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ABSTRACT: Objective: This study was aimed to evaluate the role of GLP-1, GIP in 

the hypoglycemic activity of Phlogacanthus thyrsiflorus Nees. Materials and 

Methods: We have evaluated the influence of Phlogacanthus thyrsiflorus Nees, a 

traditionally used antidiabetic medicinal plant on some metabolic parameters, 

glucose homeostasis, insulin production, glucagon like peptide 1 (GLP1) and gastric 

Inhibitory Polypeptide (GIP) in high fat diet fed (HFD) obese mice and High fat diet 

+ streptozotocin (HFD + STZ) induced diabetic mice. Oral glucose tolerance test 

(OGTT) was done to study the glucose homeostasis in both HFD fed obese mice and 

HFD + STZ induced diabetic mice. Effect of P. thyrsiflorus on pancreatic beta cells 

was assessed using histological studies. Results: Phlogacanthus thyrsiflorus aqueous 

extract (PTAE) treatment lowered the blood glucose levels in HFD fed obese mice 

and HFD + STZ induced diabetic mice significantly. PTAE treatment reduced the 

weight gain in HFD fed obese mice and prevented the constant weight loss in 

HFD+STZ induced diabetic mice. PTAE treatment decreased the food intake 

significantly in HFD fed obese mice. PTAE treatment improved the glucose 

tolerance and the lipid profile in HFD fed obese mice. PTAE treatment decreased the 

insulin level in HFD fed obese mice and increased the insulin level in HFD + STZ 

induced diabetic mice. PTAE treatment increased the GLP –1 level and decreased 

the GIP level significantly in both HFD fed obese mice and HFD + STZ induced 

diabetic mice. Histological studies of pancreas showed that P.thyrsiflorus helps 

normalizing the pancreatic histoarchitecture. Conclusion: This study states that the 

hyperglycaemic activity of the P.thyrsiflorus is due to the modulation of the entero-

insular axis in the Hypoglycemic mice. However the study also revealed the doubtful 

role of GIP as incretins and its role in diabetes treatment. 

INTRODUCTION: In response to food ingestion, 

enteroendocrine cells in the intestinal mucosa 

release hormones that can stimulate insulin 

secretion from endocrine pancreas, and thereby 

reduce blood glucose 
1, 2

. This is known as incretin 

effect and two such hormones, that is Glucagon 

like peptide 1 (GLP-1) and Gastric Inhibitory 

Polypeptide (GIP), have been identified as the 

incretins 
1, 2

.  
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GLP-1 and GIP are rapidly inactivated to GLP-1 

(9-37) or GLP-1 (9-36) NH2 and GIP (3-42) by 

dipeptidyl peptidase 4 (DPP-4), a ubiquitous 

proteolytic enzyme. As a result more than half of 

the GLP-1 that enters the portal circulation is 

inactivated by DPP-4 before entry into the systemic 

circulation 
2
.  

 

The insulin secretory response to incretins accounts 

for at least 50% of the total insulin secreted after 

oral glucose. Despite that lacking secretion or faster 

clearance of incretin are not pathogenic factors in 

diabetes, GLP-1 has become a molecular target for 

therapeutics of type 2 diabetes mellitus since its 

insulinotrotic activity is still active in these 

patients, but not GIP 
1, 2

. Two such strategies have 
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already been in clinical practice to treat type 2 

diabetes, namely GLP-1 analogs and DPP IV 

inhibitors that degrades both GLP-1 and GIP 
1
. 

 

The GLP-1 biology has been extensively reviewed 
1-4

. This endocrine hormone is secreted from 

enteroendocrine L cells, found in high density in 

distal ileum but also throughout the small and large 

intestine, is stimulated by glucose, amino acids and 

fats. Its main physiological roles include: (1) the 

stimulation of glucose dependent insulin secretion 

from pancreatic β cells (2) stimulation of insulin 

biosynthesis and insulin sensitivity (3) 

enhancement of pancreatic β cell proliferation and 

protection against apoptosis (4) inhibition of 

glucagon secretion and gastric emptying (5) 

inhibition of food intake 
1-4

.
 
GIP in contrast is 

produced by the K cells in the proximal duodenum; 

its secretion is also stimulated by glucose, but is 

particularly enhanced by fats 
5
. GIP upregulates 

beta cell insulin gene transcription and 

biosynthesis, as well as the expression of 

components of beta cell glucose sensor 
6
. The 

physiologic importance of GIP as incretin hormone 

is illustrated by disruption of GIP action in vivo. 

Elimination of GIPR signaling using GIPR 

antagonist, receptor specific antisera or by targeted 

inactivation of murine GIPR gene (GIPR -/-) is 

associated with impaired oral glucose tolerance and 

defective glucose stimulated insulin secretion in 

rodents 
7, 8

.  

 

There are many publications on the secretion of 

GIP in type 2 diabetes, both increased, normal and 

decreased secretion was reported 
9
. GIP receptor 

agonists also potentiate glucose stimulated insulin 

secretion but unlike GLP-1, GIP does not appear to 

have significant effects on glucagon secretion, 

gastric emptying or body weight 
2
. Unexpectedly, 

either GIP receptor activation or ablation of GIP 

receptor signaling exerts beneficial metabolic 

action in preclinical models of experimental 

diabetes 
10, 11

. Hence there is considerable ongoing 

debate as to the extent to which modulation of GIP 

receptor signaling will be useful therapeutic option 

in type 2 diabetes.  

 

Phlogacanthus thyrsiflorus Nees is found in the sub 

tropical Himalayas, upper Gangetic plain, Bihar, 

North Bengal and Assam 
12

. Phlogacanthus 

thyrsiflorus Nees is a medicinal herb which belongs 

to Acanthaceae family. Whole plant is used in 

Whooping cough and Menorrhagia. Fruits and 

leaves are burnt and it is prescribed for fever. The 

leaves are reported to contain diterpene lactone, 

Phlogantholide A. A decoction of leaves is also 

beneficial in liver and spleen diseases 
12

. Jaintia 

tribe of Meghalaya uses fruit and leaf ash of 

Phlogacanthus thyrsiflorus Nees and use it to treat 

fever 
13

. Ethanolic extract of Phlogacanthus 

thyrsiflorus Nees has analgesic activity on 

experimental mice 
14

. Phlogacanthus thyrsiflorus 

Nees has antimicrobial activity also 
15

.  

 

The generation of free radicals has been implicated 

in the causation of several diseases of known and 

unknown etiologies such as Rheumatoid Arthritis, 

Cancer etc., and compounds that can scavenge free 

radicals have great potential in ameliorating these 

disease processes. Phlogacanthus thyrsiflora Nees 

has prominent free radical scavenging property so 

it may prove as a very good medicinal herb
16

. We 

previously reported the antihyperglycemic activity 

of Phlogacanthus thyrsiflorus Nees 
17

.
 

 

Methodology: 

Plant material:
 

The flowers of Phlogacanthus thyrsiflorus Nees 

were collected from local market in April 2011 and 

herbarium was prepared. The herbarium was 

identified for authenticity by the experts of Dept of 

Botany, Gauhati University, Assam and voucher 

specimen bearing accession number 177797 was 

deposited for future reference. The flowers were 

thoroughly washed and shade dried. 

 

Preparation of Plant extract: 

After shade drying the dried flowers were 

powdered in mixture grinder. The powdered flower 

was macerated with distilled water for 72 hrs at 

room temperature with occasional stirring. It was 

then filtered through Whatman filter paper. The 

filtrate was air dried and stored in refrigerator for 

further use as PTAE (Phlogacanthus thyrsiflorus 

aqueous extract). The yield of the extract was 10% 

(w/w). During experiment the crude extract was 

diluted with distilled water just before 

administration to animals.  
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Chemicals:  

Streptozotocin, Sitagliptin and Glibenclamide was 

purchased from Sigma Chemical Co, St Louis, MO, 

USA. All other chemicals and reagents used were 

of analytical grade. All the diagnostic kits were 

purchased from Crest Biosystems. Mouse Insulin, 

GIP, GLP-1 ELISA Kits were purchased from 

Zenith India. 

 

Experimental Animals: 

Healthy adult albino mice of both sexes (20-25 g) 

in-housebred at the Animal house of Gauhati 

University, Assam, India were used for the study. 

Mice were housed in polypropylene cages lined 

with husk in standard environmental conditions and 

12:12 hr light: dark cycle. The animals were fed on 

a standard pellet diet ad libitum and had free access 

to water. The experiments were performed after 

approval of the protocol by the Institutional Animal 

Ethics Committee (IAEC) (Registration number: 

902/ac/05/CPCSEA, Reference number: 

IAEC/PER/2012-13/193) and were carried out in 

accordance with the current guidelines for the care 

of laboratory animals. 

 

Effect of PTAE on Insulin and GLP-1, GIP 

levels and lipid profile in HFD fed obese mice: 
The amount of fat needed in high fat diet must be 

in the range of 30 – 60% of the total diet because 

this amount allows the changes of body weight and 

endocrine secretion
 18

. C3H Mice were ad libitum 

fed either with a basal diet or a high fat diet or a 

high fat diet with 100 mg/kg PTAE for 5 weeks. 

The composition of the high fat diet (HFD) and 

normal diet is given in Table 1. The animals were 

divided into four groups with 4 animals in each: 

 

Group I: Control animals fed with normal diet 

 

Group II: The animals were fed normal diet and 

were treated with 100mg/kg PTAE 

 

Group III: The animals were fed with high fat diet 

(HFD)  

 

Group IV: The animals were fed with HFD and 

were treated with 100mg/kg PTAE 

 

Treatment was continued for 5 weeks. Food, water 

intake, fasting and post prandial blood glucose and 

body weight was measured weekly. New portions 

of food were provided to the mice every day and 

the leftover food was discarded. Food intake was 

monitored by weighing the leftover food in each 

cage and was measured on a cage by cage basis.  

Oral glucose tolerance test (OGTT) was done after 

5 weeks. Two days before sacrifice, the oral 

glucose tolerance test was performed for the 

evaluation of blood glucose.  

 

After overnight fasting, the plasma glucose 

concentration was measured at 0,30,60,90,120 

minutes after oral glucose loading (2g/kg b.w). 

Area under curve (AUC) was calculated for OGTT 

by trapezoidal rule. On the day of sacrifice, PTAE 

was orally fed to the respective treated group 30 

min before glucose administration, glucose at the 

dose of 1g/kg was then fed orally 
19, 20

. Then the 

animals were sacrificed.  

 
TABLE 1: COMPOSITION OF HIGH FAT DIET (HFD) AND 

NORMAL DIET 

High fat Diet 

(HFD) 

 Normal diet  

Ingredients Quantity 

(%) 

Ingredients Quantity 

(%) 

Wheat Bran 18 Wheat Bran 25 

Maize Bran 23 Maize Bran 35 

Oil Cake 19 Oil Cake 30 

Butter 30 Vitamin 5 

Vitamin 5 Salt 5 

Salt 5   

                                                    

Collection of blood samples from animals:  
During sacrifice blood was collected by cardiac 

puncture. Then whole blood was collected in an 

eppendorf containing EDTA and with or without 

DPP4 inhibitor. Then blood samples was 

centrifuged in 2000 RPM for estimation of GIP and 

GLP-1 (with DPP4 inhibitor), Cholesterol, 

Triglycerides, HDL, Insulin (without DPP4 

Inhibitor) 
21-23

.  

 

Plasma Cholesterol was estimated 

spectrophotometrically (CHOP-PAP method, Crest 

Biosystems). Triglyceride was estimated using 

diagnostic kit (GPO-PAP method, Crest 

Biosystems), HDL Cholesterol was also estimated 

using diagnostic kit (PEG ppt method, Crest 

Biosystems). The VLDL cholesterol was calculated 

using the formula (TG/5). The Plasma LDL 

cholesterol was calculated by the method of 

Friedwald et al. (1972) 
24

.  
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Effect of PTAE on Insulin and GLP-1, GIP 

levels in HFD+STZ induced diabetic mice: 

Induction of diabetes: 

Experimental diabetes was induced by feeding all 

the mice high fat diet for 4 weeks and then 

injecting three intraperitoneal injection of 35mg/kg 

of Streptozotocin (STZ) freshly dissolved in 

distilled water in three consecutive days 
25, 26

. 

Control animals received only distilled water. After 

48 hrs of Streptozotocin injection animals with 

fasting blood glucose above 200mg/dl were 

considered as diabetic and included in the study.  

 

Experimental Animals Grouping: 

Animals were divided into 5 groups with 4 animals 

in each group. 

 

1. Control group: This group received only 

distilled water 

 

2. Diabetic group: This group received only 

distilled water 

 

3. Low dose plant extract treated diabetic group: 

These were diabetic animals and were treated 

with 100 mg/kg PTAE 

 

4. High dose plant extract treated diabetic group: 

These were diabetic animals and were treated 

with 200 mg/kg PTAE 

 

5. Standard drug treated diabetic group: These 

were diabetic animals and were treated with 

glibenclamide (10 mg/kg). 

 

These treatments were continued for 4 weeks. 

Blood glucose and body weight was monitored 

weekly. Two days before sacrifice, the oral glucose 

tolerance test was performed. After overnight 

fasting, the plasma glucose concentration was 

measured at 0,30,60,90,120 minutes after oral 

glucose loading (2g/kg body weight). Area under 

curve was calculated for OGTT by trapezoidal rule. 

PTAE was fed 30 min before glucose 

administration; glucose at the dose of 1g/kg was 

fed orally. Then the animals were sacrificed.  

 

Collection of blood samples from animals: 
Blood was collected by cardiac puncture. Whole 

blood was collected in an eppendorf containing 

EDTA and with or without DPP4 inhibitor. Then 

blood samples were centrifuged in 2000 RPM for 

estimation of GIP and GLP-1 (with DPP4 

Inhibitor) and insulin (without DPP4 Inhibitor).  

 

Histology of pancreas: 

Pancreas of all animals were collected and 

preserved in Bouin’s fluid for histological studies. 

Chrome hematoxylene and Phloxine B was used 

for staining the pancreatic sections. 

 

Statistical analysis 
All results were expressed as Mean ± SEM. The 

significance of the difference between the means of 

test and control studies was established by 

Student’s t-test and the data were expressed as 

mean ± SEM. P value less than 0.01, 0.001, 0.0001 

were considered to be statistically significant. 

 

RESULTS: 

Effect of PTAE on blood glucose and body 

weight in HFD fed obese mice and HFD + STZ 

diabetic mice: 

No significant change in fasting and post prandial 

blood glucose level was observed in normal mice 

but in HFD fed obese mice the fasting and post 

prandial blood glucose increased significantly upto 

182.5 mg/dl and 252.5 mg/dl respectively when 

compared with normal control (P < 0.0001) but in 

the HFD fed mice treated with 100mg/kg PTAE the 

fasting and post prandial blood glucose level 

lowered significantly when compared to obese 

control (P < 0.0001) which is shown in Table 2. 

Normal diet fed mice when treated with 100 mg/kg 

PTAE also decreased both the fasting and post 

prandial  blood glucose when compared to normal 

control (P < 0.01) (P < 0.001).  

 

On the other hand, HFD+ STZ diabetic mice had 

fasting and post prandial blood glucose upto 202 

mg/dl and 267 mg/dl respectively in the 4
th

 week of 

the study which was significantly higher when 

compared to normal control (P < 0.0001) which is 

shown in Table 3. PTAE in both the doses 

(100mg/kg and 200 mg/kg) reduced the fasting and 

post prandial blood glucose levels significantly in 

HFD+STZ induced diabetic mice when compared 

to diabetic control (P < 0.0001) (P < 0.001). The 

body weight of control mice had a slight increase 

after the experiment onset but the body weight of 
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HFD fed obese mice increased significantly up to 

31 g on the 5
th

 week of the study when compared to 

normal control (P < 0.0001).  

 

Furthermore the PTAE treatment maintained the 

body weight in HFD fed animals as the body 

weight was significantly lower than obese control 

throughout the period of the study (P < 0.0001) 

which is shown in Table 2. In the second set of 

animals, in HFD + STZ diabetic animals, all the 

animals began to lose weight after STZ injection. 

The weight loss was maximum in HFD+STZ 

diabetic control. The mean body weight of 

HFD+STZ mice was lower than control mice (P < 

0.0001). But PTAE in both the doses 100mg/kg and 

200 mg/kg controlled the rapid loss of body weight 

in HFD+STZ mice when compared to diabetic 

control (P < 0.001) shown in Table 3. The result 

was comparable to standard drug treatment.  

 

Effect of PTAE on food and water intake in 

HFD fed mice: 

There were only slight change in food consumption 

and water intake in control mice during the whole 

experimental period. The food consumption 

increased significantly in the obese control and 

reached the maximum on the 5
th

 week ie it was 

11.6 g/animal in average (P < 0.0001). But in the 

HFD fed mice treated with100mg/kg PTAE the 

food consumption remained almost constant 

throughout the period of study which was 

significantly lower (P < 0.0001), when compared to 

obese control which is shown in Table 2. In the 

obese control water intake decreased significantly   

to 1.65 ml/ animal in average in the 5
th

 week when 

compared to normal control (P < 0.0001). But in 

the HFD fed mice treated with 100mg/kg PTAE the 

water intake remained almost constant throughout 

the study which was significantly higher than the 

obese control (P < 0.0001) which is shown in 

Table 2. The food and water intake of normal diet 

fed mice treated with 100 mg/kg PTAE was almost 

similar to the normal control.  

 

TABLE 2: EFFECT OF PTAE ON METABOLIC PARAMETERS AND PLASMA BLOOD GLUCOSE LEVELS IN HIGH FAT 

DIET FED AND NORMAL DIET FED MICE 

Parameters  Groups   

Control HFD fed obese control Con + PTAE HFD + PTAE 

Body Weight (g) 25±1.0 31±1.35
≠ 

25±1.15 24±1.08
* 

Fasting Blood Glucose (mg/dl) 89.5±0.5 182.5±0.5
≠ 

86.5±0.5
≠≠ 

125.5±0.5*
 

Post Prandial Blood glucose (mg/dl) 136.3 ± 0.88 252.5± 2.50
≠
 122.5± 1.50

≠≠≠
 154 ± 2.31

*
 

Food intake (g/animal) 6.25±0.05 11.6±0.1
≠ 

6.75±0.05
≠≠ 

7.05±0.05
* 

Water intake (ml/animal) 5.05±0.05 1.65±0.05
≠ 

6.1±0.058
≠≠ 

6.25±0.05
* 

 

The table represents the metabolic parameters and 

plasma blood glucose levels of the animals from 

the four groups; Control , High fat diet fed group 

(HFD), Control treated with Phlogacanthus 

thyrsiflorus aqueous extract PTAE (Con + PTAE), 

High fat fed mice treated with Phlogacanthus 

thyrsiflorus aqueous extract PTAE (HFD + PTAE).  

 

Values represent Mean ± standard deviation (n=4). 

Significant difference between control and HFD 

fed obese control: ≠P < 0.0001,
 

Significant 

difference between control and Con + PTAE group: 

≠≠P< 0.01, ≠≠≠ P < 0.001 Significant difference 

between HFD fed obese control and HFD + PTAE 

group: *P< 0.0001. 
 
TABLE 3: EFFECT OF PTAE ON BODY WEIGHT AND BLOOD GLUCOSE LEVEL IN HFD + STZ TREATED DIABETIC 

MICE 

Parameters  Groups    

Control HFD + STZ 

induced diabetic 

control 

HFD + STZ + 

PTAE (100 

mg/kg) 

HFD + STZ+ 

PTAE(200 

mg/kg) 

HFD + 

STZ+Glibenclamide 

Body Weight (g) 26.2±0.88 21.5 ± 0.50
≠ 

26 ± 1.0
$
 23 ± 1.0

$ 
24 ± 1.0

$
 

Fasting Blood 

Glucose (mg/dl) 

95 ± 1.0 202 ± 1.0
≠ 

132 ± 2.0
* 

115.5 ± 0.5
* 

 

112.5 ± 2.50
*
 

Post Prandial Blood 

glucose (mg/dl) 

137 ± 1.0 267 ± 1.0
≠
 164 ± 1.00

$
 144 ± 1.0

$
 142 ± 2.0

$
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The table represents the body weight and plasma 

blood glucose levels of the animals from the five 

groups: High fat diet fed + Streptozotocin induced 

diabetic group (HFD + STZ), High fat diet fed + 

Streptozotocin induced diabetic group treated with 

Phlogacanthus thyrsiflorus aqueous extract 100 mg 

/kg PTAE (HFD + STZ+ PTAE), High fat diet fed 

+ Streptozotocin induce diabetic group treated with 

Phlogacanthus thyrsiflorus aqueous extract 200 mg 

/kg PTAE (HFD + STZ+ PTAE), High fat diet fed 

+ Streptozotocin treated with standard drug 

glibenclamide 10 mg/kg (HFD + STZ + Std drug. 

Values represent Mean ± standard deviation (n=4). 

Significant difference between control and HFD + 

STZ diabetic control:  ≠P < 0.0001. Significant 

difference between diabetic control and HFD + 

STZ + PTAE group *P < 0.0001, 
$
P < 0.001. 

 

Effect of PTAE on Oral Glucose Tolerance in 

HFD fed obese mice and HFD+STZ induced 

diabetic mice 

OGTT can be used to study the blood glucose 

homeostasis in normal as well as diabetic mice.  

OGTT was done to evaluate the blood glucose 

homeostasis in both HFD fed obese mice and HFD 

+ STZ induced diabetic mice which is shown in 

Table 4 and 5. Total area under curve (AUC) was 

calculated for all groups which are shown in Fig.1 

and 2. HFD fed obese mice and HFD + STZ 

induced diabetic mice showed impaired glucose 

tolerance i.e significantly higher blood glucose at 

all time points as well as greater AUC when 

compared with normal control (P< 0.0001).  

 

The blood glucose level was highest in 30 minutes 

after the glucose load in obese control ie it was 

200.5 mg/dl which was significantly higher when 

compared to normal control (P < 0.0001) and 

PTAE treated HFD fed mice which showed the 

blood glucose level of 161 mg/dl in 30 minutes 

which was significantly lower when compared to 

obese control (P < 0.0001). HFD fed mice cleared 

the glucose in blood less efficiently when 

compared to normal control and PTAE treated 

HFD fed mice. PTAE treated HFD fed mice 

showed significantly lower blood glucose at all 

time points and lower AUC when compared with 

obese control (P < 0.0001). PTAE treated normal 

mice also showed lower glucose levels at all time 

points and lower AUC when compared to normal 

control (P < 0.001). In HFD + STZ diabetic mice 

postprandial blood glucose level showed a 

significant change after glucose loading, increasing 

in all groups of diabetic mice within 30 minutes 

and remaining high for over the next 120 minutes 

in diabetic control mice.  

 

In diabetic control the blood glucose was 282.3 

mg/dl after 30 minutes of the glucose load which 

was significantly higher than the normal control (P 

< 0.0001). But PTAE in both the doses ie 100 

mg/kg and 200 mg/kg and glibenclamide reduced 

the blood glucose level signifiantly at all time 

points when compared to diabetic control (P < 

0.0001), the blood glucose levels normalized after 

120 minutes. AUC of PTAE treated HFD+STZ 

mice was significantly lower when compared to 

diabetic control (P < 0.0001) which is shown in Fig 

2. PTAE treatment improved oral glucose tolerance 

in HFD fed obese mice and HFD + STZ induced 

diabetic mice. 

 
 

TABLE 4: EFFECT OF PTAE ON ORAL GLUCOSE TOLERANCE TEST OF NORMAL DIET FED MICE AND 

HIGH FAT FED MICE 

Animal group 0 min 

(mg/dl) 

30 min (mg/dl) 60 min 

(mg/dl) 

90 min 

(mg/dl) 

120 min 

(mg/dl) 

Normal control 91±0.58 150.5±0.5 139±0.58 129.5±0.5 121±0.58 

High fat diet fed group 151±0.58
≠ 

200.5±0.5
≠ 

189±0.58
≠ 

161±1.0
≠ 

151±0.58
≠ 

Normal+100mg/kg PTAE 91±0.58 134±0.58
≠≠ 

127.5±0.5
≠≠ 

114±0.58
≠≠ 

100.5±0.5
≠≠ 

HFD+100mg/kg PTAE 120±1.15
* 

161±1.0
* 

152.3±1.45
* 

141±1.0
* 

131.3±0.88
* 

 

The table represents the Oral Glucose Tolerance 

Test and the figure represents the calculation of 

Area under Curve of OGTT of the animals from the 

four groups; Control; High fat diet fed group 

(HFD), Control treated with Phlogacanthus 

thyrsiflorus aqueous extract PTAE (Con + PTAE),  

 

High fat fed mice treated with Phlogacanthus 

thyrsiflorus aqueous extract PTAE (HFD + PTAE). 

Values represent Mean ± standard deviation (n=4). 

Significant difference between control and HFD 

fed obese control: ≠P < 0.0001.
 

Significant 

difference between control and Con + PTAE group: 
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≠≠P < 0.001 Significant difference between HFD 

fed obese control and HFD + PTAE group: *P< 

0.0001 

 
 

TABLE 5: EFFECT OF PTAE ON ORAL GLUCOSE TOLERANCE TEST IN HFD + STZ DIABETIC MICE 

Animal group 0 min 

(mg/dl) 

30 min (mg/dl) 60 min 

(mg/dl) 

90 min 

(mg/dl) 

120 min 

(mg/dl) 

Normal control 93.6 ± 0.88 151.5 ± 1.5 132 ± 1.15 112 ± 2.0 96.3 ± 0.88 

HFD + STZ diabetic control 201.5 ± 1.5≠ 282.3 ± 1.2≠ 262 ± 2.0≠ 236 ± 0.58≠ 208 ± 2.0≠ 

HFD+ STZ + PTAE100 mg/kg 133 ± 1.53* 222 ± 2.0* 205.6± 0.67* 183.5 ± 3.5* 137 ± 1.15* 

HFD+STZ+200 mg/kgPTAE 125.5 ± 0.50* 202 ± 1.15* 182 ± 2.0* 163 ± 0.58* 131 ± 1.0* 

HFD+STZ+10 mg/kg 

glibenclamide 

134 ± 1.15* 203.5 ± 1.5* 175.6 ± 1.2* 156.3 ± 0.8* 136 ± 2.31* 

 

The table represents the Oral Glucose Tolerance 

Test and the figure represents the calculation of 

Area under Curve of OGTT of the animals from the 

five groups: Control, High fat diet fed + 

Streptozotocin induced diabetic control (HFD + 

STZ), High fat diet fed + Streptozotocin induced 

diabetic group treated with Phlogacanthus 

thyrsiflorus aqueous extract 100 mg /kg PTAE 

(HFD + STZ+ PTAE), High fat diet fed + 

Streptozotocin induce diabetic group treated with 

Phlogacanthus thyrsiflorus aqueous extract 200 mg 

/kg PTAE (HFD + STZ+ PTAE), High fat diet fed 

+ Streptozotocin treated with standard drug 

glibenclamide 10 mg/kg (HFD + STZ + Std drug. 

Values represent Mean ± standard deviation (n=4). 

Significant difference between control and HFD + 

STZ diabetic control:  ≠P < 0.0001. Significant 

difference between diabetic control and HFD + 

STZ + PTAE group *P < 0.0001. 

                                                 

 
FIG.1: CALCULATION OF TOTAL AREA UNDER CURVE 

OF OGTT OF HFD FED OBESE MICE 

 

The figure represents the calculation of Area under 

Curve of OGTT of the animals from the four 

groups; Control; High fat diet fed group (HFD), 

Control treated with Phlogacanthus thyrsiflorus 

aqueous extract PTAE (Con + PTAE), High fat fed 

mice treated with Phlogacanthus thyrsiflorus 

aqueous extract PTAE (HFD + PTAE). Values  

 

represent Mean ± standard deviation (n=4). 

Significant difference between control and HFD 

fed obese control: ≠P < 0.0001.
 

Significant 

difference between control and Con + PTAE group; 

Significant difference between obese control and 

HFD + PTAE group: *P< 0.0001. 

 

 
FIG 2: CALCULATION OF TOTAL AREA UNDER CURVE 

OF OGTT OF HFD+STZ DIABETIC MICE 

 

The figure represents the calculation of Area under 

Curve of OGTT of the animals from the five 

groups: Control, High fat diet fed + Streptozotocin 

induced diabetic control (HFD + STZ), High fat 

diet fed + Streptozotocin induced diabetic group 

treated with Phlogacanthus thyrsiflorus aqueous 

extract 100 mg /kg PTAE (HFD + STZ+ PTAE), 

High fat diet fed + Streptozotocin induce diabetic 

group treated with Phlogacanthus thyrsiflorus 

aqueous extract 200 mg /kg PTAE (HFD + STZ+ 

PTAE), High fat diet fed + Streptozotocin treated 

with standard drug glibenclamide 10 mg/kg (HFD 

+ STZ + Std drug. Values represent Mean ± 

standard deviation (n=4). Significant difference 

between control and HFD + STZ diabetic control:  
*
P < 0.0001. Significant difference between 

diabetic control and HFD + STZ + PTAE group 

**P < 0.0001. 
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Effect of PTAE on lipid profiles of high fat fed 

mice: As shown in Table 6 the Plasma Cholesterol, 

Triglycerides, Low Density Lipoprotein (LDL) and 

Very Low Density Lipoprotein (VLDL) in HFD 

fed mice was significantly higher but High Density 

Lipoprotein (HDL) was lower when compared to 

normal control (P < 0.0001) (P < 0.001). Treatment 

of PTAE significantly lowered plasma Cholesterol, 

Triglycerides, LDL and VLDL and increased HDL 

when compared to obese control (P < 0.0001) (P < 

0.001). 

 

TABLE 6: EFFECT OF PTAE ON LIPID PROFILES OF NORMAL DIET FED MICE AND HIGH FAT FED MICE 

Animal group Total cholesterol 

(mg/dl) 

Triglyceride 

(mg/dl) 

HDL 

(mg/dl) 

LDL 

(mg/dl) 

VLDL 

(mg/dl) 

Normal control 94.5 ± 0.5 72.3 ± 1.20 32.3± 1.15 46.8 ± 1.67 14.4 ± 0.24 

High fat diet fed group 260.2± 2.89
≠ 

217.3 ± 1.45
≠ 

16.3±0.8
≠≠ 

200.2± 4.0
≠ 

43.4 ± 0.29
≠ 

Normal+100 mg/kg PTAE 90.3± 0.88
≠≠≠ 

64.5 ± 0.5
≠≠≠ 

28.5 ± 0.5 49.1±2.1
≠≠≠ 

12.9 ± 0.1 

HFD+100 mg/kg PTAE 122.5 ± 2.50
* 

145.6 ± 1.0
* 

31.5±1.0
** 

62.5 ±1.7
* 

29.9 ± 0.2
* 

 

The table represents the lipid profile of the animals 

from the four groups; Control, High fat diet fed 

group (HFD), Control treated with Phlogacanthus 

thyrsiflorus aqueous extract PTAE (Con + PTAE), 

High fat fed mice treated with Phlogacanthus 

thyrsiflorus aqueous extract PTAE (HFD + PTAE). 

Values represent Mean ± standard deviation (n=4). 

Significant difference between control and HFD 

fed obese control: ≠P < 0.0001, ≠≠ P < 0.001.
 

Significant difference between control and Con + 

PTAE group: ≠≠≠P < 0.01 Significant difference 

between HFD fed obese control and HFD + PTAE 

group: *P< 0.0001, ** P < 0.001 

 

Effect of PTAE on plasma insulin, GLP-1 and 

GIP levels in HFD fed obese mice and HFD+ 

STZ induced diabetic mice: 
The plasma insulin level of HFD fed mice was 

significantly higher when compared to normal 

control (P < 0.0001). But the treatment of HFD fed 

mice with PTAE lowered the insulin level 

significantly when compared to obese control (P < 

0.0001). The plasma GLP-1 level of HFD fed mice 

was significantly lower when compared to normal 

control (P < 0.0001). But the treatment of HFD fed 

mice and normal mice with PTAE increased the 

GLP-1 level significantly when compared to obese 

control (P < 0.001). The plasma GIP level was 

significantly higher when compared to normal 

control (P< 0.001). But the treatment of HFD fed 

mice with PTAE decreased the GIP level 

significantly when compared to HFD fed mice (P < 

0.001). The result is shown in Table 7. 

 

From the previous study it can be concluded that 

HFD fed mice developed insulin resistance. When 

HFD induced insulin resistance was combined with  

 

partial islet damage elicited by low dose of STZ, 

mice exhibits loss of beta cells, decreased 

circulating insulin level and hyperglycemia. It may 

be due to this fact that the postprandial insulin level 

of HFD + STZ diabetic mice was lower than the 

control. The plasma insulin level of HFD + STZ 

diabetic mice was significantly lower when 

compared to normal control (P < 0.0001). But the 

treatment of HFD + STZ diabetic mice with PTAE 

in both doses i.e. 100 mg/kg and 200 mg/kg 

increased the insulin level significantly when 

compared to diabetic control (P < 0.0001).  

 

The plasma GLP-1 level of HFD + STZ diabetic 

mice was significantly lower when compared to 

normal control (P < 0.0001). But the treatment of 

HFD + STZ diabetic mice with PTAE in both doses 

i.e. 100 mg/kg and 200 mg/kg increased the GLP-1 

level significantly when compared to diabetic 

control (P < 0.0001). The plasma GIP level of HFD 

+ STZ diabetic mice was significantly higher when 

compared to normal control (P < 0.001). But the 

treatment of HFD + STZ diabetic mice with PTAE 

in both doses i.e. 100 mg/kg and 200 mg/kg 

reduced the GIP level significantly when compared 

to diabetic control (P < 0.001). The results are 

comparable with the standard drug treatment. The 

result is shown in Table 8. 

 
TABLE 7: EFFECT OF PTAE ON INSULIN, GLP-1 AND GIP 

LEVELS IN HIGH FAT DIET FED MICE 
Animal group Insulin 

(pmol/l) 

GLP 1 

(pmol/l) 

GIP (pmol/l) 

Normal control 282.5 ± 1.6 162.8 ± 1.1 11.6 ± 0.88 

High fat diet fed 

obese control 

468.6 ± 1.5≠ 87.1 ± 2.0≠ 38.8 ± 2.0≠≠ 

Normal+100mg/kg 

PTAE 

279.5 ± 0.5 182.2 ±1.0≠≠≠ 12.3 ± 1.0 

HFD+100mg/kg 
PTAE 

343 ± 3.0* 123.5 ± 1.0** 21.5± 1.5** 
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The table represents the insulin and incretins level 

of the animals from the four groups; Control, High 

fat diet fed group (HFD), Control treated with 

Phlogacanthus thyrsiflorus aqueous extract PTAE 

(Con + PTAE), High fat fed mice treated with 

Phlogacanthus thyrsiflorus aqueous extract PTAE 

(HFD + PTAE). Values represent Mean ± standard 

deviation (n=4). Significant difference between 

control and HFD fed obese control: ≠P < 0.0001, 

≠≠ P < 0.001.
 

Significant difference between 

control and Con + PTAE group: ≠≠≠P < 0.001 

Significant difference between obese control and 

HFD + PTAE group: *P< 0.0001, ** P < 0.001.  

 
 

TABLE 8: EFFECT OF PTAE ON INSULIN, GLP-1 AND GIP LEVELS IN HFD + STZ INDUCED DIABETIC MICE 

Animal group Insulin (pmol/l) GLP 1 (pmol/l) GIP (pmol/l) 

Normal control 295.5 ± 1.4 172.7 ± 1.2 12.6 ± 1.4 

High fat diet fed+ STZ diabetic 

control 

219 ± 1.0≠ 80.6 ± 2.0≠ 42.8 ± 2.5≠≠ 

HFD+ STZ + PTAE100 mg/kg 257.2 ± 1.0* 132.6  ± 2.0* 25.5 ± 1.0** 

 

HFD+STZ+200 mg/kgPTAE 272.2 ± 2.5* 153.8 ± 1.5* 18.4 ± 1.0** 

HFD+STZ+10 mg/kg 

glibenclamide 

276.4 ± 1.5* 161.2 ± 1.5* 20.2 ± 1.5** 

 

The table represents the insulin and incretins level 

of the animals from the five groups: Control, High 

fat diet fed + Streptozotocin induced diabetic group 

(HFD + STZ), High fat diet fed + Streptozotocin 

induced diabetic group treated with Phlogacanthus 

thyrsiflorus aqueous extract 100 mg /kg PTAE 

(HFD + STZ+ PTAE), High fat diet fed + 

Streptozotocin induce diabetic group treated with 

Phlogacanthus thyrsiflorus aqueous extract 200 mg 

/kg PTAE (HFD + STZ+ PTAE), High fat diet fed 

+ Streptozotocin treated with standard drug 

glibenclamide 10 mg/kg (HFD + STZ + Std drug. 

Values represent Mean ± standard deviation (n=4). 

Significant difference between control and HFD + 

STZ diabetic control:  ≠P < 0.0001, ≠≠ P < 0.001. 

Significant difference between diabetic control and 

HFD + STZ + PTAE group *P < 0.0001, ** P < 

0.001. 

 

Histology of Pancreas: 
Pancreatic islets of diabetic control mice revealed 

significant reduction of size and number of acinar 

cells around the islets seems to be extensively 

damaged. This showed that islets were damaged, 

and shrunken in size. But in HFD fed obese mice 

beta cell proliferation was more when compared to 

normal control, HFD increases beta cell 

proliferation it may be the reason for insulin 

resistance and abnormal increase in insulin level in 

HFD fed obese mice. The presence of necrosed 

area within islets indicated the damage caused by 

STZ injection. In the PTAE treated group 

(100mg/kg b.w.) the beta cells regeneration in islets 

was seen. The islet cells of 200 mg/kg b.w. PTAE  

 

treated group were seen to be in normal position 

and it showed rapid proliferation of beta cells when 

compared with diabetic control. The acinar cells 

also seen to be normal in the PTAE treated groups. 

The islet cells of glibenclamide treated groups 

seem to be in normal position. The size of the cells 

was back in normal position, the islet cells were 

compactly arranged with negligible intercellular 

space. But in HFD fed mice treated with 100 mg/kg 

b.w. PTAE, beta cells number as well as islet cell 

size decreased as PTAE seems to control the 

abnormal increase of beta cells and islet size in 

HFD fed obese mice. This may be the reason of 

decreased insulin level in PTAE treated HFD fed 

obese mice.  
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PHOTOGRAPHS OF HISTOLOGICAL SLIDES OF 

PANCREAS: A: NORMAL CONTROL (10 X 

MAGNIFICATION); B: NORMAL CONTROL (40 X 

MAGNIFICATION); C: DIABETIC CONTROL (10X 

MAGNIFICATION); D: DIABETIC CONTROL (40 X 

MAGNIFICATION); E: PTAE AT THE DOSE OF 200 MG/KG 

B.W TREATED GROUP (10X MAGNIFICATION); F: PTAE 

TREATED AT THE DOSE OF 200 MG/KG B.W GROUP (40X 

MAGNIFICATION) G: PTAE TREATED AT THE DOSE OF 

100 MG/KG B.W (10X MAGNIFICATION); H: PTAE 

TREATED AT THE DOSE OF 100 MG/KG B.W (40X 

MAGNIFICATION);I: GLIBENCLAMIDE TREATED 

GROUP; J: GLIBENCLMIDE TREATED GROUP. [ARROWS 

INDICATES THE PRESENCE OF BETA CELLS, ARROW 

HEADS INDICATES THE NECROSED AREA IN DIABETIC 

ANIMAL 

 

 
 

 

 
PHOTOGRAPHS OF HISTOLOGICAL SLIDES OF 

PANCREAS: K: NORMAL CONTROL (10 X 

MAGNIFICATION); L: NORMAL CONTROL (40 X 

MAGNIFICATION); M: HFD FED OBESE CONTROL (10 X 

MAGNIFICATION) N: HFD FED OBESE CONTROL (40 X 

MAGNIFICATION) O: PTAE (100 mg/kg B.W) TREATED 

OBESE MICE (10 X MAGNIFICATION); P: PTAE (100 mg/kg 

B.W) TREATED OBESE MICE (40 X MAGNIFICATION) 

[ARROWS INDICATES THE PRESENCE OF BETA CELLS] 

 

DISCUSSION: In the present work, we have 

evaluated for the first time the effect of PTAE on 

incretins, glucose and lipid metabolism in 

chemically induced diabetic mice. An attempt has 

been made in the present study to examine if PTAE 

helps in the modulation of enteroinsular axis or 

incretins in diabetic mice. In the present study, the 

HFD fed obese mice and HFD + STZ induced 

diabetic mice manifests hyperglycemia associated 

with insulin resistance and impaired insulin 

secretion, so it was chosen as a model of type 2 

diabetes to study the effects of PTAE on the 

incretins which in turn is related to insulin 

secretion.  

 

In this study, it was showed that HFD fed mice 

developed insulin resistance. When HFD induced 

insulin resistance was combined with partial islet 

damage elicited by low dose of STZ, mice exhibits 

loss of beta cells, reduced insulin level and 

hyperglycemia 
27

. The HFD fed obese mice 

manifests hyperglycemia associated with insulin 

resistance. The initial stage involves beta cell 

hypertrophy and hyperplasia along with increased 

insulin secretion to counter the development of 
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insulin resistance resulting from obesity. It may be 

due to this fact that the insulin level of HFD fed 

obese mice was higher than the control. In the 

present study it was found that postprandial insulin 

level was higher in HFD fed obese mice but lower 

in HFD+STZ diabetic mice but HFD fed obese 

mice treated with PTAE showed lowered insulin 

level when compared with obese control which is 

shown in Table 7. PTAE in 100 and 200 mg/kg 

treatment increased insulin level in HFD+STZ 

induced diabetic mice in both the doses 

significantly when compared to diabetic control 

which is shown in Table 8.  

 

Postprandial GLP-1 levels were significantly lower 

and GIP level was significantly higher in HFD fed 

obese mice as well as HFD+ STZ diabetic mice 

when compared to normal control. But PTAE in 

both 100 and 200 mg/kg dose increased GLP-1 

level and decreased GIP level in HFD fed obese 

mice and HFD+STZ induced diabetic mice when 

compared to obese control and diabetic control 

which is shown in Table 7 and 8. 

 

These results are in agreement with the study of 

Vilsboll et al., 2003 
28

 where they reported 

postprandial insulin level was lower in type 2 

diabetes mellitus (T2DM) patients when compared 

to normal. In response to oral glucose load total 

GLP-1 levels were decreased in T2DM patients 

when compared to control and total GIP increased 

in T2DM patients when compared to normal. 

Another study of Toft Neilson et al., 2001
29

 

reported that postprandial GLP-1 levels and AUC 

were decreased in type 2 diabetic patients and 

persons with impaired glucose tolerance (IGT) 

when compared to persons with normal glucose 

tolerance (NGT). Insulin level was lower in type 2 

diabetic patients and higher in persons with IGT 

when compared with persons with NGT. GIP level 

was increased in patients with T2DM and IGT 

when compared to persons with NGT.  

 

In the present study significantly increased GIP 

level was observed in obese as well as diabetic 

mice. Marks et al., 1988 
30

 hypothesized that GIP 

might function as obesity promoting hormone, 

Miyawaki et al in 2002 
31

 showed that GIP receptor 

knockout mice gained less weight than normal 

mice when treated with high fat diet 
32

. In addition, 

GIP has been reported to stimulate fat deposition in 

adipocytes and has been postulated to link over 

nutrition to obesity 
33

. These observations suggest 

that GIP may be an important factor for increased 

triglyceride accumulation in the adipose tissue and 

nutrient uptake, high GIP may lead to the 

development of obesity. Continuous treatment of 

PTAE resulted in significant improvement in 

glycemic control and metabolic profile. The 

improved glucose homeostasis may be associated 

with dose dependent increase in beta cell mass 

which is evident from the histological studies. 

These findings highlight the potential utility of 

PTAE in tackling underlying pathogenic cause of 

type 2 diabetes, namely the progressive loss of beta 

cell mass. It is possible that the observed beneficial 

effect of PTAE on beta cell could simply be a result 

of improvement in glycemia control. 

 

High fat diet increased body weight in mice 

significantly which is shown in Table 2. But in 

HFD + STZ diabetic mice after the STZ injection 

the body weight reduced significantly. One mice 

died due to excessive weight loss after 5 days of 

STZ injection during the experimental period. The 

HFD provides more calories than the normal diet, 

resulting in high level of fat storage in the 

periepididymal region. PTAE (100mg/kg) 

administration prevented the weight gain 

significantly when compared with obese control. 

However PTAE treatment in both doses (100mg/kg 

and 200 mg/kg) prevented the weight loss in 

HFD+STZ mice when compared to diabetic control 

which is shown in Table 3.  

 

Chatterjee and Shinde (2002) 
34

 mentioned in their 

reports that STZ causes reduction in body weight 

due to loss of tissue protein and increased muscle 

wasting 
35

. The high fat or cafeteria diet has been 

reported to induce hyperphagia in rats 
36 

which 

results in high fat stores resulting in increased body 

weight 
37, 38

. The result of our present study 

supports the above findings as we have observed 

increase in body weight and food consumption in 

the high fat diet fed mice but the water intake was 

significantly lower in HFD fed mice. 

Administration of PTAE reduced the consumption 

of food and calories in HFD fed obese mice and 

increased the water intake which is shown in Table 

2. The administration of PTAE decreased both the 
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fasting and post prandial blood glucose level 

significantly in the HFD fed obese mice and HFD + 

STZ diabetic mice as well as normal diet fed mice 

which is shown in Table 2 and 3. Blood glucose 

levels in HFD+STZ induced diabetic mice 

increased significantly when compared to control 

which supported the findings of Poitout and 

Robertson (2002) 
39

, where they have mentioned 

that STZ cause destruction of pancreatic beta cells 

and it makes the cells less active to be sensitive 

enough towards insulin for glucose uptake and this 

will cause high glucose concentration in blood
40

. 

Insulin mediated glucose uptake causes 

hyperglycemia in rats 
35

.  

 

OGTT and AUC results showed that HFD fed mice 

and HFD + STZ diabetic mice developed severe 

glucose intolerance after the glucose load. PTAE 

treated HFD fed as well as HFD + STZ diabetic 

mice showed significantly lower blood glucose at 

all time points and lower AUC when compared to 

obese control and diabetic control which is shown 

in Table 4, 5 and Figure 1, 2. PTAE treated normal 

mice also showed lower glucose levels at all time 

points and lower AUC when compared to normal 

control. The results are in agreement with the 

findings of Winzell and Ahren, 2004; Paul et al., 

2011
41,42

. It may be due to the presence of 

hypoglycemic effect of flavonoids, phenols and 

saponins present in PTAE which we have reported 

in our previous study. It was proved from the 

results that PTAE can improve glucose 

homeostasis.  

The abnormality in lipid metabolism in type 

2 diabetes mellitus has caused hyperlipidemia in 

diabetic patient. HFD fed mice also shows the 

similar situation, hyperlipidemia. This finding 

further supports the idea of Lombardo and Chicco 

(2006)
44

 where it was shown that those rats 

administered with HFD cause dyslipidemia and 

other syndromes in diabetics
44

. HFD also effects 

the insulin secretion. Insulin plays an important 

role in stimulating lipogenesis in mammals. 

Defects in insulin secretion effects the lipid 

metabolism. In the present study, high levels of 

triglyceride, LDL, VLDL and cholesterol was 

observed in HFD fed obese mice. Administration of 

PTAE (100mg/kg) to HFD mice showed 

significantly reduced levels of cholesterol, 

triglycerides, LDL, VLDL when compared with the 

obese control. Furthermore HDL is known to have 

anti atherogenic properties. HDL is involved in 

transport of cholesterol from peripheral tissues to 

liver and thereby reducing the amount stored in the 

tissue and possibility of developing atherosclerotic 

plaques
 45

. HDL level was significantly decreased 

in HFD fed mice when compared to normal mice. 

Its level increased in PTAE (100mg/kg) treated 

HFD mice compared to obese control which is 

shown in Table 6. The results are in agreement with 

Santos et al., 2012; Saikia and Lama, 2011; Ahmed 

et al., 2012 
46-48

. This study demonstrated that daily 

supplementation with PTAE had pronounced 

antiobesity and beneficial metabolic effect in HFD 

fed obese mice as well as HFD + STZ diabetic 

mice. It may be due to the presence of 

hypoglycemic effect of flavonoids, phenols and 

saponins present in PTAE.  

 

The histological study of pancreas the ultra 

structure of diabetic pancreas showed considerable 

reduction in the beta cell number and shrinkage in 

the islets of langerhans but in HFD fed group the 

islets of langerhans showed more beta cell 

proliferation when compared to normal control 

which may be the reason of increase in plasma 

insulin in this group.  This is in agreement with the 

findings of Ellenbroek et al., 2013 
49

 where they 

reported high fat diet induces the rapid proliferation 

of pancreatic β cells that increases the insulin level 

in the obese mice. PTAE treatment restored the size 

of the islets and number of the pancreatic beta cells 

in obese mice. In PTAE treated groups (100 mg/kg 

b.w and 200 mg/kg), in the pancreatic islets, beta 

cell proliferation was observed and was comparable 

to the normal control. Furthermore, the number of 

beta cells and islets diameter increased in PTAE 

treated group compared to STZ treated diabetic 

group. The beneficial effect of PTAE on glycemic 

regulation and beta cell mass are at least partially 

mediated via increased GLP-1signaling. These 

lines of evidence supported a role of incretins in the 

hypoglycemic effect of PTAE. However this study 

focuses on the doubtful role of GIP as incretin and 

its role in diabetes treatment. 

 

CONCLUSION: In conclusion, this study 

provides evidences that PTAE can exert an incretin 

effect which might contribute at least, in part, to a 

better glucose homeostasis model. To our 
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knowledge this is the first study demonstrating an 

incretin effect of Phlogacanthus thyrsiflorus. The 

study regarding medicinal plants modulating entero 

insular axis is very limited. The study proved that 

the hyperglycaemic activity of the PTAE is may be 

due to the modulation of the entero-insular axis in 

the hyperglycaemic mice, is a new field of study 

and will provide major breakthrough to develop 

herbal drugs to control hyperglycaemia. 

 

ACKNOWLEDMENT: The authors are thankful 

to UGC MRP of grant number F. No. 42-626/ 2013 

for financial support. The authors are thankful to 

Department of Zoology for providing the facilities 

during the course of the study. The authors are also 

thankful to Miss Jupitara Deka, Research Scholar 

of Department of Zoology, Gauhati University for 

her immense help throughout the course of the 

study and Mr. Rahul Sarma, JRF, Institute of 

Advanced Study in Science and Technology, 

Guwahati for his help in hormonal analysis. 

 

REFERENCES: 

1. Kim W and Egan JM: The roles of incretins in glucose 

homeostasis and diabetes treatment. Pharmacology Review 

2008; 60 (4): 470 – 512. 

2. Baggio LL and Drucker DJ: Biology of Incretins: GLP-1 

and GIP. Gastroenterology 2007; 132: 2131 – 2157. 

3. Holst JJ: The physiology of glucagon like peptide 1. 

Physiology Review 2007; 87(4): 1409 – 1439. 

4. Brubaker PL: Minireview: update on incretin biology: 

focus on glucagon like peptide 1. Endocrinology 2010; 

151(5): 1984 – 1989. 

5. Rijkelijkhuizen JM, Mc Quarrie K, Girman CJ, Stein PP, 

Mari A, Holst JJ, Nijpels G and Dekker JM: Effects of 

meal size and composition on incretin, alpha cell and beta 

cell responses. Metabolism 2010; 59: 502 – 511. 

6. Wang Y, Montrose – Rafizadeh C, Adams L, Raygada M, 

Nadiv O and Egan JM: GIP regulates glucose transporter, 

hexokinase and glucose induced insulin secretion in RIN 

1046-38 cells. Molecular and Cellular Endocrinology 

1996; 116: 81 – 87. 

7. Tseng CC, Kieffer TJ, Jarboe LA, Uslin TB and Wolfe 

MM: Postprandial stimulation of insulin release by GIP. 

Effect of a specific glucose dependent insulinotropic 

polypeptide receptor antagonist in the rat. Journal of 

Clinical Investigation 1996; 98:  2440 – 2445. 

8. Gelling RW, Coy DH, Pederson RA, Wheeler MB, Hinke 

S, Kwan T and McIntosh CH: GIP (6-30) amide contains 

the high affinity binding region of GIP and is a potent 

inhibitor of GLP-1 action in vitro. Regul Peptides 1997; 

69: 151 – 154. 

9. Krarup T: Immunoreactive gastric inhibitory polypeptide. 

Endocrinology Review 1988; 9: 122 – 134. 

10. Gault VA, Irwin N, Green BD, McCluskey JT, Greer BM, 

Bailey CJ, et al. Chemical ablation of gastric inhibitory 

polypeptide receptor action by daily (pro 3) GIP 

administration improves glucose tolerance and ameliorates 

insulin resistance and abnormalities of islet structure in 

obesity related diabetes. Diabetes 2005; 54: 2436 – 2446. 

11. O’Harte FP, Gault VA, Parker JC, Harriott P, Mooney 

MH, Bailey CJ and Flatt PR: Improved stability, insulin 

releasing activity and antidiabetic potential of two novel N 

terminal analogues of gastric inhibitory polypeptide. N- 

acetyl- GIP and P- Glu-GIP. Diabetologia 2002; 45: 1281 

– 1291. 

12. Khare CP: Indian medicinal plant. In: An illustrated 

dictionary.1stVol: Springer publication; 2007. 

13. Jaiswal V: Culture and ethnobotany of Jaintia tribal 

community of Meghalaya, Northeast India- A mini review. 

Indian.Journal of Traditional Knowledge 2010; 9(1): 38-

44. 

14. Mukherjee A, Chaliha. M and Das S: Study of analgesic 

activity of ethanol extract of Phlogacanthus thyrsiflorus on 

experimental animal models. Bangladesh Journal of 

Pharmacology 2009; 4: 147-149. 

15. Singh SA and Singh NR: Antimicrobial activity of Cassia 

didymobotrya and Phlogacanthus thyrsiflorus. Journal of 

Chemical Pharmaceutical Research 2010; 2(4): 304-308. 

16. Upadhyay.S: Free radical scavenging activity screening of 

medicinal plants from Tripura, Northeast India. Nat Pro 

Rad 2009; 8(2):117- 122. 

17. Chakravarty S and Kalita JC: Antihyperglycaemic effect 

of flower of Phlogacanthus thyrsiflorus Nees on 

Streptozotocin induced diabetic mice. Elsevier Asian 

Pacific Journal of Tropical Biomedicine 2012; S3: 1357-

1361. 

18. Warwick, Z.S, Synowski, S.J. and Bell, K.R: Dietary fat 

content effects energy intake and weight gain independent 

of diet caloric density in rats. Physiology and Behaviour 

2002; 77(1): 85 – 90. 

19. Huang T, Kan- Ni L, Yi- Ping P, Chin H and  Ching- Jang 

H: Role of GLP1 in the hypoglycemic effect of wild bitter 

gourd. Evidence based Complementary and Alternative 

Medicine 2013: 1- 13. 

20. Shibazaki T, Tomae M, Takemura YI, Fushimi N, Itoh F, 

Yamada M and Isaji M: KGA- 2727, a novel selective 

inhibitor of a high affinity sodium glucose co transporter 

(SGLT1), exibits anti diabetic efficacy in rodent model. 

Jounal of Pharmacology and Experimental Therapeutics 

2012; 342(2): 288 – 296. 

21. Flock G, Holland D, Seino Y and Drucker DJ: GPR119 

regulates murine glucose homeostatis through incretin 

receptor dependent and independent mechanism. 

Endocrinology 2011; 152(2): 374 – 383. 

22. Thi – Mai DA, Waget A, Klopp P, Serino M, Christelle V, 

Laurent P, et al.  Resveratrol increases glucose induced 

GLP 1 secretion in mice : A mechanism which contributes 

to the glycemic control. Plos One 2011; 6(6): 1 – 9. 

23. Urias- Silvas JE, Cani PD, Delmee E, Neyrinck A, Lopez 

MG and Delzenne NM: Physiological effects of dietary 

fructans extracted from Agave tequilana Gto. and 

Dasylirion Spp. British Journal of Nutrition 2007; 13(7): 1 

– 8. 

24. Friedwald WT, Levy RJ and Fredricken DS: Estimation of 

HDL-C in the plasma without the use of preparative 

ultracentrifuge. Clinical Chemistry 1972; 18: 449. 

25. Zhang M, Lv XY, Li J, Xu ZG and Chen L: The 

characterisation of high fat diet and multiple low dose 

streptozotocin induced type 2 diabetes rat model. 

Experimental Diabetes Research 2008: 1 – 9. 

26. Srinivasan K, Viswanad B, Asrat L, Kaul CL and Ramarao 

P: Combination of high fat diet fed and low dose 

streptozotocin treated rat: A model for type 2 diabetes and 



Chakravarty and Kalita, IJPSR, 2016; Vol. 7(2): 646-659.                            E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              659 

pharmacological screening. Pharmacological Research 

2005; 52:313 – 320. 

27. Srinivasan, K. and Ramarao, P: Animal models in type 2 

diabetes: An overview. Indian Journal of Medical 

Research 2007; 125: 451 - 472 

28. Vilsboll T, Agerso H, Krarup T and Holst JJ: Similar 

elimination rates of GLP-1 in obese, type 2 diabetic 

patients and healthy subjects. The Journal of Clinical 

Endocrinology and Metabolism 2003; 88: 220 – 224. 

29. Toft Neilsen MR, Damholt MB, Madsbad S, Hilsted LM, 

and Hughes TE: Determinants of impaired secretion of 

GLP-1 in type 2 diabetes. The Journal of Clinical 

Endocrinology and Metabolism 2001; 86(8): 3717 – 3723. 

30. Marks, V: GIP – the obesity hormone. In: James WPT, 

Parkar SW, eds. Obesity, current approaches. 

Southampton, UK: Duphar Medical Relations, 13 – 20, 

1988 

31. Miyawaki K, Yamada Y, Yano H, Niwa H, Ban, N. et al. 

Glucose intolerance caused by a defect in the entero 

insular axis: a study in gastric inhibitory polypeptide 

receptor knockout mice. Proceedings of National Academy 

of Science USA 1999; 96: 14843 – 14847. 

32. Vilsboll T, Krarup T, Sonne J, Madsbad S, Volund A, Juul 

AG and Holst JJ: Incretin secretion in relation to meal size 

and body weight in healthy subjects and people with type 1 

and type 2 diabetes mellitus. The Journal of Clinical 

Endocrinology and Metabolism 2003a; 88 (6): 2706 – 

2713. 

33. Parker HE, Habib AM, Rogers GJ, Gribble FM and 

Reimann F: Nutrient dependent secretion of glucose 

dependent insulinotropic polypeptide from primary murine 

K cells. Diabetologia 2009; 52: 289 – 298. 

34. Chatterjee MN and Shinde R: Text book of Medical 

Biochemistry. Jaypee Brothers.2002. 

35. Kumar N and Dey CS: Metformin enhances insulin 

signaling in insulin dependent and independent pathways 

in insulin resistant muscle cells. British Journal of 

Pharmacology 2002; 137(3): 329 – 336. 

36. Naim M, Brand JG, Kare MR and Carpenter RG: Energy 

intake, weight gain and fat deposition in rats fed flavored, 

nutritionally controlled diet in a multichoice (cafeteria) 

design. Journal of  Nutrition 1985; 115: 1447 – 1458. 

37. Barr, H.G. and Mc Craken, K.J: High efficiency of energy 

utilization in cafeteria and force fed rats kept at 29 

degrees. British Journal of Nutrition 1984; 51: 379 – 387. 

38. Mali PY, Bigoniya P, Panchal SS and Muchhandi IS: Anti 

obesity activity of chloroform methanol extract of Premna 

integrifolia in mice fed with cafeteria diet. 2013; 5(3): 229 

– 236. 

39. Poitout V and Robertson RP:  Minireview: secondary β 

cell failure in type 2 diabetes – a convergence of 

glucotoxicity and lipotoxicity. Endocrinology 2002; 

143(2): 339 – 342. 

40. Bansal P, Paul P and Mudgal J: Antidiabetic, 

antihyperlipidemic and antioxidant effects of the flavonoid 

rich fraction of Pilea microphylla (L). in high fat 

diet/streptozotocin induced diabetes in mice. Experimental 

and Toxicologic Pathology 2012; 64: 651 – 658. 

41. Winzell MS and Ahren B: The High Fat Fed Mouse – A 

model for studying mechanisms and treatment of Impaired 

Glucose Tolerance and Type 2 Diabetes. Diabetes 2004; 

53(3): S215  - S219. 

42. Paul DS, Walton FS, Saunders RJ and Styblo M: 

Characterization of the impaired glucose homeostatis 

produced in C57BL/6 mice by chronic exposure to arsenic 

and high fat diet. Environmental Health Perspectives 2011; 

119: 1104 – 1109. 

43. Chakravarty S and Kalita JC: Preliminary phytochemical 

screening and acute oral toxicity study of the flower of 

Phlogacanthus thyrsiflorus Nees in albino mice. 

International Research Journal of Pharmacy 2012; 3(4): 

293-295. 

44. Lombardo YB and Chicco AG: Effects of dietary 

polysaccharides n-3 fatty acids on dyslipdemia and insulin 

resistance in rodents and humans: A review. The Journal 

of Nutritional Biochemistry 2006; 17(1): 1 – 13. 

45. Yakubu MT, Akanji MA and Oladiji AT: Alteration in 

serum lipid profile of male rats by oral administration of 

aqueous extract of Fadogia agrestis stem. Research 

Journal of Medicinal Plant 2008;  2: 66 – 73 

46. Santos FA, Frota JT, Arruda BR, De Melo TS, Da Silva 

AA, Brito GA, Chaves MH and Rao VS: 

Antihyperglycemic and hypolipidemic effects of α, β 

amyrin, a triterpenoid mixture from Protium heptaphyllum 

in mice. BMC Lipids Health Disorders 2011; 11:1 – 8. 

47. Saikia H and Lama A: Effect of Boungainvillea spectabilis 

leaves on serum lipids in albino rats fed with high fat diet. 

International Journal of Pharmaceutical Science and Drug 

Reserach 2011; 3(2): 141 – 145. 

48. Ahmed OM, Mahmoud AM, Abdel- Moneim A and 

Ashour MB. Antidiabetic effect of Hesperidin and 

Naringin in type 2 diabetic rat. Diabetologia Croatica 

2012; 41(2): 53 – 66. 

49. Ellenbroek JH, Tons HA, Graaf N, Looman CJ, Engelse 

MA, Vrolijk, H. et al: Topologically heterogenous beta 

cell adaptation in response to high fat diet in mice. Plos 

One 2013; 8(2): 1 – 8. 

 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Chakravarty S and Kalita JCH: Role of the Incretins in Hypoglycemic Effect of Phlogacanthus Thyrsiflorus Nees in Chemically Induced 

Diabetic Mice. Int J Pharm Sci Res 2016; 7(2): 646-59.doi: 10.13040/IJPSR.0975-8232.7(2).646-59. 
 


