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Abstract 

Carica papaya Linn. and Andrographis paniculata plants are used extensively in the indigenous system of medicine as 

anti-diabetic agents. The current investigation focuses on the anti-hyperglycemic property of both single and combined effect 

of fruit extract of Carica papaya Linn. and root extract of Andrographis paniculata on streptozotocin induced diabetic rats. 

The diabetes induced animals were fed with single plant extract at different doses (200 mg/body wt. low dose) and (400 

mg/body wt. high doses)  as well as combined extract (Fruits extract of Carica papaya Linn. and root extract of 

Andrographis paniculata at the dosage of 200 mg/kg body wt. each  for 21 days). The animals were sacrificed on 22nd day 

and blood was collected for the estimation of blood glucose, serum insulin, glycosylated haemoglobin, total protein, urea, 

creatinine, SGOT, SGPT, and ALP. From the results it was revealed that the single plant treated groups have shown good 

hypoglycemic effect in high dose only when compare to the low dose treated groups and on the other hand the low dose 

combined plant extracts treated groups  revealed a significant (p<0.001)  higher reduction in hyperglycemia when compared 

single plant treated groups.  
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Introduction 

Diabetes mellitus is a group of metabolic 

alterations characterized by hyperglycemia resulting 

from defects in insulin secretion, action or both. Chronic 

hyperglycemia due to diabetes is associated with long 

term damage, dysfunction and the failure of organs, 

especially the eyes, kidneys, nerves, heart and blood 

vessels (Huang et al., 2005). It is third most life 

threatening disease after cancer and cardiovascular 

disease (Guo Ping et al., 2007). In 2000, 151 million 

people in the world were diabetic, with current rate of 

increase (6% per annum), It has been projected that 325 

million people will be diabetic (Mohammed et al., 2007).  

Many of the oral antidiabetic agents have number 

of serious adverse effects. The management of diabetes 

without any side effects is still a challenge (Sy et al., 

2005). Therapeutic potential of several traditionally used 

plants has opened new dimensions for the study and 

research of medicinal plants. There are more than 1200 
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plants species worldwide that are used in the treatment of 

diabetes mellitus and a substantial number of plants have 

shown effective hypoglycemic activity (Eddouks et al., 

2005). However, secondary complications of diabetes 

such as kidney damage, fatty liver, and oxidative stress 

may result in many plants. Hence, it is of paramount 

importance to explore the new plants which have shown 

both hypoglycemic action and the ability to improve 

some of the secondary complications of diabetes. Some 

tropical herbs offer both benefits in many experimental 

models (Andrade-Cetto and Heinrich, 2005). Among the 

tropical herbs Andrographis paniculata Nees and Carica 

papaya is widely used in Chinese and Indian Ayurvedic 

medicine (Bailey and Day, 1989). 

Andrographis paniculata Nees is belonging to the 

family of Acanthaceae. It is widely used in Chinese and 

Ayurvedic medicine for the treatment of gastric 

disorders, upper respiratory infectious diseases and 

common colds (Poolsup et al., 2004; Coon and Ernst, 

2004), Antidiarrhoeal (Gupta et al., 1990), anti-

inflammatory (Yin and Guo, 1993), antithrombotic, 

antidote and hepatoprotective (Chturvedi et al., 1983) 

activities are reported. The bioactive compounds 

diterpenoids, flavanoids and andrographolide have been 

reported as effective in the treatment of the above 

diseases (Tiwari and Rao, 2002). 

The Carica papaya L. is a member of the small 

family Caricaceae. It is a perennial, herbaceous plant and 

it originates from southern Mexico, Central America and 

northern South America. Papaya is actually cultivated in 

most countries with tropical climate like Malaysia, 

Nigeria and west India where it is known as pawpaw 

(Fakeye et al., 2007). Extracts of the fruits are used for a 

variety of medicinal purposes ranging from treatment of 

ringworm, malaria, hypertension, inflammation, chronic 

skin ulcer, anti-fertility, jaundice and management of 

sickle cell anemia (Ogunyemi et al., 2008). 

Materials and Methods 

Collection of Plant material Andrographis 

paniculata (Acanthaceae) (10 kg) was collected from 

Govt. Arts College campus, Thiruvannamalai, Tamil 

Nadu. The parts of this plant such as the root, stem and 

leaves were dried separately in shade and made into 

powder. The identification of the plant, Andrographis 

paniculata was carried out by Dr. N. Ashok kumar, Asst. 

Professor, Department of Botany, Arignar Anna 

Government Arts College, Villupuram, Tamil Nadu. The 

voucher specimens were deposited in the herbarium 

museum of Department of Botany. 

Extraction 

The root of Andrographis paniculata was 

powdered and subjected to step wise extraction using n-

hexane, chloroform and methanol by successive cold and 

hot extraction processes. These extracts were 

concentrated to dryness in vacuo. The fruits of Carica 

papaya were brought from a local market in 

Thiruvannamalai. The green fruits of Carica papaya 

were cut into small pieces, shade dried and powdered. 

To prepare aqueous extract, 200 gms of powdered 

fruits of papaya were taken and mixed with 1500 ml of 

distilled water in a conical flask and kept for 24 hrs with 

occasional shaking and stirring. Then filtered through 

double layered cheese cloth and kept for further 24 hrs 

followed by refiltration by vacuum pump. The whole 

extract was concentrated with rotary vacuum evaporator 

under low temperature. Then the extract was put into 

freeze dryer to make it powder. Finally the extract was 

stored in refrigerator. 
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Experimental animals 

Healthy male adult albino rats of wistar strain 

approximately of same age, weighing around 150-200 g 

were procured from central animal house, Bangalore. 

The animals were kept in clean, dry polycarbonate cages 

and maintained in a well ventilated animal house at 24-

28ºC temperature with 12 hours light / dark cycle 

(Nagappa et al., 2003). The animals were fed with 

standard pellet diet (purchased from Sai Durga Feeds, 

Bangalore) and water was given ad libitum throughout 

the period of experiment. Prior to each study, the animals 

were made to fast for 12-14 hrs but had free access to 

water.  

Chemicals and assay kit 

 Streptozotocin (STZ) was purchased from Sigma 

Chemical Company (USA). Glibenclamide was obtained 

from Aventis Pharmaceuticals Limited (India). Insulin 

radioimmunoassay kit was obtained from Diasorin 

(Italy). Glycosylated hemoglobin diagnostic kit was 

purchase from Bio Systems, Costa Brava (Spain).  All 

the chemicals and reagents used in the experiments were 

of analytical grade obtained from BDH (England and 

India), E. Merck (Germany), Sigma Chemical Company 

(USA), Sarabhai, M. Chemicals (India), LOBA-Chemie 

Indo-Austranol Co. (India), whenever necessary the 

solvents were redistilled before use. 

Experimental induction of diabetes 

The diabetes was induced in the overnight fasted 

animals by a single intra peritoneal injection of freshly 

prepared solution of Streptozotocin (Sigma, USA) 35 

mg/kg body weight in 0.1 M cold citrate buffer pH 4.5 

(Hemalatha et al., 2004). The animals were allowed to 

drink 5% glucose solution to overcome the drug induced 

hypoglycemia (Balasubramaian et al., 2004). The control 

rats were injected with citrate buffer alone as placebo. 

The animals were considered diabetic if the blood 

glucose values were >250 mg/dl on the third day after 

STZ injection. 

Experimental animal group 

The animals were randomly divided into eight 

groups of 6 rats each to determine the toxicity and 

antidiabetic effects of Andrographis paniculata root 

(APR) and Carica papaya fruit (CPF) extracts and to 

approve its traditional usage for controlling diabetes 

mellitus. 

Group I     Control 

Group II      Diabetic control 

Group III    Diabetic rats treated with APR 

extract (200 mg/kg b.w/day) orally for 21 days 

consequently by intragastric catheter tube (IGC) 

Group IV     Diabetic rats treated with APR 

extract (400 mg/kg b.w/day) orally for 21 days 

consequently by IGC 

Group V     Diabetic rats treated with CPF 

extract (200 mg/kg b.w/day) orally for 21 days 

consequently by IGC 

Group VI                    Diabetic rats treated with CPF 

extract (400 mg/kg b.w/day) orally for 21 days 

consequently by IGC. 

Group VII   Diabetic rats treated with APR 

extract (200 mg/kg) and CPF extract (200 mg/ kg 

b.w/day) orally for 21 days consequently by IGC. 

Group VIII   Diabetic rats treated with 

glibenclamide (600 µg/kg b.w/day) orally for 21 days 

consequently by IGC 

 After 21 days of treatment, the fasted animals from 

each group were sacrificed by cervical dislocation. Blood 

was collected from the heart by cardiac puncture and 
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allowed to clot and the serum was separated by 

centrifugation at 3500 rpm for 10 min. Serum was 

assayed either immediately or stored at -20ºC. Liver and 

kidney were dissected out and skimmed off the adherent 

tissues and kept at -20ºC till the biochemical and 

hormonal estimations.  

Biochemical estimation  

Serum glucose level was estimated by enzymatic 

GOD-POD method by using glucose diagnostic kit 

(Qualigens Diagnostics), Plasma insulin was assayed by 

ELISA using a Boehringer-Mannheim kit with an ES300 

Boehringeranalyzer (Mannheim, Germany), 

Glycosylated haemoglobin was determined by the 

method of Karunanayake and Chandrasekharan (1985), 

Serum AST and ALT were estimated by the method of 

Reitman and Frankel (1957), serum protein was 

estimated by the method of Lowry et al. (1951), serum 

urea was estimated by modified DAM-TSC method 

(Tieiz, 1995), serum creatinine was determined using the 

Jaffe’s reaction by the method of Owen et al. (1954). 

Statistical analysis 

The data were analyzed using student’s t-test 

statistical methods. For the statistical tests p values of 

less than 0.01 and 0.05 was taken as significant.

Table 1. Comparative study of the fruits extract of Carica papaya Linn. and root extract of Andrographis paniculata on the 

body weight of normal, diabetic induced and drug treated animals groups 

Groups Initial (gm) Final (gm) % of change 

Normal control (Group I) 215.50±10.48 228.30±9.25 5.93 

Diabetic control (Group II) 209.60±9.27 191.40±10.35 8.68*** 

Diabetic +200 mg/kg APR  (Group III) 211.50±6.84 224.30±10.40 6.05* 

Diabetic +400 mg/kg APR (Group IV) 208.30±5.93 219.60±9.25 5.42* 

Diabetic + 200 mg/kg CPF (Group V) 216.40±8.54 226.80±9.45 4.80* 

Diabetic + 400 mg/kg CPF (Group VI) 207.60±9.35 218.30±7.30 5.15* 

Diabetic + 200 mg/kgAPR+ CPF each (Group VII) 208.30±10.34 231.40±9.50 11.8 *** 

Diabetic +600 µg/kg Glibenclamide (Group VIII) 216.30±9.86 229.80±11.46 6.01** 

Each value is SEM of 6 animals * p < 0.05; ** p < 0.01 *** p <0.001 Significance between normal control vs diabetic induced 

control, drug treated group   

Results and Discussion 

The effect of single and combined extract of APR 

and CPF on the body weight of normal and diabetic 

induced control and drug treated diabetic rats were given 

in the Table 1. Body weight of the diabetic control 

animals was decreased (p<0.05) significantly when 

compared to the initial body weight whereas, the normal 

control and the drug treated experimental groups have 

shown a significant increases (p <0.05) in the final body 

weight. The extension of increase in the body weight of 

the two individual plant extract treated animals were very 

similar when compare to the normal control and standard 



Vigneswaran et al., 2015 

www.currentsciencejournal.info 

drug treated animals. On the other hand, the combined 

drug treated groups have shown a two fold increase of its 

body weight when compare to the standard drug groups 

(Table 1). The intraperitoneal administration of STZ 

significantly increased glucose blood levels, four days 

after injection, as well as decreased body weight.  

Table 2. Comparative study on the fruits extract of Carica papaya Linn. and root extract of Andrographis paniculata on 

blood glucose, serum insulin and Glycosylated hemoglobin levels of normal, diabetic induced and drug treated animals 

groups 

Groups Glucose (mg/dl) Insulin (IU/l) 

Glycosylated 

hemoglobin 

(%) 

Normal control (Group I) 73.83±2.13 12.18±1.13 2.93±0.65 

Diabetic control (Group II) 224.91±8.27*** 3.84±0.84*** 9.34±0.39*** 

Diabetic +200 mg/kg APR  (Group III) 143.16±9.26* 7.95±0.16* 6.22±0.24* 

Diabetic +400 mg/kg APR (Group IV) 104.26±7.31aa 11.40±1.08aa 4.98±0.13aa 

Diabetic + 200 mg/kg CPF (Group V) 138.65±8.27* 6.37±0.83* 7.93±0.92 *a 

Diabetic + 400 mg/kg CPF (Group VI) 118.30±9.36aa 10.08±1.45aa 4.83±0.39aa 

Diabetic + 200 mg/kgAPR+ CPF each (Group VII) 102.16±6.84aa 12.93±1.31aa 3.84±0.27aa 

Diabetic +600 µg/kg Glibenclamide (Group VIII) 112.54±7.39aa 12.11±1.54aa 4.13±0.18aa 

 

Each Value is SEM of 6 animals * p < 0.05; ** p < 0.01 *** p <0.001 Significance between normal control vs diabetic induced control, 

drug treated group; a  p < 0.05; aa p < 0. 01 Significance between diabetic induced control vs drug treated group NS: Not significant 

The results are agreed with previous observations 

(Montano et al., 2010). Body weight reduction in the 

diabetic animals may be due to the loss of muscle and 

adipose tissue resulting from excessive breakdown of 

tissue protein and fatty acids (Davis and Granner, 1996). 

Weight loss is one of the symptoms of diabetes mellitus 

occurring especially when glycaemic control is poor, 

further glycosuria is known to cause a significant loss of 

calories for every gram of glucose excreted and 

presumably this loss results in severe weight loss in spite 

of increased appetite, especially when it is coupled with 

loss of muscle and adipose tissue due to excessive 

breakdown of protein. Studies have also reported the 

significant weight reduction in untreated diabetic rats 

(Davis and Granner, 1996). On the other hand, the body 

weight of the animals treated with combined plant extract 

and known drug treated groups gain more weight than 

the single extract treated group. 

As a converse to the diabetic effect on weight, 

there was significant increase (p<0.05) in the serum 

glucose level of the untreated diabetic animals relative to 

normal control. Further, a highly significant depletion 

was noted in both the single plant (AGR and CPF) and 

combined extract treated groups and the same was 
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highest in both high dose treated groups. A moderate 

reduction was seen in both the low dose treated groups.  

On the other hand the same low dose shows a good 

glycemic control in the combined treatment and it was 

absolutely similar to that of standard, normal control 

treated groups (Table 2). This hypoglycemic effect is 

similar to the reported other plants (Islam, 2011; 

Sasidharan et al., 2011). Such effect may be explained in 

part by either a decrease in the rate of intestinal glucose 

absorption (Hamden et al., 2011; Gupta et al., 2012) or 

an increase in peripheral glucose utilization (Gupta et al., 

2012). 

Table 3. Comparative study on the fruits extract of Carica papaya Linn. and root extract of Andrographis paniculata on 

serum urea, creatinine and protein levels in the normal, diabetic induced and drug treated animals groups 

Groups 
Urea 

(mg/dl) 

Creatinine 

(mg/dl) 

Protein 

(g/dl) 

SGPT 

(u/l) 

SGOT 

(u/l) 

ALP 

(u/l) 

Normal control 

(Group I) 
14.31±0.94 0.81±0.68 8.46±0.18 13.41±0.39 15.46±0.96 128.14±4.33 

Diabetic control 

(Group II) 
43.84±1.18*** 3.94±0.84*** 6.34±0.13* 54.13±2.41** 63.88±1.46** 169.33±2.84** 

Diabetic +200 

mg/kg APR  (Group 

III) 

24.13±0.98*a 1.34±0.29ns 7.78±0.34 24.16±0.98*a 21.51±0.48aa 134.18±3.16 

Diabetic +400 

mg/kg APR (Group 

IV) 

19.38±0.67aa 1.13±0.24a 8.11±0.18 19.34±0.63aa 18.27±0.18aa 126.15±2.34 

Diabetic + 200 

mg/kg CPF (Group 

V) 

28.14±1.26*a 1.98±0.31*a 7.63±0.27 21.15±0.57aa 24.86±0.22aa 148.16±2.18 

Diabetic + 400 

mg/kg CPF (Group 

VI) 

20.39±0.96ns a 1.18±0.16a 7.98±0.36 20.89±0.28aa 19.18±0.13aa 131.18±3.08a 

Diabetic + 200 

mg/kgAPR+ CPF 

each (Group VII) 

16.36±0.24aa 1.06±0.18aa 8.56±0.31a 15.16±0.13aa 13.26±0.18aa 124.18±1.39a 

Diabetic +600 

µg/kg 

Glibenclamide 

(Group VIII) 

19.65±0.89aa 1.21±0.24a 8.11±0.42 18.31±0.26aa 21.16±0.54aa 130.16±0.93a 

Each Value is SEM of 6 animals * p < 0.05; ** p < 0.01 *** p <0.001 Significance between normal control vs diabetic induced control, 

drug treated group; a p < 0.05; aa p < 0. 01 Significance between diabetic induced control vs drug treated group NS: Not significant 

In the present study, a significant reduction was 

seen in the serum insulin level in the STZ induced 

diabetic control animals and after the treatment with the 

methanol extract of AGR and CPF both single (400 

mg/kg each) and combined (AGR 200 mg/kg + CPF 200 

mg/kg) group have shown a significant elevation of the 

serum insulin levels in all the experimental groups .The 

increased insulin level was high in the combined and  

high dose treated groups and only a moderate elevation 

was seen low dose treated animals. In addition, Plant 

extracts are known to contain phytochemicals including 

tannins, saponins, polyphenols, alkaloids, dietary fiber 

and certain inorganic mineral elements such as 

potassium, zinc, calcium, traces of chromium etc., play 

important roles in the maintenance of normal glucose-

tolerance and in the release of insulin from beta cells of 

islets of Langerhans (Choudhary and Bandyopadhyay, 

1999; Tiwari and Rao, 2002). 

There was a significant increase in HbAlC level 

in diabetic rats (Group II) as compared to control rats 
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(Group I). The treatment with both the extracts (Groups 

III and IV) single, combined (Group V) and 

glibenclamide (Group VI), restored the normalcy. A 

significant (P<0.01) elevation in the serum urea and 

creatinine concentration was seen in the STZ induced 

diabetic control groups and restored to normalcy in 

(P<0.01) both the single combined plant extracts and 

known drug treated animals. Liver function marker 

enzymes such as SGPT, SGOT, ALP and Total protein, 

have shown the similar trend as in the case of kidney 

function markers (Table 3). 

In the present study, high levels of serum AST, 

ALT and ALP was noted in diabetic group. These 

increases may be due to the leakage of these enzymes 

from the liver cytosol into the blood stream and change 

in the permeability of liver membranes. The liver 

releases of alkanine aminotransferase and aspartate 

aminotransferase (ALT and AST) together with alkaline 

phosphatase (ALP) is an indication of liver damage 

caused by exposure to toxic substances (Ranjna, 1999). 

AST and ALP are not specific to the liver only but are 

also located in organs like heart, brain, kidney and 

skeletal muscle. ALT is more liver specific enzyme for 

diagnostic use, when the integrity of the hepatocellular 

membrane is compromised, there is extrusion of the 

enzyme into the plasma (Moss and Henderson, 1996). 

The significant reduction in ALT activity that was 

observed in extracts treated groups suggest that the 

extracts are hepatoprotective against streptozotocin 

induced hepatocellular damaged. The strong positive 

significant (p<0.05) correlation study between fasting 

blood glucose and marker enzyme shows that 

Hyperglycaemia is responsible for liver damage during 

diabetes especially as evidence by significant (p<0.05) 

higher correlation in ALT. 

It is very clear that FRE is exhibiting higher degree 

of antihyperglycemic activity. With regard to the 

mechanisms, it cannot be excluded that Carica papaya 

fruit extract and Andrographis paniculata root extract 

may contain some biomolecules that may synthesize the 

insulin receptor to insulin or stimulate the beta cells of 

islets of Langerhans to release insulin which may finally 

lead to improvement of carbohydrate metabolizing 

enzymes towards the establishment of normal glucose 

levels. 

In conclusion, Carica papaya fruit extract and 

Andrographis paniculata root extract exhibits potent 

anti-hyperglycemic activity in STZ induced diabetic rats. 

There appears to be more beneficial outcome when these 

plant extracts are combined. These results support herbal 

combinations in the treatment of diabetes and 

cardiovascular disease. However, the precise 

mechanism(s) and site(s) of action and the active 

constituent(s) involved are still to be determined. 
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