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ABSTRACT
Aim: The objective of the present study was to screen the anti-hyperglycaemic and anti-
hyperlipidemic activities of leaf extracts (Pet-ether, Chloroform, Acetone, and Methanol) 
of Cassia glauca Lam. on streptozotocin-nicotinamide induced NIDDM rats. Methods: 
Acute oral toxicity of all extracts was carried out with a single dose of 2000 mg/kg in 
female non-pregnant albino Wistar rats. An oral glucose tolerance test was performed 
for all extracts in overnight fasted rats. The anti-hyperglycaemic and anti-hyperlipidemic 
activities were carried out on adult healthy albino Wistar rats of either sex. Diabetogenic 
drug Streptozotocin and Nicotinamide were administrated by intraperitoneal route. 
Standard drug glibenclamide was administered by the peroral route. Test drugs (extracts) 
were administered in doses of 200 mg/kg by the peroral route. Diabetic rats with serum 
glucose levels more than 250 mg/dl were selected for the study. Bodyweight, fasting 
serum glucose levels, and other biochemical parameters were monitored on the 1st, 
15th, and 21st day. Results: All four-leaf extract showed significant anti-hyperglycemic 
and lipid-lowering activity. Maximum activity was shown by methanolic extract (effect 
on FSGL=282.20±5.29 on day 1st to 139. 20±3.46 on 21st day, p˂0.01), (effect 
on lipid parameters= (TG=105.69±0.71 on 15th day to 110.19±0.70 on 21st day, 
p˂0.01, CH=105.68±0.50 on 15th day to 111.37±0.48 on 21st day, p˂0.01 and 
S.HDL=37.29±0.22 on 15th day to 38.05±0.44 on 21st day, p˂0.01. Conclusion: From 
the present study a conclusion can be drawn that the methanolic extract of C. glauca 
leaves possesses potential anti-hyperglycaemic and anti-hyperlipidemic properties.
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INTRODUCTION

Diabetes may be defined as a disease where 
the body either produces less insulin/ceases 
to produce insulin, or becomes progressively 
resistant to its action.1 A large number of  
plant preparations have been reported to 
possess anti-diabetic activity over the last 
several decades. Researchers in India have 
documented the use of  over 150 plants 
of  various families with hypoglycaemic 
activity.2,3

Cassia glauca is an ornamental plant belonging 
to the family Leguminosae (Fabaceae) and 
subfamily Caesalpinoideae. It is native to 
Asia (India, Thailand, Vietnam, Indonesia, 
Malaysia, Laos, Ceylon, Polynesia, and 
the Philippine Islands) and Australia.4 
The other Synonyms are C. arborescens, C. 
enneaphylla, C. petropolitana, C. sulfurea, 
C. surattensis subsp. glauca (Lam.), Sennas 
arborescens and Sennas surattensis. Sennas (from 
Arabic Sana), is a large genus of  flowering 
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plants. This genus is diverse and native throughout the 
tropics while a small number of  species also reaching into 
temperate regions. The number of  species is estimated 
at 260.5 This genus is distributed all over India, Pakistan, 
Cylon, Malaysia, China, and South Africa.6 Cassia species 
are well known in folk medicine for their laxative and 
purgative uses. They are used for antidiabetic and anti-
hyperlipidemic activity and also for treating skin diseases 
such as ringworm, scabies, eczema, and wounds.7 Besides, 
they have been also found to exhibit anti-inflammatory 
and hyperglycaemic,8 antioxidants,9 hypoglycaemic,10 
antiplasmodial,11 larvicidal,12 antimutagenic,13 and 
anticancer activities.14

Literature survey reveals that C. glauca plant possess 
cytotoxic and hepatoprotective activity in leaves,4 
anti-hyperglycaemic and anti-hyperlipidemic 
activity in the bark,15 anti-hyperglycaemic activity 
in leaves,16 antimicrobial and antioxidant activity in 
seed,17 cytotoxic and antioxidant activity in leaves,18 
cardioprotective and nephroprotective activity with 
improved glucose and insulin tolerance.19

The present study was conducted for stabilizing 
the scientific basis of  systematic phytochemical 
investigations of  leaf  extracts of  C. glauca 
followed by screening for anti-hyperglycaemic and 
anti-hyperlipidemic activities on streptozotocin-
nicotinamide induced diabetic rats.

MATERIALS AND METHODS

Collection of Plant Materials

The leaves of  C. glauca were collected from Forest 
Research Institute, Dehradun, situated at latitude 30020’ 
31.5312” N and longitude 7800’ 15.156” E, elevation 
about 2198 ft. The specimen collected for authentication 
was essentially consisted of  fruit, seed, flowers, leaves, 
and stem to readily discernible. The youngest fully 
developed and mature leaves of  the current year’s 
growth were collected and closely examined for insect 
damage, fungal infections, and mechanical injury. The 
collected samples were authenticated by The Botanical 
Survey of  India, Dehradun, and accession numbers 
114132 was assigned for C. glauca Lam. (Senna sulfurea) 
family; Caesalpiniaceae. Certificate of  authentication vide 
Ref. no. BSI/NRC/Tech. (Ident.)/2012-13 of  dated 
06/06/2012 was issued by Dr. H. C. Pande (Scientist-D) 
of  B.S.I. One set of  the samples were deposited in the 
herbarium of  Botanical Survey of  India, Northern 
regional center, Dehradun, Uttarakhand, India.

Preparation of Extract

The extraction was done using soxhlet apparatus. Dried 
powdered leaves (2 kg) were extracted successively by a 

Soxhlet apparatus with solvents in increasing order of  
polarity (petroleum ether 40:60, chloroform, acetone, 
and methanol) ranging from non-polar to polar. Each 
time before extracting with the next solvent the marc was 
rinsed and air-dried. All the extracts were concentrated 
by distilling the solvent at low temperature by a vacuum 
evaporator. Extracts obtained were weighed and 
percentages of  different extractive values were calculated 
with respect to air-dried substances. All the extracts were 
kept in a refrigerator at 2-8°C for further use.

Preliminary Phytochemical Screening

The qualitative chemical tests for various 
phytoconstituents were carried out as per methods 
described for all the leaf  extracts of  C. glauca.20-22

Animals

The present study was carried out on Wistar albino 
rats of  either sex weighing 180-200 gm. Animals were 
procured from Central Drug Research Institute (CDRI), 
Lucknow (Uttar Pradesh) and kept in the animal house 
of  The Uttar Pradesh University of  Medical Sciences 
(Formerly UP Rural Institute of  Medical Sciences and 
Research), Saifai, Etawah (CPCSEA registration no. 
1087/ac/07/CPCSEA). All rats were transferred and 
kept, housed in the departmental research laboratory 
in separate cages under standard laboratory conditions 
(temperature 25 ± 2°C with a dark and light cycle of  12 
hrs) as per the guidelines laid by the Committee for the 
Purpose of  Control and Supervision of  Experiments on 
Animals (CPCSEA).
The animals were kept in the research laboratory to 
acclimatize to laboratory conditions for a week before 
the start of  the experiment. The rats were fed with a 
standard pellet diet and water ad-libitum. Food for 
animals was supplied by CPCSEA approved vendor, 
M/s UP State Agro Industrial Corporation Ltd. 
Lucknow. Approval from the Institutional Animal 
Ethics Committee (IAEC) was taken for study (Lt No. 
26/AH/RIMS and R/2013-14 dated 13th March, 2012).

Acute Oral Toxicity

Though it is a normal practice to determine the LD50 
value, now it is acceptable to limit the study with an acute 
toxicity test (Limit Test) without using several doses 
including reasonably high doses of  the drugs. Acute oral 
toxicity studies of  all four leaf  extracts of  C. glauca were 
carried out on female non-pregnant albino Wistar rats 
(150-180 gm). Rats were randomly selected and marked 
for individual identification. A limit test at a single dose 
of  2000 mg/kg was carried out with five groups (n=3). 
The test substances in a dose of  2000 mg/kg (ten times 
more than the therapeutic dose) were administered in a 
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single dose volume (10 ml/kg) the perorally by gavage 
using an intubation cannula. Rats overnight fasted 
before dosing. After the administration of  extracts, rats 
were further deprived of  food for the next 3-4 hr.23

Drug SolutionsPreparation and Dose of 
Streptozotocin (STZ) Stock Solution

STZ was procured from Sisco Research Laboratories 
Pvt. Ltd. (SRL) of  batch no. 8685633(98% assay), mfg. 
date 06/2014. STZ was available as a dry-frozen, pale 
yellow, sterilized product. 1gm of  STZ was dissolved in 
20 ml of  0.1 M citrate buffer to obtain STZ solution 
with a pH of  4.5 and stored at 2-8°C. STZ stock solution 
was freshly prepared to induce diabetes in the rat by 
administrating with a dose of  65 mg/kg body weight in 
volume of  1ml/kg body weight of  rat by intraperitoneal 
route. The freshly prepared solution of  STZ was used 
for induction of  the diabetes in rats.

Preparation of 0.1 M Citrate Buffer

Citrate buffer (0.1 M) was prepared by mixing citric acid 
10.5 gm and sodium citrate 14.7 gm in 500 ml water. The 
volume was makeup to 2000 ml with distilled water and 
the pH was adjusted with 4.5 by sodium hydroxide.
Preparation and Dose of  Nicotinamide (NAD) 
Stock Solution:- Nicotinamide powder was procured 
from Sigma-Aldrich, product no. N-3376 (98% 
assay). NAD was received as a white powder, which 
became colourless and clear when dissolved to get the 
solution. 1gm of  NAD was dissolved in 10 ml of  0.9% 
NaCl solution and stored at a cool temperature. The 
NAD solution was freshly prepared to administer by 
intraperitoneal route with a dose of  230 mg/kg body 
weight in volume of  2.3 ml/kg body weight of  the rat, 
15 min before administration of  STZ in overnight fasted 
animals.
Preparation and Dose of  Extract Stock Solution:- 
Stock solutions of  extracts (200 mg/kg body weight of  
rat) were prepared by dissolving 2 gm of  extract in 200 
ml of  the vehicle (2% Tween-80). The stock solution 
of  extract was administered with a volume of  10 ml/kg 
body weight of  rat by the peroral route.
Preparation and Dose of  Standard Drug 
(Glibenclamide) Stock Solution:- Glibenclamide 
(USV Ltd. Baddi, Solan, HP) stock solution was prepared 
by dissolving 50 mg of  the drug in 200 ml of  the vehicle 
(2% Tween-80). The standard drug in the form of  stock 
solution (5 mg/kg) was administered with a volume of  
10ml/kg body weight of  rat by the peroral route.
Procedure for Estimation of  Serum Glucose 
(GOD-POD Method):- Blood samples were collected 
in fluoride vials from retro-orbital plexus of  rats for 

estimation of  serum glucose level. Blood was left 
to coagulate; centrifuged and clear non-hemolyzed 
serum was obtained for determination of  glucose 
concentration. Separated plasma samples were stored 
at 4-8°C for further estimation of  glucose. The FSGL 
was measured by the glucose oxidase-peroxide method 
(GOD-POD).
Induction of  Non-Insulin Dependent Diabetes 
Mellitus (NIDDM) by STZ-NAD:- In overnight 
fasted albino Wistar rats of  either sex, NIDDM was 
induced by intraperitoneal injections of  STZ 65 mg/kg 
body weight and NAD 230 mg/kg body weight. NAD 
was administered 15 min before administration of  STZ. 
After induction of  diabetes, fasting serum glucose levels 
of  animals were randomly monitored for two weeks. 
After two weeks of  induction of  diabetes, rats with a 
fasting serum glucose level of  more than 250 mg/dl were 
selected for the study. Study (Treatment) of  extracts on 
animals was started on the 15th day after administration 
of  STZ-NAD.24

Oral Glucose Tolerance Test (OGTT):- OGTT was 
performed for all extracts in overnight fasted rats. Rats 
were divided into five groups of  six animals in each group 
(n=6). Group, I served as normal control and received 
only vehicle (2% Tween-80) by the peroral route. Groups 
II-V received stock solutions of  pet-ether, chloroform, 
acetone, and methanol extract of  C. glauca by the peroral 
route. After 30 min of  extract administration, the rats of  
all groups were loaded with glucose in a dose of  2.0 gm/
kg body weight the perorally. The rats were restrained 
in rat restrainers and blood was withdrawn from the tail 
vein by making a small incision just prior to the glucose 
administration (0 min) and at intervals of  30, 60, 120 min 
after loading of  glucose. Blood glucose level (BGL) was 
measured by using a glucose test strip and a glucometer 
(Accu-Chek - Active, Roche Diabetes Care, Germany).
Experimental Design for Anti-Hyperglycaemic 
(Anti-diabetic) Activity:- Adult healthy albino Wistar 
rats of  either sex were taken for study. Diabetogenic 
drug STZ and NAD solutions were administered for 
induction of  diabetes in experimental rats. The NAD 
was administered 15 min before administration of  
STZ. After induction of  diabetes, fasting serum glucose 
levels (FSGL) of  animals were randomly monitored for 
two weeks and after two weeks the rats with FSGL of  
more than 250 mg/dl were selected for the study. Rats 
were allowed to drink 5% glucose solution overnight to 
overcome drug-induced hypoglycemia. Normal control 
rats were injected with citrate buffer as a placebo.
Study (Treatment) of  extracts on animals was started on 
the 15th day after administration of  STZ-NAD and this 
15th day was considered as day 1st of  study. Treatment 
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was subsequently continued for further 21 days with 
once-daily dosing by the peroral gavage of  the vehicle 
to normal control rats (Group-I) and diabetic control 
rats (Group-II), a stock solution of  a standard drug 
(glibenclamide) to diabetic rats (Group-III), and stock 
solutions of  test drugs (extracts) to diabetic rats with 
pet-ether, chloroform, acetone, methanol extracts of  
C. glauca to groups IV to VII respectively. Bodyweight, 
FSGL, and other biochemical parameters were 
monitored on day 1st, day, 15th and day 21st.
Rats have fasted overnight and blood was taken under 
mild anaesthesia of  ether from retro-orbital plexus in 
fluoride vial for estimation of  serum glucose and a plain 
vial for estimation of  other biochemical parameters. 
Serum was separated by centrifugation at 4000 rpm 
for 15 min and FSGL was measured. The separated 
serum of  plain vial was further used for estimation of  
triglycerides, total cholesterol, and HDL.
Procedure for Estimation of  Serum Total 
Cholesterol:- For estimation of  total cholesterol, the 
cholesterol oxidase peroxidase method (CHOD-POD) 
was used with the Span cogent diagnostics kit.
Procedure for Estimation of  Serum Triglycerides:- 
For estimation of  triglycerides, endpoint colorimetry, 
enzymatic test using glycerol-3- phosphate oxidase 
method was used with the Span diagnostic kit.
Procedure for Estimation of  High-Density 
Lipoprotein Cholesterol (HDL):- For estimation of  
HDL cholesterol, the CHOD-POD method was used 
with the Span cogent diagnostic kit.
Animal Bodyweight:- The individual bodyweight of  
all treatment groups was observed as initial and at the 
end of  the study. The mean change in bodyweight of  
rats was calculated and tabulated.
Statistical Analysis:- Data were expressed as the mean 
± S.E.M. The significance of  the results was calculated 
using one way ANOVA followed by the Dunnett t-test 
by applying software SPSS, version 21, and the results 
were considered statistically significant (when p<0.05).

RESULTS
Phytochemical Testing:- The results of  the qualitative 
phytochemical analysis showed the presence of  
flavonoids, phenolic compounds, tannins, alkaloids, 
glycosides, and carbohydrates in a good entity in 
methanolic extracts of  C. glauca.
Acute Oral Toxicity Studies (OECD - 423):- In the 
present study, acute oral toxicity was tested with a dose 
of  2000 mg/kg and found that at this dose the extracts 
did not exhibit any sign of  toxicity. Rats were observed 
individually after dosing during the first 30 min critically 

followed by, periodically during the first 24 hr, with 
special attention given during the first 4 hr. It was 
found that there were no clinical signs, and significant 
changes noticed in the skin and fur, eyes, and mucous 
membranes, respiratory rate, circulatory signs, ANS 
(salivation, perspiration, urinary, and defecation), and 
CNS (drowsiness, gait, tremors, and convulsion) along 
with body weight, and behaviour pattern. 
The animals were observed for a further 14 days for 
any sign of  delayed toxicity or impending death. The 
extracts of  C. glauca did not show any lethal effect on the 
animals for a testing dose of  2000 mg/kg. Therefore, 
it was presumed that the LD50 value is expected to be 
higher than 2000 mg/kg, and based on this the ED50 
(1/10th of  LD50) of  test substances was taken as 200 
mg/kg.
Oral Glucose Tolerance Test for C. glauca: The 
effect of  all extracts of  C. glauca along with the vehicle 
control group on OGTT is summarized in Table 1. BGL 
was found in close range among all groups when blood 
was withdrawn just before the glucose administration 
(0 min). Maximum BGL was found when blood was 
withdrawn after 30 min of  glucose administration in 
all groups. The vehicle control group had a significant 
elevation in BGL in the entire measurement period in 
comparison with extract-treated groups.
Among all extract-treated groups, BGL significantly 
(p<0.01) resettled close to the initial normal level (i.e., 0 
min) when blood was withdrawn by 120 min of  glucose 
administration. Maximum decline in BGL at intervals of  
30 and 60 min was observed significantly (p<0.01) in the 
methanolic extract group in comparison to the vehicle 
control group and other extract groups. In comparison 
to the vehicle control group, the highest BGL values 
were found in the chloroform extract group. 
The OGTT study revealed that all extracts of  C. glauca 
were lowering BGL in comparison with the vehicle 
control group, after loading of  glucose by the peroral 
route and among all tested extracts; the methanolic 
group was founded more effective. Therefore, extracts 
of  C. glauca are considered relevant for the evaluation of  
anti-diabetic study in rats.

Effect of C. glauca Leaf Extracts on FSGL in STZ-
NAD Induced NIDDM Diabetic Rats 

Results observed for FSGL (mg/dl) in experimental rats 
in a normal control group, diabetic control group, the 
diabetic group treated with standard drug glibenclamide, 
and other diabetic groups treated with leaves extracts 
of  C. glauca with a dose of  200 mg/kg is summarized 
in Table 2. The values of  FSGL obtained by standard 
drug and test extracts were compared with the diabetic 
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control group by applying one way ANOVA followed 
by Dunnett t-test. The values were presented as mean 
± S.E.M. and the result was considered statistically 
significant when p < 0.05. 
The FSGL was in close range among the normal control 
group (84.00±1.14 on the first day to 82.80±.58 on 
the 21st day). In the diabetic control group, there was 
a significant elevation in FSGL throughout the study 
period (272.00± 6.47 on the 1st day to 300.80± 5.75 on 
the 21stday. p˂0.01). In all the extract-treated groups, 
FSGL was very significantly declined when compared 
with the diabetic control group. In Pet ether extract 
group, there was a decline in FSGL from 287.80 ± 
2.90 on the 1st day to 218.20 ± 3.29 on the 21st day, p                                    
0.01. In the chloroform extract-treated group, there 
was decline in FSGL from 279 ± 5.25 on the 1st day to 
216.00 ± 6.01 on the 21st day, p˂0.01.
There was a decline in FSGL from 278.80±6.18 on day 
1st to 186.20± 5.69 on day 21st p˂0.01 and 282.20±5.29 
on day 1st to 139.20±3.46 on 21st day, p˂0.01, in acetone 
extract-treated group and methanol extract-treated 
group respectively. A maximum percentage decline in 
FSGL value was observed in the Glibenclaimide treated 

group (62.55%). Among extract-treated groups, the 
maximum reduction in FSGL was found in the methanol 
extract-treated group (50.67%).
Anti-Hyperlipidemic Activity of  C. glauca Leaves 
Extracts:- During the study, the treatment for all 
groups was continued for 21 days with once-daily 
administration of  vehicle, stock solutions of  standard 
drug glibenclamide, and stock solution of  various 
extracts of  C. glauca to rats of  the respective groups 
by the peroral gavage route. Biochemical parameters 
related to lipid profile like Serum Triglycerides (TG), 
Serum Total Cholesterol (TC), and Serum high-density 
lipoproteins (HDL) were monitored on day 1st, day 15th 
and day 21st.
The effect of  leaves extract on various lipid parameters 
are following: In the diabetic control group, there was 
a significant increase in TG (159.49±1.00 on 1st day to 
170.71±0.79 on 21st day, p˂0.01) and cholesterol values 
(131.01±1.19 on day 15th to 152.52±0.99 on day 21st, 
p˂0.01) and decline in HDL values (30.62±0.48 on day 
15th to 29.26±0.34 on 21st day, p˂0.01). The effect of  
Glibenclaimide on various lipid parameters was very 
significant as compared to the diabetic control group 

Table 1: Effect of C. glauca leaves extracts on Blood Glucose Level of rats.

Groups 0 Min 30 Min 60 Min 120 Min

Vehicle Control 81.50 ± 0.76 150.83 ± 0.79 121.33 ± 0.88 100.50 ± 0.92

Pet-Ether Extract 
(40:60) 83.67 ± 0.49 120.50 ± 0.76** 104.50 ± 0.76** 84.83 ± 0.60**

Chloroform Extract 81.50 ± 0.85 126.17 ± 0.94** 110.17 ± 1.05** 85.17 ± 0.54**

Acetone Extract 84.33 ± 0.42 118.17 ± 1.05**  94.33 ± 0.84** 83.17 ± 0.95**

Methanol Extract 83.83 ± 0.31 110.83 ± 0.60**  90.67 ± 0.56** 82.17 ± 0.98**
Values are presented as Mean ± SEM (n=6). One way ANOVA followed by Dunnett t-test was applied and the mean difference was found 
statistically significant at 0.05 level (**p<0.01) when compared with the vehicle control group.

Table 2: Effect of standard drug and various extracts (200 mg/kg) of C. glauca on FSGL (mg/dl) 
in STZ-NAD induced NIDDM rats. Study (Treatment) of extracts on animals was started on the 
15th day after administration of STZ-NAD and this 15th day was considered as day 1st of study.

Groups with Treatment FSGL (mg/dl)
1st Day 15th Day 21st Day

Normal Control 84.00 ± 1.14 83.20 ± .66 82.80 ± 0.58

Diabetic Control 272.00 ± 6.47## 281.80 ± 6.06## 300.80 ± 5.75##

Glibenclamide 275.60 ± 7.55 165.40 ± 8.09** 103.2 ± 3.26**

Pet-Ether Extract (40:60) 287.80 ± 2.90 247.40 ± 2.87** 218.20 ± 3.29**

Chloroform Extract 279.40 ± 5.25 238.60 ± 9.65** 216.00 ± 6.01**

Acetone Extract 278.80 ± 6.18 220.60 ± 4.49** 186.20 ± 5.69**

Methanol Extract 282.20 ± 5.29 213.60 ± 3.52** 139.20 ± 3.46**
Values are presented as Mean ± SEM (n=5). One way ANOVA followed by Dunnett t- test was applied. The mean difference was found statistically 
significant at 0.05 level (**p<0.01) when all the groups were compared with the diabetic control group and (##p<0.01) when the diabetic control 
compared with normal control.
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and other extract-treated groups. (S. Triglycerides= 
110.99 ±1.39 on 15th day to 106.92±0.97 on 21st day, 
S. Total Cholesterol = 101.76±1.26 on15th day and 
108.79±0.74 on 21st day and S. HDL 40.28±0.66 on 15th 

day to 40.56±0.50 on 21st day, p˂0.01.
Among extract-treated groups, improvements in various 
parameters of  lipid profile were seen in all extract-
treated groups but the maximum reduction in TG and 
CH, and increment in S.HDL was seen in Methanolic 
extract-treated group (TG= 105.69±0.71 on 15th day to 
110.19±0.70 on 21st day, p˂0.01, CH=105.68±0.50 on 
15th day to 111.37±0.48 on 21st day, p˂0.01 and S.HDL= 
37.29±0.22 on 15th day to 38.05±0.44 on 21st day, p˂0.01. 
The observed values were noted and summarized in Table 
3. The result showed that an increase in hyperglycemia 
also affects biochemical parameters in rats.
Effect of  C. glauca Leaves Extracts on Change in 
Bodyweight of  Rats:- Bodyweight of  animals of  all 
groups was monitored from time to time in the study. 
The effect of  all extracts of  C. glauca along with the group 
treated with standard drug and control groups on body 
weight of  rats was recorded on 1st day at the initiation of  
the study and also at the last day (21st day). The observed 
values are summarized in Table 4. Significant increase in 
body weight was observed on the 21st day in animals of  
the control group (189.80±2.96 on 1st day to 210.60±3.75 
on 21st day) while a decrease in body weight was found 
in animals of  the diabetic control group (191.20±3.26 
on 1st day to 183.80±3.56 on 21st day, p˂0.01). Among 
extract-treated groups, a significant increase in body 
weight was found on the 21st day when compared with 
the diabetic control group. The maximum increase was 
found in the acetone extract-treated group (188.80±2.75 
on the 1st day to 207.60±2.03 on the 21st day, p˂0.01. The 
bodyweight of  the group treated with standard drug also 
increased significantly on the 21st day (192.20±2.69 on 
the 1st day to 208.80±2.78 on the 21st day, p˂0.01).

DISCUSSION
The present study aimed to screen the anti-
hyperglycaemic and anti-hyperlipidemic activities of  
leaf  extracts of  C. glauca in STZ-NAD induced NIDDM 
rats. During the study, the hyperglycaemia produced 
by STZ-NAD model manifested mild hyperglycemia. 
Treatment of  pre-diabetic with NAD improves diabetic 
metabolic alterations, most likely by counteracting beta-
cell dysfunction and loss associated with oxidative stress. 
Treatment with NAD provides protection against free 
radicals and oxidative stress improves neurological 
outcomes and reduces infarct volume in transient and 
ischemia in vivo.25 Rats treated with STZ and NAD 

manifest symptoms of  relatively mild diabetes compared 
with animals induced by STZ alone. Importantly, β-cells 
in these rats were partially damaged, and therefore insulin 
secretion in response to glucose and some other stimuli 
is preserved. Moreover, STZ is well known to cause 
damage to pancreatic β-cells, whereas NAD partially 
protects these cells against the detrimental effects of  
STZ.26,27

In the present research, results of  the qualitative 
phytochemical analysis showed the presence of  
flavonoids, phenolic compounds, tannins, alkaloids, 
glycosides, and carbohydrates in a good entity in 
all extracts, especially the presence of  flavonoids in 
methanolic extract. In acute oral toxicity, no clinical signs 
or any significant changes noticed in the skin, fur, eyes, 
mucous membranes, respiratory rate, circulatory signs, 
ANS (salivation, perspiration, urinary and defecation) 
and CNS (drowsiness, gait, tremors and convulsion) 
along with body weight and behaviour pattern of  rats. 
Therefore, it revealed that the test drug is potentially 
safe and did not carry any toxicity even at ten times 
more dose than the therapeutic dose.
The OGTT study showed that all extracts of  C. 
glauca leaves were lowering the blood glucose levels in 
comparison with vehicle control groups. Further, it was 
observed that the methanolic extract of  C. glauca leaves 
was found more significant in lowering blood glucose 
level. Thus the leaf  extracts of  C. glauca were considered 
relevant for the screening of  anti-hyperglycaemic activity 
in rats.
On screening of  anti-hyperglycaemic activity, FSGL was 
found almost nearby in all rats of  normal control non-
diabetic group fed only with the vehicle as placebo while 
the diabetic control group showed significant elevation 
in FSGL throughout the study period which revealed 
that depriving of  anti-diabetic agent leads to continuous 
elevation in blood sugar among diabetic rats. The 
decrease in FSGL in all extract-treated groups was found 
significant (p˂0.01) when compared with the diabetic 
control group. Maximum FSGL reduction (62.55%) was 
observed in the group treated with the standard drug 
(glibenclamide) while among extract-treated group, the 
maximum reduction was observed in the group treated 
with methanol extract (50.67%) followed by acetone 
extract (33.21%), pet-ether extract (24.18%) and least 
with chloroform extract (22.67%). Screening of  anti-
hyperglycaemic activity showed that the methanolic 
extract possesses potential serum glucose-lowering 
property.
The results of  anti-hyperlipidemic activity showed that 
all the biochemical parameters were almost nearby in the 
normal control non-diabetic group treated only with the 
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vehicle as a placebo, while the diabetic control group 
showed a significant increase in TG and TC and decrease 
in HDL value during the study period. Hyperglycaemia 
produced by STZ-NAD exhibited a marked increase 
in serum triglycerides and total cholesterol. The 
tested biochemical parameters (TG, TC and HDL) of  
glibenclamide treated group showed maximum and 
significant (p<0.01) improvements in comparison to 
diabetic control group as well as also with other treated 
extracts on day 21st. Among all extract-treated groups, 
maximum significant (p<0.01) improvement for testing 
parameters were observed with the methanolic extract 
of  C. glauca. Thus the result showed that an increase in 
hyperglycemia also altered biochemical parameters in 
rats.
Bodyweight of  animals of  all groups was also monitored 
from time to time in the study. The results showed that 
there was a significant increase in body weight at the 
end of  the experiment in the normal control group 
while the characteristic loss was observed in the diabetic 

control group. The remarkable loss of  body weight 
in the diabetic control group was expected due to an 

Table 3: Effect of various extracts (200 mg/kg) of C. glauca leaves on Serum Triglyceride (mg/dl), Serum 
Total Cholesterol (mg/dl) and HDL (mg/dl) levels in STZ-NAD induced NIDDM rats. Study (Treatment) of 
extracts on animals was started on the 15th day after administration of STZ-NAD and this 15th day was 

considered as day 1st of study.
Groups with Treatment Days Serum Triglycerides (mg/

dl)
Serum Total Cholesterol 

(mg/dl)
Serum HDL (mg/

dl)

Normal Control

1st 81.36 ± 1.08 70.03 ± 0.84 44.63 ± 1.15

15th 84.67 ± 0.63 72.20 ± 0.76 44.94 ± 0.85

21st 82.13 ± 0.88 70.50 ± 0.51 44.65 ± 1.25

Diabetic Control

1st 94.02 ± 1.07 84.78 ± 0.41 35.47 ± 1.01

15th 159.49 ± 1.00## 131.01 ± 1.19## 30.62 ± 0.48##

21st 170.71 ± 0.79## 152.52 ± 0.99## 29.26 ± 0.34##

Glibenclamide

1st 87.95 ± 0.68 75.44 ± 0.76 42.19 ± 0.71

15th 110.99 ± 1.39** 101.76 ± 1.26** 40.28 ± 0.66**

21st 106.92 ± 0.97** 108.79 ± 0.74** 40.56 ± 0.50**

Pet-Ether Extract (40:60)

1st 92.49 ± 0.62 81.09 ± 0.41 37.12 ± 0.59

15th 115.27 ± 0.41** 109.19 ± 1.01** 33.42 ± 0.33**

21st 120.56 ± 1.61** 114.89 ± 0.36** 31.91 ± 0.40**

 Chloroform Extract

1st 92.67 ± 0.64 81.54 ± 0.35 37.42 ± 0.49

15th 114.97 ± 0.61** 112.64 ± 0.62** 32.06 ± 0.40**

21st 122.39 ± 2.17** 117.51 ± 0.50** 30.27 ± 0.41**

Acetone Extract

1st 92.13 ± 0.46 79.38 ± 0.35 38.25 ± 0.18

15th 112.19 ± 0.41** 108.79 ± 0.61** 35.79 ± 0.54**

21st 116.51 ± 0.46** 115.08 ± 0.66** 35.12 ± 0.67**

Methanol Extract

1st 90.16 ± 0.38 77.79 ± 0.41 40.11 ± 0.54

15th 105.69 ± 0.71** 105.68 ± 0.50** 37.29 ± 0.22**

21st 110.19 ± 0.70** 111.37 ± 0.48** 38.05 ± 0.44**
Values are presented as Mean ± SEM (n=5). One way ANOVA followed by Dunnett t-test was applied. The mean difference was found statistically significant 
at 0.05 level (**p<0.01) when all the groups were compared with the diabetic control group, and (##p<0.01) when the diabetic control compared with normal-
control.

Table 4: Effect of C. glauca leaves extracts on 
change in body weight of rats.

Groups with Treatment Change in Body Weight
1st Day 21st Day

Normal Control 189.80 ± 2.96 210.60 ± 3.75

Diabetic Control 191.20 ± 3.26 183.80 ± 3.56##

Glibenclamide 192.20 ± 2.69 208.80 ± 2.78**

Pet-Ether Extract (40:60) 190.00 ± 2.98 201.60 ± 2.56**

Chloroform Extract 191.60 ± 3.39 206.40 ± 2.90**

Acetone Extract 188.80 ± 2.75 207.60 ± 2.03**

Methanol Extract 188.40 ± 2.48 202.20 ± 2.96**

Values are presented as Mean ± SEM (n=5). One way ANOVA followed by 
Dunnett t-test was applied. The mean difference was found statistically 
significant at 0.05 level (**p<0.01) when all the groups were compared with 
the diabetic control group and (##p<0.01) when diabetic control compared with 
normal control.
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increase in wasting of  muscles and also because of  
loss of  tissue proteins.28 The body weight of  rats was 
significantly increased (p<0.01) in the group treated with 
the standard drug as well as in extract-treated groups 
which maybe because of  the property of  these drugs in 
terms of  protecting the wasting of  muscles (reversal of  
gluconeogenesis) and also because of  adequate control 
of  serum glucose. Thus the change in body weight 
indicates that hyperglycemia may be one of  the factors 
for the decrease of  body weight in rats of  the diabetic 
control group.The findings of  phytochemical and 
screening studies revealed that among all tested extracts 
of  C. glauca, the most potential is a methanolic extract in 
terms of  possessing the highest anti-hyperglycaemic and 
lipid-lowering properties. Thus the methanolic extract 
may be considered to have a good anti-hyperglycaemic 
activity which did not cause any hypoglycemic effect 
throughout the study period unlike insulin and other 
available synthetic drugs. Reduction of  serum glucose 
level by the methanolic extract was close to the standard 
drug which also explains about a normalization of  
biochemical parameters in terms of  lowering of  serum 
triglycerides and serum cholesterol while maintenance 
of  serum HDL, in comparison of  the diabetic control 
group. 
Flavonoids, a group of  phenolic derivatives with diverse 
chemical structures, are widely distributed in plants. 
Flavonoids possess a variety of  biological activities 
viz., anti-inflammatory, anti-fertility, anti-neoplastic, 
hepatoprotective, anti-ulcer, antioxidant, cardiotonic, 
anti-microbial, anti-viral, anti-diabetic and gained much 
interest as bioactive constituents. Flavonoids are well-
known phytoconstituents with anti-diabetic potential. In 
a study with rutin, a flavonol glycoside in diabetic mice 
showed significant lowering of  plasma glucose level 
along with an increase in insulin levels and also found 
the restoration of  glycogen content and the activities of  
carbohydrate metabolic enzymes.29 Another flavonoid, 
luteolin was also found in improving the insulin 
secretion in uric acid damaged pancreatic β-cells by 
suppressing the decrease of  MafA mainly through the 
NF-κB, iNOS-NO signaling pathway.30 Several studies 
have reported the mechanism of  action of  quercetin, 
a flavonol in diabetes in terms of  decreasing lipid 
peroxidation, increase in antioxidant enzymes along with 
inhibition of  insulin-dependent activation of  PI3K, and 
reduction in intestinal glucose absorption by inhibiting 
GLUT2.

31,32

Based on these results, the hypothesis of  control of  
hyperglycemia in groups treated with extract of  C. 
glauca may be due to the presence of  flavonoids and 
other important phytoconstituents which were probably 

responsible for the mechanism of  action by stimulation 
of  insulin secretion from pancreatic β-cells of  islets33 
and also due to prevention of  oxidative stress which is 
possibly involved in pancreatic β-cells dysfunction in 
diabetes may be proposed.34

CONCLUSION
The results of  the present study revealed that the 
methanolic extract of  C. glauca leaves possesses potential 
anti-hyperglycaemic and anti-hyperlipidemic properties. 
The findings of  the study pave the pathway for 
researchers to correlate important phytoconstituents of  
these plant extracts in terms of  their pharmacological 
effects. In the future, depending on the principles of  
the present research, further pharmacological evaluation 
of  isolated compounds is required in an attempt of  
developing a new anti-hyperglycaemic drug.
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TC: Serum Total Cholesterol; CDRI: Central Drug 
Research Institute; CPCSEA: Committee for the 
Purpose of  Control and Supervision of  Experiments 
on Animals; IAEC: Institutional Animal Ethics 
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POD: Glucose oxidase-peroxide method; BGL: Blood 
Glucose Level; FSGL: Fasting Serum Glucose Level; 
CHOD-POD: Cholesterol oxidase peroxidase method; 
SEM: Standard Error of  Mean; ANOVA: Analysis of  
variance; SPSS: Statistical Package for Social Science; 
OECD: Organization for Economic Co-operation 
and Development; ANS: Autonomic Nervous System; 
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SUMMARY

The objective of the present study was to screen the 
anti-hyperglycaemic and anti-hyperlipidemic activities 
of leaf extracts of the Cassia glauca plant. First of all 
phytochemical studies of all extracts were carried out 
in detail followed by their screening studies on rats was 
performed. The parameters viz; OGTT, FSGL, change 
in body weight, and other biochemical parameters 
were estimated. The findings of phytochemical and 
biological studies revealed that most therapeutic active 
phytoconstituents were present in the methanolic leaf 
extract of C. glauca in comparison to other extracts. 
Based on results obtained, it was postulated that leaves 
of C. glauca contain various bioactive phytoconstituents 
and out of them, flavonoids were more prominent 
entities for observed biological activities. Further, the 
results of the study also revealed that the methanolic 
extract of C. glauca possesses the potential anti-
diabetic and anti-hyperlipidemic property.
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