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ABSTRACT 
The fruit and cork extracts (CE) of the plant Ficus lacor Buch. Ham. were evaluated for its antidiabetic potential in 
streptozotocin (STZ)-induced diabetic rats. The extracts of fruit and cork of F. lacor Buch. Ham. were carried out 
by soxhlation method. Acute toxicity study of both extracts of plant was carried out by using the Organization for 
Economic Cooperation and Development guidelines 425. Diabetes was induced in Wistar rats weighing between 
200 and 250 g using STZ (60 mg/kg intraperitoneal). The diabetic animals were divided into seven experimental 
groups for further study with five animals in each group. The treatment was given to the animals in the groups with 
glibenclamide (2 mg/kg p.o.), and fruit and CE (200 and 400 mg/kg p.o., respectively) for 21 days. The estimation 
of different biochemical parameters like glucose, insulin, glycosylated hemoglobin, cholesterol, triglyceride, high 
density lipoproteins, low density lipoproteins, very low-density lipoproteins, urea, uric acid, creatinine, aspartate 
aminotransferase, alanine transaminase, and histopathology study was carried out at the end of the experimental 
period. The result revealed significant improvement in different biochemical parameters when compared with diabetic 
control group. The fruit extract of F. lacor Buch. Ham. was found to be more effective than CE.

INTRODUCTION 
Diabetes mellitus (DM) is a metabolic disorder triggered 

by defects in carbohydrate, fat, and protein metabolism and 
characterized by elevated blood glucose level (Rahimi et al., 2017). 
DM is a chronic disorder affecting almost any age group of people. 
Diabetes is the most common disease worldwide caused by the 
dysfunction of pancreatic β-cells and reduced sensitivity of insulin 
(Kumar et al., 2011). Insulin-dependent DM is characterized by 
a decreased insulin level. Pancreatic β-cells are affected which 
may be autoimmune or idiopathic with unknown specific causes. 
Non-insulin-dependent DM is characterized by development of 
insulin resistance (Marvibaigi et al., 2021). The World Health 
Organization (WHO) report suggests that the number of people 
living with diabetes in 1980 was 108 million, which then increased 
to 422 million in the year 2014 (Bansal et al., 2019). In the year 

2012, because of diabetes, about 1.5 million people died globally. 
According to International Diabetes Federation (IDF), the number 
of people worldwide suffering from diabetes is expected to 
be increased to about 629 million by the year 2045 (Cho et al., 
2018). The prevalence of diabetes in 1980 shifted from 4.7% to 
8.5%, which was found to be double in three decades (Dra et al., 
2019). Long-term chronic DM may result in to microvascular and 
macrovascular complication affecting kidney, eyes and neurons 
resulting in high morbidity and mortality (Oliveira et al., 2020; 
Sekiou et al., 2021). The treatment for diabetes currently focuses 
on the reduction of blood glucose levels by using insulin and 
oral hypoglycemic drugs. Individuals suffering from DM find 
it difficult to control using the present-day treatment option as 
they are associated with unwanted side effects and difficulty in 
regular administration (Mourya et al., 2017; Singh et al., 2020). 
Considering the limitations of the present therapy, the WHO 
recommended to find natural plants having the potential to treat 
DM. Many plants used historically proved effective and received 
significant attention as they are templates for the development 
of new drugs for diabetes. The plants form the basis for the 
traditional medicinal system since many years. Traditionally, 
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more than 800 plants are considered effective for DM (Antora and 
Salleh, 2017; Cherbal et al., 2017). Considering its less toxicity 
and comparatively cost-effectiveness, plants are mostly preferred 
(Arumugam et al., 2013; Jacob and Narendhirakannan, 2019).

Ficus lacor Buch. Ham. is a large evergreen plant 
belonging to family Moraceae. It is commonly known as plaksha, 
pitana, karpari, or parkati (Khare, 2007; Sindhu and Arora, 
2013b). Different parts of the plant like fruits, cork, and leaves 
are used traditionally for the treatment of many disorders. The 
common constituents reported in plant are long chain alcohols, 
sterols, beta sitosterol, and lanosterol (Ghimire et al., 2020). The 
plant is also found to contain triterpenoid, alpha and beta amyrin, 
and lupeol. Considering these active constituents present in the 
plant, it was used traditionally for treatment of leucorrhoea, 
typhoid fever, hay fever, snake bite, inflammation, arthritic, and 
skin problems (Ateeq et al., 2014; Sindhu and Arora, 2013a). 
The plant was found to have antioxidant property. The fresh 
ripe fruits of the plant were used traditionally for the treatment 
of diabetes (Khare, 2007). The other species of the plant were 
found to have scientifically proven antidiabetic activity (Deepa 
et al., 2018; Khan et al., 2013). Considering the traditional 
claim for use of fruits in diabetes, other species proved to 
have antidiabetic and antioxidant activities, which may prove 
its usefulness in the treatment of diabetes. Considering all the 
above claims, the present study was undertaken to evaluate the 
effect of F. lacor Buch. Ham. in streptozotocin (STZ)-induced 
diabetic rats.

MATERIALS AND METHODS

Chemicals
STZ used in the study was obtained from Sisco Research 

Laboratories, Mumbai, India. Standard drug glibenclamide 
was obtained from Yarrow Chem Products Ltd, Mumbai, India. 
Estimation of biochemical parameters was made using commercial 
kits from Coral Clinical Systems, Goa, India. Insulin estimation kit 
was obtained from Cusabio Biotech Ltd. The other experimental 
chemicals used were of analytical grade. 

Plant materials 
The fruits and cork of F. lacor Buch. Ham. were 

collected in the month of May from a locality in the village of 
Insuli, Sawantwadi, District Sindhudurg, Maharashtra, India. 
The plant specimen was authenticated and a voucher specimen 
was deposited with voucher number 12-B/226/2020 1 at the 
Department of Botany, Shri. Pancham Khemraj Mahavidyalay, 
Sawantwadi, Maharashtra, India. 

Plant material processing and preparation of extracts
The fresh fruits and cork of F. lacor Buch. Ham. were 

washed with tap water and shade-dried at room temperature for  
2 weeks. The dried fruits and cork were powdered by a mechanical 
grinder and stuffed with airproof pack. The powdered material 
(500 g) was extracted using Soxhlet apparatus for 72 hours with 
the help of ethanol as a solvent and the extract was dried in a rotary 
evaporator at 40°C for further study (Abubakar and Haque, 2020). 
The dried extracts were stored in an airtight container at 2°C–8°C 
for further use in the experiment.

Experimental animals
Adult female Wistar rats of (200–250 g) were housed 

at institutional animal houses at an appropriate temperature of 
26°C ± 1°C and light controlled in a 12 hours light: 12 hours 
dark room with provision of food (Nutrivet Life Sciences, 
Pune, Maharashtra, India) and drinking water ad libitum. 
The study protocol was approved by the Institutional Animal 
Ethical Committee of Yashwantrao Bhonsale College of 
Pharmacy, Sawantwadi, India (Approval No: Committee for 
the Purpose of Control and Supervision of Experiments on 
Animals (CPCSEA)/IAEC/2019-20/01). The facility provided 
and experiments were carried out as per “CPCSEA guidelines 
for animal house facility.”

Acute oral toxicity study
The acute toxicity study of fruit extract (FE) and cork 

extract (CE) of F. lacor Buch. Ham. was carried out as per the 
guidelines of the Organization for Economic Cooperation and 
Development (OECD 425 (Hazarika et al., 2019; Soliman, 2016). 
Acute toxicity study was carried out by selecting Wistar rats 
weighing between 200 and 250 g, and prior to dosing the animals 
were fasted overnight. Experimental animals were selected 
randomly and divided into three groups with one animal in each 
group. Doses were calculated based on their body weight; the 
first group received vehicle; second group received FE; and the 
third group received CE. Dosing was initiated at 1.75 mg/kg and 
continued up to 2,000 mg/kg as per the OECD 425 guidelines. 
The animals were observed continuously for the first 1 hour and 
intermittently for the next 4 hours and thereafter once every 24 
hours for the next 14 days. During this period, observation was 
focused on mortality, behavioral and neurological parameters, and 
any other abnormality. 

Experimental induction of diabetes
Rats weighing between 200 and 250 g were selected 

and diabetes was induced by the administration of STZ at the 
dose of 60 mg/kg freshly dissolved in cold 0.1 M citrate buffer, 
pH 4.5, via the intraperitoneal (i.p.) route (Azad and Sulaiman, 
2020; Gebremeskel et al., 2020). 10% dextrose was thereafter 
administered orally to combat the immediate hypoglycemic  
death that could occur (Balaji et al., 2020). Diabetes was confirmed 
after 72 hours of STZ injection by measuring overnight fasting 
blood glucose level with the help of a glucometer (Glucoone,  
Dr. Morpen). Rats with a blood glucose level above 200 mg/dl 
were considered diabetic and used further in the experiment.

Experimental design
A total of 35 Wistar rats (5 normal and 30 STZ-diabetic) 

were used in study. The rats were divided randomly into seven 
groups with five animals in each group. 

Group I: Normal control group (NC) received 2 ml/kg 
0.5% Carboxymethyl Cellulose (CMC) in distilled water by oral 
route; 

Group II: Diabetic control group (DC) received STZ 60 
mg/kg (i.p.) and 2 ml/kg 0.5% CMC in distilled water by oral route; 

Group III: Standard treatment group (STD) received 
STZ 60 mg/kg (i.p.) and glibenclamide 2 mg/kg by oral route; 
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Groups IV and V: FE treatment group (FE200 and 
FE400) received STZ 60 mg/kg (i.p.) and FE 200 and 400 mg/kg, 
respectively, by oral route; 

Groups VI and VII: CE treatment group (CE200 and 
CE400) received STZ 60 mg/kg (i.p.) and CE 200 and 400 mg/kg, 
respectively, by oral route.

All the treatments were given via the oral route daily for 
a total of 21 days.

Body weight, food intake, water intake, and blood 
glucose level were measured on days 0, 7, 14, and 21 of the 
study (Ighodaro and Akinloye, 2017). About 2.5 ml of blood was 
collected from anesthetized animals through retro-orbital puncture 
method (Deutschlander et al., 2012) and serum was separated by 
centrifugation of blood at 5,000 rpm. On day 22, the animals were 
sacrificed by cervical dislocation and pancreas, liver, and kidney 
were dissected. The dissected organs were washed with ice cold 
saline and used for further experimental study. 

Experimental scheme
The experimental scheme for the present research work 

is shown in Figure 1. 

Oral glucose tolerance test (OGTT)
OGTT was carried out using acclimatized animals which 

were fasted for 24 hour along with water ad libitum before starting 
the experiment. The animals used were divided into seven groups 
containing five animals in each group. Group I served as NC, Group 
II was the diabetic control group, Group III was standard control 
receiving glibenclamide (2 mg/kg) by oral route, Groups IV–VII 
were plant treatment groups which received fruit and CE at 200 and 
400 mg/kg dose by oral route. After withdrawing the initial (0 hour) 
blood samples and after 30 minutes of extract administration, the 
rats of all groups were orally administered 2 g/kg of glucose. Blood 
glucose level was checked after glucose loading at the interval of 
30, 60, 90, and 120 minutes from tail vein by a glucometer. 

Measurement of blood glucose, body weight, food intake, and 
water intake

Fasting blood glucose, body weight, food intake, and 
water intake were measured on days 0, 7, 14, and 21 of the study. 

Estimation of serum insulin, insulin sensitivity index homeostasis 
model assessment of insulin resistance (HOMA-IR) and 
glycosylated hemoglobin 

The fasting insulin level was estimated using commercial 
insulin estimation kit with the help of Elisa microplate reader. 
Glycosylated hemoglobin was estimated using commercial kit. 
The insulin sensitivity index using HOMA-IR calculated using 
the following formula:

                          Fasting serum      ×      Fasting serum
                         glucose (mg/dl)            insulin (µU/ml)
HOMA-IR  = -----------------------------------------------
                                                  2,430  

Estimation of serum lipid profile markers
The serum lipid profile markers cholesterol, triglyceride, 

high density lipoprotein (HDL), low density lipoprotein (LDL), 
very low density lipoprotein (VLDL), and total protein were 
estimated using commercial kits.

Estimation of kidney and liver serum markers
Fasting serum markers of kidney and liver like urea, uric 

acid, creatinine, aspartate aminotransferase (AST), and alanine 
transaminase (ALT) were estimated using commercial kits.

HISTOPATHOLOGICAL STUDIES
The dissected pancreas, livers, and kidneys were 

placed in 10% formalin with potassium phosphate buffer (0.1 M, 
pH 7.4). The tissue sample was then dehydrated using a series 
of graded alcohol and embedded in paraffin. Tissue section of 
about 3 µm was taken and stained with hematoxylin and eosin. 
The slides were observed under light microscope under ×100 
magnification.

STATISTICAL ANALYSIS
The statistical analysis of the results was carried out by 

using software GraphPad prism version no: 5.0. The results obtained 
were expressed as mean ± standard error of mean (SEM). The 
statistical analysis of data was made by analysis of variance, followed 
by Dunnett’s test. A value of p < 0.05 was considered significant.

Figure 1. Experimental scheme.
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RESULTS AND DISCUSSION
Considering the limitations of the currently available 

allopathic drugs, the present era is gaining more attention in 
the plant-oriented natural resources having antidiabetic activity. 
Considering the presence of antioxidant activity of F. lacor Buch. 
Ham. and its traditional claim for use in treatment of DM the 
present study was conducted.

ACUTE TOXICITY
The acute toxicity study was carried out for plant, 

plant products, and plant formulations to evaluate its safety 
using experimental animals. The toxicity study in animals 
determines safe dose for further study in animals which can also 
be extrapolated to human use. The anatomical and physiological 
parameters of experimental animals have very close relativeness 
with humans (Parasuraman, 2011). In acute toxicity study of fruit 
and CE of F. lacor Buch. Ham., mortality was absent at doses of 
175, 550, and 2,000 mg/kg body weight. In the initial 1 hour and 
the following 24 hours of observation, the animals had not shown 
any adverse effect with respect to different parameters observed 
carefully. In the 14 days of observation, the animals had not shown 
any changes in skin, fur, eyes, mucous membranes, motor activity, 
respiratory, and central nervous system parameters. The absence 
of mortality and toxic symptoms during toxicity study indicates 
the lethal dose of both extracts might be above 2,000 mg/kg of 
body weight, indicating that the extracts were safe for further use. 

INDUCTION OF DIABETES
In the present study, diabetes was induced by using 

single dose of STZ which was selectively taken by pancreatic 
beta-cells through glucose transporter causing destruction of 
pancreatic beta-cells. STZ-induced pancreatic damage is caused 
because of the alkylation of DNA through increased nitric oxide 
and nitrosourea, leading to hyperglycemia and reduced insulin and 
dyslipidemia (Hasan et al., 2018; Lenzen, 2008).

EFFECT OF THE EXTRACT IN OGTT
The OGTT revels that both FE and CE improve the 

handling of glucose by the diabetic rats similar to standard drug 
glibenclamide. The OGTT was impaired significantly in STZ-
induced diabetic control rats when compared to NC rats. In the 
NC group, the glucose level increased steadily which reached 
maximum at 60 minutes, followed by a steady decrease which 
reached normal at 120 minutes. Whereas in the diabetic control 
group, the increased blood glucose level (after 60 minutes) 
remained steady even at 120 minutes, indicating impaired OGTT. 
In fruit and CE-treated groups, blood glucose increased at different 
time intervals and controlled significantly when compared to 
diabetic control group (Fig. 2).

Figure 2. Effect of fruit and CE of F. lacor Buch. Ham. on glucose tolerance test 
in STZ-induced diabetic rats.

Figure 3. Effect on body weight for fruit and CE of F. lacor Buch. Ham. Values 
are expressed as mean ± SEM (n = 5), ap ˂ 0.05, bp ˂ 0.01, cp ˂ 0.001, when 
compared with diabetic control group; dp ˂ 0.05, ep ˂ 0.01, fp ˂ 0.001, when 
compared with NC group.

Figure 4.Effect on food intake for fruit and CE of F. lacor Buch. Ham. Values 
are expressed as mean ± SEM (n = 5), ap ˂ 0.05, bp ˂ 0.01, cp ˂ 0.001, when 
compared with diabetic control group; dp ˂ 0.05, ep ˂ 0.01, fp ˂ 0.001, when 
compared with NC group.

Figure 5.  Effect on water intake for fruit and CE of F. lacor Buch. Ham. Values 
are expressed as mean ± SEM (n = 5), ap ˂ 0.05, bp ˂ 0.01, cp ˂ 0.001, when 
compared with diabetic control group; dp ˂ 0.05, ep ˂ 0.01, fp ˂ 0.001, when 
compared with NC group.
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EFFECT OF EXTRACT ON BODY WEIGHT, FOOD 
INTAKE, AND WATER INTAKE

Significant improvement in the body weight was observed 
after oral administration of glibenclamide, FE, and CE to diabetic 
rats. Food and water intake were increased in diabetic rats which can 
be reversed significantly by the oral administration of glibenclamide, 
FE, and CE. Hypoinsulinemia leads to an increase in catabolic 
reactions resulting in gluconeogenesis from lipids and proteins. 
This mechanism causes weight loss and activation of feeding center 
causing polyphagia (excessive eating). Hyperglycemia also results 
in the decreased reabsorption of glucose filtered by the kidneys; this 
increases the osmotic pressure of urine resulting in increased urine 
loss called polyuria. Excessive polyuria results in the loss of water 
and solutes resulting in polydipsia (excessive thirst) (Guo et al., 
2018; Sharma et al., 2014) (Figs. 3–5).

EFFECT OF EXTRACT ON MEAN BLOOD GLUCOSE 
LEVEL

The administration of FE and CE significantly (p ˂ 0.001) 
reduces elevated blood glucose level in diabetic rats to a normal 
level in a dose-dependent manner. The hypoglycemic effect of both 
the extracts might be because of the increase in the release of insulin 
from pancreatic beta cells, increase in glucose uptake and reduced 
hepatic gluconeogenesis (Ezzat et al., 2014; Sharma et al., 2015). 
Hypoglycemic effect of FE and CE may be due to the restoration 
of pancreatic islet cell’s structure, resulting in improvement in its 
function to form and release insulin. The results also show that 
continuous treatment on a daily basis for 21 days significantly 
reduces blood glucose level in diabetic rats (Fig. 6).

EFFECT OF EXTRACT ON SERUM INSULIN, 
INSULIN SENSITIVITY INDEX (HOMA-IR), AND 
GLYCOSYLATED HEMOGLOBIN 

STZ-induced type 1 DM is characterized by destruction 
of pancreatic beta cells resulting in reduced insulin level. 

Treatment with glibelclamide, FE, and CE restores structure of 
pancreatic beta-cells attributed to increased insulin level. Insulin 
resistance can be determined by mathematical model HOMA-IR 
based on blood glucose and insulin level. Increased HOMA-IR 
index indicates increased insulin resistance (Patil et al., 2014). 
Reduced insulin level in diabetic rat and hyperglycemia (type 1 
DM) was reversed by treatment with glibenclamide, FE, and CE. 
The insulin sensitivity was found to increase (reduced HOMA-IR) 
significantly (p ˂ 0.05) by fruit and CE of F. lacor Buch. Ham. in 
dose-dependent manner, indicating FE is more effective compare 
to CE. Hyperglycemia as result of STZ-induced beta cell damage 
leads to oxidation of excessive glucose and which forms reactive 
oxygen species and glycation of protein result in increased 
HbA1c level in diabetic rats. The elevated HbA1c was reduced 
significantly by FE and CE may be due to its antioxidant activity 
which prevents glycation of protein. Glycosylated hemoglobin 
level was found to reduce significantly (p ˂ 0.01, p ˂ 0.001) in 
fruit and CE treated rats when compared with diabetic control 
group (Fig. 7).

EFFECT OF EXTRACT ON SERUM LIPID PROFILE 
MARKERS 

In long-term DM, one of the secondary complications 
is dyslipidemia. This might be a result of reduced insulin level 
which activates the lipid metabolizing enzyme lipase. Increase in 
lipase level in diabetes attributes to increase in level of cholesterol, 
triglyceride, LDL, and VLDL and reduces HDL level as result 
of increased deposited lipid metabolism (Sztalryd and Kraemer, 
1995). The elevated fatty acids have the effect on endothelial 
cell lining causing damage and responsible for micro and macro 
vascular complications (Ramachandran et al., 2012). The diabetic 
complications are the result of dyslipidemia through which 
reactive oxygen species may be formed. FE and CE significantly 
normalizes different lipid parameters like cholesterol, triglyceride, 
HDL, LDL, and VLDL (Table 1).

Figure 6. Effect of fruit and CE of F. lacor Buch. Ham. on mean fasting blood glucose level in STZ-induced 
diabetic rats. Values are expressed as mean ± SEM (n = 5), ap ˂ 0.05, bp ˂ 0.01, cp ˂ 0.001, when compared 
with diabetic control group; dp ˂ 0.05, ep ˂ 0.01, fp ˂ 0.001, when compared with NC group.
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EFFECT OF EXTRACT ON KIDNEY AND LIVER SERUM 
BIOMARKERS 

In present study, FE and CE treatment reduced 
significantly elevated serum urea, uric acid, and creatinine level 
in diabetic rats. The elevated urea is the result of improved 
gluconeogenesis due to insulin deficiency in rats produced by 
STZ. The reduced uptake of glucose by liver and other tissues 
due to insufficient insulin activates gluconeogenesis from 
proteins resulting in formation of excess amino acids which get 
converted to urea. Creatinine (metabolite of muscle) and uric 
acid (metabolite of purines) are a result of normal metabolic 
process which is eliminated by the kidney (Poongothai et al., 
2011; Ramachandran et al., 2011). Elevated level of creatinine, 

uric acid, and urea indicates impaired function of the kidney 
as they are eliminated easily by kidney. The FE and CE 
administration to diabetic animals daily for 21 days protected 
kidney diminishing which result in to reduction of creatinine, 
uric acid, and urea level. 

In liver, AST and ALT are the major transaminases 
enzymes which are released in to blood stream when there is 
liver toxicity. The chronic diabetic rat’s hepatic cells’ damage 
was confirmed by histopathological evaluation. In diabetic rats, 
elevated level of AST and ALT indicates the impairment of liver 
due to DM (Daisy and Kani, 2013). Treatment of diabetic rats 
with glibenclamide, FE, and CE daily for 21 days protected liver 
diminishing resulting in reduced levels of AST and ALT (Table 2).

Table 1. Effect of fruit and CE of F. lacor Buch. Ham. on serum lipid profile makers in STZ-induced diabetic rats.

Parameter Normal Diabetic STD FE200 FE400 CE200 CE400

Cholesterol (mg/dl) 111.90 ± 2.11 195.82 ± 1.99 f 116.46 ± 2.63 c 124.73 ± 2.95 c 120.13 ± 2.06 c 131.80 ± 1.98 c 125.57 ± 2.23 c

Triglyceride (mg/
dl) 70.57 ± 2.67 139.67 ± 2.20 f 69.76 ± 1.82 c 74.42 ± 2.49 c 69.05 ± 2.38 c 84.28 ± 2.09 c 79.89 ± 2.23 c

HDL (mg/dl) 46.37 ± 2.02 28.13 ± 1.44 f 49.53 ± 1.29 c 46.23 ± 1.65 c 48.93 ± 1.61 c 45.05 ± 2.01 c 46.18 ± 2.28 c

LDL (mg/dl) 51.41 ± 3.42 121.76 ± 3.19 f 52.97 ± 2.83 c 63.61 ± 4.43 c 57.41 ± 2.07 c 69.91 ± 3.06 c 63.41 ± 1.54 c

VLDL (mg/dl) 14.11 ± 0.53 27.93 ± 0.44 f 13.95 ± 0.36 c 14.88 ± 0.50 c 13.81 ± 0.48 c 16.86 ± 0.42 c 15.98 ± 0.45 c

Values are expressed as mean ± SEM (n = 5), ap ˂ 0.05, bp ˂ 0.01, cp ˂ 0.001, when compared with diabetic control group; dp ˂ 0.05, ep ˂ 0.01, fp ˂ 0.001, when 
compared with NC group.

Figure 7. Effect of fruit and CE of F. lacor Buch. Ham. on serum A. insulin, B. insulin sensitivity index (HOMA-IR), and C. glycosylated hemoglobin 
in STZ-induced diabetic rats. Values are expressed as mean ± SEM (n = 5), ap ˂ 0.05, bp ˂ 0.01, cp ˂ 0.001, when compared with diabetic control group;  
dp ˂ 0.05, ep ˂ 0.01, fp ˂ 0.001, when compared with NC group.
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HISTOPATHOLOGY STUDY
Photomicrographs of the pancreas of diabetic control rat 

show destruction of beta-cells when compared with NC rats in which 
pancreas showed intact structure of pancreatic beta-cells. In NC rats, 
many round shaped islet cells (indicated by arrow) were present in the 
surrounding cytoplasm, the nucleus of islet cells was found to stained 
less compare to surrounding acinar cell’s nucleus. The diabetic rat 
showed shrunken and damages beta-cells of islets of Langerhans. 
Treatment of diabetic rats with glibenclamide, FE, and CE showed the 
restoration of normal structure of pancreatic beta-cells. The shrinkage 
and damage caused in diabetic rat were prevented in treatment groups 
with very small damaged islet cells observed (Fig. 8).

The histopathology of kidneys reveals that NC rats 
have normal glomeruli with basement membrane and tubular 
structure. Diabetic control rat showed morphological changes 
in glomeruli matrix and increased thickness of basement 
membrane (indicated by arrow) along with tubular collapse. In 
glibenclamide, FE and CE treated groups’ structure was restored 
more or less like NC rat (Fig. 9).

In NC rats, the intact structure of liver was observed 
with central vein radiating the hepatocyte which forms the lobules 
of the liver (indicated by arrow). The narrow blood sinusoids were 
also observed between radiating hepatocytes. The diabetic rat 
showed necrosis of the hepatocytes near central vein which was 
congested and having surrounding inflammatory cells. Treatment 
of diabetic rats with glibenclamide, FE, and CE showed the 
restoration of normal structure of liver. Necrosis of hepatocytes 
was prevented in all treatment groups where the structure of liver 
was found to be like NC rats (Fig. 10).

CONCLUSION
In present study, the traditional use of F. lacor Buch. 

Ham. can be justified for antidiabetic activity. The extracts 
showed that the significant hypoglycemia effect may be due to its 
capability to restore the pancreatic beta-cell structure resulting 
in the increase in blood insulin level. Oral administration of 
both extracts was found to improve body weight, reduce food 
intake, and water intake in diabetic rats. FE and CE treatment 

Figure 8. Effect of fruit and CE of F. lacor Buch. Ham. on histopathology 
of pancreas by hematoxylin and eosin staining. A. NC, B. diabetic control,  
C. STD treatment group, D. FE200 treatment group, E. FE400 treatment group, 
F. CE200 treatment group, and G. CE400 treatment group.

Figure 9. Effect of fruit and CE of F. lacor Buch. Ham. on histopathology of 
kidney by hematoxylin and eosin staining. A. NC, B. diabetic control, C. STD 
treatment group, D. FE200 treatment group, E. FE400 treatment group, F. CE200 
treatment group, and G. CE400 treatment group.

Table 2. Effect of fruit and CE of F. lacor Buch. Ham. on kidney and liver serum markers in STZ-induced diabetic rats.

Parameter Normal Diabetic STD FE200 FE400 CE200 CE400

Urea (mg/dl) 38.09 ± 0.83 57.88 ± 1.35 f 37.93 ± 1.58 c 40.39 ± 0.87 c 39.42 ± 0.98 c 42.31 ± 0.94 c 40.01 ± 0.72 c

Uric acid (mg/dl) 4.90 ± 0.29 9.30 ± 0.30 f 6.33 ± 0.22 c 7.51 ± 0.11 c 6.7 ± 0.29 c 8.85 ± 0.22 b 7.63 ± 0.31 c

Creatinine (mg/dl) 0.69 ± 0.06 2.37 ± 0.09 f 1.58 ± 0.04 c 1.80 ± 0.08 c 1.62 ± 0.05 c 1.81 ± 0.07 c 1.75 ± 0.03 c

AST (U/l) 11.68 ± 1.22 27.65 ± 1.97 f 12.58 ± 1.53 c 14.86 ± 2.12 c 13.25 ± 1.86 c 17.24 ± 1.65 c 15.68 ± 1.89 c

ALT (U/l) 14.65 ± 1.52 34.35 ± 1.78 f 15.65 ± 1.14 c 17.86 ± 1.09 c 16.86 ± 1.68 c 22.85 ± 2.05 c 20.58 ± 1.45 c

Values are expressed as mean ± SEM (n = 5), ap ˂ 0.05, bp ˂ 0.01, cp ˂ 0.001, when compared with diabetic control group; dp ˂ 0.05, ep ˂ 0.01, fp ˂ 0.001, when 
compared with NC group.
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showed significant improvement in lipid profile in diabetic 
rats which reduces the probable complications associated with 
dyslipidemia. The kidney and liver markers were significantly 
normalized, which signifies a protective effect of the extract in 
both organs. Comparatively, FE was found to be more effective 
than CE in overall activity. This proves that F. lacor Buch. Ham. 
may be one of the alternatives for management of diabetes 
and related complications. Furthermore, a mechanism-based 
comprehensive study of the extract for antidiabetic activity 
needs to be carried out. 
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