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agents,[14] which are known to show an inhibitory effect on 
carbohydrate hydrolyzing enzyme inhibition, by virtue of their 
capability to bind with proteins. This phenomenon contributes 
to lower postprandial hyperglycemia in diabetes.[15]

To the best of our knowledge, there is no scientific evidence 
on the inhibitory effects of the T. foenum‑graecum leaves on 
carbohydrate hydrolyzing enzymes. The aim of the present 
study was to evaluate the anti‑α‑amylase and anti‑α‑glucosidase 
inhibitory potential of T. foenum‑graecum leaves.

Materials and Methods

Chemicals
Porcine pancreatic amylase  (PPA) and α‑glucosidase were 
purchased from Sigma  (St. Louis, MO, USA). Dimethyl 
sulfoxide  (DMSO), Tris‑HCl buffer, and nitrophenyl 
glucopyranose were purchased from Central Drug House, India. 
All the other chemicals used during the work were of analytical 
grade.

Collection and authentication
The plant was purchased from the local market of 
Jabalpur  (23°N10′, 79°E57′) in the month of November, and 
was identified at Directorate of Weed Science Research, 
Madhya Pradesh, India. The leaves were cleaned, shade dried, 
and coarsely powdered for extraction.

Extraction
T. foenum‑graecum  leaves were first defatted with petroleum 
ether and individually extracted (50  g each) with ethyl acetate 

Introduction

Trigonella foenum‑graecum is an herb widely cultivated in 
India and in some parts of China. In India, seeds are used as 
condiment. Seeds place an important role in herbal medicine 
and are recognized for tonic, carminative and aphrodisiac 
potential. Traditional Chinese medicine finds its use in 
treatment of weakness.[1,2]

The plant is recognized for medicinal properties like 
antibacterial,[3] antiinflammatory,[4] hypoglycemic,[5] and 
hypocholestremic potential.[6] The important phytochemicals 
found includes saponins, coumarin, scopoletin, and trigonelline. 
Scientific researches on seeds have proved its ability to reduce 
blood‑glucose and cholesterol in type  1 and type  2 diabetic 
conditions.[7‑10] The mechanism of action involves stimulation 
of glucose dependent insulin secretion from beta cells of the 
pancreas[11] along with inhibition of activity of enzymes like 
amylase and sucrase.[12]

In current scenario, phytochemicals have received much 
attention in the treatment of diabetes for various reasons and 
many researchers have focused on isolation of hypoglycemic 
agents from medicinal plants.[13] Plant polyphenols and 
flavonoids are some of the naturally occurring antidiabetic 
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Abstract

Trigonella foenum‑graecum is one of the widely used herbs in food and medicine. The seeds of 
the plants are investigated for antidiabetic potential; however, no efforts have been done to 
explore the potential of leaves to modify carbohydrate metabolizing enzymes viz. α‑amylase 
and α‑glucosidase. The present work was designed to investigate the inhibitory potential of 
ethyl acetate and water extract of T. foenum‑graecum on enzymes α‑amylase and α‑glucosidase. 
Different concentrations of extracts were used to study inhibition of enzymatic activity of 
α‑amylase and α‑glucosidase. A  dose dependent inhibitory effect on enzymes was observed. 
The current study, for the first time, revealed α‑amylase and α‑glucosidase inhibitory potential 
of T. foenum‑graecum and the study could be helpful to isolate and characterize compounds 
responsible for it.
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and water in soxhlet apparatus. Ethyl acetate extract was 
desaponified using n‑butanol. Extracts were filtered through 
a muslin cloth twice and finally with Whatman filter paper 
no 4. Finally, the filtrate was lyophilized and stored at 4°C until 
further use.

Phytochemical screening
Screening of phytochemical constituents of the plant was done 
using standard procedures.[16,17]

Phytoanalytical Studies

Determination of total phenolic compounds
Total soluble phenolic compounds in the extracts were 
determined with Folin‑Ciocalteu reagent according to 
the method of using pyrocatechol as a standard phenolic 
compound.[18] Briefly, 1  ml of extract  (1000 μg/ml) in a 
volumetric flask was diluted with distilled water  (46  ml). One 
millilitre of Folin‑Ciocalteu reagent was added and the content 
of the flask was mixed thoroughly. After 3  min, Na2CO3 (3  ml, 
2%  w/v) was added and then allowed to stand for 2  h with 
intermittent shaking. The absorbance was measured at 
760  nm in a spectrophotometer  (Shimadzu‑1700). The total 
concentration of phenolic compounds in the extract determined 
as microgram of pyrocatechol equivalent by using an equation 
that was obtained from the standard pyrocatechol graph:

Absorbance  =  0.0054  ×  total phenols  (pyrocatechol 
equivalent) (μg) 0.0058.

Assay for total flavonoid content
Total flavonoid content was determined using the method given 
elsewhere.[19,20] Briefly, aluminium trichloride  (1  ml, 2%  w/v) in 
methanol was mixed with the same volume of the extract (1 ml, 
2000  µg/ml). Absorption readings at 415  nm were taken after 
10  min against a blank sample consisting of an extract  (1  ml, 
2000  µg/ml) with methanol  (1  ml) and without AlCl3. The 
concentrations of flavonoid compounds were calculated 
according to the following equation that was obtained from the 
standard quercetin graph:

Absorbance = 0.0338 quercetin (μg) ‑ 0.0002; R2 = 0.9998.

Enzyme Inhibition Studies

Porcine pancreatic amylase inhibitory
PPA inhibitory assay was performed as per the standard 
method.[19] 2  mg of starch was suspended in each of the 
tubes containing 0.2 ml of 0.5 M Tris‑Hcl buffer (pH 6.9 and 
0.01 M CaCl2). The tubes containing the substrate solution 
were boiled for 5  min and were then incubated at 37°C for 
5  min. 0.2  ml of T. foenum‑graecum extract  (ethyl acetate 
and water) was taken in each tube containing different 
concentrations  (10, 20, 40, 60, 80, and 100 μg/ml) of DMSO. 
PPA was dissolved in Tris‑HCl buffer to form a concentration 
of 2 units/ml and 0.1  ml of this enzyme solution were 
added to each of the above‑mentioned tubes. The reaction 
was carried out at 37°C for 10  min and was stopped by 
adding 0.5  ml of 50% acetic acid in each tube. The reaction 
mixture was centrifuged at 3000  rpm for 5  min at 4°C. The 
absorbance of the resulting supernatant was measured at 

595  nm using a spectrophotometer  (Shimadzu‑1700). The 
α‑amylase inhibitory activity was calculated as follows:

α‑Amylase inhibitory activity = ((Ac+) – (Ac−)) – ((As − Ab))/
((Ac+) – (Ac−)) × 100,

where Ac+, Ac−, As, and Ab are defined as the absorbance 
of 100% enzyme activity  (only solvent with enzyme), 0% 
enzyme activity  (only solvent without enzyme activity), a test 
sample  (with enzyme), and a blank  (a test sample without 
enzyme), respectively.

α‑Glucosidase inhibitory activity
The α‑glucosidase inhibitory activity was determined using 
the standard method.[20] The enzyme solution was prepared 
by dissolving 0.5  mg α‑glucosidase in 10  ml phosphate 
buffer  (pH  7.0) containing 20  mg bovine serum albumin. It 
was diluted further to 1:10 with phosphate buffer just before 
use. Sample solutions were prepared by dissolving 4 mg sample 
extract in 400 μl DMSO. Five concentrations: 50, 100, 150, 
200, and 250 μg/ml were prepared and 5 μl each of the sample 
solutions or DMSO  (sample blank) was then added to 250 μl 
of 20 mM p‑nitrophenyl‑α‑D  ‑glucopyranoside and 495 μl of 
100 mM phosphate buffer  (pH  7.0). It was pre‑incubated at 
37°C for 5  min and the reaction started by addition of 250 μl 
of the enzyme solution, after which it was incubated at 37°C for 
exactly 15  min. 250 μl of phosphate buffer was added instead 
of enzyme for blank. The reaction was then stopped by addition 
of 1000 μl of 200 mM Na2CO3 solution and the amount of 
p‑nitrophenol released was measured by reading the absorbance 
of sample against a sample blank  (containing DMSO with no 
sample) at 400 nm using UV visible spectrophotometer.

Statistical analysis
The results are expressed as mean  ±  standard error of mean. 
Experiments were performed in triplicate. Statistical comparison 
was performed using analysis of variance  (ANOVA) followed by 
Bonferroni’s test (*P < 0.05).

Results and Discussion

The aim of current study was to establish the inhibitory activity 
of T. foenum‑graecum against α‑amylase and α‑glucosidase. 
The percentage inhibition displayed by each extract is shown 
in Figure  1 which justifies that only ethyl acetate extract 
showed prominent α‑amylase inhibitory potential  (64.55% at 
concentration 250 μg/ml). The percentage of inhibition ranged 
from 54.55% to 13.65% in case of ethyl acetate extract and 
43.95% to 9.23% in case of water extract. The α‑glucosidase 
inhibitory activity of three extracts of T. foenum‑graecum is 
shown in Figure 2. For all extracts tested, percent α‑glucosidase 
inhibition increased with increasing concentration of extracts. 
Inhibition in enzyme activity ranged from 52.56% to 10.63% 
in case of ethyl acetate extract and 33.64% to 7.32% in case of 
water extract.

Control of sugar in blood by inhibition of carbohydrate 
metabolizing enzyme is a novel approach. α‑Amylase is 
an enzyme responsible for hydrolysis of complex starch 
to oligosaccharides, whereas α‑glucosidase hydrolyses 
oligosaccharides, trisaccharides and disaccharides into glucose, 
and other monosaccharides. Acarbose like drugs inhibits 
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Figure 1: Inhibitory activity of Trigonella foenum‑graecum 
extract against α‑amylase

Figure 2: Inhibitory activity of Trigonella foenum‑graecum 
extract against α‑glucosidase
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α‑glucosidase[21] and are responsible for reducing post‑prandial 
hyperglycemia,[22] such medications are useful to persons who 
have just diagnosed with type  2 diabetes. Such medications 
also prove to be useful for individuals taking sulfonylureas and 
metformin, which help to maintain their blood‑glucose levels 
within a safe limit. In vitro data is also useful, particularly when a 
large number of compounds are to be tested, or when compounds 
are synthesized with minor modifications in functional groups 
or different percentages of extract/fractions, etc.; then a simple 
in  vitro test can be performed to rule out inactive compounds 
and hence save considerable time and money. The presence 
of polyphenols[23] and flavonoids  (vitexin, tricin, naringenin, 
quercetin, and tricin‑7‑O‑beta‑D‑glucopyranoside)[24] in 
fenugreek might be responsible for such activity. The results of 
current works are interesting, still sufficient in  vivo findings are 
required to extrapolate its use in humans.

Therefore, plant based α‑amylase and α‑glucosidase inhibitors 
are likely to be useful in regulating blood‑glucose level. In the 
current study, T. foenum‑graecum demonstrated α‑amylase 
and α‑glucosidase inhibitory potential which may serve as a 
lead for isolation and identification of compounds responsible 
for it.
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{hÝXr gmam§e 
‘o{WH$m nÌ AH©$ H$m α-amylase Ed§ α-glucosidase na em‘H$ à^md -  

EH$ àm¶mo{JH$ AÜ¶¶Z

Am{XË¶ JUoenwaH$a, dfm© {ÛdoXr, ¶e ^maÛmO

‘oWr H$m ^moOZ Am¡a Am¡f{Y Ho$ ê$n ‘| ì¶mnH$ à¶moJ {H$¶m OmVm h¡ & nm¡Ym| Ho$ ~rO ‘Yw‘oh{ZdmaH$ h¢ & naÝVw, n{Îm¶m| na α-amylase 

Am¡a α-glucosidase E§OmB‘m| na {ZfoY g§~§{YV H$moB© AZwg§YmZ Zht {H$¶m J¶m h¡ & Bg{bE dV©‘mZ àm¶mo{JH$ AÜ¶¶Z ‘oWr 
(Trigonella foenum graecum) Ho$ ethyl acetate Am¡a water extract na α-amylase Am¡a α-glucosidase {ZfoY H$s Om§M H$aZo 
Ho$ {bE {Z¶mo{OV {H$¶m h¡ & AH©$ H$s {d{^Þ gm§ÐVm {bE α-amylase Am¡a α-glucosidase Ho$ enzymatic J{V{d{Y Ho$ {ZfoY hoVw 
AÜ¶¶Z {H$¶m J¶m & E§OmB‘m| na EH$ IwamH$ {Z^©a {ZamoYmË‘H$ à^md ‘Zm¶m J¶m & àñVwV AÜ¶¶Z go nhbr ~ma kmV hþAm h¡ {H$ 
‘oWr α-amylase Am¡a α-glucosidase H$s J{V{d{Y H$mo amoH$Vm h¡ & ¶h AÜ¶¶Z H$m¶©H$mar ¶m¡{JH$m| H$mo n¥WH²$ H$aZo {bE ghm¶H$ hmo 
gH$Vm h¡ &
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