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ABSTRACT

Introduction: With widespread applications of nanoparticles (NPs) including titanium
dioxide nanoparticles (TiO.NPs) in different fields, many adverse effects may threaten both
environmental and medical health including the male reproductive system. Aim of this work:
To examine the ameliorative effect of N-acetyl cysteine (NAC) and curcumin (Cur) against
TiO2NPs induced testis toxicity in adult albino rats. Materials and Methods: Sixty-four adult
male albino rats were classified into eight groups. Group 1: control received a regular diet,
water, and normal saline. Group 2: vehicle, received corn oil. Group 3: gavaged orally with
NAC (100 mg/kg). Group 4: orally gavaged with curcumin (200 mg/kg) once a day. Group 5:
gavaged orally with TiO,NPs (100mg/kg) once a day. Group 6: orally gavaged once daily
with TiONPs (100 mg/kg) and NAC (100 mg/kg). Group 7: orally received TiO2NPs
(100mg/kg) and curcumin (200mg/kg) once a day. Group 8: gavaged orally TiO.NPs
(100mg/kg) followed by NAC (100mg/kg) and curcumin (200mg/kg). Results: The results
revealed that TiO,NPs induced a significant decrease in final body weight, weight body gain,
and testis weight testicular tissues, TiO.NPs increased oxidative stress as evidenced by
decreased levels of antioxidants such as superoxide dismutase (SOD), catalase (CAT), and
glutathione (GSH) and higher levels of the lipid peroxidation marker malondialdehyde
(MDA). In addition to harming the testicular histological architecture, TiO2NPs significantly
decreased the levels of the sex hormones testosterone, luteinizing hormone (LH), and follicle-
stimulating hormone (FSH). They also significantly decreased sperm motility, viability, cell
count, and concentration. In the testicular tissues, TiO2NPs led to the downregulation of 17-
beta hydroxysteroid dehydrogenase 3 (17-HSD) and the overexpression of proapoptotic gene
(Bax) transcripts. Conversely, NAC and/or curcumin had a protective effect on testicular
tissue. Conclusion: We propose that NAC and curcumin may be employed to lessen the
toxicity and oxidative damage caused by ingesting TiO;NPs. TiO,NP exposure caused
oxidative damage and morphological injury in the testis. Keywords: Titanium dioxide
nanoparticles; N-acetyl cysteine; curcumin; 17-beta hydroxysteroid dehydrogenase 3; Bax

gene expression; oxidative stress markers; hormonal analysis.
INTRODUCTION Researchers have begun to pay

Nanotechnology plays a big part in
our modern daily lives, ranging from the
biomedical sector to the energy sector.
There are different physicochemical and
biological methods to  synthesize
nanoparticles ~ (NPs)  for  multiple
applications (Mughal et al., 2021).

attention to the health hazards posed by
NPs as a result of the rapid expansion in
the field of advanced nanotechnologies
and all of its far-reaching benefits (Ema et
al., 2010). Throughout evolution, humans
have been exposed to a variety of airborne
NPs, but the intensity of that exposure has
considerably grown in recent years due to
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the many ways in which NPs are used in
items in our daily lives (Oberdorster et
al., 2005). The release of NPs into the
environment as nanostructure materials,
which could hurt the ecosystem, is another
risk associated with this increased
production rate of NPs (Cappello et al.,
2017).

The blood-testis barrier, which
protects the reproductive tissues, is one
biological barrier that NPs can cross
because of their nano size (Rollerova et
al., 2015). As a result, the spermatogenic
effects of NP crossing may be toxic. After
exposure, NPs travel through many
pathways to the reproductive system,
where they primarily target the testicles
and epididymis in males (Zhao et al.,
2014).

There are several ways that titanium
dioxide (Tio2) can enter the body,
including ingestion, cutaneous penetration,
inhalation, and injection (Jin et al., 2008).
For NPs, skin contact and inhalation are
regarded as being particularly crucial
(Shukla et al., 2011). However, because
TiO2 is utilized as a food additive in
toothpaste and capsules, oral ingestion is
the possible exposure route for the general
population (Wang et al., 2007).

TiO2NPs are among the most widely
utilized nanoparticles in medicine, drug
delivery, engineering, agriculture, personal
care, cosmetics, toothpaste, sunscreens,
clothing, paints, and coverings, as well as
as an imaging agent and in food
(Chabanyuk, 2014; Galletti, 2016; Yang
etal., 2017).

The food business uses nano-TiO2
extensively. Coated candies, preserved
fruit, chewing gum, fizzy drinks,
powdered drinks, milk, dairy products, and
other food categories have all been
produced using it (Weir et al.,, 2012;
Chen et al., 2013).

Deoxyribonucleic  acid  (DNA)
damage, apoptosis, and anomalies in the
mitochondria have all been described as
being caused by Tio2NPs and oxidative
stress (Kang et al., 2009).

NAC is a thiol-containing amino
acid. It is available as a safe and cheap
medication as a mucolytic drug (Youssef
et al., 2006; Larsson et al., 2015). NAC

can reduce oxidative stress directly, inhibit
the nuclear factor kappa b (NF-B)
inflammation pathway and the release of
inflammatory cytokines, and increase the
production of GSH. This ability to reduce
oxidative stress is characterized by the
release of sulfhydryl groups, which in turn
reduce Reactive Oxygen Species (ROS)
levels (Xue et al., 2011). It has a powerful
antioxidant activity and it is one of the
suggested alternatives for treating diseases
associated with the generation of ROS
(Farag et al., 2021).

The yellow pigment known as Cur,
which is included in turmeric's (Curcuma
longa) rhizome, offers a variety of health
benefits, including anti-inflammatory,
anti-carcinogenic, antioxidant, and
hypocholesterolemic actions. (Hewlings
and Kalman., 2017).

AIM OF THE WORK

The main objective of the present
work was to study the potential
ameliorative effect of both antioxidants
NAC and Cur on the effect of TIO2NPs on
the testis through histopathological
examination of the testis, evaluation of
sperm  function, hormonal analysis,
oxidative stress markers and messenger
ribonucleic acid (mMRNA) transcripts in
healthy adult male albino rats.

MATERIALS AND METHODS

The experimental design study was
approved by the Research Ethics
Committee at the Faculty of Medicine,
Benha University (REC-FOMBU), Egypt
with approval number: MS 17.11.2020.

This study was conducted on 64
healthy adult male albino rats, about 3-4
months old; their average main weight was
ranging between 180 gm to 200 gm.

At the animal bread house in the
Anatomy Department of the Benha
Faculty of Medicine, all the animals
underwent one week of passive
preliminaries (taking food and water
without any medications) before beginning
the experiment, to ascertain their physical
well-being, and to exclude any diseased
animals. An identical diet was given to all
of the animals (Wheat, Bread & Milk). For
all animals, medication administration was
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scheduled to begin at noon. The animals
were anesthetized with ether and killed 24
hours after the final dose was
administered.
(11) Chemicals:
e TiOzNPs:

Design: It was purchased from
Sigma Chemical Campany, Egypt.

Intervention:  Titanium  (IV)
oxide, a mixture of rutile and anatase
nanoparticles.

Parameters assessed: <150 nm
particle size, 40 wt. % in H20, 99.5%
trace metals basis.

. NAC was purchased
commercially available from SEDICO
Chemical Company, Egypt.

= Cur was purchased from
Sigma- Aldrich Company, Egypt. It
was in the form of 100 % pure bright
yellow to the orange color powder.

. Corn oil was obtained
from the local market.

= All other compounds were
of the best commercially
obtainable quality.
(1) Grouping and experimental
design:

Rats were randomly and equally
divided into 8 groups, each one
consisting of 8 rats, and all groups were
treated daily for 8 weeks, as follows:

=Group 1 (Control group):

Rats were left without intervention to
measure the basic parameters, free access
to food is allowed, gavaged with distilled
water and normal saline 1 ml.

=Group 2 (Vehicle group):

Each rat received 1 ml of corn oil.

Group 3 (NAC group):

Each rat was gavaged orally with

NAC (100 mg/kg B.W) (Khayal et al.,
2019).

=Group 4 (Cur group):

Each rat was treated with Cur 200
mg/kg B.W (Aggarwal et al., 2015).

=Group 5 (TiO2NPs):

It received TiO.NPs (100 mg/kg
B.W) (Morgan et al., 2017; Jafari et al.,
2020; Morgan et al., 2015).

=Group 6 (TiO2NPs and NAC

group):

Each rat orally received TiO;NPs
(100 mg/kg B.W) followed by 1 hour by
NAC (100 mg/kg B.W).

Group 7 (TiO2NPs and Cur
group):

Each rat orally received TiO2NPs
(100 mg/kg B.W) followed by 1 hour by
Cur (200 mg/kg B.W).

=Group 8 (TiO2NPs, NAC, and
Cur group):

Rats were treated with a single dose of
TiO:NPs (100 mg/kg B.W) orally by
gavage tube followed by 1 hour by a single
dose of NAC (100 mg/kg) orally by gastric
tube and Cur (200 mg/kg) by gastric tube.

(1V): Parameters of the study:

1. Body weight and relative weight
of testis:

Body weights at the beginning and
end were noted. Rats were dissected, their
testes were taken out and stripped of fatty
tissues and blood vessels, blotted, and
their weights were calculated after the
experimental period.

2. Biochemical study for hormonal
analysis:

Blood samples were taken from their
hearts with 5 ml syringes for estimation
(FSH, LH, and testosterone) to be
measured by routine laboratory tests, l.e.,
radioimmunoassay (RIA) according to the
method reported by (Picard et al., 2008).

3. Biochemical study for oxidative
stress markers:

- Determination of SOD, MDA, CAT,
and GSH levels in testicular tissue

Handling of tissue samples for
estimation of oxidative stress
parameters:

Using commercially available
colorimetric techniques and diagnostic Kits
provided by Bio Diagnostic Company,
Egypt, we measured the levels of MDA,
SOD, CAT, and GSH in the testicular
tissue while adhering to the manufacturer's
recommendations (Hussein et al., 2018).
The procedure was used to measure the
MDA levels in tissue samples described
by El-Akabawy and EIl-Sherif (2016).
The SOD concentration in tissue samples
was estimated using the method described
by Rasyidah et al. (2014). The CAT
activity of testes homogenate was
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determined following the method reported
by Aebi (1984). The technique was used
to measure the GSH level in tissue
samples described by Siervo et al. (2015).

4. Semen analysis:

a. Sperm motility:

The development of sperm motility
was investigated according to the method
reported by Bearden and Fuquay (1984).

b.Sperm liveability:

This was assessed and the percentage
was calculated according to Olugbenga et
al. (2011).

c.Sperm count and concentration:

This was accomplished using the
technique used by Bearden and Fuquay
(1984).

d.Sperm abnormalities:

This was recorded according to
Evans and Maxwell (1987).

5. Relative quantitative PCR for
17p-HSD and Bax mRNA transcripts
(Hussein et al.,2019):

Following the manufacturer's
instructions, total RNA was obtained using
the total RNA purification kit (Jena
Bioscience). Utilizing reverse transcription
kits, first-strand complementary DNA
(cDNA) synthesis was carried out
(enzynomics). The relative expression of
the target genes' mRNAs in the testis was
assessed using real-time polymerase chain
reaction (PCR) with SYBR green and
GADPH as an internal control. Using the
recommended primers and the
HERAPLUS SYBR® Green gPCR Master
Mix, the extracted cDNA was amplified
by the manufacturer's instructions
(Willowfort). Data on expression were
examined using the 2AACt statistical
method (Livak and Schmittgen 2001).

6. Histopathological study by light
microscope:

As indicated by Lamberg and
Rothstein (1978), Tissues were fixed for
6-8 hours, then transported to 70%
alcohol before being sent to histology at
the Pathology Department, Faculty of
Medicine, Benha University for robotic
drying, paraffin implanting, segmenting,
and recoloring.

Statistical analysis:

Using SPSS [Statistical bundle for
social science] version 20, the data had

been collected, tabulated, and analyzed.
For quantitative data, the mean and
standard deviation were added; for
subjective data, recurrence and
dissemination were. The recognized
significance level in this investigation
started at 0.05. One-way analysis of
variance (ANOVA) was used in statistical
comparisons to compare mean Vvalues
between the treatment groups and the
control group.

RESULTS

1. Body weight and relative weight
of testis:

Body weight gain in the TiO;NPs
group was significantly less than in other
groups, but showed insignificant
differences between TiO:NPs + NAC
group and TiO:NPs + Cur group. Body
weight gain in TiO2NPs + NAC + Cur
group was significantly more than
TiO2NPs + NAC group and TiO;NPs +
Cur group.

Testis weight in the TiONPs group
was significantly less than all other groups
except the TiO2NPs+ Cur group.

Also, there was no statistically
significant between TiO;NPs + NAC
group, TiO.NPs + Cur group, and
TiO2NPs + NAC + Cur group shown in
Table (1).

2. Hormonal Analysis study results:

As shown in Table (2), FSH, LH, and
testosterone levels were a significant
decrease in the TiO.NPs group compared
with other experimental groups. With the
administration of NAC or Cur, they were
significantly more than in the TiO,NPs
group. LH and testosterone in combined
administration of TiO;NPs + NAC + Cur
group were significantly more than
TiO2NPs + NAC group and TiO;NPs +
Cur group. FSH level was insignificantly
different between TiO,NPs + NAC + Cur
group and TiO.NPs + Cur group and
TiO2NPs + NAC group.

3. Oxidative Stress Markers
results:

The level of MDA was significantly
increased in the TiO2NPs group compared
with the other experimental51 groups.
Administration of NAC and/or Cur
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significantly reduced the concentration of
MDA. In contrast to the other
experimental groups, the TiO;NPs group
had significantly lower SOD and CAT
activity as well as GSH levels.

Similar to how NAC or Cur
administration reduced the effects of
TiO,NPs, the combination had better
results than either individual therapy
(TiO2NPs+ NAC + Cur group were highly
significant than TiO>NPs + NAC group
and TiO;NPs + Cur group but the last
significant lower than TiO:NPs + NAC
group) described in Table (3).

4. Semen analysis:

As shown in Table (4), sperm
motility, livability, cell count, and
concentration were significantly reduced
in the TiO2NPs group compared with the
other experimental groups. However,
NAC and Cur, both individually or in
combination, showed a reversal of this
decrease but, TiO.NPs + NAC group was
insignificantly different from the TiO2NPs
+ Cur group. Sperm livability in TiO.NPs
+ NAC + Cur group was significantly
higher than TiO,NPs + NAC group and
TiO,NPs +  Cur group.  Sperm
concentration in TiO;NPs + NAC + Cur
group was significantly higher than
TiO2NPs + NAC group and TiO;NPs +
Cur group. Conversely, sperm
abnormalities were significantly increased
in the TiO2NPs group compared with the
other groups.

5. Relative quantitative PCR for
17p-HSD and Bax mRNA transcripts:

As shown in (Fig. 1) that
downregulation in HSD17B3 gene
expression was found in testicular tissues
following TiO2NPs treatment, compared
with the control group, vehicle group,
NAC group, and Cur group by 0.011, 1,
1.089, 2.301, and 2.107 fold changes
respectively.

However, this level was upregulated
in TiO2NPs + NAC group, TiO2NPs + Cur
group and TiO2NPs + NAC + Cur group
compared with the TiO;NPs group by
68.663, 25.624, 213.236, and 1 fold
changes respectively.

Upregulation in BAX  gene
expression was found in testicular tissues
following TiO2NPs treatment, compared

with the control group, vehicle group,
NAC group, and Cur group by 2.234, 1,
1.069, 0.804, and 1.074 fold changes
respectively.

However, this level was
downregulated in TiO;NPs + NAC group,
TiO2NPs + Cur group and TiO;NPs +
NAC + Cur group compared with the
TiO2NPs group by 0.569, 0.649, 0.498,
and 1 fold changes respectively.

6. Histopathological result by light
microscope:

As regarding histopathological study,
the testis of control group and vehicle
group showed normal architecture with
well-arranged closely matted seminiferous
tubules and normal interstitial tissues (Fig.
2a) and (Fig. 2b). The testis of NAC
group showed seminiferous tubuless
contains sertoli cells, spermatogonia,
spermatocyte and sperms (Fig. 2c). The
testis of Cur group showed normal
architecture with well-arranged closely
matted seminiferous tubules, normal
Blood vessles and normal interstitial
tissues (Fig. 2d). The testis of TiO;NPs
group showed marked loss of normal
architecture of seminiferous tubules,
atrophy and detachment of basement
membrane (Fig. 2e) and (Fig. 2f). Also
showed degeneration of spermatogonia
and spermatocyte and decrease in sperm
count (Fig. 2g). The testis of TiO,NPs +
NAC group showed mild loss of normal
architecture of seminiferous tubule, mild
detachment and mild vaculation (Fig. 2h).
The testis of TiO.NPs + Cur group showed
very mild restore to architecture of
seminiferous tubules with intercellular
vacuoles, improvement of numbers of
spermatocytes and sperms filling lumen
and less atrophy (Fig. 2i). The testis of
TiO2NPs + NAC + Cur group  showed
restore  of normal architecture of
seminiferous  tubules, near normal
spermatogenesis and normal interstitial
tissues (Fig. 2j).
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Table (1): Body weight of rats and relative weight of testis before and after 8 weeks of

treatment in the studied groups using ANOVA

Initial body Final body weight Weightgain Testis weight (gm)

weight (gm)  (gm) (9m)

Mean+SD  Mean £ SD Mean + SD Mean + SD
Control group 192 + 3.46 231.25 + 6.71 fan)” 39.25 + 5.06 Cfo* 1.63 £0.13 €f0"

191.87

I+

Vehicle group 301 236.75 + 6,630 44.75 £9.65 €N 164 +0.11 0"
NAC group 2015 232 + 6.28 € 37.37 +8.45 €V 172 +0,06 0"
Cur group 19732'62 = 236.25+ 3.61 COv* 42.87 + 3.36 Cf” 1.65 + 0.043 (fo*
TiO2NPs group 187.5+3.58  169.375 + 5.85(cdfn” -18 + 5.45(@bcdfgh)* 1.31 + (.04 (@bcdfh)*
;SJDNPS aNdNAC 19054403 19425+ 489" 425+ 808@eN" 150,02 6ct"
group 3.45

T|OZNPS, NAC, 189.25 + 212.75 + 4.95 (abcdefg)* 235+ 8.83 (abcdefg)* 157 + 0'03(689)*
and Cur group 6.63

*Statistically significant, a: significant with the control group, b: significant with the vehicle
group, c: significant with NAC group, d: significant with curcumin group, e: significant with
TiO2NPs group, f: significant with TiO>NPs and NAC group, g: significant with TiO-NPs and
curcumin group, h: significant with NAC, TiO,NPs and Cur group, TiO.NPs: Titanium
dioxide nanoparticles, NAC: N-acetyl cysteine, SD: * standard deviation.

Table (2): Hormonal Analysis in the studied groups after 8 weeks of treatment in the studied
groups using ANOVA

FSH hormone LH hormone Igi:gztr:one

(U/mL) (U/mL) (ng/dL)

Mean + SD Mean + SD Mean + SD
Control group gaegfg’h)* t 007 549401800 526 +0,03 ot
Vehicle group 0.86 + 0.06 €9* 241 + 0,22 (cdefgh)* 4.98 + 0.03 (cdefan)*
NAC group 0.92 +0.05 @foh”™ 2,76 +0.06 o™ 570 + 0,43 (ebefoh”
Cur group 0.92 + 0.04 @™ 2 69 + 0.06 @0efa” 5.68 + (.23 (@efgn”
TiO2NPs group 8£Jc2d1-gh)* t 002 5140w 197+ 0,07 oo
TIONPs —and - NAC 55, g o3 1,99 40,026k 3 68 + 0,09 Gbccesh”
group
TIONPs —and — Cur 0.64 + 0.04 @cde)* 1 88 + (.04 (@cden* 3 18 + (0,17 @bcdef)*
group
TiOZNPS, NAC, and 0 69 + O 04 (abcde)* 2 23 + 0 03 (abcdefg)* 4 19 + 0 07 (abcdefg)*
Cur group e e e

*Statistically significant, a: significant with the control group, b: significant with the
vehicle group, c: significant with NAC group, d: significant with Cur group, e: significant
with TiO;NPs group, f: significant with TiO,NPs and NAC group, g: significant with
TiO2NPs and Cur group, h: significant with NAC, TiO;NPs and Cur group, TiO.NPs:
Titanium dioxide nanoparticles, NAC: N-acetyl cysteine, FSH: Follicle-stimulating hormone,
LH: Luteinizing Hormone, SD: + standard deviation.
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Table (3): Oxidative stress markers in the studied groups after 8 weeks of treatment in the
studied groups using ANOVA

Control group
Vehicle group
NAC group

Cur group

TiO2NPs
group
TiO:NPs and
NAC group
TiO:NPs and
Cur group
TiO2NPs,
NAC, and Cur
group

SOD  Antioxidants MDA Antioxidants gﬁi?éi?éan ts (CEimHg,)Antioxidants
(u/mg) (u/mg) (u/mg) Mean = SD

Mean £ SD Mean + SD Mean + SD

084.64 + 1.45CH Y 6024 +136 W 91979201 e  [2482 = 107
082.26 + 1.27 " 60,99+ 1.09 0N 91725+ 3.35 N 720,26 + 1,13 (edelah®
095.16 + 124" 6563+ 1,636 9O + 1,98 Gbelah ol e LIS
093.6+ 1,65 67,515+ 0,770 956 08 + 3,11 @EN* 700,30 + 1,62 (bcelah®
385.23 + 1,08 @00 178124 120@eaN: 279,87 + 134y 23198 = LIS
698.74 + 1.750oka)” 11918+ 1.13@heckh 4011+ 1 3gleceay 4017 £ 1.53

688.35 + 2,23 (abcdefh)*

705.04 + 2.89 (ebedefo)”

120.31 + 1.05 (@beden)™

100.41 + 1.05 (@bedeg)™

631.08 + 1.3 (@bcdefh)*

699.18 + 1.29 (abcdefo)”

(abcdegh)*

425.42 + 1,18 (abedef)*

502.13 + 1.16 (@bcdefo)*

*Statistically significant, a: significant with the control group, b: significant with the
vehicle group, c: significant with NAC group, d: significant with Cur group, e: significant
with TiO2NPs group, f: significant with TiO:NPs and NAC group, g: significant with
TiO2NPs and Cur group, h: significant with NAC, TiO;NPs and Cur group, TiO:NPs:
Titanium dioxide nanoparticles, NAC: N-acetyl cysteine, SOD: Superoxide dismutase, MDA
Malondialdehyde, GSH: glutathione, SD: + standard deviation.
Table (4): Sperm motility, morphology, and concentration in the studied groups after 8 weeks
of treatment in the studied groups using ANOVA

Control group
Vehicle group
NAC group
Cur group

TiO2NPs group

TiO2NPs
NAC group
TiO2NPs
Cur group
TiO2NPs, NAC,
and Cur group

and

and

Sperm motility
(%)

Mean + SD

70 + 8.02 (€fon)*

61.87 + 9.4 (fgv”

66.87 + 10.57
(efgh)*

63.12 + 8.42 (¢f9)*
25 + 6.55 (ecdf*
43.12 + 7.04 (@bcde)*
37.5 + 6.54 (abedn)*

53.75 + 7.44 (abceg)*

Sperm livability

(%)
Mean £ SD
605 = 3.89
(befgh)*

53.37 + 3.66
(acdefg)*

65 + 4.2 (befgh)*
62.37 + 3.58
(befgh)*

16.87 + 53
(abcdfgh)*

4312 £+ 36
(abcdeh)*

4325 £+ 3.37
(abcdeh)*

50 +2.39 (acdefg)*

Sperm count
(million)
Mean = SD

256.12 +
(efgh)*

24625 +
(defgh)*

14.76

5.17

261.62 + 6.37Cf9N"
264.5 + 8.96 (efgn*
73.5 + 8.58 (@bcdfgh)*

214 + 13.33 (abcde)*
20937 + 1141
(abcde)*

221.87 +
(abcde)*

+

11.93

Sperm
concentration
(million/ml)
Mean + SD

1.86 + 0.08 (befan)*

163 =+ 0.05
(acdefgh)*

1.94 + 0.05 (efgn)”

1.90 + 0.05 (efah)*
074 <+ 0.08
(abcdfgh)*

101 +
(abcdeh)*

1.00 =«
(abcdeh)*

118 +
(abcdefg)*

0.05

0.05

0.07

Sperm
abnormality
(%)

Mean £+ SD
2512 +
(bcefgh)*

32 *
(acdefgh)*

205
(abefgh)*
2137 =
(befgh)*

85.37 +
(abedfghdf)*

51.62 =
(abcdeh)*

50.25 =
(abcdeh)*

40 +
(abcdefg)*

3.31

2.39

1.41

1.4

4.59

2.13

2.37

2.82

*Statistically significant, a: significant with the control group, b: significant with the
vehicle group, c: significant with NAC group, d: significant with Cur group, e: significant
with TiO;NPs group, f: significant with TiO:NPs and NAC group, g: significant with
TiO;NPs and Cur group, h: significant with NAC, TiO;NPs and Cur group, TiO.NPs:
Titanium dioxide nanoparticles, NAC: N-acetyl cysteine, SD: + standard deviation.
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Figure 1: (a) fold changes of HSD17B3 between the control group ( as calibrator ) and
vehicle, NAC, Cur, and TiO2NPs group, (b) fold changes of HSD17B3 between TiO2NPs
group ( as calibrator ) and TiO;NPs + NAC group, TiO2NPs + Cur group and TiO,NPs +
NAC + Cur group, (c) fold changes of BAX between control group ( as calibrator ) and
vehicle, NAC, Cur and TiO2NPs group, (d) Fold changes of BAX between TiO2NPs group (
as calibrator ) and TiO2NPs + NAC group, TiO2NPs + Cur group and TiO;NPs + NAC +
Cur group.
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Figure 2 : (a): Photomicrograph segment of a rat testis from a control group (1)
demonstrates normal architecture, including well-organized, closely matted seminiferous
tubules (S) and normal interstitial tissues (I) (HXx & E x 100), (b): A photomicrograph
segment of rat testis made from a vehicle group (2) demonstrates typical architecture,
including well-organized, densely matted seminiferous tubules (S) and normal interstitial
tissues (I) (Hx & E x 100), (c): Photomicrograph section in rat’s testis prepared from a NAC
group (3) showing the seminiferous tubules contains sertoli cells (ST), spermatogonia (SG),
spermatocyte (SPC),and sperms (SP) (Hx &Ex 400), (d): Photomicrograph section in rat’s
Testis from the Cur-treated group (4) displaying normal architecture and densely matted,
well-arranged seminiferous tubules (S), interstitial tissues and blood vesicles in a normal state
() (Hx & E x 100), (e) and (f): Photomicrograph section in rat’s testis obtained from the
TiO;NPs -treated group (5) demonstrating a substantial loss of the seminiferous tubules'
typical architecture (S), atrophy (A), and basement membrane separation (D) (Hx & E x 100),
(9): Photomicrograph section in rat’s testis taken from the TiO.NPs -treated group (5)
demonstrating spermatogonia (SG) and spermatocyte (SPC) degradation and a decrease in the
number of sperm (SP) (Hx & E x 400), (h): Photomicrograph section in rat’s testis obtained
from the TiO,NPs + NAC-treated group (6) demonstrating mild detachment (D), mild
vaculation, and mild disruption of the typical architecture of the seminiferous tubule (S) (v)
(Hx & E x 100), (i): Photomicrograph section in rat’s testis obtained from TiO;NPs + Cur
treated group (7) demonstrating very moderate restoration of seminiferous tubule architecture
(s) with intercellular vacuoles (V), improvement of the quantity of spermatocytes (spc) and
sperms (sp) filling lumen, and reduced atrophy (A) (Hx & E x 100), (j): Photomicrograph
section in rat’s testis produced from the TiO;NPs + NAC, + Cur treated group (8)
demonstrating the restoration of normal seminiferous tubule architecture (S), nearly normal
spermatogenesis (SGS), and normal interstitial tissues (I) (Hx & E x 100).

DISCUSSION statistically significantly less than other

In the current study, final body experimental groups. Final body weight,
weight, weight gain, and testis weight in weight gain, and testis weight in TiO;NPs
the TiO:NPs group were highly + NAC + Cur group was highly

Egypt J. Forensic Sci. Appli. Toxicol. Vol 22 (4), December 2022



Abo El Wafa et al.

136

statistically  significantly more than
TiO2NPs + NAC group and TiO;NPs +
Cur group. Weight gain and final body
weight were insignificantly different
between TiONPs + NAC group and the
TiO2NPs + Cur group.

This was in agreement with Khayal
et al. (2019), who reported that TIO2NPs
treated rats revealed a significant reduction
in body weight in comparison with other
groups. The addition of NAC to TiO2NPs
provided significant protection against
body weight loss caused by TiO;NPs.

Cur induced a significant increase in
the weight of mouse testis when used as a
protective  agent against  TiO2NPs
testicular toxicity in Karimi et al. (2019)
who suggested that the role of Cur in
enhancing testicular weights may be due
to its ability to prevent spermatogenesis
defects and prevention of germ cell death
in the seminiferous tubules increasing all
stages of spermatogenic cells.

In the current study, FSH, LH, and
testosterone  hormone levels in the
TiO2NPs group were highly statistical and
significantly  less than in  other
experimental groups. LH and Testosterone
levels in TiO;NPs + NAC + Cur group
were highly statistical and significantly
more than TiO.NPs + NAC group and
TiO2NPs + Cur group, while FSH level
was insignificantly different between these
groups.

The current work was in agreement
with Said et al. (2022), who reported that
in the rats exposed to TiO2NPs, levels of
FSH, LH, and Testosterone decreased
compared to the control group. In
mammals, LH hormone, which is released
by the pituitary gland in response to
gonadotropin-releasing hormone (GnRH)
from the hypothalamus, stimulates the
Leydig cells in the testis to produce
testosterone. As a result, a decrease in LH
level and Leydig cell oxidative damage
brought on by ROS formation and the
depletion of antioxidant reserves are both
expected outcomes of a decrease in
testosterone levels (Elewa et al., 2019).

Mohammadi Fartkhooni et al.
(2013), reported that compared to the
control and placebo groups, the TiO2-

treated group's LH level dramatically
increased and its testosterone level fell.

While, there is no discernible
difference between the FSH hormone level
and the control or placebo.

Numerous studies have demonstrated
that NAC can control the levels of
testosterone, follicular stimulating
hormone, and luteinizing hormone in
response to a variety of contaminants
(Shahrzad et al., 2020; Verdi et al,
2019). NAC can stop testosterone loss
because oxidative stress in Leydig cells
directly affects this process (Malmir et
al., 2018).

Regarding Cur; Mohamadpour et al.
(2017), it has been shown that curcumin
can raise the levels of ovarian hormones
(testosterone, FSH, and LH) in chronically
stressed rats.

This might be a result of Cur's
protection of Leydig cells.

However, the present results weren’t
matched with Miura et al., (2017), who
didn’t observe any significant difference in
levels of LH, FSH, and GnRH after
treatment with TiO2NPs.

In the current study, SOD, Catalase
and GSH antioxidants in the TiO.NPs
group were highly statistically
significantly less than other groups. In
TiO2NPs + NAC + Cur group these levels
were highly statistically significantly more
than in TiO:NPs + NAC group and
TiO:NPs + Cur group. While MDA
antioxidants in the TiO,NPs group were
highly statistically significantly more than
all groups. MDA antioxidants in TiO2NPs
+ NAC + Cur group were highly
statistically significantly less than other
experimental groups.

The current results were in agreement
with Elnagar et al. (2018), They claimed
that when compared to the control and
NAC groups, the GSH level of the
TiO2NPs group significantly decreased. In
addition, GSH levels in the TiO.NPs +
NAC groups were significantly higher
than in the control and NAC groups.
Additionally, the MDA level of the
TiO2NPs group significantly increased in
comparison to the control and NAC
groups. In contrast, the MDA level of the
TiO2NPs + NAC group was significantly
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lower than that of the TiO.NPs group.
Significant variations in MDA levels
imply that the oxidative stress induced by
the discharged nanoparticles is likely the
mediating factor in the genesis of
degenerative lesions.

El-Kirdasy et al. (2014) attributed
the antioxidant activity of NAC to guard
against oxidative stresses.

The current results were matched
with Haroun et al. (2020), who reported
that Cur significantly decreased MDA
levels while GSH levels increased. The
role of Cur in reducing MDA was reported
by Alizadeh and Kheirouri (2019) as Cur
can prevent the synthesis of MDA and
function as a free radical scavenger.

In the current study, sperm motility,
viability, count, and concentration were in
the TiO,NPs group highly statistically
significantly less than other groups. Sperm
abnormality in the TiO;NPs group was
highly statistically significantly more than
in other experimental groups. In all
measured sperm parameters, there was an
insignificant difference between TiO;NPs
+ NAC group and TiO.NPs + Cur group.

The current results were in agreement
with Said et al. (2022), who stated that as
compared to the control group, the
TiO,NPs treated group showed a
substantial decrease in sperm motility and
concentration. However, The percentage
of sperm abnormalities significantly
increased in the TiO,NP animals when
compared to the control group.

The data collected indicate that there
is a good chance that NAC will increase
the count (Verdi et al., 2019), motility
(Kheradmandi et al., 2019), viability
(Malmir et al., 2018), and normal
morphology of spermatozoa
(Kheradmandi et al, 2019) via
strengthening the antioxidant enzyme
system and having an antioxidant effect.
NAC enhances spermatogenesis in several
ways, such as by lowering ROS levels to
preserve membrane integrity and avoid
lipid peroxidation, which is crucial for
sperm shape (Malmir et al., 2018).

Soleimanzadeh and Saberivand
(2013) and Karimi et al. (2019) reported
that; Cur may have protective effects on
the morphology, quantity, movement, and

viability of sperm in adult male Wister rats
by acting as excellent antioxidants by
scavenging free radicals. Through its
phenolic, p-diketone, and methoxy
functional groups, Cur has been
demonstrated to have high antioxidant
activity and reduce oxidative stress
(Aparnak and Saberivand, 2019).

In the current study downregulation
in HSD17B3 gene expression was found
in testicular tissues following TiO2NPs
treatment. However, this level was
upregulated in TiO;NPs + NAC group,
TiO;NPs + Cur group, and TiO;NPs +
NAC + Cur group compared with the
TiO2NPs group.

The present results were matched
with Said et al. (2022) and Hussein et al.
(2019), who reported that 17BHSD
significantly downregulated the
steroidogenesis-related genes in testicular
tissue after exposure to TiOzNPs
compared to the control group.

The current result is in agreement
with El-Kirdasy et al. (2014), who
reported that TiO2 buildup in the testes
decreased the activity of 17-HSD and
other genes involved in steroidogenesis
and cholesterol transport. Rats exposed to
TiO2 for three months had considerably
lower levels of 17-HSD expression, which
was again upregulated in the presence of
NAC and TiO2NPs.

In the present study, upregulation in
BAX gene expression was found in
testicular  tissues following TiO;NPs
treatment, compared with the control
group, vehicle group, NAC group, and Cur
group. However, this level was
downregulated in TiO2NPs + NAC group,
TiO;NPs + Cur group, and TiO;NPs +
NAC + Cur group compared with the
TiO2NPs group.

The current results agreed with
Orazizadeh et al. (2020) and Zhang et al.
(2018), who reported that Bax expression
was significantly reduced in the control
group in comparison with the rats in the
TiO2NPs group. In the same way, Hussein
et al. (2019), reported that testicular
tissues from the TiO2NPs group showed a
substantial increase in the Bax gene
expression. The cause of testicular injury,
the peroxidation of membrane
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phospholipids by lipid hydro-peroxides, is
related to the accumulation of hydro-
peroxides and can result in cytotoxicity.
Our biochemical data, which demonstrated
an elevated amount of lipid peroxidation
and Bax expression, are compatible with
the necrotic circumstances described
(Thakur et al., 2014).

The present results matched with
Zhao et al. (2015), who reported that
treatment with Cur markedly and
simultaneously reduced Bax expression
while increasing Bcl-2  expression,
improving the Bcl-2/Bax ratio.

In the current study, the Testis of the
rat group treated with TiO,NPs alone
(group 5) showed disturbed normal
anatomy. While the rat group received
NAC concomitant with TiO.NPs (group
6), mild improvement in histopathological
findings was detected.

However, in the rat group that
received Curcumin concomitant with
TiO2NPs (group 7), the improvement in
histopathological findings was less than
that was seen in TiO2NPs + NAC treated
group, While in the rat group that received
NAC and Cur concomitant with TiO2NPs
(group 8), marked improvement in
histopathological findings was detected.

The current results were matched
with Hussein et al. (2019), who reported
that the seminiferous tubules of the
TiO:NPs -treated rats showed evident
signs of degeneration, loss of normal
architecture, and a decrease in
spermatogenic cells. Additionally, there
was a decline in the number of Leydig
cells, which may have been caused by free
radicals and ensuing lipid peroxidation, as
well as a decrease in sperm counts in
comparison to testis sections from the
control group.

The present results matched with
Elnagar et al. (2018), who reported that
revealed testicular tissue showed some
improvement when NAC and TiO2NPs
were combined, as shown by histological
analysis.

Also, the current results agree with
Karimi et al. (2019) both the Cur and
control groups' testicular parts appeared
normal. The histologic criteria were
dramatically raised in the TiO;NPs group

due to the disarray of germ cell layers,
separation, sloughing, and atrophy that
was observed. Curcumin can either
support the regeneration of damaged cells
or maintain the integrity of cellular
membranes, preventing cellular harm (El-
Maddawy and El-Sayed, 2018 &
Mohammed, 2019 ).

Free radicals can cause membrane-
bound PUFA acids of mammalian testes
and other biomembranes to oxidize, which
impairs membrane integrity and causes
seminiferous tubule degeneration, which
may explain the histopathological changes
in testicular tissue. As a result, tissue
deterioration and testicular atrophy take
place (Mandal and Das, 2011 & Mitra et
al., 2013).

CONCLUSION

TiO;NPs administered orally caused
DNA damage and toxic consequences in
the testes, and these negative effects may
be related to the development of oxidative
stress and changed oxidative stress
indicators which led to downregulation in
the HSD17B3 gene and upregulation of
the BAX gene. Also, TiO.NPs altered
semen parameters, altered hormonal levels
and caused histopathological abnormality
in the testis.

Administration of NAC and Cur
along with TiO,NPs, protected against
TiO, damaging effect.

RECOMMENDATIONS
= Depending on the results
of this study, the following guidelines
are recommended:
= Promoting widespread
public awareness of the risks to
health posed by chronic exposure
to TiO2NPs and other
nanoparticles, with a focus on the
impact of these substances on the
reproductive system, especially if
no medical advice is sought.
= |In patients exposed to
TiO2NPs, regular examination of
testicular  functions such as
testosterone level and semen
analysis is strongly advised.
= The wuse of TiO;NPs
should be prevented or decreased
due to their harmful effect.

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 22 (4), December 2022


https://link.springer.com/article/10.1007/s11356-019-06091-0#ref-CR78

Abo El Wafa et al.

139

= Further studies should be
conducted to find a safe alternative to
TiO2NPs.

" Administration of NAC
and Cur along with TiO2NPs,
protected against TiO2 damaging
effect. So, if TiO2 is necessary any of
them or both should accompany it.
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