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ABSTRACT

Background and aim: Trigonella foenum-graecum L. seeds (TFG) are used as spices in Indian cuisine. In
Indian traditional medicine, TFG is used to treat diabetes, dyslipidemia, obesity, arthritis, cancer,
digestive disorders, and postmenopausal conditions. Pathophysiology of postmenopausal diseases in-
volves low-grade systemic inflammation. The purpose of this study is to investigate the prophylactic
effect of petroleum ether fraction of TFG-extract (PE-TFG) on inflammatory markers, and histopatho-
logical changes in ovariectomized rats (OVX-rats) fed with a high-fat diet (HFD).
Experimental procedure: OVX female Sprague Dawley rats were used for the study. Three weeks after
ovariectomy, rats were randomized in different groups and administered PE-TFG, atorvastatin, diosgenin,
17B-estradiol for 12 weeks along with HFD. The sham-operated rats (S.0VX) were fed with a standard
pellet diet. At the end of 12-weeks, rats were sacrificed, and blood samples were used to estimate lipid
profile, glucose, hepatic markers, TNF-o, and leptin. Liver, kidney, and common carotid artery were
isolated for testing oxidative stress markers, mRNA expression of adiponectin, PPAR-y, and histopatho-
logical changes.
Results: Administration of PE-TFG significantly decreased (P < 0.05) total cholesterol, LDL, hepatic
markers, leptin, TNF-o. and improved mRNA expression of adiponectin and PPAR-y in HFD-fed OVX-rats.
Further, micro and macro hepatic steatosis, inflammation, glomerular hypertrophy, degenerated tubules
in kidney, increased tunica intima, and media thickness of common carotid artery and the pathological
changes were not significant upon PE-TFG administration compared to S.OVX-rats.
Conclusion: PE-TFG protects cellular inflammation and metabolic alternations in HFD-fed OVX-rats and
thus can be explored further in postmenopausal diseases as a prophylactic agent.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Abbreviations: TFG, Trigonella foenum graecum; PE, Petroleum ether fraction; OVX, Ovariectamised; HFD, High-fat diet; CVD, Cardiovascular disease; PPAR-vy, Peroxisome
proliferator-activated receptor-gamma; TNF-c, tumor necrosis factor-alpha; BMI, Body mass index; CMC, Carboxymethylcellulose; TC, Total Cholesterol; TG, triglycerides;
LDL, low-density lipoprotein; HDL, High-density lipoprotein; DIS, Diosgenis; ATR, Atorvastatin; E2, 17f8-estradiol; AST, Aspartate transaminase; ALT, Alanine transaminase;
GSH, Glutathione; TBARS, thiobarbituric acid reactive substances; H&E stain, Hematoxylin and Eosin stain; a-SMA, o -smooth muscle actin; CCA, Common carotid artery; CRI,

Cardiac risk index; Al, Atherrogenc index.
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1. Introduction

Menopause is a physiological condition with a complete cessa-
tion of menstruation caused by estrogen deficiency. Women
experience many psychological changes like depression, dementia,
anxiety, irritability, and sleep disturbances. Blood pressure varia-
tions, obesity, hyperlipidemia, and cardiovascular disease (CVD) are
common postmenopausal diseases.! Changes in estrogen and pro-
gesterone levels, genetic disposition, poor lifestyle patterns, and
depression at mid-age contribute to menopausal symptoms.
Obesity is one of the risk factors for severe menopausal symp-
toms. The most important factors leading to obesity are con-
sumption of a high-fat diet (HFD), sedentary lifestyle, and lack of
physical activity. Women with central abdominal obesity have high
vasomotor scores, nervousness, dissatisfaction in personal life,
depression, memory loss, joint pains, and sleeping disorders.> In
comparison to pre-menopausal women, postmenopausal women
have a statistically higher rate of overweight/obesity (51.2% vs
41.5%) and abdominal obesity (52% vs 43%).* The menopausal
transition is associated with an increased risk of CVD and increased
tunica intima and media thickness.> Inflammation during meno-
pause is linked to dyslipidemia and is the underlying cause of the
metabolic syndrome and etiopathogenesis of atherosclerosis. TNF-
o, and lipopolysaccharide are inflammatory signals that promote
leptin and leptin receptor expression.* Adiponectin possessing
anti-inflammatory and anti-atherogenic properties. Decreased
levels of adiponectin are associated with an increased risk for
metabolic disorders. PPAR-y improves the expression of some
genes encoding proteins involved in lipid and glucose metabolism
and possesses anti-atherogenic and anti-inflammatory actions in
endothelial cells.® Menopausal obesity with increased expression of
adiponectin and PPAR-vy can prevent insulin resistance.” In meno-
pause, the standard treatment is hormone replacement therapy,
but it has serious drawbacks, including an increased risk of breast
and endometrial cancers.® Herbal medicines are recommended
nowadays because they act on multiple targets and modulate and
treat menopausal symptoms holistically. Phytoestrogens are natu-
rally occurring plant-derived compounds that mimic estrogen and
improve the quality of life of women.

Trigonella foenum-graecum (TFG) seeds are essential Indian
spices that are used commonly in foods. TFG, usually known as
fenugreek, belongs to the family Fabaceae. It is widely distributed
throughout the world and mainly cultivated in Africa, Asia, and
Mediterranean countries. TFG has various medicinal properties,
including anti-diabetes, anti-hyperlipidemic, analgesic, anticancer
activities, and antioxidant activity.” TFG seeds contain phytoestro-
gen, which functions as estrogen mimics and aid in the prevention
of hyperlipidemia.'’ In our previous study, PE-TFG seed extract
demonstrated anti-hyperlipidemic and anti-inflammatory activity
in an ovariectomy model.!" Limited studies reporting the hypo-
lipidemic effect of petroleum ether fraction of TFG seed extract on
HFD and ovariectomy-induced obesity in rat models at the mo-
lecular and histopathological level. Consequently, the present study
was focused on investigating the prophylactic effect of petroleum
ether fraction of Trigonella foenum-graecum L. seed extract on in-
flammatory markers and histopathological changes in ovariecto-
mized rats fed with HFD.

2. Materials and methods
2.1. Animals for experiment
Ethical committee approval (IAEC/KMC/16/2016) was obtained

before starting the experiment. The rats used in this study were
healthy female Sprague Dawley rats weighing 150—200 g and aged
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2—3 months. Animals have been maintained according to the
guidelines of the “committee for the purpose of control and su-
pervision of experiments on animals” guidelines, Government of
India. Sham ovariectomy rats were fed with a normal pellet diet and
water ad libitum.

2.2. Induction of menopause and study design

Thirty-six rats were randomly grouped as Sham ovariectomy
(S.0VX) and OVX. The OVX rats were sedated by intraperitoneal
(i.p) injection of a mixture of ketamine (50 mg/kg b.w) and xylazine
(5 mg/kg b.w). The rats were prepared for lower abdominal surgery
after examining the withdrawal, blinking reflexes, and bilateral
ovariectomy was performed.'” The above surgical procedure was
carried out in sham-operated animals without removing ovaries.
After three weeks of ovariectomy (OVX), the rats were assigned
randomly into Ovariectomy + High-fat diet (OVX + HFD),
Ovariectomy + HFD + Petroleum ether fraction of TFG (OVX + HFD
+ PE-TFG), Ovariectomy + HFD + Atorvastatin (OVX + HFD + ATR),
Ovariectomy + HFD + Diosgenin (OVX + HFD + DIS), Ovariectomy
+ HFD + 17f-estradiol (OVX 4 HFD + E2) groups and treated with
HFD along with PE-TFG seed extract, ATR, DIS, and E2 respectively
for 12 weeks (see the supplementary material for details: Fig. S1).

2.3. Preparation of test materials

PE-TFG was formulated in 0.5% Carboxymethylcellulose (CMC)
and given orally at 50 mg/kg/day. Diosgenin: (Sigma-Aldrich) was
formulated in 0.5% CMC and given orally at 50 mg/kg/day. Ator-
vastatin was formulated in 0.5% CMC and given orally at 10 mg/kg/
day. 17B-estradiol: (E8515-5 G, Sigma-Aldrich) was formulated in
sesame oil and injected subcutaneously at 100 pg/kg/day. Prepa-
ration of PE-TFG and HP-TLC investigations were as per our earlier
reports.”®

Composition of high-fat diet (5 kg): The composition of the
high-fat diet was based on the previous literature.'* Lard - 2 kg,
Normal pellet powder - 1% kg, Casein - % kg, Sucrose - '; kg,
Cholesterol — 250 g, Vitamin - 100 ml and Choline bitartrate 50 g.

2.4. Methodology

After 12 weeks of supplementation, a fasting sample (2 ml
blood) was collected from rats through puncturing retro-orbital
plexus under anaesthesia, and serum was collected. The liver, kid-
ney, and common carotid artery (CCA) were immediately separated
for further analysis after all the rats were sacrificed. The liver tissue
was used for adiponectin, PPAR- y expression of mRNA, estimation
of antioxidant and oxidative stress markers. 10% formalin was used
to fix a small piece of kidney, liver, and CCA for histopathological
examination.

2.5. Body mass index (BMI) and biochemical parameters

BMI was calculated by body weight (g)/Body length cm.? Lipid
profile, glucose, AST, and ALT were assessed by kit method (Aspen
Ltd. New Delhi, India). Low-density lipoprotein (LDL) was calcu-
lated by the Friedewald formula. The cardiac risk index (CRI = TC/
HDL) and atherogenic index (Al = log (TG/HDL) were calculated.'®
Glutathione (GSH) and thiobarbituric acid reactive substances
(TBARS) were evaluated by standard methods.!! The serum leptin
(RayBio Leptin ELISA kit) and TNF-«a (ELR-TNFa-CL, RayBio®) were
estimated according to the manufacturer's protocol.
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2.6. Expression of adiponectin and PPAR-y

The PureLink RNA isolation, Superscript Il First-strand synthesis
kit (Invitrogen, USA) was used to obtain RNA from liver tissue and
cDNA, respectively. The cDNA template was amplified for GAPDH,
PPAR-v, and adiponectin genes. PeqSTAR Thermal cycler (PeqLab,
Germany) was used to carry out PCR. Ethidium bromide-stained
agarose gel was used to detect PCR products. The sequence of the
primers are as follows: GAPDH Forward —CTAGAGACAGCCGCATC;
GAPDH Reverse- GGGTAGAGTCATACTGGAAC: Adiponectin Forward-
AATCCTGCCCAGTCATGAAG; Adiponectin Reverse- CATCTCCTGGGT-
CACCCTTA: PPAR-y Forward- CATGACCAGGGAGTTCCTCAA. PPAR-y
Reverse- GCAAACTCAAACTTAGGCTCCATAA. The number of repli-
cates for each group was six. Image ] software was used to obtain the
intensity of the bands and represented as a graph.

2.7. Histopathological analysis

Formalin-fixed liver tissue, kidney, and CCA were processed,
stained with hematoxylin and eosin (H&E)."”> Further, immuno-
histochemistry was performed to see the expression of o -smooth
muscle actin in the liver tissue was as per the standard protocol.'®

2.8. Statistical analysis

One-way ANOVA with Bonferroni's post-hoc test was used to
analyze the data by Graph Pad Prism Version 5.0. Results were
expressed as mean + SEM. P < 0.05 was considered significant.

3. Results
3.1. Body mass index (BMI)

The BW of the animals was measured for 12 weeks at weekly
intervals. There was no evident change in the mean BW of the
different groups at zero weeks viz., S.0VX (145 + 3.4), OVX + HFD
(134 + 4), OVX + HFD + PE-TFG (136 + 2.1), OVX + HFD + ATR
(133 + 2.2), OVX + HFD + DIS (143 + 4), and OVX + HFD + E2
(145 + 3). Body weight was elevated significantly at the end of the
12th week (P < 0.05) in the OVX + HFD group (318 + 3.2) compared
to the S.OVX group (235 + 3.8). The BW of the treated groups
decreased significantly (P < 0.05; OVX + HFD + PE-TFG: 271 + 3.3;
OVX + HFD + ATR: 269 + 4.1; OVX + HFD + DIS: 288 + 3.2 and
OVX + HFD + E2: 263 + 3) compared to the OVX + HFD group.

There was no substantial variation in BMI between the groups at
the starting of the experiment. However, a significant change was
observed (P < 0.05) in the BMI of the OVX + HFD group
(0.83 + 0.03) compared to S.OVX (0.51 + 0.03) after 12 weeks.
Subsequently, treatment with PE-TFG (0.68 + 0.02), ATR
(0.62 + 0.02), DIS (0.73 + 0.03), and E2 (0.63 + 0.02), the BMI level
was significantly reduced compared to the OVX + HFD group (see
Supplementary material: Fig. S2).

3.2. Results of biochemical tests

3.2.1. Lipid profile and glucose levels

The serum lipid profile (TC, TG, and LDL) levels were signifi-
cantly elevated (P = 0.01) in OVX + HFD compared to S.OVX group.
However, after the supplementation with test materials, lipid pro-
file levels were reduced (P = 0.05) in OVX + HFD group. Serum HDL
decreased significantly (P = 0.02) in OVX + HFD group compared to
S.0OVX group. Serum HDL levels were increased though it was not
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significant compared to OVX + HFD group, after the administration
of test materials. The percentage efficacy of the test material (PE-
TFG) for TC (65%), TG (62%) and LDL (45%) compared to S.OVX. The
atherogenic index (Al) and cardiac risk index (CRI) increased in
OVX + HFD group compared to S.OVX group. These values signifi-
cantly decreased (P = 0.04) after the administration of test mate-
rials. Glucose level was increased (P = 0.03) in OVX + HFD group
compared to S.OVX. Following the supplementation of test mate-
rials, this level was reversed (see Table 1).

3.2.2. Serum AST and ALT levels

AST and ALT levels were significantly increased (P = 0.01) in
OVX + HFD group compared to S.OVX group. Supplementation with
test materials to OVX + HFD rats significantly reduced (P = 0.05)
the hepatic makers compared to OVX + HFD group. The percentage
efficacy of the PE-TFG for AST (49%) and ALT (36%) compared to
S.0VX (Fig. 1A and B).

3.2.3. TBARS and reduced glutathione (GSH) levels in the liver lysate

TBARS are the potent marker of lipid peroxidation. The TBARS
were significantly (P = 0.001) elevated, and GSH was reduced in
OVX + HFD rats compared to S.OVX. Supplementation with test
materials reduced TBARS (P = 0.03), and markedly elevated GSH
compared to OVX + HFD group. The percentage efficacy of the PE-
TFG for TBARS (56%) compared to S.OVX (Fig. 1C and D).

3.2.4. Tumor necrosis factor-a (TNF-a) and leptin in serum

Serum TNF-o and leptin were elevated significantly (P = 0.001)
in OVX + HFD group compared to S.OVX group. Serum TNF-a. level
leptin levels significantly decreased after supplementation with PE-
TFG extract and ATR The percentage efficacy of the PE-TFG for TNF-
. (48%) and leptin (59%) compared to S.OVX (Fig. 2A and B).

3.2.5. Adiponectin and PPAR-y mRNA expression in liver tissue

In OVX + HFD group, adiponectin and PPAR-y expression were
significantly lower (P = 0.04) than the S.OVX group (Fig. 2C and D).
Supplementation with PE-TFG improved the adiponectin and PPAR-
v mRNA expression (Fig. 2E and F).

3.3. Histopathological analysis

3.3.1. Histology of liver

OVX + HFD group showed dilated sinusoids and massive macro
steatosis. Micro steatosis and mild inflammation were observed in
OVX + HFD + PE-TFG treated group. Dilation of sinusoids and micro
steatosis was observed in atorvastatin (OVX + HFD + ATR), dio-
sgenin (OVX + HFD + DIS), and estradiol (OVX + HFD + E2) treated
groups (Fig. 3).

3.3.2. Histology of kidney

The S.0VX group had a normal medullary structure, while the
OVX + HFD group had glomerular hypertrophy, severe inflamma-
tion, and degenerated tubules. The decreased inflammation and
regeneration of the cells was observed in treated groups (Fig. 4; for
detailed aspects, see supplementary figures Figs. S3 and S4).

3.3.3. Histology of common carotid artery

OVX + HFD group had increased (P = 0.05) the thickness of
tunica intima and media (45.9 + 3.2) compared to S.OVX group
(24.3 + 2.1). After the treatment, the thickness was reduced in PE-
TFG (36.1 + 1.9), ATR (33.3 + 1.7), DIS (37 + 3.2), and E2 (35.3 + 1.7)
compared to OVX + HFD group (Fig. 5).
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Table 1
Effects of PE-TFG on lipid profile and glucose in ovariectomized high-fat-fed rats.
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Parameters S.0VX OVX + HFD OVX + HFD + PE-TFG OVX + HFD + ATR OVX + HFD + DIS OVX + HFD + E2
Total Cholesterol (TC, mg/dl) 624 +33 109 + 4.5° 82.7 +43° 77.6 + 4.1° 74 +£32° 67.8 +36°
Triglycerides (mg/dl) 62.7 +3.5 125 + 3.6% 83 +3.9° 71+£3° 68.3+1.7° 783 +23°

LDL (mg/dl) 26 + 4.1 70.5 + 4.12 482 + 4.5° 43+ 46" 40 + 34" 323+38°

HDL (mg/dl) 24+16 14 +0.7% 18 + 0.9 19+ 0.7 19+0.7 182 + 0.5
Atherogenic index (Al) 0.39 + 0.04 0.91 + 0.02% 0.62 + 0.03" 0.53 +0.02°" 0.63 +£0.01° 0.58 + 0.02°
Cardiac risk index (CRI) 2.6 +023 7.8 £ 035% 45 +0.32° 39+027° 4+01° 34+02°
Glucose (mg/dl) 67 +3 122 + 2.1° 98 + 1.9° 115+ 1.1 97 +1.3° 105+ 1.6°

The values are expressed in mean + SEM. P <0.05: S.OVX vs. OVX + HFD and treated groups; °P < 0.05: OVX + HFD vs. OVX + HFD treated groups (One-way ANOVA,
Bonferroni's test); S.OVX: Sham ovariectomy, OVX: Ovariectomy, HFD: High-fat diet, PE-TFG: Petroleum ether fraction of Trigonella foenum-graecum, ATR: Atorvastatin, DIS:

Diosgenin, E2: 17p- Estradiol.
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Fig. 1. Serum and liver parameters in prophylactic treatments to the ovariectomized high-fat-fed rat model. A: Serum AST; B: Serum ALT; C: Liver TBARS; D: Liver GSH; °P <0.05:
S.0VX vs. OVX + HFD and treated groups; °P < 0.05: OVX + HFD vs. OVX + HFD treated groups; AST: Alanine transaminase; AST: Aspartate transaminase; TBARS: Thiobarbituric acid
reactive substances; GSH: Reduced glutathione; S.OVX: Sham ovariectomy, OVX: Ovariectomy, HFD: High-fat diet, PE-TFG: Petroleum ether fraction of Trigonella foenum-graecum,

ATR: Atorvastatin, DIS: Diosgenin, E2: 17f8- Estradiol.

3.4. Immunohistochemistry of the liver sections

In the OVX + HFD group, the percentage area of the fibrotic field
was enhanced (P = 0.05) compared to the S.OVX group. However,
the same was found to be significantly reversed after the treatment
with test materials (Fig. 6).

4. Discussion

The bilateral ovariectomized rat model is a commonly used
animal model to represent human menopausal features like
ovarian hormone cessation, obesity, osteoporosis, metabolic
changes, oxidative damage and immune dysfunction.'® We have
used ovariectomized rats fed with HFD to see the inflammatory
stress and to assess the modulations by TFG seed extract. In com-
parison to S.0VX rats, the BMI of OVX + HFD rats had significantly
increased. Obesity is induced by consumption of high-fat alone and,
in tandem with ovariectomy, the ovariectomy-induced changes
were exacerbated. In our study, it was observed that OVX + HFD
rats were vulnerable to weight gain and increased fat mass relative
to S.OVX. This effect may be due to the loss of ovarian hormones,
and HFD induced obesity favoured the production of pro-
inflammatory cytokines. In support of our results, feeding HFD for
8-weeks did not change body weight significantly. However, a
combination of HFD diet and OVX increased body weight and
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improved retroperitoneal and mesenteric tissue weight.!” Similar
to our findings, the hyperlipidemic diet-fed ovariectomized rats for
four weeks induced hyperlipidemia, increased body weight, and
lipid content in carcasa.'® The Oxphos-CR genes, PGC1-responsive
genes involved in fatty acid metabolism and energy expenditure,
are downregulated in adipose tissue by ovariectomy.'® A 12-week
HFD administration impaired the body composition and
augmented visceral adiposity. However, co-administering a stan-
dardized TFG seed extract based on low molecular weight gal-
actomannans considerably inhibited the HFD-induced mice body
weight.?° Contrary to these results, mice fed with HFD without TFG
showed high body weight, and incorporating whole TFG seed in
food (2% w/w) did not impact body weight composition and caloric
intake of HFD-mice.’! The therapeutic effect of diosgenin on
obesity was previously reported. OVX induced weight gain and
uterine wet weight loss was reversed after the treatment with
diosgenin at different doses for 12 weeks.?”

In comparison to S.0VX rats, OVX + HFD rats had significantly
increased TC, TG, and LDL levels. Though, the serum lipid levels
were reversed after treated with PE-TFG extract and DIS. These
findings are supported by a previous study, OVX animals fed with
high dietary cholesterol showed cholesterol accumulation in the
liver, reducing the gene expression of key VLDL synthesis markers
leading to a decline in the elimination of cholesterol from the liver.
Vijayakumar et al.,, 2010, investigated lowered SREBP-1 (sterol
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regulatory element-binding protein-1) and higher LDL receptors
after treatment with aqueous extract of TFG in rats fed with HFD
and observed that TFG had a potential effect on dyslipidemia and
inhibited the lipid accumulation.?® These results support the use of
TFG in a postmenopausal condition other than its proven effects on
dyslipidemia, partly decrease in fat accumulation. Treatment with
TFG seed extract (200 mg/kg) reduced TC and TG due to the
increased activity of lecithin cholesterol acyltransferase (LCAT-fa-
voring the inclusion of more cholesterol in HDL and uptake by the
liver) by 47%, lipoprotein lipase (20.8%), triglyceride lipase (34%),
and improved the elimination of bile acids.>* The estrogenic ac-
tivity of TFG was also reported in a recent study which is attributed
to the presence of phytoestrogens.”” Lipid levels are lowered by TFG
seed extract due to its saponin content, the fiber mannose, and
galactose, which are the main ingredients of the gum.?® Other
natural phytoestrogen White Kwao Krua supplementation
(100 mg/kg/day) reduced TC, LDL cholesterol, increased HDL, and
alleviated vascular damage in HFD fed rabbits.?’

Cardiac Risk Index (CRI) is perceived to be a reliable predictor for
evaluating the risk of coronary heart disease (CHD). Furthermore,
dyslipidemia and hypertension are well-known risk factors of CHD.
Variations in the level of any lipid profile cause the individuals
more susceptible to atherosclerotic complications. There is a posi-
tive association between Al and TC, LDL, triglyceride, and a sub-
stantial negative correlation between Al and HDL. An increase in Al
was observed in a previous study with an increase in TC, triglyc-
eride, and LDL. Aqueous extract of TFG is a potential applicant in the
management of cardiac risk indexes.”® In our study, TFG seed
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extract reduced the lipid levels due to its phytoestrogen action and
high fiber content. OVX-rats fed with HFD showed increased serum
glucose levels. In contrast to our findings, ovariectomy followed by
HFD/STZ (streptozotocin) had no impact on fasting blood sugar
levels but increased insulin resistance. The loss of ovarian hor-
mones involved in insulin resistance independent of their energy
status. Insulin sensitivity is also associated with changes to adipo-
cytokine secretion and low-chronic inflammation in white adipose
tissue (WAT). Ovarian hormones contribute to the maintenance of
insulin sensitivity and preventing low-grade inflammation of WAT.
Hence, animal experiments on ovariectomy in rats have decreased
glucose absorption and insulin sensitivity.”® TFG controls blood
sugar levels mainly by inhibiting carbohydrate digestion and ab-
sorption and enhancing the peripheral activity of insulin. The ex-
istence of soluble glucomannan fiber in TFG seeds, which reduces
the absorption of sugars from the intestine. Trigonelline and
fenugrecin are well-known hypoglycemic alkaloids, and the amino
acid 4-hydroxy isoleucine acts on the B-cells of the pancreas to
produce insulin.?* In a study TC, TG and LDL were significantly
decreased after 4-weeks of intervention in the green tea taking
postmenopausal women group compared with control.>° A study
demonstrated decreased glucose levels in diosgenin pretreated
control rats and in STZ induced diabetic rats. Mean blood glucose
levels in rats treated with different doses of diosgenin are signifi-
cantly decreased.’!

An increased level of liver enzymes (ALT, AST) indicates liver
dysfunction. Inflammatory hepatocellular disorders can increase
the transaminase level considerably.?> According to studies,
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Fig. 3. Liver histopathology of ovariectomized high-fat-fed rats after prophylactic treatments. H&E staining; objective lens, X40; S.OVX group demonstrated usual liver morphology,
with definite hepatocytes (H), central vein (CV), sinusoidal spaces (S), and well-preserved cytoplasm with conspicuous nuclei. Blue Arrow-Hepatocytes (H), Yellow arrow- Sinusoids
(S). S.0VX: Sham ovariectomy, OVX: Ovariectomy, HFD: High-fat diet, PE-TFG: Petroleum ether fraction of Trigonella foenum-graecum, ATR: Atorvastatin, DIS: Diosgenin, E2: 17f-

Estradiol.

VX+HFD

Fig. 4. Kidney histopathology of ovariectomized high-fat-fed rats after prophylactic treatments. H&E staining; objective lens, x40; G: Glomerulus, DCT: Distal convoluted tubule,
PCT: Proximal convoluted tubule. S.OVX: Sham ovariectomy, OVX: Ovariectomy, HFD: High-fat diet, PE-TFG: Petroleum ether fraction of Trigonella foenum-graecum, ATR: Ator-

vastatin, DIS: Diosgenin, E2: 178~ Estradiol.

nonalcoholic fatty liver disease developed in OVX rats fed with HFD
(three weeks) had significantly higher AST and ALT levels.”® TFG
seeds contain biologically active flavonoids such as vitexin, nar-
ingenin, tricin, tricin-7-O-beta-p-glucopyranoside, and cortsin,
which can protect against liver damage initiated by oxidative stress.
Saponin (DIS) isolated from TFG was found to lower serum ALT and
eliminate lipid zones in the liver tissue of rats fed HFD.>?
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Elevated TBARS in OVX and OVX rats fed with HFD were
observed in the present study. Declined estrogen levels in meno-
pause are correlated with increased oxidative stress. Two weeks
post-OVX, rats fed with HFD for 8-weeks showed 27% higher TBARS
levels and 25% greater in the sham-HFD group than in the respec-
tive control groups. GSH in OVX-HFD rats was 27% lower and 29%
lesser in sham-HFD rats compared to healthy controls.** TFG
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Fig. 5. Histopathology Common Carotid Artery of ovariectomized high-fat-fed rats after prophylactic treatments. A: H&E staining of CCA in a prophylactic model of OVX group fed
with HFD (objective lens, x40). B: Thickness of tunica intima and media of the CCA in a prophylactic model of OVX group fed with HFD. *P<0.05: S.OVX vs. OVX + HFD; CCA:
Common carotid artery; S.OVX: Sham ovariectomy, OVX: Ovariectomy, HFD: High-fat diet, PE-TFG: Petroleum ether fraction of Trigonella foenum-graecum, ATR: Atorvastatin, DIS:

Diosgenin, E2: 17f- Estradiol.
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Fig. 6. A: Inmunohistochemistry of ¢-smooth muscle actin (2-SMA) of liver sections after treatment in the prophylactic rat model. The objective lens, X40; Percentage of a- SMA
liver sections in the prophylactic model of OVX rats fed with HFD; 2P<0.05: Treatment groups Vs S.OVX; ® P<0.05: HFD+OVX vs. OVX+HFD+treated groups. S.0VX, Sham
ovariectomy, OVX: Ovariectomy, HFD: High-fat diet, PE-TFG: Petroleum ether-Trigonella foenum-graecum, ATR: Atorvastatin, DIS: Diosgenin, E2: 17f- Estradiol.

administration reduced lipid peroxidation might also be attributed
to its estrogenic components, including saponins (diosgenin),
trigonelline, and flavonoids.

In our study, increased TNF-a was observed in OVX rats fed with
HFD. Excess formation of cytokines may be affected by the fat and
bone marrow. TNF-¢. contributes to vascular dysfunction and de-
creases the NO synthase expression in endothelial cells. Earlier
experiments observed higher TNF-o levels in postmenopausal
women compared to pre-menopausal women. Intraperitoneal
administration of estradiol (10 pg/kg) one day after ovariectomy
and intervention for 42 days substantially reduced the levels of IL-1,
IL-6, and TNF- o in the OVX group.'® TFG extract significantly
reduced serum pro-inflammatory cytokines (IL-1,6 and TNF-a).>
NF-kB and glucocorticoid receptors (GRs) regulate the secretion
of these cytokines. Diosgenin increased the expression and acti-
vation of GRs because both glucocorticoids and diosgenin have a
common steroid structure. Activated GRs suppress the expression
of NF-kB by binding directly to cAMP response element-binding
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protein, which results in reduced pro-inflammatory cytokine
secretion.>®

Leptin levels are elevated in OVX + HFD compared to S.OVX rats.
Previously, OVX mice treated with HFD resulted in significant weight
gain and leptin insensitivity. However, after one month of supple-
mentation with E2, mice were responsive to leptin's anorectic ef-
fect.>” Estrogen can modulate the activity of leptin by modifying the
LEPR expression in growth plate chondrocytes via the estrogen re-
ceptors and triggering the eRK1/2 signaling pathways.>¢ The depo-
sition of fat and fat cells is sex-dependent and influences leptin
secretion. Recent experiments have confirmed that the plasma
concentration of leptin in obese female rats was two times higher
than in obese male rats.>® In a previous study, treatment with AgE-
TFG in reduced leptin levels resulted in substantial loss of adipocytes
in obese rats induced by HFD.?® Low molecular weight water-soluble
galactomannan-based TFG seed extract in brown adipose tissue,
improved HFD-induced obesity in C57BL/6 mice by inhibiting up-
regulated mRNA levels of leptin and TRIP-Br2.2°
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PE-TFG seed extract enhanced expression of adiponectin in
OVX + HFD rats. Adiponectin mRNA in rats treated with E2 and HFD
were greater than in rats treated with HFD, and a comparable
pattern was observed in rats treated with E2 compared to the
control group.* Adiponectin can influence steroid gene expression
and steroidogenesis, and the effect depends on the hormone levels.
A study supports these findings, HFD fed mice treated with TFG
(2 g/kg/day) increased adiponectin expression in subcutaneous
inguinal adipose tissue but had no effect in visceral epididymal
adipose tissue.’' Diosgenin supplementation reversed the down-
regulation of mRNA expressions of PPAR-vy, adiponectin, and argi-
nase-1.*! Obesity is associated with decreased PPAR-v activity. The
positive effects of TFG on obesity and hyperlipidemia are due to the
insulin-like effect, increased adiponectin, and PPAR-y expression.
Supporting our findings, two weeks of TFG extract supplementa-
tion substantially improved mRNA PPAR expression in high fruc-
tose diet (eight weeks), feeding rats compared to the control
group.*? HFD fed mouse treated with Chinese yam sanyaku and
diosgenin showed moderately up-regulated lipoprotein lipase
mRNA levels and PPAR-y.*>

Lipid metabolism is affected by estrogen deficiency and in-
creases COX-2-dependent visceral fat storage.** In another study,
the OVX group, fed with high-fat and fructose diet-induced
nonalcoholic steatohepatitis (NASH), significantly in both non-
OVX and OVX-rats.*> In another study, HFD (2 weeks) / Strepto-
zotocin (120 mg /kg) intraperitoneally induced type II diabetes
showed improved adiposity, mild and focal microvascular steatosis.
The liver showed standard architecture with no inflammation,
steatosis, and necrosis with the supplementation of TFG seed
extract (100 mg/kg/BW). These results indicate that TFG possesses
good antioxidant activity.*® Contrary to our results, a study
observed that TFG had minimal or no influence on hepatic
steatosis.’!

ROS-mediated inflammatory cytokine production takes place in
postmenopausal women with a hormone deficiency, which leads to
changes in renal architecture. TFG provides defense against
morphological alterations in diabetic rats of the kidneys by
elevating antioxidant activity and preventing the aggregation of
oxidized DNA* The pro-inflammatory cytokine levels are
decreased by the sapogenins (diosgenin), polyphenols, 4-hydroxy-
isoleucine, alkaloids, and trigonelline present in TFG seed extract.”*

High cholesterol diets damage the endothelial lining of the
major arteries and the heart, resulting in hypertension and, ulti-
mately, atherosclerosis in both perimenopausal and post-
menopausal women.*® The key pathways implicated in diminished
vascular response in OVX-models are correlated with reduced NO
bioactivity and attenuation of endothelial-derived hyperpolarizing
factors. Increased superoxide anion levels and protein expression of
NADPH subunits, as gp91phox and p22phox, were accompanied by
decreased endothelial function in OVX rats.*? Ovariectomy along
with HFD changed the TI/TM ratio, and these findings may be in-
dicators of early atherosclerosis. It is found that diosgenin prevents
the vascular cell adhesion molecule (VCAM-1), intracellular adhe-
sion molecule (ICAM-1), proteins expression associated with
atherosclerosis, prevents the generation of intracellular ROS by
TNF-o and NF-«B and IkB kinase activation as well as degradation of
IkBe. and nuclear translocation of NF-kB. TFG and diosgenin have
antioxidant properties, as well as the ability to inhibit Hy0,-
induced apoptosis in human endothelial cells.*

a-SMA is a specific marker for smooth muscle cell differentia-
tion. In our study, lack of estrogen and HFD developed nonalcoholic
liver steatosis. E2 treatment significantly reduced AST, ALT, hyal-
uronic acid (HA), collagen type IV (C-IV) in serum, hepatic collagen
was suppressed, and hepatic stellate cells were significantly
decreased for a-SMA in ovariectomized female rats with hepatic
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fibrosis caused by carbon tetrachloride. CCly toxicity-induced rat
liver showed vacuolization of cytoplasm, lymphocyte infiltration in
the central vein, fibrosis, and calcification. The fibrosis was reversed
after 7-weeks of therapy with 10% TFG seed extract.”® This bene-
ficial impact may be attributed to the presence of flavonoids,
polyphenols, and polysaccharides, which are effective in preventing
lipid peroxidation, hepatic stellate cell activation by disrupting
signal transduction, and protein cell activation.”' Genistin (struc-
turally similar to 17f-estradiol) and exercise ameliorated liver
fibrosis and suppressed the IL-13 expression in OVX rats fed with a
high-fat, high fructose diet.>?

Abendinzade et al., 2015, reported hexanic (50 and 150 mg/dL)
and ethanolic extract (50 and 150 mg/dL) of TFG, estradiol de-
creases (P < 0.05) IL-1, IL-6 and TNF-o in the ovariectomized rats.'°
Whereas, in the current study, a single dose of PE-TFG (50 mg/kg)
seed extract was used. In OVX + HFD rats, it was observed signifi-
cantly increased glucose, cholesterol, triglyceride, LDL, TBARS, he-
patic markers, leptin and TNF- o and decreased HDL, GSH levels. PE-
TFG treatment significantly decreased (P < 0.05) total cholesterol,
LDL, hepatic markers, leptin, and TNF-a. Increased mRNA expres-
sion of adiponectin and PPAR-y in OVX rats fed with HFD. Further,
micro and macro hepatic steatosis, inflammation, glomerular hy-
pertrophy, degenerated tubules in the kidney, increased tunica in-
tima and media thickness of the common carotid artery were
observed. These pathological changes were not seen in rats sup-
plemented with PE-TFG. Thus the current study explains the role of
TFG in the mitigation of inflammation induced by menopause.

5. Limitations of the study

The present study observed the beneficial effects of supplemen-
tation of PE-TFG seed extract in ovariectomy followed by high-fat diet
model. The study focused only on the effect of PE-TFG seed extract on
biochemical and cellular inflammatory modifications. Further in-
vestigations directed towards identifying the multiple signaling
pathways involved in the protective effects of the PE-TFG seed extract
may help us better understand the molecular mechanisms. Another
limitation in our study was we have used only a single dose of TFG
seed extract. Further studies to optimize the dose of TGF extract may
provide insight into its dose-related biological activity.

6. Conclusion

The present study results indicate that ovariectomy with high-
fat diet significantly increases inflammatory markers, oxidative
stress, lipid accumulation in the liver, increase of tunica intima and
media thickness of common carotid artery, reduced mRNA
expression of adiponectin and PPAR-y. These adverse inflammatory
effects were reversed by the supplementation of PE-TFG seed
extract. The protective effect of TFG in ovariectomy followed by
HFD is attributed to the presence of diosgenin that mimics the
estrogenic activity along with other phenols and flavonoids present
in the extract. Further studies are essential to appreciate the phy-
toestrogen effect of TFG in postmenopausal inflammatory diseases.
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