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Abstract
AIM: To investigate the effect of fenugreek lactone (FL) 
on palmitate (PA)-induced apoptosis and dysfunction in 
insulin secretion in pancreatic NIT-1 β-cells. 

METHODS: Cells were cultured in the presence or 
absence of FL and PA (0.25 mmol/L) for 48 h. Then, 
lipid droplets in NIT-1 cells were observed by oil red O 
staining, and the intracellular triglyceride content was 
measured by colorimetric assay. The insulin content in 
the supernatant was determined using an insulin radio-
immunoassay. Oxidative stress-associated parameters, 
including total superoxide dismutase, glutathione 
peroxidase and catalase activity and malondialdehyde 
levels in the suspensions were also examined. The 
expression of upstream regulators of oxidative stress, 
such as protein kinase C-α (PKC-α), phospho-PKC-α 
and P47phox, were determined by Western blot 
analysis and real-time PCR. In addition, apoptosis was 
evaluated in NIT-1 cells by flow cytometry assays and 
caspase-3 viability assays. 

RESULTS: Our results indicated that compared to 
the control group, PA induced an increase in lipid 
accumulation and apoptosis and a decrease in insulin 
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secretion in NIT-1 cells. Oxidative stress in NIT-1 cells 
was activated after 48 h of exposure to PA. However, 
FL reversed the above changes. These effects were 
accompanied by the inhibition of PKC-α, phospho-
PKC-α and P47phox expression and the activation of 
caspase-3. 

CONCLUSION: FL attenuates PA-induced apoptosis and 
insulin secretion dysfunction in NIT-1 pancreatic β-cells. 
The mechanism for this action may be associated with 
improvements in levels of oxidative stress.

Key words: Fenugreek lactone; Diabetes; Oxidative 
stress; Insulin secretion; Apoptosis
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Core tip: Fenugreek is a widely used traditional 
Chinese medicine that can improve hyperglycemia. The 
hypoglycemic active ingredients and mechanisms of 
fenugreek remain unclear. We studied an ingredient of 
fenugreek, fenugreek lactone, and our results suggest 
that fenugreek lactone attenuates palmitate-induced 
apoptosis and insulin secretion dysfunction in NIT-1 
pancreatic β-cells by improving oxidative stress.
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INTRODUCTION
Diabetes mellitus (DM), a metabolic disease, is 
characterized mainly by elevated blood glucose. 
Chronic hyperglycemia may produce organ damage 
and cause serious harm to human health. Because 
the worldwide prevalence of DM continues to increase, 
much attention has been paid to the pathophysiology 
and treatment of DM. On the basis of the latest 
reports, the incidence of diabetes among Chinese 
adults has reached 11.6% and the incidence of 
prediabetes is 50.1%[1]. Patients who develop type 2 
diabetes (T2DM) account for more than 90% of these 
individuals. The development of T2DM is pertinent to 
insulin resistance and dysfunctional insulin secretion. 
Recent research has shown that increased pancreatic 
β-cell apoptosis and decreased islet β-cell mass 
contribute to the insulin secretion impairment observed 
in T2DM[2]. However, the reason for this increased β-cell 
apoptosis remains unclear. However, an increasing 
amount of evidence suggests that hyperglycemia 
(glucotoxicity), elevated fatty acids (lipotoxicity), and 
oxidative stress are closely associated with enhanced 

apoptosis in β-cells[3].
The mechanism by which free fatty acids (FFA) 

induce β-cell impairment is not fully clear. However, 
FFA-related oxidative stress injury has attracted 
extensive attention. When β-cells are exposed to FFA, 
they first convert FFA into triglycerides or cholesterol 
esters and then store them as lipid droplets inside the 
cytoplasm. When lipid influx exceeds the cell’s storage 
threshold, excessive FFA may impair insulin secretion 
and induce apoptosis. It has been demonstrated that 
diglycerol (DAG), a metabolite of palmitic acid (PA), 
can induce the activation of the protein kinase C 
(PKC)/NADPH oxidase pathway, leading to the intracel
lular accumulation of reactive oxygen species (ROS) 
products[4]. Because pancreatic β-cells produce few 
antioxidant substances, they are more susceptible to 
oxidative stress[5]. Sustained production of ROS inside 
the cells can trigger apoptosis via caspase-dependent 
pathways and decrease the secretion of insulin, 
thereby impairing the mass and function of β-cells[6,7]. 
Therefore, antioxidants may exert a beneficial effect 
that protects β-cells and thereby play an important 
role in treating diabetes.

Fenugreek (Trigonella foenum-graecum L.) is a 
widely used traditional Chinese medicine that can 
improve hyperglycemia. Our previous studies also 
showed that fenugreek reduced oxidative stress and 
improved glucose and lipid metabolism by inhibiting 
the PKC-α/NADPH oxidase pathway in diabetic rats[8]. 
The hypoglycemic active ingredients and mechanisms 
of fenugreek remain unclear. Some studies have 
suggested that trigonelline and 4-hydroxy isoleucine 
in fenugreek improve hyperglycemia[9-11], but this 
evidence does not deny that other compounds also 
display hypoglycemic activity. Fenugreek lactone (FL), 
a flavor component of many foods[12], exists natu
rally in fenugreek, wine, Virginia tobacco, and other 
foods[13]. This spice is widely used in condiments, baked 
products, wine, caramel and coffee[14]. Some studies 
have revealed that FL has antioxidant activities[12]; 
however, its medical effect has been less studied. In the 
current research, we studied the impact of FL on PA-
induced apoptosis and insulin secretion dysfunction in 
NIT-1 islet β-cells.

MATERIALS AND METHODS
Materials 
Fetal bovine serum (FBS) was purchased from 
Gibco. Sigma-Aldrich Co. provided the reagents 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium 
bromide (MTT), FL (purity ≥ 97%) and PA (purity 
≥ 99%). RPMI-1640 was obtained from Thermo 
Fisher Scientific Co., Ltd. Trypsin was obtained from 
Boster Biological Technology Co., Ltd. Penicillin and 
streptomycin were acquired from HyClone Laboratories. 
Insulin radio-immunoassay reagents were obtained 
from HTA Co. Total superoxide dismutase (T-SOD), 
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glutathione peroxidase (GSH-Px) and catalase (CAT) 
activity assay kits and malondialdehyde (MDA) 
level assay kits were bought from Jiancheng Bio-
engineering Co., Ltd. The triglyceride detection kit was 
provided by Mind Bioengineering Co., Ltd. Rabbit anti-
mouse p47phox, phosphorylated PKC-α, PKC-α and 
β-actin antibodies were provided by Abcam Company. 
The Prime Script RT reaction Kit, SYBR Premix Ex Taq 
and Trizol reagent were obtained from TaKaRa Bio Inc. 
The fluorescein isothiocyanate (FITC)-labeled annexin 
V/propidium iodide (PI) apoptosis detection kit was 
provided by BestBio Co.

Culture and treatment of NIT-1 cells
Mouse insulinoma NIT-1 cells were acquired from 
Tongji Medical College. NIT-1 islet cells were cultured 
with 1640 medium (containing 11.1 mmol glucose) 
replenishing 100 mg/mL streptomycin, 100 units/mL 
penicillin and 10% FBS in a humid environment with 
5% CO2/95% air at 37 ℃. At approximately 70% 
confluence, the NIT-1 cells were further incubated with 
or without FL and 0.25 mmol/L palmitate for 48 h. 

Cell viability assays and interventions
NIT-1 cells were seeded at 8 × 103 cells per well in 
96-well culture plates and incubated for 24 h. After 
cells had adhered, the medium was replaced by 
medium containing the experimental drugs at the 
indicated concentrations for 24 h. The viability of NIT-1 
cells in wells containing different concentrations of FL or 
PA was assessed by MTT assay. After the treatments, 
10 µl MTT solution was added to every well and cells 
were then cultured for 4 h at 37 ℃. The crystals in 
each well were dissolved in DMSO and the absorbance 
was measured at 570 nm using a Synergr2 Almighty 
Microplate Reader. When the survival rate was between 
60%-70%, the corresponding PA concentration was 
chosen for modeling.

Oil red O staining and triglyceride content determination
At a density of 4 × 105 cells/well, NIT-1 pancreatic 
cells were seeded in 6-well plates and cultured for 48 
h exposed to 0.25 mmol/L PA in the model group. In 
the treatment group, the medium also contained FL (1 
µmol/L). When the culture period was over, the cells 
were washed twice with PBS and immobilizated with 
4% paraformaldehyde for 30 min. After two rinses 
with double distilled water, the cells were dyed with 
oil red O at 37 ℃ for 30 min and soon afterwards 
decolorized in 60% isopropanol for 5 s. Cells were 
then stained with hematoxylin for 1 min. After washing 
and the observation of the lipid droplets in NIT-1 
cells, pictures were taken using a light microscope. 
The triglyceride (TG) contents were determined as 
previously described[15].

Reactive oxygen species measurement 
When the treatment period ended, cells were collected 

following trypsin digestion. Cells were washed twice in 
PBS, and 2 × 107 cells were suspended in 400 µl PBS. 
An ultrasonic cell disrupter was then used to break 
the cells. MDA levels, T-SOD, CAT activity and GSH-
Px activity in the suspensions were tested according 
to the manufacturer’s protocols in commercial kits. 
The protein concentrations in the suspension were 
measured using BCA assays (Kerui Institute of 
Biotechnology, Wuhan, China). 

Insulin content measurement 
Cells were seeded into 6-well plates at 6 × 105 cells 
per well. After treatment, the cells were pre-incubated 
with glucose-free medium for 30 min. Then, high-
glucose (25 mmol/L) DMEM medium was substituted 
for the glucose-free medium and cells were incubated 
for another 2 h. The supernatant was collected for 
further measurements. Insulin was determined with 
an insulin radio-immunoassay kit. Each experiment 
was repeated five times. The insulin concentration was 
corrected according to the number of NIT-1 pancreatic 
cells.

Apoptosis determination 
As previously described[16], a fluorescein isothiocya
nate (FITC)-labeled annexin V/propidium iodide (PI) 
apoptosis detection kit was used to analyze apoptosis 
in cells in accordance with the instructions. The cells 
were collected after EDTA-free trypsin digestion. After 
two washes in cold PBS, the cell pellet was collected via 
centrifugation at 1000 g for 10 min. The number of cells 
was adjusted to 1 × 106 cells/mL. Then, the NIT-1 cells 
were resuspended in binding buffer, stained lucifugally 
with PI for 15 min at 4 ℃ and stained with FITC-
labeled annexin V at 4 ℃ for 5 min away from light. 
FACSCalibur flow cytometer (BD LSR II, San Jose, CA, 
United States) was used to perform the Flow cytometric 
analysis. The percentages of apoptotic cells were 
calculated using CellQuest software (Becton, Dickinson 
and Co.). The quadrant containing annexin V-positive 
and PI-negative cells represented the early phase of 
apoptosis, while the quadrant containing cells positive 
for both annexin V and PI represented the late phase. 
The total ratio of apoptotic cells was calculated by the 
sum of cells in the early and late stages of apoptosis. 
A caspase-3 viability kit was also used to measure 
apoptosis in NIT-1 cells, as previously described[17].

Western blot analysis
After centrifugation and determination of total protein 
concentrations, NIT-1 cell supernatant extracts in RIPA 
lysis buffer were combined with sample buffer and 
heated in boiled water for approximately ten minutes. 
Then, 80 µg of the protein extraction was separated 
on a 10% SDS-PAGE gel (120 V, 1.5 h), and the 
proteins on the gel were thereafter transferred onto 
nitrocellulose (NC) membranes. The NC membranes 
were blocked using 5% non-fat milk powder in dis
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mean ± SD and were analysed with SPSS 20.0 
software. The statistical significance was determined 
by one-way analysis of variance (ANOVA). A LSD test 
was also employed when analyzing the data, and P < 
0.05 suggested that a statistical difference exists.

RESULTS
Optimal concentrations of FL and PA in NIT-1 pancreatic 
β-cells
In this study, PA was used to induce oxidative stress 
in NIT-1 β-cells. After 24 h of treatment with PA, cell 
viability decreased in a dose-dependent manner. 
Compared to the controls (untreated cells), the cells 
treated with 0.25 mmol/L PA for 24 h showed a 
34.68% decrease in cell viability (Figure 1A).

To determine the concentration of FL that could 
be used without affecting the viability of the NIT-1 
pancreatic β-cells, we also performed an MTT assay. 
The cells were seeded in 96-well plates and therein 
cultured for 24 h. Different concentrations of FL were 
then added to the cells followed by incubation for 24 h. 
FL was well-tolerated up to a concentration of 1 µmol/L. 
At concentrations higher than this, FL decreased cell 
viability by 27.49% (Figure 1B). Thus, we concluded 
that the optimal concentration of FL for use in further 
experiments was up to 1 µmol/L.

FL decreases PA-induced intracellular lipid accumulation 
in NIT-1 cells
To measure the influence of FL on lipid accumulation in 
NIT-1 islet cells, oil Red O dyeing and colorimetric assays 

tilled water for 1 h at normal temperature and then 
incubated at 4 ℃ overnight with primary antibodies 
(p47phox, phosphorylated PKC-α, PKC-α, and 
β-actin). After washing the membranes using TBST 
three times for 10 min each, the membranes were 
lucifugally incubated with a fluorescent secondary 
antibody at normal temperature for 1 h. Thereafter the 
membranes were washed with TBST lucifugally four 
times. Finally, protein immunoreactivity was measured 
using Odyssey near-infrared laser imaging apparatus. 
The ratio between the OD value of target band and 
that of β-actin was used to quantify the band densities. 

Extraction of total RNA and RT-PCR 
In the light of the manufacturer’s directions, total 
RNA in NIT-1 cells was extracted using Trizol rea
gent. A Nucleic Acid/Protein Analyzer was used to 
determine the purity and concentration of the RNA. 
The reverse transcription of extracted total RNA (1 
μg) was performed in a total reaction volume of 20 
μl on a Mastercycler gradient PCR instrument using a 
PrimeScript RT reaction Kit. Before PCR amplification, 
the cDNA was stored at -80 ℃. Real-time fluorescence 
quantitative PCR reactions were manipulated with 
SYBR Premix Ex Taq enzyme and StepOne Real-Time 
PCR System. The 2-ΔΔCT method was employed to 
analyze the results. Primer sequences are all listed in 
Table 1.

Statistical analysis
All outcomes represent at least three independent 
experiments. All of the results are displayed as the 

Table 1  Primers for real-time PCR assay

Gene Forward Reverse

β -actin 5'-CATCCGTAAAGACCTCTATGCCAAC-3' 5'-ATGGAGCCACCGATCCACA-3'
p47phox 5'-ATAACGGGCGTAGGGAGTCT-3' 5'-AGCAAAGTCTCCGCATCACT-3'
PKC-α 5'-GTGCAAGGAACACATGATGG -3' 5'-ACGCCCACCAATCTACAGAC-3'

Figure 1  Viability of pancreatic NIT-1 β-cells exposed to various concentrations of palmitic acid (A) and fenugreek lactone (B). To select the appropriate 
concentration of palmitate (PA), dose-response experiments were conducted (A). When NIT-1 cells were cultured in medium with 0.25 mmol/L PA for 24 h, the survival 
rate was between 60%-70%. (B) NIT-1 cells were treated with various concentrations of fenugreek lactone (FL) (0.01-10 µmol/L) for 24 h. The maximum non-toxic 
concentration of FL is 1 µmol/L. Data represent the mean ± SD. bP < 0.01 vs PA group. 
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were applied. As shown in Figure 2, cellular lipid droplets 
in the FL group were diminished significantly compared 
to the PA group. In addition, intracellular TG contents 
were also markedly decreased (P < 0.01) in the FL group 
compared to cells in the PA group (Figure 3). 

FL attenuates PA-induced insulin secretion dysfunction 
in NIT-1 cells 
To ascertain whether PA damages insulin secretion in 

pancreatic islet cells, a radioimmunoassay kit was used 
to test insulin concentrations in the supernatants of 
the medium from different cell treatments. As shown 
in Figure 3, PA-treated NIT-1 cells exhibited decreased 
insulin levels compared to the control group (P < 0.01). 
However, FL significantly inhibited this effect (P < 0.01).

FL decreases MDA levels and increases the antioxidants 
T-SOD, CAT and GSH-PX in NIT-1 pancreatic β-cells
As shown in Table 2, NIT-1 cells treated with PA 
showed increased MDA levels and decreased T-SOD, 
GSH-PX and CAT levels compared with levels in the 
control group (P < 0.01). FL treatment markedly 
decreased the levels of MDA and increased the levels 
of SOD, CAT and GSH-PX (P < 0.01 or P < 0.05).

FL inhibits caspase-3 activity and apoptosis in NIT-1 
cells after exposure to PA
Caspase-3 is a crucial enzyme for apoptosis and cell 
survival. The activation of caspase-3 triggers the cell to 
undergo apoptosis. Therefore, we determined whether 
FL inhibits caspase-3 activation and PA-induced 
apoptosis in NIT-1 β-cells. Double staining using FITC-
labeled annexin V and PI was performed. The result 
showed increased caspase-3 activity (Figure 4) and 
an increased apoptotic rate (Figure 5) in the PA group 
(P < 0.01). However, co-treatment with 1 µmol/L FL 
markedly inhibited caspase-3 activity and PA-induced 

Figure 2  Effects of fenugreek lactone on palmitate-induced lipid accumulation in NIT-1 pancreatic β-cells. A-C: Oil Red O staining of lipid droplets showed that 
palmitate (PA) induced a palpable increase in lipid accumulation, which was inhibited by the fenugreek lactone (FL) treatment (A: Control group; B: PA group; and C: 
FL-treated group); D: Intracellular triglyceride (TG) content extracted from NIT-1 cells. FL decreased intracellular TG content in NIT-1 pancreatic β-cells compared with 
PA group. CON refers to control group, PA refers to palmitic acid intervention group and FL refers to FL-treated group. Data are reported as the mean ± SD (n = 4). bP 
< 0.01 vs control group; dP < 0.01 vs PA group.

Figure 3  Effects of fenugreek lactone on glucose stimulated insulin 
secretion in NIT-1 pancreatic β-cells exposed to palmitate. Insulin content 
in the supernatant was measured using a radio-immunoassay kit after the 
treatment. Insulin concentration was corrected with cell numbers. Data 
represent the mean ± SD from six wells. bP < 0.01 vs control group; dP < 0.01 
vs PA alone. PA: Palmitate; FL: Fenugreek lactone.
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apoptotic cell death (P < 0.01) (Figures 4 and 5).

FL decreases PKC-α , phosphorylated PKC-α  and 
p47phox gene expression in NIT-1 pancreatic β-cells
As shown in Figures 6 and 7, the protein and mRNA 
levels of PKC-α and p47phox were significantly 
increased in NIT-1 cells that were treated with PA 
compared with cells in the control group (P < 0.01). 
But there was a significant decrease in the expression 
of p47phox and PKC-α at both the protein and 
mRNA levels in the FL group. The protein levels of 
phosphorylated PKC-α also increased significantly (P 
< 0.01) following treatment with PA alone but were 
decreased by co-treatment with FL (P < 0.01).

DISCUSSION
T2DM, especially when combined with obesity, is 
always associated with the excessive release of FFA 
from proliferative adipose tissue, which leads to an 
increase in the plasma FFA concentration[18]. According 
to the Paris Prospective Study, a high plasma FFA 
concentration is a risk factor for the deterioration of 
glucose tolerance, with a relative risk of approximately 
1.3 per 0.12 mmol/L change in the level of FFA[19]. 

Circulating FFA can sustain basal pancreatic 
β-cell function and assure efficient insulin secretion 
during fasting. FFA in islets has also been viewed 
as beneficial during the hypersecretion of insulin 
to protect against glucose intolerance in the early 
stages of obesity and diabetes[20]. However, under 
certain circumstances, it has the opposite or even a 
deleterious effect. When pancreatic beta cells were 
exposed to excessive quantities of FFA for long periods 
of time, islet cells malfunctioned and the biosynthesis 
and secretion of insulin were reduced in vitro in both 
rats and humans[21,22]. In addition to inhibiting insulin 
secretion, elevated plasma FFA might play a causal 
role in pancreatic β-cell apoptosis[22,23]. Apoptosis was 
observed in pancreatic cells that were exposed to 0.5 
mmol/L PA for 48 h[6]. The PA concentration was 0.25 
mmol/L in our present research, but our results were 
consistent with previous findings.

Oxidative stress has been considered to be involved 

in the pathogenesis of islet β-cell dysfunction and 
apoptosis induced by prolonged exposure to FFA[6]. 
FFA has been shown to initiate the production of ROS 
in islet β-cells in a number of studies. PA, at high 
doses, can pass through the cell membrane and into 
the mitochondria, where oxidative reactions occur[24]. 
During metabolic clearance of PA, β-oxidation and 
oxidative phosphorylation produce large amounts of 
ROS, and antioxidants are reduced in pancreatic islet 
β-cells[25]. It is widely accepted that excessive levels 
of ROS damage cells directly by oxidizing lipids, DNA 
and proteins. Our study also suggests that MDA, a lipid 
peroxidation product, showed raised levels and that 
antioxidant levels were diminished in pancreatic β-cells 
that were stimulated by PA. 

How FFA induces oxidative stress is unknown. DAG is 
not only a metabolite of FFA but also a potent activator 
of PKC[26]. PKC-α-dependent NADPH oxidase might 
serve as a possible critical source of ROS in response 
to stimulation by PA[27]. The factor p47phox is a subunit 
that is critical for the activity of NADPH oxidase, which 
catalyzes the production of many ROS, breaks normal 
redox homeostasis, and results in cellular dysfunction 
and damage by oxidative stress[28]. Our results also 
confirm that PA provokes oxidative stress through 
the PKC-α/NADPH oxidase pathway. New therapeutic 
strategies aimed at reducing oxidative stress have 
attracted wide attention. Several lines of evidence have 
shown the potential value of antioxidant remedies and 
their advantageous impacts on islet cell protection[29]. 
For example, the antioxidant N-acetylcysteine prevented 
the decrease in insulin content that was induced by 
oleate in MIN6 islet cells[30].

Fenugreek is a traditional Chinese herb for the 
treatment of diabetes. Increasing experimental and 
clinical studies have supported the hypoglycemic effect of 
fenugreek, and a meta-analysis of human experiments 
also demonstrated the hypoglycemic effectiveness of 
fenugreek[31]. The active ingredients in fenugreek are 
not clear. FL [3-amino-4,5-dimethyl-2(5H)-furanone] is 
widely used as a flavor in foods due to its strong smell. 
However, its medical function is less well studied. Several 

Table 2  Comparison of intracellular malondialdehyde 
accumulation and contents of antioxidants (total superoxide 
dismutase, glutathione peroxidase and catalase) in different 
groups 

CAT GSH-PX T-SOD MDA

(U/mg 
protein)

(U/mg 
protein)

(U/mg 
protein)

(nmol/mg 
protein)

Control 8.68 ± 0.89 71.67 ± 8.08 3.44 ± 0.11 0.13 ± 0.06
PA  4.33 ± 1.10b  22.46 ± 8.49b  2.77 ± 0.10b  0.91 ± 0.30b

FL  7.13 ± 0.58d  39.58 ± 4.90a  3.03 ± 0.12d  0.41 ± 0.10d

Data represent mean ± SD. bP < 0.01 vs control group; dP < 0.01 vs PA 
group and aP < 0.05 vs PA group. MDA: Malondialdehyde; T-SOD: Total 
superoxide dismutase; GSH-Px: Glutathione peroxidase; CAT: Catalase. Figure 4  Effects of fenugreek lactone on caspase-3 viability in NIT-1 islet 

β-cells exposed to palmitate. Each bar represents mean ± SD; bP < 0.01 vs 
control group; dP < 0.01 vs PA group. PA: Palmitate; FL: Fenugreek lactone.
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Figure 5  Comparison of apoptosis rates of NIT-1 cells by flow cytometry in different groups. A: Control group; B: PA intervention group; C: FL-treated group; D: 
Data are reported as the mean ± SD of percentages from four wells. bP < 0.01 vs control group; dP < 0.01 vs PA group. PA: Palmitate; FL: Fenugreek lactone.

Figure 6  Effects of fenugreek lactone on protein expression of protein kinase C-α, P-protein kinase C-α and p47phox in NIT-1 β-cells exposed to 
palmitate. Each bar is described as corresponding proteins/β-actin. FL supplementation inhibited the expression of above mentioned proteins. Representative gels 
and protein levels for (A) p47phox and PKC-α or P-PKC-α (B) were measured by Western blot in NIT-1 pancreatic β-cells. Data are shown as the mean ± SD. aP < 0.01 
vs control group; bP < 0.01 vs PA group; dP< 0.01 vs PA group. PA: Palmitate; FL: Fenugreek lactone.
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furanones have been shown to display anticancer 
activity in mice and antioxidative effects to improve 
human health[12]. In our prior studies, fenugreek and 
Hu-Lu-Ba-Wan reduced the accumulation of oxidation 
products, improved insulin secretion and protected 
the function of the kidneys and testis in STZ-induced 
diabetic rats[8]. In these experiments, PA-treated NIT-1 
cells were more prone to damage to their anti-oxidative 
defense systems, and administration of FL significantly 
augmented decreases in the levels of GSH-PX, CAT and 
T-SOD. FL also promoted insulin secretion and reduced 
apoptosis in islet β-cells by inhibiting the PKC-α/NAPDH 
oxidase pathway. This might be the mechanism for the 
protective effect of FL in NIT-1 pancreatic cells. Our 
findings may provide a new perspective on the use of FL 
as a potential new therapeutic medicine for preserving 
pancreatic β-cell mass and function. 

However, some limitations remain. FFA can damage 
islet cells indirectly by activating several stress-
sensitive signaling pathways, such as the JNK/Akt, NF-
kB and p38MAPK pathways[6]. We did not examine 
other downstream pathways. Tests using DHE staining 
to show the activity of NADPH might be used to clarify 
the mechanisms of PA-induced oxidative stress. Some 
furanone compounds increase the DNA damage caused 
by oxidative stress, but FL relieves oxidative stress. 
The mechanism by which FL increases the activity of 
antioxidant enzymes remains to be further described. 
Other effective ingredients of fenugreek also need more 
study. 

In brief, we have shown that 48-h treatment with 
PA impaired NIT-1 pancreatic β-cells via oxidative 
stress. The PA-induced lipid overload, decrease in 
insulin secretion and increase in cell apoptosis were 
prevented by FL. FL inhibited the PKC-α/NADPH 
oxidase pathway and protected islet cells from injury 
by oxidative stress. FL may be a promising antioxidant 
for use as a treatment for DM.

COMMENTS
Background
Fenugreek is a widely used traditional Chinese medicine which can improve 

hyperglycemia. However, the mechanism underlying its hypoglycemic effect 
remains not fully clarified. In the present study, we investigated the effect of 
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