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ARTICLE INFO ABSTRACT

Perfluorooctanoic acid (PFOA) is an environmental toxicant which cause adverse health effects
including male infertility and DNA damage in the germ line via altered oxidative stress activity.
Rosmarinic acid (RA), one of the most important polyphenols, is a natural dietary nutraceutical
with antioxidant property on adverse effects of toxicants. This study seeks to assess the restorative
effect of RA on PFOA-induced toxicity in male Wistar rats. Twenty adult male rats (150-2509)
were categorized into four groups (n =5). Animals in group 1 (control) took distilled water.
Animals in categories 2 - 4 which were induced toxicity by PFOA (20 mg/kg body weight) were
treated with distilled water, RA (40 mg/kg body weight) and Vitamin E (180 mg/kg body weight)
respectively. Treatment was for 14 days. The epididymis was used for sperm analysis while blood
. . sample was used for hormonal marker assay. Induction of PFOA substantively (p<0.05) lowered
Copyright: © 2024 Aluko et al. This is an open- o4 \weight, testes weight, sperm count, sperm motility, sperm morphology, testosterone, LH and
écr((;(;iisveam(cﬁltfmg:;t;;buf?trill;ﬂ?iirn thiict;:?es O\I’hggﬁ FSH when compared with the distilled treated water treated control animals. Treatment of PFOA-
e e T ' ; induced toxic rats with RA significantly (p<0.05) restored epididymal sperm count, motility and
permits unrestricted use, distribution, and reproduction . : . .
in any medium, provided the original author and morphology as V\{ell as body a_nd _testlcular weight gn_d thc_)se of serum ho_rmone blomarkers in
source are credited. relation to Vitamin E. Results indicated that rosmarinic acid restored epididymal, testicular and

hormonal PFOA-induced toxicity. This suggests that RA could be a potential therapeutic agent
against PFOA- induced testicular damage.
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The highest percentage of men with fertility issue was reported in
Europe.®* In Africa, the occurrence of male infertility is relatively high

Introduction

Male infertility is defined as the inability of a male partner to
accomplish a clinical conception and/or pregnancy in a sexually
matured female partner after a period of one year or more of frequent
sexual activity without usage of protection. Male infertilty which could
be of different types ranging from primary to secondary could be caused
by a decrease in the number of spermatozoa (oligozoospermia), a
decrease in sperm movement (asthenozoospermia), a decrease in sperm
resilience (necrozoospermia), poor sperm structure (teratozoospermia),
or a combination of two or more of these factors. An intrinsic testicular
disease is responsible for the majority of cases of infertility.> Testes
failure, maldescended testes, testicular tubule obstruction, reduced
semen volume, sperm clumping, unknown infertility, scrotal
constriction, erectile or ejaculatory impairment, abnormal viscosity,
endocrine disorder, high sperm thickness, congenital deformity and
ecological causes were identified as the most common causes and risk
factors of male infertility.? The global predicted number of men with
fertility issue range from 30,625,864 to 30,641,262.
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with a range of 20 - 35%.5 In Nigeria, the burden of infertility with male
factor being responsible is 40-50% of all infertility.5

Perfluorooctanoic acid (PFOA), a potent environment toxicant, is a
member of the perfluoroalkyl acid (PFAA) family, which also contains
perfluorooctane sulfonate (PFOS). PFOA and PFOS are sometimes
known as C8 PFAAs or simply C8s because they have an 8-carbon
backbone and a sulfonate (PFOS) or functional carboxylate (PFOA)
group. PFOA damages male reproductive organs, causes endocrine
disruption and changes testicular physiology. In animals, PFOA is a
model that induces sustentacular cell dysfunction, apoptosis in the
testis, and a disparity in testosterone and estradiol amount in the blood,
inhibits testosterone production and produces oxidative tension in the
testis, resulting in changes in semen quality, spermatogenesis, and
reproductive potential.”

Oxidative stress which occurs by PFOA lead to the disparity in levels
of reactive oxygen species (ROS) and enzymic and non-enzymatic
antioxidants in the testes. Oxidative stress (OS) leads to lipid
peroxidation and spermatozoa damage, thus, lowering the activity of
testicular secretory biomarkers. In addition, the disparity in antioxidants
and reactive oxygen species (ROS) caused by intrinsic and extrinsic
variables attributed to diet, lifestyle, heredity and oxidative stress also
contribute to male infertility. High levels of ROS result in lowered
sperm content, decreased testicular parameters, heightened lipid
peroxidation and elevated protein oxidation. Other notably causes of
ROS include alteration in sex hormonal level, sperm DNA injury arising
from mutation and compromised male sex chromosome.®

Rosmarinic acid (RA) lowers male infertility by reducing oxidative
stress damage on reproductive organs. It is a non-artificial nutrient's
antioxidant occurring that perform an important function in deactivating
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injurious oxidants formed during usual intracellular exercise or disease
conditions.® Rosmarinic acid is a polyphenolic substance containing
esters of caffeic acid and 3, 4-dihydroxyphenyllactic acid. It was
discovered in Rosmarinus officinalis for the first time.'° Polyphenolic
compounds have been seen to guard against a variety of illness and
health hazard, including male infertility as well as acting as powerful
antioxidants.'* One of the most valuable polyphenols is rosmarinic acid.
Rosmarinic acid can be found in medicinal places, herbs and spices.
Rosmarinic acid is a red-orange powder with a high lipophilic and
relatively hydrophilic molecular structure. It is a natural antioxidant that
can be found in a variety of plants. Rosmarinic acid, a polyphenolic
molecule, is an important scavenging free-radical that strengthens
antioxidant defense activities on oxidative reactive oxygen species.?
The effectiveness of rosmarinic acid as naturally occurring antioxidant
in hampering and lowering lipid membrane alterations due to oxidative
stress-induction. The use of rosmarinic acid as a natural feed
supplement has been shown to have a variety of health benefits. Reports
on impact of rosmarinic acid on toxic materials include protection
against mobile phone and ultra-high frequency drift induced damage,*®
effect on testicular torsion/detorsion,** effect on rat liver, lung and
kidney.'®> Protection against cyclophosphamide-induced gonadal
toxicity.'® Protective effect against doxorubicin-induced testicular
damage.'” Influence on male sex modulator and testes death.'®
Compromise on human sperm function subcellular Ca®* level-related
mode of action.!® Action on metronidazole-induced fertility issue in
male rat models.2® Effect on sexual behaviour in in diabetic rats.?! Effect
on controlling inflammation, cell injury, and angiogenesis in rat ovary damage
and detorsion models.”? Effect on serum testosterone level after exposing
with electromagnetic fields.?® To the best of our knowledge, there has
not been a study that assessed the adverse effect of synthetic fertility
drugs (Vit. E) and environmental toxicants (PFOA) on male fertility.
The study investigated the effects of rosmarinic acid on
perfluorooctanoic acid-induced male infertility in Wistar rats.

Materials and Methods

Chemicals and reagents

Perfluorooctanoic acid, 97% purity, was procured from Ibra Hadad
Nigeria and rosmarinic acid (96% purity) from Molychem, Mumbai,
India. Other chemicals and reagents were of analytical grade.

Equipment

The instrument used are: Spectrophotometer (Model: Spectrumlab 752s
UV visible), Incubator (Model No: DNP-9022A), Microscope, ELISA
machine (Model: RT-2100C).

Preparation of PFOA and rosmarinic acid

PFOA was prepared in distilled water and administered orally to rats in
the induced but not control group and in the induced and treated group.
The chosen doses were based on Yuan et al.?* Rosmarinic acid was
dissolved in normal saline and administered orally to rats of treated
group. The chosen doses were based on Zina et al.®

Experimental animals

Experimental animals were obtained from the Animal Facility Unit of
the Faculty of Veterinary Medicine, University of Abuja (UniAbuja),
Abuja, Nigeria. A total of 20 male Wistar rats weighing between 150 g
and 250 g were randomly selected. There was 12-hrs light/12-hrs
darkness. The rats were fed with water ad libitum and standard feed.
The rats were allowed to familiarize with the environment for duration
of 7 days before the rats were categorized into four (4) groups. The
National Health Research Council's recommendations for the care and
use of laboratory animals were followed. For the use of animals, an
ethical approval with the number (UAECAU/2024/007) was granted by
the Institutional Animal Care and Ethics (ACE) Committee of
UniAbuja.

Induction of experimental animal
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Toxicity was induced in the male Wistar rats by oral administration of
PFOA (20 mg/kg body weight), according to Yuan et al.?* Rosmarinic
acid was liquefied in normal saline (0.9% NaCl) and given to animals
by oral gavage (40 mg/kg body weight), according to Zina et al.?®

Animal grouping and treatment

Group 1: Control group (Distilled water [40 mg/kg body weight])
Group 2: Induced by PFOA (20 mg/kg b.w) but not treated.

Group 3: Toxicity induced with PFOA (20 mg/kg b.w) + treatment with
Rosmarinic acid (40 mg/kg b.w)

Group 4: Toxicity induced with PFOA (20 mg/kg b.w) + treatment with
Vitamin E (180 mg/kg b.w)

Treatment of animals was once daily for 14 days.

Animal sacrifice and collection of blood

At the end of 14 days of induction and treatment, the rats were sacrificed
by cervical dislocation and blood samples were taken into plain tubes.
After collecting blood samples, testicular tissues of rats and epididymis
were immediately dissected and collected for analysis. Testicular
tissues and epididymis were divided into two equal parts. One part was
homogenized using a homogenizer and the samples were used for
biochemical analysis.

Sperm analysis

Principle

The sperm viscosity and translucence of the sperm solution were used
to perform the analysis. Gross (volume, color, turbidity, viscosity, and
pH 7.2-7.4) and microscopic (motility and spermatozoa count)
examinations were performed on sperm.?

Assay procedure

The Spermatozoa squeezed from caudal epididymis on a microscope
slide had normal saline added to it (about 2 drops), then with cover-slip
concealed. Under microscope with an x40 objective and low light, the
slide was viewed and scored. Immediately after the sperm sample was
taken, it was analyzed for sperm motility. Eosin staining was used to
study sperm motility. Microscope slide with Epididymis sperm
squeezed onto it also had two drops of stain applied on it. Motile (live)
sperms will not absorb the stain while non-motile (dead) sperms
absorbed the stain. Using x40 microscope objectives, both unstained
and stained number of sperm cells were counted and mean (average)
was recorded for every slide out of which determination of % viability
was achieved.

With the help of the improved Neubauer hemocytometer, sperm count
was done under a microscope. The testis was carefully detached from
the caudal epididymis, which was then homogenized to obtain
suspension using normal saline of 2 ml. Suspension of Sodium
bicarbonate-formalin was diluted in a 1:20 ratio. The sperm was
counted in 2 square mm of the improved Neubauer hemocytometer
chamber, which was then filled with sperm that is well diluted. By
multiplying the number of sperms counted by 1000,000, sperm counts
in 1 ml of fluid were calculated.

Two drops of Wall and Eosine stain was used to stain the air-dried
sperm smears on microscope slides in order to assess its morphology.
Under a microscope (il immersed) X100, the slides were examined.?®

Determination of follicle stimulating hormones (FSH) concentration
Principle

A competitive enzyme immunoassay method was used in this assay.
Pre-coated on microtiter plate, the kit was goat anti-rabbit antibody.?’

Assay procedure

All reagents were kept at room temperature for at least an hour before
being used in the assay, and they were gently mixed before use. The
holder was filled with the required number of coated strips.

To selected wells, 50 pl of FSH standards, control, and serum sample
were introduced. All wells were filled with 100 pL of enzyme
conjugates.

The plate was covered and incubated (20 — 25°C) for one hour at room
temperature.
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All of the wells had liquid removed. 300 pl of 1X wash buffer was
washed three times. Paper towels were used to blot the blood.

To all wells, TMB substrate was added in the amount of 100 pl.

At room temperature, incubated for 15 minutes.

All wells were filled 50 | of stop solution. The plate was gently shaken.
Within 15 minutes of administering the stopping solution, using an
ELISA Reader the absorbance was measured at 450 nm.

Determination of testosterone concentration

Principle

The competitive inhibition enzyme immunoassay method was used in
this assay. Pre-coated on micro-titer plate in the kit was goat anti-rabbit
antibody.?®

Assay procedure

Before commencement the test, all reagents were warmed to room
temperature (20 - 25°C). The standards, control, or specimen were
pipetted 25 pl into the designated well. All wells were filled with 100
pl of functioning Testosterone-enzyme conjugate reagent. To evenly
distribute the chemicals, the micro-plate was gently swirled for 20-30
seconds. The plate was covered and incubated at room temperature for
about one hour. All wells were drained of liquid, which was then
washed three times with 300 pl of 1X wash buffer and wiped with
absorbent paper towels. TMB substrate reagent (100 pl) was added to
each well. For fifteen (15) minutes, the plate was covered and kept at
room temperature. Each well was filled with 50 pl of stop solution and
carefully stirred for 15-20 seconds. The absorbance was measured at
450nm using an ELISA Reader, 15 minutes after administration of the
stop solution.

Determination of luteinizing hormone (LH) concentration

Principle

Competitive inhibition enzyme immunoassay technique is being used
by this assay. Pre-coated on micro-titer plate in the kit is goat anti-rabbit
antibody.?®
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Assay procedure

Before commencement of the assay, all reagents were kept at room
temperature. The reagents before use were gently mixed. Required
number of coated strips were placed into the holder 25 pL of LH
control, standards and serum sample were pipetted. Conjugate Reagent
(100 pL) was added to all wells. Plate mixed by placing on a plate
shaker for 30 seconds at 600 rpm, and then incubated for 60 minutes at
room temperature (20-25°C). After incubation, the liquid was removed
from all the wells. 1X wash buffer (300 pL) was used to wash all the
wells, then blotted on paper towels. To all the wells, 100 uL of TMB
substrate was added, incubated for 15 minutes at room temperature.
After incubation, to all the wells, 50 pL of stop solution was added. To
blend solution the plate was shake gently. After adding the stopping
solution, the absorbance was read at 450 nm within 15 minutes using an
ELISA Reader.

Statistical analysis

The one-way (ANOVA) and Duncan multiple range test were used to
examine data from the experiments statistically (n=5). SPSS version 16
determined that differences at p<0.05 were significant. Graph Pad
Prism 5 software was also used to present findings.

Results and Discussion

The effect of perfluorooctanoic acid and rosmarinic acid on the body
and testes weight of the rat after 14 days

The rats showed significant (p<0.05) increase in body wright after 14
days of PFOA administration. Rosmarinic acid and vitamin E treatment
led to a substantive (p>0.05) drop in body weight after 14 days. Mean
testes weight of the left and right testis in all treated groups were
significantly (p<0.05) lowered in comparison with the distilled water
treated control rats while the administration of rosmarinic acid elevated
it (p<0.05) (Table 1).

Table 1: Effect of rosmarinic acid on body weight and testes in PFOA-induced toxicity in rats

Body weight (g) Testes weight (g)
Group Initial Weight Weight after 14 days Left Right
NR + DW 245.845.92 178.645.22 1.25240.15* 0.928+0.20°
PFOA + DW 168.7+3.6° 251.5+3.3° 0.802+0.09° 0.765+0.08°
PFOA + RA 196.0+3.8° 198.046.2¢ 0.856+0.08° 0.824+0.06°
PFOA + Vit. E 210.8+3.1¢ 182.8+2.8¢ 0.896+0.100¢ 0.846+0.11¢

Mean = SEM (n=5). Figures having superscripts varying from the reference value for each parameter down the column are essentially dissimilar

NR = Normal rats; DW = Distilled water; PFOA = Perfluorooctanoic acid; Vit. E = Vitamin E
RA = Rosmarinic acid

Effect of rosmarinic acid on epididymal sperm count, sperm
morphology and sperm motility in PFOA-induced toxic rat

The PFOA-induced reproductive toxic animals showed substantive
(p<0.05) drop in sperm count when matched with the control categories
of rats. However, treatment of the PFOA-induced reproductive toxic
rats with RA revealed (p<0.05) increased sperm count. (Figure 1).

The administration of PFOA in rats caused a significantly (p<0.05) high
amount of abnormally shaped sperm cells when liken with control
animal category (Figure 2). Treatment of RA to PFOA-induced toxic
rats resulted in notably reduced (p<0.05) number of abnormally shaped
sperm cells which was comparative with the animals treated with
vitamin E (Figure 2). The morphology of the normal shaped sperm had
an opposite pattern to those of the abnormally shaped one (Figure 2).
PFOA resulted in significantly high (p<0.05) number of non-motile
sperm cells when juxtaposed with those of the control category.
Treatment of the PFOA toxicity induced rats with RA resulted in

reduction (p<0.05) in the number of motile sperm cells which was
comparable as observed with animals treated with vitamin E (Figure 3).

The number of non-motile sperm cells had an opposite pattern when
liken with those of the motile ones (Figure 3).

Effect of PFOA and rosmarinic acid on serum concentration of
testosterone, follicle stimulating hormone, luteinizing hormone

There was a statistically significant (p<0.05) reduction in the level of
serum testosterone and LH in rats treated with PFOA induction when
compared with the control animals. Treatment of PFOA-induced toxic
rats with 40 mg/kg body weight of RA and Vit. E significantly (p<0.05)
restored the concentration of serum testosterone and LH.
Administration of RA did not significantly (p>0.05) affect the level of
FSH in the serum of the animals when compared with the PFOA-
induced toxic animals (Figure 4).

In vivo investigation of the impact of exposure to PFOA on biomarkers
like sperm count, sperm morphology, sperm motility, steroidogenic
hormones as well as body and testes weight can give vital clue on the
reproductive  performance of animal models. Exposure to
environmental toxic agent is one of the main causes for male fertility
challenge. As a stable substance largely located in the environment,
PFOA has been reported to induce male sexual dysfunctionality in
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mammal and animal models.*® Discovering new nutraceuticals that can
ameliorate the negative effects of toxicants like PFOA on male
reproductive system is essential. The presence of redox properties of
phenolic compounds in rosmarinic acid is responsible for its
antioxidative and free radical removing property especially caffeic acid
and ferulic acid which are metabolites of RA, can both positively
modulate male fertility.3*

m Control

Percentage (%)

Figure 1: Effect of rosmarinic acid on sperm count in PFOA-
induced toxicity in rats.
Results are expressed as Mean = SEM (n=5)

H Control

a
M PFOA (20mg/kg. bw

a
a b
PFOA +RA
(40mg/kg. bw
W PFOA +Vit. E
(180mg/kg. bw
b a
a
a

Sperm Mophology

Percentage (%)

Figure 2: Effect of rosmarinic acid on sperm morphology in
PFOA-induced toxicity in rat.
Results are expressed in Mean + SEM (n=5)

Body weight is considered as the mass or quantity of heaviness of an
organism. The rise in body weight observed after 14 days of PFOA
administration in the present study may present with heightened leptin
concentration which reduces sperm count, sperm motility and sperm
biosynthesis (spermatogenesis) as well as high level of sperm DNA
fragmentation. The lowered weight by noticed after 14 days of treating
PFOA-toxic rats with rosmarinic acid is indicative of restoration in the
altered motility, synthesis and DNA fragmentation of sperm cell.®
Testes weight is a biomarker for ascertaining swelling, atrophy or
hypertrophy. The reduction in weight of testes by PFOA may be tied to
testicular distortion which manifests as testes degeneration and damage
of component testicular cells. The rise in testes weight by

rosmarinic acid in the present study could be related to hypertrophy
which presents as its androgenic and synthetic action by its elevated
testicular secretory activity as well as increased size of the seminiferous
tubules, which is made up of closely 85% of the testicular space.
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Sperm count is the number of active sperm produced in the body of a
man. Sperm are male reproductive cells present in the ejaculate. The
substantive decrease in the sperm count in the PFOA treated animals
may be adduced to alteration in epididymal-sperm producing organ by
PFOA toxicity. The increase in sperm count by rosmarinic acid is
indicative of its restorative and enhanced testicle capacity, as well as
the improved fluid productive action of seminal vesicle and prostate
gland which combines with sperm to form semen,3*

Sperm morphology is the size, shape, appearance of individual sperm
when view under the microscope and a contributing biomarker to male
fertility. The high amount of abnormally shaped sperm cells following
PFOA administration may result in infertility as higher numbers of
abnormally shaped sperm are associated with other irregularities of the
semen such as low sperm count or motility. The reduction in number of
abnormally shaped sperm cells in the PFOA treated group treated with
rosmarinic acid may indicate amelioration and an increase in its ability
to fertilize an ovum successfully.

Sperm motility is the capacity of sperm to swim effectively through the
female reproductive part to bring about fertilization of an ovum. The
lowered sperm motility observed in this study following PFOA
administration can be a cause of male factor infertility which presents
with many factors including abnormal sperm synthesis, obstruction of
normal sperm delivery or reduced sperm generation. The increase in
sperm motility by RA is an indication that RA may have acted by
enhanced sperm synthesis/steroidogenesis and delivery to desired
female reproductive package.*

Testosterone formation in the interstitial cells of the testicles is chiefly
regulated by the hypothalamic-pituitary-testicular region of the brain.
The male sex hormone, testosterone enhances sexual differentiation in
men, androgen formation at puberty and general male fertility. Lowered
testosterone level facilitates the release of gonadotropin-releasing
hormone by hypothalamic brain region, which then acts on the pituitary
gland to release LH and FSH and conversely. A compound capable of
sustaining or facilitating the hypothalamic-pituitary gonadal loop
and/or the negative feedback effect on gonadotropins and testosterone
can exhibit a robust action on the androgen-based productive and
releasing function of the testes, including spermatozoa production and
male sex fecundity. Consequently, the lowered serum testosterone level
by PFOA in the present investigation may indicate inadequate secretion
of gonadotropin-releasing hormone by hypothalamus which may
hamper male sexual segregation, pubertal androgen synthesis and
fecundity. The increase in testosterone level by RA may be adduced to
improved function activity of the interstitial cells of the testes which
would facilitate sperm production.®

Luteinizing hormone (LH), a glycogen-protein rich hormone, is
released together with follicle-stimulating hormone by the
gonadotrophin cells in the adenohypophysis (anterior pituitary). LH is
essential for male normal sex action and triggers the interstitial cells of
the testes to generate testosterone. Lowered level of LH in the present
by PFOA administration may be adduced to interference with
Interstitial function resulting in male sexual dysfunction and infertility.
The increased serum LH concentration by following administration of
RA in this study may be indicative of enhanced functional action of the
interstitial cells of the testes to biosynthesize testosterone and enhance
normal male fertility.®®

FSH signals the testes thereby stimulating sperm production. FSH
stimulates the Sustentacular cells to extrude inhibin which stimulates
the formation of Sustentacular- Sustentacular compacted regions
(zonula occludens) and thus supporting the semen-generating cells. The
decrease in the level of serum testosterone and FSH may be adduced to
the toxic effect of PFOA on the spermatogenic function of testes which
may impair fertility. The non-significant effect in FSH level by RA
administration imply maintenance of the synthetic function of the
testes.*®
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Figure 3: Effect of rosmarinic acid treatment on sperm
motility in PFOA-induced toxicity in rat.
Results are expressed as Mean +SEM (n=5)

H Control
W PFOA (20mg/kg.
bw

PFOA + RA
(40mg/kg. bw

mliU/ml

B PFOA + Vit. E
(180mg/kg. bw

a
a, - aaT
m .- @=b-a=a

Hormones
Vv

Figure 4: Effect of rosmarinic acid on testosterone, follicle
stimulating hormone and luteinizing hormone concentrations
in PFOA-induced toxicity rats.

Results are expressed as Mean + SEM (n=5). Bars are
significantly different from each other at P<0.05).

Conclusion

The investigation indicated that rosmarinic acid offered protection for
PFOA-induced testicular toxicity and damage via amelioration of
oxidative stress and modulation of spermatogenesis.

Conflict of Interest

The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

Acknowledgments

The authors appreciate the technical assistance of the laboratory staff of
the Biochemistry Department, Bingham University.

1.

10.

11.

12.

13.

14.

15.

ISSN 2616-0692 (Electronic)

References

Yuan Y, Ge S, Lv Z, Wu M, Kuang H, Kuang H, Yang B,
Yang J, Wu L, Zou W, Zhang D. Attenuation of
perfluorooctanoic acid-induced testicular oxidative stress
and apoptosis by quercetin in mice. RSC Advan. 2017; 71:
45045 — 45052. DOI: 10.1039/C7RA09036F.
Bayasgalan G, Naranbat D, Radnaabazar J. Male infertility:
Risk factors in Mongolian men. Asian J Androl. 2004; 6:
305-311.
Levine H, Jorgensen N, Martino-Andrade A, Mendiola J,
Weksler-Derri D, Jolles M. Temporal trends in sperm count:
a systematic review and meta-regression analysis of samples
collected globally in the 20" and 21 centuries. Hum Reprod
Update. 2023; 29(2): 157-76.
Huang B, Wang Z, Kong Y, Jin M, Ma L. Global, regional
and national burden of male infertility in 204 countries and
territories between 1990 and 2019: an analysis of global
burden of disease study. BMC Publ. Health. 2023; 23: 2195.
https://doi.org/10.1186/s12889-023-16793-3.
Sengupta P, Nwagha U, Dutta S, Krajewska-Kulak E, lzuka
E. Evidence for decreasing sperm count in African
population from 1965 to 2015. Afr Health Sci. 2017; 17(2):
418- 27.
Akang EN, Opuwari CS, Enyioma-Alozie S, Moungala LW,
Amatu TE., Wada I, Ogbeche RO, Ajayi OO, Aderonmu
MM, Akinola LA, Ashiru OA. Henkel R. Male
Infertility in Nigeria and South Africa: A Ten-
Year Observational Study. Research Square. 2023;
1-11. https://doi.org/10.21203/rs.3.rs-
2459901/v1.
Singh S, Das Roy L, Giri S. Curcumin protects
metronidazole and X-ray induced cytotoxicity and oxidative
stress in male germ cells in mice. Prague Med. Rep. 2013;
114: 92-102. doi:10.14712/23362936.2014.27.
Obiako, PC and Ayisire SO, Sayes CM. Impact of
perfluorooctanoic acid (PFOA) and perfluorobutanoic
acid (PFBA) on oxidative stress and metabolic biomarkers in
human  neuronal cells (SH-SY5Y). Environ. Int’l. 2024;
108864. J Pre-Proof. DOI:10.1016/j.envint.2024.108864.
Bulgakov VP, Inyushkina YV, Fedoreyev SA. Rosmarinic
acid and its derivatives: biotechnology and applications.
Critical Rev. Biotechnol. 2012; 32: 203-217.
Petersen M, Abdullah Y, Benner J, Eberle D, Gehlen K,
Hucherig S, Janiak V, Kim KH, Sander M, Weitzel C,
Wolters S. Evolution of rosmarinic acid biosynthesis.
Phytochem. 2009; 70: 1663-1679.
Karthikkumar V, Sivagami G, Vinothkumar R, Rajkumar D,
Nalini N. Modulatory efficacy of rosmarinic acid on
premalignant lesions and antioxidant status in 1,2-
dimethylhydrazine-induced colon carcinogenesis. Environ.
Toxicol. Pharmacol. 2012; 34: 949-958.
Kuo CF, Su JD, Chiu CH, Peng CC, Chang CH and Sung
TY. Anti-inflammatory effects of  supercritical ~ carbon
dioxide extract and its isolated carnosic acid from
Rosmarinus officinalis leaves. J. Agric. Food Chem.
2011; 59: 3674-3685.
Asl JF, Goudarzi M, Mansouri E, Shoghi H. Rosmarinic
Acid Protects the Testes of Rats against Cell Phone and Ultra-
high Frequency Waves Induced Toxicity. Iran J Med Sci.
2024; 49(4): 237-246.
DOI: 10.30476/ijms.2023.97695.2952.
Asir F, Gokalp-Ozkorkmaz E, Deveci E, Sen G, Ayaz H,

Kaplan S. Effects of rosmarinic acid on a rat
model of testicular torsion/detorsion: an
immunohistochemical study. Dicle University,

Diyarbakir, Turkey. Int’l Health Sci Conf (IHSC). 2019;
608-616.

Oguz A, Boyuk A, Ekinc A, Aday U. Investigation of
antioxidant effects of rosmarinic acid on liver, lung
and kidney in rats: A biochemical and histopathological

8110

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Trop J Nat Prod Res, August 2024; 8(8):8106 - 8111

study. Folia Morphol.
DOI: 10.5603/FM.a2019.0087.
Sahin F, Asir F, Ozkorkmaz E, Basaran S, Kaplan O, Ermis
1, Deveci, E. Investigation of the Effect of Rosmarinic
Acid on Cyclophosphamide-Induced Gonadal
Toxicity. Advan. Sex Med. 2022; 12: 1-8.
DOI: 10.4236/asm.2022.121001.
Uyeturk U, Uyeturk U, Firat T, Cetinkaya A, Tekce
BK, Serkan CS. Protective effects of rosmarinic  acid
on doxorubicin-induced testicular damage. Chemother.
2014; 60(1):7- 12. DOI: 10.1159/000365727.
Arash A, Imani SAM, Golzar FS. Effects of rosmarinic acid
on male sex hormones (testosterone-FSH-LH) and
testis tissue apoptosis after exposure to electromagnetic field
(EMF) inrats. African J. Pharm. Pharmacol. 2012;
6(4): 248-252. DOI: 10.5897/AJPP11.701 ISSN 1996-
0816.
Meng-Ge LV, Wen-Qiong C, Shi-Gi W, Hou-Yang C, Yi-
Min C, Tao L. Rosmarinic acid compromises
human  sperm  functions by an intracellular
Ca?* concentration-related mechanism. Reprod.
Toxicol. 2018; 81: 58-63.
Al-Alami ZM, Shraideh ZA, Taha MO. Rosmarinic acid
reverses the effect of metronidazole-induced infertility in
male albino rats. Reprod. Fertil. Dev. 2017;
29(10):1910-1920. DOI: 10.1071/RD16174.
Farzadi L, Khaki A, Ghasemzadeh A, Ouladsahebmadarek
E, Ghadamkheir E, Shadfar S, Khaki AA. Effect of
rosmarinic acid on sexual behavior in diabetic male rats.
African J. Pharm. Pharmacol. 2022; 5(16): 1906-
1910. https://doi.org/10.5897/AJPP11.463.
Deger U. and Cavus Y. Investigation of the role of rosmarinic
acid treatment in regulating inflammation, cell damage, and
angiogenesis in rat ovarian torsion and detorsion models. Acta
Cir. Bras. 2020; 35 (3): 52-9. https://doi.org/10.1590/s0102-
865020200030000004.
Farsi A, Khaki A, Fathiazad F, Afshari F, Hajhossini L,
Kahki AF. Improvement Effect of  Rosmarinic
Acid on Serum
Yuan'Y, Ge S, Lv Z, Wu M, Kuang H, Kuang H, Yang B,
Yang J, Wu L, Zou W, Zhang D. Attenuation of
perfluorooctanoic acid-induced testicular oxidative stress
and apoptosis by quercetin in mice. RSC Advances. 2017,
71: 45045-45052. DOI: 10.1039/C7RA09036F.
Nwaechefu OO, Arojojoye OA, Oyedeji TA, Ojo OO,
Balogun OA, Kassim S. Influence of Lophira lanceolata leaf
Extract on reproductive indices and haematological
parameters in Male Wistar rats. Trop J Nat Prod Res. 2021;
5(4):744-748. http://dx.doi.org/10.26538/tjnpr/v5i4.24.
Oyeyemi WA, Shittu ST, Kolawole TA, Ubaneche P,
Akinole AO. Protective Effect of Vitamin E on Nicotine
Induced Reproductive Toxicity in Male Rats. Nigerian J
Basic  Appl. Sci  2015; 23(1): 7-13 DOI:
http://dx.doi.org/10.4314/njbas.v23il.2.
Fauser BCJM, Van-Heusden AM. Manipulation of human
ovarian function: physiological concepts and clinical
consequences. Endocr Rev. 1997; 18:71-106.

2015; 79(2):  32-39.

28.

29.

30.

3L

32.

33.

34.

35.

36.

3r.

38.

39.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Chen A, Bookstein JJ, Meldrum DR. Diagnosis of a
testosterone-secreting adrenal adenoma by selective venous
catheterization. Fertil. Steril. 1991; 55: 1202-1203.
Clinical Guide to Laboratory Tests. Ed. N.W. Tietz, 3 Ed.,
W.B Saunders Company, Philadelphia, PA 19106, 1995.
Alamo A, Vignera SL, Mogioi LM, Crafa A, Barbagallo F,
Cannarella R, Aversa A, Calogero AE, Condorelli
RA. In vitro effects of perfluorooctanoic acid on human
sperm  function: What are the clinical consequences? J
Clin Med. 2024; 13(8): 2201. DOI: 10:3390/jcm13082201.
Fadel O, El-Kirat K, Morandat S. The natural antioxidant
rosmarinic acid spontaneously  penetrates membranes to
inhibit lipid peroxidation in situ. Biochim Biophys Acta.
2011; 1808 (12): 2973-2980.
Santi D, Lotti F, Sparano C, Rastrelli G, Isidori AM,
Pivonello R, Barbonetti A, Salonia A, Minhas S, Krausz
C,Vignozzi L,Maggi M, Corona G. Does an
increase in adipose tissue ‘weight' affect male
fertility? A systematic review and meta-analysis based on
semen analysis performed using the WHO 2010 criteria.
2024; 12(1):123-136.DOI: 10.1111/andr.13460.
Bellurkar A, Patwardhan S, Patil B, Kanbur A, Jain
H, Rishikesh VR. Role of Testicular Size as a
Parameter for Predicting Infertility in Indian Males. J Hum
Reprod Sci. 2020;  13(2): 114-
116. DOI: 10.4103/jhrs JHRS_7_20.
Zafar MI. and Chen X. Effects of Calorie Restriction on
Preserving Male Fertility Particularly in a State of
Obesity. Curr Obes Rep. 2024; Online ahead of print. DOI:
10.1007/s13679-024-00557-0.
Yakubu MT and Omar SA. Impact of groundwater samples
and leachates from Gbagede  dumpsite, Amoyo, Kwara
State, Nigeria, on testes and prostate of male Wistar rats: A
biochemical and histological study. 2020; 52
(11):13801. https://doi.org/10.1111/and.13801.
Norris AC, Yazlovitskaya EM, Yang TS, Mansueto A,
Stafford JM, Graham TM. (2024). ATP10A
deficiency results in male-specific infertility in mice. Front.
Cell Dev. Biol. 2024; 12-2024. DOI:
10.3389/fcell.2024.1310593.
Fink J, Ide H, Horie S. Management of Male Fertility in
Hypogonadal Patients on Testosterone  Replacement
Therapy. Medicina. 2024; 60(2): 275.
https://doi.org/10.3390/medicina60020275.
Pan F, Fu W, Zhang B, Han M, Xie H, Yi Q, Qian W, Cui J,
CaoM, LiY,Jia Y,Fang F,Ling Y, LiY, Liu Y.
Effects of Vaccination against Recombinant FSH or LH
Receptor  Subunits on Gonadal Development and
Functioning Male Rats. Vet. Sci. 2024; 11(4):176. DOI:
10.3390/vetsci11040176. DOI: 10.3390/vetscil1040176.
Santi D, Crepieux P, Reiter E, Spaggiari G, Brigante G,
Casarini L, Rochira, V, Simoni M. Follicle-
Stimulating Hormone (FSH) Action on Spermatogenesis: A
Focus on Physiological and Therapeutic Roles. J
Clin. Med. 2020; 9(4): 1014. DOI: 10.3390/jcm9041014.

8111

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

