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O R I G I N A L  A R T I C L E

INTRODUCTION

Elevated circulating inflammatory cytokines such as tumor 
necrosis factor (TNF)-α, interleukin (IL)-1β and IL-6 are 
observed in patients with postprandial hyperglycemia.[1-2] 
Activated innate immune system and chronic systemic 
inflammation is an early process in the pathogenesis of  type 
2 diabetes.[3] Cytokine TNF-α has been implicated in insulin 
resistance.[4] TNF-α stimulate the endothelial production 
of  adhesion molecules such as E-selectin and vascular cell 
adhesion molecule-1 (VCAM-1).[5] E-selectin and VCAM-1 
accelerate the atherosclerosis and vascular complications 
in diabetes. In this view, development of  a drug which 
modulates the cytokine TNF-α in type 2 diabetes will be a 
novel approach in early intervention of  the disease. 

Ficus religiosa Linn. commonly known as pipal is a 
large perennial tree that grows throughout India.[6] 

It is widely cultivated in South-east Asia especially in 
vicinity of  temples. In Ayurveda, F. religiosa belongs to 
a class of  drugs called rasayana.[7] Rasayana drugs are 
rejuvenators, immunomodulators and relieve stress in the  
body.[7,8] Decoction prepared from the bark of  F. religiosa 
is traditionally used in treatment of  ulcers, inflammation 
and diabetes.[9,10] Alcoholic extract of  the drug has been 
reported for immunomodulatory activity.[11] Hence the 
present study has been carried to analyze the effect of  
F. religiosa on elevated glucose and inflammatory marker 
TNF-α in type 2 diabetic rats.

MATERIALS AND METHODS

Collection and authentication of plant material
Bark of  F. religiosa was collected from Udupi which is 
in Karnataka, India during the month of  November-
December and dried under shade at temperature not 
exceeding 40˚C. Drug sample was authenticated and 
deposited (Voucher number: Bark/2005/540/15) at 
Department of  Raw Materials Herbarium and Museum, 
National Institute of  Science Communication and 
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Information Resources (NISCAIR), New Delhi. 

Aqueous extract and phytoconstituents
Dried bark was grounded into a moderately coarse 
powder (# 22) in domestic electric grinder. One part of  
the powdered drug was boiled with 16 parts of  water for 
a period of  15 min and filtered hot through muslin cloth. 
Filtrate was then evaporated under reduced pressure in Rota-
rod evaporator (Buchi RE 121, Japan). The dried aqueous 
extract (9.6%) was packed in air-tight container and stored 
in desiccators at room temperature for further studies.[7] 
Preliminary phytochemical analysis[12] of  the aqueous extract 
showed the presence of  carbohydrates, tannins, flavonoids, 
coumarin glycosides and phenolic compounds. 

Dose and Drug solution
In Ayurveda, 10-20 g of  the powdered bark in the form 
of  decoction is used in treatment of  diabetes.[7,9] In the 
present study, considering the extractive value of  the bark 
and rat metabolic rate (seven times higher than humans), 
aqueous extract of  F. religiosa at 100 and 200 mg/kg dose 
was selected for analyzing the biological activity. To prepare 
the test drug solution, required quantity of  the aqueous 
extract was dissolved in distilled water to have a desired 
dose in 1 ml. 

Animals
Wistar albino rats weighing 140-160 g of  either sex 
were housed under standard laboratory conditions of  
temperature 25 ± 2ºC and 55 ± 5%  relative humidity 
with a regular 12 h light:12 h dark cycle. Animals were 
given standard rat pellet and tap water ad libitum. The study 
protocol (Protocol number: 06/DIPSAR/ IAEC/ 2004) 
was approved by Institutional Animal Ethical Committee 
(IAEC), Delhi Institute of  Pharmaceutical Sciences and 
Research (DIPSAR), New Delhi. 

Streptozotocin-induced neonatal rat model for type 
2 diabetes
Type 2 diabetes was induced by administering streptozotocin 
at a dose of  90 mg/kg i.p., in two-day-old neonatal rats. 
After 6 weeks of  streptozotocin injection, rats showing 
the fasting blood glucose more than 160 mg/dl were 
considered as type 2 diabetes positive.[13]

Experimental groups 
Wistar albino rats of  either sex were randomly allotted into 
five groups of  six animals (n=6) each. Group I served as 
normal and received distilled water. Group II served as type 
2 diabetic control and received distilled water. Group III was 
type 2 diabetic treated with 100 mg/kg of  aqueous extract 
of  F. religiosa. Group IV was type 2 diabetic treated with 200 
mg/kg of  aqueous extract of  F. religiosa. Group V was type 2 
diabetic treated with 10 mg/kg of  gliclazide. Drug treatment 

was given on each morning with the help of  oral catheter for 
a period of  4 weeks. Body weight was determined at the end 
of  every week. After 4 weeks of  drug treatment, parameters 
such as fasting blood glucose, postprandial blood glucose 
and TNF-α in serum were analyzed. 

Estimation of fasting blood glucose 
Blood samples were withdrawn from overnight-fasted 
animals and glucose in serum was estimated by Glucose 
Oxidase and Peroxidase (GOD-POD kit) method[14] using 
autoanalyzer (Logotech, Tecno 168, Italy).

Estimation of postprandial blood glucose 
Blood samples were withdrawn from overnight-fasted 
animals and glucose in serum was estimated for basal 
reading (0 min). Then the animals were treated with 
respective drug solutions. Thirty minutes after the drug 
treatment, glucose solution at a dose of  2.5 g/kg body 
weight was administered orally with the help of  oral 
catheter.[15] Blood samples were withdrawn after 120 min 
of  oral glucose load (postprandial) and glucose in serum 
was estimated by GOD-POD kit method. 

Estimation of TNF-α
TNF-α in serum was estimated by ELISA (Rat TNF- α 
ELISA KIT, DIACLONE, France). Sufficient microwell 
strips were taken out of  the pouch. One hundred microliters 
of  standard diluent and 100 µl of  serum were added into 
the blank and sample well, respectively. Fifty microliters 
of  diluted biotinylated anti-rat TNF-α was added to all the 
wells. Wells were incubated for 3 h at 37ºC. Plate was then 
removed and liquid from the wells were aspirated. 0.3 ml 
of  washing solution was added into each well and aspirated. 
Washing was repeated two more times. One hundred 
microliters of  streptavidin-HRP solution was added to all 
the wells including blank. The wells were incubated at 37ºC 
for 30 min. 0.3 ml of  washing solution was added into each 
well and aspirated. Washing was repeated two more times. 
One hundred microliters of  chromogen-TMB (substrate) 
solution was added to all the wells including blank. The 
wells were again incubated at 37ºC for 15 min. The enzyme-
substrate reaction was stopped by quickly adding 100 µl 
of  sulfuric acid. Absorbance of  the color developed in the 
wells was measured at 420 nm in ELISA reader (Awareness 
Technology, Mumbai, India).[16] TNF-α in the sample was 
analyzed from the standard curve plotted with a limit of  
detection equivalent to 20 pg/ml [Figure 1]. 

Statistical analysis
Data are expressed as mean ± SEM. Statistical comparison 
between different groups was done using One-way analysis 
of  variance (ANOVA) followed by Tukey-Kramer multiple 
comparison test. P<0.05 was considered as statistically 
significant. 
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RESULTS

Effect on fasting blood glucose
Aqueous extract of  F. religiosa at both doses, i.e. 100 and 
200 mg/kg significantly (P<0.001) decreased the elevated 
fasting blood glucose in type 2 diabetic rats. However, 
the difference between 100 and 200 mg/kg was found 
to be significant (P<0.05) when analyzed for inter-group 
comparison. Gliclazide used as the standard drug for 
comparison also significantly (P<0.001) decreased the 
fasting blood glucose of  type 2 diabetic rats. Statistical data 
of  fasting blood glucose in various experimental groups is 
shown in Table 1. 

Effect on postprandial blood glucose
Aqueous extract of  F. religiosa at 100 and 200 mg/kg 
dose decreased the elevated postprandial blood glucose 
significantly (P<0.001) as compared to untreated diabetic 
control group. Difference between 100 and 200 mg/kg 
dose was significant (P<0.05) when analyzed for inter-
group comparison. F. religiosa at 100 mg/kg did not reduce 
the postprandial blood glucose below 140 mg/dl (normal). 

However, 200 mg/kg was able to reduce the postprandial 
blood glucose below 140 mg/dl indicating that the aqueous 
extract at higher dose is better effective. Gliclazide reduced 
the postprandial hyperglycemia below 140 mg/dl. Statistical 
data of  postprandial blood glucose in various experimental 
groups is shown in Table 1.

Effect on body weight
Two weeks of  drug treatment did not improve the body 
weight of  type 2 diabetic rats. By the end of  third week, 
100 and 200 mg/kg of  aqueous extract of F. religiosa 
increased the body weight at P<0.05 and <0.01 level 
of  significance, respectively, as compared to untreated 
diabetic control group. Progress in weight gain of  
drug-treated animals was continued for further weeks. 
By the end of  4 weeks, 100 and 200 mg/kg showed a 
significant (P<0.001) increase in body weight of  treated 
animals. Body weight of  various experimental groups 
at basal level, i.e., before drug treatment and at the end 
of  1st, 2nd, 3rd and 4th week of  drug treatment is shown 
in Figure 2. 

Effect on TNF-α
TNF-α was found be elevated in type 2 diabetic rats as 
compared to normal group. Aqueous extract of F. religiosa at 
100 and 200 mg/kg dose significantly (P<0.001) decreased 
the elevated TNF-α in type 2 diabetic rats. Difference 
between 100 and 200 mg/kg dose is statistically significant 
(P<0.05) when analyzed for inter-group comparison. Drug 
at higher dose, i.e. 200 mg/kg had more pronounced effect 
on elevated TNF-α. TNF-α level in various experimental 
groups is shown in Figure 3. 

Table 1: Effect of aqueous extract of Ficus 
religiosa on blood glucose in type 2 diabetic rats 
Group (n=6) Fasting blood 

glucose  
(mg/dl)

Postprandial 
blood glucose 

(mg/dl)
Normal 89.0 ± 2.7 112.5 ± 2.8
Type 2 diabetic control 186.5 ± 4.1 301.4 ± 5.6
Type 2 diabetic treated with 
100 mg/kg of F. religiosa

124.7 ± 3.6#,c 155.2 ± 4.1#,c

Type 2 diabetic treated with 
200 mg/kg of F. religiosa

110.4 ± 3.2#,b,ns 137.0 ± 3.5#,b,@

Type 2 diabetic treated with 
10 mg/kg of gliclazide

105.2 ± 2.5#,a 132.9 ± 3.7#,a

Values are expressed as mean ± SEM; #P<0.001 as compared to type 2 diabetic 
control; aP<0.05, bP<0.01, cP<0.001 as compared to normal; nsP>0.05, @P<0.05 as 
compared between type 2 diabetic treated with 100 and 200 mg/kg of F. religiosa

Figure 2: Effect of aqueous extract of F. religiosa (FR) on body weight 
of type 2 diabetic rats; NR: Normal, DC: Type 2 diabetic control, D+100 
FR: Type 2 diabetic treated with 100 mg/kg of FR, D+200 FR: Type 2 
diabetic treated with 200 mg/kg of FR, D+GLZ: Type 2 diabetic treated 
with gliclazide; Values are mean ± SEM; n=6; #P<0.001 as compared 
to type 2 diabetic control

Figure 1: Standard curve of tumor necrosis factor (TNF)-α
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DISCUSSION 

Postprandial hyperglycemia is an earliest metabolic 
abnormality to occur in type 2 diabetes.[17] This state initiates 
the development of  microvascular and macrovascular 
complications. Most of  the currently available anti-
diabetic therapies reduce the fasting blood glucose but 
have a little impact on postprandial hyperglycemia. In 
this view, aqueous extract of  F. religiosa at a dose of  200 
mg/kg was found to be better in controlling postprandial 
hyperglycemia of  type 2 diabetes. Reduction in blood 
glucose may be mediated through the enhanced insulin 
secretion. A leucopelargonin compound isolated from Ficus 
bengalensis has insulin secretagogue action in alloxan-induced 
diabetic dogs.[18] Coumarins in the form of  glycosides are 
soluble in water and are identified in the aqueous extract 
of  F. religiosa.[19] Coumarins along with flavonoids and 
polyphenols may be responsible for the above biological 
activity of  aqueous extract. Since F. religiosa belongs to a 
rasayana group of  plant drugs there may be rejuvenation 
of  pancreas.[7,8] Indeed rejuvenation of  pancreas enhance 
the secretion of  insulin. 

Body weight of  type 2 diabetic rats was found to be less 
during the course of  development as compared to normal 
animals. Elevated TNF-α inhibits the uptake of  free 
fatty acids from circulation and accelerate the lipolysis in 
adipose tissue, which leads to weight loss in type 2 diabetes. 
Paracrine effect of  TNF-α is high in obesity and type 2 
diabetes.[20] Weight loss in diabetes is also generally due to 
continuous excretion of  glucose from the body. Improved 
body weight of  drug-treated animals is due to the effect 
of  drug on reducing elevated glucose and TNF-α in type 

2 diabetic rats. 

A variety of  stressors such as infection, tissue injury and 
food cause macrophages, adipocytes, endothelial cells etc., 
to secrete inflammatory cytokines.[21] Cytokines are the small 
soluble peptides released by the cells of  immune system to 
communicate and influence their function. Cytokine TNF-α 
has been implicated in insulin resistance.[4] Insulin resistance 
is a primary metabolic defect in type 2 diabetes. Binding 
of  insulin to its receptor induces autophosphorylation at 
multiple tyrosine sites is a key element in insulin signaling 
pathway.[22] TNF-α has direct inhibitory effect on tyrosine 
kinase and phosphorylation cascade.[3,4] TNF-α mediate 
insulin resistance also through indirect effects including 
increasing the free fatty acids in circulation, stimulation 
of  insulin counter-regulatory hormones, impairment of  
endothelial function or inhibiting the glucose-stimulated 
insulin release by pancreatic β-cells. [23] The above 
interference of  TNF-α in various pathways is justified 
by its elevated levels in type 2 diabetic rats. Decrease in 
elevated TNF-α by the aqueous extract of  F. religiosa 
indicate the anti-inflammatory and immunomodulatory 
(rasayana) property of  the plant drug is related with its 
potential glucose lowering effect in type 2 diabetic rats. 
Modulation of  TNF-α is possibly due to flavonoids present 
in the aqueous extract. As natural modulators of  pro-
inflammatory gene expression, flavonoids are considered 
as potential drugs for immunomodulatory agents.[16,24] 
Multi-dimensional activity of  the plant drugs is beneficial 
in treatment of  type 2 diabetes where the cause and 
consequence are multi-factored.[25] 

CONCLUSION

F. religiosa modulates the inflammatory cytokine TNF-α 
in type 2 diabetic rats. Drug at 200 mg/kg dose has more 
pronounced effect. Rasayana property of  F. religiosa is 
related with its potential anti-diabetic activity. 
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