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ABSTRACT... Objectives: To evaluate salicylidene salicylhydrazide (SCS) for any possible toxicological effects on male
reproductive system in Albino male BALB/c mice. Study Design: Experimental study. Study Setting: Department of
Histopathology, Khyber Medical College Peshawar and Department of Pharmacy, University of Peshawar, Peshawar were
utilized for conducting this study. Period: July, 2020 to December, 2020. Material & Methods: Male BALB/c mice were daily
administered with SCS at 5, 25, and 50 mg/kg for 7 and 14 days. The body and testes weights were measured and the testes
were subjected to histological tissue processing techniques. Results: The extent of testicular toxicity was evaluated by using
modified Johnsen scoring system for assessing the level of spermatogenesis, and morphometric analysis by measuring the
diameter of the seminiferous tubules, thickness of germinal epithelium, and area of interstitial cells of Leydig. The body and
testes weights showed that the various doses of SCS have no substantial effects after 7 and 14 days. The tested doses of
SCS did not produce any distinguishable change in the normal histological features of seminiferous tubules and interstitium
after 7 days. However, after 14 days, the 50 mg/kg dose of SCS was associated with vacuolization and loosening of germinal
epithelium. These mild-to-moderate histopathological aberrations was confirmed from morphometric analysis in this dose
group in which a decrease in the seminiferous tubules’ diameter and reduction in the thickness of germinal epithelium along
with an increase in the interstitial area were observed. Conclusion: These findings concluded that SCS is considered to be
relatively safe.
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INTRODUCTION

The preclinical testicular toxicity evaluation of
potential drug-like compounds is important and
is a standard component of safety assessment
during drug development process.! Drugs as
well as environmental pollutants have shown
to greatly affect the spermatogenesis process
during different stages of development in
humans. These include cadmium, which severely
affect the normal testicular function parameters
including decrease testes weight, reproductive
hormones, production of oxidative stress and
induction of apoptosis in testes.? Conducting
toxicological studies on male reproductive
system have received greater attention in recent
years due to the increasing reports of reduction
in the sperm counts along with other reproductive

disorders including testicular cancer and possible
transmission of exposure-related to the fetus.®

Various scientific techniques can be used to
evaluate the male reproductive toxicology and
these includes general systemic toxicity testing,
assessingthefunctional effectsonthereproductive
organs of male, as well as mechanistic and
molecular approaches conducted at the tissue
level or in isolated cells.* However, assessing
the toxicological effect on the male reproductive
system in humans is challenging as only a few
clinical toxicological markers are available that
can monitor possible alterations in testicular
function including analysis of semen, testosterone
and gonadotropin concentrations in the serum.
Moreover, the real time monitoring of adverse
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effects on testicular function in humans is also
difficult due to the several months of latency period
between the time of injury to the seminiferous
tubules and the time of its clinical presentation
and detection by semen analysis. There is also
a dilemma of correlating the measurements of
testicular function to changes and effects on male
fertility.’

Salicylidene salicylhydrazide is the derivative
of salicylaldehyde benzoylhydrazone and
synthesized by converting alkyl ester to
hydrazide by refluxing with excess hydrazine
hydrate and addition of aromatic aldehyde.® It
has a molecular weight of 256.26 g/mol and a
melting point of 284-287 2C. It is observed that
salicylidene salicylhydrazide has a strong cancer
cell damaging potential as it strongly inhibited the
growth of human colon adenocarcinoma cells. Its
inhibitory anticancer potential (IC) is reported
as 1.8, which is more potent than cisplatin (4.2)
against these cancer cell lines.® It also strongly
inhibits synthesis of DNA in the rodent leukemia
and hepatoma cancer cells, human bladder
cancer, lung carcinoma and melanoma cells.®
Moreover, it also has 31 subunit containing GABA
receptors inhibitory affinity and the interaction may
involve an allosteric mechanism.” Salicylidene
salicylhydrazide has an analgesic potential that
can be useful for treating peripheral neuropathic
pain conditions linked with chemotherapy.®

The present study evaluated salicylidene
salicylhydrazide (SCS) for any possibility of
producing toxicological effects on the male
reproductive system, which may compromise
its otherwise beneficial effectiveness in disease-
state conditions.

MATERIAL & METHODS

The experiments were approved by the Ethical
Committee of Khyber Medical College, Peshawar,
Pakistan and approval for the study was granted
vide registration number 42/PG/KMC. This was
conducted at histopathology department, Khyber
Medical College, from July 2020 to December
2020.

Male BALB/c mice weighing 20-40 g were

included in the study. They were acclimatized
in a light dark cycle of 12/12 h at 20-24°C.
Salicylidene salicylhydrazide (97%) was obtained
from Alfa Aesar, Thermo Fisher Scientific, Kandel,
Germany. It was dissolved in a vehicle consisting
of DMSO, Tween80 and normal saline in a ratio
of 3:1:96.

The mice were divided into four main groups (A,
B, C and D), while groups B, C and D were the
experimental groups. Each group was further
subdivided into two subgroupsi.e. A1, A2, B1, B2,
C1, C2, D1 and D2. Each subgroup comprised
of 6 animals. Animals of each subgroup were
kept in a separate cage. The subgroup A1 was
the control group for B1, C1 and D1 experimental
subgroups, while the subgroup A2 was the
control group for experimental subgroups of B2,
C2 and D2. Animals in the control subgroups
A1 and A2 received the vehicle (3% DMSO, 1%
Tween 80 and 96% normal saline) for 7 and 14
days, respectively. The animals in subgroups B1,
C1 and D1 received SCS once daily through the
intraperitoneal route at doses of 5 mg/kg, 25 mg/
kg and 50 mg/kg, respectively for consecutive
7 days. Likewise, SCS was intraperitoneally
administered to animals in subgroups B2 at 5
mg/kg, C2 at 25 mg/kg and D2 at 50 mg/kg for
consecutive 14 days. The experimental plan is
shown in Table-l.

Groups Subgroups Dose of Drug
10 ml/kg (3% DMSO, 1%
Al (n=6) Tween80 and 96% normal
Control saline) for 7 days
Group A 10 ml/kg (3% DMSO, 1%
A2 (n=6) Tween80 and 96% normal
saline) for 14 days
Experimental ~ B1(n = 6) 5 mg/kg for 7 days
Group B B2 (n = 6) 5 mg/kg for 14 days
Experimental  C1 (n = 6) 25 mg/kg for 7 days
Group C C2(n =6) 25 mg/kg for 14 days
Experimental D1 (n =6) 50 mg/kg for 7 days
Group D D2 (n = 6) 50 mg/kg for 14 days

Table-l. Experimental plan.

At the end of 7 and 14 days, the animals were
sacrificed and their testes were surgically
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removed. The testes were weighted along with
epididymis. They were then placed in labeled jars
containing 10% neutral buffered formaldehyde.
After 48 hours, the tissues were dehydrated in
graded ethanol solutions (70-100%), each for
1 h. The tissues were then cleared in alcohol-
xylene solution and then in 100% xylene with two
changes each for 1 h at 45-47°C under constant
stirring. The tissues were then infiltrated with
paraffin wax and were then embedded. The
embedded tissues were sectioned through a
rotary microtome at 4-5 micron and were then
stained with hematoxylin and eosin and periodic
acid-Schiff for microscopic evaluation.®

The tissue slides were examined under a light
microscope for various parameters including
degeneration of germ cells, multinucleate
aggregation, depletion of germ cells, exfoliation
of germ cells, vacuolization of the germinal
epithelium ofthe seminiferous tubules, contraction
of tubules, dilatation of tubules, retention of
spermatids, necrosis of the seminiferous tubules,
atrophy, hypertrophy, hyperplasia and adenoma
of Leydig’s cell and disorganization of the
tubular contents. The histopathological changes
occurring in the testis were examined under a
400x original magnification using a trinocular
microscope. The level of spermatogenesis was
evaluated using the modified Johnsen scoring
system.1?

The morphometric analysis was performed for the
measurement of seminiferous tubular diameter,
germinal epithelium thickness, and area of
interstitial cells of Leydig under high power field.
These measurements were conducted using
the Nikon microscope (ECLIPSE Ci-L) with a
standalone camera control unit (DS-L3).

The histopathological changes were evaluated
by an experienced pathologist who was blinded
to the various treatment groups. The quantitative
data were expressed as mean = standard
deviation (SD) or standard error of the mean
(SEM). Statistical analyses were carried out using
one-way ANOVA or two-way repeated measures
ANOVA followed by appropriate post hoc tests. A
P value less than 0.05 was accepted as statistically

significant.

RESULTS

After 7 days, the group of mice treated with the
vehicle (A1) showed a normal gross behavioral
profile. The mice in the subgroups administered
with the tested doses of SCS at 5, 25 and 50 mg/
kg (groups B1, C1 and D1) were also observed
to perform their normal general activity. Moreover,
no aggressive behaviors were observed during
the 7 days of observation.

After 14 days, the group of mice treated with
the vehicle (A2) exhibited a normal behavioral
and locomotor profile. The animals that were
administered with the 5, 25 and 50 mg/kg doses
of SCS (groups B2, C2 and D2) were also grossly
observed after dosing in their respective cages. It
was found that these doses have no gross effect
on the behavior as well as on the locomotion.

Effect of salicylidene salicylhydrazide on body
weight

After 7 days of consecutive treatment with SCS,
the animals in the various groups did not show
any statistically significant change in the body
weight as no significant difference was observed
in the groups of mice administered with SCS at
the tested doses of 5, 25 and 50 mg/kg (groups
B1, C1and D1) as compared to the vehicle treated
group (group A1). Similarly, administration of
SCS for 14 days has no significant effect on the
body weight of animals allocated to the various
treated groups (groups B2, C2 and D2) (Figures-
1A and 1B).

The different groups of animals administered
with the tested doses of SCS at 5, 25 and 25
mg/kg (groups B1, C1 and D1) have shown no
significant alterations, when their diameters were
measured as compared to the vehicle treated
control animals’ group (group A1) after 7 days.
After 14 days, the groups of animals administered
with SCS at 5, 25 and 50 mg/kg (groups B2,
C2 and D2) showed a non-significant decrease
in their seminiferous tubules diameter when
compared to that of the vehicle treated animals’
group (Figures-6A and 6B).
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Figure-1. Effect of salicylidene salicylhydrazide (SCS)
at 5, 25, and 50 mg/kg on body weight (A and B) and
relative testes weight (C and D) after 7 and 14 days
of administration. Each column represents mean
body weight or relative testes weight in grams (g) or
milligrams (mg) = SEM. SCS groups were compared
with the vehicle groups. No significant difference
was observed, two-way repeated measures ANOVA
followed by Dunnett’s post hoc test, n = 6 mice per

group.

Figure-2. Representative photomlcrographs (H&E,
400x) of the germinal epithelium of seminiferous
tubules from testes of mice after 7 days of treatment
with vehicle (A) showing normal histology of dark
and pale spermatogonia (arrow heads), numerous
pachytene spermatocytes (small arrows), rounded
and elongated spermatids (large arrows) with their
tails protruding into the lumen (asterisk), and Leydig
cells (white arrow) in the interstitial compartment.
Normal histological features of the germinal
epithelium were observed in the testes of mice
treated with SCS at 5 mg/kg (B), 25 mg/kg (C), and
at 50 mg/kg (D).

Figure-3. Representative photomicrographs (PAS, 400x) of

a section of germinal epithelium from the testes of mice
after 7 days of administration with the vehicle (A) showing
the normal histology of interstitial cells of Leydig (large
white arrow), pale and dark spermatogonia (arrow heads),
primary spermatocytes (small arrows), numerous rounded
spermatids (large arrow) with tails of elongated spermatids
(large arrow) appeared protruding into the lumen and Sertoli
cell (small white arrow). Normal histology of germinal
epithelium lining the seminiferous tubules was observed in
the group of mice treated with SCS at 5 mg/kg (B), 25 mg/kg
(C), and 50 mg/kg (D).

Figure-4. Representative photomicrographs (H&E, 400x) of
the germinal epithelium of seminiferous tubules from testes
of mice after 14 days of treatment with vehicle (A) showing
normal histological appearance of spermatogonia (small
arrows), pachytene spermatocytes (arrow heads), rounded
spermatids (large arrow) as well as elongated spermatids
(large arrow) with their tails extending into the luminal space
(asterisk) and numerous interstitial cells of Leydig (white
arrow). Normal histology of the germinal epithelium cells
lining the seminiferous tubules was observed in the testes
of mice treated with SCS at 5 mg/kg (B), 25 mg/kg (C), and
50 mg/kg (D). The major histopathological finding in the 50
mg/kg treated group (D) was the epithelial vacuolization as
revealed from the numerous vacuoles (arrow heads) that
are visible in the germinal epithelium.
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Figure-5. Representative photomicrograph (PAS,
400x) of a section of germinal epithelium from
the testes of mice after 14 days of administration
with the vehicle (A) showing normal histological
appearance of spermatogonia (arrow heads),
primary spermatocytes (small arrows), Sertoli cells
(small white arrow), numerous rounded spermatids
(large arrow) with their tails extending into the lumen
(asterisk), and interstitial cells of Ledig (large white
arrow). Normal appearing germ cells are visible in
the groups of animals treated with SCS at 5 mg/kg
(B), 25 mg/kg (C), and 50 mg/kg (D). In the 50 mg/
kg SCS group (D), there is loosening of the germinal
epithelium containing vacuoles (asterisks) and
dilatation of interstitial space.
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Figure-6. Effect of salicylidene salicylhydrazide
(SCS) at 5, 25, and 50 mg/kg on seminiferous tubules
diameter (A and B) and germinal epithelium thickness
(C and D) after 7 and 14 days of administration.
Each column represents mean seminiferous tubules
diameter or germinal epithelium thickness in um =+
SD. SCS groups were compared with the vehicle
groups. No significant difference was observed, one-
way ANOVA followed by Dunnett’s post hoc test, n =
25 tubules per group.

The groups of animals administered with the
tested doses of SCS at 5, 25 and 50 mg/kg
(groups B1, C1 and D1) showed no significant
changes in the height of the germinal epithelium
lining the seminiferous tubules. The groups of
animals administered with SCS at 5, 25 and 50
mg/kg (groups B2, C2 and D2) showed a non-
significant dose-dependent reduction in the
height of germinal epithelium, with a prominent
decrease was noted with the higher dose treated
group (Figure-6C and 6D).

After 7 days, the groups of animals administered
with SCS at 5, 25 and 50 mg/kg (groups B1, C1
and D1) showed no apparent change in the area
among the seminiferous tubules in addition to a
slight increase for the 50 mg/kg treated animals
group, as compared to the vehicle treated animals
control group (group A1). After 14 days, the
groups of animals treated with SCS at 5, 25 and 50
mg/kg (groups B2, C2 and D2) produced a non-
significant dose-dependent increase in the area
of the interstitial space among the seminiferous
tubules when compared to the vehicle treated
group (group A2) (Figures-7A and 7B).
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Figure-7. Effect of salicylidene salicylhydrazide (SCS)
at 5, 25, and 50 mg/kg on Leydig cell area (A and B)
and spermatogenesis using modified Johnsen score
(C and D) after 7 and 14 days of administration. Each
column represents mean Leydig cell area in ym? or
Johnsen scores = SD. SCS groups were compared
with the vehicle groups. No significant difference was
observed, one-way ANOVA followed by Dunnett’s
post hoc test, n = 25 areas per group.
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The groups of mice treated with SCS at 5, 25
and 50 mg/kg (groups B1, C1 and D1) showed
no remarkable changes in the Johnsen scores
as compared to the scores obtained for the
vehicle administered group (group A1) after 7
days. After 14 days of treatment, the groups of
animals treated with SCS at 5, 25 and 50 mg/kg
(groups B2, C2 and D2) showed a non-significant
dose-dependent reduction in the scores of the
spermatogenesis with a prominent decrease in
the level of spermatogenesis was noted for the
50 mg/kg dose group (Figures-7C and 7D).

The testicular toxicity evaluation of mice treated
with the different doses of SCS was compared
with respect to the experimental time-periods of
day 7 and day 14. No significant toxicological
changes in the seminiferous tubules were
observed on day 7 among the different treated
groups. After 14 days, a variation in the testicular
toxicity was noted. There was a slight increase
in the toxicity for the 5 mg/kg group, while a
prominent increase in toxicity was observed for
the groups of SCS treated mice at 25 and 50 mg/
kg doses (Figure-8A).

The testicular toxicity observed in the treated
mice after day 7 and day 14 was compared with
respective to the different doses of SCS i.e. 5, 25
and 25 mg/kg. The SCS treated group at 5 mg/kg
has no differences in testicular changes between
the tested days. For the 25 mg/kg dose, a slight
increase in the toxicity was observed on day 14
as compared to day 7. The higher tested dose of
50 mg/kg showed a marked toxicological change
on day 14 in comparison to changes observed on
day 7 of the experiment (Figure-8B).

DISCUSSION

In the present study, salicylidene salicylhydrazide
was assessed for its toxicological propensity
in mice. The testicular tissue was evaluated for
any morphological alterations occurring after
repeated administration for 7 and 14 days. It was
observed that the 14 days treatment with the 50
mg/kg dose produced histopathological changes
in the seminiferous tubules.
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Figure-8. Time dependent (A) and dose dependent
(B) testicular toxicity evaluation of salicylidene
salicylhydrazide (SCS) at 5, 25, and 50 mg/kg in mice.
Each symbol represents mean percentage testicular
toxicity + SEM. SCS groups were compared on days
7 and 14 (time dependent) or at different doses on
respective days (dose dependent). No significant
difference was observed, two-way repeated measures
ANOVA followed by Sidak’s multiple comparison post
hoc test.

Exposure to the antimicrobial agent, mequindox
at 55 and 110 mg/kg doses produce necrosis
of the seminiferous tubules that is associated
with germinal epithelium exfoliation, arresting of
spermatogenesis, atrophy and disappearance
of spermatogenic cells.’®* The ingestion of
doxorubicinat7.5mg/kgis associated with atrophy
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of the seminiferous tubules along with a loss of
spermatogenic cells. It also causes vacuolization
of the germinal epithelium containing multinuclear
giant cells and other degenerative changes. In
addition, there is also edematous changes in
the interstitial tissue with a loss of interstitial cells
of Leydig." The degenerative changes induced
by the administration of adriamycin at a dose
of 10 mg/kg include reduction in the size of the
germinal epithelium, formation of giant cells and
thickening of the basal layer of the seminiferous
tubules.” The administration of methotrexate
group at 20 mg/kg is associated with a loss of
spermatogenic cells and Sertoli supporting cells
from the germinal epithelium along with vacuole
formation, inflammatory changes in the interstitial
space and degeneration of interstitial cells of
Leydig.'® Similarly, cisplatinadministration at3 mg/
kg is also associated with loss of spermatogenic
cells and Sertoli cells.'”

In this study, the potential toxic nature of
salicylidene salicylhydrazide was observed by
measuring the diameter of the seminiferous
tubules, thickness of the germinal epithelium and
area of the Leydig interstitial cells in the different
tested group. Although the low-dose and short
duration (for both low and high doses) were
observed to be safe with regard to the testicular
histopathological changes; however, the 14 days
treatmentwiththe 50mg/kg dosewasfoundtohave
an effect on these morphometric parameters in
the testicular tissue. The administration of quinine
is shown to produce a gradual decline in the
diameter of the seminiferous tubules after chronic
dosing along with an increase in the volume of
connective tissue stroma in the interstitium.™
Chronic exposure to malathion is associated with
a decrease in the germinal epithelium thickness,
luminal, and tubular diameter of the seminiferous
tubules.' Cisplatin has been shown to produce
significant a decrease in the seminiferous tubules
diameter and an increase in the lumen diameter
of tubules.?® A significant decrease in the volume
of the seminiferous tubules and an increase in the
volume of the interstitium have been observed
after administration of cocaine and caffeine.!
Administration of ribavirin also produce a
decrease in the seminiferous tubular diameter

and epithelial height of the seminiferous tubules.??
Moreover, dexamethasone administration has
also shown to be associated with a decrease inthe
seminiferous tubules diameter and a reduction in
the height of seminiferous germinal epithelium.?
Administration of cannabis extract at doses of 40,
60 and 80 mg/kg have detrimental effect on the
testis as revealed from the significant decrease
in the seminiferous tubules diameter along with
shrinkage of tubules.?* The selenium treated
animals at a dose of 8 ppm has a considerable
effect on the testicular tissue as revealed from
the decrease in the diameter of the seminiferous
tubules, reduction in the height of the germinal
epithelium and number of spermatogenic cells.®
Likewise, ingestion of fluoride was also associated
with a decrease in the epithelial height and tubular
diameter of testis.?

In this study, any testicular toxicity associated
with  the administration of salicylidene
salicylhydrazide was investigated using modified
Johnsen scoring system, which evaluates the
level of spermatogenesis. The 50 mg/kg treated
group was observed to produce aberrations in
the spermatogenesis process after 14 days of
treatment. Exposure to chemicals and drugs have
been shown to produce changes in the Johnsen
scoring system that are suggestive of alterations
in the spermatogenesis process. The anticancer
drug, cisplatin also has a toxicological propensity
for the seminiferous tubules and associated with
a significant decrease in the Johnsen’s scores.?”
The Johnsen’s tubular biopsy score for the
groups of animals treated with doxorubicin was
significantly lowered than the control groups
animals and an increase in the tubular scoring
was observed after the doxorubicin animals were
given a combination of zinc and alogliptin.?®
Application of the Johnsen’s testicular biopsy
scoring system to the seminiferous tubules of
testes from the sildenafil, tadalafil and tramadol
administered animals revealed a significant
decrease in comparison to the control group
after chronic administration with high doses of
phosphodiesterase-5 inhibitors and tramadol.?®
Similarly, the Johnsen’s testicular biopsy scores
were also employed to validate the underlying
histopathological changes occurring in the
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testicular tissues in the studies conducted on
cadmium,? methyl parathion®* and a significant
decrease was noted in the scores after
administration of these agents.

These prospective controlled studies should
look in-depth for the effect of salicylidene
salicylhydrazide on complete semen analysis,
serum concentrations of reproductive hormones
including testosterone, analysis of testicular
glucose, lactate and lactate dehydrogenase,
assay of testicular enzymatic and non-enzymatic
antioxidants and checking for markers of
apoptosis in the testes. In addition, specific
staining procedures for cellular apoptosis
along with electron and confocal microscopic
ultrastructural techniques can also be utilized.

CONCLUSION

From these findings, it can be concluded that
salicylidene salicylhydrazide is considered to be
relatively safe. However, its absolute safety can
only be established if further thorough studies are
designed.

Copyright©
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