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Abstract

This study was designed to investigate the protective effects of propolis and vitamin E against time-related metal (aluminum
chloride)-induced toxicity on the male reproductive system in albino mice (n = 63). Animals were randomly divided into seven
groups (n = 9 each). Group I (control) received 0.9% saline solution; group II was given 50 mg/kg of aluminum chloride
(AICl3); groups III and IV were administered vitamin E (150 mg/kg) and propolis (50 mg/kg), respectively; and groups V, VI
and VII were administered AlCl; + vitamin E, AlCl; + propolis, and AlCl; + vitamin E + propolis, respectively, for 45 days.
Animals were sacrificed; blood and tissue samples were collected (thrice; fortnightly) for the estimation of hormones i.e.,
Follicle stimulating hormone (FSH), Luteinizing hormone (LH) and testosterone using Enzyme linked immunosorbent assay
(ELISA). Testicular histology, testicular weight, sperm count and motility were estimated. Group II revealed a highly
significant decrease in LH, FSH, testosterone, testis weight, sperm count and motility. Groups III-VII showed a significant
increase in LH, FSH, testosterone, organ weight, sperm count and motility in the 3™ sampling, as compared to group IL
Hence, it is concluded that vitamin E and propolis, acting individually as well as synergistically, mitigate metal-induced time-
related toxicity on the reproductive system and testicular histology of male mice.

Keywords: Vitamin E, propolis, testis, ALCL;

Introduction another study, treatment with acai and vitamin
C improved the adverse effects resulting from alumi-
num chloride-induced hepatic damage (Ahmed &
Hamaad 2018). Propolis mitigates concanavalin
A-induced hepatitis by modulating cytokine secretion
and inhibiting reactive oxygen species (ROS) (Mounieb
etal. 2017). Propolis exhibits a prophylactic role against
cyclophosphamide-induced hepatic and renal toxicity
in mice, and it produced an improvement in biochem-
ical parameters and histological findings as well (El-
Naggar et al. 2015). Brazilian green propolis displayed
anti-tumor activity by acting synergistically with proto-
porphyrin IX (PpIX) to attenuate the expression of
p-IKKao/B, NF-kB and COX-2 (Wang et al. 2017).
Vitamin E (tocopherol) works as a biological antioxi-
dant to protect cellular macromolecules (DNA, protein,

Aluminum is used extensively nowadays, in industries,
pharmaceutical products containing phosphate binders,
food additives, and certain antacids, causing detrimen-
tal effects to human beings (Proudfoot 2009).
Aluminum provokes neurotoxicity, cardiotoxicity,
hepatotoxicity and nephrotoxicity by inducing oxidative
stress, due to its capacity to produce enormous amounts
of free radicals (Sushma & Rao 2007). Moreover,
metals affect spermatogenesis in rodents as well as in
humans, leading to lowering of sperm count, abnormal
sperm morphology and poor semen quality (Pizent et al.
2012). Different antioxidants are known to attenuate
aluminum-induced toxicity; for example, it was
reported in a previous study that Allium cepa mitigated
aluminum-induced hepatotoxicity (Ige et al. 2017). In
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lipids) from uncontrolled oxidation by free radicals
(Huang & Huang 2004). Vitamin E, vitamin C and
Omega-3 were shown to protect against aluminum
chloride-induced liver and kidney toxicity in female
albino mice (Gorgees et al. 2016). Recent studies have
reported that Vitamin E and metallothionein alleviate
Cd-induced hepatotoxicity through their antioxidative
and antiapoptotic effects (Duan et al. 2018). The pre-
sent study was designed to investigate the effects of
propolis and vitamin E against metal-induced repro-
ductive toxicity, in a time-dependent manner.

Materials and methods
Chemicals used

e AICI; from AnalaR, BDH Laboratory Supplies
Poole, BH151TD, England; Lot No. 2918300;

e Vitamin E capsules, 200 mg (Martin Dow
Markers Ltd; B # 7373);

e Sunflower oil, Hamza vegetable oil refinery, Pvt,
ILtd. B # 164 H-2; License No. CM/L-907/
1997 (R);

o 0.9% saline (sodium chloride), Otsuka Pakistan
Ltd. F/4-9, Balochistan, Pakistan.

Ethanolic extraction of propolis

Propolis was extracted with 100 mL of ethanol 70%
at ambient temperature, in the absence of bright
light and with moderate shaking for 1 week.
Extracts were filtered and concentrated to dryness
with a rotary evaporator at 50 * 1°C to give solid
residues (Sforcin et al. 2002).

Experimental design

Healthy male albino mice (n = 63) 3—-4 months of age
and weighing 23-35 g were obtained from the
University of Veterinary and Animal Sciences
(UVAS), Lahore, Pakistan. Animals were kept under
the standard laboratory conditions (22-26°C and 12 h
light:dark cycle), and fed on commercial pelleted food.
Water was available ad libitum. The experiment was
performed in compliance with the guidelines of the
Research Ethical Review Committee of Lahore
College for Woman University (Memo number:
RERC/Z00/2018). Mice were acclimatized for 2
weeks and randomly divided into seven groups
(n = 9 each). Group I (control) received 0.9% saline
solution, group II received AlCl; (50 mg/kg of body
weight; Shahraki et al. 2008), group III was treated
with vitamin E (150 mg/kg of body weight) adminis-
tered using sunflower oil as a vehicle, group IV was
administered ethanolic extract of propolis (50 mg/kg

of body weight; Al-Qayim et al. 2014), group
V received AlICl; and vitamin E (Sforcin et al. 2002;
Abdel-Hamid 2013), group VI was administered
AICl; and propolis, and group VII was treated with
AlCl3, vitamin E and propolis.

Sampling protocol

Three animals were euthanized, and samples of their
blood and tissue were collected fortnightly, every 15%
day, over a period of 45 days for the estimation of
hormones i.e., Follicle stimulating hormone (FSH),
Luteinizing hormone (LH) and testosterone using
Enzyme linked immunosorbent assay (ELISA), and
for testicular histology. Blood was collected by cardiac
puncture and animals were dissected for the collection
of testicular tissues. Serum was separated using cen-
trifugation at 3500-4000 rpm for 10-15 min and
stored below —10°C until it was used for the estima-
tion of hormonal parameters with commercially avail-
able ELISA kits (PISHTAZ TEB DIAGNOSTICS
kit, Cat No. PT-FSH-96, DiaMetra diagnostic Kkits,
DCM 009-11. Via Pozzuolo 14, 06038 SPELILOS8
SPELLO (PG) Italy and Human Diagnostics
Worldwide kit, REF 55010. Human Gesellschaft fur
Biochemica und Diagnostica mbH. Max-Plank-Ring
21.65205 Wisebaden, Germany). Tissues of testis
were rinsed in 0.9% saline solution (Ali et al. 2019)
and fixed to process for histology through microtomy.

Histopathological examination

Testicular tissues were processed for histological
examination using the standard protocol of fixation,
embedding and staining using hematoxylin and
eosin stains (H&E; Drury & Wallington 1980;
Srivastava & Yadav 2007). The slides, prepared to
a thickness of 5 um, were studied and photographed
under a Trinocular camera-fitted microscope
(E- 200, digital microscopic camera- Nikon Japan
Eil-L2).

Organ weight analysis

Reproductive organs (testis, epididymis, vas
deferens and seminal vesicles) were collected from
control and experimental groups fortnightly during
the 45-day sampling period. Organ fat was removed
for determining absolute organ weight. Relative
organ weight was calculated using the following for-
mula (Abdel-Azim et al. 2015):

Relative organ weight: Absolute weight/Body weight
x 100



140 S. Sajjad et al.

Sperm count and motility

Sperm count and motility were determined follow-
ing the previously described protocol (Geng et al.
2015). For this purpose the epididymis of mice was
homogenized in 2 mL of warm Phosphate buffered
saline solution (PBS; 37°C). This solution (20 mL)
was then used for measuring sperm count and moti-
lity using a hemocytometer. Sperm motility was
evaluated as motile sperm percentage in the total
spermatozoa, according to the previously described
protocol (Zhao et al. 2015).

Statistical analysis

Data were statistically analyzed using one-way analysis
of variance (ANOVA) followed by Dunnett’s T3 post
hoc test for estimating significant difference between
different groups, and Pearson’s correlation test was
used to find the correlation among ILH, FSH and
testosterone using SPSS v. 19 (SPSS Inc., Chicago,
IL, USA) and Microsoft Excel 2007. A value of
p < 0.05 was considered significant, and p < 0.01
was considered highly significant.

Results

Animals treated with AICl; (Group II) showed
a highly significant decrease in serum FSH, LH and
testosterone levels at the 3™ sampling as compared to
the 1% and 2 samplings (Table I). All groups showed
non-significant changes in serum FSH, LH and tes-
tosterone level at the 2™ sampling as compared to the
1*" sampling. Groups III-VII showed a significant
increase in LH, FSH and testosterone as compared
to group II at the 3™ sampling (Table I). The data
obtained showed a highly significant positive correla-
tion between LH and FSH concentration during the
1*" sampling (r = 0.469**). FSH and testosterone
showed no correlation during week 1 (r = 0.074).
LH and FSH showed highly significant positive corre-
lation (r = 0.698**) in the treated group VII during the
3™ sampling. FSH and testosterone showed a highly
significant positive correlation (r = 0.523**) during
the 3" sampling. Group II showed a significant reduc-
tion in absolute and relative weight of testis, epididy-
mis, vas deferens and seminal vesicle at the 3rd
sampling (Tables II and III). Moreover, sperm count
and motility were significantly decreased in group II.
On the other hand, Group VII showed a highly sig-
nificant increase in the aforementioned parameters
(organ weight, sperm count and motility) at the 3™
sampling in the present study (Tables II and III).
Histological findings in group I showed normal
testicular anatomy, including seminiferous tubules

with smooth outlines surrounded by thin basement
membrane. Group II showed a deterioration in the
testicular structure as compared to the control group
at the 1° sampling (Figure 1a). Group III showed
severe degeneration of seminiferous tubules, with
necrotic spermatogenic cells and congestion of the
blood vessels, at the 3™ sampling (Figure 1b, d).
Groups III and IV showed normal structure of sper-
matocytes at the 1% and 3™ samplings (Figure le, g,
h, j). Groups V and VI showed damage to interstitial
cells at the 1° sampling, whereas tissues at the 3™
sampling showed normal structure of seminiferous
tubules (Figure k, m, q, p). Group VII displayed
a more or less normal histological appearance of
testis at the 3™ sampling (Figure 1g, s).

Discussion

The results reveal that AICIl; decreased the serum
FSH and LH levels in a time-related order. The
decrease in serum FSH and LH might be due to
AlCl;3-induced damage to interstitial cells of Leydig
(Shahraki et al. 2008). AlCl; intake affects the release
of LH from the pituitary, which further decreases the
level of testosterone. Moreover, a previous study also
reported that AICl; predisposes its toxic effects by
inhibiting Ca®* ions release. Ca®* ions were not mea-
sured in the current study, but previous studies indi-
cate that aluminum decreases ionized calcium and
increases bound calcium (along with anions or albu-
min; Llach et al. 1986). Ca®* ions are responsible for
gonadotropin (GnRH) exocytosis via synaptotagmin
secretory vesicle (Stojilkovic 2005). Moreover,
a previous study reported that the aforementioned
mechanism is important for FSH and LH secretion
via granin-independent and -dependent pathways,
respectively (Nicol et al. 2004; Shahraki et al. 2008).
Hence, it is evident from previous results that the
decrease in FSH and LH might be related to
a deficiency of ionized calcium. Furthermore, Ca**
deficiency might lead to aluminum accumulation in
different tissues, because CaZ* deficiency cause excess
parathyroid hormone (PTH) secretion and PTH
absorbs aluminum along with Ca®* from renal tubules
(Provan & Yokel 1990). The current study demon-
strates that co-administration of propolis and vitamin
E mitigates the toxic effects of AICl; in a time-
dependent manner, supporting the results of
a previous study in which propolis ameliorated the
toxic effect of AICl; on renal histology of wistar albino
rats (El-Kenawy et al. 2014). According to another
study, propolis showed marked protection against
AlClz-induced reproductive toxicity (Yousef &
Salama 2009). Moreover, the present study revealed
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Figure 1. (a) Control group during 1° and 3™ week of treatment showing normal structure at (400x)Spermatid population (Sp P), lumen
(L), seminiferous tubules (S T), basement membrane (BM),spermatocytes (Sp), interstitial cells (I C), interstitial spaces (I S), tunica
albuginea (T A). (b) Testes ofmice treated with AlCl; for 1 week showing damaged testicular tissues at (100x) Interstitial spaces (I S),
lumen (L), blood vessels (B V), seminiferous tubules (S T), shrunken interstitial cells (S I C), damagedbasement membrane (D B M). (c)
Cross section of testis of male albino mice treated with AlCl; for twoweeks showing damaged testicular tissues at (100x), (H & E). Tunica
albuginea (T A), irregular shapedseminiferous tubules (Ir S T), interstitial spaces (I S), basement membrane (B M), interstitial cells (I C),
Information Classification: Generaland spermatocytes (Sp). (d) Testes of mice treated with AlCl; for three weeks (400x) Vacuolation (V),
damaged spermatocytes (Sp), lumen (L), interstitial cells (I C), irregular shaped seminiferous tubules (ir ST), basement membranes (B
M). (e) Testes of mice treated with Vitamin E for 1 week (400x)Seminiferous tubules (S T), lumen (L), interstitial cells (I C),
spermatocytes (Sp). (f) Cross section oftestes of vitamin E treated male albino mice for two weeks showing normal structure at (400x),
(H & E).Spermatid population (Sp P), basement membrane (B M), interstitial cells (I C), lumen (L), spermatocytes(Sp). (g) Testes of
mice treated with vitamin E for three weeks (400x), (H & E) Basement membranes(BM), interstitial cells (I C), lumen (L), spermatid
population (Sp P). (h) Testes of mice treated for oneweek with propolis (400x).
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Figure 1. (Continued). (i) Cross section of testes of male albino mice treated with propolis for twoweeks showing normal structure at
(400x), (H & E). Spermatocytes (Sp), interstitial cells (I C), basementmembranes (B M), seminiferous tubules (S T). (j) Testes of mice
treated with propolis for three weeks(400x), (H & E). Lumen (L), basement membrane (B M), interstitial cells (I C), interstitial spaces (I
S),seminiferous tubules. (k) Testes of mice treated with AlCl; + vitamin E after 1 week (100x). Interstitialcells (I C), irregular shaped
seminiferous tubules (Ir S T), damaged seminiferous tubules (D S T), bloodvessels (B V), interstitial spaces (I S), seminiferous tubules
regular in shape (R S T), leydig cells (L C). (I)Cross section of testes of male albino mice showing effects after treatment with AlCl; and
vitamin E fortwo weeks at (100x), (H & E). The structure of seminiferous tubules (S T), lumen of the S T (L),interstitial spaces (I S). (m)
Testes of mice showing effects after treatment with AlCl; + vitamin E forthree weeks (100x). Seminiferous tubules (S T), basement
membranes (B M), lumen having cells in it(I1.(c)), interstitial spaces (I S), interstitial cells (I C). (n) Testes of mice treated with AlCl; and
propolisfor 1 week (100x). Intercellular spaces (I S), decreased lumen (De L), basement membranes (B M),=irregular seminiferous
tubules (Ir S T), contracted interstitial cells (I C). (o) Cross section of testes ofmale albino mice showing effects after treatment with AlCl;
and propolis for two weeks at (100x), (H & E). Tunica albuginea (T A), damaged seminiferous tubules (D S T), interstitial cells (I C),
blood vessels(B V). (p) Testes of mice treated with AlCl; and propolis for three weeks (100x), (H & E). Seminiferoustubules (S T),
interstitial cells (I C), blood vessels (B V), leydig Cells (L C).
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Figure 1. (Continued). (q) Testes of mice treated with AlCl;, vitamin E and propolis for one week at (400x). Interstitial spaces (I S),
spermatocytes (Sp), seminiferous tubules (S T), tunica albuginea (T A). (r) Cross section of testes of male albino mice showing effects
after treatment with AlCls, vitamin E and propolis for two weeks at (400x), (H & E). Spermatocytes (Sp), interstitial spaces (I S), leydig
cells (L C), basement membranes (B M), seminiferous tubules (S T). (s) Testes of mice with AlCls, vitamin E and treated with propolis
for three weeks (400x). Spermatid population (Sp P), spermatocytes (Sp), interstitial cells (I C), interstitial spaces (I S), basement

membranes (B M), lumen (L), seminiferous tubules (S T).

that co-administration of propolis and vitamin E along
with AlCl; produced more protective effects on FSH,
LH and testosterone levels as compared to their indi-
vidual effects. A previous study reported that admin-
istration of either vitamin C or vitamin E along with
AICl; resulted in evident protection against AlCIs-
induced cytotoxic effects, by decreasing thiobarbituric
acid-reactive substances (TBARS) that are responsi-
ble for increasing ROS production, causing further
oxidative damage (Yousef et al. 2007; Mondal et al.
2016). The decreased organ weight, sperm count and
motility observed in the present study might be due to
testicular damage, as it was earlier reported that AlCl;
exposure resulted in degeneration of seminiferous
tubules, changes in the cytoplasm, damaged sertoli
cells and disruption of spermatozoa (Khattab 2007).
In the current study, vitamin E and propolis showed
normal structure and improved toxic alterations when
concomitantly administered with AlICl; in the last
week of treatment. A previous study reported that
propolis provides protection against AlCls-induced
testicular damage, as indicated by increased male
reproductive organ weight, sperm count and motility,
and by the normal structure of the seminiferous
tubules (Yousef & Salama 2009).

Conclusion

Being antioxidants, propolis and vitamin E effectively
reduce the degenerative alterations in testicular tissues
caused by aluminum chloride. A combination of pro-
polis and vitamin E acted synergistically and therefore
dramatically restored the alterations in organ weight,
sperm count and motility caused by metal-induced
toxicity in testicular tissues. It is evident from the pre-
sent study that the severity of AlCl; damage is time
dependent, and more pronounced mitigating effects of
both vitamin E and propolis were observed in the last
sampling run of the experimental protocol. Hence, this
study suggests that long-term treatment with natural
antioxidants is effective in attenuating metal-induced
reproductive damage, which might be due to its free
radical scavenging activity.
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