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 Study of Glucose Uptake Enhancing Potential of Fenugreek 
(Trigonella foenum graecum) Leaves Extract on 3T3 L1 Cells Line 
and Evaluation of its Antioxidant Potential
Debarupa Hajra, Santanu Paul

Department of Botany, Laboratory of Cell and Molecular Biology, University of Calcutta, Kolkata, West Bengal, India

ABSTRACT
Background: The incidence of diabetes mellitus (DM) is increasing at an 
alarming rate globally. There is a need for suitable natural alternatives for 
its treatment, as the regular use of drugs causes several secondary health 
issues. Aim: This study aimed to quantitatively evaluate the phenol and 
flavonoid content; antioxidant and anti‑diabetic activity of fenugreek seeds 
and leaves in water and ethanolic extracts. Materials and Methods: Dried 
and powdered seeds and leaves of fenugreek were treated at different 
time and temperature combinations  (100°C for 10 min; 80°C for 30 min; 
60°C for 1  h; 37°C for 6  h; 24°C  [room temperature] for 24  h; 100°C 
for 10  min followed by overnight soaking). Total phenolic content, 
total flavonoid content, 2,2‑Diphenyl‑1‑picrylhydrazyl  (DPPH), and 
glucose uptake assays on 3T3‑L1 cell lines were performed on the 
extracts. Results: The results show that fenugreek leaves treated at 
100°C for 10  min and overnight soaking yield extracts with the highest 
concentrations of desired phenols  (46.08  ±  0.15  mg GAE/g sample) 
and flavonoid content  (13.02  ±  0.44  mg/g sample) and antioxidant 
activity (DPPH) (45.41 ± 2.1%) with enhanced glucose uptake activity in 
3T3‑L1 cell lines. Conclusion: The phenolic and flavonoid content, DPPH 
radical scavenging activity and antidiabetic activity was highest in the water 
extract of fenugreek leaves treated at 100°C for 10 min and subsequent 
soaking for 24 h before filtration as compared to the other protocols tested. 
Furthermore, water extracts showed enhanced activity as compared to the 
ethanol extracts in case of both seeds and leaves and in all the treatment 
combinations.
Key words: 3T3‑L1 cell lines, antioxidant, diabetes, fenugreek, 
glucose uptake

SUMMARY
•  Fenugreek leaves have higher phenolic and flavonoid content and antioxidant 

activity as compared to fenugreek seeds
•  The aqueous extract of both fenugreek leaves and seeds yield higher quantity 

than their ethanolic counterparts
•  The extract which was obtained by boiling the leaves at 100°C for 10 min and 

letting it soak for 24 h at room temperature showed enhanced phenolic and 
flavonoid content, antioxidant activity and glucose uptake activity on 3T3‑L1 
cell lines as compared to the other protocols

•  Hence, it can be concluded that this extract has enhanced antidiabetic po‑

tential.

Abbreviations Used: 2NBDG: (2‑(N‑(7‑Nitrobenz‑2‑oxa‑1, 
3‑diazol‑4‑yl) Amino)‑2‑Deoxyglucose), DM: Diabetes 
mellitus, DMEM: Dulbecco’s Modified Eagle’s Medium, 
DPPH: 2,2‑Diphenyl‑1‑picrylhydrazyl, GA: Gallic Acid, GAE: Gallic Acid 
Equivalents, PBS: Phosphate Buffered Saline, TFC: Total Flavonoid 
Content, TPC: Total Phenolic Content
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ORIGINAL ARTICLE

INTRODUCTION
In the developed world, diabetes mellitus (DM) is among the top 5 most 
significant diseases that are severely affecting human life. Currently, 
there are 171 million people who are suffering from diabetes.[1]

Diabetes or DM is a metabolic disorder[2‑5] wherein the blood sugar level 
is higher than normal. This is due to the disturbed secretion or improper 
functioning of insulin.[6‑9]

Insulin is a peptide hormone. It is secreted by the beta‑cells of the 
pancreatic islets of Langerhans. Its main function is to maintain normal 
blood glucose levels. It facilitates cellular glucose uptake and regulates 
the metabolism of carbohydrate, protein, and lipid.[10] For treating 

diabetic patient, anti‑diabetic drugs such as metformin, rosiglitazone, 
gliclazide, and such other or synthetic human insulin are prescribed. 
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Insulin and hypoglycemic drugs are mostly used to treat DM. Although 
effective they cause several other health problems. Hence, there is an 
inclination toward naturally derived medicines or medicines made from 
various phytochemicals.
DM is affected by the oxidative stresses that develop in one’s body[6] 
due to impaired insulin secretion and increased insulin resistance.[11,12] 
Antioxidants are substances that protect the cells of our body from 
oxidation by itself getting oxidized in the process. Hence, antioxidants 
help to protect the body and can be used to treat this disorder.[13] 
Antioxidants derived from plant sources are harmless and hence reduce 
the chance of associated or secondary health problems. Antioxidants are 
generally found in food such as Vitamin C and Vitamin E. Foods such 
as spinach, fenugreek, other green leafy vegetables, beetroot, and citrus 
fruits are also rich in antioxidants.
Fenugreek is a herb, belonging to the Fabaceae family.[14,15] Its scientific 
name is Trigonella folium. Fenugreek is known to possess antidiabetic 
properties.[16] It possesses a number of properties that are beneficial for 
human health such as anti‑inflammatory,[17,18] antioxidant, antifungal, 
antibacterial, antilipidemia, hypocholesterolemic, anticarcinogenic, 
and also antidiabetic activities.[19‑21] The soluble dietary fiber fraction of 
fenugreek enhances glycemic control by inhibiting lipid hydrolyzing and 
carbohydrate‑hydrolyzing enzymes in the digestive system.[22] It has high 
antioxidant activity that is beneficial for human health. It is reported 
that germinating seeds show better results as compared to ungerminated 
seeds.[23,24]

Flavonoids present in plants contribute to the color of fruits and 
flowers. They are polyphenolic compounds. These are known to possess 
antioxidant, antitumor, and antibacterial activities.[25] They are known to 
be present in fenugreek as well.
In traditional or ethnomedicine the extracts of both the seeds and leaves 
of this fenugreek are recommended by doctors as a measure to control 
diabetes. In addition, it is an age‑old practice in different parts of the 
world and in ethnomedicine or traditional medicine to soak the fenugreek 
seeds in water and then consume the water after filtration. However, till 
now, there is comparatively less literature available on the water extracts 
of the leaves and the seeds. The research done till date mostly deals with 
the ethanolic or methanolic and acidified water extracts of the herb and its 
parts.[26,27] The current study deals with studying the effects of different time 
and temperature treatments on both water and ethanol extracts of the seeds 
and leaves of the fenugreek herb. The study also aims to compare the water 
extract with those obtained by applying the same time and temperature 
combinations to ethanolic extracts of fenugreek seeds and leaves. The 
whole research deals with the collection and proper treatment of the 
seeds and leaves of the herb. The antioxidant and antidiabetic properties 
are due to the phenolic and flavonoid compounds that are present in the 
different parts of the plant. The estimation of the total phenolic content, 
the total flavonoid content, and the free radical scavenging activity was 
carried out. The free radical scavenging activity was estimated by the help 
of 2,2‑Diphenyl‑1‑picrylhydrazyl (DPPH) assay.

MATERIALS AND METHODS
Chemicals
All the reagents used were of analytical grade. Quercetin, Gallic 
acid  (GA)  (Sigma‑Aldrich), Methanol, Sodium Carbonate, 
Folin‑ciocalteu reagent, Aluminum Chloride, Sodium Nitrate, Sodium 
Hydroxide (all from SRL, India), and DPPH (Rankem).

Collection of samples and preparation of extracts
Fenugreek seeds were collected from the local market of Kolkata, India, 
and leaves Gurgaon, India. The samples were washed, dried using a 

tray drier at 45°C and powdered. Each of these, seeds and leaves were 
extracted in water and ethanol simultaneously [Table 1]. The extractions 
were made in different time and temperature combinations
•	 SET 1–100°C for 10 min, (100FLW/100FSW/100FLE/100FSE)
•	 SET 2–80°C for ½ h, (80FLW/80FSW/80FLE/80FSE)
•	 SET 3–60°C for 1 h, (60FLW/60FSW/60FLE/60FSE)
•	 SET 4–37°C for 6 h, (37FLW/37FSW/37FLE/37FSE)
•	 S E T  5 – 2 4 ° C   ( r o o m  t e m p e r a t u r e )  f o r  2 4   h , 

(24FLW/24FSW/24FLE/24FSE).
•	 SET 6–100°C for 10  min followed by overnight cooling 

(FLW/FSW/FLE/FSE).
•	 FLW: Fenugreek Leaves in Water
•	 FSW: Fenugreek Seeds in Water
•	 FLE: Fenugreek Leaves in Ethanol
•	 FSE: Fenugreek Seeds in Ethanol.

The samples 2 g each were dissolved in 20 ml water and ethanol separately 
in conical flasks and shaken well and were covered with aluminum foil.
Water bath was used to achieve 37°C. Hot air oven was used to 
achieve 80°C and 60°C. 100°C was achieved by using a gas oven. After 
extraction processes, the solutions were filtered separately. The time 
and temperature combinations are such that they would be easily 
available at home.
After the extraction was over, the extracts were tested for antioxidant 
activity, total phenolics, and total flavonoids. To determine the above 
total phenolic content (TPC), total flavonoid content (TFC), and DPPH 
assay were carried out. These were observed for all the water extracts 
of the leaves and seeds. These values were then compared with those 
obtained from the ethanolic extracts.
Also, for those aqueous extracts with the highest TPC, TFC, and 
antioxidant values, glucose uptake measurement was performed.
Glucose uptake is performed to study the uptake of glucose by cells both 
when stimulated by insulin and without insulin treatment. In this study, 

Table 1: The time‑temperature treatment of the fenugreek seeds and leaves

Code name Fenugreek 
sample

Solvent Temperature (°C) Time

T1 (100 FSW) Seeds Water 100 10 min
T2 (100 FLW) Leaves Water 100 10 min
T3 (100 FSE) Seeds Ethanol 100 10 min
T4 (100 FLE) Leaves Ethanol 100 10 min
T5 (80 FSW) Seeds Water 80 30 min
T6 (80 FLW) Leaves Water 80 30 min
T7 (80 FSE) Seeds Ethanol 80 30 min
T8 (80 FLE) Leaves Ethanol 80 30 min
T9 (60 FSW) Seeds Water 60 60 min
T10 (60 FLW) Leaves Water 60 60 min
T11 (60 FSE) Seeds Ethanol 60 60 min
T12 (60 FLE) Leaves Ethanol 60 60 min
T13 (37 FSW) Seeds Water 37 5 h
T14 (37 FLW) Leaves Water 37 5 h
T15 (37 FSE) Seeds Ethanol 37 5 h
T16 (37 FLE) Leaves Ethanol 37 5 h
T17 (24 FSW) Seeds Water 24 24 h
T18 (24 FLW) Leaves Water 24 24 h
T19 (24 FSE) Seeds Ethanol 24 24 h
T20 (24 FLE) Leaves Ethanol 24 24 h
T21 (FSW) Seeds Water 100°C 10 min/cooling 24 h
T22 (FLW) Leaves Water 100°C 10 min/cooling 24 h
T23 (FSE) Seeds Ethanol 100°C 10 min/cooling 24 h
T24 (FLE) Leaves Ethanol 100°C 10 min/cooling 24 h

FSW: Fenugreek seeds in water; FLW: Fenugreek leaves in water; FSE: Fenugreek 
seeds in ethanol; FLE: Fenugreek leaves in ethanol
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3T3‑L1 cell lines were treated with different fenugreek extracts and their 
respective glucose uptake potential was measured.
3T3‑L1 cell line has been derived from the mouse 3T3  cells. These 
differentiate into adipocyte‑like phenotype. These have lipid storage 
and glucose homeostasis properties. These increase the synthesis and 
accumulation of triglycerides. 3T3‑L1 is a most frequently employed 
adipocyte cell lines. This has been isolated from Swiss 3T3 cells. Swiss 
3T3  cells are in turn derived from disaggregated 17–19‑day mouse 
embryos.

Determination of total phenolic content of the 
extracts
The total phenol content was quantified using the previously used 
colorimetric assay by Mashkor Idries,[28] Chakraborty et  al.,[29] Yogesh 
et al.[30] with some modification. Approximately 4.5 ml of distilled water 
and 100 µl of Folin‑Ciocalteu reagent are added to 100 µl fenugreek 
extracts each and covered and mixed well. To this, 0.3 ml of 2% sodium 
carbonate is added and incubated for 2  h at room temperature with 
periodic shaking every 40 min. The absorbance was measured at 760 nm. 
For estimation of the sample activity calibration curve of GA is used 
and the result is expressed as GA equivalents (GAEs), mg GAEs per ml 
extract or per mg sample.

Determination of total flavonoid content of the 
prepared extracts
The total flavonoid content was determined by the method based on that 
reported by SB.[31] To 125 µl of sample 1.025 ml of distilled water and 
37.5 µl of 5% sodium nitrite are added and allowed incubation time of 
5–6 min at room temperature. To this 75 µl of 10% aluminum chloride 
and incubated for 5 min at room temperature followed by addition of 
0.25 ml of 1 N sodium hydroxide. The absorbance is measured at 510 nm. 
Quercetin was used as the standard for the calibration curve. The result is 
expressed as mg flavonoid per ml of extract or per mg of sample.

Determination of DPPH radical scavenging activity 
of the extracts
Quantitative estimation of the DPPH radical scavenging activity of the 
extracts was based on the previously reported work of Mridha et al.[32] 
and Al‑Tamimi et al.[33] with a few modifications. DPPH solution was 
prepared by adding 6  mg of DPPH in 100  ml methanol. To 30 µl of 
sample 3 ml of DPPH is added. The absorbance was measured at 517 nm 
using 3 ml DPPH solution in 30 µl of sample as control and methanol 
as the reference for the spectrophotometer. The DPPH scavenging 
activity was calculated using the equation: Percentage of antioxidant 
activity = ([Ac–As]/Ac) × 100; where Ac represents the absorbance of the 
control and As is the absorbance of the sample.

Determination of glucose uptake
The preliminary results showed that the phenol and flavonoid content 
and the antioxidant activity of three aqueous extracts of leaves are the 
highest. These are FL001 (extract prepared by soaking the leaves at room 
temperature for 1 day), FL002 (extract prepared by heating the leaves at 
100°C for 10 min), and FL003 (extract prepared by heating at 100°C for 
10 min and soaking for 24 h before filtering). Hence, the glucose uptake 
enhancement potential of the above three samples was observed.
Glucose uptake was performed using the method described by 
Chowdhury et al.[34] and Gulati et al.[35] with minor modification.
At day 9 of differentiation, the adipocytes were incubated for 24 h with 
the respective test solutions (10 µg/mL).[36] The medium or 1X phosphate 
buffered saline  (PBS) was used as negative control and metformin as a 

positive control. Its concentration was 10 µM; the second positive control 
used was insulin (10 µM). Twenty‑four hours later, the cells were rinsed with 
1X PBS and incubated for 60 min at 37°C in DMEM containing 80 µM of 
the fluorescent glucose analog, 2‑(N‑(7‑Nitrobenz‑2‑oxa‑1,3‑diazol‑4‑yl) 
Amino)‑2‑Deoxyglucose (2‑NBDG) and in the presence of the extracts for 
basal glucose uptake measurement but in the absence of light. The cells were 
then treated with insulin ‑ the second positive control, during the 2‑NBDG 
incubation to measure the insulin‑stimulated glucose uptake. The reaction 
of 2‑NBDG uptake was terminated by washing the cells with precooled 
1X PBS. The remaining fluorescence activity in the cells was measured 
by using fluorescence microplate reader at an excitation wavelength of 
485 nm and an emission wavelength of 535 nm. Fluorescence activity in 
the absence of 2‑NBDG was subtracted from all values.

RESULTS

Total phenol content
Phenolic is partly responsible for the antioxidant activity of plants.[30] 
Hence, the determination of the phenol content is an essential step in 
understanding the antioxidant properties of the compounds. As shown 
in Figure  1, it has been observed that the highest amount of phenol 
was observed in the extract, FLW  (0.4608  ±  0.015 GA eqs mg/ml). 
The descending order of phenol content of rest of the fenugreek leaves 
samples treated at different time‑temperature combinations are 
60FLW >100FLW>80FLW>37FLW>24FLW. In case of fenugreek seeds 
the phenol, content was highest in FSW (0.43 ± 0.021). The phenol 
concentrations of the rest of the fenugreek seed extracts in descending 
order are 100°C – 10 min >60°C – 60 min >24°C – 1 day >80°C – 30 min 
>37°C – 5 h [Figure 1].

Total flavonoid content
The TPC assay revealed that the highest content of flavonoid has been 
observed in the extract FLW, 1.30 ± 0.044 Quercetin Equivalents mg/ml. 
The flavonoid content of the rest of the aqueous extract of the fenugreek 
leaves are 100FLW > 37FLW > 80FLW > 60FLW > 24FLW. Among the 
fenugreek seeds aqueous extract, the highest flavonoid content has been 
observed in the FLW, 1.023 ± 0.0056 Quercetin Equivalents mg/ml. The 
flavonoid content of the rest of the aqueous fenugreek seeds extract can be 
arranged in decreasing order as 24FSW > 100FSW > 80FSW > 37FSW > 
60FSW [Figure 2].

Figure  1: The total phenol concentration of fenugreek seeds and 
leaves in water and ethanol extracts at different time‑temperature 
treatment expressed as gallic acid equivalents. The results represent 
mean ± standard division of three independent experiments
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Total antioxidant content
Recent studies show that oxidative stress can be a cause for increasing 
insulin resistance.[12] Hence, antioxidants can be used as a treatment of 
diabetes. DPPH radical scavenging activity was performed to determine 
the antioxidant activity of the extracts. The highest antioxidant activity 
has been observed in the sample FLW, 45.41% ±2.10%. The antioxidant 
activity of the rest of the aqueous fenugreek leaves extract in descending 
order is 80 FLW > 37 FLW > 100 FLW > 60 FLW > 24 FLW. The highest 
antioxidant activity in case of fenugreek seeds has been observed in 
the FSW extract, 30.33% ±0.83%. The antioxidant activity of the rest of 
the aqueous fenugreek seeds extract in descending order is as follows: 
100FSW > 37FSW > 80FSW > 24FSW > 60FSW [Figure 3].

Glucose uptake
The effects of the extracts on 3T3‑L1 cell lines for glucose uptake 
activity both in the presence and in the absence of insulin stimulation 
expressed as relative fluorescence intensity, in percentage was 
measured [Figure 4]. The M− and M+ bar graph represents the effect 
of the control on the 3T3‑L1 Cell lines in the absence and presence 
of insulin stimulation, respectively. The graph also depicts the effect 
of Metformin as represented as Mt− and Mt+ with or without insulin 
stimulation on the cell lines. The rest of the bar graphs show the effects 
of the extracts FL001, FL002, and FL003 at two different concentrations 
10 µg/ml and 100 µg/ml and in the absence and presence of insulin 
stimulation each. The extract FL001 was prepared by soaking the 
fenugreek leaves in water at room temperature for 24  h. The extract 
FL002 was prepared by heating the leaves in water for 10  min and 
filtering, while the extract FL003 was prepared by heating the leaving 
for 10 min and letting it soak for 24 h before filtering.
On comparative analysis with the blank without insulin stimulation, it can 
be observed that the extracts FL001, FL002, and FL003 show enhanced 
glucose uptake activity without insulin stimulation. The highest activity 
is observed in case of FL003 in case of both the concentrations, i.e., 
10 and 100 µg/ml. The extract FL003 at 100 µg/ml shows the greatest 
glucose uptake activity among all, 215% ±5.87 in the absence of insulin. 
The activity of the extracts without insulin stimulation in descending 
order is as follows: FL003 (100) >FL002 (100) >FL001 (100) > Fl003 (10) 
>FL002  (10) >FL001  (10) >M−. This shows that the glucose uptake 
activity of all the extracts at 100 µg/ml concentration in the absence of 

insulin is greater than those at the 10 µg/ml concentration in each case, 
FL001, FL002, and FL003.
Second, on comparing the glucose uptake activity of the control, in the 
presence of insulin, M+, with the rest of the extracts, it can be observed 
that a similar trend is followed with a few notable exceptions. The highest 
glucose uptake activity is found for the extract FL003 at 100 µg/ml in 
the presence of insulin stimulation, 254% ± 4.88%. The activity of all 
the extracts in comparison with the blank in the presence of insulin can 
be arranged in descending order as follows: FL003 (100) >FL002 (100) 
>FL003  (10) >FL001  (100) > FL002  (10) >M+>FL001  (10). It can 
be concluded that the glucose uptake activity of FL003 at 10  µg/ml 
concentrations is more than those of FL002 at 10 µg/ml and FL001 at 
both 100 and 10 µg/ml. Furthermore, the glucose uptake activity of Fl001 
at 100 µg/ml is more than that of Fl002 at 10 µg/ml. Another exception 
is that the glucose uptake activity of the extract FL001 at 10 µg/ml is less 
than that of the control with insulin stimulation.
On comparison with Metformin Mt−, in the absence of insulin stimulation, 
it is found that the highest glucose activity is found in case of Fl003 at 100 
µg/ml concentrations. In this comparative analysis, the glucose uptake 
activities of all the extracts at 100 µg/ml concentrations are higher than 
those at 10 µg/ml. In addition, the glucose uptake activity of the extracts 
FL001 and FL002 at 10 µg/ml do not show much variation. The glucose 
uptake activity of the extracts on the 3T3‑L1 cell lines can be arranged 
in the following manner FL003  (100) >FL002  (100) >FL001  (100) 
>FL003 (10) >FL002 (10) > FL001 (10) >Mt− in descending order.
On analyzing the values of Metformin with insulin stimulation, Mt + and 
comparing it with those of the extracts, the best result is obtained in case 
of FL003 at 100 µg/ml. The glucose uptake activity of all the extracts can 
be arranged as FL003 (100) > FL002 (100) >FL003 (10) >FL001 (100) 
>FL002  (10) >Mt+>FL001  (10). It can be observed that the glucose 
uptake activity of FL001 at 10 µg/ml concentrations is less than that 
of the Metformin in the presence of insulin. Furthermore, the extract 
FL003 at 10 µg/ml shows enhanced glucose uptake activity than FL002 
at 10 µg/ml and FL001 at both 10 and 100 µg/ml concentrations. Hence, 
in this case, it cannot be concluded that all the extracts at 100 µg/ml 
concentrations showed enhanced glucose uptake activity than all the 
extracts at 10 µg/ml.
On comparative analysis of the concentrations of the extracts in the 
absence of insulin, all the extracts at 100 µg/ml show higher glucose 

Figure 2: The total flavonoid concentration of fenugreek seeds and leaves 
in water and ethanol extracts, at different time‑temperature treatment. 
The results represent mean  ±  standard division of three independent 
experiments

Figure  3: The 2,2‑Diphenyl‑1‑picrylhydrazyl radical scavenging activity 
of fenugreek seeds and leaves in water and ethanol extracts at different 
time‑temperature treatment. The result represents mean  ±  standard 
division of three independent experiments
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uptake activity than those at 10 µg/ml. FL003  (100) >FL002  (100) 
>FL001 (100) >FL003 (10) >FL002 (10) >FL001 (10).
However, when the cells are stimulated with insulin, we find that 
FL003  (100) >Fl002  (100) >FL003  (10) >FL001  (100) >FL002  (10) 
>FL001  (10). In this case, the FL003 at 10 µg/ml has higher 
concentration than FL002 at 10 µg/ml and the FL001 at both 10 and 
100 µg/ml concentrations. Similarly, the extract FL001 at 100 µg/ml 
concentration shows enhanced glucose uptake activity as compared to 
FL002 at 10 µg/ml.
The data taken together show that in case of both with and without 
insulin stimulation and at both the concentrations, i.e., 10 µg/ml and 
100 µg/ml the extract, which was boiled in water for 10 min and soaked 
for 24 h before filtering, FL003 provides the best results [Figure 4].
Relative percentage increase in glucose uptake by the 3T3‑L1 cell lines 
in response to the extracts FL001, FL002, and FL003 at two different 
concentrations each has been observed  [Figure  5]. The percentage 
increase in glucose uptake, in this case, has been compared with the 
control without insulin stimulation. The extract FL003 at 100 µg/ml 
concentration shows the best result with 115% increase in glucose uptake. 
The lowest has been observed for the FL001 at 10 µg/ml extract.
Next, we evaluated the relative percentage increase in glucose uptake by 
3T3‑L1 cell lines in response to extracts in comparison with control with 
insulin stimulation. The highest percentage of relative glucose uptake has 
been observed in case of FL003 at 100 µg/ml, 84.06%. The extract FL001 
at 10 µg/ml shows negative relative percentage uptake when compared to 
the control when the cells are stimulated with insulin [Figure 6].
The highest value of relative percentage of glucose uptake with respect to 
metformin treatment in the absence of insulin stimulation was observed 
for the extract FL003 at 100 µg/ml, 106.73%. The FL001 at 10 µg/ml 
show the lowest relative percentage glucose uptake, 7.69% [Figure 7].
Similarly, the relative percentage increase in glucose uptake by 
insulin‑stimulated 3T3‑L1 cell lines on treatment with the extracts, 
with respect to metformin has been observed  [Figure  8]. The highest 
relative activity has been observed in case of the FL003 extract at 
100 µg/ml, 68.21%. The extract FL001 at 10 µg/ml showed negative 

relative percentage glucose uptake by insulin‑stimulated cell lines with 
respect to metformin.
All the above results show that the extract FL003 provide the highest 
relative glucose uptake both in comparison with control and metformin 
and in absence or presence of insulin. Hence, a comparative analysis 
of the relative percentage of glucose uptake by the cells on addition 
of FL003 extract with respect to the control, both in the absence and 
presence of insulin, and metformin also in the absence and presence of 
insulin [Figure 9]. The extract shows more than 60% increase in glucose 
uptake by 3T3‑L1 cell lines on comparison with metformin.

DISCUSSION
DM is an emerging health disorder worldwide. Every year there are 
more and more reports of people suffering from this deadly disease. 
Many drugs are available in the market, which is used to treat diabetes. 
However, over the years, it has been realized that these drugs come with 
a huge toll on health. They cause many secondary health problems one of 
them being obesity and slowly damage the liver. Hence, with time, there 
has been a shift to traditional medicines. These have been known since 
time immemorial but were never fully explored. Traditional medicines 
from plant sources have tremendous potential to cure diabetes. Among 
them, fenugreek is known to possess antidiabetic potential.
The current study contributes to the scientific knowledge regarding the 
phenol and flavonoid content and the antioxidant activity of fenugreek 
seeds and leaves. The study also helps to conclusively proof that the 
fenugreek leaves can also enhance glucose uptake in 3T3‑L1 cell lines.
The temperatures that have been used are such that they can be achieved 
by a person at home. 100° is the temperature that will be attained when 
the water will boil at 80°C when the stove will be in medium flame and 
60°C when the flame will be at its minimum power. The 37°C will be 
attained when the seeds and leaves will be dissolved in lukewarm water 
or when it has been kept under sun for 6 h.
On analyzing the results, it is found that enhanced phenolic content, 
flavonoid content and DPPH radical scavenging activity has been found 
in the leaves extract as compared to the seeds. This can be conclusively 
stated for all the six treatments. In each of these cases, quantitatively the 

Figure  4: Effect of fenugreek leaves extract at different concentrations 
on basal and insulin‑stimulated glucose uptake in 3T3‑L1 adipocyte 
cells. The results represent mean  ±  standard division of three 
independent experiments. M+‑only medium, MT‑Metformin, FL001‑the 
fenugreek leaves extracted by soaking for 24  h at room temperature; 
FL002‑fenugreek leaves treated at 100°C for 10 min; FL003‑the fenugreek 
leaves treated at 100°C for 10 min and soaked for 1 day before filtering; (+) 
sign‑insulin stimulated treatment; (–) sign‑without insulin; (10) and (100) 
denote the concentrations of the samples

Figure 5: Relative percentage increase in glucose uptake by 3T3‑L1 cell 
lines in response to extracts in comparison with control  (noninsulin 
stimulated  [−]). FL001_10‑represents the extract FL001 at 10 µg/m;, 
FL001_100‑, extract FL001 at 100 µg/ml; FL002_10‑, extract FL002 at 10 
µg/ml; FL002_100‑extract FL002 at 100 µg/ml; FL003_10‑, extract FL003 
at 10 µg/ml and FL003_100‑, extract FL003 at 100 µg/ml. The results 
represent mean ± standard division of three independent experiments
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leaves yield much more than the seeds samples subjected to the same 
treatments. The highest concentration of phenols, flavonoids, and the 
percentage antioxidant activity are found in the extract that is obtained 
by the Set 6 treatment or FSW.
The water extract contains quantitatively higher concentrations of 
phenolics, flavonoid, and DPPH radical scavenging activity value than 
the ethanolic extracts. All the data are taken together proof that water 
extract of fenugreek leaves show enhanced concentrations of phenols, 
flavonoids, and antioxidants activity.
Conclusively, it can be recommended that the Set 6 treatment or FSW is 
the best method for extraction of the above‑mentioned phytochemicals, 
yielding aqueous extracts with the highest concentrations of the 
desired phytochemicals. The phenol and flavonoid concentration of 
the aforementioned extract is 46.08 ± 0.15 mg of GAEs per gram of the 

sample, and 13.02 ± 0.44 mg of flavonoid concentrations per g of sample, 
respectively. The antioxidant activity, measured in terms of DPPH radical 
scavenging activity, of this extract is 45.41% ± 2.1%.
As mentioned earlier three types of fenugreek leaves extracts, 
namely FL001, FL002, and FL003 have been tested on the 3T3‑L1 
cell lines for measuring the glucose uptake activity. This helped 
to realize the effect of the extract on the cells for glucose uptake 
on insulin stimulation and without insulin. The result shows 
that the extract FL003 shows 115% increase in glucose uptake 
at 100 µg/ml when compared with the blank in the absence of 
insulin stimulation. On comparison with the blank when the 
cells are stimulated with insulin, the extract FL003 at 100 µg/ml 
shows 84.06% glucose uptake activity. This extract showed 106.73% 
increase in glucose uptake without insulin stimulation as against 

Figure 8: Relative percentage increase in glucose uptake by 3T3‑L1 cell 
lines in response to extracts in comparison with metformin (with insulin 
stimulation [+]). FL001_10+ and FL001_100+ represent the extract FL001 
at 10 and 100 µg/ml; FL002_10+ and FL002_100+ represent the extract 
FL002 at 10 and 100 µg/ml; FL003_10+ and FL003_100+ represents the 
extract FL003 at 10 and 100 µg/ml. The results represent mean ± standard 
division of three independent experiments

Figure  9: Comparative analysis of the relative percentage increase in 
glucose uptake by 3T3‑L1 cells on addition of FL003 at 100 µg/ml w. r. t. 
control without insulin, FL003/C/‑; w. r. t. control with insulin FL003/C/+; 
w. r. t metformin without insulin FL003/MT/‑; and w. r. t metformin with 
insulin FL003/MT/+. The results represent mean  ±  standard division of 
three independent experiments

Figure 6: Relative percentage increase in glucose uptake by 3T3‑L1 cell lines 
in response to extracts in comparison with control (insulin‑stimulated [+]). 
The FL001_10+ and FL001_100+ denotes the extract FL001 at 10 µg/ml 
and 100 µg/ml; FL002_10+ and FL002_100+ denotes the extract FL002 
at 10 and 100 µg/ml; FL003_10+ and FL003_100+ denotes the extract at 
concentration 10 and 100 µg/ml. The results represent mean ± standard 
division of three independent experiments

Figure 7: Relative percentage increase in glucose uptake by 3T3‑L1 cell 
lines in response to extracts in comparison with metformin (without insulin 
stimulation  [‑]). FL001_10‑and FL001_100‑represent the extract FL001 
at 10 and 100 µg/ml; FL002_10‑and FL002_100‑represent the extract 
FL002 at 10 and 100 µg/ml; FL003_10‑and FL003_100‑represent the 
extract FL003 at 10 and 100 µg/ml. The results represent mean ± standard 
division of three independent experiments
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metformin and 68.21% increase with insulin stimulation compared 
to metformin.
From the above discussions, it can be conclusively stated that fenugreek 
leaves on boiling in water for 10 min and letting it soak for 24 h before 
filtering shows enhanced glucose uptake activity when compared to the 
rest. It also has the highest phenol and flavonoid content and antioxidant 
activity.
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