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INTRODUCTION

Biological menopause, whether natural or surgically induced, is
associated with elevated concentrations of circulating total choles-
terol (TC) and low-density lipoprotein cholesterol (LDL-C), placing
postmenopausal women at greater risk for coronary heart disease
(CHD) (1, 2). Estrogen replacement therapy (ERT) in post-
menopausal women reduces the risk of CHD, in part by modulating
plasma cholesterol levels. However, because of the side effects of
ERT and cholesterol-lowering pharmacological agents, patients
often seek alternative treatments (2-4). 

In Iranian traditional medicine, Cannabis sativa L. (Shadanaj and/or
Shahdaneh in Persian) has been used for various ailments alone or
as part of herbal formulations. Herbal formulations utilizing C. sati-
va L. as the main ingredient have been prescribed for headaches,
insomnia, depression, agoraphobia, uterine hemorrhage and gas-
troenteritis. The historical and traditional use of C. sativa L. in obstet-
rics and gynecology has been reviewed (5). 

Hempseed is a rich source of phytochemicals, including terpenes,
such as cannabinoids, phytoestrogens and n-3- or n-6-polyunsatu-

rated fatty acids. Hempseed oil contains 100-148 g/L of the phyto-
estrogen β-sitosterol (β-Sit), which has been shown to reduce hyper-
cholesterolemia (6). Since ∆9-tetrahydrocannabinol (∆9-THC) was
first identified as marijuana’s primary psychoactive ingredient (7)
great strides have been made in understanding its actions on human
physiology. ∆9-THC and its congeners, known as cannabinoids, exert
their effects by acting at the cannabinoid CB1 and CB2 receptors that
are distributed unequally in all tissues (8). The concentration of THC
in hempseed depends on the type of plant (fiber or drug hemp), as
well as the degree of contamination when harvested (9). THC con-
centrations were found to be < 2 mg/kg in drug hemp (marijuana)
and < 0.5 mg/kg in fiber hemp (9, 10). Therefore, the source and
purity of the seeds are the most important factors determining the
concentration of THC in the seeds. 

We previously found that THC-free hempseed reduced plasma cho-
lesterol levels in rats (11). Numerous studies suggest that phyto-
estrogens increase levels of high-density lipoprotein cholesterol
(HDL-C) while lowering levels of LDL-C in a manner similar to estra-
diol (3). The primary aim of the present study was to investigate
whether hempseed prevents ovarian hormone deficiency-induced
hypercholesterolemia in ovariectomized rats as a model of
menopause (2).
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SUMMARY
Cannabis sativa L. has been used for the treatment of various gynecological diseases in traditional medicine. The potential of this plant to
protect against complications of menopause has been raised but rarely studied. Twenty  female rats were divided into five groups: sham-
operated (sham), ovariectomized (OVX) and three other ovariectomized groups: HST1%, HST2% and HST10% which received 1%, 2% and
10% hempseed, respectively, in their diet for 3 weeks. The effects of hempseed on plasma lipid and lipoprotein profiles, estradiol and calci-
um levels were evaluated. Rats were tested for behavioral changes using the forced swimming test. The results showed that ovariectomy,
independent of the type of diet, caused elevation of plasma calcium, total cholesterol and HDL-cholesterol levels, while hempseed modified
this effect. Plasma estradiol levels were significantly lower in the OVX group compared to other groups. The swimming times for the OVX
and sham groups were significantly shorter than that of the HSD10% group. All hempseed-treated groups were less anxious and showed
significant declines in fecal boli compared to the sham group. The exploratory diving percent decreased in the HST10% group compared
with other groups. These results suggest that hempseed may improve post-ovariectomy complications in rats.
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In women, reduced estrogen levels at menopause are associated
with depression, sleep disturbances, irritability, anxiety, panic disor-
ders and cognitive dysfunction (12). Estrogen receptors, which are
distributed ubiquitously in many regions of the central nervous sys-
tem, are implicated in the modulation of neurobiological systems
(13). Therefore, all preventive and therapeutic strategies that help
premenopausal women to conserve estrogen levels and thus affect
estrogen receptor (ER) activity in the physiological range may delay
cardiovascular and bone loss problems, as well as improve mood
and feelings of general well-being during this climacteric period of
life. Accordingly, the second objective of this study was to evaluate
the effect of hempseed on complications of estrogen deficiency such
as depression, anxiety and possibly impaired cognition in the
ovariectomized rat model of menopause.

MATERIALS AND METHODS

Analysis of dietary fatty acids 

Lipids were extracted with ethyl ether in a straight-through extractor.
The isolated triglycerides were then transesterified to the correspond-
ing methyl esters using potassium hydroxide in methanol. Fatty acid
methyl ester composition was then determined using gas chro-
matography (Hewlett-Packard HP6890) (14).

Animals and diets

The present study was approved by the Laboratory Animal Care
Committee of Urmia University, Western Azerbaijan, Iran. Six-
month-old breeder female Wistar rats with regular 4-day estrus
cycles were used in this experiment. Rats were housed in individual
cages with polyethylene bottoms in a room maintained at 23 ± 1 oC
with a 12-h light/dark cycle (light, 07:00 to 19:00 h). Rats were accli-
matized for 7 days by feeding on a commercial solid diet (Niro–
Sahand Diet Co., Tabriz, Iran). After acclimatization, a bilateral
ovariectomy was performed under anesthesia by intraperitoneal
(i.p.) injection of a ketamine/xylazine cocktail. Rats were fed a com-
mercial solid diet during the 7-day recovery period and were then
divided into five dietary groups (n = 5 in each group) on the basis of
body weight: sham-operated (sham), ovariectomized (OVX) and
three other ovariectomized groups, HST1%, HST2% and HST10%,
which received 1%, 2% and 10% hempseed, respectively, in their diet
for 3 weeks. The sham (non-ovarectiomized) and OVX groups
received a standard commercial diet (Niro–Sahand Diet Co., Tabriz,
Iran), while HST1%, HST2%, and HST10% groups received 1%, 2%
and 10% whole hempseed plus 99%, 98% and 90% standard com-
mercial diet, respectively. The compositions of the experimental
diets are shown in Table I. The fatty acid composition and lipid char-
acteristics of hempseed and commercial food pellets are shown in
Table II. Diets were freshly prepared each week and stored at 4 oC
until required. All rats were given free access to food and water over
21 days. Body weight was measured on the first and last day of the
study. 

Forced swimming test (FST) 

Rats were initially exposed for 15 min to the swimming apparatus
(individual glass cylinders, 20 cm diameter, 46 cm height, 30 cm
water depth and 23-25 °C water temperature) 24 h prior to their test

session (15). Swimming sessions were conducted 16 days after the
dietary change. Each rat was forced to swim for 5 min and then
removed from the cylinder, dried with paper towels and placed in
heated cages for 30 min, before returning to their home cages. The
tests were run between 19:00 and 22:00 h. A single observer who
was blind to the treatment conditions did all of the behavioral scor-
ing. The cumulative fecal boli output was recorded during the FST as
a measure of stress. 

Behavioral scoring 

A time-sampling technique was employed to score three different
behaviors during FST. The following behaviors were rated 2 min after
the beginning of the test: 1) immobility– floating in the water with-
out struggling, and doing only necessary movements to keep the
head above the water; 2) swimming– showing moderately active
motions around in the cylinder, more than necessary to merely keep
the head above water; and 3) diving– presenting active vigorous
exploratory movements with complete head and body dipping, usu-
ally directed against the bottom of the cylinders. The exploratory
diving percent was considered a cognitive behavior. 

Blood collection

On the last day of the experiment (day 21), after a 14- to 16-h fast,
anesthesia was administered by an i.p. ketamine/xylazine injection
and a blood sample was collected into a collection tube containing
heparin via cardiac puncture. Plasma was separated by centrifuga-
tion at 1400 × g at 4 oC for 15 min, and stored at –20 oC until analy-
sis. After blood collection, the rats were decapitated and the abdom-
inal fat was removed, washed with cold saline, blotted dry on filter
paper and weighed.

Chemical analysis

Plasma concentrations of TC, LDL-C and triglycerides (TGs) were
enzymatically determined with commercial diagnostic kits (ELITech
Diagnostic, France). Plasma HDL-C levels were determined by an
immunoinhibition method (ELITech Diagnostic, France). Calcium
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Table I. Macronutrient content of sources of diet.

Energy Protein Carbohydrate Fat Fiber
Diet (Kcal/kg) (%) (%) (%) (%)

Standard chow 2600 23.0 62.0 10.0 5.0

Hempseed 5030 22.5 35.8 22.9 35.0

Table II. Lipid characteristics of sources of diet.

Oil SFAs UFAs PUFA MUFA
Source (%) (%) (%) (%) (%) n6/n3

Standard chow 10.0 79 21 1.2 11.1 0.00

Hempseed 22.9 13 87 64.2 20.9 2.82

SFAs, saturated fatty acids; UFAs, unsaturated fatty acids; PUFA, polyunsat-
urated fatty acids; MUFA, monounsaturated fatty acids.

HEMPSEED FOR COMPLICATIONS OF MENOPAUSE A. Saberivand et al.



concentrations were measured by atomic absorption spectropho-
tometry (Spectrophotometer 400; Perkin-Elmer Cetus, Norwalk,
USA). Samples were previously diluted with lanthanum oxide solu-
tion (1 g/L; Carlo Erba Reagenti, Val de Reuil, France). Plasma 17β-
estradiol (E2) was measured by radioimmunoassay using an
Immuchen kit (ICN Pharmaceuticals, Inc., Costa Mesa, USA). The
assay sensitivity was 10 pg/mL, and the intra-assay coefficient of
variation was 12.26%.

Statistics

Comparisons between group means were made using one-way
analysis of variance (ANOVA). When an effect was statistically signif-
icant (P < 0.05), mean comparisons were done by post hoc compar-
isons with a Tukey HSD multiple comparison test. Results are
expressed as mean ± SEM. The analysis was carried out using SPSS
version 16 (Chicago, USA). 

RESULTS

The extracted hempseed oil (22.94%) contained considerable
amounts of linoleic acid (46.99%), oleic acid (19.90%), α-linolenic
acid (16.66%) and palmitic acid (8.25%), while stearic acid (4.46%),
eicosenoic acid (0.53%) and arachidic acid (0.08%) were low. The
distribution of saturated and unsaturated fatty acids was 13% and
87%, respectively. The standard commercial pellet contained sub-
stantial amounts of palmitic acid (51.56%) and stearic acid (20.01%)
and very low amounts of other fatty acids. The lipid characteristics of
the source of diets are shown in Table II.

Throughout the experimental period, the mean body weight of the
rats in the HST1% and HST2% groups decreased, while that of rats
in the sham and OVX groups increased. The mean body weight of
rats in the HTS10% group remained approximately constant
(Table III). The abdominal fat mass of the OVX group and rats treat-
ed with hempseed was similar to sham rats, but the differences
between rats treated with hempseed and the OVX group were
significant (P < 0.05). Hempseed-treated rats had similar food
intake, regardless of the amount of dietary hempseed (data not
shown).

To evaluate effects on lipid profile induced by hempseed treatment,
plasma concentrations of TGs, TC, HDL-C and LDL-C were deter-
mined (Table IV). No significant differences were observed for TGs

and LDL-C among experimental groups. Plasma TC levels were sig-
nificantly lower in the sham and HSD2% groups than in the OVX,
HSD1% and HSD10% groups. HDL-C levels were significantly lower
in the sham and HSD2% groups when compared to those of the
OVX, HSD1% and HSD10% groups. Although the plasma calcium
concentrations were significantly higher in the OVX group than
those of the sham group, there was no significant difference in calci-
um concentrations for the other experimental groups (Table IV).
Plasma E2 levels of the OVX group decreased to one-third of those
of the sham group (P < 0.05; Table IV), but plasma levels of E2 in the
hempseed-treated groups were restored to similar levels obtained
for the  sham group (P > 0.05; Table IV). The swimming times for the
OVX and sham groups were significantly shorter than those animals
that had been treated with a hempseed-supplemented diet (Table
V). The HST10% group had by far the longest swim times of all the
test animals. Fecal boli numbers decreased (P > 0.05) in the OVX
group but were not significantly different than the sham group, while
hempseed-treated groups exhibited lower fecal boli numbers than
the OVX group (P > 0.05). All hempseed-treated groups showed a
significant decline in fecal boli numbers when compared to the
sham group. The exploratory diving percent decreased significantly
in the HST10% group, but it decreased moderately in the OVX group
relative to the sham group (P > 0.05). Furthermore, the exploratory
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Table III. Body weight and abdominal fat mass during the  experiment.

Treatment 
group Initial body Final body Abdominal
(n = 5) weight (g) weight (g) fat mass *(g)

Sham 211.80 ± 9.73 215.8 ± 16.05 7.94ab ± 3.46

OVX 256.6 ± 51.07 264.2 ± 49.71 4.51b ± 0.28

HST1% 256.2 ± 19.17 250.4 ± 22.22 6.44a ± 0.09

HST2% 254.0 ± 21.13 242.8 ± 21.37 6.37a ± 1.75

HST10% 265.8 ± 36.41 266.2 ± 32.69 10.25a ± 0.35

Data are mean ± SEM. OVX, ovariectomy; HST, ovariectomized rats treated
with 1% (HST1%), 2% (HST2%) and 10% (HST10%) of hempseed, respective-
ly. *Values with various superscripts are significantly (P < 0.05) different in
the column.

Table IV. Effect of hempseed on serum parameters of ovariectomized rats on the last day of the experiment.

Group (n = 5)

Sham OVX HST1% HST2% HST10%

TGs (mg/dL) 34.6 ± 5.68a 30.8 ± 5.89a 33.2 ± 6.53a 32.2 ± 9.36a 31.4 ± 14.58a

TC (mg/dL) 72.2 ± 5.40a 97.2 ± 7.01b 87.0 ± 8.86cb 79.8 ± 0.67eadc 87.0 ± 9.13db

HDL-C (mg/dL) 56.6 ± 8.79a 85.6 ± 5.17b 74.0 ± 7.44bc 62.8 ± 7.46ac 76 ± 8.74bc

LDL-C (mg/dL) 12.0 ± 4.30a 13.6 ± 2.79a 11.6 ± 1.67a 11.4 ± 3.20a 10.6 ± 1.51a

Calcium (mg/dL) 9.21 ± 0.50a 9.87 ± 0.17b 9.61 ± 0.20ab 9.75 ± 0.17ab 9.36 ± 0.34ab

17β-Estradiol (pg/dL) 7.10 ± 0.45a 2.13 ± 0.39b 6.88 ± 0.37a 7.02 ± 0.52a 6.67 ± 0.45a

Data are mean ± SEM. Values with various superscripts are significantly (P < 0.05) different in the row.

A. Saberivand et al. HEMPSEED FOR COMPLICATIONS OF MENOPAUSE



diving percent was not different between the HST1%, HST2% and
sham groups (Table V). 

DISCUSSION 

The effects of hempseed were evaluated in 6-month-old ovariec-
tomized rats fed a hempseed-supplemented diet for 3 weeks after
surgery and compared with ovariectomized and sham-operated con-
trols which were fed normal rat chow. The antidepressant activity of
hempseed was examined using FST, and plasma lipids, lipoprotein,
E2 and total calcium levels were considered as endpoints. The dura-
tion of this study was shorter than the majority of similar studies (16,
17) using ovariectomized rats to control for synthesis and release of
E2 from extra-ovarian organs (18-20). E2 levels in ovariectomized rats
were 75% of normal values 8 weeks after ovariectomy (16). As previ-
ously reported (17), both subcutaneous adipose and liver tissues con-
tributed to the extragonadal aromatization to promote circulating E2
levels in rats along with time after ovariectomy; the adrenal compen-
sation might also be naturally activated. The body fat of ovariec-
tomized rats increased significantly (21), possibly due to the activity of
adipose mesenchymal cells, which might be closely related to the
higher aromatase expression along with time after ovariectomy (17).
In this study, the nonsignificant difference of abdominal fat mass in
hempseed-treated rats compared with sham animals may be due to
the finding that there were no statistical disparities between these
groups in E2 levels, while hempseed-treated rats showed significant-
ly higher abdominal fat mass and E2 levels than the OVX group. 

Recently, it has been found that the activation of the cannabinoid
CB2 receptor attenuates ovariectomy-induced bone loss in mice (22).
∆9-THC, which is found in hempseed, is a partial agonist for both
cannabinoid CB1 and CB2 receptors (8). According to these studies, it
is proposed that hempseed may decrease osteoporosis via activation
of the CB2 receptor. Generally, results have shown that ovariectomy,
independent of the type of diet, caused elevation of plasma calcium
levels, but hempseed nonsignificantly modified this effect. There is
certainly a close relationship between the abnormality in calcium
homeostasis and the accelerated bone mass loss that occurs in the
early stage of menopause (23). As previously reported (23, 24),
serum calcium concentrations were significantly greater in post-
menopausal women as compared with control premenopausal
women. 

Among the several hormones and cytokines that control bone
metabolism, estrogen, as a reproductive hormone, plays different
roles in the maintenance of bone homeostasis (25). Estrogen has a
distinct vitamin D-independent effect at the genomic level of active
duodenal calcium absorption mechanisms, mainly through a major

upregulation of the transient receptor potential channel TRPV6 (26).
Estrogen tends to have more of a bone-sparing effect than nutrition-
al intervention (e.g., calcium and vitamin D supplement) in healthy
postmenopausal women (25). In this study, supplementation of
hempseed prevented the considerable decline of estrogen relative to
the sham group. On the other hand, the maintenance of estrogen in
the normal range prevented increased bone resorption and the
accrual of blood calcium. A high dietary ratio of n-6/n-3 polyunsat-
urated fatty acids (PUFAs) is believed to reduce bone formation
capacity and cause greater bone resorption activity through
increased endogenous production of prostaglandin E2 (PGE2) (27). In
contrast, the levels of urinary pyridinium cross-links (biomarkers of
bone resorption) were significantly higher in rats fed an n-6 PUFA
diet compared with those fed an n-3 PUFA diet (28). Different
dietary ratios of n-6/n-3 PUFAs were also tested in piglets for their
effects on growth and bone metabolism, revealing that higher n-3
PUFA levels in the blood were associated with lower bone resorption
(29). The protective effect of n-3 PUFAs on bone loss was also shown
in ovariectomized rodents. For example, an eicosapentaenoic acid-
enriched diet was effective in minimizing bone loss in ovariectomized
rats (30), and feeding fish oil to ovariectomized mice also attenuat-
ed bone loss (31). In this study, the ratios of n-6/n-3 PUFAs in
hempseed-enriched diets were 0.03, 0.06 and 0.30, respectively, in
the HST1%, HST2% and HST10% groups. Therefore, the normal
ranges of blood calcium in hempseed-treated rats may be related to
the protective impact of low n-6/n-3 PUFA ratios of the respective
diets on bone loss. 

As previously reported, ovariectomy resulted in a significant weight
gain, most likely brought about by increased food intake. In this
study, the first observation was that hempseed could prevent weight
gain induced by ovariectomy and reduce the body weight gain below
the values observed in the sham group. This implies that any other
changes related to hempseed cannot be attributed to a change in
body weight. Hempseed nonsignificantly altered the partitioning of
fat distribution. The abdominal fat mass increased in hempseed-
treated rats compared to the OVX group. These changes are not
related to food intake because all groups were not different in terms
of food intake (data not shown). Estrogen replacement resulted in a
significant reduction in body weight in ovariectomized rats, indicat-
ing that the low estrogen level in ovariectomized rats was responsi-
ble for the increase in body weight (32). Accordingly, estrogen
replacement also resulted in an attenuation of the increased food
intake observed in ovariectomized rats via the ERß receptor in the
central nervous system (33). In this study, the constancy of estrogen
concentration in the hempseed-treated ovariectomized rats may
prevent the increase in body weight gain above the values observed
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Table V. Effect of hempseed on behavioral categories of ovariectomized rats.

Group (n = 5)

Sham OVX HST1% HST2% HST10%

Swimming time (s) 78.8 ± 25.06a 63.2 ± 29.57ac 92.8 ± 38.09acb 93.0 ± 27.59acb 137.80 ± 22.70b

Fecal boli no. 7.4 ± 3.57a 5.8 ± 2.48ab 3.8 ± 0.83b 3.6 ± 3.28b 4.0 ± 3.67b

Exploratory diving (%) 0.8 ± 0.27a 0.6 ± 0.17b 0.8 ± 0.34a 0.8 ± 0.40a 0.2 ± 0.09c

Data are mean ± SEM. Values with various superscripts are significantly (P < 0.05) different in the row.
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in the sham group. Body weights of male and female rats exposed
to the phytoestrogen genistein at any dose level examined were
lower than those of controls (34). Pure ∆9-THC and its metabolites
did not interact with the ER, while apigenin, the aglycone of a
flavonoid phytoestrogen found in cannabis, displayed high affinity
for the ER (35). 

The capacity for plant sterols to affect de novo cholesterol synthesis
is known to occur in the human disorder sitosterolemia.
Sitosterolemic patients experience impaired whole-body de novo
cholesterol synthesis by downregulation of key synthetic enzymes
(36), and this sensitivity suggests that de novo cholesterol synthesis
in other species may also be impaired by phytosterol exposure.
Therefore, the level of phytoestrogens present in a diet of hempseed
and/or a possible increase in plasma E2 following intake of the
hempseed may prevent unwanted dyslipidemia that usually occurs
after ovariectomy. Although the amount of β-Sit in the hempseed-
supplemented diets in the present study may be negligible, the non-
significant difference of LDL-C levels among hempseed-treated and
the sham group reflects an improvement of the lipid profile follow-
ing hempseed intake. Also, the decline of HDL-C in hempseed-treat-
ed groups compared to the OVX group further confirms the hypoth-
esis that cholesterol biosynthesis decreased in the presence of
hempseed. The present study is in agreement with the observations
of Scott et al., who showed that estrogens decrease both LDL-C and
HDL-C plasma levels in rats (37). One striking result of our study is
the potential of hempseed to prevent dramatic plasma level
increases of both LDL-C and HDL-C in rats following ovariectomy.
Previously, we demonstrated that hempseed that contained high
levels of THC led to hypercholesterolemia in guinea pigs (38), while
THC-free hempseed improved the lipid profiles of rats (11). Dietary
hempseed prevented ovariectomy-induced hypertriglyceridemia
and conserved TG levels close to those of the sham group. The high
content of UFAs, especially high PUFA, prevented the elevation of TC
and TGs in hempseed-treated groups, most obviously in the rats
treated with HST10%. 

Anxiety and depression are major symptoms in postmenopausal
women. Decreased blood levels of sex hormones are thought to be
involved in these disorders, as postmenopausal syndrome is signifi-
cantly improved by hormone replacement therapy utilizing a com-
bined estrogen–progesterone regimen (40). Systemic administra-
tion of sex hormones, for example estrogen and progesterone,
modifies the affective behavior of ovariectomized rats (41). Estrogen
may have different effects on “anxiety” responses under different
conditions. In the elevated plus maze, E2 has shown an anxiolytic-
like action in estradiol-treated ovariectomized rats (42). In contrast,
E2-treated ovariectomized females interacted less with the partner
animal in the social interaction test compared with controls, sug-
gesting anxiogenic-like effects that have not been reversed by
administration of progesterone (42). E2 possesses long-lasting anti-
depressant-like effects in the FST (43). In the present study, expo-
sure to a water-filled cylinder in the FST is considered anxiogenic,
and decreased defecation in hempseed-treated rats suggests that
those animals were less stress-responsive than the OVX group
(P > 0.05) and sham rats (P < 0.05). Likewise, the smaller number of
fecal boli (P > 0.05) observed in the OVX group suggests that rats
devoid of E2 may be slightly less anxious than sham rats (P > 0.05).
Increased defecation and urination are considered to reflect stimula-

tion of autonomic responses in stress (44). In this study, the anxiety
level of the all the ovariectomized rats independent of the type of
diet was lower than that of the sham rats. However, only hempseed-
treated groups showed significant differences compared to the
sham group (P < 0.05). In the FST we observed that all three
hempseed-treated groups had similar increases in swim time. The
swimming time of the HST10% group was significantly different
(P < 0.05) than both the sham and OVX groups. 

The antidepressant activity of hempseed could be the result of its
main phytochemicals, such as phytoestrogens and/or phyto-
cannabinoids. The antidepressant activity of other phytoestrogens,
such as quercetin and anthocyanins, was reported (45, 46). The anti-
depressant-like actions of oral apigenin treatment have been report-
ed in rats and mice (47). However, it is possible that other factors
that were not measured may be acting as antidepressants, since in
the present study it has been demonstrated that scores for depres-
sion were reduced after hempseed treatment without concomitant
changes in serum estradiol levels. The antidepressant-like effect of
hempseed appears to depend, at least partially, on its ER agonist
properties. Furthermore, manipulation of the endocannabinoid sys-
tem due to the presence of ∆9-THC or possibly other cannabinoids
that are found in hempseed may also be involved. Altered function
of the endocannabinoid system is attributed to depressive behaviors
and the potential of endocannabinoid metabolism modulators as
therapeutics for the treatment of depression is currently the subject
of considerable research (48). Bambico et al. (49) have shown that
CB1 agonists possess antidepressant-like properties in rats, while the
CB1 antagonist rimonabant, which is currently used for obesity man-
agement, increased the adverse effects of depression and anxiety
(50). 

The present study assumes that diving by the rats is an active behav-
ior that circumstantially shows an exploratory behavior. Exploratory
diving was considerably decreased for the HST10% group, while the
HST1% and HST2% groups showed a moderate increase when com-
pared to the OVX group. This means that the high amount of
hempseed in the diet may increase fear or decrease exploratory
behavior. One criticism of this study was that the frequency of diving
was assessed as an exploratory behavior in lieu of the duration of the
diving. Struggling, swimming and diving behaviors were all classi-
fied as active behaviors (15). Finally, the HST10% group showed
overt antidepressant-like activity compared to the sham group, since
at this amount (10%) hempseed increased the swimming time, while
it decreased fecal boli numbers in the FST paradigm. 

In this study, rats were fed amounts of hempseed which mimic the
amounts that are generally consumed daily by humans from nuts or
maximally as a part of the meal. Dietary exposure to hempseed
resulted in desirable and acceptable effects on the prevention of
weight gain, dyslipidemia, depression and anxiety that occurred fol-
lowing ovariectomy in a rat model of menopause. Hempseed also
showed a putative osteoprotective effect by preventing abrupt
changes of blood calcium levels. However, in order to develop a
hempseed-based food additive or supplement for the treatment of
estrogen deficiency-related complications, more research will be
needed to identify the active ingredients in hempseed, as well as the
mechanism that mediates the action of hempseed in vivo.

471THOMSON REUTERS – Methods and Findings in Experimental and Clinical Pharmacology 2010, 32(7)

A. Saberivand et al. HEMPSEED FOR COMPLICATIONS OF MENOPAUSE



DISCLOSURES

This project was financed by Biotechnology Research Center, Urmia
University, Urmia, Iran.

REFERENCES

1. Ginsberg, H.N., Goldberg, I.J. Disorders of intermediary metabolism. In:
Harrison’s Principles of Internal Medicine, 15th Ed. E. Braunwald, A.S.
Fauci, D.L. Kasper, S.L. Hauser, D.L. Longo, J.L. Jameson (Eds.).
McGraw-Hill Medical Publishing Division: New York 2001, 2245-57.

2. Matsumoto, J., Erami, K., Ogawa, H., Doi, M., Kishida, T., Ebihara, K.
Hypocholesterolemic effects of microbial protease-resistant fraction of
Katsuobushi in ovariectomized rats depend on the both oil and undigested
protein. J Nutr Sci Vitaminol (Tokyo) 2007, 53(6): 508-14.

3. Wuttke, W., Jarry, H., Westphalen, S., Christoffel, V., Seidlova-Wuttke, D.
Phytoestrogens for hormone replacement therapy? J Steroid Biochem Mol
Biol 2002, 83(1-5): 133-47.

4. Gallo, D., Zannoni, G.F., Apollonio, P. et al. Characterization of the phar-
macologic profile of a standardized soy extract in the ovariectomized rat
model of menopause: Effects on bone, uterus, and lipid profile. Menopause
2005, 12(5): 589-600.

5. Russo, E. Cannabis treatments in obstetrics and gynecology: A historical
review. J  Cannabis Ther 2002(3/4): 5-34.

6. Leizer, C, C., Ribnicky, D., Poulev, A., Dushenkov, S., Raskin, I. The com-
position of hemp seed oil and its potential as an important source of nutri-
tion. J Nutraceutical Func Med Foods 2000, 2(4): 35-53.

7. Gaoni, Y., Mechoulam, R. Isolation, structure, and partial synthesis of an
active constituent of hashish. J Am Chem Soc 1964, 86(8): 1646-7.

8. Pertwee, R.G. Cannabinoid pharmacology: The first 66 years. Br J
Pharmacol 2006, 147(Suppl. 1): S163-71.

9. Ross, S.A., Mehmedic, Z., Murphy, T.P., Elsohly, M.A. GC-MS analysis of
the total delta9-THC content of both drug- and fiber-type cannabis seeds.
J Anal Toxicol 2000, 24(8): 715-7.

10. Small, E., Marcus, D. Tetrahydrocannabinol levels in hemp (Cannabis sati-
va) germplasm resources. Econ Bot 2003, 57(4): 545-58.

11. Karimi, I., Hayatghaibi, H. Effect of Cannabis sativa L. seed (hempseed) on
lipid and protein profile of rat. Pak J Nutr 2006, 5(6): 585-8.

12. Lund, T.D., Rovis, T., Chung, W.C.J., Handa, R.J. Novel actions of estrogen
receptor-beta on anxiety-related behaviors. Endocrinology 2005, 146(2):
797-807.

13. Weiser, M.J., Foradori, C.D., Handa, R.J. Estrogen receptor beta in the
brain: From form to function. Brain Res Rev 2008, 57(2): 309-20.

14. Baúci, E., Bruehl, L., Aitzetmuller, K., Altan, Y. A chemotaxonomic
approach to the fatty acid and tocochromanol content of Cannabis sativa
L. (Cannabaceae), Turk J Bot 2003, 27(2): 141-7.

15. Porsolt, R.D., Bertin, A., Jalfre, M. “Behavioural despair” in rats and mice:
Strain differences and the effects of imipramine. Eur J Pharmacol 1978,
51(3): 291-4.

16. Latour, M.G., Shinoda, M., Lavoie, J.M. Metabolic effects of physical train-
ing in ovariectomized and hyperestrogenic rats. J Appl Physiol 2001, 90(1):
235-41.

17. Zhao, H., Tian, Z., Hao, J., Chen, B. Extragonadal aromatization increases
with time after ovariectomy in rats. Reprod Biol Endocrinol 2005, 3: 6.

18. Simpson, E.R., Mahendroo, M.S., Means, G.D. et al. Aromatase
cytochrome P450, the enzyme responsible for estrogen biosynthesis.
Endocr Rev 1994, 15(3): 342-55.

19. Nelson, L.R., Bulun, S.E. Estrogen production and action. J Am Acad
Dermatol 2001, 45(3, Suppl.): S116-24.

20. Muir, M., Romalo, G., Wolf, L., Elger, W., Schweikert, H.-U. Estrone sulfate
is a major source of local estrogen formation in human bone. J Clin
Endocrinol Metab 2004, 89(9): 4685-92.

21. Davidge, S.T., Zhang, Y., Stewart, K.G. A comparison of ovariectomy mod-
els for estrogen studies. Am J Physiol Regul Integr Comp Physiol 2001,
280(3): R904-7.

22. Bab, I., Zimmer, A. Cannabinoid receptors and the regulation of bone
mass. Br J Pharmacol 2008, 153(2): 182-8.

23. Masse, P.G., Dosy, J., Jougleux, J.-L., Caissie, M., Howell, D.S. Bone min-
eral density and metabolism at an early stage of menopause when estro-
gen and calcium supplement are not used and without the interference of
major confounding variables. J Am Coll Nutr 2005, 24(5): 354-60.

24. Garnero, P., Sornay-Rendu, E., Claustrat, B., Delmas, P.D. Biochemical
markers of bone turnover, endogenous hormones and the risk of fractures
in postmenopausal women: The OFELY study. J Bone Miner Res 2000,
15(8): 1526-36.

25. Jensen, C., Holloway, L., Block, G. et al. Long-term effects of nutrient inter-
vention on markers of bone remodeling and calciotropic hormones in late-
postmenopausal women. Am J Clin Nutr 2002, 75(6): 1114-20.

26. Van Cromphaut, S.J., Rummens, K., Stockmans, I. et al. Intestinal calcium
transporter genes are upregulated by estrogens and the reproductive cycle
through vitamin D receptor-independent mechanisms. J Bone Miner Res
2003, 18(10): 1725-36.

27. Watkins, B.A., Li, Y., Lippman, H.E., Feng, S. Modulatory effect of omega-
3 polyunsaturated fatty acids on osteoblast function and bone metabo-
lism. Prostaglandins Leukot Essent Fatty Acids 2003, 68(6): 387-98.

28. Kelly, O., Cusack, S., Jewell, C., Cashman, K.D. The effect of polyunsatu-
rated fatty acids, including conjugated linoleic acid, on calcium absorption
and bone metabolism and composition in young growing rats. Br J Nutr
2003, 90(4): 743-50.

29. Weiler, H.A., Fitzpatrick-Wong, S.C. Modulation of essential (n-6):(n-3)
fatty acid ratios alters fatty acid status but not bone mass in piglets. J Nutr
2002, 132(9): 2667-72.

30. Sakaguchi, K., Morita, I., Murota, S. Eicosapentaenoic acid inhibits bone
loss due to ovariectomy in rats. Prostaglandins Leukot Essent Fatty Acids
1994, 50(2): 81-4.

31. Fernandes, G., Lawrence, R., Sun, D. Protective role of n-3 lipids and soy
protein in osteoporosis. Prostaglandins Leukot Essent Fatty Acids 2003,
68(6): 361-72.

32. Richard, D., Rochon, L., Deshaies, Y., Denis, R. Effects of exercise training
on energy balance of ovariectomized rats. Am J Physiol 1987, 253(5, Pt. 2):
R740-5.

33. Liang, Y.Q., Akishita, M., Kim, S. et al. Estrogen receptor beta is involved in
the anorectic action of estrogen. Int J Obes Relat Metab Disord 2002,
26(8): 1103-9.

34. Nagao, T., Yoshimura, S., Saito, Y., Nakagomi, M., Usumi, K., Ono, H.
Reproductive effects in male and female rats of neonatal exposure to genis-
tein. Reprod Toxicol 2001, 15(4): 399-411.

35. Sauer, M.A., Rifka, S.M., Hawks, R.L., Cutler, G.B. Jr., Loriaux, D.L.
Marijuana: Interaction with the estrogen receptor. J Pharmacol Exp Ther
1983, 224(2): 404-7.

36. Salen, G., Shore, V., Tint, G.S. et al. Increased sitosterol absorption,
decreased removal, and expanded body pools compensate for reduced
cholesterol synthesis in sitosterolemia with xanthomatosis. J Lipid Res
1989, 30(9): 1319-30.

37. Lundeen, S.G., Carver, J.M., McKean, M.L., Winneker, R.C.
Characterization of the ovariectomized rat model for the evaluation of
estrogen effects on plasma cholesterol levels. Endocrinology 1997, 138(4):
1552-8.

472 THOMSON REUTERS – Methods and Findings in Experimental and Clinical Pharmacology 2010, 32(7)

HEMPSEED FOR COMPLICATIONS OF MENOPAUSE A. Saberivand et al.



38. Hayatgheybi, H., Karim, I. Hypercholesterolemic effect of drug-type
Cannabis sativa L. seed (marijuana seed) in guinea pig. Pak J Nutr 2007,
6(1): 59-62.

39. Mendelsohn, M.E., Karas, R.H. The protective effects of estrogen on the
cardiovascular system. N Engl J Med 1999, 340(23): 1801-11.

40. Linzmayer, L., Semlitsch, H.V., Saletu, B. et al. Double-blind, placebo-con-
trolled psychometric studies on the effects of a combined estrogen-prog-
estin regimen versus estrogen alone on performance, mood and personali-
ty of menopausal syndrome patients. Arzneimittelforschung 2001, 51(3):
238-45.

41. Frye, C.A., Walf, A.A. Estrogen and/or progesterone administered system-
ically or to the amygdala can have anxiety-, fear-, and pain-reducing effects
in ovariectomized rats. Behav Neurosci 2004, 118(2): 306-13.

42. Koss, W.A., Gehlert, D.R., Shekhar, A. Different effects of subchronic doses
of 17-beta estradiol in two ethologically based models of anxiety utilizing
female rats. Horm Behav 2004, 46(2): 158-64.

43. Estrada-Camarena, E., Fernandez-Guasti, A., Lopez-Rubalcava, C.
Antidepressant-like effect of different estrogenic compounds in the forced
swimming test. Neuropsychopharmacology 2003, 28(5): 830-8.

44. Bouvier, M. [Physiology of fecal continence and defecation]. Arch Int
Physiol Biochim Biophys 1991, 99(5): A53-63.

45. Anjaneyulu, M., Chopra, K., Kaur, I. Antidepressant activity of quercetin, a
bioflavonoid, in streptozotocin-induced diabetic mice. J Med Food 2003,
6(4): 391-5.

46. Rubio, J., Caldas, M., Davila, S., Gasco, M., Gonzales, G.F. Effect of three
different cultivars of Lepidium meyenii (Maca) on learning and depression
in ovariectomized mice. BMC Complement Altern Med 2006, 6: 23.

47. Yi, L.-T., Li, J.-M., Li, Y.-C., Pan, Y., Xu, Q., Kong, L.-D. Antidepressant-like
behavioral and neurochemical effects of the citrus-associated chemical
apigenin. Life Sci 2008, 82(13-14): 741-51.

48. Mangieri, R.A., Piomelli, D. Enhancement of endocannabinoid signaling
and the pharmacotherapy of depression. Pharmacol Res 2007, 56(5):
360-6.

49. Bambico, F.R., Katz, N., Debonnel, G., Gobbi, G. Cannabinoids elicit anti-
depressant-like behavior and activate serotonergic neurons through the
medial prefrontal cortex. J Neurosci 2007, 27(43): 11700-11.

50. Bronander, K.A., Bloch, M.J. Potential role of the endocannabinoid recep-
tor antagonist rimonabant in the management of cardiometabolic risk: A
narrative review of available data. Vasc Health Risk Manag 2007, 3(2): 181-
90.

473THOMSON REUTERS – Methods and Findings in Experimental and Clinical Pharmacology 2010, 32(7)

A. Saberivand et al. HEMPSEED FOR COMPLICATIONS OF MENOPAUSE

View publication statsView publication stats

https://www.researchgate.net/publication/47743299

