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ABSTRACT 

Obesity is a public health problem that has become an epidemic worldwide. One of the 

therapeutic strategies in managing obesity is inhibition of pancreatic lipase, a key enzyme 

responsible for the digestion of fats and triglycerides. In the present study, three extracts namely 

petroleum ether, chloroform and ethanolic extracts of fenugreek seeds were evaluated for their 

inhibitory effect on porcine pancreatic lipase enzyme using in vitro assay. Ethanolic extract 

showed the highest pancreatic lipase inhibitory activity compared to petroleum ether and 

chloroform extracts. The inhibitory effect of ethanolic extract was comparable to orlistat, 

standard drug for the treatment of obesity. Phytochemical screening showed the presence of 

flavonoids which is reported to have pancreatic lipase inhibition property and could play a role in 

inhibition of absorption and digestion of fats and triglycerides.The study shows that ethanolic 

extract of fenugreek seeds may be useful as an antiobesity agent. 
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INTRODUCTION 

Obesity is becoming one of the most prevalent health concerns among all populations and age 

groups worldwide, resulting into a significant increase in mortality and morbidity related to 

coronary heart diseases, diabetes type 2, metabolic syndrome, stroke and cancers.[1] Enzyme 

inhibition studies are currently being used in various facets of drug discovery and research and 

the use of enzyme inhibitors in obesity is considered as one of the prominent tools in the 

therapeutic management of the disease.[2] Pancreatic lipase is a key enzyme responsible for the 

digestion and absorption of triglycerides which represent 90 to 95% of the ingested fats. If 

somehow this initial movement of triglycerides from the intestinal lumen is blocked, 

hyperlipidemia can be prevented.[3] 

The application of a lipase inhibitor was examined earlier as a treatment for obesity. Orlistat, a 

hydrogenated derivative of lipstatin derived from Streptomyces toxitricini, a potent inhibitor of 

gastric, pancreatic and carboxyl ester lipase, has  proved to be effective for the treatment of 

obesity.[4] However, this medication is associated with greater incidence of gastrointestinal side 

effects.[5]
 
Management of hyperlipidemia without any side effects is still a challenge to the 

medical system.Due to risk of toxicity or adverse effect of drugs, the existence of lipase 

inhibitorsin various foodstuffs and natural products has been researched and the presence of 

these inhibitors in cereals, wheat bran, wheat germ, soyabean and various herbs has been 

reported.[6,7,8
 
] 

Fenugreek (Trigonella foenum graecum) is an annual plant from the family of 

PapilionaceaeLeguminosae and is extensively cultivated in India, the Mediterranean region, 

North Africa and Yemen.[9] For centuries, fenugreek has been used in folk medicine to heal a 

range of ailments and has been credited with many medicinal properties. In particular, fenugreek 

seedshave been reported to have hypocholesterolaemic activity in rabbits,[10] rats,[11] dogs,[12]
 

and humans[13] but little work has been carried out on the mechanism of action underlying its 

hypolipidemic effect.Till date there are no studies which have evaluated the effects of fenugreek 

on pancreatic lipase which is a potential therapeutic target for the treatment of diet induced 

obesity in human.In this study, we have screened various extracts of fenugreek seeds for their 

anti-lipase activity to find safer and cheaper medicines in the prevention and control of 

hyperlipidaemia related diseases. 

MATERIALS AND METHODS 

Plant Material and preparation of extract 

Fenugreek seeds were purchased from the local market and were ground on a Maig grinder to 

pass through a 0.8 mm mesh sieve. Two hundred grams of powdered sample was subjected to 

successive soxhlet extraction using solvents 200 ml each of varying polarity: petroleum ether, 

chloroformand 95% ethanol.The solvent was filtered with Whatman No 1 filter paper and the 

concentrated extracts (petroleum ether, chloroform and ethanolic extracts) were evaporated to 

dryness in oven at 40ºc and reconstituted at 1gm/100ml. 
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Reagents:  

All extraction reagents such as petroleum ether, chloroform, and ethanol were of Analytical 

reagent (AR) grade. Orlistat was obtained from Roche Korea (Seol, Korea).Porcine pancreatic 

lipase, 4 nitrophenylpalmitate(P-NPP) and all other reagent grade chemicals were purchased 

from Sigma Aldrich, USA. 

Lipase preparation: 

The majority of triglyceride hydrolysis is done by pancreatic lipase and hence porcine pancreatic 

lipase was used as an enzyme model. Crude lipase was dissolved in reaction buffer (10mg/ml) 

and centrifuged at 7000g for 10min. 

Pancreatic Lipase Inhibitory Activity Assay In Vitro 

Lipase assays were performed with 200µl reaction volume. P-NPP was used as a substrate with a 

reaction buffer of 50mM sodium phosphate, 50mM sodium phosphate, 5mM sodium 

deoxycholate and 10% isopropranolol at pH 8.0.[14,15] Then increasing concentrations of 

various extracts namely petroleum ether (PEEFG), chloroform (CEFG) and ethanolic (EEFG) 

extracts of fenugreek and orlistat at 50, 100 and 150 and 200 µg/ml was mixed with 20µl of the 

enzyme buffer and incubated for 15 min at 37ºC with 5 µL of the substrate solution [10mM p-

NPP (p-nitrophenylpalmitate) in dimethyl formamide]. The enzymatic reactions were allowed to 

proceed for 30 min at 37ºC. Lipase activity was determined by measuring the hydrolysis of p-

NPP to p-nitrophenol at 405 nm using an ELISA reader (Robonik). 

The Percentage inhibition (I %) was calculated using the following equation: 

Inhibitory activity (I %) = (A – B)/ A ×100 

Where A is lipase activity in the reaction solution without sample and B is lipase activity in the 

reaction solution containing sample. The measurements were made in triplicate and the IC50  

(inhibitory concentration at which 50% inhibition of enzyme activity occurs) values of the test 

samples were determined by performing the assay as above with varying concentrations of the 

test samples.The IC50 values were determined from the plots of percentage inhibition Vs 

concentration. 

Phytochemical tests 

The phytochemical screening of the extracts were performed according to the standard 

procedures: Molisch’s test for carbohydrates, Mayer’s reagent; Hager’s reagent and 

Dragendroff’s reagent for alkaloids, Frothing test for saponins, Hydrochloric acid test for 

flavonoids, Salkowski’s test for steroids and ferric chloride test for tannin.[16]
 

RESULTS 

Pancreatic Lipase Inhibitory Assay In Vitro 

In this study, we investigated the inhibitory activity of various exracts of FG namely petroleum 

ether, chloroform and ethanolic extracts against porcine pancreatic lipase in vitro. 
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As shown in table 1, the IC50 values of petroleum ether, chloroform and ethanolic extracts were 

103.5, 104.1 and 96.7  respectively indicating the strong inhibitory activity of ethanolic extract 

over other solvent extracts against pancreatic lipase. 

Table 1: Effects of different concentrations of various extracts of fenugreek on pancreatic lipase 

activity 

PEFG= Petroleum ether extract of fenugreek, CEFG= Chloroform extract of fenugreek and 

EEFG= Ethanolic extract of fenugreek. 

 Fig 1: Comparative effects of ethanolic extract and orlistat on pancreatic lipase activity 
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1 shows the inhibitory activities of ethanolic extract of FG and orlistat against porcine pancreatic 

lipase. The ethanolic extract inhibited pancreatic lipase activity by 90.15% and 94.49%  at 

concentration 150µg/ml and 200µg/ml respectively in vitro. Orlistat, a pancreatic lipase inhibitor 

used as an antiobesity agent, inhibited the enzyme activity by 89.15% & 91.49 % at 

concentration 150µg/ml and 200µg/ml respectively.The ethanolic extract of FG and orlistat had 

IC50values of 96.7 & 90.64 respectively 

Phytochemical screening: 

Investigations on the phytochemical screening of fenugreek seed extracts revealed the presence 

of alkaloids,sterols, saponins,flavonoids and tannins. However the ethanolic extract of FG 

contains highest amount of alkaloids, saponins, flavonoids and tannins.(shown in table 2) 

Table 2: Preliminary phytochemical composition of various extracts of the fenugreek seeds 

Phytoconstituents 

Inference 

Petroleum ether 

extract 

Chloroform extract Ethanolic extract 

Alkaloids +++ +++ +++ 

Flavonoids + + +++ 

Saponins + ++ +++ 

Sterols + ++ ++ 

Tannins + + +++ 

The signs that indicate are:-Absent, + Present in Trace amount, ++ Moderately present, +++ 

Present in higher amount 

DISCUSSION 

The antihyperlipidemic properties of oral fenugreek seed powder has been reported by previous 

studie.[10,11,12,13] However, the mechanism underlying its hypolipidaemic effect is unclear. 

The present study was designed to evaluate the inhibitory activity of various extracts of 

fenugreek seeds on pancreatic lipase, a key enzyme responsible for the digestion and absorption 

of fats and cholesterol.  

Initial screening of plants for any activity begins by preparing the crude extracts. There is a need 

to choose different solvents with varying polarity to prepare the extract so as to dissolve the 

different phytochemicals present in the plant.Therefore, three solvents of varying polarity 

namely petroleum ether, chloroform and 90% ethanol were used for the preparation of extracts 

and the effect of the extracts on pancreatic lipase was studied. Of all the extracts tested, ethanolic 

extract exhibited maximum inhibitory activity with IC50 value of 96.7. This indicates that 

ethanolic extract has prominent pancreatic lipase inhibitory potential when compared to 
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petroleum ether or chloroform extract. When the lipase inhibitory activity of ethanolic extract 

was compared with orlistat which is a standard drug, the IC50 value obtained for orlistat was 

90.64.Therefore the effect produced by ethanolic extract was comparable to the standard drug 

orlistat. The preliminary phytochemical screening of all three extracts showed the presence or 

absence of phytoconstituents according to the polarity of the solvent used for extraction.The 

ethanolic extract contains alkaloids, saponins, flavonoids and tannins at a higher concentration as 

compared to petroleum ether and chloroform extract in which trace amounts were observed. 

Flavonoids have been reported to have pancreatic lipase inhibitory activity.[2,17] Therefore, 

pancreatic lipase inhibitory activity  of ethanolic extract could be attributed to the presence of 

active compounds such as flavonoids.A study on the extent of degradation of the saponin and/or 

diosgenin and other steroid saponins in the alimentary tract of alloxan diabetic dogs suggested 

that steroid saponins and sapogenin might have a role in lowering cholesterol.[18] Some reports 

have suggested that the hypocholesterolaemic activity of fenugreek is primarily associated with 

the defatted fraction of its seeds[12] and can largely be attributed to their saponin and high fibre 

content but not to the major alkaloid trigonelline.[18] In another trial in rats fed for 4 weeks with 

the purified saponin fraction extracted with ethanol from defatted FG, plasma cholesterol was 

reduced by 18 to 26% with a tendency to lower the liver cholesterol concentrations.[19] Since 

ethanolic extract contains both flavonoids and saponins it is possible that more than one fraction 

acting through different mechanisms may be responsible for hypocholesterolaemic action of FG.   

Thus, it can be concluded that ethanolic extract of fenugreek possesses significant pancreatic 

lipase inhibitory activity due to the presence of flavonoids which is comparable to orlistat and 

this justifies its usefulness in weight management and treatment of obesity. Further, being a 

nutraceutical it will accomplish the therapeutic outcome with minimal side effects. However, 

further studies are needed to establish a long term efficacy and adverse effect potential of 

fenugreek. 
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