-induced diabetic
rats. Research Journal of Medicine and Medical
Sciences 2007;2(1):29-34.

[3] IJothivel N, Ponnusamy SP, Appachi M, et al.
Antidiabetic activity of methanol leaf extract of Costus
pictus D. Don in alloxan-induced diabetic rats. Journal
of Health Science 2007;53(6):655-663.

[4] Nadkarni KM. The Indian Materia Medica. Mumbai:
Presidency Printing Press 1927.

[5] Srikanth M, Swetha T, Veeresh B. Phytochemistry and
pharmacology of oxalis corniculata Linn: a review.
International Journal of Pharmaceutical Sciences and
Research 2012;3(11):4077-4085.

[6] Nairn JG. Solutions, emulsions, suspensions and
extracts. In: Gennaro A, Marderosian AD, Hanson GR,
et al, eds. 20th edn. Remington: The Science and
Practice of Pharmacy. Philadelphia: Lippincott Williams
and Wilkins 2000:721-752.

[71 Tiwari P, Kumar B, Kaur M, et al. Phytochemical
screening and extraction: a review. Internationale
Pharmaceutica Sciencia 2011;1(1):98-106.

[8] Saxena M, Saxena J. Phytochemical screening of
Acorus calamus and Lantana camara. International
Research Journal of Pharmacy 2012;3(5):324-326.

[9] Organization for Economic Cooperation and
Development (OECD). OECD guidelines for testing of
chemicals. Section 4: Health effects. Test no. 425:
Acute oral toxicity: up-and-down procedure. France:
OECD Publishing 2008:1-27.
http://www.oecdbookshop.org/oecd/index.asp?lang=
en

[10] Mekap SK, Sahoo S, Sathapathy KB, et al. Evaluation
of antidiabetic activity of Oxalis corniculata Linn. whole
plant. Research Journal of Pharmaceutical Biological
and Chemical Sciences 2016;7(2):2142-2152.

[11] Ghosh R, Sharatchandra K, Rita S, et al. Hypoglycaemic
activity of Ficus hispida (bark) in normal and diabetic
albino rats. Indian Journal of Pharmacology
2004;36(4):222-225.

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 4/Issue 81/0Oct. 09, 2017

Original Research Article

[12] Sundarrajan T, Rajkumar T, Udhayakumar E, et al.
Antidiabetic activity of methanolic extract of Hibiscus
cannabinus in streptozotocin induced diabetic rats.
International Journal of Pharma and Bio Sciences
2011;2(1):125-130.

[13] Ghosh ~ MN. Fundamentals of experimental
pharmacology. 6th edn. Kolkata: Hilton and Company
2015:170-178.

[14] Gwarzo MY, Ahmadu JH, Ahmad MB, et al. Serum
glucose and malondialdehyde levels in alloxan induced
diabetic rats supplemented with methanolic extract of
Tacazzea apiculata. Int J Biomed Sci 2014;10(4):236-
242.

[15] Prajapati DD, Patel NM, Savadi RV, et al. Alleviation of
alloxan-induced diabetes and its complications in rats
by Actinodaphne hookeri leaf extract. Bangladesh
Journal of Pharmacology 2008;3(2):102-106.

[16] Babu V, Gangadevi T, Subramoniam A. Antidiabetic
activity of ethanol extract of Cassia kleinii leaf in
streptozotocin-induced diabetic rats and isolation of an
active fraction and toxicity evaluation of the extract.
Indian Journal of Pharmacology 2003;35:290-296.

[17] Beers RFJ], Sizer IW. A spectrophotographic method for
measuring the breakdown of hydrogen peroxide by
catalase. J Biol Chem 1952;195(1):133-140.

[18] Satoh K. Serum lipid peroxide in cerebrovascular
disorders determined by a new colorimetric method.
Clin Chim Acta 1978;90(1):37-43.

[19] Carroll NV, Longley RW, Roe JH. The determination of
glycogen in liver and muscle by use of anthrone
reagent. J Biol Chem 1956;220(2):583-596.

[20] Anturlikar SD, Gopumadhavan S, Chauhan BL, et al.
Effect of D-400, a herbal formulation, on blood sugar
of normal and alloxan-induced diabetic rats. Indian
Journal of Physiol Pharmacol 1995;39(2):95-100.

[21] Dzeufiet PD, Tedong L, Asongalem EA, et al.
Hypoglycaemic effect of methylene chloride/ methanol
root extract of Ceiba pentandra in normal and diabetic
rats. Indian Journal of Pharmacology 2006;38(3):194-
197.

[22] Barky ARE, Hussein SA, Alm-Eldeen A, et al. Saponins
and their potential role in diabetes mellitus. Diabetes
management 2017;7(1):148-158.
http://www.openaccessjournals.com/articles/saponins
-and-their-potential-role-in-diabetes-mellitus.html

[23] Davis SN. Insulin, oral hypoglycaemic agents, and the
pharmacology of the endocrine pancreas. In: Brunton
LL, Lazo JS, Parker KL, eds. Goodman and Gilman'’s the
pharmacological basis of therapeutics. 11th edn. New
York: McGraw-Hill 2006:1613-1645.

[24] Tripathi KD. Insulin, oral hypoglycaemic drugs and
glucagon. Chapter 19. Essentials of medical
pharmacology. 7th edn. New Delhi: Jaypee Brothers
2014:258-281.

[25] Gorus FK, Malaisse W], Pipeleers DG. Selective uptake
of alloxan by pancreatic B-cells. Biochem ]
1982;208(2):513-515.

[26] Khan AN, Khan RA, Ahmad M, et al. Role of antioxidant
in oxidative stress and diabetes mellitus. Journal of

Page 4760



Jebmh.com

Pharmacognosy and Phytochemistry 2015;3(6):217-
220.

[27] Borah A, Yadav RS, Unni BG. Evaluation of antioxidant
activity of different solvent extracts of oxalis
corniculata L. Journal of Pharmacy Research
2012;5(1):91-93.

[28] Nijveldt RJ, van Nood E, van Hoorn DC, et al.
Flavonoids: a review of probable mechanisms of action
and potential applications. American Journal of Clinical
Nutrition 2001;74(4):418-425.

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 4/Issue 81/0Oct. 09, 2017

Original Research Article

[29] Schaftingen EV, Gerin I. The glucose-6-phosphatase
system. Biochem J 2002;362(pt 3):513-532.

[30] Bollen M, Keppens S, Stalmans W. Specific features of
glycogen metabolism in the liver. Biochem ]
1998;336(pt 1):19-31.

[31] Kraus-Friedmann N. Hormonal regulation of hepatic
gluconeogenesis. Physiological Reviews
1984;64(1):170-177.

[32] Tripathi KD. Adrenergic system and drugs. Chapter 9.
Essentials of medical pharmacology. 7th edn. New
Delhi: Jaypee Brothers 2014:124-139.

Page 4761



