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ABSTRACT
Background: phytoestrogens are a diverse group of plant-derived compounds that structurally or functionally mimic
mammalian estrogens. They have been investigated at the epidemiological, clinical and molecular levels to determine
their potential health benefits.
Aim: the present study was carried out to investigate some biochemical effects of fenugreek oil and soymilk on male
albino rats.
Materials and Methods: eighteen (18) animals were divided randomly into three groups with 6 animals per group.
Group “1” received normal saline 1 mL/kg body weight orally for four weeks. Group “2” rats were treated with oral dose
of soymilk 1 ml/kg body weight/day once daily for four weeks, while rats in group “3” were treated with oral dose of
fenugreek 1 mil/kg body weight/day once daily for four weeks. Blood samples were collected on the last day of the
experiment for biochemical analysis.
Results: the fenugreek oil and soymilk induced highly significant decrease (p<0.01) in total cholesterol, triacylglycerol,
low-density lipoprotein, very low-density lipoprotein, low-density lipoprotein high-density lipoprotein ratio (LDL/HDL)
and a significant increase (p<0.05) in high-density lipoprotein. The results also showed highly significant decrease in
follicle stimulating hormone, luteinizing hormone, testosterone and sperm count compared to normal control group.
Conclusion: the results of this study suggest that high levels of fenugreek and soymilk intake can cause hormonal
disturbance and decrease sperm count.
Keywords: Fenugreek oil, Soymilk, Lipid profile, Phytoestrogen, Hormonal profile.

INTRODUCTION phytoestrogens, inhibit the action of estrogens which in
Phytoestrogen are plant-derived compounds turn prevent the proliferation of breast cancer cells and
which have estrogenic effect and have been investigated have been linked to selective estrogen receptor
for their health benefits®. modulators (SERM). Ingestion of isoflavone exerts
Milk is a naturally valuable source of vitamins biological effect in pre-and postmenopausal women.
and minerals such as vitamin A, vitamin Bg, vitamin B, Hence, the risk of breast cancer can be reduced to a great
thiamin, riboflavin, niacin, calcium, phosphorus, extent by the use of soy-based products®. Isoflavones are
magnesium, zinc and potassium®. Soymilk is also also antioxidants which protect our cells and DNA
consumed as an alternative drink to cow's milk. In against oxidation®,
addition to the essential proteins it contains, other health The fenugreek (Trigonella foenum-graecum L.)
benefits of consuming milk are widely recognized such belongs to the family Fabaceae and is a multiuse and
as improvement of bone health blood cholesterol, commercially important spice crop grown for its seeds,
protection against cardiovascular disease, reduced colon tender shoots, and fresh leaves. Fenugreek has economic
cancer risk, reduced blood pressure, body weight value as food, medicine and in cosmetics®. Ethiopia,
regulation, protection of tooth enamel and reduced risk of Egypt, and Turkey are the major countries for seed
type 2 diabetes. Soymilk is rich in isoflavones. The production. Fenugreek is known to have several
presence of isoflavones is the most important and unique pharmacological effects such as: hypoglycemic® and
benefit of soymilk. Each cup of soymilk contains about antilipidemic ~ or  hypocholesterolemic  effects®.
20 mg isoflavones (mainly genistein anddaidzein). Furthermore, this plant has shown antioxidant action®,
Isoflavones have many health benefits including gastroprotective activity®, appetite stimulation © and
reduction of cholesterol, easing of menopause symptoms, antirheumatic action®®, Fenugreek is used as herbal
prevention of osteoporosis and reducing the risk of breast medicine for treating metabolic and nutritive
cancer. Estrogen stimulates the multiplication and growth dysfunctions. Some studies indicate that fenugreek seed
of cancer cells in the breast®. Isoflavones as extract supplementation reduces the body and adipose
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tissue weight? and possess estrogenic effect due to the
presence of flavonoids™®. Activities of fenugreek oils
and extracts are attributed to a variety of its constituents.
Fenugreek seed contains 45-60 % carbohydrates, mainly
mucilaginous fiber (galactomannans); 20-30 % proteins
high in lysine and tryptophan and 5-10 % fixed oils
(lipids); pyridine-type alkaloids, mainly trigonelline (0.2-
0.3 6%), choline (0.5 %), gentianine, and carpaine.
Besides, the flavonoids apigenin, luteolin, orientin,
quercetin, vitexin, and isovitexin and free amino acids,
such as 4-hydroxyisoleucine (0.09 %); arginine,
histidine, and lysine; Calcium and iron; saponins (0.6-1.7
%); glycosides vyielding steroidal sapogenins on
hydrolysis ~ (diosgenin,  yamogenin,  tigogenin,
neotigogenin); cholesterol and sitosterol; vitamins A,
B1,C, and nicotinic acid and 0.015 % volatile oils (n-
alkanes and sesquiterpenes), which are thought to
account for many of its presumed therapeutic effects?,
There has been no comprehensive study comparing the
effects of soymilk and fenugreek oil on lipid profile and
hormonal profile.

AIM OF STUDY

This study aimed at evaluating the effects of
fenugreek oil as a phytoestrogen as it is compared to
soymilk and thus determining the extent of beneficial or
adverse effect exhibited by both sources on lipid and
hormonal profile as well as other physiological
parameters.

MATERIALS AND METHODS

Fennel oil was purchased from Cap Pharm for
Extracting Natural Oils & Herbs, Cairo, Egypt and
soymilk was purchased from a hypermarket. The study
was approved by the Ethics Board of Al-Azhar
University. This study was conducted in accordance with
ethical procedures and policies approved by Animal Care
and Use Committee of Faculty of Medicine, Al-Azhar
University, Cairo, Egypt.

Experimental animals:

The experiment was carried out on 18 male
albino rats of Rattus rattus strain weighing 130-140 gm
that were obtained from animal farm of EI-Nile Company
for Pharmaceutical Product (EI-Nile, Cairo, Egypt).
Animals were housed in metallic cages and maintained
under standard condition of temperature, humidity and
natural light/ dark cycle along the experimental period.
Food and water were made available throughout the
experiment ad libitum. The animals were left to
acclimatize for one week before starting the experiment.

Experimental design:
In current study, 18 male Albino rats were
divided into 3 groups (6 rats in each group) as follows:
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Group 1(control group): comprised of normal rats and
maintained on standard pellet diet and tap water ad
libitum for 30 days.

Group 2: rats received orally Fenugreek oil (1 ml/kg
body weight) for 30 days.

Group 3: rats received orally soymilk (1 ml/kg body
weight) for 30 days.

Body weight measurement:

Body weight of the animals was recorded before
and at the end of the experimental duration.
Blood sample collection:

At the end of the experimental period, the blood
samples were collected from the retro-orbital sinus of
anesthetized rats (by ether) after overnight fasting. Serum
was separated by centrifugation at 2500 g for 15 minutes
at room temperature.

Biochemical analysis
Assessment of biochemical parameters:

In the present study, total protein (TP) and
albumin concentration were estimated and then serum
globulin concentrations were calculated according to the
formula:

Globulin (g/dl)

= total protein (g

/dl) - albumin (g/dl).
Aspartate aminotransferase (ASAT) and alanine
aminotransferase (ALAT) activities, creatinine and
Blood Urea Nitrogen (BUN) concentrations as well as
lipid profile; total cholesterol, triglycerides and high-
density lipoprotein cholesterol (HDL-C) were also
determined. All parameters were estimated using BIO
MERIEUX SA kits, France.

The ratio of serum albumin/ globulin was
determined. However, ratios of total cholesterol/ high-
density lipoprotein (risk factor 1) and low-density
lipoprotein/high-density lipoprotein (risk factor 2) were
also calculated after calculation of serum LDL-C (low-
density lipoprotein cholesterol) and VLDL (very low
density lipoprotein) cholesterol using the Friedwald et
al.? and Norbert @ formulas, respectively as
following:

Friedewald's equation:
LDL (mg/dl) = TC — (HDL + [TG/5]).
Norbert equation:
VLDL = TG/5.
TC/HDL (risk factor 1)
LDL/HDL (risk factor 2)

Hormonal assay:

Estimation of serum luteinizing hormone (LH),
follicles-stimulating hormone (FSH) and testosterone (T)
levels were estimated by using standard assay kits. All
kits used for hormonal assay were from MONOBIND
Inc. lake forest CA 92630, USA.
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Sperm collection and evaluation:

The left caudal epididymis was separated and the
total recovered sperm volume during 4h of incubation in
normal saline (volume=1 ml, 35-37°C) was calculated.
The sperm concentration was determined by the
conventional method using a hemocytometer chamber
for the red blood cell count. The right epididymis was
finely minced by anatomical scissors in 1 ml of warmed
isotonic saline in a petridish. The sperm progressive
motility (SPM) was estimated by evaluating 4 fields of
sperm droplet under a cover-slip on a warm glass slide
(35-37°C) under light microscopy (x40).

The sperm vitality was assayed using a
conventional procedure of eosin B-nigrosin stain (1.67%
eosin, 10% nigrosin, and 0.1 M sodium citrate) under
%100 magnification and 100s sperm were counted. All of
the sperm evaluation procedures were carried out based
on the World Health Organization manual for human
sperm analysis with some modifications®®.

Ethical approval
The study was approved by the Ethics Board of
AlAzhar University. This study was conducted in

accordance with ethical procedures and policies
approved by Animal Care and Use Committee of
Faculty of Medicine, Al-Azhar University, Cairo,

Egypt.

Statistical analysis:

The statistical package (SPSS) program, version
19. The results were expressed as Mean + SEM. Data
were analyzed by t-test and confidence level were
accepted at 95% and 99% interval.

RESULTS

The data in table (1) showed the body
weightpercentage change and fasting blood sugar level of
animals administered fenugreek oil and soymilk. The
animals in group 2 showed a significant (p<0.05)
decrease in body weight compared to the control group
while the animals in group 3 showed a non-significant
increase compared to the control group. The fasting blood
sugar results showed a highly significant (p<0.01)
decrease in group 2 animals while group 3 animals
showed a non-significant decrease compared to the
control group.

Table (1): Changes % of body weight and FBS levels in the control and treated groups

Parameters Control Fenugreek oil Soy Milk
Body weight 137.6+0.4 92.3+0.8* 141.0£ 0.01
% of change -32.9% 2.4%
FBS (mg/dl) 94.0+2.8 42+1.8** 89+ 2.0
% of change -55.3% -5.3%

Values represent mean +SE (stander error). (p**<0.01, p*<0.05, as compared to control group).

The data in table (2) showed the levels of alanine aminotransferase (ALAT) and aspartate aminotransferase
(ASAT) in the animals administered fenugreek oil and soymilk. Group 2 and group 3 animals showed non-significant
decrease in ALAT and ASAT respectively compared to the control group.

Table (2): Changes in the ALAT and ASAT levels in the control and treated groups

Parameters Control Fenugreek oil Soy Milk
ALAT(U/L) 22.5+0.6 19.0+0.50 21.5+0.6
% of change -15.5% -4.4%
ASAT(U/L) 33.5+0.5 32.1+0.56 32.6+0.8
% of change -4.1 % -2.6%

Values represent mean +SE (stander error). (p**<0.01, p*<0.05, as compared to control group).

The results in table (3) showed changes in the level of blood urea nitrogen (BUN) and creatinine. The animals in
group 2 and 3 showed non-significant decrease in BUN and creatinine concentrations compared to the control group.

Table (3): Changes in BUN and Creatinine levels in the control and treated groups

Parameters Control Fenugreek oil Soy Milk
BUN (mg/dl) 20.3+0.2 19.0+0.4 19.8+0.35
% of change -6.4% -2.5%

Creatinine (mg/dl) 0.7+0.2 0.6+0.01 0.6+0.3
% of change -14.3% --14.3%

Values represent mean +SE (stander error). (p**<0.01, p*<0.05, as compared to control group).
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The data in table (4) showed the lipid profile of the animals administered fenugreek oil and soymilk. The results
showed a highly significant decrease (p<0.01) in TC, TG, LDL, LDL/ HDL. A highly significant increase in HDL was
also recorded in group 2 while group 3 animals showed a significant decrease (p<0.05) in TC, TG, LDL, LDL/ HDL and

a significant increase in HDL compared to control group.

Table (4): Changes in the lipid profile levels in the control and treated groups

Parameters Control Fenugreek oil Soy Milk
T G(mg/dl) 71.5+1.56 45.012.7** 51.0+3.0*
% of change -37.1% -28.6%
HDL (mg/dl) 50.3+0.33 68.4+0.001** 63.7+0.4*
% of change 35.9% 26.6%
LDL(mg/dl) 71.241.27 17.4+0.54** 40.0+£0.53**
% of change -75.5% -43.8%
VLDL(mg/dl) 14.30+0.31 9.1+0.54** 10.2+0.62*
% of change -36.3% -28.6%
LDL/HDL(mg/dI) 1.22+0.007 0.25+0.01** 0.62+0.01**
% of change -79.5% -49.1%
TC/HDL(mg/dI) 2.47+0.008 1.3+0.001** 1.7+£0.01*
% of change -47.3% -31.1%
95.0+0.001** 114.0+0.001*
TC(mg/dI) 141.3+0.42 232 7% 93.0%

Values represent mean +SE (stander error). (p**<0.01, p*<0.05, as compared to control group).

The data in table (5) showed the protein profile of the animals treated with fenugreek oil and soymilk. The result
showed a non-significant change in total protein, albumin, globulin and albumin\ globulin ratio in the treated groups 2
and 3 animals compared to the control animals.

Table (5): Changes in the total protein, albumin, globulin, albumin/globulin and albumin/globulin levels in the control
and treated groups

Parameters Control Fenugreek oil Soy Milk
Total protein (g/dl) 6.4+0.11 5.9+0.13 5.2+0.29
% of change -7.8% -18.7%
Albumin (g/dl) 3.7£0.11 3.4+0.09 3.24£0.10
% of change -8.1% -13.5%
Globulin (g/dl) 2.7+0.18 2.5+0.18 2.0£0.26
% of change -7.4% -25.5%
Albumin/Globulin (g/dl) 1.3+0.1 1.4+0.4 1.6+0.1
% of change 7.6% 23.1%

Values represent mean +SE (stander error). (p**<0.01, p*<0.05, as compared to control group).

The data in table (6) showed a highly significant (p<0.01) decrease in FSH, LH and testosterone in group 2
animals. Group 3 animals showed a highly significant (p<0.01) decrease in FSH, a significant (p<0.05) decrease in
testosterone and non-significant change in LH when compared to control the animals.

Table (6): Changes in the FSH, LH and Testosterone levels in the control and treated groups

Groups Parameters Control Fenugreek oil Soy Milk
FSH (ng/ml) 2.9+0.1 2.0£0.1** 2.1+0.1**
% of change -31.0% -27.6%
LH (ng/ml) 1.9+0.1 1.5+0.1* 1.7+0.1
% of change -21.1% -10.5%

Testosterone (pu /dl) 3.910.2 3.0+£0.2** 3.1+0.1*
% of change -23.1% -20.5%

Values represent mean +SE (stander error). (p**<0.01, p*<0.05, as compared to control group).

The data in table (7) showed a significant (p<0.05) decrease in sperm count in group 2 and 3 animals when
compared to the control rats.
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Table (7): Sperm count in the control and treated groups.

Parameters Control Fenugreek oil Soy Milk
Sperm count*10¢/ml 100 50 65
% of change -50% -35%

DISCUSSION

In this study, fenugreek supplementation reduced
the body weight of the animals. The probable mechanism
of fenugreek decreasing total body weight may be that
fenugreek flushes out the carbohydrates from the body
before they enter the blood stream resulting in weight loss
and because it contains a high proportion (40%) of soluble
fiber. This fiber forms a gelatinous structure (similar to
gaur gum), which may have effects on slowing the
digestion and absorption of food from the intestine and
create a sense of fullness in the abdomen, thus suppresses
appetite and promotes weight loss®”,

In the present study, fenugreek reduced blood
sugar in vitro the amino acid 4- hydroxyisoleucine in
fenugreek may have increased glucose-induced insulin
release in human and rat pancreatic islet cells. It has been
observed that 4-hydroxyisoleucine extracted from
fenugreek seeds possess insulin tropic activity®®. This
amino acid appeared to act only on pancreatic beta cells.
In humans, fenugreek seeds exert hypoglycemic effects by
stimulating glucose-dependent insulin secretion from
pancreatic beta cells as well as by inhibiting the activities
of alpha-amylase, an intestinal enzymes involved in
carbohydrate metabolism®®. Another study showed that
the hypoglycemic effect of fenugreek is thought to be
largely due to its high content of soluble fiber, which acts
to decrease the rate of gastric emptying thereby delaying
the absorption of glucose from the small intestine®?,

The findings in this study showed a decrease in
total cholesterol, total glycerol, LDL and VLDL in both
experimental groups treated with fenugreek oil and
soymilk while the HDL was significantly increased in both
groups compared to the control group. These findings are
in line with reports from Eidia et al.?Y and Xue et al.??
who demonstrated that extracts of fenugreek decreased
triglycerides, total cholesterol, LDL and increased HD-c
in diabetic rats. EIman®® also reported that fenugreek
powder also reduced total cholesterol and LDL-c
concentrations and increased HDL in a dose-dependent
manner in rats. The hypocholesteremic effect of fenugreek
oil as observed in this study may be attributed to the
saponin content of fenugreek®, which has been reported
to possess hypocholesteremic activity®) as a result of its
ability to form insoluble lipid complexes thereby
preventing absorption of lipid. The hypocholesteremic
property of fenugreek may also be as a result of the crude
fiber content that has been reported to lower cholesterol
levels® Dby blocking cholesterol absorption in the
intestine®@®.

Soymilk has also been reported to possess lipid
lowering effect®”, which may be attributed to soy
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isoflavones, soy protein and dietary fiber of soy that
upregulates lipid receptors thereby reducing serum lipid
levels. The findings in this study also showed reduction in
LDL/HDL and TC/HDL ratio in both experimental groups
compared to the control group.

Changes in hormonal levels in this study showed
a significant reduction in follicle-stimulating hormone
(FSH) and testosterone in both experimental groups
compared to the control group while the luteinizing
hormone (LH) levels was only significantly reduced in the
group treated with fenugreek oil compared to the control
group.

Kassem et al.® revealed that Trigonella foenum-
graecum has decreased plasma androgen concentration.
This agrees with our present study that fenugreek
decreased the sperm count and this may be due to the
presence of steroidal oestrogen like saponins. This may
explain the effect of Trigonella foenum-graecum seeds
ethanolic extract on serum testosterone and sperm count,
or may be due to the fact that Trigonella foenum-graecum
increases the prolactin levels. Higher levels of prolactin
tends to inhibit production of gonadotropin-releasing
hormone (GnRH) leading to decrease in both FSH and LH
and thereby decrease spermatogenesis and decrease
testosterone level. This agrees with a study by Kassem et
al. @ which reported that administering Trigonella
foenum-graecum seeds to animals significantly decreased
sperm count.

Another study by Yi et al. @ reported a decrease
in testosterone level in animals treated with soy flour.
Pollard et al.®% also observed significant reduction in
serum testosterone in Wistar rats fed soy protein isolates.
Isoflavones, including genistein and daidzein, have
previously been shown to inhibita-reductase and
17b-hydroxy steroid dehydrogenase activities in human
tissue®”). Theprecursors of these compounds are present in
relatively large amounts in soy and its products such as
tofu andsoymilk. These are metabolized into aglycones by
gut bacterial enzymes and then absorbed to exert
physiological activity in the human body.

Genistein and daidzein, which are found in large
amount in soy milk have phytoestrogen activity and
antiandrogenic effect, which has been shown to inhibita-
reductase and 17- hydroxy steroid dehydrogenase
activities in human tissue®, and also reduce the number
of Leydig cells, which areresponsible for the production
of testosterone. The findings in this study suggest that the
decrease in the FSH and testosterone level lead to decrease
in sperm count.
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CONCLUSION

The findings of this study suggest that fenugreek
oil and soy milk have high potential of negatively altering
the lipid profile and increasing the health risks associated
with a poor lipid profile. In addition, both the fenugreek
oil and soymilk possess potentials that can impair
hormonal functions and fertility as demonstrated in this
study.
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