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Abstract
Background: Management of the diabetes is a greatest challenge before the generation, as it is engulfing 10%
of the total healthcare budget alone. Treatment with the synthetic hypoglycemic approach presents severe side
effects with piles up the diabetic complications. Treatment of diabetes with the aid of herbal is gaining much
attention. Present study evaluates the Ethanolic extract of the Annona squamosa for reducing hyperglycemia
along with other biochemical alteration.
Materials and method: Study included thirty male rats divided into five groups, Group I Normal control, Group
II-Diabetic control, Group III- A. squamosa extract (150 mg/kg) (DT150), Group IV- A. squamosa extract (250
mg/kg) (DT250), and Group V- Rosiglitazone (2 mg/kg) (DTRGZ). The rats in the groups were evaluated for fifteen
days. Blood sample and liver tissues were collected for further biochemical analysis. Statistical analysis was
done using MATLAB software and data were represented as Mean±SEM.
Results: Results of the desired parameters were found significant. The parameters considered for the study
were, body weight, fasting insulin, blood glucose, lipid profile, ALT, AST, urea creatinine in blood sample and
Glucokinase, glycogen, Glucose- phosphatase in hepatic tissues. Results obtained were compared with that of
Rosiglitazone for the efficacy and potential evaluation of herbal with synthetic one.
Conclusion: According to results obtained it could be concluded that the herbal extract of Annona squamosa
could be better alternative against the synthetic drugs for reducing the diabetic complications in a natural way.
However, translational research is required on human with large sample size because the route of
administration and physiology of human differs with that of the mice.
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I. Introduction
India has emerged as one of the major epicenters of the global diabetes mellitus pandemic. Rapid
development in socioeconomic status and demographic changes has led the Indian population with increased
susceptibility for explosive prevalence of diabetes mellitus in past four decades 1. Statistical analysis of diabetes
represents that there are about 463 million adults having age between 20-79 years who are suffering from this
disease which is projected to increase by 700 million by 2050. Its intensity is increasing in low and middleincome countries which are 3 in 4 (79%) are diabetes sufferers. it is estimated that 1 in 5 people (136 million) of
age above 65 years are having diabetes and 232 million are undiagnosed. Diabetes caused 760 billion USD
expenditure in 2019 which is 10% of the total health expenditure. More than 20 million live births (1 in 6
births) are affected by hyperglycemia and out of this 84% developed gestational diabetes mellitus. 764 million
candidates are at increased risk of developing diabetes globally2.
Insulin resistance (IR) has emerged as a major pathophysiological factor in the development and
progression of DM which evidences the individual’s susceptibility at the early for type 2 Diabetes Mellitus
(T2DM) earlier. Therefore, screening of IR through homeostasis model assessment of IR (HOMA-IR) is a key
indicator for the earlier prevention of type 2 Diabetes Mellitus3. Diabetes complications are responsible for
significant morbidity and mortality. The chronic complications of diabetes are broadly divided into
microvascular and macrovascular,of which microvascular have much higher prevalence than other one4.
Microvascular complication includes neuropathy, nephropathy, and retinopathy, while macrovascular
complications consist of cardiovascular disease, stroke, and peripheral artery disease 5.
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Naturally obtaining phytoactive compounds and herbs are very important because they found to be
effective against several diseases. There are several oral hypoglycemic agents available in the market but in the
long term may lead to a high risk of secondary failure rate6. We observed that owing the potential of natural
products and herbs different research groups are searching for the potent natural antidiabetic agents with
minimal side effects. Recent research suggests decline in the number of new molecules discovery due to failing
in clinical trial because of toxicity and its associated side effects thus natural products and herbals has emerged
as the alternative. Presently, some of the natural products and herbs like coixol, andrographolide, Tinospora
cordifolia, polypeptide p, charantin, Annona squamosa and Nigella are being explored for their potential to be
used successfully for the management of type 2 Diabetes6. Present study deals with the anti-diabetic properties
of the plants Annona squamosa, commonly known as the custard apple tree is a native of West Indies. But the
cultivation is present throughout throughout the regions of tropics and India, because of its edible nature. It
belongs to Class Magnoliopsida, and family of Annonaceae.
Previous literatures highlights about its beneficial effect for the treatment of various ailments most
likely, The leaves served as a purgative, Decoction of the leaves and/or root is taken in cases of dysentery,
diabetes, digestive problem, treat colds, and rheumatic pain etc. In the study it was found that Oral
administration of A. squamosa (300 mg/kg) aqueous extract to diabetic rats for 30 days significantly reduced
blood glucose, urea, uric acid and creatinine, increased the activities of insulin, C-peptide, albumin,
albumin/globulin ratio and restored all marker enzymes to near control levels 7. There is an evidence for
reducing oxidative stress like by maintaining of the oxidative enzymes like catalase (CAT), superoxide
dismutase (SOD), reduced glutathione (GSH), glutathione reductase (GR) and glutathione-s-transferase (GST)
and decrease in malondialdehyde levels present in various tissues and the extract extract also improved the lipid
profile8. Translational research using the desired herbal showed important outcome like combination of Annona
squamosa along with Glipizide may be helpful in dose reduction of Glipizide up to 50%, reducing the risk of the
onset of insulin therapy9. In an another research it was evidenced that the hexane extract of A. squamosa (100
and 400 mg/kg body weight) dose significantly increased insulin level as compared to Glimepiride (1 mg/kg)
and also inhibited alpha-glucosidase activity when compared with Acarbose (10 mg/kg) in streptozotocin
induced diabetic rats10. Previous literatures also finds that the extract of Annona squamosa houses varieties of
phytochemicals of which annonaceous acetogenins (ACGs), diterpenes (DITs), alkaloids (ALKs) and
cyclopeptides (CPs) as the main constituents and Until 2016, 33 DITs, 19 ALKs, 88 ACGs and 13 CPs from this
species were reported11. For the induction of Diabetes, streptozotocin was utilized which is a glucosaminenitrosourea compound and it causes toxicity to cells by damaging DNA, and by other mechanism like
increasing oxidative stress causing damage to β-cell along with other histological alterations. Streptozotocin is a
glucose analogue hence it is allowed to transported into the cell through glucose transport protein GLUT2, and
β-cells have relatively high levels of GLUT-2 transporters and after reaching to β-cells streptozotocin causes
toxicity to these cells and hence cell death occurs in mass 12.

II. Materials And Method
Experiment was designed according to need of the topic that is effect of Annona squamosa on the diabetic mice.
Albino mice: The albino mouse is an excellent model therefore; all mice used in this study were in the albino
genetic background. Adult albino mice weighing around 17-20 gram with 6.5 ± 0.5 cm length were selected for
experiments. Optimum growth temperature ranging in between 22-25° C. The relative humidity of the room was
maintained between 50 and 55 percent. Twelve hours of lighting (with light intensity between 350-400 lux) and
twelve hours of darkness was provided in the rooms for optimal growth and reproduction.
Grouping of the mice
Group I
Normal control
Group II
Diabetic control
Group III
A. squamosa extract (150 mg/kg) (DT150)
Group IV
A. squamosa extract (250 mg/kg) (DT250)
Group V
Rosiglitazone (2 mg/kg) (DTRGZ)
Plant materials: leaf of Annona squamosa Linn.
Preparation of Herbal extract: The powder of Annona (weighted 940gms) after the grinding was kept in the
separate perculator (made up of glass) and filled up with about 3 liters commercial alcohol (95% ethanol and 5%
water) more than 1” or 11/2” than powder and left it 24 hours. After 24 hours, the whole dissolved solution (all
constituent of Annona) is drained out in a 5000 ml conical flask. About 50 ml. dissolved solution was taken in
300 ml Round bottle flask from the 5000ml conical flask and evaporated under reduced pressure and low
temperature (60° C) in Rotavapour (Popular India). In Rotavapour, the commercial alcohol was vaporized and
plants extract remains in the round bottle flask. The remaining plant extract is collected from the scaptula from
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round bottle flask and kept in the plastic jar. Again, the commercial alcohol was filled up in the perculator and
left it 24 hours.
The above process is repeated again 4 times for complete extraction of plant extract.
Diabetogenic material and its preparation: Streptozotocin is a Diabetogenic material in the present research
work, obtained from merk and it was dissolved in 1 m Molar citrate buffer at pH 4.5. Mice were kept to a 12hour fast, and it was induced by injection of freshly prepared working STZ solution (40mg/kg body weight)
inttaperritonealy. The Diabetic rats were administered with ethanolic extract of Annona squamosa for the
mentioned period and subjected to various biochemical and histological analysis. For Biochemical analysis
blood samaples were collected and for other parameters like glucokinase, glycogen, glc-6-phosphatase liver
tissue were isolated.
Biochemical Estimation
The desired Biochemical parameters were accessed to monitor the metabolic activity of the mice in the
respective groups.
Fasting Plasma Glucose by GOD POD method 13, serum Cholesterol CHOD POD , triglyceride using GPO
method, HDL by Phosphotungestic method14. Serum LDL and VLDL were calculated using Frieldwald
formula15, serum creatinine by alkaline picrate method16, Serum urea by Nitroprussic method, Alanine
aminotransferase (ALT) Reitman and Frankel method and Aspartate aminitransferases (AST) Modified IFCC
method 17 and HOMA-IR 18.
Histopathology estimation
The liver tissues were homogenized for the evaluation of hepatic glycogen level 19, G6Pase 20 and Glucokinase
activities21
Statistical Analysis
Data were expressed as the mean ± S.E.M. For statistical analysis of the data, group means were compared by
one-way ANOVA with Post Hoc analysis. The Tukey–Karmer Post Hoc test was applied to identify
significance among groups. Graphs are plotted using MATLAB version 7.8.0, Massachusetts: The Mathworks
Inc. 2009.

III. Results
The leaf extract of Annona squamosa has been reported to be effective in the alleviation of diabetes
through its antioxidant and insulin-potentiating activities22. This study evaluates systematically, the beneficial
effects of methanolic extract of .leaf of Annona squamosa in streptozotocin (STZ) induced diabetic albino mice.
Effect of Annona squamosa extract on body weight
The diabetic control (DC) mice presented significantly lower body weight (p<0.001) when compared
with the normal control (NC) mice (Table 1). A significant body weight gains were observed in the treated
groups of diabetic mice (DT150 and DT250) as compared to the DC ones (Table I). The DT150 and DT250 group
showed an increase of 18% and 25% in body weight respectively after 15 days of treatment. Contrary to this,
DTRGZ group mice showed an increase of 30% in body weight after 15 days of treatment

Diabetic
mice

Table no I. Shows Fluctuation of weight in the mentioned duration
Groups
Normal control (NC)
Diabetic control (DC)
A. squamosa extract (150 mg/kg) (DT150)
A. squamosa extract (250 mg/kg) (DT250)
Rosiglitazone (2 mg/kg) (DTRGZ)

Day 0
17.90 ± 2.74
11.72±1.04
11.71±2.02*
10.88±1.61*
10.60 ± 2.76*

Day 7
19.84 ± 2.45
09.50±0.85
12.0.8±1.65*
13.72±1.27*
13.82 ± 2.89*

Day 15
22.78 ± 2.21
9.31±1.31
13.78±1.51*
14.74±2.265*
15.02 ± 1.04*

* p<0.05 as compared with normal control. ** p < 0.01 as compared with diabetic control.
Effect of Annona squamosa extract on blood glucose level
As expected, the DC mice showed significantly (p<0.001) higher level of glucose (+279%), when
compared with their normal control counterparts (Table II). Diabetic mice of both of the groups (DT 150 and
DT250) showed a reduction in glucose levels, however DT250 was more effective. DTRGZ group mice showed
nearly 67% decrease in glucose level after 4-weeks of treatment program as compared to the diabetic subjects.
Table no II. Shows concentration fasting plasma glucose for the mentioned period in the groups
GROUPS

Blood glucose levels (mmol/l)
Pretreatment
(week)
0

Post-treatment (week)
1
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Normal control

3.98 ±0.11**

4.07±0.18**

4.06±0.21**

4.05±0.14**

3.99±0.16**

Diabetic control

14.94±1.53*

14.91±1.43*

14.78±1.54*

14.99±1.47*

14.94±1.49
*

**

5.56±1.24

**

4.95±1.31

**

4.96±0.94**

Rosiglitazone (2 mg/kg)

15.01±1.44

9.88±1.42

Annona extract
(250mg/kg)
Annona extract
(150mg/kg)

14.60±1.50

11.83±1.30**

9.68±1.23**

8.26±1.73**

8.17±1.21**

14.90±1.48

13.09±1.18*

10.65±2.01**

9.68±1.24**

9.24±1.78**

* p<0.05 as compared with normal control. ** p < 0.01 as compared with diabetic control.
FINS (Fasting Insulin) levels
The HOMA-IR of the diabetic control were much higher than those of the normal control group
(p<0.01). When the mice had been administered with vehicle or experimental compounds, respectively, for 28
days, the FINS levels of Annona extract at 150 mg/kg body wt/day and 250 mg/kg body wt/day doses and
rosiglitazone groups were significantly lower as compared to diabetic control (p<0.01), as were the FBG levels
(p<0.01). Therefore, the Annona squamosa extract at 150mg/kg body wt/day and 250 mg/kg body wt/day
treated groups had lower HOMA-IR as compared to diabetic control (p<0.01)(Table III).
Table no III. Represents the concentration of fasting insulin and calculated HOMA-IR in the groups
Groups

FINS(mIU/L)

HOMA-IR

Normal control

23.21±2.11

**

4.93±1.11**

Diabetic control

34.46±3.15*

22. ± ±2.69*

(2 mg/kg)

24.04±2.41**

5.11±1.21**

Annona extract (250mg/kg)

25.38±1.58**

9.82±1.66 **

Annona extract (150mg/kg)

26.84±1.74**

10.96±1.84**

Rosiglitazone

* p<0.05 as compared with normal control. ** p < 0.01 as compared with diabetic control.
Effect of Annona squamosa extract on lipid profile
When compared with normal control, the diabetic mice had higher total cholesterol (TC) (+136%;
p<0.001) and TGs (+71%; p<0.001) values. Diabetic mice treated with lower dose of Annona squamosa extract
(DT150) showed significantly lower values of serum TC (-27%; p<0.001) and TGs (-56.6%; p<0.001), when
compared with the DC counterparts (Table). The DT 250 treatment showed superior lowering effects compared
with the DC counterparts as well as DT 150 group mice by (-35.7%; p<0.001) on serum TC levels and (-49%;
p<0.001) on TGs levels (Table). Contrarily, treatment with rosiglitazone (DT RGZ) showed (-34.2%; p<0.001) on
TC levels and (-10.6%; p<0.001) on TGs levels compared with diabetic control mice (Table IV).
Relative to normal control, the diabetic mice had higher value of low density lipoprotein (LDL)
(+257%; p<0.001) while diminished value of high density lipoprotein (HDL) (-55%; p<0.001). Diabetic mice
treated with lower dose of Annona squamosa extract (DT150) showed significantly lower values of serum LDL (52%; p<0.001) and higher value of HDL (-49.4%; p<0.001), when compared with the DC counterparts (Table).
All over again, the DT250 treatment showed even better lowering effects on LDL (-54.7%; p<0.001) compared
with the DC counterparts as well as DT 150 group mice and improved level of HDL (+52.9%; p<0.001) (Table).
In contrast, treatment with rosiglitazone (DT RGZ) showed a considerable diminished level of LDL (-57%;
p<0.001) while improved level of HDL (+55%; p<0.001) compared with diabetic control mice (Table IV).
Table no IV. Represents lipid profile status in extract treated groups, Normal control, and Diabetic control after
15 days
Groups
Normal control (NC)
Diabetic control (DC)
A. squamosa extract (150 mg/kg)
(DT150)
A. squamosa extract (250 mg/kg)
(DT250)
Rosiglitazone (2 mg/kg) (DTRGZ)

TC(mmol/L)
4.15±0.86**
9.84±1.56*
7.23±0.44**

TG(mmol/L)
1.14±0.09**
1.96±0.29*
0.87±0.08**

HDL(mmol/L)
2.86±0.29**
1.31±0.58*
2.54±0.36

HDL/TC (%)
68.91±4.66**
13.31±1.97*
35.13±3.37**

LDL(mmol/L)
0.27±0.04**
0.96±0.16*
0.47±0.06**

6.42±0.64**

0.98±0.17**

2.78±0.46**

43.39±4.26**

0.44±0.07**

6.58±1.35**

1.77±0.17**

2.90±0.55**

44.07±5.56**

0.41±0.09**

* p<0.05 as compared with normal control. ** p < 0.01 as compared with diabetic control.
TC = Total Cholesterol; TG = Triglycerides; HDL = High density lipoprotein; LDL = Low density lipoprotein
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Effect of Annona squamosa extracts on kidney function markers
Diabetic mice have higher levels (approximately twice) of serum urea, creatinine. In DT RGZ mice the
parameters, serum urea and serum creatinine were reduced by 134% and 52% respectively (Table). Treatment
with Annona squamosa extract decreases the values of Urea and creatinine in a dose dependent manner when
compared to diabetic control mice. The maximum efficacious dose was found to be 250 mg/kg body weight of
mice (Table V). Thus the result showed that the Annona squamosa extract is also as effective as Rosiglitazone in
improving the kidney function.
Table no V. Represents kidney marker status in extract treated groups, Normal control, and Diabetic control
after 15 days
Groups
Normal control (NC)
Diabetic control (DC)
A. squamosa extract (150 mg/kg) (DT150)
A. squamosa extract (250 mg/kg) (DT250)
Rosiglitazone (2 mg/kg) (DTRGZ)

Urea (mg/dl)
38.15 ± 0.44**
90.45 ± 1.73*
48.22 ± 1.15**
37.79 ± 2.36**
38.57 ± 0.15

Creatinine (mg/dl)
0.89 ± 0.038**
1.48 ± 0.037*
1.24 ± 0.054**
1.06 ± 0.026**
0.97 ± 0.025

* p<0.05 as compared with normal control. ** p < 0.01 as compared with diabetic control.
Effect of Annona squamosa extracts on liver function markers
There was a significant elevation in transaminase activity (SGOT and SGPT) in liver in diabetic mice,
when compared to normal control mice. Extract treated group showed significant recovery in both the
parameters (150 and 250mg/kg body weight). The data suggest recovery in 250mg/kg body was more as
compared to Rosiglitazone trteated group (p<0.01) (Table VI).
Table no VI. Represents liver markers status in extract treated groups, Normal control, and Diabetic control
after 15 days.
Groups
Normal control (NC)
Diabetic control (DC)
A. squamosa extract (150 mg/kg) (DT150)
A. squamosa extract (250 mg/kg) (DT250)
Rosiglitazone (2 mg/kg) (DTRGZ)

SGPT (IU/L)
28.47 ± 0.48**
63.75 ± 1.74*
32.85 ± 2.94**
27.74 ± 0.55*
30.94 ± 0.57

SGOT (IU/L)
67.13 ± 1.43**
112.42 ± 2.43*
63.48 ± 0.75**
63.87 ± 1.45*
73.47 ± 1.76

* p<0.05 as compared with normal control. ** p < 0.01 as compared with diabetic control.
Effect of Annona squamosa Glycogen content, G6Pase activity and GK activity in liver
Glycogen content was increased by 54.13% and 60.95% (p<0.01), respectively, in the 250 mg/kg body
wt/day treated dose and 150 mg/kg body wt/day treated dose of Annona squamosa groups, and by 76.57% and
59.07% (p<0.01), respectively, as compared with diabetic control. G6Pase activity was assessed in all groups
(Table VII). Compared with diabetic control, G6Pase activity was decreased by 37.50% and 51.56%
respectively, in the 250 mg/kg body wt/day, 150 mg/kg body wt/day of Annona squamosa groups (p<0.01), as
compared with diabetic control. As shown in (Table VII) GK activity was increased by 61.61 and 58.93
respectively, in the 250 mg/kg body wt/day, 150 mg/kg body wt/day dose of Annona squamosa groups (p<0.01),
as compared with diabetic control
Table no VII. Represents Glycogen, Glucokinase and Glucose--Phosphatase status in extract treated groups,
Normal control, and Diabetic control after 15 days.
Groups
Normal control
Diabetic control
Rosiglitazone (2 mg/kg)
Annona extract (150 mg/kg)
Annona extract (250 mg/kg)

Glycogen content
(mg/g)
16.85±1.4**
11.14±1.1*
13.62±1.6**
15.17±1.5**
17.93±2.1**

Glucose-6-phosphatase activity
(mU)
0.32±0.04**
0.64±0.05*
0.41±0.06**
0.38±0.03**
0.40±0.05**

Glucokinase activity (mU)
3.53±0.16**
1.12±0.09*
1.71±0.16**
1.81±0.11**
3.08±0.14**

* p<0.05 as compared with normal control. ** p < 0.01 as compared with diabetic control.
Thus, the current results demonstrate the anti-diabetic effect of Annona squamosa extract. The Annona
squamosa extract has the potential to play a role in the prevention of diabetes and its resulting complications and
could promote a better health.

IV. Discussion
Diabetes has a significant impact on the health, quality of life and life expectancy of patients as well as
healthcare expenditure. With increasing incidence and mortality from its associated complications, prompt and
adequate glycemic control in diabetes is most important, proper management can consequently increase the life
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expectancy23. Diabetic rat in the experiment showed characteristic loss of body weight24, where as treatment
with the herbal extract of A. squamosa showed improvement and significant gain in their body weight (Table I),
this was probably due to control muscle waste, reduced physical discomfort and decreased stress. This result
was in accordance with 25.
Type 2 Diabetes characterizes hyperglycemia which is the result of insufficient amount amount of
Insulin secreted from β-cell leading to relative Insulin deficiency and increase level of glucose in plasma. Daily
oral administration of the extract for 28 days produced a gradual but sustained reduction in blood glucose and
increased insulin levels in diabetic treated mice. Glucose lowering effect of Annona extract might be due to
stimulation of surviving β-cells of Islets of Langerhans leading to the increased pancreatic secretion of insulin
from β-cells and hence decreased glucose concentration after treatment (Table II). The present investigation also
registers a significant (p<0.01) decrease in Fasting insulin (FINS) and HOMA-IR level (Table III) and the
results were in accordance with the previous findings 26, 27 .
In present study, abrupt increase in serum lipid level in diabetic mice especially in LDL, TG and TC
level, while decrease in HDL/TC level up to 33.21% was noticed. Decreased clearance in T2D may lead to
increased LDL concentration 28 whereas, decreased HDL concentration in T2D may be related to the activity of
adipose tissue lipoprotein Lipase (LPL), because LPL deficiency may be a factor responsible for altered
distribution of HDL particle in untreated T2D29 such alteration in lipoprotein can lead to cardiovascular
complications. Following the administration of Annona extract, there was significant (p<0.01) reduction in LDL,
TG, and TC concentration was achieved as compared to normal and diabetic control (p<0.05 and p<0.01),
overall Annona extract lowered TC, TG and LDL level and effects were more marked compared to
Rosiglitazone (Table IV). Thus it is reasonable to conclude that Annona extract could modulate lipid
abnormalities. The hypolipidemic effect of Annona extract may be due to activation of lipoprotein lipase (LPL)
and stimulation of β-cell to secrete sufficient insulin to clear Triglycerides from plasma30
In the study, STZ induced diabetic mice showed a marked increase in urea and creatinine level as
compared to normal control. Excess urea and creatinine is marker of defective kidney function which may be
due to effect of hyperglycemia and increased oxidative stress. After the administration of A. squamosa extract,
there was significant decrease in serum urea and creatinine level indicates protective effect of Annona extract on
kidney. The Annona extract was effective in 250 mg/kg body wt/day dose (Table V). The extract of Annona
helps to preserve kidney function towards normal by ameliorating histopathological changes through reduction
of, inflammation, fibrosis, and apoptosis in diabetic mice. The present results corroborate with the previous
findings31.
Liver is the central organ for the metabolism, in diabetic state it is represented with altered hepatic
enzymes concentration. Present research finds increased concentration of ALT and AST which suggests
histoarchitectral abnormalities which might have occurred due to the oxidative stress and tissue ischemia
pertaining to leaking of this enzyme in to the blood pool. After the extract administration (150 and 250 mg/kg
body wt/day) normalization in these parameters were obtained with signifies the reduced stress level (Table VI),
remodeling of tissue architecture, and hence reduced concentration of ALT and AST. The similar results were
obtained in the previous studies 32.
Hepatic tissue plays a major role in homeostasis of glucose during starvation and post prandial. After
post prandial, hepatocytes stores glucose in the form of glycogen under the influence of insulin with the help of
glucokinase (GK) activity33, while in starvation period, hepatocytes release glucose through glycogenolysis and
gluconeogenesis with the help of Glucose-6 phophatase activity 34. In the present investigation, Glucokinase
enzyme level decreased along with the decrease in Glycogen content but Glucose-6-phosphatase enzyme
activity showed a elevated level in STZ induced diabetic mice 35 (Table VII). Following the administration of
Annona extract of different doses (250 and 150 mg/kg body wt/day), there was a marked increase of glycogen
content, and Glucokinase activity (p<0.01) whereas, significant decrease in the Glucose-6-phosphatase
concentration in diabetic rats fed with the herbal extract as compared to diabetic control, marks the ameliorating
properties of the plant. Results in case of the herbal extract were more significant and effective as compared to
synthetic drug, Rosiglitazone in the experiment. As glucokinase and G-6-phosphatase activities is regulated by
insulin along with glycogen formation so it may be argued that A. squamosa extract stimulates β-cell of
pancreas to synthesis and secrete insulin, which decrease the G-6-phosphatase activity and increase GK activity
in Liver, also promoting glycogen formation, the findings corroborates with the previous finding 36.

V. Conclusion
Diabetes is a chronic disorder in metabolism of carbohydrates, proteins, and fat due to absolute or
relative deficiency of insulin secretion with/without varying degree of insulin resistance. The efficacy of
medicinal plants in diabetic management is of great interest due to their beneficial effects on metabolic profile.
In the present study, the herbal extract of Annona squamosa Linn. (Annonaceae) has been evaluated against
diabetes. Annona squamosa leaf extract exhibited hypoglycemic activity in diabetic mice but not in normal
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mice. It reduced both the blood glucose as well as lipid levels. It also has a positive improvement in the liver and
kidney functions as compared to Rosiglitazone which are normally affected in the diabetic untreated mice. It
could be concluded that the herbal extract of Annona squamosa could be better alternative against the synthetic
drugs for reducing the diabetic complications in a natural way. However, translational research is required on
human with large sample size because the route of administration and physiology of human differs with that of
the mice.

Acknowledgement
Authors are thankful to Department of Biochemistry, and Department of Zoology, Patna University for
providing necessary equipments to complete the entire research activities.
Conflict of interest
Authors declare no conflict of interest regarding publication or any other activity related to this article.

References
[1].
[2].
[3].

[4].
[5].
[6].

[7].
[8].
[9].

[10].

[11].
[12].
[13].
[14].
[15].
[16].
[17].

[18].
[19].

Unnikrishnan R, Anjana RM, Mohan V. Diabetes mellitus and its complications in India. Nat Rev
Endocrinol. 2016; 12(6):357-370.
International
Diabetic Fedreation. IDF diabetes atlas 9th
Edition.
Available at:
https//www.diabetesatlas.org. 2019
Tang Q, Li X, Song P, Xu L. Optimal cut-off values for the homeostasis model assessment of insulin
resistance (HOMA-IR) and pre-diabetes screening: Developments in research and prospects for the
future. Drug Discov Ther. 2015; 9(6):380-385.
Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of diabetes and diabetes-related
complications. Phys Ther. 2008 Nov; 88(11):1254-64.
Tuttolomondo A, Maida C, Pinto A. Diabetic foot syndrome as a possible cardiovascular marker in
diabetic patients. J Diabetes Res. 2015; 2015():268390.
Patle D, Vyas M, Khatik GL. A Review on natural products and herbs used in the management of
diabetes. Curr Diabetes Rev. 2020 Apr 7. doi: 10.2174/1573399816666200408090058. Epub ahead of
print. PMID: 32268866.
Kaleem M, Medha P, Ahmed QU, Asif M, Bano B. Beneficial effects of Annona squamosa extract in
streptozotocin-induced diabetic rats. Singapore Med J. 2008; 49(10):800-804.
Gupta RK, Kesari AN, Diwakar S, et al. In vivo evaluation of anti-oxidant and anti-lipidimic potential of
Annona squamosa aqueous extract in Type 2 diabetic models. J Ethnopharmacol. 2008; 118(1):21-25.
Kaur R, Afzal M, Kazmi I, et al. Polypharmacy (herbal and synthetic drug combination): a novel
approach in the treatment of type-2 diabetes and its complications in rats. J Nat Med. 2013; 67(3):662671.
Ranjana, Tripathi YB. Insulin secreting and alpha-glucosidase inhibitory activity of hexane extract of
Annona squamosa Linn. in streptozotocin (STZ) induced diabetic rats. Indian J Exp Biol. 2014;
52(6):623-629.
Ma C, Chen Y, Chen J, Li X, Chen Y. A Review on Annona squamosa L.: Phytochemicals and Biological
Activities. Am J Chin Med. 2017; 45(5):933-964.
Szkudelski T. The mechanism of alloxan and streptozotocin action in B cells of the rat pancreas. Physiol
Res. 2001; 50(6):537-546.
Trinder P. Determination of Glucose in Blood Using Glucose Oxidase with an Alternative Oxygen
Acceptor. Annals of clinical Biochemistry. 1969; 6; 24.
Burstein M, Scholnick HR, Morfin R. Rapid method for the isolation of lipoproteins from human serum
by precipitation with polyanions. J Lipid Res. 1970; 11(6):583-595.
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem. 1972 Jun;18(6):499-502.
Jaffe, M. A new reaction of creatinine in normal generated urine with picric acid and its precipitation
products. Zeitschrift fur Physiologische Chemie. 1986; 10, 391– 400.
Schumann G, Bonora R, Ceriotti F, Ferard G, Ferrero CA, Franck PF, et al. IFCC primary reference
procedures for the measurement of catalytic activity concentrations of enzymes at 37 degrees C.
International Federation of Clinical Chemistry and Laboratory Medicine. Part 5. Reference procedure for
the measurement of catalytic concentration of aspartate aminotransferase. Clin Chem Lab Med.2002;
40:725–33.
Uno T, Ohsawa I, Tokudome M, Sato Y. Effects of Goshajinkigan on insulin resistance in patients with
type 2 diabetes. Diabetes Res Clin Pract. 2005 Aug; 69(2):129-35.
Zhang, P. (2012). Analysis of Mouse Liver Glycogen Content. Bio-protocol 2(10): e186

28

Biochemical approach for the Evaluation of Anti-Diabetic Potential of Leaf Extract of ..
[20]. Nordlie RC. Glucose-6 phosphatase phosphotransferase: roles and regulation in relation to
gluconeogenesis. In: Hanson RW, Mehlman MA, eds. Gluconeogenesis: its regulation in mammalian
species. New York: Wiley, 1976; 53–152
[21]. Davies DR, Detheux M, Van Schaftingen E. Fructose 1-phosphate and the regulation of glucokinase
activity in isolated hepatocytes. Eur J Biochem. 1990 Sep 11; 192(2):283-9.
[22]. Okoli CO, Ibiam AF, Ezike AC, Akah PA, Okoye TC. Evaluation of antidiabetic potentials of Annona
squamosa in alloxan diabetic rats. Afr J Biotechnol 2010; 9(2): 248-259.
[23]. Nyenwe EA, Jerkins TW, Umpierrez GE, Kitabchi AE. Management of type 2 diabetes: evolving
strategies for the treatment of patients with type 2 diabetes. Metabolism 2011; 60:1-23.
[24]. Lenzen S. The mechanisms of alloxan- and streptozotocin- induced diabetes. Diabetologia 2008; 51 (2):
216-26.
[25]. Kaur R, Afzal M, Kazmi I, Ahamd I, Ahmed Z, Ali B, Ahmad S, Anwar F. Polypharmacy (herbal and
synthetic drug combination): a novel approach in the treatment of type-2 diabetes and its complications in
rats. J Nat Med. 2013 Jul;67(3):662-71.
[26]. Wen W, Lin Y, Ti Z. Antidiabetic, Antihyperlipidemic, Antioxidant, Anti-inflammatory Activities of
Ethanolic Seed Extract of Annona reticulata L. in Streptozotocin Induced Diabetic Rats. Front
Endocrinol (Lausanne). 2019 Oct 23; 10:716.
[27]. Al Syaad KM, Elsaid FG, Abdraboh ME, Al-Doaiss AA. Effect of Graviola (Annona Muricata l.) and
Ginger (Zingiber Officinale Roscoe) on Diabetes Mellitus Induced in Male Wistar Albino Rats. Folia
Biol (Praha). 2019; 65(5-6):275-284.
[28]. Vergès B. Pathophysiology of diabetic dyslipidaemia: where are we? Diabetologia. 2015 May;58(5):88699.
[29]. Liu XY, Yin WD, Tang CK. [Lipoprotein lipase and diabetic cardiomyopathy]. Sheng Li Ke Xue Jin
Zhan. 2014 Feb;45(1):16-20.
[30]. Rahman HA, Sahib NG, Saari N, Abas F, Ismail A, Mumtaz MW, Hamid AA. Anti-obesity effect of
ethanolic extract from Cosmos caudatus Kunth leaf in lean rats fed a high fat diet. BMC Complement
Altern Med. 2017 Feb 22; 17(1):122.
[31]. Giribabu N, Karim K, Kilari EK, Salleh N. Phyllanthus niruri leaves aqueous extract improves kidney
functions, ameliorates kidney oxidative stress, inflammation, fibrosis and apoptosis and enhances kidney
cell proliferation in adult male rats with diabetes mellitus. J Ethnopharmacol. 2017; 205: 123-137.
[32]. Thakur KR, Padmadeo SR, Mishra BB, Pranay K. Study of ameliorating properties of Tinospora
cordifolia on Diabetes and acute Pancreatitis in Alloxan treated rats. 2016; 8(18):133-140.
[33]. Agius L. Hormonal and Metabolite Regulation of Hepatic Glucokinase. Annu Rev Nutr. 2016 Jul 17;
36:389-415.
[34]. Mithieux G. Role of glucokinase and glucose-6 phosphatase in the nutritional regulation of endogenous
glucose production. Reprod Nutr Dev. 1996; 36(4):357-62.
[35]. Abdel-Sattar E, El-Maraghy SA, El-Dine RS, Rizk SM. Russelioside B, a pregnane glycoside ameliorates
hyperglycemia in streptozotocin induced diabetic rats by regulating key enzymes of glucose metabolism.
Chem Biol Interact. 2016 May 25; 252:47-53.
[36]. Minassian C, Tarpin S, Mithieux G. Role of glucose-6 phosphatase, glucokinase, and glucose-6
phosphate in liver insulin resistance and its correction by metformin. Biochem Pharmacol. 1998 Apr 15;
55(8):1213-9.

29

