
Abstract. – BACKGROUND AND AIM: An
example of a medicinal plant with numerous po-
tential activities is fenugreek (Trigonella foenum-
graecum L.). The aim of the present study was to
investigate the effects of fenugreek seed on
bone mechanical properties in rats with normal
and decreased estrogen level (developing osteo-
porosis).

MATERIALS AND METHODS: The experiments
were carried out on 3-month-old non-ovariec-
tomized (NOVX) and ovariectomized (OVX) Wistar
rats, divided into control rats, rats receiving pul-
verized fenugreek seed (1% in the diet) and rats
receiving fenugreek seed extract standardized for
4-hydroxy-L-isoleucine (50 mg of 4-hydroxy-L-
isoleucine/kg p.o. daily) for 4 weeks. Serum bone
turnover markers, bone mineralization and me-
chanical properties were examined.

RESULTS: Fenugreek seed added to food did
not significantly affect bone mineralization and
serum turnover markers, independently of the
estrogen status. It tended to increase the
strength of the tibial metaphysis (cancellous
bone) in NOVX rats, and increased the strength
of the femoral diaphysis (compact bone) in OVX
rats. The fenugreek seed extract did not affect
the skeletal system of NOVX rats, and signifi-
cantly worsened mineralization of the vertebra in
OVX rats, decreased due to estrogen deficiency.

CONCLUSIONS: Low dietary intake of fenu-
greek seed may exert slight favorable skeletal ef-
fects, whereas at high doses it may damage the
skeletal system.

Key Words:
Fenugreek seed, Fenugreek seed extract, Bone me-

chanical properties, Osteoporosis, Rats.

Introduction

An example of a medicinal plant with poten-
tial activites in the skeletal system is fenugreek
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(Trigonella foenum-graecum L.). Fenugreek, na-
tive to southeastern Europe, northern Africa, and
western Asia, but also cultivated in other parts of
the world, is an annual herb belonging to the
Leguminosae family1,2. It is one of the oldest
Ayurvedic medicinal plants, used in traditional
Chinese medicine and as dietary spice3. It has
been used for numerous indications, like lacta-
tion stimulation, aiding digestion and to general-
ly improve metabolism and health3,4. It is also
used in dietary supplements because of presumed
antidiabetic, anabolic and other activities.

Fenugreek seed contains at least three major
constituents, which could be expected to affect
the skeletal system. Diosgenin, a steroidal sa-
pogenin, present in fenugreek seed as glycosides
(saponins), has already been reported to favorably
affect the osseous tissue in vitro and in vivo5-8.
Trigonelline, an alkaloid, has been demonstrated
to possess phytoestrogenic properties9. 4-Hy-
droxyisoleucine, an amino acid characteristic of
fenugreek, is considered responsible for antidia-
betic and lipid-lowering actions10, together with
galactomannan, trigonelline and diosgenin11-14;
antidiabetic drugs may exert differential effects
on bones15. Moreover, some anabolic properties
of fenugreek have been reported, which probably
can be attributed to its different components16.
The skeletal effects of the use of fenugreek seed
have never been reported. The aim of the present
study was to investigate the effects of fenugreek
seed, added to the diet at a moderate dose, and
administration of fenugreek seed extract, stan-
dardized for 4-hydroxyisoleucine, at a high dose,
on the skeletal system of rats with normal and
decreased estrogen level (a model of post-
menopausal osteoporosis). Moreover, estradiol
was administered to ovariectomized rats as a pos-
itive control.
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VI – OVX rats receiving fenugreek seed extract
(50 mg of 4-hydroxy-L-isoleucine/kg p.o.
daily)

VII – OVX rats receiving estradiol (0.2 mg/kg
p.o. daily).

Fenugreek seed extract or estradiol were ad-
ministered by a gastric tube (p.o.) for 28 days.
Control rats and rats fed the diet with 1% fenu-
greek seed were administered the vehicle – tap
water at the same volume of 2 ml/kg p.o.

The next day after the last drug administra-
tion, after 24-h fasting, the animals were killed
by cardiac exsanguination, in full ketamine-xy-
lazine anesthesia. The estrogen-dependent or-
gans (the uterus and thymus) and bones: the left
and right femur, left tibia, and L-4 vertebra were
isolated. The uterus, thymus, left femur and L-4
vertebra were weighed immediately after isola-
tion. The left femur, left tibia, and proximal part
of the right femur from each rat were wrapped in
gauze soaked in 0.9% NaCl solution and kept
below -20°C until the mechanical tests were per-
formed on thawed bones18.

Biochemical Studies
Serum estradiol concentrations were studied

by an ELISA method (Mouse/Rat Estradiol
ELISA, Calbiotech, Inc., Spring Valley, CA,
USA). To determine serum levels of type I colla-
gen fragments released from bone during bone
resorption an enzyme immunoassay RatLaps
EIA, and to determine serum osteocalcin levels, a
marker of bone formation, an enzyme immunoas-
say Rat-MID Osteocalcin EIA (both produced by
Immunodiagnostic Systems Ltd., Boldon, Tyne
and Wear, UK) were used. Serum concentrations
of calcium and inorganic phosphorus were as-
sayed colorimetrically, using Pointe Scientific
(Canton, MI, USA) reagent sets.

Bone Mineralization Studies
The left femur and L-4 vertebra were

lyophilized for 9 days and weighed to determine
the dehydrated bone mass, and then mineralized
at the temperature of 640°C for 48 h in the muf-
fle furnace and weighed to determine the mass of
bone mineral (ash). The ratio of mass of bone
mineral to bone mass was determined as a substi-
tute for bone mineral density measurements.
Moreover, the ratios of bone organic substances
and water mass to bone mass were calculated.

Calcium and phosphorus content in the miner-
alized bones (dissolved in 6 M HCl and then di-

Materials and Methods

Materials
Botanical supplements used: pulverized fenu-

greek (Trigonella foenum-graecum L.) seed, Za-
kład Zielarski “Kawon-Hurt”, Poland, added to
the laboratory diet in an amount of 1%; fenu-
greek (Trigonella foenum-graecum L.) seed dry
extract, standardized for 4-hydroxy-L-isoleucine,
obtained from ASA Sp. z o.o., Poland (50 mg of
4-hydroxy-L-isoleucine/kg p.o. daily, i.e. 390.6
mg of the extract/kg p.o. daily).

Other drugs used: estradiol hemihydrate (Es-
trofem, Novo Nordisk A/S, 0.2 mg of estradi-
ol/kg/day, p.o.), ketamine, Bioketan (Vetoquinol
Biowet), xylazine, Xylapan (Vetoquinol Biowet).

Animals
The study was carried out with permission of

the Local Ethics Commission in Katowice,
Poland, on 3-month-old female Wistar rats ob-
tained from the Center of Experimental Medi-
cine, Medical University of Silesia, Katowice.

Bilateral ovariectomy with the access to the
ovaries from the dorsal side was performed in
general anesthesia induced by intraperitoneal in-
jections of ketamine with xylazine. The interven-
tion took place 7-8 days before the start of fenu-
greek administration.

During the experiment, the rats were fed a
soy-free diet with decreased content of phenolic
acids, ad libitum. Details of the soy-free diet
composition were presented elsewhere17. The
standard laboratory diet and the experimental di-
ets were produced by Wytwórnia Pasz “Moraws-
ki”, Poland. The animals were switched from the
standard laboratory diet (Labofeed B) to the soy-
free diet on the day before the beginning of pul-
verized fenugreek seed diet, fenugreek seed ex-
tract or estradiol administration.

The rats were divided into following groups (n
= 8-10 per group, with an exception of group
VII, where n = 6):

I – non-ovariectomized (NOVX) control rats,
II – ovariectomized (OVX) control rats
III – NOVX rats receiving pulverized fenugreek

seed (1% in the diet)
IV – OVX rats receiving pulverized fenugreek

seed (1% in the diet)
V – NOVX rats receiving fenugreek seed ex-

tract (50 mg of 4-hydroxy-L-isoleucine/kg
p.o. daily)



luted in distilled water) was determined colori-
metrically, using a calcium reagent set and a
phosphorus reagent set, both produced by Pointe
Scientific (Canton, MI, USA).

Bone Mechanical Properties Studies
Mechanical properties of bones (the left

femoral diaphysis, the neck of the right femur
and the left proximal tibial metaphysis) were as-
sessed using Instron 3342 500N apparatus with
Bluehill 2 version 2.14 software (Norwood, MA,
USA).

Mechanical properties of the diaphysis of the
left femurs were studied using a bending test
with three-point loading as previously de-
scribed17-21. The distance between the points sup-
porting the femur was 16 mm. The load was ap-
plied perpendicularly to the long axis of the fe-
mur at the mid-length of the bone. After pre-con-
ditioning to obtain steady positioning, the me-
chanical test was started, with displacement rate
of 0.01 mm/s and sampling rate of 100 Hz. From
the load-displacement curves obtained for each
bone, maximum load, displacement for the maxi-
mum load and energy for the maximum load
were assessed. The same parameters were deter-
mined for the yield point (0.05% offset) and frac-
ture point. The intrinsic parameters: stress and
Young’s modulus were also determined, assum-
ing that the femoral diaphysis was an elliptical
pipe. In order to determine moment of inertia in
the break-section, necessary for the calculation,
the transverse cross-sections of the right femoral
diaphysis were made in the mid-length, and the
inside and outside diameters were measured, ac-
cording to Kiebzak et al22, using OsteoMeasure
XP v1.3.0.1 (OsteoMetrics) software for histo-
morphometric measurements.

The mechanical strength of the femoral neck
was studied in a compression test. The bone was
prepared for measurement by fixing the diaphysis,
cut at the mid-length of the femur, in a methacry-
late plate17,19-21,23. The load was applied to the head
of the femur along the long axis of the femur (with
a preload of 1 N, displacement rate of 0.01 mm/s).
The load causing the fracture of the femoral neck
(maximum load) was determined.

Mechanical properties of the proximal meta-
physis of the left tibia were assessed in a bending
test with three-point loading according to
Stürmer et al24, as previously described17,19-21, af-
ter a preload of 1 N, with a displacement rate of
0.01 mm/s. The same parameters as for the
femoral diaphysis were determined. To estimate

moment of inertia in the break-section, the mean
diameter of the metaphysis was measured using a
caliper, assuming that the tibial metaphysis was a
circular beam.

Statistical Analysis
The results are presented as arithmetical

means ± SEM. Statistical estimation was carried
out based on the analysis of variance. After con-
firmation of statistically significant differences in
one-way ANOVA (p < 0.05), further analysis was
carried out by means of Fisher’s LSD post-hoc
test. When appropriate (i.e. in case of a lack of
normality in Shapiro-Wilk’s test or a lack of ho-
mogeneity of variance in Levene’s test), non-
parametric tests were used: Kruskal-Wallis ANO-
VA followed by Mann-Whitney U test. The re-
sults obtained in each experimental group were
compared with those of the NOVX control rats,
and the results of treated OVX rats were com-
pared with the OVX control rats.

Results

Effects of Estrogen Deficiency on
the Skeletal System

In the OVX control rats, an increased body
mass gain in comparison with the NOVX control
rats was observed. Serum estradiol level was sig-
nificantly decreased (Table I), and estrogen-de-
pendent organs, the uterus and thymus, were sig-
nificantly decreased and increased, respectively
(not shown). Serum bone resorption marker, Rat-
Laps, and bone formation marker, osteocalcin,
significantly increased.

Bone mass (not shown) and mass of bone min-
eral in the L-4 vertebra were not significantly af-
fected in the estrogen-deficient control rats
(Table II). Mass of bone mineral in the femur,
and the ratios of bone mineral mass to bone mass
in the femur and L-4 vertebra were significantly
decreased, the ratios of mass of organic sub-
stances to bone mass were unaffected, and the ra-
tios of water mass to bone mass were increased
in comparison with the NOVX controls. More-
over, calcium content in the bone mineral of the
L-4 vertebra was significantly decreased (Table
II). Phosphorus content in the bone mineral was
not affected.

Estrogen deficiency strongly worsened me-
chanical properties of cancellous bone of the tib-
ial metaphysis, decreasing Young’s modulus, as
well as the load, stress and accumulated energy
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for the yield point, maximum load and the frac-
ture points (Table III), and did not affect mechan-
ical properties of compact bone of the femoral
diaphysis (Table IV). The decreasing effect on
the femoral neck strength was not statistically
significant.

Supplementation of the OVX rats with estradi-
ol (0.2 mg/kg p.o.) significantly counteracted the
decrease in the uterus mass (not shown), the de-
crease in the calcium content in the mineral of
the vertebra (Table II) and worsening of the
strength of the tibial metaphysis (Table III).

Effects of Fenugreek on Body Mass Gain
and Serum Levels of Estradiol and
Bone Turnover Markers

Administration of fenugreek seed in the diet
did not affect the body mass gain, whereas ad-
ministration of the fenugreek seed extract de-
creased it in NOVX rats (Table I). Fenugreek
seed and fenugreek seed extract did not affect
serum estradiol level, nor the mass of estrogen-
dependent organs (the uterus and thymus, not
shown) in NOVX and OVX rats. The treatments
also did not significantly affect the bone resorp-
tion and formation markers (RatLaps and osteo-
calcin, respectively). There was no effect of fenu-
greek on serum calcium and phosphorus levels
(not shown).

Effects of Fenugreek on Bone Mass
and Mineralization

Bone mass (not shown) and mass of bone min-
eral were not significantly affected, both in
NOVX and ovariecomized rats, after administra-
tion of pulverized fenugreek seed in the diet and
the fenugreek seed extract in relation to appropri-
ate controls.

Administration of pulverized fenugreek seed
in the diet to NOVX and OVX rats did not affect
the ratios of mass of bone mineral, organic sub-
stances and water to bone mass, as well as calci-
um and phosphorus content in the bone mineral,
in comparison with the appropriate controls
(Table II). The fenugreek seed extract administra-
tion also did not affect those parameters in
NOVX rats, as well as it did not change them in
the femur of OVX rats. However, in the L-4 ver-
tebra of estrogen-deficient rats, the extract ad-
ministration caused further, significant, decrease
in the bone mineral mass/bone mass ratio, and
increase in the bone water mass/bone mass ratio
in relation to the OVX controls (with no effect on
the bone organic substance mass/bone mass ra-
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Effects of fenugreek (Trigonella foenum-graecum L.) seed on bone mechanical properties in rats
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tio). The extract administration also increased the
content of calcium in the bone mineral in the L-4
vertebra in OVX rats.

Effects of Fenugreek on Mechanical
Properties of the Tibial Metaphysis

Administration of pulverized fenugreek seed
in the diet tended to improve the mechanical
properties of cancellous bone of the tibial meta-
physis in rats with normal estrogen levels (Table
III). The energy accumulated to the fracture point
significantly increased in relation to the control
rats. Administration of fenugreek seed extract did
not significantly affect the mechanical properties
of the tibial metaphysis in NOVX rats.

There was a complete lack of any favorable ef-
fect of both the seed and the extract in OVX rats.
Moreover, OVX rats receiving the extract had
significantly decreased the stress in the yield
point (offset 0.05%) in relation to the OVX con-
trols.

Effects of Fenugreek on Mechanical
Properties of the Femur

Administration of pulverized fenugreek seed
in the diet slightly tended to increase the strength
of the femoral diaphysis, both in NOVX and
OVX rats (Table IV). There was a significant in-
crease in the fracture load in OVX rats receiving
fenugreek seed in the diet in relation to the OVX
controls. Administration of the fenugreek seed
extract did not favorably affect the investigated
mechanical parameters of the femoral diaphysis.

Fenugreek administration did not affect the
strength of the femoral neck, both in NOVX and
OVX rats.

Discussion

Functional foods or food supplements may be
of value in prophylaxis of different diseases, in-
cluding osteoporosis. However, the excessive in-
take of some functional foods may induce adverse
effects. Although numerous preparations are avail-
able at the market, their safety in many cases has
not been confirmed25. Fenugreek is available com-
mercially in seed powder capsules, teas, and pul-
verized seeds that can be mixed in water3. There
are also fenugreek extracts marketed16.

In the present study, effects of fenugreek at
two levels of exposure were investigated: the pul-
verized fenugreek seed was added to the diet in
an amount of 1% and the fenugreek seed extract

was administered at a dose of 50 mg of 4-hy-
droxy-L-isoleucine/kg p.o. daily. Although fenu-
greek dose of 1.25% in the laboratory diet has
been regarded as low25, and 50 mg/kg and bigger
doses of particular plant compounds are often
used in pharmacological studies, in our opinion,
the doses used in the present study should be
considered as moderate and high, respectively.
The extract was administered by a gastric tube to
secure exact dosing. The same approach could
not be applied in case of the pulverized fenu-
greek seed, which formed gel-like suspensions in
water, impossible to be administered to the rats
in a reasonable volume. The fenugreek diet or
extract were administered to the rats for 4 weeks,
starting a week after the ovariectomy. Such a pe-
riod of administration was long enough to induce
skeletal effects of substances of plant origin in
our previous studies17,19,26,27.

We have not data concerning the content of
diosgenin, trigonelline and 4-hydroxyisoleucine
in the fenugreek seed batch used in the present
study, and the fenugreek seed extract was stan-
dardized for 4-hydroxy-L-isoleucine only. How-
ever, according to literature data, the average
content of diosgenin, trigonelline and 4-hydroxy-
isoleucine in dried fenugreek seed is of similar
order. For example, Thomas et al28 reported that
the content of 4-hydroxyisoleucine was 0.68-
1.26% and that of diosgenin - 0.57-0.67% in
fenugreek grown in different environments.
Trigonelline content in commercial samples was
0.24%-0.73%29. Taking into account the average
daily food consumption by rats (about 20-30 g)
and the active substance content in the fenugreek
seed, it may be roughly estimated that the rats
administered the extract received even about 10-
times bigger doses of the active compounds than
the rats fed ad libitum with the diet containing
1% of pulverized fenugreek seed.

During life, bone undergoes growth, modeling
and remodeling to enable it preserve the skeletal
functions. Bone strength depends on their mass,
geometry and composition, material properties,
and microstructure30. Bone contains specialized
cells (osteoclasts, osteoblasts and osteocytes) and
mineralized extracellular matrix. There are also
spaces including the bone marrow cavity, bone vas-
culature as well as lacunae and canaliculi surround-
ing the osteocytes and their cytoplasmic process-
es31. In simple, bone is composed of the mineral
(mostly hydroxyapatite), proteins (mainly type I
collagen), water (residing mostly in abovemen-
tioned spaces) and small amount of lipids30.

J. Folwarczna, M. Zych, B. Nowińska, M. Pytlik



Estrogen deficiency induced characteristic in-
creases in bone turnover (both bone formation
and resorption, as indicated by the levels of
serum bone turnover markers), leading to the
changes in bone composition. Estrogen deficien-
cy worsened bone mineralization, decreasing the
ratio of mass of bone mineral to bone mass in the
femur and vertebra and calcium content in the
mineral of the vertebra. There was no effect on
the content of the organic substances, and the
water content in the bones increased. Mechanical
properties of cancellous bone of the tibial meta-
physis were significantly worsened, and there
was no effect on the compact bone of the femoral
diaphysis.

Although addition of 1% of pulverized fenu-
greek seed to the laboratory diet did not affect
bone composition, it resulted in slight improve-
ment in mechanical properties of the rat bones. In
rats with normal estrogen levels, a tendency to
increase the strength of cancellous bone of the
tibial metaphysis was observed, however, in es-
trogen-deficient rats, there was a complete lack
of any favorable effect in relation to the OVX
controls. On the other hand, fenugreek seed in
the diet increased strength of compact bone of
the femoral diaphysis in OVX rats.

The mechanism of favorable effects of the
fenugreek seed added to the diet may be specu-
lated. Trigonelline was reported to exert phytoe-
strogenic activity9. However, as far as potential
estrogenic effects of fenugreek seed as the whole
are concerned, its extracts were reported to exert
rather opposing effects on MCF-7 cells (human
estrogen receptor positive breast cancer cell line):
estrogenic, proliferative32, and inducing
apoptosis33. Based on comparison of the effects
of fenugreek seed added to the diet with those of
supplementation of estradiol in OVX rats, it may
be concluded that the fenugreek seed effects on
the skeletal system were not estrogenic. In con-
trast to the rats fed with fenugreek diet, estradiol
administration significantly increased the mass of
uterus, counteracted the worsening of the me-
chanical properties of cancellous bone and did
not affect those of compact bone.

Diosgenin, present in fenugreek seed as glyco-
sides, has been reported to inhibit osteoclastoge-
nesis8 and to stimulate osteogenic activity of os-
teoblastic cells5 in vitro, as well as to exert some
antiosteoporotic effect in rats treated with its sus-
tained delivery in vivo6,7. However, in our study
diosgenin (50 mg/kg p.o.) did not affect the com-
pact bone, and counteracted the worsening of

cancellous bone strength in estrogen-deficient
rats34, as opposed to the results presented here for
the fenugreek seed and extract.

In previous studies we observed significant
increases in the strength of compact bone after
administration of large doses of Trifolium
pratense and Trifolium medium extracts19 and
after administration of high doses of phenolic
acids35, which also could not be attributed to es-
trogenic activity. It may be speculated that those
effects might be connected with antioxidant ac-
tivity of different polyphenolic compounds,
which are also present in fenugreek seed4,36. In
fact, fenugreek seed has been shown to possess
antioxidant potential37-39.

Administration of the higher dose of fenu-
greek (the fenugreek seed extract) did not signifi-
cantly affect the investigated parameters in rats
with normal estrogen levels, with an exception of
the decreased body mass gain. The decreased
body mass gain after administration of big doses
of fenugreek seed has already been reported25.

In OVX rats, the fenugreek seed extract not
only did not exert a bigger effect on the strength
of the femoral diaphysis (compact bone) than
that of the fenugreek seed, but it induced unfa-
vorable changes in cancellous bone. In the tibial
metaphysis, the mechanical parameters assessed
in the yield point (offset 0.05%) further de-
creased in relation to the OVX controls, indicat-
ing some worsening of material properties. Also
the ratio of mass of bone mineral to bone mass in
the vertebra further decreased, despite the nor-
malization of calcium content in the bone miner-
al. Water content in the bone increased in com-
parison with the OVX control rats. Approximate-
ly 90% of the total volume of bone water resides
in the bone marrow cavity and other spaces men-
tioned above, and the rest is incorporated within
collagen fibrils, hydroxyapatite crystals, and in
submicroscopic channels31. It seems likely that
the increase in the water content in bones of the
OVX rats was the result of the increase in bone
resorption and widening of the spaces filled with
fluids, and that administration of the extract in-
tensified the changes in cancellous bone. Sum-
ming up, the slight favorable effects observed in
rats receiving pulverized fenugreek seed at a
moderate (1%) level in the diet, completely dis-
appeared in rats receiving much bigger dose of
the fenugreek seed in a form of extract. It may be
supposed that the mechanism of fenugreek action
on the skeletal system is probably complex, due
to effects of its different constituents.
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Results of this study are consistent with the re-
sults of Muraki et al25,40, who observed some fa-
vorable effects of lower intake of fenugreek or
fenugreek with reduced bitterness in the diet-in-
duced metabolic disorders, whereas after very
high fenugreek intake (12.3% in the diet) also ad-
verse effects were observed25.

Results of the present study may be of some
practical value. Although the favorable dietary
fenugreek effects were rather weak, the unfavor-
able effects of the extract standardized for 4-hy-
droxyisoleucine should raise concern. Even cur-
sory survey of Internet websites reveals that
fenugreek supplements containing 4-hydroxy-
isoleucine have been used by bodybuilders. Simi-
larly to anabolic steroids, in consequence, they
may turn out dangerous to the skeletal system41.

Conclusions

Low dietary intake of fenugreek seed may ex-
ert slight favorable skeletal effects, whereas at
high doses fenugreek seed may damage the
skeletal system.
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