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ABSTRACT

OBJECTIVE: Renin angiotensinogen system (RAS) inhibitors, ramipril and sacubitril/valsartan are frequently used in the
treatment of cardiovascular diseases. Although they are known as contraindicated during pregnancy in hypertensive women,
there is not any outcome of their safety in male fertility after exposure to ramipril or sacubitril/valsartan. In this study, we
aimed to evaluate the effects of ramipril and sacubitril/valsartan to highlight their safety in the male fertility in normotensive
and hypertensive rats.

METHODS: Adult male normotensive and dexamethasone-induced hypertensive rats were treated with sacubitril/valsartan,
ramipril and saline for 18 days. Arterial blood pressures were verified using carotid artery cannulation. Male fertility parame-
ters, including the testis weights, histopathologic scoring of the testis, sperm count, sperm motility, morphology, and serum
testosterone levels, were analyzed in treated and nontreated normotensive/hypertensive rats.

RESULTS: Sacubitril/valsartan or ramipril treatments did not reveal a significant difference in sperm production, testicular
morphology, and radioimmunoassay of serum testosterone levels compared to the control group. However, sperm motility
was significantly reduced in rats under RAS inhibition.

CONCLUSION: This finding was likely mediated by the identification of Ang receptors in the tails of rat sperm given that
Ang receptors may play a role in the modulation of sperm motility. Identification of RAS-related proteins involved in sperm
motility may help to explain their roles in motility. Our data provide general safety evidence for the male fertilization ability
after paternal sacubitril/valsartan and ramipril exposure.
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aternal drug exposure is defined as the agents that a
male partner has been exposed to [1]. The physio-
logical or environmental factors that induce and maintain
sperm production and motility generally remain unclear,
although several agents have been reported to be involved.

In recent years, studies have been conducted on the
physiological and pathophysiological relationship of the
human reproductive system and renin angiotensinogen

system (RAS) (2, 3]. The presence of RAS components

in the reproductive system, especially in oocytes, granu-
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lar cells, sperm cells and Leydig cells have been described
previously [4]. In addition, RAS pathways have been re-
ported to play a role in reproductive functions. Angioten-
sin-converting enzyme 1 (ACE1), a key enzyme in RAS,
converts angiotensin I (Ang I) to angiotensin II (Ang II)
and has been involved in female reproductive physiology
through Ang IT type 1 receptor (AT1R) and Ang IT type
2 receptor (AT2R). In contrast, the functions of Ang II
in male reproductive events were reported to be stimu-

lated by the Ang IT type 1 receptor (AT1R) [5].

Sacubitril/valsartan, a combined form of neprilysin
inhibitor’ and ‘angiotensin receptor blocker (ARB); is
used in the management of cardiovascular diseases.
Sacubitril, a neprilysin inhibitor, inhibits degradation
of the endogenous natriuretic peptides, thus enhancing
their beneficial cardiovascular effects. Valsartan, an ARB,
displaces Ang IT from AT1R and antagonizes AT1-in-
duced vasoconstriction. Although many studies have ex-
tensively examined the potentially toxic effects of drugs
in female reproduction, the experience of fertility after
paternal drug exposure is limited. It is reported that the
women of reproductive age should avoid this combina-
tion since ARBs have been associated with fetal renal
dysfunction and oligohydramnios [6].

Ramipril, an ACE inhibitor, similatly, is not recom-
mended for the treatment of uncomplicated hyperten-
sion in pregnancy and is reported as contraindicated by
several guidelines in the treatment of hypertension and
chronic heart failure during pregnancy. Animal studies
were conducted on the female species, but male exposure

to the RAS inhibitors has not been investigated [6, 7].

In general, there are very few human data related to
the paternal exposure to the medications regarding their
potential toxic effects on male fertility or reproductivity.
This uncertainty increases the anxiety both in the fam-
ilies and the physician who received the drug to the fa-
ther, although it is generally thought that the maternal
drug exposure is more important for the off-spring [8].
In this study, we aimed to evaluate the paternal exposure
to RAS-related drugs, sacubitril/valsartan and ramipril,
to highlight their effects in male fertility, and compare
the fertility parameters of normotensive and hyperten-
sive male rats after drug exposure.

MATERIALS AND METHODS

Animals

In this experimental animal study, a total number of thir-

ty-six adult male Wistar-Albino rats (body weight of

200-300 g) were housed and maintained at 22°C, 60+5%
humidity and a 12:12 h light/dark cycle with free access to
food and water. The procedures used and the care of ani-
mals was approved by the Institutional Animal Care and
Use Committee (Approval No. 2018/01/06, Approval
date: 13.02.2018). All experiments were conducted in
strict accordance with the National Institute of Health
Guidelines for the Care and Use of Laboratory Animals.

Drugs and Chemicals

Dexamethasone was purchased from Deva (Istanbul,
Turkey), ramipril was purchased from Sanofi (Istanbul,
Turkey), and sacubitril/valsartan was supplied from No-
vartis Farma S.p.A (Torre Annunziata, Italy). Ramipril
and sacubitril/valsartan were freshly prepared at doses of
10 mg/kg/d per day and 80 mg/kg/d per day, respective-
ly, homogeneously dissolved in water and administered
to rats with orogastric gavage. Dexamethasone (30 pg/
kg per day) and sterile saline (sodium chloride) were ad-
ministered subcutaneously at a volume of 1 ml/kg.

Experimental Design and Hypertensive Rat Model

A total number of thirty-six male Wistar-Albino rats
were randomly divided into six groups (n=6). Dexa-
methasone (30 pg/kg) was applied subcutaneously (s.c.)
between 4-18" days of the experiment to form the hy-
pertensive rat model. Blood pressures were verified with
mean arterial blood pressure (MABP) measurements us-
ing carotid artery cannulation according to the method
of Bilanda et al. [9]. Treatment groups were as follows:

Group 1: normotensive control (untreated rats with nor-
mal blood pressure),

Group 2: normotensive ramipril (rats with normal blood
pressure received ramipril 10 mg/kg),

Group 3: normotensive sacubitril/valsartan (rats with
normal blood pressure received sacubitril/valsartan
80 mg/kg),

Group 4: hypertensive control (untreated rats with high
blood pressure),

Group 5: hypertensive ramipril (rats with high blood

pressure received ramipril 10 mg/kg),

Group 6: hypertensive sacubitril/valsartan (rats with
high blood pressure received sacubitril/valsartan 80
mg/kg).

This model of hypertension is usually attributed to
the activation of the steroid-induced mineralocorticoid
receptor, but studies have shown that glucocorticoids
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may also increase blood pressure independently of this
receptor. In addition, one of the underlying mechanisms
of steroid-induced hypertension is the increase of en-
dogenous vasoconstrictive agents such as norepineph-
rine and angiotensin II [10]. Thus, in our protocols, an-
tihypertensive medications were administered between
0-18* days of the experiment for already blocking the
receptors that are responsible for dexamethasone-in-
duced hypertension. The doses in this study were calcu-
lated on the basis of doses that have been shown to have
antihypertensive effects in the rat model of hypertension
in our previous studies [11].

Mean arterial blood pressure of hypertensive groups
(Group 4, 5, 6) was verified before the assessment of
fertility parameters. The mean arterial blood pressures
were as follows: Group 4 (untreated rats with high blood
pressure): 132+7 mmHg, Group 5 (rats with high blood
pressure received ramipril 10 mg/kg): 1144+8 mmHg,
Group 6 (rats with high blood pressure received sacubi-
tril/valsartan 80 mg/kg): 109+11 mmHg.

At the end of the experiment, testis weights, histo-
pathologic scoring of testis according to the modified
Johnsen scoring [12], sperm count, sperm motility, mor-
phologic evaluations due to head and tail anomalies [13],
and serum testosterone levels of rats were analyzed.

Assessment of Mean Arterial Blood Pressure (MABP)
using Carotid Artery Cannulation

Arterial blood pressure of all rats was measured as previ-
ously described. [5] Briefly, the rat was anesthetized us-
ing an intraperitoneal injection of ketamine (80 mg/kg)
and xylazine (10 mg/kg). The trachea was exposed and
cannulated to facilitate spontaneous breathing, The arte-
rial blood pressure was measured from the carotid artery
using an arterial cannula connected to a pressure trans-
ducer coupled with a hemodynamic recorder (BIOPAC
MP35 System Inc., Santa Barbara, CA, USA).

Histopathological Assay

At the end of drug treatments, testis, epididymis and semi-
nal vesicles were isolated from the rats and cleaned from pe-
ripheral connective tissue. The weights of testis were mea-
sured with the Mettler Toledo precision weighing device.
The right testis was taken immediately and fixed in Bouin’s
solution for 24 hr. After 24 hours of fixation, the testis tis-
sues were embedded in paraffin. The 5-um thick sections
were obtained and stained with hematoxylin and eosin.

The groups were evaluated using an Olympus BX43 (To-

kyo, Japan) microscope, according to the modified Johnsen
scoring system, as briefly described [12]. Testicular biop-
sy score of Johnsen count is a method for registration of
spermatogenesis in testes, Each tubular section was given a
score from 10 to 1 according to the presence or absence of
the main cell types arranged in the order of maturity. Pres-
ence of spermatozoa scores 10, 9 or 8; spermatids (and no
further) 7 or 6; spermatocytes (and no further) 5 or 4; only

spermatogonia 3, only Sertoli cells 2 and no cells 1.

Analysis of Sperm Motility, Count and Morphology

Epididymal sperm analysis, including motility, count and
abnormal morphology rates, was carried out as described
previously [13]. The left epididymis of each rat was re-
moved. Epididymal plasma was obtained by cutting the
caudal part of the left epididymis in a petri dish. The
seminal plasma was kept for two minutes at room tem-
perature to be liquefied. Semen sample was taken into
GMOPS plus (Vitrolife, USA) solution. After centrifu-
gation using the routine gradient method, the pellet was
centrifuged again by dilution with the sperm washing
medium (Vitrolife, USA). The sperm count and motil-
ity in the Makler chamber (Sefi Medical Instruments,
Haifa, Israel) were evaluated using the Olympus BX43
microscope (Tokyo, Japan). The semen fluid was spread
on the lam and left to dry. It was subsequently dyed by
Diff Quick (NBT Lab) staining method for morpho-
logical evaluation. Under x100 magnification using the
immersion oil, the total area of 100 spermatozoa was
counted and percentage values regarding the disorders in
the morphology and structure of head or tail were given.

Enzyme-Linked Immunosorbent Assay (ELISA)

After drug treatments with sacubitril/valsartan and rami-
pril, blood sampling was collected by cardiac puncture
under anesthetic conditions. Concentrations of testos-
terone in the plasma were measured by ELISA accord-
ing to the manufacturer’s instructions. The kit by which
testosterone analyzed was 201-11-5126; from SunRed
Biological Technology, Shanghai, China. In ELISA for
testosterone, the sensitivity of the assay was 8.775 pg/
ml; assay range was 10 pg/ml-3000 pg/ml with an in-
tra-assay coefficient of variations <10%, inter-assay coef-
ficient of variations <11%.

Data Analysis

The data were defined as the arithmetic average and
standard deviation. To apply parametric tests, the
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TABLE 1. Male fertility values in normotensive and hypertensive rats; before (control) and after drug treatments (ramipril, sacu-

bitril/valsartan)

Variable Serum testosterone Testicular biopsy Sperm count Sperm motility Testis weight
(pg/ml) score (nx10%) (%) (grams)
Normotensive-control 76.92+41.19 9.83+0.41 75.50+13.63 43.50+10.69 1.65+0.28
Normotensive-rami 85.06+26.83 9.67+0.52 67.83+16.82 31.67+9.75* 1.83+0.51
Normotensive-sacu/val 70.70+23.36 9.17+0.75 60.83+14.86 33.67+7.76%* 1.80+0.20
HT-control 51.11+18.16 9.33+0.82 70.00+13.36 25.83+5.912 1.82+0.75
HT-rami 103.19+£88.37 9.67+0.52 63.33+14.99 28.17+6.15° 1.83+0.18
HT-sacu/val 68.32+61.73 9.33+£0.82 65.83+12.84 30.33+7.79¢ 1.73+£0.12

Rami: Ramipril; Sacu/val: Sacubitril/ valsartan. The p-values for the sperm motility comparing normotensive control group versus normotensive ramipril, normotensive
sacu/val, HT control, HT ramipril, HT sacu/val groups respectively; *: p=0.018; **: p=0.046; a: p<0.001; b: p=0.003; c: p=0.009.
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FIGURE 1. (A) Normal morphology of the germinal epithelium, spermatogenetic series cells, sertoli and leydig cells in normotensive
control rats (x200). (B) Normotensive treatment groups with normal testicular architecture and morphology (x200). (C) Hyperten-

sion affected seminiferous tubule appearance (x200).

Kolmogorov Smirnov test was used to determine
whether the samples have a normal distribution and
whether the variances are homogeneous. For multiple
groups, analysis of variance test with post-hoc Tukey’s
test for significant difference was used for normally dis-
tributed data. Kruskal Wallis test with Mann-Whitney
U test under Bonferroni correction was used for the
analysis of none normally distributed data. The p-val-
ues less than 0.05 were considered significant. The data
were evaluated at a 95% confidence interval. The data
were analyzed in SPSS 17.0 programme (IBM, IL,
U.S.A)).

RESULTS

Effects of Mean Arterial Blood Pressure on Male
Fertility

In the hypertensive control rats, mean testosterone lev-
el was 51.11418.16 pg/ml, mean testicular biopsy score

was 9.3310.82, mean sperm count was 70.00+£13.36
(x104), mean sperm motility was 25.83+£5.91 (%), and
mean testis weight was 1.82+0.75 g (Table 1). Among
these parameters, we found that sperm motility signifi-
cantly reduced in all groups compared to the normoten-

sive control rats (43.50+10.69%).

Effects of Treatments on Histopathological Scoring

We found that rats treated with ramipril or sacubitril/
valsartan did not cause a significant change in the his-
topathological scoring parameters in comparison to the
control group. Upon microscopic examination, animals
in the control and treatment groups revealed a normal
testicular architecture and morphology with spermato-
genic cells at different stages of development (Fig. 1A,
B). Hypertension revealed an insignificant reduction in
spermatogenesis compared to that of control by affecting
the seminiferous tubule appearance (9.33+0.82 versus

9.83+0.41) (Fig. 1C).
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TABLE 2. Morphologic evaluation of sperms in normotensive and hypertensive rats before (control) and after drug treatments
(ramipril, sacubitril/valsartan)

Morphological assessment Normotensive- Normotensive- Normotensive- HT-control HT-rami HT-sacu/val
control (%) rami (%) sacu/val (%) (%) (%) (%)

Normal morphology 96 94 93 95 93 94

Head anomaly 2 4 3 3 4 3

Tail anomaly 2 2 4 2 3 3

HT: Hypertensive; Rami: Ramipril; Sacu/val: Sacubitril/ valsartan.
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FIGURE 2. (A) Arrow shows a head anomaly in hypertensive rats (x1000). (B) Arrow shows a tail anomaly in hypertensive rats

(x1000).

Effects of Treatments on Sperm Motility, Count and
Morphology

The results of the sperm motility, count and morphology
were presented in Table 1 and Table 2. Table 1 present-
ed that the treatment of normotensive rats with ramipril
and sacubitril/valsartan decreased the sperm count com-
pared to the normotensive control rats (67.83+16.82,
60.83+14.86 versus 75.50+13.63 x104). In addition,
the treatment of hypertensive rats with ramipril and
sacubitril/valsartan decreased the sperm count com-
pared to the hypertensive control rats (63.33+14.99,
65.83+12.84 versus 70.00+13.36 x104). However, these

reductions were found insignificant.

Ramipril, sacubitril/valsartan, and high blood
pressure significantly decreased the sperm motil-
ity compared to the normotensive control rats, as
shown in Table 1 (31.67+£9.75%, 33.67+7.76%,
25.834+5.91%, 28.17+£6.15% versus 43.50+£10.69%).

Figure 2 showed head and tail anomaly in hyperten-
sive rats (x1000).

Effects of Treatments on Serum Testosterone Levels

As shown in Table 1, the exposure to ramipril or sacu-
bitril/valsartan did not significantly affect the testoster-
one level of serum compared to the control group. We
found that testosterone levels of hypertensive rats were
insignificantly reduced in comparison with a normoten-
sive group (51.11+18.16 pg/ml versus 76.92+41.19
pg/ml) (Table 1).

Effects of Treatments on Testis Weights

The exposure to ramipril or sacubitril/valsartan did
not result in any significant changes in the weights of
the testis compared to the control group (1.83+0.51 g

and 1.80+0.20 g versus 1.65+0.28 g). Furthermore, we
found no significant difference in the weights of hyper-
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tensive rats testis in comparison with a normotensive

group (1.82+0.75 g versus 1.65+0.28 g) (Table 1).

DISCUSSION

It was well established that the drugs acting directly on
the RAS may cause injury and death to the developing
fetus if used by pregnant women during the first trimes-
ter [14]; however, this finding may also be confounded
by maternal hypertensive disease, as chronic maternal
hypertension is associated with adverse events in the fe-
tus [6]. It is also necessary to pay attention to the drugs
that the father inadvertently uses, which may exert toxic
reactions on the male fertility parameters. Likewise, the
male reproductive system and male genitourinary path-
ways have several local RAS activities. The roles of the
RAS in local processes at these sites are still uncertain,
although there is evidence for involvement in tubular
contractility, spermatogenesis, sperm maturation, capaci-
tation, acrosomal exocytosis and fertilization [15].

Three main mechanisms of male reproductive toxic-
ity have been proposed in previous studies: nongenetic
toxicity due to the presence of a chemical compound or
drug in semen, genetic toxicity involving gene mutation
and/or chromosomal abnormality, and epigenetic tox-
icity which affects gene expression, genomic imprinting
or DNA methylation [16]. Paternal chronic exposure to
5-azacytidine, cyclophosphamide and tamoxifen has re-
vealed a decrease in genomic methylation of epididymal
sperm in previous studies [17—19]. Furthermore, many
drugs have been reported to lead to the temporary or
persistent infertility by impairing semen parameters [1].
Paternal radiotherapy and some antineoplastic agents
may cause male germ cell loss due to the doses of the
exposed agent and duration of treatment [20, 21]. In the
current study, we analyzed the RAS inhibitors on the
male fertility in hypertensive and normotensive rats and
found that the sperm motility significantly reduced in
hypertensive rats after treatments with RAS inhibitors,
although there were no significant changes in the sperm
production or morphology.

Male fertility is particularly impaired by the reduc-
tion in sperm count, delay in sexual maturation, decrease
in serum testosterone levels, apoptosis of germ cell, and
testicular inflammation [22]. Many drugs may cause
decreases in sperm count, but these adverse effects are
manifested in different time periods. Due to the toxic-
ity of late-stage germ cells, a 10-100 fold reduction in
sperm count may occur in one to two months. However,

azoospermia usually does not occur until two months
when the sperm would be derived from differentiating
spermatogonia [23]. The process of spermatogenesis
normally takes about 52-53 days in rats; however, the
development of the seminiferous epithelium cycle or
the spermatogenetic cycle is segmental in rats, has four-
teen stages and takes place in 287.7 hours (twelve days),
while in human it is helical, has six stages and occurs in
384.6 hours (sixteen days) [24]. Thus, in our study, we
evaluated the sperm count in rats at the end of the drug
treatments on the 18.day since one or more stages of this
spermatogenic process can be altered by the medications
administered during a period of 18-days. We found that
ramipril and sacubitril/valsartan revealed an insignifi-
cant decrease in the sperm count compared to the nor-
motensive control rats.

The male reproductive organ weights are used as
valuable markers for reproductive risk assessment. The
reduction in the testicular weights could be due to the
germinal cell loss [25]. Exposure to ramipril, sacubitril/
valsartan or high blood pressure resulted in no signifi-
cant change in the weights of the testis compared to the
control group. Sertoli cells form tight junctions that
are the parts of the blood-testis barrier to protect sper-
matogenesis, provide nutrients and immunosuppressive
factors for the germ cells [22]. Disruption of the Sertoli
cell-germ cell association by cytotoxic agents, diseases,
oxidative stress, or inflammation impairs spermatogen-
esis [26]. In our study, we found that animals in the con-
trol and treatment groups revealed a normal testicular
architecture and morphology with spermatogenic cells at
different stages of development. However, hypertension
affected the seminiferous tubule appearance and revealed
an insignificant reduction in spermatogenesis, compared
to that of control. These findings were in accordance with
previous reports that high blood pressure induced tes-
ticular morphological alterations in seminiferous tubules
and intratesticular vessels, associated with lower sperma-
tozoid concentration [27].

Changes in sperm quality and/or motility may be
associated with impaired testosterone production and
expression in the steroidogenesis after drug use [28]. To
clarify this hypothesis, we evaluated the levels of serum
testosterone levels using ELISA assay in normotensive
and hypertensive male rats under treatment with RAS
inhibitors. We found that testosterone levels of hyper-
tensive rats were insignificantly reduced compared to the
normotensive group, and ramipril or sacubitril/valsartan
did not significantly affect the serum testosterone levels.
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The RAS was reported to be related to androgen synthe-
sis. Activation of AT1R increases luteinizing hormone
and corticotrophin-releasing hormone, which stimulates
adrenal glands to secrete androgen precursors and testis
for androgen production [29]. The effects of AnglI infu-
sion and ACE inhibition on the RAS activity have also
been examined in the testes. In previous studies, the in-
fusion of AnglI decreased the local synthesis of testicular
ACE mRNA, indicating that a local RAS activity is re-
sponsive to RAS inhibition [30]. In human studies, there
have been limited studies on the effects of ACE inhibitors
on androgen metabolism in men. Lisinopril in hyperten-
sive men showed a significant decrease in free testosterone
[31], but no significant changes in serum testosterone
level were observed in another study with ramipril [32].

Sperm motility is a key parameter for fertilization.
Motility and sperm flagellum are required for sperm
to cross the protective layers around the oocyte and to
deliver its DNA content into the oocyte [33]. As a re-
sult, any deterioration in sperm motility has a strong in-
hibitory effect on the fertilization and adversely affects
fertility [34]. Ang II plays a role in maintaining sperm
function and fertility. Exposure of sperm to Ang II in-
creases the percentage of motile spermatozoa. In addi-
tion, this peptide has been associated with capacitation
and acrosome reaction [2, 35]. Local tissue RAS is found
in both male and female genital tracts, including an-
giotensinogen mRNA and renin in rat testes. Previous
studies have identified AT1R and AT2R in the tail of
the rat and human sperm 36, 37]. Accordingly, we found
that the sperm motility significantly reduced in hyper-
tensive rats after treatments with RAS inhibitors.

It was reported that Ang II increased the percentage of
motile sperm and that AT 1R antagonists inhibited the ef-
fects of Ang II on the percentage of motile sperm. Human
seminal fluid contains prorenin, and the development of
sperm requires ACE isozyme involved in sperm capaci-
tation [36]. Male mice with ACE deficiency subsequent a
mutation formation that was designed to inactivate both
testis and non-testis forms of ACE have been identified as
infertile, although sperm production and mating behav-
ior appear to be normal [38]. These data show that RAS
plays a significant role in the regulation of sperm motility
function. In addition, since this effect was eliminated in
the presence of ACE inhibitor ramipril, it is clear that Ang
I, as well as Ang II, was found to increase the percentage
of motile sperm. In another study, male mice that were
homozygous in the lacking an angiotensinogen gene were
found fertile, though this condition was usually fatal [39].

Our experimental study has some limitations. RAS
inhibition or deficiency alone may not be sufficient to
correlate with changes in sperm motility, and it is impor-
tant to consider the other measurements of sperm func-
tion to elucidate the role of Ang II. In fact, instead of the
decrease in sperm motility with RAS inhibition, the lack
of a clear dose-response relationship suggests that Ang
stimulation may not play a primary role in this event. Se-
condly, we could not determine whether paternal sacu-
bitril/valsartan and ramipril exposure could cause gene
mutation, chromosomal abnormality on gene expression,
genomic imprinting or DNA methylation in male sperm
and whether these changes could pass to the offspring.

In conclusion, the importance of RAS in male fertility
was demonstrated by significantly reduced sperm motility
under RAS inhibition in male rats, although sperm pro-
duction and morphology appear normal. This finding was
likely to be mediated by the identification of Ang receptors
in the tails of rat sperm, the presence of local tissue RAS,
renin and angiotensinogen mRNA in male tracts. Ang re-
ceptors may play a role in the modulation of sperm motil-
ity due to its presence in the human semen. Identification
of RAS-related proteins involved in sperm motility may
help to explain their roles in motility. This experimental
study has limited power; however, our data provide gen-
eral safety evidence for the male fertilization ability after
paternal sacubitril/valsartan and ramipril exposure.
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