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Abstract

Background: GS-5734 as a novel and promising medicine for COVID-2019, its biological impact
on the mammalian reproductive system has not been-systematically studied. The aim of this study
was to evaluate the effects of GS-5734 on sperm parameters and spermatogenesis in mice.
Materials and M ethods: In this study, GS-5734 was synthesized according to the report. 28 adult
male mice were randomly segregated into four groups (n=7 for each group). The group 1 was set
as the control group, the group 1, 2, 3 and 4 were administered with GS-5734 at a daily dose of 0,
10, 50, 150 pg/mouse respectively, by intraperitoneal injection for 10 days. On the 7th day after
the last injection, the testes and cauda epididymides were collected for HE staining and sperm
concentration, motility, morphology analysis.

Results: The results indicated that after treated with GS-5734, the total sperm count and motile
sperm rate showed downward trends, the abnormal sperm rate showed an increasing trend. As
compared with the control group, GS-5734 at a daily dose of 150 pg/mouse caused a significant
decrease in sperm concentration and motility, and a significant increased of abnormal sperm rate;
the 50 pug/mouse drug treatment lead to a significant decrease in sperm motility and an increase in
abnormal sperm rate. The HE staining of testicular and epididymal tissues showed that the
spermatogenesis of mice was significantly deteriorated with the increasing dosage of GS-5734,
especially in the 150 ug/mouse group.

Conclusion: Our findings suggest that a high dosage of GS-5734 may induce testicular toxicity
and result in deterioration of sperm parameters in mice. More investigation on the reproductive
toxicity of GS-5734 is required.
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Introduction
The global epidemic of Corona Virus Disease 2019 (COVID-19) has impacted the lifestyles of
billion people in different regions. In this outbreak case, Remdesivir (development code GS-5734)
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as a novel nucleoside analogues antiviral drug is used for the treatment of COVID-19 patients.
However, the nucleoside analogue drug has the potential toxicity in gametogenesis, embryo
development, and gonad function (1, 2). Among the nucleoside analogue drugs, there are more
studies on purines (3). It has been proved purinergic signaling is involved in hormone secretion,
penile erection, sperm motility and capacitation, and mucous production. As a similar competitor
to adenosine triphosphate (ATP), GS-5734 can competitively combine and inhibit RNA dependent
RNA polymerase (RdRP) of many RNA viruses, including Fibrovirus (Ebola), Coronavirus
(COVID-19), Flaviviridae (Hepatitis C virus), thereby inhibiting virus replication (4-6). In 2020,
Remdesivir as a novel and promising medicine for COVID-2019 has gained Orphan Drug
designation from FDA. However, the potential biological toxicity of nucleoside analogue drugs is
far from being well evaluated. Such antiviral drugs including acyclovir (7) and ribavirin (8) have
been shown to have teratogenic effects. In addition, continuous high-dose. administration will
cause a decrease in semen quality in rats. The development of testicular Sertoli cells, prostate, and
seminal vesicles will slow down. The abundance of testosterone in serum will also decrease (7).
The human reproductive system is highly sensitive to chemicals and due to the totipotency of the
germ cells, this effect.may be magnified with gamete fertilization, and, embryo development,
resulting in a huge impact on the progeny. Therefore, in consideration-of the reproductive safety of
patientsiand their offspring, the cytotoxicity and.genotoxicity of GS-5734 on the mammalian
reproductive system should be systematically.studied:

Materials and M ethods
Animals

In this study,-28 male C57 mice (22.1 + 2.5 g) were kept under specific conditions on a 12 h
light/dark cycle and 25°C room temperature. Enough food and water were supplied to the mice. It
was approved and in accordance with the guidance of the institutional Ethics Committee.

Drugs

The GS-5734 was synthesized according to the previous report (4). The products were
characterized by hydrogen nuclear magnetic resonance (‘H NMR, Bruker Magnet System,
Karlsruhe, Germany, 300 MHz/54 mm) and mass spectrum (MS, Waters LC-MS System, Milford,
MA, USA) to confirm the structure and purity. Three dose levels 10, 50, 150 pg/mouse of the drug
were used for intraperitoneal injection (dissolved in sterile saline) once a day (9). The drug was
dissolved in saline solution before injection.

Drug treatment

All the mice were randomly segregated into 4 groups of seven each. Group 1 was set as the
control group which was treated by sterile saline injection without the drug. Group 2, 3 and 4 were
administered 10, 50, 150 pg/mouse/day drug respectively. All the groups were treated by
intraperitoneal injection for 10 consecutive days. 7 days after the last treatment, all mice were
sacrificed by CO, inhalation.

Sperm collection
Sperms were collected by epididymal slicing. The left epididymides were collected surgically
and sliced in 500 pL of G-IVF™ PLUS (Vitrolife, Sweden). The mixture solution was kept in


https://doi.org/10.1101/2020.04.21.050104

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.21.050104; this version posted April 23, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

37°C 5% CO, incubation for 5 min to allow sperm to swim out.

Sperm concentration

The collected sperms were counted in hemocytometry (Neubauer chamber) and the related
details referenced the WHO manual (2010) (10). The sperm heads were counted as million/mL of
concentration.

Sperm morphology

About 10 pL of the sperm suspension was prepared for morphological analysis smear to
evaluate abnormal shape rate. The Diff-Quik (Solarbio Science & Technology Co., Ltd., Beijing,
China) staining was used to determine the sperm morphology. After 15 min fixing in fixative, the
smears were stained in solution A and B for 1 h separately. The dried smears were observed under
400x magnification to exam over 200 sperms per.mouse. Morphological anomalies were divided
as amorphous head, hookless, banana and-double-headed;coiled with microcephaly, bent at cepha-
locaudal junction, bent with projecting filaments, microcephaly with the tail defect and defective
head with duplication of the tail (11).

Sperm motility

The sperms were classified as motile or.immotile under 400x magnification of microscope
(IX37, Olympus, Tokyo, Japan). At.least,.over 10 random fields or 200 sperms were examined to
determine the motility rate.. Motility was presented as the percentage of motile sperm to the total
number of sperms,

Spermatogenesis analysis

The right testes and epididymides were collected surgically and removed the fat. The tissues
were fixed in Bouin's Fluid (Solarbio Science & Technology Co., Ltd., Beijing, China) and
observed histologically. The fixed testicular and epididymal tissues were paraffin-embedded,
sliced (thickness 4 um), hematoxylin-eosin (HE) stained, observed with a microscope and
photographed to find the changes in the spermatogenic epithelial structure of the testes and sperms
stored in the epididymides.

Statistical analysis

The experimental data were processed by SPSS statistical software. The results are all
expressed in mean + SEM. The paired test and independent test were used for comparison
between groups. P <0.05 was considered statistically significant.

Results
The characterigtic of synthetic drugs

The products were characterized by 'H NMR and MS. The results are as follows: *H NMR (300
MHz, CD30D): & 7.91 (s, 1H), 7.38 — 7.33 (m, 2H), 7.25 - 7.18 (m, 3H), 6.95 (d, 1H), 6.91 (d,
1H), 4.82 (d, 1H), 4.48 — 4.39 (m, 2H), 4.33 (ddd, 1H), 4.21 (t, 1H), 4.07 (dd, 1H), 3.99 — 3.88 (m,
2H), 1.54 — 1.45 (m, 1H), 1.40 — 1.29 (m, 8H), 0.90 (t, 6H). MS (ESI"): calcd for C;H3sNgOgP,
602.22; found 603.23 and 625.21 (with sodium) [M]" (Fig. 1). The purity of products was over
98.5%. The synthesized GS-5734 was used in the subsequent experiments.
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Fig. 1 Characterization of GS-5734. (A) The synthesized GS-5734 (the digital photo) was
characterized by 'H NMR, and each peak of GS-5734 was found in; (B) the MS results showed
two distinct peaks, the 603.23 was the GS-5734 in accordance with the molecular structure (the

left molecular formula), the 625.21 was the GS-5734 plus one unit of sodium.

Sperm parameters

The concentration, morphology, and motility of the sperms from cauda epididymis were
evaluated for reproductive toxicity assay. The results indicated that, after treated with drugs, the
total sperm count and motile sperm rate showed downward trends, while the abnormal sperm rate
showed an increasing trend (Fig. 2). The 150 pg drug caused a significant decrease in sperm
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concentration (Fig. 2A, p<0.01) and motility (Fig. 2B, p<0.01) in Group 4 as compared to the
control group (Group 1). The abnormal sperm rate of Group 4 significantly higher than Group 1
(Fig. 2B, p<0.05). The 50 ug drug treatment lead to a significant decrease in sperm motility (Fig.
2B, p<0.05) and an increase in abnormal sperm rate (Fig. 2B, p<0.05) compared to Group 1.
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Fig. 2 The sperm parameters. (A) The collected sperms from-epididymides were counted in
hemocytometry as million/mL and the statistical analysis'of counting results (compared to the
control group with 0 pg drug); (B) The morphology-and motility of the sperms were evaluated for
reproductive toxicity assay. Data are €xpressed as the mean £ SEM. *P< 0.05, **P < 0.01 (paired
t-test).

Further observation and analysis of the morphological abnormalities caused by high-dose drugs
was performed. Compared to the control group (Group 1, Fig. 3A), most abnormal sperm in the
high-dose group (Group 4) showed abnormal head conditions (Fig. 3BCD), including headless,
small head, and abnormal head shape; in addition, in the 50 and 150 ug drug-treated groups
(Group 3 and 4), the proportion of other types of abnormal sperm increased significantly,
including the body (Fig. 3E), the tail (Fig. 3F) and the overall abnormalities (Fig. 3GH). In
summary, these sperm parameters present a negative effect in a drug dose-dependent manner.
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Fig. 3 Observation and analysis of the morphological abnormalities through microscope. (A) The
normal sperm in Group 1; (B) abnormal headless sperm in the drug-treated group; (C) abnormal
small head in the drug-treated group; (D) abnormal head shape in the drug-treated group; (E)
sperm body abnormality in the drug-treated group; (F) two sperms with abnormal tails in the
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drug-treated group; (G) and (H) overall abnormal sperms in the drug-treated groups.

Spermatogenesis analysis

In order to study the testicular spermatogenesis after treated with GS-5734, the mice testicular
tissues of each group were collected for HE stainning and micromorphological observations, then
the Johnsen score evaluation was used to determine the effects of GS-5734 on testicular
spermatogenesis (12). The results showed that, compared with the control group (normal
spermatogenesis, the score of 10); the HE staining results of Group 2 showed that 10 ug drugs had
no significant effect on the testicular functions (Fig. 4A); the spermatogenesis of the 50 ug group
(Group 3) changed slightly, and there were many late stage sperm cells and sperms in the
seminiferous tubules, and the arrangement was disordered; there were exfoliated spermatogenic
cells in the lumen (Fig. 4B), the scores were between 8 to 9. The highest dose group with 150 pg
drugs (Group 4) was significantly affected under-microscopic observation, the late stage sperm
cells and sperms were greatly reduced oreven disappeared, the early sperm cells were less or
disappeared (Fig. 4C), and even fibrosis of testicular tissues and cell structure, disappeared (Fig.
4D), The scores were between 5 to 8.

Fig. 4 The HE staining results of the testicular tissues in drug-treated groups. (A) the Group 2 (10
ug/mouse/day); (B) the Group 3 (50 ug/mouse/day); (C) and (D) the Group 4 (150 ug/mouse/day).
Scale bars are 50 um.

Further observation of the sperm distribution in the epididymal tissue slices revealed that there
were high concentrations of sperms in the epididymal ducts of Group 2 (Fig. 5A); the epididymal
sperm concentrations of Group 3 were slightly reduced, but the overall concentrations were still
high (Fig. 5B); The sperm concentrations of Group 4 were significantly reduced and seen
occasionally (Fig. 5C), or even invisible (Fig. 5D). These results were basically consistent with the
results of the sperm parameters observed above.
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Fig. 5 The HE staining.results of the epididymal ducts'in drug-treated groups. (A) the Group 2 (10
pg/mouse/day);«(B) the Group'3 (50 pg/mouse/day); (C) and (D)-the Group 4 (150 pg/mouse/day).
Scale bars are-50 um:.

Discussion

The development process of Remdesivir took several years. Its structure design of the ribose
skeleton takes into.account the efficient combination with the RdRP, as well as better chemical
stability (4, 5, 6,713, 14). At present, there is still no systematic study on the reproductive toxicity
of GS-5734. It has been reported to have a relatively strong selectivity for the RdRP binding,
which only binds to the virus and does not bind to the animal host cells (4). In addition, metabolic
studies in primates showed that the drug remains more in the testicular tissues at the early stage of
medication. But over time, the drug metabolism in the testicular tissues was also relatively fast (4).
In April 2020, a clinical study of GS-5734 in 53 patients with COVID-19 revealed that 36 of them
had clinical improvement after 10 days of medication. But the side effects were also highlighted
which included 32 patients (60%) were elevated liver enzymes, diarrhea, rash, renal dysfunction,
and hypertension; a total of 12 (23%) patients experienced severe side effects, including multiple
organ dysfunction syndromes, septic shock, acute kidney injury, and hypertension (9).

The study of the effect of GS-5734 on the male mice reproductive function provides a reference
for the possible reproductive toxicity to humans. Currently, GS-5734 is recommended for
intravenous administration in humans according to clinical guidelines. Due to the limitation of
water solubility (about 0.33 mg/mL), the mice were administered by intraperitoneal injection for
large volume injections in this study. The general dosage of GS-5734 administered in humans is
100 mg/person/day (9), converted to bodyweight dose is about 1-2 mg/kg/day. In this study, we
used a dose of 10, 50, 150 pg/mouse/day for mice, which are converted to about 0.4, 2, 6
mg/kg/day for bodyweight dose. The intermediate dose (50 pug/mouse/day) is close to the human
dose and was continuously administered for 10 days, then measured after 7 days of stopping the
medicine. The sperm concentrations in the epididymides did not change significantly, and the
spermatogenesis of the testes slightly decreased, the motility of epididymal sperms decreased
significantly, and the proportion of abnormal sperms increased significantly. These results showed
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that after regular dose medication, patients may need a longer time to restore spermatogenesis to
ensure reproductive safety and obtain healthy offspring. In the lower concentration drug group (10
pg/mouse/day), these parameters have no significant difference compared with the control group
(0 ng/mouse/day). Further study of the highest dose group (150 pg/mouse/day) found that all
parameters of this group were significantly affected. The sperm concentration and motility in the
epididymal ducts of this group were significantly reduced, and the proportion of abnormal sperms
were significantly increased. The testicular and epididymal tissue slices showed that the
spermatogenesis of mice was significantly affected, the testicular tissues appeared fibrosis and
loss of function, and the sperm in the epididymides were also significantly reduced' or even
disappeared. These results indicated that continuous high-dose (150 pg/mouse/day) use of
GS-5734 for 10 days could adversely affect the spermatogenic and sperm parameters of the testes
of male mice, and the effects would not recover within 1 week of stopping the medicine. In
summary, controlling the dosage and the interval between drug withdrawal and fertilization are the
key considerations for reducing the reproductive toxicity-and offspring malformation risk.

As one of the drug candidates against the epidemic, GS-5734 mainly exerts antiviral therapeutic
effects against the COVID-19 virus. It has been reported that the COVID-19 virus has damaging
effects on the male reproductive system and-Kidneys, such asworchitis and causing sterility (15, 16).
The balance between the treatment of reproductive damage caused by viruses and the reproductive
toxicity caused by the drug may be an interesting research content. However, COVID-19-infected
critically ill patients are mostly elderly; patients, their reproductive system function may be
weakened by age and is no.lenger-a'maintenance focus. It may be necessary to pay more attention
to the assessment-of>reproductive toxicity during the medication of young and child-bearing
people.

Conclusion

Our findings suggest that a high dosage of GS-5734 may induce testicular toxicity and result in
deterioration of sperm parameters in male mice. Currently, the international epidemic situation is
getting worse. If GS-5734 is widely used internationally as a first-line treatment drug, the research
on its reproductive toxicology is needed more in-depth.
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