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ABSTRACT 

Metabolic effects of ten daily doses of standardized extract of Andrographis paniculata leaves (AP) rich 

in andrographolide were evaluated in a rat model of type-2 diabetes and in diet induced obese rats. AP 

was administered per-orally as suspension in 0.3% carboxymethylcellulose at doses of 50, 100 and 200 

mg/kg/day for 10 consecutive days. Blood glucose, insulin and lipid profile of rats were measured by 

using enzyme kits. In addition, effects of such treatments on anti-oxidant enzymes activity and 

histopathological changes in various organs of diabetic rats were assessed. AP treatments reversed body 

weight losses and increased plasma insulin level in diabetic rats. The anti-oxidant enzymes activity 

became normal and histopathological changes observed in pancreas, liver, kidney and spleen of diabetic 

animals were less severe in extract treated groups. On the other hand, hyperinsulinemia and increased 

body weight gains observed in high fat or fructose fed rats were less severe in the extract treated groups. 

These observations revealed therapeutic potentials of the extract for treatments of diabesity associated 

metabolic disorders, and suggest that the effects of the extract on insulin homeostasis depend on the 

metabolic status of animals. Activation of cytoprotective mechanisms could be involved in its mode of 

action. 
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INTRODUCTION 
 

Andrographis paniculata (Burm. F.) Wall. Ex Nees is an 

extremely bitter in taste, traditionally used medicinal herb now 

attracting considerable attention of modern drug discoverers for 

obtaining structurally and functionally novel therapeutic leads 

against cancer and inflammatory diseases (Chao and Lin, 2010; 

Lim et al., 2012). However, various other medicinal values of 

different types of concoctions of the plant have been known to 

practitioners of traditionally known medical systems in many 

Asiatic countries, and during more recent decades broad 

spectrums of therapeutically interesting bioactivities of diverse 

types of Andrographis paniculata extracts and some of their 

constituents have also been identified (Subramanian et al., 

2012). In Traditional Chinese Medicine, Andrographis 

paniculata is indicated for conditions of “heat,” particularly in 

the lungs, throat, and urinary tract, as well as for manifestations 

of “Fire Poison” on the skin, such as sores and carbuncles 

(Bensky and Gamble, 1986). In Korea this plant is known as 

Cheonshimryeon and in China as Chuan Xin Lian, and has 

been traditionally prescribed for rheumatoid arthritis, 

inflammation, cold, fever, and diarrhea (Burgos et al., 2009; 

Chandrasekaran et al., 2010; Shen et al., 2013). In Ayurveda the 

plant is classified as a Rasayana herb (Govindarajan et al., 

2005; Thakur et al., 2012), and it is often included as an active 

ingredient in numerous currently commercialized Ayurvedic 

formulations. Traditionally, a decoction of leaves is used in 

dyspepsia and a tincture of the root as a tonic, stimulant and 

aperients. It is also useful in wounds, ulcers, chronic fever and 

malaria (Al-Bayaty et al., 2012; Mishra et al., 2009). Many 

Ayurvedic Rasayana herbs have been reported to possess anti-

depressant, anxiolytic, cognitive function improving and 

diverse other psychopathologies. Since co-morbidities of such 

psychopathologies are often encountered in patients suffering 

from chronic diseases, we try to obtain an analytically and 

pharmacologically well characterized Andrographis paniculata 

extract that could be used for combating such co-morbidities. 

For such purposes, an Ayurveda centered holistic 

pharmacological strategy evolving from observations made 

with other Ayurvedic herbs in our laboratory and elsewhere is 

being used (Chatterjee and Kumar, 2012). 

Initial observations made in our laboratories have revealed 

that repeated daily administration of a medicinally used 

Andrographis paniculata extract (hereafter referred to as AP) 

can modulate central sensitivity to stress, and that suppression 

of central dopaminergic mechanisms could be involved in its 

mode of action (Thakur et al., 2013). It is now becoming 

increasingly apparent that central dopaminergic system is an 

integral part of metabolic signaling, and that alterations in 

sensitivity of this system is involved in etiology, pathogenesis 

and progression of obesity associated medical conditions 

(Beeler et al., 2012). Obesity is a risk factor not only for 

diabetes and other metabolic disorders, but also for numerous 

other life threatening non-communicable diseases including 

cardiovascular diseases, cancer and dementia. The term 

diabesity was initially coined during 1970s to describe strong 
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pathogenic links between type-2 diabetes and obesity (Sims et 

al., 1973), and it is now well recognized that diabesity is the 

spreading epidemic of the 21st century (Farag and Gaballa, 

2011). However, despite extensive efforts, as yet no very 

effective, or universally acceptable, therapeutic strategy for 

prevention of this co-morbid condition has evolved (Colagiuri, 

2010). 

Although during more recent years a few reports revealing 

anti-hyperglycemic activity of diverse types of Andrographis 

paniculata extracts in animal models have appeared (Agarwal 

et al., 2005; Nugroho et al., 2012; Subramanian et al., 2008; Xu 

et al., 2012), as yet little attention has been paid to their 

therapeutic potentials for combating diverse other pathologies 

commonly encountered in obese patients. In view of the 

situation, it was of interest to test whether AP by virtue of its 

anti-stress and anti-dopaminergic activities could as well be a 

starting point for obtaining a therapeutic lead, or a phyto-

pharmaceutical, potentially useful for combating diverse 

spectrums of obesity associated pathologies. Results of the very 

first set of experiments conducted to achieve such goals are 

described and discussed in this communications. Ultimate goals 

of the reported experiments were to compare the efficacy of AP 

in normalizing hyperglycemia and hyperlidemiain a rat model 

of type-2 diabetes and in high fat fed, or fructose fed obese rats, 

and to experimentally verify the possibility that reduction of 

cytotoxic oxidative stress is involved in its observed anti-

diabetics like efficacy in animal models. 

 

 

MATERIALS AND METHODS 
 

Plant extract and analytical characterization 

The plant material was identified as Andrographis paniculata 

(Burm. F.) Wall. Ex Nees by in-house botanist at R&D Center 

of Natural Remedies Pvt. Ltd., Bangalore, India, and a voucher 

herbarium specimen (No: NR582) is available in their 

laboratories. Details of extraction procedure and analytical 

method used for standardizing of the tested extract have been 

reported elsewhere (Chandrasekaran et al., 2009; Chand 

rasekaran et al., 2010). Briefly, extraction of Andrographis 

paniculata coarse ground leaves was done with methanol for 3 

h, in a stainless steel jacketed extractor fitted with reflux 

condenser. The liquid extract was removed and the remaining 

raw material was re-extracted two more times with methanol in 

a similar manner. The resulting extracts were combined, 

concentrated and dried under vacuum (at < 55°C). The yield of 

the dried extract was 6% (w/w). After extraction with methanol, 

the left over raw material was extracted with water for 3 h 

under reflux conditions. This water extract was separated and 

concentrated under vacuum at around 75°C followed by spray 

drying. Two parts of methanolic and one part of successive 

water extract were blended to get AP. Analytically, the extract 

contained andrographolide (> 30.0%, w/w), isoandrographolide 

(> 0.3%, w/w), neoandrographolide (> 1.0%, w/w), androgra 

panin (> 0.3%, w/w), and 14-deoxy-11,12 didehydro 

andrographolide (< 5.0%, w/w) (Chandrasekar an et al., 2009).  

 

Animals 

Adult Charles Foster rats (150 ± 10 g) of both sexes were 

obtained from Central Animal House of Institute of Medical 

Sciences, Banaras Hindu University, Varanasi, India 

(Registration Number: 542/AB/CPCSEA). They were housed 

in groups of six in polypropylene cages at an ambient 

temperature of 25 ± 1ºC and 45 - 55% relative humidity, with a 

12:12 h light/dark cycle. Except stated otherwise, they were 

always provided with commercial Normal Pellet Diet (NPD; 

Amrut Laboratory Animal Feed; Pranav Agro Industries Ltd., 

Sangali, India) and water ad libitum, and were acclimatized to 

laboratory conditions for one week before using them for the 

experiments. Principles of laboratory animal care (NIH 

publication 85 - 23, revised in 1985) guidelines were strictly 

followed, and prior approval from the Central Animal Ethical 

Committee of the University was obtained (Dean/11-

1 2 / C A E C / 3 2 5 ,  d a t e d  N o v e m b e r  3 0 ,  2 0 1 1 ) . 

 

Animal grouping and drug administration 

For each series of experiments, six experimental groups 

consisting of equal ratio of male and female (12 animal each in 

2 control groups and 6 animals each in 4 drug treatment groups) 

were used. Normal and negative control (diabetic and obese) 

groups were per-orally treated with 0.3% 

 
Fig. 1. Effect of Andrographis paniculata on blood glucose level of rats 

in oral glucose tolerance test. AP: Andrographis paniculata; Glib: 
Glibenclamide. *p < 0.05 vs. normal control 

Table 1. Effect of Andrographis paniculata on body weight, fasting blood glucose and plasma insulin levels of the experimental groups observed 10 
days after daily oral treatments 

Treatment Group Body weight change (g) Fasting blood glucose (mg/dl) Plasma insulin (µU/ml) 

Normal Control (0.3% CMC) 5.00 ± 0.30 89.68 ± 1.53 17.86 ± 0.29 

Diabetic Control (0.3% CMC) -7.67 ± 0.62* 290.43 ± 1.45* 9.95 ± 0.15* 

Diabetic + AP 50 mg/kg 2.00 ± 0.37¥ 172.80 ± 2.24¥ 11.98 ± 0.27¥ 

Diabetic + AP 100 mg/kg 2.50 ± 0.50¥ 146.18 ± 1.78¥ 12.88 ± 0.21¥ 

Diabetic + AP 200 mg/kg 4.17 ± 0.91¥ 130.43 ± 2.53¥ 14.93 ± 0.15¥ 

Diabetic + Glib 10 mg/kg 7.33 ± 1.09¥ 117.53 ± 3.08¥ 16.73 ± 0.20¥ 

AP: Andrographis paniculata; Glib: Glibenclamide. *p < 0.05 vs. normal control, ¥p < 0.05 vs. diabetic control. 
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carboxymethylcellulose (CMC) suspension (vehicle) for ten 

consecutive days. For oral treatments AP was suspended in the 

vehicle, and 50, 100, and 200 mg/kg/day doses of the extract 

were administered for 10 consecutive days. Choices of this 

dose and treatment regimen were based on the observations 

made earlier in our laboratories with the same extract sample. A 

positive control group treated similarly either with 

glibenclamide (Cipla, India; 10 mg/kg/day), or with 

atorvastatin (Cipla, India; 10 mg/kg/day), was always run in 

parallel in a given set of experiment.  

 

Oral glucose tolerance test 

In this test the effects of ten daily oral doses (50, 100, and 200 

mg/kg/day) of AP and that of the standard anti-diabetic drug 

glibenclamide (10 mg/kg/day) were compared. Thirty minutes 

after the last treatments on day 10 all animals were challenged 

with an oral dose of 2 g/kg of glucose. Blood glucose levels 

were measured immediately before glucose challenge and 30, 

60 and 120 min thereafter. Hereupon blood was obtained by 

retro-orbital sampling technique, and an enzymatic method was 

used to measure glucose concentration (du Vigneaud and Karr, 

1925). 

 

Type-2 diabetes model 

Non Insulin Dependent Diabetes Mellitus (NIDDM/type-2) 

was induced in overnight fasted animals by a single intra 

peritoneal (i.p.) injection of 65 mg/kg streptozotocin (STZ; 

Sigma, India), 15 min after the i.p. administration of 120 mg/kg 

nicotinamide (SD Fine-Chemical Ltd., India) as described by 

Masiello et al. (1998) with some modifications. Animal was 

returned to their cages and provided normal food and 10% 

sucrose water to minimize hypoglycemic shock. 

Hyperglycemia was confirmed by elevated glucose level in the 

blood, determined at 72 hour and then on day 7 after STZ 

injection (Wu and Huan, 2008). Preselected diabetic animals 

with blood glucose levels higher than 250 mg/dl were used in 

the experiments. Body weight changes of experimental animals 

occurring during the 10-day treatment period were recorded, 

and thereafter they were fasted overnight for obtaining blood, 

liver, kidney, and pancreas samples for biochemical and 

histological analysis using the methods described later. For 

comparison sake of comparison a group treated with 

glibenclamide was run in parallel.   

 

High fat fed obesity model 

Rats were maintained on normal pallet diet (NPD) for one 

week before the start of the experiment. After one week 

acclimatization, they were randomly assigned into normal 

control and obese groups. The normal control group was further 

maintained on NPD, whereas obese groups were supplied with 

high fat diet (HFD) for 15 days. Details of the experimental 

procedure used for obtaining high fat fed obese rats have been 

described elsewhere (Husain et al., 2011; Srinivasan et al., 

2005). Rats showing significant weight gain on HFD (as 

compared to NPD fed normal control animals) were regrouped 

for treatments with the vehicle or with AP (50, 100, and 200 

mg/kg/day), or with atorvastatin (10 mg/kg/day). Daily 

treatments were given for 10 consecutive days starting on day 

16 of the experiment. Body weights were recorded daily, and 

after the last treatment day all animals were fasted overnight 

for obtaining blood samples used for biochemical analysis. 

Average food intake by each group on day 15 and 25 of the 

experiment were recorded.  

 

Fructose fed obesity model 

Rats were maintained on normal pellet diet (NPD) and 20% 

fructose in drinking water for 15 days according to the 

procedure described elsewhere (Husain et al., 2011a; Jalal et al., 

2007). Rats showing significant weight gain compared to 

normal rats, were divided into different treatment groups. 

During the subsequent ten day treatment period they continued 

to receive NPD and 20 % fructose in drinking water till day 25. 

The vehicle treated normal control group was maintained on 

NPD and normal drinking water throughout the study period. 

Body weights of the animals were recorded daily and the 

volume of drinking water consumed by each group on days 15 

and 25 of the experiment were noted. Like in other experiments 

blood samples for biochemical analysis were obtained after 

Table 2. Effects of Andrographis paniculata or of glibenclamide treatments on oxidative status of liver, kidney, and pancreas of diabetic rats 

Treatment 

Groups 
LPO (nmol MDA/mg of protein) SOD (Units/mg of protein) CAT (µmole H2O2/min/mg of protein) 

   Liver  Kidney  Pancreas    Liver    Kidney     Pancreas  Liver    Kidney  Pancreas 
Normal Control  

(0.3% CMC) 
9.16 ± 0.58 9.31 ± 0.44 5.51 ± 0.24 13.81 ± 0.67 18.03 ± 0.87 4.70 ± 0.29 18.61 ± 0.68 14.02 ± 0.59 12.54 ± 0.39 

Diabetic Control  

(0.3% CMC) 
14.90 ± 0.74* 20.65 ± 0.91* 11.70 ± 0.53* 5.91 ± 0.32* 10.02 ± 0.40* 1.67 ± 0.16* 10.48 ± 0.49* 7.92 ± 0.34* 5.23 ± 0.29* 

Diabetic + AP 50 

mg/kg 
11.85 ± 0.69¥ 16.48 ± 0.81¥ 9.86 ± 0.79¥ 8.02 ± 0.46¥ 12.58 ± 0.97¥ 2.23 ± 0.18¥ 12.94 ± 0.94¥ 9.96 ± 0.39¥ 7.45 ± 0.32¥ 

Diabetic + AP 

100 mg/kg 
9.57 ± 0.57¥ 13.38 ± 0.66¥ 7.52 ± 0.58¥ 8.77 ± 0.51¥ 14.81 ± 1.02¥ 3.12 ± 0.31¥ 14.25 ± 0.98¥ 11.58 ± 0.58¥ 9.51 ± 0.59¥ 

Diabetic + AP 

200 mg/kg 
7.93 ± 0.42¥ 10.91 ± 0.56¥ 5.84 ± 0.46¥ 12.73 ± 0.75¥ 17.11 ± 1.16¥ 4.21 ± 0.48¥ 17.67 ± 0.75¥ 13.07 ± 0.58¥ 11.85 ± 0.72¥ 

Diabetic + Glib 

10 mg/kg 
8.59 ± 0.57¥ 11.64 ± 0.61¥ 6.56 ± 0.54¥ 10.64 ± 0.78¥ 15.32 ± 0.99¥ 3.53 ± 0.40¥ 15.07 ± 0.64¥ 11.47 ± 0.72¥ 10.48 ± 0.45¥ 

AP: Andrographis paniculata; Gib: Glibenclamide. *p < 0.05 vs. normal control, Ұp < 0.05 vs. diabetic control. 

 
Fig. 2. Effects of 10 consecutive daily oral doses of Andrographis 

paniculata, or of glibenclamide, on plasma lipid profiles of type-2 

diabetic rats. AP: Andrographis paniculata; Glib: Glibenclamide. *p< 
0.05 vs. normal control, ¥p< 0.05 vs. diabetic control. 
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overnight fasting.  

 

Biochemical estimation 

Blood samples were withdrawn from retro-orbital venous 

plexus on next day of last treatment after appropriate whole 

night fasting. Plasma was separated from blood in centrifuge at 

3000 rpm (845 x g), 5°C for 5 minute (Compufuge CPR-30, 

with Rotor No. 8; REMI, India) and plasma (clear supernatant 

fluid) was kept in freeze till biochemical estimation. Fasting 

plasma glucose level was estimated by using biochemical 

enzyme test kit based on GOD-POD method (Span Diagnostic 

Ltd., India). Plasma total cholesterol, high density lipoprotein-

cholesterol (HDL-C), and triglycerides were estimated using 

biochemical enzyme test kits (Span Diagnostic Ltd., India) 

(Husain et al., 2011a). Low density lipoprotein-cholesterol 

(LDL-C) was calculated using Friedewald’s equation 

(Friedewald et al., 1972). Plasma insulin level was estimated 

using Enzyme-Linked Immunosorbent Assay (ELISA) test kit 

(DRG Instruments GmbH, Germany) as described by Husain et 

al. (2011b). All biochemical analysis were done by using 

absorbance microplate reader (iMarkTM- Bio-Rad Laboratories, 
California) according to instruction manual of respective 

enzyme test kit. 
After collection of blood sample, type-2 diabetic rats were 

sacrificed and liver, kidney, pancreas were isolated to measure 

their contents in lipid peroxides (Ohkawa et al., 1979), super 

oxide dismutase (Kakkar et al., 1984), and catalase (Luck, 

1973). The experimental procedures used for such purposes are 

described in details in the references mentioned.  

 

Histological examinations 

Tissue slices of liver, kidney, pancreas, and spleen obtained 

from type-2 diabetes animals were fixed in 10% formalin and 

embedded in paraffin wax. Sections of 5 micron thickness were 

made using a microtome and stained with haematoxylin-eosin 

(H&E). For analysis, photographs of each of the slide were 

taken at 100 X magnification under microscope (Nikon E200- 

Trinocular Microscope, Japan). 

 

Statistical analysis 

Mean ± SEM was calculated for the observed values in each 

experimental group. Statistical analysis was performed by one 

way analysis of variance (ANOVA) followed by Student-

Newman-Keuls multiple comparison test (Two-way ANOVA 

followed by Bonferroni post tests for oral glucose tolerance 

test). GraphPad Prism 5 was used for statistical analysis. A p-

value less than 0.05 were considered as statistically significant. 

 

 

RESULTS 
 

Oral glucose tolerance test 

No statistically significant effects of AP or of glibenclamide 

treatments on body weight gains of normal laboratory rats 

during the treatment period were observed (results not shown). 

Dose-dependent effect of AP was observed 30 min after the 

oral glucose administration compared to control rats (p < 0.05). 

Blood glucose levels of different groups observed immediately  

before oral glucose load and 30, 60 and 120 min thereafter are 

summarized in Fig. 1.  

 

Type-2 diabetes model 

Mean body weights, fasting blood glucose, and plasma insulin 

levels of the different drug or vehicle treated diabetic groups on 

the first treatment day were not significantly different from 

each other (data not shown). During the ten day treatment 

 

 
Fig. 3. Histological sections (Haematoxylin & Eosin staining; X100) of (A) pancreases (solid arrows: pancreatic duct, and hollow arrows: islet of 

Langerhans), (B) livers (solid arrows: central vein and hollow arrows: hepatocyte), (C) kidneys (solid arrows: tubule and hollow arrows: glomerulus), 

and (D) Spleens (solid arrows: white pulp and hollow arrows: red pulp) of representative rats from each group. In all figures the ones marked with (a) 
represent a vehicle treated normal control rat, (b) represent a vehicle treated diabetic control rats, (c) represents a diabetic rat treated with AP (50 

mg/kg/day), (d) represents a diabetic rat treated with AP (100 mg/kg/day), (e) represent a diabetic rat treated with AP (200 mg/kg/day), and (f) 

represents a diabetic rat treated with Glibenclamide (10 mg/kg/day). 
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period the vehicle treated normal control group gained body 

weight (5.00 ± 0.30 g), whereas vehicle treated diabetic control 

group lost (7.67 ± 0.62 g). Beneficial effects of AP or of 

glibenclamide treatments on body weight changes, plasma 

glucose and insulin levels of diabetic rats are apparent from the 

data summarized in Table 1. These dose-dependent effects of 

AP were qualitatively analogous to the anti-diabetic drug 

glibenclamide. AP treatments dose-dependently reduces the 

elevated plasma levels of total cholesterol, triglycerides, and 

LDL, and increases the lowered plasma HDL levels observed in 

diabetic animals compared to diabetic control (p < 0.05; Fig. 2). 

These effects of AP treatments were also qualitatively 

analogous to those of glibenclamide treatment. Analogous were 

also the effects of AP treatments on elevated MDA levels, and 

reduced SOD and CAT activities in the all the three studied 

organs of diabetic rats (Table 2). 

Representative pictures of histological slides of pancreas, 

liver, kidney and spleen of different groups of animals are 

shown in Fig. 3. Pancreatic tissues of vehicle treated diabetic 

rats had diminished glandular acini, islets of Langerhans 

(necrosis of beta cells), and atrophy in pancreatic duct. These 

pathologies were less severe in all AP or glibenclamide treated 

groups (Fig. 3A), and such protective effects of AP treatments 

were more prominent in the highest dose of AP treated animals. 

Such were not always the cases for other organ pathologies 

studied. No beneficial effects of glibenclamide treatment on 

hepatic pathologies encountered in diabetic animal were 

observed; whereas these pathologies were less severe, or almost 

absent, in different AP treated groups (Fig. 3B). Treatments 

with 50 mg/kg/day AP or with glibenclamide (10 mg/kg/day) 

had no observable effects on renal pathologies observed in 

diabetic rats. However these pathologies observed in diabetic 

rats treated with 100 or 200 mg/kg/day were either less severe 

or completely absent (Fig. 3C). Although the spleen 

pathologies observed in the vehicle, or glibenclamide, or 50 or 

100 mg/kg/day AP treated animals were qualitatively similar. 

The histological pictures of the spleens of the 200 mg/kg/day 

AP treated animals were like those of vehicle treated normal 

laboratory rats (Fig. 3D). 

 

High fat fed obesity model 

During the 10-day treatment period the vehicle treated obese 

rats continued to gain more body weights, and consumed more 

food and water than the vehicle treated normal control ones (p 

< 0.05). Plasma levels of glucose, insulin, total cholesterol, 

triglycerides, and LDL were all elevated in the obese control 

group, and the mean plasma HDL levels in this group were 

significantly (p < 0.05) lower than that of the normal control 

one. Results summarized in Table 3 and Fig. 4 revealed dose-

dependent beneficial effects of AP treatments against all these 

parameters. Qualitatively, all observed effects of AP hyperlipid- 

emic drug atorvastatin.  

 

Fructose fed obesity model 

No statistically significant differences between the mean 

amounts of fructose consumed by the obese rats in different 

treatment groups were observed (data not shown). Data 

summarized in Table 4 revealed that the body weight gains of 

the obese control rats observed during the ten day treatment 

period were significantly (p < 0.05) higher than those of the AP 

or atorvastatin treated groups, and that these effects of drug 

treatments were accompanied with significantly (p < 0.05) 

lower plasma levels of glucose and insulin. Moreover, the 

elevated plasma levels of total cholesterol, triglycerides, and 

LDL and lower plasma levels of HDL observed in fructose fed 

rats were also dose-dependently antagonized by AP treatments 

(Fig. 5). All these observed effects of AP treatments were 

qualitatively analogous to that of the anti-hyperlipidemic drug 

atorvastatin.   

 

 

DISCUSSION 

 
The analytically well characterized Andrographis paniculata 

extract used in this study is rich in andrographolide (> 30%) 

and is currently commercialized as an herbal alternative for trea 

 
Fig. 4. Effect of Andrographis paniculata or of atorvastatin treatments 

on plasma lipid profile in high fat fed rats. AP: Andrographis 

paniculata; Atorv: Atorvastatin.*p < 0.05 vs. normal control, ¥p < 0.05 
vs. HFD control. 

Table 3. Effects of Andrographis paniculata or of atorvastatin treatments on body weight gain, food intake, and fasting plasma glucose and insulin 

level in high fat fed obese rats 

Treatment group Body weight gain (g) Food intake (g/rat) Fasting blood glucose 
(mg/dl) 

Plasma insulin (µU/ml) 

NPD Control (0.3% CMC) 3.92 ± 0.53 11.08 ± 0.53 89.68 ± 1.53 18.03 ± 0.29 

HFD Control (0.3% CMC) 45.83 ± 3.21* 17.33 ± 0.66* 290.43 ± 1.45* 59.32 ± 1.13* 

HFD + AP 50 mg/kg 38.50 ± 2.69¥ 14.00 ± 0.58¥ 172.80 ± 2.24¥ 41.14 ± 1.56 ¥ 

HFD + AP 100 mg/kg 30.00 ± 3.45¥ 13.33 ± 0.67¥ 146.18 ± 1.78¥ 35.72 ± 0.79¥ 

HFD + AP 200 mg/kg 13.17 ± 1.38¥ 13.00 ± 0.58¥ 130.43 ± 2.53¥ 25.21 ± 0.74¥ 

HFD + Atorv 10 mg/kg 7.67 ± 0.71¥ 12.17 ± 0.48¥ 117.53 ± 3.08¥ 21.54 ± 0.73¥ 

AP: Andrographis paniculata; Atorv: Atorvastatin. *p < 0.05 vs. normal control, ¥p < 0.05 vs. HFD control. 
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tments of common cold and other respiratory tract infections. 

Earlier observations in our laboratories have revealed that daily 

oral AP doses up to 800 mg/kg administered for ten consecutive 

days are well tolerated by laboratory animals, and that its 

significant dose-dependent behavioral effects in rodents are 

observed only after its 100 mg/kg or higher daily doses. Our 

results revealed that even ten oral daily 50 mg/kg doses of AP 

significantly reduced blood glucose clearance in glucose 

tolerance test in normal laboratory rats, and this effect of the 

extract increased after higher doses. However, the effects of AP 

treatments observed after its highest dose tested (200 mg/kg) 

were qualitatively much lower than that observed for 10 

mg/kg/day dose of the standard anti-diabetic drug 

glibenclamide. Moreover, unlike in the glibenclamide treated 

group, blood glucose decay curves observed between 30 and 

120 min after glucose load in all AP treated groups were always 

parallel to that observed in normal control group (Fig. 1). This 

observation indicates that the mode and site of action of AP in 

regulating glucose metabolism is most probably unlike those of 

glibenclamide. 

Observations made in the type-2 diabetes model revealed 

again that 50 mg/kg/day treatment regimen of AP is effective in 

reducing all metabolic alterations observed in vehicle treated 

hyperglycemic and hypo-insulinemic animals and that these  

observed effects of the extract always increased with its 

increasing doses. All observed effects of AP on every metabolic 

parameter assayed were dose-dependent, and were qualitatively 

analogous to those observed in the glibenclamide treated 

diabetic animals. However, the histopathological observations 

made in drug treated diabetic animals were not similar. 

Although the pancreatic pathologies were less severe in both 

AP or glibenclamide treated groups, such were not the cases in 

liver, spleen, and kidney. Unlike in the AP treated groups, no 

protective effects of glibenclamide treatments against the 

pathologies of these three later mentioned organs were 

observed. These observations reaffirm that the mode(s) and 

site(s) of actions of AP are unlike those of pancreatic insulin 

stimulating agents like glibenclamide. In any case as previous 

study (Zhang and Tan, 2000a; Zhang and Tan 2000b; Yu et al., 

2003), the observations made in this model clearly reveal that 

daily oral administration of AP is not only effective in 

compensating metabolic abnormalities and bodyweight losses 

in diabetic animals, but also afford protection against free 

radicals mediated organ damages. 

Diabesity associated hyperglycemia and hyperlipidemia are 

well recognized risk factors of cardiovascular diseases (Braun 

et al., 2013). Reported observations made in the type-2 diabetes 

model clearly revealed dose-dependent anti-hyperglycemic and 

anti-hyperlipidemic effects of AP, and during the course of our 

studies two reports revealing such effects of very high doses of 

another type of Andrographis paniculata extract, or of fairly 

low doses of pure andrographolide or of neoandrographolide in 

other rodent models have appeared (Nugroho et al., 2013; Yang 

et al., 2013). Observed effects of AP on hyperglycemia and 

hyperlipidemia in both the obesity models used in our studies 

were quite analogous to those observed in the type-2 diabetes 

model. However, body weight gains and circulating insulin 

levels in the AP treated type-2 diabetes rats were higher than 

those of the vehicle treated ones, whereas both weight gains 

and insulin levels in AP treated obese rats were lower than 

those observed in vehicle treated obese rats. These observations 

strongly suggest that the effects of AP treatments on insulin 

levels and body weights depend largely on metabolic status of 

animals. Further, it indicates that modulating effects of the 

extract on biological mechanisms and processes regulating 

insulin secretion and metabolism could as well be involved in 

its modes of actions. Since AP and several of its components 

modulates the productions of diverse mediators of 

inflammation (Chandrasekaran et al., 2010; Chandrasekaran et 

al., 2011), we speculate that the observed therapeutically 

interesting anti-diabetic and anti-obesity effects of AP are due 

to its anti-inflammatory activities. Efforts to experimentally 

verify this possibility are now progressing in our laboratories.  

Ultimate goal of our efforts to define therapy relevant 

pharmacological activity profile of AP is to experimentally 

verify the possibility whether it could as well be an herbal 

alternative for prevention and treatments of diverse spectrums 

of mental health problems commonly encountered in obese 

 
Fig. 5. Effect of Andrographis paniculata or of atorvastatin treatments 

on plasma lipid profile in high fat fed rats. AP: Andrographis 
paniculata; Atorv: Atorvastatin.* p < 0.05 vs. normal control, ¥ p < 0.05 

vs. HFD control. 

Table 4. Effect of AP or of atorvastatin treatments on body weight gain and fasting plasma glucose and insulin level in fructose fed obese rats 

Treatment group   Body weight gain (g) Fasting blood glucose (mg/dl) Plasma insulin (µU/ml) 

NPD Control (0.3% CMC) 5.33 ± 0.58 90.97 ± 1.52 18.02 ± 0.28 

FF Control (0.3% CMC) 30.67 ± 2.07* 184.11 ± 1.84 * 58.53 ± 1.23* 

FF + AP 50 mg/kg 22.83 ± 3.04¥ 165.16 ± 2.34¥ 40.62 ± 1.32¥ 

FF + AP 100 mg/kg 13.17 ± 1.89¥ 138.66 ± 2.38¥ 30.53 ± 0.82¥ 

FF + AP 200 mg/kg 9.00 ± 1.32¥ 107.80 ± 2.10¥ 21.54 ± 0.83¥ 

FF + Atorv 10 mg/kg 4.67 ± 0.76¥ 125.48 ± 2.44¥ 25.20 ± 0.71¥ 

AP: Andrographis paniculata; Atorv: Atorvastatin. *p < 0.05 vs. normal control, ¥p < 0.05 vs. FF control. 
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diabetic patients. Patients with anxiety disorders and depression 

are more prone to increased dyslipidemia and obesity risk (van 

Reedt Dortland et al., 2013a), and close association between 

chronic low grade inflammation and such co-morbidities is 

well documented (van Reedt Dortland et al., 2013b). Since AP 

contains andrographolide and other anti-inflammatory 

molecules, and its anti-stress and other brain function 

modulating effects of AP has been observed in our earlier 

studies (Thakur et al., 2013), we are now concentrating our 

efforts to define its psychopharmacological activity profile in 

animal models of diabetes and obesity. 

Our results revealed that the effects of repeated daily intake 

of Andrographis paniculata extracts on plasma insulin levels 

and body weight gain depend on the metabolic status of the 

animals, and that AP could as well be a therapeutic possibility 

for combating life threatening metabolic disorders commonly 

associated with, or caused by, disturbances of glucose and lipid 

metabolism. In this respect, it was interesting to note that 

plasma insulin levels of type-2 diabetic rats increased after AP 

treatments, whereas the elevated plasma insulin levels observed 

in both the obese rat models were suppressed in the extract 

treated obese groups. Thus AP seems to be a pharmacologically 

novel type of regulator of glucose homeostasis with some 

functional commonalities with the therapeutically used anti-

hyperglycemic or anti-hyperlipidemic drugs. However, further 

studies will be necessary to confirm this possibility, and to 

verify whether modulations of oxidative processes are also 

involved in its observed suppressive effects on body weight 

gains of obese rats.  

In conclusion, the results of the present study demonstrate 

that Andrographis paniculata extract rich in andrographolide 

could be a pharmaco-therapeutic alternative for combating 

diabesity associated metabolic syndromes. 
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