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 The antihyperglycemic activity of a methanolic extract of a preparation consisting of 

dried fruits of Phyllanthus emblica, Terminalia bellirica, Terminalia chebula and seeds 

of Trigonella foenum graecum was studied by means of oral glucose tolerance tests in 
Swiss albino mice. The extract when orally administered to glucose-loaded mice at 

doses of 50, 100, 200, and 400 mg per kg body weight, dose-dependently and 

significantly lowered blood glucose levels. Percent lowering of blood glucose levels at 
the afore-mentioned four doses were, respectively, 35.5, 46.8, 49.2, and 51.6. A 

standard antihyperglycemic drug, glibenclamide, when administered orally at a dose of 

10 mg per kg body weight, lowered blood glucose levels in mice by 62.1%. Thus the 
preparation can be considered to have potential as a good antihyperglycemic drug, more 

so, because available scientific reports on the four components of the preparation 

suggest that all the components have no toxic effects and are consumed both in and off 
season directly as fruits or as in the case of seeds of Trigonella foenum graecum, as 

spice. 
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INTRODUCTION 

 

Diabetes is a disease which is rapidly affecting more and more people with every passing year, possibly 

because of changes in lifestyle and food habits of human beings. It is a chronic disease associated with high 

blood glucose levels caused by insufficiency of insulin production or due to resistance of the body against 

insulin action. Symptoms of diabetes include increased urine output, thirst, hunger, and fatigue besides 

increased blood glucose levels. The disease can progressively affect eyes (Diabetic cataract and diabetic 

retinopathy), kidneys (diabetic nephropathy), heart, feet, and nerves (diabetic neuropathy). Diabetes affects 

approximately 26 million people in the United States alone, while another 79 million are considered to be in the 

pre-diabetic stage. 

Various oral drugs are initially given to diabetic patients, which can result in increased insulin production in 

the body. If oral drugs fail, then diabetic patients are given insulin injections. The latter is costly and causes 

inconvenience to the patients. Oral drugs include biguanides (like metformin), sulfonylureas (like glyburide), 

meglitinides (like repaglinide), and thiazolidinediones (like pioglitazone), to name a few. However, these drugs 

can cause adverse side-effects like bloating, gas, diarrhea, upset stomach, loss of appetite, or change color of 

urine. Thus there is a necessity for finding new drugs to combat diabetes and diabetes-induced complications. 

From that view point, plants can form a rich source of newer anti-diabetic drugs. In fact, the scientific literature 

contains numerous examples of plants being used in traditional medicines of various countries and tribes as anti-

diiabetic drugs [11,12].  

The fruits of Phyllanthus emblica L. (Local name: amloki, Family: Euphorbiaceae), Terminalia bellirica 

Roxb. (Local name: bohera, Family: Combretaceae), and Terminalia chebula (Local name: horitoki, Family: 

Combretaceae) are available widely in Bangladesh and form the constituents of a very well-known Ayurvedic 

preparation, namely Triphala. Trigonella foenum graecum L. (Local name: methi, Family: Fabaceae) is also 

cultivated in Bangladesh, primarily for its seeds which are used as a spice, and also for its leaves, which are 

consumed as a vegetable. 
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Extract of fruits of P. emblica has been shown to reduce oxidative stress in streptozotocin (STZ)-induced 

diabetic rats [18]. The fruits reportedly contain tannoids, which can delay diabetes-induced cataract in rats [21]. 

The fruits are used to keep diabetes under control by the Marakh sect of the Garo tribe living in Mymensingh 

district of Bangladesh [17]. Fruits of the plant are known to contain beta-glucogallin, an aldose reductase 

inhibitor [15]. The antioxidant and anti-diabetic potential of leaves of the plant in STZ-diabetic rats has also 

been reported [14]. 

Insulin-secretagogue, anti-hyperlipidemic and other protective actions have been reported for gallic acid, 

isolated from fruits of T. bellirica in STZ-diabetic rats [8]. Octyl gallate, isolated from fruits of the plant, also 

has been shown to have therapeutic potential in STZ-diabetic rats [9]. The antihyperglycemic effect of water 

extract of dry fruits of T. chebula in experimental diabetes has been demonstrated [13]. Anti-diabetic and 

renoprotective effects of seeds have been reported in STZ-diabetic rats [19]. Ethyl acetate extract of fruits has 

been shown to confer protection from STZ-diabetes and its complications [7]. The antihyperglycemic effects of 

chebulagic acid isolated from fruits have been demonstrated [5]. 

Anti-cataract activity of seed extract of T. foenum graecum has been shown in alloxan diabetic rats [23]. 

The seed extract has been shown to protect kidney function and morphology in diabetic rats through its 

antioxidant action [25]. Attenuation of diabetic nephropathy has also been shown with seeds in alloxan diabetic 

rats [20]. The anti-diabetic activity of seeds in STZ-induced Type 1 diabetic rats has been attributed to the 

presence of (2S, 3R, 4S) 4-hydroxyisoleucine [4]. A GII compound has been isolated from seeds showing anti-

diabetic effects in diabetic rabbits [16]. The protective effect of aqueous extract of seeds has been shown in 

STZ-diabetic rats [3].  

Considering the anti-diabetic potential of fruits of P. emblica, T. bellirica and T. chebula, and seed of T. 

foenum graecum, the objective of the present study was to evaluate the methanolic extract of a combination of 

the fruits and seed in a formulation for its antihyperglycemic activity. 

 

MATERIALS AND METHODS 

 

Dried fruits of P. emblica, T. bellirica and T. chebula and seeds of T. foenum graecum were purchased from 

an herbal store in Dhaka. The fruits and seeds were authenticated at the Bangladesh National Herbarium. The 

fruits and seeds were thoroughly mixed in an equal ratio (w/w) and grounded to a fine powder and 100g of the 

mixed powder was extracted with 500 ml methanol for 48 hours at room temperature. The extract was 

evaporated to dryness at 40
o
C. The final weight of the extract was 6.02g. 

 

Chemicals: 

Glucose was obtained from Square Pharmaceuticals Ltd., Bangladesh; glibenclamide was obtained from 

Sanofi-Aventis Bangladesh Ltd.  

 

Animals: 

In the present study, Swiss albino mice (male), which weighed between 15-18g were used. The animals 

were obtained from International Centre for Diarrheal Disease Research, Bangladesh (ICDDR,B). All animals 

were kept under ambient temperature with 12h light followed by a 12h dark cycle. The animals were 

acclimatized for three days prior to actual experiments. The study was conducted following approval by the 

Institutional Animal Ethical Committee of University of Development Alternative, Dhaka, Bangladesh. 

 

Antihyperglycemic activity: 

Glucose tolerance property of the extract was determined as per the procedure previously described by Joy 

and Kuttan [6] with minor modifications. In brief, fasted mice were grouped into six groups of six mice each. 

The various groups received different treatments like Group 1 received vehicle (1% Tween 80 in water, 10 

ml/kg body weight) and served as control, group 2 received standard drug (glibenclamide, 10 mg/kg body 

weight). Groups 3-6 received methanol extract of the formulation at doses of 50, 100, 200 and 400 mg per kg 

body weight. Each mouse was weighed and doses adjusted accordingly prior to administration of vehicle, 

standard drug, and test samples. All substances were orally administered. Following a period of one hour, all 

mice were orally administered 2 g glucose/kg
 
of body weight. Blood samples were collected 120 minutes after 

the glucose administration through puncturing heart. Blood glucose levels were measured by glucose oxidase 

method [24].  

 

Statistical analysis: 

Experimental values are expressed as mean ± SEM. Independent Sample t-test was carried out for statistical 

comparison. Statistical significance was considered to be indicated by a p value < 0.05 in all cases. 
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Table 1: Effect of methanol extract of the formulation on blood glucose level in hyperglycemic mice following 120 minutes of glucose 

loading. 

Treatment Dose (mg/kg body 

weight) 

Blood glucose level (mmol/l) % lowering of blood 

glucose level 

Control (Group 1) 10 ml 7.08 ± 0.40 - 

Glibenclamide (Group 2) 10 mg 2.68 ± 0.16 62.1* 

Extract (Group 3) 50 mg 4.57 ± 0.34 35.5* 

Extract (Group 4) 100 mg 3.77 ± 0.28 46.8* 

Extract (Group 5) 200 mg 3.60 ± 0.35 49.2* 

Extract (Group 6) 400 mg 3.43 ± 0.19 51.6* 

  All administrations were made orally.  Values represented as mean ± SEM, (n=6); *P < 0.05; significant compared to hyperglycemic 

control animals. 

 

RESULTS AND DISCUSSION 

 

The extract when orally administered to glucose-loaded mice at doses of 50, 100, 200, and 400 mg per kg 

body weight, dose-dependently and significantly lowered blood glucose levels. Percent lowering of blood 

glucose levels at the afore-mentioned four doses were, respectively, 35.5, 46.8, 49.2, and 51.6. A standard 

antihyperglycemic drug, glibenclamide, when administered orally at a dose of 10 mg per kg body weight, 

lowered blood glucose levels in mice by 62.1%. The results are shown in Table 1. The results indicate that the 

formulation can be used effectively for control of blood sugar levels. 

The various fruits and seed in the formulation contain compounds with beneficial properties, which are not 

only beneficial in alleviating high blood sugar in diabetic animals but also beneficial as antioxidant or slowing 

down the progress of kidney deterioration or development of diabetic cataract. It is to be noted that the 

formulation can have other beneficial effects. For instance, P. emblica has been shown to have anti-cancer 

effects as manifested by inhibition of cell proliferation of cervical cancer cells [27], or suppressing human 

fibrosarcoma cell metastasis [26]. T. bellirica has anti-obesity properties [10], which can be very beneficial, for 

diabetes and obesity often go together. T. chebula reportedly possess anti-tussive [22], and anti-inflammatory 

properties [2]. T. foenum graecum seeds have been shown to induce apoptosis in breast cancer mcf-7 cells [1]. 

Thus the formulation can provide other beneficial effects besides alleviating high blood sugar levels.     

 

REFERENCES 

 

1. Alshatwi, A.A., G. Shafi, T.N. Hasan, N.A. Syed and K.K. Khoja, 2013. Fenugreek induced apoptosis in 

breast cancer mcf-7 cells mediated independently by fas receptor change. Asian Pacific Journal of Cancer 

Prevention, 14: 5783-5788. 

2. Bag, A., S. Kumar Bhattacharyya, N. Kumar Pal, R. Ranjan Chattopadhyay, 2013. Anti-inflammatory, anti-

lipid peroxidative, antioxidant and membrane stabilizing activities of hydroalcoholic extract of Terminalia 

chebula fruits. Pharmaceutical Biology, 51: 1515-1520. 

3. Bera, T.K., K.M. Ali, K. Jana, A. Ghosh and D. Ghosh, 2013. Protective effect of aqueous extract of seed 

Psoralea corylifolia (Somraji) and seed of Trigonella foenum-graecum L. (Methi) in streptozotocin-induced 

diabetic rat: a comparative evaluation. Pharmacognosy Research, 5: 277-285.  

4. Haeri, M.R., H.K. Limaki, C.J. White and K.N. White, 2012. Non-insulin dependent anti-diabetic activity 

of (2S, 3R, 4S) 4-hydroxyisoleucine of fenugreek (Trigonella foenum graecum) in streptozotocin-induced 

type I diabetic rats. Phytomedicine, 19: 571-574.  

5. Huang, Y.N., D.D. Zhao, B. Gao, K. Zhong, R.X. Zhu, Y. Zhang, W.J. Xie, L.R. Jia and H. Gao, 2012. 

Anti-hyperglycemic effect of chebulagic acid from the fruits of Terminalia chebula Retz. International 

Journal of Molecular Sciences, 13: 6320-6333.  

6. Joy, K.L., and R.J. Kuttan, 1999. Anti-diabetic activity of Picrorrhiza kurroa extract. Journal of 

Ethnopharmacology, 67: 143-148.  

7. Kim, J.H., C.O. Hong, Y.C. Koo, S.J. Kim and K.W. Lee, 2011. Oral administration of ethyl acetate-soluble 

portion of Terminalia chebula conferring protection from streptozotocin-induced diabetic mellitus and its 

complications. Biological & Pharmaceutical Bulletin, 34: 1702-1709. 

8. Latha, R.C., and P. Daisy, 2011. Insulin-secretagogue, antihyperlipidemic and other protective effects of 

gallic acid isolated from Terminalia bellerica Roxb. in streptozotocin-induced diabetic rats. Chemico-

Biological Interactions, 189: 112-118.  

9. Latha, R.C., and P. Daisy, 2013. Therapeutic potential of octyl gallate isolated from fruits of Terminalia 

bellerica in streptozotocin-induced diabetic rats. Pharmaceutical Biology, 51: 798-805.   

10. Makihara, H., T. Shimada, E. Machida, M. Oota, R. Nagamine, M. Tsubata, K. Kinoshita, K. Takahashi and 

M. Aburada, 2012. Preventive effect of Terminalia bellirica on obesity and metabolic disorders in 

spontaneously obese type 2 diabetic model mice. Journal of Natural Medicines, 66: 459-467. 

http://www.ncbi.nlm.nih.gov/pubmed/24289578
http://www.ncbi.nlm.nih.gov/pubmed/24289578
http://www.ncbi.nlm.nih.gov/pubmed/24289578
http://www.ncbi.nlm.nih.gov/pubmed/24004166
http://www.ncbi.nlm.nih.gov/pubmed/24004166
http://www.ncbi.nlm.nih.gov/pubmed/24004166
http://www.ncbi.nlm.nih.gov/pubmed/22105160
http://www.ncbi.nlm.nih.gov/pubmed/22105160


15                                                           Dr. Mohammed Rahmatullah et al, 2014 

Advances in Natural and Applied Sciences, 8(1) January 2014, Pages: 12-15 

 
11. Maruthupandian, A., V.R. Mohan and R. Kottaimuthu, 2011. Ethnomedicinal plants used for the treatment 

of diabetes and jaundice by Palliyar tribals in Sirumalai hills, Western Ghats, Tamil Nadu, India. Indian 

Journal of Natural Products and Resources, 2: 493-497. 

12. Mukesh, R., and P. Namita, 2013. Medicinal plants with antidiabetic potential – a review. American-

Eurasian Journal of Journal of Agriculture & Environmental Sciences, 13: 81-94. 

13. Murali, Y.K., R. Chandra and P.S. Murthy, 2004. Antihyperglycemic effects of water extract of dry fruits of 

Terminalia chebula in experimental diabetes mellitus. Indian Journal of Clinical Biochemistry, 19: 202-

204.  

14. Nain, P., V. Saini, S. Sharma and J. Nain, 2012. Antidiabetic and antioxidant potential of Emblica 

officinalis Gaertn. leaves extract in streptozotocin-induced type-2 diabetes mellitus (T2DM) rats. Journal of 

Ethnopharmacology, 142: 65-71. 

15. Puppala, M., J. Ponder, P. Suryanarayana, G.B. Reddy, J.M. Petrash and D.V. LaBarbera, 2012. The 

isolation and characterization of beta-glucogallin as a novel aldose reductase inhibitor from Emblica 

officinalis. PLoS One, 7: e31399. 

16. Puri, D., K.M. Prabhu and P.S. Murthy, 2012. Antidiabetic effect of GII compound purified from fenugreek 

(Trigonella foenum graecum Linn) seeds in diabetic rabbits. Indian Journal of Clinical Biochemistry, 27: 

21-27.  

17. Rahmatullah, M., M.N. Azam, Z. Khatun, S. Seraj, F. Islam, M.A. Rahman, S. Jahan and M.S. Aziz, 2012. 

Medicinal plants used for treatment of diabetes by the Marakh sect of the Garo tribe living in Mymensingh 

district, Bangladesh. African Journal of Traditional, Complementary and Alternative Medicines, 9: 380-

385. 

18. Rao, T.P., N. Sakaguchi, L.R. Juneja, E. Wada and T. Yokozawa, 2005. Amla (Emblica officinalis Gaertn.) 

extracts reduce oxidative stress in streptozotocin-induced diabetic rats. Journal of Medicinal Food, 8: 362-

368. 

19. Rao, N.K., and S. Nammi, 2006. Antidiabetic and renoprotective effects of the chloroform extract of 

Terminalia chebula Retz. seeds in streptozotocin-induced diabetic rats. BMC Complementary and 

Alternative Medicine, 6: 17.  

20. Sayed, A.A., M. Khalifa and F.F. Abd el-Latif, 2012. Fenugreek attenuation of diabetic nephropathy in 

alloxan-diabetic rats: attenuation of diabetic nephropathy in rats. Journal of Physiology and Biochemistry, 

68: 263-269. 

21. Suryanarayana, P., M. Saraswat, J.M. Petrash and G.B. Reddy, 2007. Emblica officinalis and its enriched 

tannoids delay streptozotocin-induced diabetic cataract in rats. Molecular Vision, 13: 1291-1297.  

22. Ul Haq, R., A. Wahab, K. Ayub, K. Mehmood, M.A. Sherkheli, R.A. Khan and M. Raza, 2013. Antitussive 

Efficacy and Safety Profile of Ethyl Acetate Fraction of Terminalia chebula. ISRN Pharmacology, pp: 

256934. 

23. Vats, V., S.P. Yadav, N.R. Biswas and J.K. Grover, 2004. Anti-cataract activity of Pterocarpus marsupium 

bark and Trigonella foenum-graecum seeds extract in alloxan diabetic rats. Journal of Ethnopharmacology, 

93: 289-294.  

24. Venkatesh, S., G.D. Reddy, Y.S.R. Reddy, D. Sathyavathy and B.M. Reddy, 2004. Effect of Helicteres 

isora root extracts on glucose tolerance in glucose-induced hyperglycemic rats. Fitoterapia, 75: 364-367. 

25. Xue, W., J. Lei, X. Li, and R. Zhang, 2011. Trigonella foenum graecum seed extract protects kidney 

function and morphology in diabetic rats via its antioxidant activity. Nutrition Research, 31: 555-562.  

26. Yahaho, W., A. Supabphol, and R. Supabphol, 2013. Suppression of human fibrosarcoma cell metastasis by 

Phyllanthus emblica extract in vitro. Asian Pacific Journal of Cancer Prevention, 14: 6863-6867.  

27. Zhu, X., J. Wang, Y. Ou, W. Han and H. Li, 2013. Polyphenol extract of Phyllanthus emblica (PEEP) 

induces inhibition of cell proliferation and triggers apoptosis in cervical cancer cells. European Journal of 

Medical Research, 18: 46. 

http://www.ncbi.nlm.nih.gov/pubmed/24024039
http://www.ncbi.nlm.nih.gov/pubmed/24024039
http://www.ncbi.nlm.nih.gov/pubmed/24024039

