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Abstract

Phytoestrogens are plant chemicals that can act like the hormone
estrogen in the body. They can interfere with the body’s natural
hormone balance and cause problems with development and
reproduction. This study aimed to investigate whether garlic
(Allium sativum) and caraway (Carum carvi L.) oils have
estrogenic effects on male reproductive hormones, testicular tissue,
and function. The study used three groups of six male Rattus rattus
rats each. The control group received distilled water, while the
garlic and caraway groups received the oils by gavage (feeding
tube) at a dose of 1 ml/kg. After 30 days, blood, epididymis, and
testis samples were collected from all rats for biochemical analysis,
sperm analysis, and histological examination. Administering male
rats garlic oil significantly decreased sperm motility,
concentration, and viability. Both oils significantly decreased
testosterone levels compared to the control values. They both
significantly raised prolactin levels in the blood. Garlic oil, in
particular, increased the percentage of abnormal sperm and caused
the seminiferous tubules and testes to degenerate. However, the
sperm quality, the seminiferous tubules, and the testes of rats that
ingested caraway oil were almost normal. The results of this study
suggest that garlic oil may produce some harm concerning male
rats’ fertility (testes histology and reproductive hormones). In
contrast, caraway oil is considered safer concerning testicular
histology. More research is needed to see if garlic and caraway oils
have an effect on male sex hormones and sperm production in
humans.
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Introduction

Nowadays, men’s infertility and sexual dysfunction are high
occurrences in the overall population, which can be attributed to a
variety of factors, including nutritional factors that impact
reproductive and sexual health, such as phytoestrogens (Silva et
al., 2019). Phytoestrogens are found in a variety of plants with
natural nonsteroidal compounds (Nicoara et al., 2023; Radu et al.,
2023). They act as endocrine disrupters that induce testicular
dysfunction (Lozi et al., 2021). The function and structure of
phytoestrogens are analogous to estradiol; therefore, they have a
therapeutic action in several estrogen-dependent illnesses (Retana-
Marquez et al., 2012), where after absorption, they bind to o and 8
estrogen receptors and act as female hormones (Medigovic ef al.,
2015). In males, consumption of phytoestrogens induced inhibition
in the germ cells, a decline in sperm concentration, and
testosterone production leading to testicular dysfunction and
infertility (Srilatha & Adaikan, 2003).

Garlic (A/lium sativum) is a commonly used herb for culinary (as
a flavor enhancer) (Kirilmaz, 2020; Nguyen & Hoang, 2022). It is
considered one of the most disease-protective foods based on its
high content of bioactive organosulfur compounds (Shalaby &
Hammoda, 2015). It has endogenous antioxidant effects in rats’
tissue organs, stimulates immune function, enhances detoxification
of foreign compounds, and shows antimicrobial effects (Salem &
Salem, 2016). Additionally, it is useful for the treatment or
prevention of several diseases, including cancer, coronary heart
disease, hypercholesterolemia, diabetes type-2, hypertension,
cataracts, and disturbances of the gastrointestinal tract (Gardner et
al., 2007). Garlic contains phytoestrogens, mainly lignin and
quercetin (Sengupta er al., 2003). Oestrogen-like substances
stimulate direct disturbance of testes cells (Abdelmalik, 2011;
Hammami et al., 2013). Administrated adult male rats with crude
garlic for one month showed dysfunction in Sertoli and Leydig cell
ultrastructure, with vacuolization of spermatocytes and spermatid
cells (Hammami ef al., 2008; Abdelmalik, 2011).

Caraway (Carum carvi L.) is a member of the group family
aromatic Apiaceae (umbelliferous plants) (Delcea & Enache,
2021; Voita-Mekeres et al., 2023). Caraway is one of the oldest
spices cultivated in Egypt (De Carvalho & Da Fonseca, 2006).
Caraway seed oil has a high level of bioactive compounds (Galea-
Holhos et al., 2023). The major constituents of its oil are carvone,
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flavonoids, and limonene. In addition, myrcene, B-caryophyllene,
thujone, anethole, and pinene are minor components (Abou El-
Soud ef al., 2014). In traditional medicine, caraway oil is used in
anti-cramps, carminative, appetizer (Fatemi et al., 2010),
antifungal (Sekine et al., 2007), antimicrobial (Oroojalian ef al.,
2010), antibacterial (Singh et al., 2002), antispasmodic (Kheiri ez
al., 2012), and anti-inflammatory (Hajhashemi et al., 2011). It
possesses antioxidants, antiulcerogenic (Khayyal et al., 2001),
antitumor (Zheng et al., 1992), and antihyperglycemic (Eddouks et
al., 2004). Caraway has estrogenic activity. It showed positive
effects on reproductive hormones in ovariectomized female rats,
which is explained by its contents of estrogenic isoflavones,
apigenin, and luteolin (Thakur et al., 2009). As far as our
knowledge goes, no studies explain caraway oil’s effect on male
fertility.

Considering the numerous pharmaceutical and therapeutic effects
of garlic and caraway oils that have been proved, however, the
estrogenic action on the male reproductive system should be
studied. Therefore, this investigation aimed to clarify the possible
effects of garlic and caraway oils on male sperm quality, fertility,
and antioxidant status.

Materials and Methods

Garlic and caraway oils were purchased from Harraz Herbal Medicinal

and Herbal Company, Bab Al Khalq, Cairo, Egypt.
Experimental Animals and Design

The experiment was carried out on 18 male albino rats of the Rattus
rattus strain weighting (120-150 gm) obtained from the animal
farm of El-Nile Com for Pharmaceutical Product, Cairo, Egypt.
Animals were housed and maintained under standard conditions of
temperature, humidity, and light/dark cycle along the experimental
period. Standard pellet diet and water were available throughout
the experiment ad libitum. The experiment was done at the Faculty
of Science Al-Azhar University, Cairo, Egypt. Rats were left to
acclimatize for one week before starting the experiment, and then
rats were randomly and equally divided into three groups. Control
group, in which rats received distilled water (1 mL/kg) by gavage.
Garlic and caraway oil groups, in which rats received the oils by
gavage (1 ml/kg) (Helal et al., 2019).

The body weight (BW) of the animals was recorded before and
after the experimental ends (30 days), and then the percentage of
BW gain (%BWG) was calculated. After scarification, the testes
weight of all groups was recorded, then the gonadosomatic index
was calculated. Blood samples were withdrawn from the retro-
orbital sinus of each rat, and then the separated plasma and serum
were frozen till use.

Determination of Epididymal Sperm Motility and Morphology of
Spermatozoa

The left caudal epididymis was excised to release all sperms, and
then epididymal procedures were done, as explained by Sakhaee et
al. (2012). Sperm quality was determined by sperm concentration,
viability, motility, and abnormality. The concentration of sperm
concentration was determined by a Neubauer hemocytometer
(deepl/10mm, LABART, Darmstadt, Germany). Sperm motility

was determined by counting the motile and non-motile
spermatozoa. Sperm viability was determined by the Eosin-
Nigrosine staining. The slide was examined under a light
microscope with 400 x magnification. The spermatozoa
abnormalities and viability were expressed as percentages. The
morphology of sperm involves normal life and dead sperms, and
other abnormal types were detected using a standard procedure
(Halimah et al., 2020).

Determination of Serum Reproductive Hormone Levels

Testosterone, Follicle stimulating hormone (FSH), Luteinizing
hormone (LH), and prolactin were measured using ELISA kits
(LDN Labor Diagnostika Nord Gmbh & CO, KG, Germany;
Kamiya Biomedical Com., USA; Abnova, Taiwan; and Genie,
Ireland, respectively). All ELISA kits were obtained from Sigma,
St. Louis, MO, USA.

Determination of Antioxidant Indices and Lipid Peroxidation

Catalase (CAT), Superoxide dismutase (SOD), and lipid peroxide
(MDA) were measured using colorimetric kits (Biodiagnostic Co.
Dokki, Giza, Egypt).

Histopathological Studies

On a Zeiss light microscope, observations were made on each testis
section that had been stained with hematoxylin and eosin (H&E)
in various groups. Examined were the testis’ numerous properties
of seminiferous tubules, seminiferous epithelium, and interstitial
tissues.

Statistics

Results are expressed as mean + standard deviation (SD). One-way
analysis of variance (ANOVA), LSD post hoc test was applied
using the statistical package (SPSS) program, version 27, to
analyze the data. The significance level was considered at p < 0.05.

Results and Discussion

Impact of Garlic and Caraway Oils on BW, % BWG, Absolute
Testes Weight, and Gonadosomatic Index

As shown in (Table 1), garlic and caraway oils exhibited no
significant changes in the final BW and BWG% relative to the
control rats. Garlic oil significantly declined the absolute testes'
weight and the gonadosomatic index relative to the control rats.
There was a significant increase in the absolute testes weight
relative to the caraway oil group (Figure 1).

Table 1. Effect of garlic and caraway oils on some biological
evaluation (BW and BWG %) in male rats

BW (g)
Groups BWG%
Initial Final
Control 133.00+11.24  218.50+10.86 64.29+6.27
Garlic oil 123.98+9.06 22293 +14.81 67.63+£6.08
Caraway oil  133.13+£12.13 21450 +9.40 61.28+6.14

Data are represented as mean = SD (n = 6).
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Figure 1. Effect of garlic and caraway oils on testis weight
and gonadosomatic index in male rats

Data are represented as mean = SD (n = 6). *Significant versus
control. *Significant versus garlic oil group.

Impact of Garlic and Caraway Oils on Sperm Quality

Administration of garlic oil resulted in a significant reduction in
sperm quality as evidenced by decreases in sperm motility,
concentration, and viability, concurrent with a significant increase
in sperm abnormalities relative to the control group. In contrast,
administrated caraway oil resulted in a non-significant decline in
sperm quality relative to the control rats. On the other hand, there
were significant changes between garlic and caraway oils in sperm
concentration, viability, and the percentage of abnormal sperm
Table 2.

Figure 2 shows the morphology of sperm. Sperms were normal
and mobile in control rats (Figure 2a). While in groups
administrated garlic or caraway oils, semen samples showed
normal live, dead sperm (Figure 2b) and other abnormal types,
including abnormal tail (Figure 2c¢), amorphous sperm (Figures
2d and 2e), and abnormal head (hookless) (Figure 2f).

Table 2. Effect of garlic and caraway oils on sperm quality
(motility, concentration, viability, and abnormalities) in male rats

Sperm characteristics

—_ = —_ ]
G S £ = S =
roups < s = s g
£ £ £ g
g g S z E<
S S = £
Control 53.17 + 46.17 = 66.83 £ 9.95+
4.88 4.83 6.88 1.46
Garlicoil ~ '833% 4200+ 5217+ 3033+
3.74° 4.15% 5422 2072
Caraway oil 49.17 & 47.83 % 60.83 + 12.50 £
Y 4.17 3.06° 6.46° 1870

Data are represented as mean + SD (n = 6). ® Significant versus control. ®

Significant versus garlic oil group.
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Figure 2. Photomicrographs of sperm morphology (stained by
Eosin-Nigrosin stain, magnification x 400). Normal live (a);
Dead (b); Abnormal tail (c); Amorphous shape (d, ¢);
Hookless sperm (f).

Impact of Garlic and Caraway Oils on Serum Reproductive
Hormone Levels

There was a significant decline in serum levels of testosterone
concurrent with significant increases in serum prolactin, FSH, and
LH hormones in both garlic and caraway oils relative to the control
rats. At the same time, there was a significant increase in
testosterone levels between garlic and caraway oil groups (Figure
3).
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Figure 3. Effect of garlic and caraway oils on serum levels of
testosterone, prolactin, FSH, and LH in male rats
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Data are represented as mean = SD (n = 6). *Significant versus
control. *Significant versus garlic oil group.

Impact of Garlic and Caraway Oils on Plasma MDA and
Antioxidant Indices

Even though the ingestion of garlic and caraway oils resulted in
various effects on sperm quality and fertility in male rats,
especially garlic oil. However, both oils showed non-significant
changes in plasma levels of MDA and antioxidants (CAT and
SOD) relative to the control rats (Table 3).

Table 3. Effect of garlic and caraway oils on plasma MDA and
antioxidant indices levels (CAT and SOD) in male rats

Groups MDA (nmol/ml) CAT (U/L) SOD (U/ml)
Control 7.97+0.77 146.10 £ 13.81  5.19+0.52
Garlic oil 8.85+0.99 13227 +13.69 4.67+0.45
Caraway oil 8.68 +0.70 13936 +1045 4.74+0.44

Data are represented as mean + SD (n = 6).
Impact of Garlic and Caraway Oils on Testicular Histopathology

The testes of control rats showed normal spermatogonia
histological arrangements in the seminiferous tubules with Sertoli
cells resting on intact basement membrane (Figures 4a and 4b).
Degenerated seminiferous tubules, with a reduced number of
mature spermatozoa in some tubular lumen, with a reduced
diameter of seminiferous tubules and intact basement membrane
were showed in sections of the garlic oil group (Figures 4c and
4d). The testis of rats ingested caraway oil showed nearly the
normal spermatogonia histological arrangements in the
seminiferous tubules, except some sections showed reduced
mature spermatozoa number in the tubular lumen and the presence
of exfoliated cells in the tubular lumen (arrowheads) (Figures 4e
and 4f).

Figure 4. Impact of garlic and caraway oils on seminiferous
tubules with two magnifications (bar=50 and bar=10, H&E
staining). The testis of control rats showed normal
spermatogonia histological arrangements in the seminiferous
tubules with Sertoli cells resting on the intact basement
membrane (a, b). The testis of rats ingested garlic oil showed
degenerated seminiferous tubules, with a reduced number of
mature spermatozoa in some tubular lumen (small arrows)
and reduced diameter of seminiferous tubules and intact
basement membrane (large arrows), with the presence of
exfoliated cells in the tubular lumen (arrowheads) (c, d). The
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testis of rats ingested caraway oil showed nearly the normal
spermatogonia histological arrangements in the seminiferous
tubules (e), except some sections showed reduced mature
spermatozoa number in the tubular lumen and the presence
of exfoliated cells in the tubular lumen (arrowheads) (f).

The effect of garlic phytoestrogens on male fertility is a complex
and controversial issue. Some studies have suggested that garlic
phytoestrogens may hurt male fertility, while other studies have
found no such effect. The main difference and possibly the reason
between different results of research on garlic and sperm quality
could be the different research methods used and the different
doses of garlic given to test subjects (Hammami & El May 2013).
Some studies have shown that garlic powder can modify
spermatogenesis. One study found that daily administration of 50
mg garlic powder over 70 days induced a spermatogenetic arrest at
the spermatocyte I stage in male rats. This means that the
development of sperm cells was stopped at the spermatocyte I
stage, which is a very early stage in the spermatogenesis process
(Dixit & Joshi, 1982). Studies have shown that high doses of diallyl
sulfide, a garlic-derived organosulfur compound, can induce
marked pathological changes in the reproductive organs of mice,
including alterations in cell cycle distribution and increased cell
death in testicular germ cells (Dutta et al., 2021). It has been
reported that diallyl sulfide can reduce sperm viability (Ogbuewu
etal.,2011).

Aqueous garlic extract and the metabolite diallyl trisulfide have
both been shown to have spermicidal effects (Qian et al., 1986;
Chakrabarti et al., 2003). One study found that aqueous garlic
extract reduced the motility of sperm cells and even killed sperm
cells in vitro (Qian et al., 1986). The other study found that diallyl
trisulfide killed sperm cells in vitro. The study also found that
diallyl trisulfide reduced the ability of sperm cells to fertilize eggs
(Chakrabarti et al., 2003). Some scientists suggest garlic functions
as a herbal contraceptive but additional study is needed (Ogbuewu
etal.,2011). Garlic powder can induce apoptosis in testicular germ
cells. This is a significant finding, as it could help to explain the
negative effects of high doses of garlic powder on male fertility
(Xiao et al., 2004). Apoptosis is a programmed cell death process
that is essential for normal development and tissue homeostasis.
However, excessive apoptosis can lead to tissue damage and
disease. The mechanisms by which garlic powder induces
apoptosis in testicular germ cells are not fully understood.
However, it is thought that garlic powder may induce apoptosis by
increasing the production of reactive oxygen species (ROS),
disrupting the balance between pro-apoptotic and anti-apoptotic
proteins, and activating caspase proteases (Hammami ez al., 2009).

Another study investigating the effects of administering crude
garlic for 30 days on adult male rat reproductive functions found
that garlic phytoestrogens decreased sperm count and motility in
male rats. The study also found that garlic phytoestrogens
increased levels of estrogen and LH and decreased levels of
testosterone in the rats. Testicular histology showed a dose-
dependent increase in the percentage of empty seminiferous
tubules. In contrast to our results, testis and epididymis weights
were unchanged (Hammami e al., 2008). More research is needed
to determine the specific effects of different garlic phytoestrogens

on male fertility. The exact mechanism by which garlic powder
modifies spermatogenesis is not fully understood. However, it is
thought that garlic powder may interfere with the production of
hormones that are essential for spermatogenesis, or that it may
damage sperm cells directly. Testosterone is essential for normal
male sexual development and function. It plays a role in the
development of the male reproductive system, the production of
sperm, and the development of male sex characteristics (Walker &
Cooke, 2023). Giving raw garlic to rats caused their testosterone
levels to drop because their Leydig cells became less responsive to
luteinizing hormone. This decreased responsiveness was due to
changes in the structure of the testes (Abdelmalik, 2011; Valente
etal., 2014).

Caraway extract was shown to hurt testicular structure and
function, as well as sperm quality. Recently, caraway extracts were
studied to see how they affected oxidative biomarkers in the serum
and testicles, testicular structure and function, and sperm quality
before and after cryopreservation. The results showed that caraway
(300 mg/kg) significantly reduced the diameter and number of
spermatogonium, primary spermatocytes, spermatids, and sperm
count. Additionally, caraway significantly increased MDA and
DNA fragmentation levels. Similar to our results, black caraway
seed essential oil may damage the testicles, particularly the
seminiferous tubules, which are the sperm-producing structures
according to the results of (Tabarraei et al., 2019) who found that
giving black caraway seed essential oil to Wistar rats 15 days at
doses of 250 and 1000 mg/kg caused damage to the seminiferous
tubules of the testicles. In contrast to this study's results, Caraway
seed powder does not appear to have a significant effect on
testicular size or function in Japanese quails. Adding different
amounts of caraway seed powder to the diet of Japanese quails for
50 days did not affect the relative weight of their testes (Seger et
al.,2019).

High prolactin levels can cause changes in testosterone levels,
which can lead to both direct and indirect effects on sexual
problems (Redman et al., 2021). In this study, giving rats garlic oil
and caraway oil for 30 days increased the levels of prolactin in their
blood. In contrast, in a study to test the cancer-preventing effects
of caraway seeds against estrogen-induced breast cancer in rats,
caraway seeds significantly reduced the increased prolactin levels
3 weeks and 12 weeks after estrogen treatment (Aqil et al., 2017).
Research suggests that high prolactin levels may be linked to
sexual problems (Zhang et al., 2018). Research suggests that high
prolactin levels can lead to low testosterone levels (Drobnis &
Nangia, 2017; Zhang et al., 2018) and that lowering prolactin
levels can bring testosterone levels back to normal (Grigg et al.,
2017). High prolactin levels disrupt the communication system
between the hypothalamus and the pituitary gland, which can lead
to low testosterone production (Samperi et al., 2019; Thapa &
Bhusal, 2022).

It is important to note that this study is the first to investigate the
effects of garlic and caraway oils on the reproductive system of
male rats. The difference in results between this study and previous
studies may be due to the presence of phytoestrogens in both oils.
Garlic and caraway oil may be more concentrated in
phytoestrogens than garlic powder. This is because the process of
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making garlic oil extracts the phytoestrogens from the garlic cloves
and concentrates them in the oil.

Conclusion

Garlic oil and caraway oil administration to male rats resulted in
significant decreases in testicular weight. Only garlic oil
significantly decreased sperm motility, count, and viability. Both
oils dropped serum testosterone levels. Both oils increased
prolactin serum levels. Garlic oil increases the percentage of sperm
abnormalities and causes degeneration of seminiferous tubules and
testes. While rats ingested caraway oil showed nearly the normal
seminiferous tubules and testes. More research is needed to
confirm if garlic and caraway oils affect male sex hormones and
sperm production.
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