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This paper presents the results of the study of the effects of Azerbaijan-grown
saffron (Crocus sativus L. Iridaceae) on the blood level of follicle-stimulating
hormone (FSH) and a number of offspring in female rats, as well as on the
blood level of testosterone and sexual behavior in male rats. The findings
revealed a decrease in blood levels of FSH in 12-month-old female rats as
compared to the control group (comprising animals of the same age that did
not receive the saffron extract), as they approximated the registered levels of
6-month-old female rats. Saffron increased the blood level of testosterone as
compared to untreated controls, which did not receive saffron. Per os
administration of saffron also resulted in a notable increase in the number of
pups from female rats which had received the saffron extract prior to pairing
with the intact males, as well as manifested stimulation of proceptive and
receptive components of sexual behavior in male rats.
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INTRODUCTION

Population aging is a matter of concern
in most developed and developing countries [13,
10]. To this point, the objective of modern
physiology, gerontology, and medicine is to
extend the active period of life and maintain
reproductive health. The reproductive system is
one of the most important systems of the entire
body, and age-related decline in reproductive
functions is one of the manifestations of
biological aging in humans and animals [3,14].
The activity of the reproductive system is
related directly to age, and the levels of sex
hormones reflect and determine the biological
age of a person. As the body grows older, the
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function of the sex glands gradually decreases
until it fades completely. This is particularly
manifest in women in the form of a complex
multifaceted symptom (syndrome) called
menopause. It is noteworthy that in the last 150
years women’s life expectancy following the
onset of menopause has significantly increased;
currently, women spend approximately one-
third of their lives in an estrogen-deficient state,
which makes the medical and social status of
middle- and senior-aged women a matter of
acute concern [9].

Prevention and correction of premature
aging are the key issues facing anti-aging
medicine and preventive geriatrics. They make
the studies of properties of plant-derived
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medicines extremely relevant; according to
WHO the global market for these substrates is
steadily growing, in particular, in Europe and
Central Asia [12].

Saffron is of particular interest in this
context, as it is known for its healing properties
since ancient times. Modern pharmacological
research methods make it possible to study the
molecular mechanisms of effects of saffron,
widely applied in ancient phytotherapy. By now,
sufficient data has been accumulated to indicate
the stimulating effects of saffron extract and its
elements on the sexual behavior of experimental
animals [4, 6, 11]. Kashani L. et al. in the study
of the effects of the aqueous extract from the
stigmas of saffron on serum levels of follicle-
stimulating hormone, luteinizing hormone,
progesterone, and estrogen, as well as
folliculogenesis in 45 adult rats, revealed that
administration of the aqueous extract from the
stigmas of saffron at a dose 80 mg/kg
significantly upregulated the serum levels of all
studied hormones as well as a number of basic,
secondary and tertiary follicles in treated rats
[8]. Clinical studies also show the effectiveness
of saffron in the treatment of premenstrual
syndrome (PMS). For example, the double-
blind and placebo-controlled trial on women
aged 20-45 years, who have a regular menstrual
cycle and PMS symptoms, revealed that oral
administration of the saffron capsules at a dose
of 30 mg/day (15 mg twice a day, morning and
evening) for the duration of two menstrual
cycles reduced the severity of PMS symptoms
[1].

The above-mentioned discoveries speak in
favor of investigating the effects of saffron on
the functioning of reproductive systems in both
sexes, in the experimental model, so as to
understand the mechanisms that underlie the
pharmacological effects of saffron and develop
scientifically based recommendations for its
application in anti-aging medicine and
preventive geriatrics. Such an approach would
make the study particularly pertinent, as it is
focused on the experimental research of the
effects of saffron on the activity of the
reproductive system.

The objective of the research was to study
the effects of the Crocus sativus L. Iridaceae
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stigma extract on the blood level of follicle-
stimulating hormone in female rats, a number of
their offspring as well as on some parameters of
sexual behavior, and the blood level of
testosterone in male rats.

MATERIAL AND METHODS

In the present study, the saffron grown in
the Bilgah village of the Absheron peninsula
was used. The saffron stigma extract was
obtained by a percolation method. The ethanol
extract was filtered, the residue was washed
with 75% alcohol and filtered again, then
distilled off alcohol. The obtained liquid extract
was further vacuum dried to concentrate a dry
residue. The yield of the active extract as a
viscous gumlike substance constituted 56% of
the total mass of raw material.

The tests were conducted on 45 Wistar rats,
kept in standard cages (10 animals per cage) at
room temperature 22+2°C. All animals were fed
ad libitum with standard laboratory chow, and
had free access to tap water.

The work was carried out in accordance
with the international principles of the Helsinki
Declaration on Humane Treatment of Animals,
the Principles of Humanity set out in the
European Community Directive (86/609/ U),
Directive 2010/63/EU of the European
Parliament and of the Council of 22 September
2010 on the protection of animals used for
scientific purposes.

For the purpose of the study, the effects of
saffron on sex hormone levels, testosterone
level in the blood of male rats, and follicle-
stimulating hormone (FSH) level in the blood of
female rats were determined. The present study
also explored the effects of saffron on the
number of offspring the female rats reproduced.
Sexual behavior in male rats was studied via a
standard 15-minute paired test [2] on the second
day following the last administration of the
saffron extract.

Before the tests on female rats began, the
animals were kept separately for 21 days to
avoid accidental pregnancy. Female rats suitable
for experiments were selected in the following
manner: for the duration of two weeks, vaginal
smear samples were taken from animals daily,
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for cytological evaluation of the estrous cycle.
Females with a regular estrous cycle (4-5 days)
were selected. Animals with an impaired estrous
cycle were excluded from the study. All animals
were in the diestrus phase at the start of the
experiment.

The female rats were divided into four
groups as follows: two control and two
experimental groups, with 10 females in each
subgroup. The experimental groups consisted of
12-month-old animals, which were subjected to
daily morning saffron extract administration at a
dose of 120 mg/kg for 14 days (1 experimental
group) and 21 days (2" experimental group).
Control groups included 6-month-old (1%
control) and 12-month-old (the 2" control);
animals were treated with saline in the same
manner.

Male rats were divided into 3 groups: the 1%
group included intact animals, the 2" group
(control) included animals that received saline,
and the 3™ group (experimental) included
animals that received the saffron extract at a
dose of 120 mg/kg for 21 days. The saffron
extract and the saline were administered to
animals per os using a thin metal probe [14].

To study sexual behavior, the male rats
were placed in the test chamber (50%35%25 cm)
for 5 min prior to an introduction to a sexually
receptive female rat. The experiments were
performed under dim red light. Before being
tested, the animals were kept in the dark for 4-5
h. Each male was placed with 2 females. The
females were returned to their cages after a 10-
minute exposure. The components of sexual
activity were recorded visually for 15 min. We
registered both the proceptive phase of sexual
behavior (the latent period of the onset of sexual
activity (LPS), the duration of sexual activity,
and the number of "emotional" approaches to
the female) and the receptive sexual behavior
(the number of female coverages with/without
intromission - the number of mounts (NM).

The follicle-stimulating hormone (FSH)
blood test was carried out after finishing the
treatment course. Upon completion of the
experiments with saffron extract administration,
the blood samples were taken from animals of
the control and experimental groups. The blood
testosterone levels were measured on the 7%,
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14" and 21% days of administration of the
saffron extract. For the indicated time intervals,
the blood sampling was carried out in the male
rats of the control and experimental groups. The
procedure was conducted in the morning (9-10
a.m.), and blood samples were obtained from the
tail vein under light (1 min) diethyl ether
anesthesia. The levels of FSH and testosterone
were determined in the blood serum using
hormonal test Kits for enzyme immunoassay in
vitro for mammals (‘“Pishtaz”, Iran).

The group of intact males (5 animals aged 6
months) was introduced into the experiments to
study the effects of the saffron extract on the
number and body weight of the offspring of
females aged 12 months, which were being
treated with saffron extract for 14 and 21 days.

Data analysis was performed using
Microsoft Excel statistical package. The
statistical significance of differences was

proven by Student’s t-test.
RESULTS AND DISCUSSION

The results of the experiments revealed
significant differences in the blood levels of
FSH between the control groups, reflecting age-
related variation in hormonal production. In this
case, the level of FSH was 0.7+0.04 IU/L in the
1% controls vs 1.13£0.05 IU/L in the 2™
controls. Referring to previously published data,
a decline in sex-motivated behavior in Wistar
rats is observed at the age of 18 months [4].
Observed natural signs signaling aging of
reproductive systems in 15- to 18-month-old
female rats are the following: short estrous
cycles disappear, long ovulatory cycles prevail
(more than 7 days), regular cycles gradually are
transformed into irregular cycles and the
syndrome of constant estrus develops, that
ultimately turns into anestrus [3]. Premenopause
and menopause are characterized by a
significant and stable increase of FSH in the
blood level [13]. Anincrease in FSH level in the
rats of the 2" control group may be due to the
advent of the first signs of the reproductive
system aging.
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An analysis of data obtained in the course
of the experiments with female rats showed
(Figure 1) that 21-day treatment with saffron
extract led to an almost 33% decrease in FSH
level in the animals from the 2" experimental
group as compared to the same age rats of the
24 control group (p<0.01), and brought it closer
to the level that was noted in the 1% control
group, that included 6-month-old animals.
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Figure 1. The levels of follicle-stimulating
hormone (FSH) in the serum in the female rats
of both control groups and the 2" experimental

group,
** ) <0.01
The results of this study clearly

demonstrated that the saffron extract in a 21-day
treatment regimen brought the FSH blood level
of 12-month-old female rats to the reference
values of younger age.

Given that FSH regulates the development,
growth, pubertal maturation, and reproductive
processes of the body [13], the obtained data
allow surmising that the administration of
saffron can help to slow down the age-related
changes in the female reproductive system.

To this point, it appeared logical to study
how saffron-induced changes in 12-month-old
female rats would affect their fertility rate.
Therefore, the next stage of the experiments was
undertaken to determine the number of offspring
in female rats, which had undergone the saffron
extract treatment for 14 and 21 days prior to
mating with intact males. The series of tests was
performed on a group of intact males (5 animals,
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6-month-old) that were paired with female rats
from both experimental groups and the 2"
control group. The experiments were structured
so as to make it possible to study the effect of
the duration of the saffron extract treatment on a
number of offspring in 12-month-old females.

The results revealed a significant increase
in the number of offspring from female rats of
both experimental groups compared to the age-
matched females of the 2" control group
(p<0.01, p<0.05, respectively).

The seven-day difference in duration of
saffron treatment did not affect the number of
offspring in female rats, and no statistically
significant difference between the groups was
observed (see Fig. 2).
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Figure 2. The number of pups in female rats of
the 2" control group and both experimental
groups (before pairing with intact males).

* p <0.05; ** p <0.01

Analysis of the results of the study of
saffron extract effect on the sexual behavior of
male rats revealed positive dynamics in the
proceptive and receptive sexual behavior. It was
manifested by a decrease in LPS and an increase
in the number of "emotional” approaches of the
male towards the female and NM. The latent
period before the initiation of the elements of
courtship (licking, sniffing, grooming) in the
experimental group dropped down compared to
the controls (the experiment time-lapse was
95.0+4.0 sec.; the control time-lapse was
100.0£3.1 sec., p<0.05). Likewise, NM in
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saffron-treated male rats averaged 14.1+1.1, or
1.2 times higher than in the controls (Fig. 3).

The sexual behavior assessment shows that
in male rats treated with saffron extract for 21
days, the proceptor behavior was activated by
15%, p<0.05. The indicators of receptive sexual
behavior in experimental animals displayed a
tendency towards growth compared to controls
(p<0.05).
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Hence, the results of the tests allow making
the conclusion that saffron extract had

stimulatory effects on the sexual behavior of
animals.

The male rats treated with saffron extract at
a dose of 120 mg/kg displayed a significant
decrease in the temporal parameters of sexual
behavior and an increase in the qualitative
parameters of sexual motivation (see Fig. 3).

Experimental group (the saffron extract)

& Number of "emotional” approaches & Number of mounts

Figure 3. The effects of the saffron extract on the sexual behavior in male rats.

* p<0.05

Consequently, it appeared reasonable to
investigate the effects of saffron on male sex
hormone content. For this purpose, blood
samples were collected to register testosterone
levels in male rats on days 7, 14, and 21 of
saffron extract administration.

The results revealed, that the saffron extract
application for 21 days manifested a statistically
significant increase in the total testosterone
levels in experimental animals at the end of the
treatment period. The initial testosterone content
in control animals was 1.35+0.44 IU/L. After a
7-day administration of the saffron extract, it
reached 1.38+0.22 TU/L (Fig. 4). Consecutive
changes in the total testosterone content
occurred as follows: the testosterone
concentration was 1.42+0.14 TU/L on the 14"
day of saffron extract treatment; it reached the
point of 2.87+0.28 IU/L (p<0.01) on the 21% day
of saffron extract administration. It is
noteworthy that the difference in testosterone
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levels on the 21% day of the treatment was
statistically significant (p<0.01) (Fig. 4).
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Figure 4. The serum testosterone levels in male
rats under saffron extract treatment.
** p<0.01.
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Having evaluated the results, we conclude
that the administration of saffron had an effect
both on the levels of FSH in treated female rats,
and a number of their offspring. In this case,
saffron treatment significantly lowered the
blood levels of FSH in 12-month-old female rats
and increased the number of their offspring.
Administration of the extract to male rats raised
their sexual motivation and had a positive
influence on the serum testosterone level.

Therefore, the application of saffron extract
maintains reproductive functions of the body,
which is biologically significant.

CONCLUSIONS

Saffron’s unique medicinal properties are
largely due to the diversity of biologically active
substances it contains [9,15]. The effects of
saffron treatment observed in the course of this
study could be explained by the direct impact of
saffron and its components on the sex glands
and the central nervous system.

Substantial literature evidence that the
saffron extract is used in treating moderate
depression [6, 7]. Similar to the action of
antidepressant drugs, safronal, one of saffron’s
major elements, inhibits serotonin re-uptake and
acts as a mild psychoactive drug [6], thus
contributing to the normalization of
hypothalamic-pituitary-ovary system functions.

Our study showed that oral administration
of the saffron extract at a dose of 50 mg /kg
stabilized certain parameters of lipid
metabolism, specifically, total lipids (TL),
triglycerides (TG), and total cholesterol (TC).
Henceforth, the administration of the saffron
extract to animals receiving a high-calorie diet
promoted their weight loss, and reduced their
blood levels of TL, TG, and TC, compared to
similar indicators in untreated animals [5],
ultimately leading to lipid metabolism
normalization.

In one of the tests [28], it was noted that a
dose of 50 mg of saffron stigmas, dissolved in
milk, administered twice a day, reduced the
susceptibility of lipoproteins to oxidation, both
in healthy control subjects and in patients with
coronary heart disease. It is widely recognized
that lipoproteins are the transport forms of
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cholesterol. As cholesterol participates in the
synthesis of vital hormones and all steroids,
including testosterone and estradiol, as well as
in the formation of cell membrane’s structure,
its delivery to the body’s peripheral tissues plays
a key role. Saffron’s ability to regulate lipid
metabolism and reduce lipoproteins
oxidizability may be one of the mechanisms
underlying the biological effects of saffron.

Taking into consideration that the
imbalance of the neuroimmunoendocrine
system lies at the base of premature aging, the
effects of saffron on neuroendocrine
relationships are of principal importance for the
theory as much as the practice of the anti-aging
medicine. On a whole, the new findings of
diverse pharmacological effects of the saffron
extract open new horizons for the development
of scientifically corroborated recommendations
for application in practical medicine as a
potential phyto-geroprotector.
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BJIUSIHUE INA®PAHA (CROCUS SATIVUS L. IRIDACEAE) HA YPOBEHbB ITIOJIOBBIX
I'OPMOHOB B KPOBH, IOJOBOE NOBEAEHHUE U KOJIMYECTBO IOTOMCTBA ¥
KPbIC

Xanara ®@u3yJau orisl badaes, [lapsana Aradada koei3bl IllykopoBa, Ader Canaii KbI3bl
Ucpadunosa, Papana Uréan kui3sl Anuesa, I'oiibHapa 3aup kbi3bl ['acbiMoBa

Huemumym @usuonozuu umenu akaoemurxa A60ynnet I apaesa Hayuonanvrnou Axademuu Hayx
Aszepbatiodcana, baky, Azepbatioxncan

B Hacrosimeir paboTe TpeACTaBICHBI PE3yJIbTAThl W3YyUCHHUS! BIHSHES, BBIPAIICHHOTO B
Asep0aiimkane, madpana (Crocus sativus L. Iridaceae) Ha ypoBeHb (HOITHKYIOCTHMYIIHPYOLIETO
ropmoHa (PCT") B KpoBHU 1 KOJIMYECTBO IOTOMCTBA y CAMOK KPBIC, a TAKXKE HA YPOBEHb TECTOCTEPOHA
B KPOBH U MOJIOBOE MTOBE/ICHHE y caMIOB. BoisiBiieHO cHinkenue ypoHst @CI B kpoBH 12-MecsuHBIX
CaMOK KpBIC TI0 CPaBHEHHIO C KOHTPOJIBHOM TPYION, MPUONMKEHHE K 3apErHCTPUPOBAHHBIM
YPOBHSM 6-MECSYHBIX KpPbIC W 3aMETHOE YyBEJIMYCHHE YHCIa [CTEHBINICH OT CaMOK KPBIC,
MOJTy4YaBIIMX SKCTPAKT Imadpana 10 CIIapUBaHUS C HHTAKTHBIMHU camiiami. IlepopaibHOe BBEICHUE
madpaHa TakKe MOBBIIIAT0 YPOBEHb TECTOCTEPOHA B KPOBH 10 CPABHEHHUIO C KOHTPOJIBHOMU IPYIINOH,
HE TOJydYaBInel madpaH, a TakKe MPHBOJWIO K BBIPAKCHHONW CTUMYISIIIMU TPOIECTITHBHOTO H
PELETNTHBHOTO KOMIIOHEHTOB TTOJIOBOTO TTOBE/ICHHSI Y CAMIIOB KPBIC.

KiroueBble cjioBa: S5KCTPAKT madpaHa, CaMKH KpbIC, (POIITUKYIOCTUMYITUPYIOIIUI TOPMOH,
CaMIIbl KpbIC, TECTOCTEPOH, KOJIMYECTBO IOTOMCTBA, TI0JI0BOE MOBEACHHE, (PUTOI€POIIPOTEKTOP
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SICOVULLARIN QANINDA CiNSI HORMONLARIN SOViYYOSIN9, CiNsi
DAVRANISA VO NOSILLORIN SAYINA ZOFARANIN (CROCUS SATIVUS L.
IRIDACEAE) TOSIRI

Xanaga Fizuli oglu Babayev, Porvana Agababa qua1 Siikiirova, Afat Saday quz1 israfilova,
Rovana igbal qiz1 Oliyeva, Giilnars Zahir qiz1 Qasimova

Akademik Abdulla Qarayev adina Fiziologiya Institutu, Azarbaycan Milli Elmlor Akademiyast,
Baki, Azarbaycan

Togdim olunan mogaloda Abseronun Bilgoh kondinda becarilon zofaranin disi heyvanlarin
qaninda follikulstimullasdirici (FSH), erkak sigovullarin ganinda testosteronu hormonun saviyyasing,
disi heyvanlardan dogulan F1 nasillorinin sayima va erkok si¢covullarin ciitlogsmo davraniglarinin bazi
gostaricilaring tasirinin naticalari tagdim olunub. Miisyyan edilmisdir ki, zoforan (Crocus sativus L.
Iridaceae) ekstraktinin tasiri noticasindo yaslhi disi heyvanlarin qaninda follikulstimullasdirict
hormonun saviyyasi asagi diisorok cavan orqanizm ti¢iin xarakterik olan soviyysys yaxinlasir,
erkoklorda testosteronun konsentrasiyasina miisbat tosir gostarir. Disi heyvanlara hamilalikdan gabag
verilmis zoforan ekstrakti balalarin sayina vo ¢oki artimina miisbat tosir gostorir. Erkok sigovullara
zoforan ekstraktinin verilmoasi onlarin cinsi davraniglarina stimullagdirict tosir gostorok, zaman
parametrlorinin gostaricilorinds etibarli azalmasina, cinsi davranislarinin komiyyat parametrlorinda
ISo artimina sabab olur.

Acar sozlar: zoforan ekstrakti, disi sigovullar, follikulstimullasdirict hormon, erkak sigcovullar,
testosteron, nasillorin say1, cinsi davranis, fitoheroprotektor

Capa toqdim etmisdir: Venera Ramiz Xairova, b.ii.f.d., dosent.
Redaksiyaya daxil olma tarixi: 04.10.2021.

Tokrar igslonmoaya gondarilma tarixi: 15.10.2021.

Capa gabul edilmo tarixi: 18.04.2022.

88



