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Effect of Different Doses from ZnONPS on the Pituitary-Testes Axis
Function in Adult Male Rats
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Abstract | In our study, ZnONPs was prepared and characterized for investigation of pituitary-testes axis function in
adult male rats. Fifty healthy adult male rats selected, weighted 300 + 50 gm, randomly divided to five group each group
have ten animals. One of them group consider as control group and other four group designed as (G1, G2, G3 and G4)
group which receive oral dose of ZnONPs in different concentration (5, 10,20 and 40 mg/kg- B.W) respectively for 56
day. Blood samples were collected via cardiac puncture for serum collection in (zero time, 28 and 56 day of experiment).
The results showed significant (P<0.05) elevation of testosterone and FSH hormones concentration in G3 and G4
after 56 day of experimental period as a compared with zero time and 28 day of experiment, whereas LH and inhibin
B hormones concentration showed a significant (P<0.05) decrement in all group at 56 day as a compared with control
group and other period time. Histological study of testes and pituitary gland showed different pathological changes on
these two gland’s tissue and cells as mild to severe effects especially at dose (20 and 40 mg/kg B.W). Histometric study
of seminiferous tubules illustrated a significant (P<0.05) elevation of seminiferous tubules diameters in G4 group,
whereas showed non-significant (P>0.05) differences in number of interstitial cells in treated groups.
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INTRODUCTION

anotechnology term refers to the ability to manipu-
late measure and organize matter at the nano-scale
level. This scale classically indicate to matter in the size
range from 1 to 100 nm (Mattsson et al., 2018) also, it is
often extended to involve materials below (1 pm) in size

(Devalapally et al., 2007).

ZnO is a metal oxide characterized as a semiconducting
metal. Zinc oxide nanoparticles (ZnONPs) has drawn in-
terest in past few years ago because its widely range of ap-
plication in the field of optics, electronics, and biomedical
systems (Gunalan et al., 2012; Anbuvannan et al., 2015).
Many types of inorganic metal oxides have been created

and used in many studies such as CuO, TiO 2, and ZnO.

from all these metal oxides, ZnONPs has been interest be-
cause they are safe, inexpensive to syntheses, and can be
prepared easily (Jayaseelan et al., 2012).

ZnONPs have many properties such as higher catalytic ac-
tivity, UV filtering properties optic, anti-inflammatory and
wound healing (Sheikhloo et al., 2011; Mirzaei and Dar-
roudi 2017). Because its UV filtering properties, ZnONPs
has been widely used in cosmetics such as sunscreen lo-
tions (Wodka et al., 2010; Seo et al., 2018). ZnONPs was
used in biomedical applications such as anticancer, drug
delivery, antibacterial, antidiabetic, antifungal and agricul-
tural properties (Hassani et al., 2015). Although ZnO is
used for delivery of drug, it still has the cytotoxicity (IMa et
al., 2013). As a result of the extensive uses and much ap-
plication of ZnONPs among various industries, it is neces-
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sary to investigate the effects of ZnONPs on the biological
systems, mainly on the male reproductive system, for that
pourposis the study was design.

MATERIALS AND METHODS

PREPARATION AND CHARACTERIZATION OF ZNONPs
Pomegranate (Punicagranatum) peel extract and (0.1 M)
of zinc nitrate crystal [Zn (NO3),.6H20] are used in
preparation of ZnONPs (Geetha et al., 2016). Physical
characterization of nanoparticles by Scanning electron mi-
croscopy (SEM) (Ishwarya et al., 2018), X-ray diffraction
(XRD) (Bunaciu et al., 2015) and Fourier transform in-
frared (FT-IR) spectroscopic (Chan and Kazarian, 2016).
These tests was report the purity, hexagonal shape and size

rang (20-50 nm) of ZnONPs was obtained.

EXPERIMENTAL ANIMALS DESIGN

Fifty adult male rats aged 3 - 3.5 month, weighted 300 + 50
gm. Rats obtained from animal house of Veterinary Med-
icine College for Baghdad University. They were housed
five per cage, and were placed in room for two weeks for
acclimation. Room temperature was maintained at (21 -
25°¢), air of the room was changed continuously by using
ventilation vacuum and with light /dark cycle of 12:12 h/
day. The litter of the cages was changed every 2 day. Ani-
mals were fed on pellet of freshly prepared ration. The ex-
periment animals were randomized design and treated as
following:

Fifty adult male rats divided randomly into five groups
(ten animals per group). Control group,ten adult male rats
treated orally with 2 ml distal water daily via Gavage nee-
dle for 56 day .T1 group, ten adult male rat treated orally
with (5 mg/kg body weight) of ZnONPs daily via Gavage
needle for 56 day. T2 group, ten adult male rat treated orally
with (10 mg/kg body weight) of ZnONPs daily via Gav-
age needle for 56 day. T3 group, ten adult male rat treated
orally with (20 mg/kg body weight) of ZnONPs daily
via Gavage needle for 56 day. T4 group, ten adult male rat
treated orally with (40 mg/kg body weight) of ZnONPs
daily via Gavage needle for 56 day, doses was calculated
according to (Reza et al., 2014)

SPECIMEN PREPARATION

Animals were anesthetized by .M injection of (90mg/kg)
Ketamine and (40 mg/kg) Xylazine. Blood samples were
collected at (Zero, 28, 56) days of experiment via cardi-
ac puncture technique. Serum separated from coagulated
blood sample by centrifugation at 2500 rpm for 15 min
and kept it by freezing at -20°C until used (David, 2005).
Testosterone hormone, follicular stimulating hormone
(FSH), luteinizing hormone (LH) and inhibin B concen-

tration were assessment by using ELISA kit according to

Kit manufacturer’s instructions. After animals were killed
the histological changes of right testes and pituitary gland
was studied.

STATISTICAL ANALYSIS

The Statistical Analysis System- SAS (2012) program was
used to effect of difference factors in study parameters.
Least significant difference ~L.SD test and Duncan Mul-
tiple Range (ANOVA) was used to significant compare

between meansin this study.
RESULTS

SErRUM HORMONES PARAMETERS

Testosterone hormone concentration (ng\ml): The con-
centration of testosterone hormone was showed in Figure
(1). The result register that non-significant (P > 0.05) dif-
ference in testosterone concentration in all treated group
as a compared with control group at zero time. While, the
result elucidated that was a significant (P < 0.05) elevation
of testosterone concentration in G2, G3 and G4 group as
a compared with control and G1 treated group at 28 day
of treatment. Also showed significant (P < 0.05) eleva-
tion of testosterone concentration in G4 treated group as
a compared with control and G1 and G2 group at 56 day
of experiment period. Whereas, G3 group was showed sig-
nificant (P< 0.05) elevation of testosterone concentration
when a compared with control and G1 group at 56 day of
administration.

Figure (2) refer to the testosterone concentration among
the time of administration, the result was showed a signif-
icant (P < 0.05) increment of testosterone concentration
in all treated group at 56 day of experiment period when
compared with zero time of treated period. While the data
was showed a significant (P < 0.05) increment of testoster-
one concentration in G3 treated group at 28 day of admin-
istration as a compared with zero time.

Luteinizing hormone concentration (mlU\ml): The
mean values of luteinizing hormone concentration (mlU\
ml) in adult male rats treated with serial dose of ZnONPs
(5,10, 20 and 40 mg/kg B.W) synthesized from PPE are
clarified in figure (3). Non-significant (P > 0.05) differenc-
es in serum concentration of LH are observed in all treated
groups at zero time and 28 day of experiment period as a
compared with control group. Whereas there was a signif-
icant (P< 0.05) decrement in serum LH concentration was
registered in all treated group as a compared with control

group at 56 day of ZnONPs administration period.

Furthermore, the data in Figure (4) showed a significant
(P< 0.05) decrease in serum LH concentration in all treat
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Figure 1: Represent the effect of different doses of
ZnONPs was synthesized by PPE on serum testosterone
concentration (ng\ml ) in adult male rats along 56 day of
treatment.
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Figure 2: Represent the effect of different doses of
ZnONPs was synthesized by PPE on serum testosterone
concentration (ng\ml ) in adult male rats in zero time,

28day and 56 day of treatment.
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Figure 3: Represent the effect of different doses of ZnONPs
was synthesized by PPE on serum LH concentration
(mlU\ml) in adult male rats after 56 day of treatment.
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Figure 4: Represent the effect of different dose of ZnONPs
was synthesized by PPE on LH concentration (mlU\
ml) in adult male rats, in zero time, 28day and 56 day of
treatment.
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Figure5: Represent the effect of different doses of ZnONPs
was synthesized by PPE on serum FSH concentration
(mlU\ml) in adult male rats after 56 day of treatment.

ed group at 56 day of experiment period when a compared
with zero time and 28 day of experiment period.

Serum FSH concentration (mlU\ml): Figure (5) refer
to the results of FSH concentration (mlU\ml) before and
after treated with of ZnONPs synthesized from PPE in
adult male rats. FSH concentration at zero time is showed
non-significant (P > 0.05) differences in all treated group
when compared with control group. Serum follicular stim-
ulating hormone concentration showed a significant (P <
0.05) elevation in G4 treated group at (28 and 56 day) of
ZnONPs administration when a compared with control
group, while there was non-significant (P > 0.05) differ-
ences between G1, G2 and G3 as a compared with control
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group at the same two periods. From our date in histogram
Figure (6) demonstrate significant (P < 0.05) elevation in
FSH concentration in G4 group at 56 day of experiment as
a compared with zero and 28 of experiment. Between the
same group, the concentration of serum FSH was showed
in histogram Figure (6). Group treated with 40 mg/kg
B.W (G4) of ZnONPs was registered a significant (P <
0.05) increment at 56 day as a compared with zero time
and (28 day) in same treated group. Whereas, there were
non-significant (P > 0.05) differences in serum FSH con-
centration in other treated groups at (28 day and 56 day) as
a compared with zero time of experiment period.
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Figure 6: Represent the effect of different doses of ZnONPs
was synthesized by PPE on Serum FSH concentration
(mlU\ml) in adult male rats in zero time, 28day and 56 day
of treatment.
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Figure 7: Represent the different doses of ZnONPs was
synthesized by PPE on Inhibin B concentration (pg\ml)

in adult male rats after 56 day of treatment.

Inhibin_B hormone concentration (pg\ml): In this study,
the data revealed the effect of zinc oxide nanoparticles in
variance doses on the serum concentration of Inhibin B
hormone (Figure 7). The results of healthy animals treated
with ZnONPs showed significant (P < 0.05) decrease in

serum concentration of Inhibin B hormone in G4 treated
group at 28 day of experiment period as a compared with
control group in same time of treatment. On the other
hand, the serum concentration of Inhibin B hormone is
registered significant (P < 0.05) decrement in all treated
groups with all different dose of ZnONPs at day 56 of
administration as a compared with control group. Within
time the Inhibin B hormone concentration illustrated in
Figure (8) was showed significant (P < 0.05) decrement
in all treated group at 56 day of experiment period when
a compared with zero time and 28 day of administration
accept G4 treated group are non-significant (P>0.05) dif-
ferences in Inhibin B concentration at 56 day when a com-
pared with 28 day of treatment.
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Figure 8: Represent the different doses of ZnONPswas
synthesized by PPE on serum Inhibin B concentration
(pg\ml) in adult male rats in zero time, 28day and 56 day

of treatment.

HisTOLOGICAL STUDY

Histometric study of testicular tissue: The study result
showed in Figure (9a, and b) referred to seminiferous tu-
bules diameters (um) and number of interstitial cells in
healthy control animals and healthy animals treated with
different doses of ZnONPs for 56 day intervals. The result
illustrated a significant (P<0.05) elevation of seminiferous
tubules diameters in G4 group as a compared with control
group and other groups, whereas, we showed non-signifi-
cant (P > 0.05) differences in number of interstitial cells in
all group when compared with control group at the end of
experiment intervals.

Histological changes of pituitary gland: Microscopical
examination of healthy control rat’s pituitary gland showed
normal view (Figure 10a). Whereas, pituitary gland in
healthy rats was received deferent doses of ZnONPs (Fig-
ure 10 b,c,d and e) they showed massive swollen of pitu-
itary cells with non- cytoplasmic staining, some of them
contain vacuoles and other was atrophy, these vacuoles
increase with doses increase. Severe atrophy of acidophil
and other cells are necrotic, the basophilic cells are not rec-
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ognized also the capillary sinusoids dilated and congest- in adult male rats of control group was showed markedly
ed. The acidophilic cells become flattened with elongated normal arrangement of the germinal cells and normal ar-
nuclei and few small capillaries still congested and dilated  chitecture Figure (11-a ). Figure (11-b, ¢,d and ¢) represent
However in pituitary gland tissue of G4 group. histological effect ZnONPs testicular tissue in G1,G2,G3
and G4 groups respectively. This sections was showed sub-
capsular congestion, largest and proliferate leydge cells,

M) Diameters of tubules (um) A é‘g’ U Number of Interstitialcels A B

=i A present of inflammatory cells , thickened and edematous
m g % B2 intertubular septa, atrophic necrosis of spermatogonal
. cells, the remnant cells appeared small. However, most of
1053 the seminiferous tubule showed severe atrophic necrosis

which appeared elongated and distorted; sometimes ap-
peared small in size when a compared with control.

Figure 9: Represent the effect of different doses of
ZnONPs was synthesized by PPE on A-Seminiferous
tubules diameters (um), B- Number of interstitial cells.

Figure 11: Testicular tissue in A- control group. B- adult
male rats in (G1) group, showed subcapsular congestion

(—>). C- adult male rats in (G2) group, showed
large and proliferate leydge cells (€—). D- adult male
rats in (G3) group, showed sever atrophic necrosis of

spermatogonal cells (—>>) E- adult male rats in (G4)

. . . o . roup, showed sever atrophic necrosis and distoration of
Figure 10: Microscopical examination of pituitary gland & 2
gu P P Y8 seminiferous tubule (€—>)

tissue in A- control group. B- Adult male rats in (G1 )
group, showed vacuolar formation (q). C- Adult
male rats in (G2 ) group, showed blood vessel congestion
and dilation ( <> ) with vacuoles (q) D- Adult
male rats in (G3 ) group, showed necrosis(q).

Adult male rats in (G4 ) group, showed massive vacuolar

formation (H ).

DISCUSSION

That elevation of testosteron hormone may result from el-
evation of cholesterol concentration in blood after treated
with ZnONPs (Reza et al., 2014) cholesterol act as pre-
cursor molecule for steroid synthesis (Stephenson et al.,
2010) play role in increment of steroid hormone in blood

Histological changes in testes: Sections of testicular tissue  ,¢..” 7 . ONPs adminstration. Some resercher showed
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the nanoparticles can be importnt for protein expression
(steroidogenic-acut regulatory (StAR)), this protein work
as transporter it transferred of cholesterol molecule to the
mitochondrial membrane and increase steroid synthesis
(Reza et al., 2014). Bara and Kaul. (2018) was observed
after exposed of Leydig cells (TM3) from mouse in vitro
model to ZnONPs a manifold increment in the relation
expression of genes (StAR and P450scc). Profiles of gene
expression clearly point to that ZnONPs were having a
steroidognesis effect, however, it depend on concentration
and the time of exposure to ZnONPs. The elevation of tes-
tosteron hormon concentration effect with GnRH secre-
tion from the hypothalamase, which effect on the pituitary
gland production of LH, thus may be correlated to easi-
ly penetration of ZnONPs from the blood brain barrier
(BBB) and blood testicular barrier (BTB) they perhaps
its effect on concentration of LH level. The decrement of
LH concentration may be result from negative feedback
mechanism of hypothalamic-pituitary axis (Badkoobeh et
al., 2013).

After 56 day also showed elevation of FSH, this result
pointed to effect of doses and time of adminstration on
pitutary gland and testicular tissue. Our result aggrement
with Shirvani et al. (2014) was showed increment of FSH
concentration after receved (25 and 50 mg/kg) ZnONPs
for (15 day). Inhibin-B is non-steroidal (glycoprotein) hor-
mone produce from sertoli cell in male gonads (Meachem
and Nieschlag, 2001). Inhibin-B act as FSH-regulating in
both genders (male and female). By down-regulating effect
on FSH production, inhibin-B hormone successtfully con-
trol on sperm formation and folliculogenesis. Other pos-
sible resone, the pathological effect of ZnONPs on liver
mayeftect on protein synytesis resulting in decremint of
glycoprotein hormne secretion (Fong et al., 2016).

Regardless of the many advantages of NPs, they may
produce dangerous effects via special properties includ-
ing (small size with high surface area) (Attia et al., 2018).
Our results demonstrated the miled increment of leydig
cell numbers of in animal recived (40 mg/kg) of ZnONPs
but it is non significantly difrences when a compared with
control group. These result was agreement with our histo-

logical study of testes figure ()

Our study were regesterd the histopathological changes
in testicular tissue and pitutary gland in rats recived dif-
ferent doses of ZnONPs when a compared with control
rats. We were showed these histological changes appear as
dose dependent manner, demonstrated the miled incre-
ment of leydig cell numbers of in animal recived (40 mg/
kg) of ZnONps but it is non significantly difrences when
a compared with control group while, ZnONPs was af-
fected sertoli cell via formation of vacuole and immature
germ cells sloughed from the seminiferous tubules (Talebi

et al., 2013). There is sign demonstrated in a direct sertoli
cells damage, and considered as the primary morphological
marked of testicular injury and is the highest response of
sertoli cells to several xenobiotic (Boekelheide et al., 2000).
The occurrence of vacuoles in the sertoli cells cytoplasm
was point to direct harm of nanomaterial on these cells
(Shirvani et al., 2014), several seminiferous tubules had
necrotic sloughed germinal epithelium with modest in-
terstitial edema characterized by present of inflammatory
cells , these finding resulted from promotion of oxidative
stress (OS) in testicular tissue (Ibrahim, Oda and Khaf-
aga, 2017). Our results was confirmed with Mozaffari et
al. (2015) and Bara et al. (2018) they observed that gross
histopathological alterations in the testis of prenatally ex-
posed male mice to the ZnONPs. Also, generation of lipid
peroxides, change enzymatic activity and finally they in-
duce damage or necrosis (Weber et al., 2003) in the pitui-
tary cells. ZnONP is attributed generally to the production
of reactive oxygen species, genotoxicity, inflammation and
finally cell death. ZnONPs after oral ingestion can reach to
the brain either by blood brain barrier (BBB) breaking or

via neural transportation (Shim et al., 2014).

CONCLUSION

Oral administration of ZnONPs in different doses (5, 10,
20 and 40 mg/kg/ for 56 day intervals have the ability to
altered in function of pituitary — testes axis, induce many
deleterious effects in pituitary and testes function such as
hormonal imbalance, increase oxidative stress in testicular
tissue and histopathological changes in pituitary and tes-
tes tissue.

ACKNOWLEDGEMENT'S

I like to thank everyone who helped me in this study, es-
pecially all staff of Physiology, Biochemistry and Phar-
macology department in Veterinary Medicine College in

Baghdad University.

CONFLICT OF INTEREST

No conflict of interest.

AUTHORS CONTRIBUTION

'The authors contributed equally.

REFERENCES

* Anbuvannan M, Ramesh M, Viruthagiri G, Shanmugam N,
Kannadasan N (2015). Synthesis, characterization and
photocatalytic activity of ZnO nanoparticles prepared
by biological method. Spectrochimica Acta Part A: Mol.

July 2019 | Volume 7 | Issue 7 | Page 555

=SS



OPENaACCESS

Advances in Animal and Veterinary Sciences

Biomo. Spec.143:
s22.2015.01.124

» Attia H, Nounou H, Shalaby M (2018). Damage , Inflammation
and Apoptosis in Rat’s Brain. https://doi.org/10.3390/
toxics6020029

*Badkoobeh P, Parivar K, Kalantar SM, Hosseini SD, Salabat A
(2013). Effect of nano-zinc oxide on doxorubicin- induced
oxidative stress and sperm disorders in adult male Wistar
rats. Ira. J. Repro. Med. 11(5): 355-64. Repéréa http://www.
ncbi.nlm.nih.gov/pubmed/24639766%5Cn.

*Bara N, Eshwarmoorthy M, Subaharan K, Kaul G (2018).
Mesoporous silica nanoparticle is comparatively safer
than zinc oxide nanoparticle which can cause profound
steroidogenic effects on pregnant mice and male offspring
exposed in utero. Toxi. Ind. Health. 34(8): 507-524. https://
doi.org/10.1177/0748233718757641

*Bara N, Kaul G (2018). Enhanced steroidogenic and altered
antioxidant response by ZnO nanoparticles in mouse testis
Leydig cells. 34(8): 571-588.

*Boekelheide K, Fleming SL, Johnson KJ, Patel SR, Schoenfeld
HA (2000). Role of Sertoli cells in injury-associated
testicular germ cell apoptosis (44558). Proc. Soc. Exp. Bio.
Med. 225(2): 105-115. https://doi.org/10.1046/j.1525-
1373.2000.22513 .x

*Bunaciu AA, Udri $Tioiu EG, Aboul-Enein HY (2015). X-ray
diffraction: instrumentation and applications. Crit. Rew.
Ana. Chem. 45(4): 289-299. https://doi.org/10.1080/1040
8347.2014.949616

*Chan KLA, Kazarian SG (2016). Attenuated total reflection
Fourier-transform infrared (ATR-FTIR) imaging of tissues
and live cells. Che. Soc. Rev. 45(7): 1850-1864. https://doi.
0rg/10.1039/C5CS00515A

*David, W. (2005). The Immunoassay Handbook. Thired edition.
Oxford, U.K.

*Devalapally H, Chakilam A, Amiji MM (2007). Role of
nanotechnology in pharmaceutical product development.
J. Phar. Sci. 96(10): 2547-2565. https://doi.org/10.1002/
jps.20875

*Fong LY, Farber ], Croce CM (2016). Zinc intake, microRNA
dysregulation, and esophageal cancer. Department of
Pathology, Anatomy, and Cell Biology Faculty Papers.
Paper 194. https://jdc.jefterson.edu/pacbfp/194. https://doi.
org/10.18632/aging.100978

*Geetha MS, Nagabhushana H,Shivananjaiah HN (2016).
Green mediated synthesis and characterization of ZnO
nanoparticles using Euphorbia Jatropa latex as reducing
agent. Journal of Science: Adv. Mat. Dev. 1(3): 301 -310.

*Gunalan S, Sivaraj R, Rajendran V (2012). Green synthesized
ZnO nanoparticles against bacterial and fungal pathogens.
Progress in Natural Science: Mater. Int. 22(6): 693 -700.

*Hassani SM, Nakhaei MM, Forghanifard MM (2015).
Inhibitory effect of zinc oxide nanoparticles on pseudomonas
aeruginosa biofilm formation. Nano. J. 2(2): 121-128.

*Ibrahim W, Oda S, Khafaga A (2017). Pathological Evaluation
of The Effect of Zinc Oxide Nanoparticles on Chromium-
Induced Reproductive Toxicity in Male Albino Rats. Alex.].
Vet. Sci. 53(2): 24. https://doi.org/10.5455/ajvs.251315

*Ishwarya R, Vaseeharan B,Kalyani S,Banumathi B, Govindarajan
M, Atharbi NS, Benelli G (2018). Facile green synthesis
of zinc oxide nanoparticles using Ulva lactuca seaweed
extract and evaluation of their photocatalytic, antibiofilm
and insecticidal activity. J. Pho. Che. Pho. Bio. B: Biology.
178(November 2017). 249-258. https://doi.org/10.1016/j.

304-308. https://doi.org/10.1016/j.

jphotobiol.2017.11.006

Jayaseelan C, Rahuman AA, Kirthi AV, Marimuthu §,
Santhoshkumar T, Bagavan A, Rao KVB (2012). Novel
microbial route to synthesize ZnO nanoparticles using
Aeromonas hydrophila and their activity against pathogenic
bacteria and fungi. Spe. Acta. Part A: Mol. Bio. Spec. 90:
78-84. https://doi.org/10.1016/j.522.2012.01.006

*Ma H, Williams PL, Diamond SA (2013). Ecotoxicity of
manufactured ZnO nanoparticles—a review. Envi. Poll. 172:
76-85. https://doi.org/10.1016/j.envpol.2012.08.011

*Mattsson K, Jocic S, Doverbratt I, Hansson LA (2018).
Nanoplastics in the aquatic environment. In Micro. Conta.
Aqua. Envi. (p. 379-399). Elsevier. https://doi.org/10.1016/
B978-0-12-813747-5.00013-8

* Meachem S, Nieschlag E (2001). Inhibin B in male reproduction :
Pathophysiology and clinical relevance Inhibin B in male
reproduction :  pathophysiology and clinical relevance,
(December). https://doi.org/10.1530/eje.0.1450561

*Mirzaei H, Darroudi M (2017). Zinc oxide nanoparticles:
Biological ~synthesis and biomedical applications.
Cera. Int. 43(1): 907-914. https://doi.org/10.1016/j.
ceramint.2016.10.051

*Mozaffari Z, Parivar K, Roodbari NH, Irani S (2015).
Histopathological Evaluation of the Toxic Effects of Zinc
Oxide ( ZnO ) Nanoparticles on Testicular Tissue of NMRI
Adult Mice. 7(6): 275-291. https://doi.org/10.12988/
asb.2015.5425

*Reza EH, Kobra S, Leila S, Vahid Y, Esmaiel A (2014).
Investigation of the Zinc Oxide Nanoparticles Effect on
Testosterone. Cholesterol and Cortisol in Rats. 3(4): 14-19.

*Seo GY, Lee JH, Kim JH, Shim JB, Hong HJ, Kim E, Kim
Y] (2018). Effects of emulsifying agents on the safety of
titanium dioxide and zinc oxide nanoparticles in sunscreens.
J. Dis. Sci. Tech.1-6.

*Sheikhloo Z, Salouti M, Katiraee F (2011). Biological synthesis
of gold nanoparticles by fungus Epicoccum nigrum. J. Clu.
Sci. 22(4): 661-665. https://doi.org/10.1007/s10876-011-
0412-4

*Shim KH, Jeong KH, Bae SO, Kang MO, Maeng EH, Choi CS,
Kim MK (2014). Assessment of ZnO and SiO2 nanoparticle
permeability through and toxicity to the blood—brain barrier
using evans blue and tem. Int. J. Nano. 9(Suppl 2), 225.
https://doi.org/10.2147/IJN.S58205

*Shirvani H, Noori A, Mashayekh AM (2014). The Effect of
ZnO Nanoparticles on the Growth and Puberty of Newborn
Male Wistar Rats. Int. ]. Bas. Sci. App. Res. 3: 180-185.
Repéré a http://www.isicenter.org

*Stephenson RB, Klein BG (2013). Cunningham’s Textbook of
Veterinary Physiology. Cunningham’s Textbook Vet. Physiol.
158-170. https://doi.org/10.1016/51090-0233(02)00181-8

+Talebi AR, Khorsandi L, Moridian M (2013). The effect of zinc
oxide nanoparticles on mouse spermatogenesis. J. Ass. Repr.
Gen. 30(9): 1203-1209. https://doi.org/10.1007/s10815-
013-0078-y

*Weber LWD, Boll M, Stampfl A (2003). Hepatotoxicity and
mechanism of action of haloalkanes: carbon tetrachloride
as a toxicological model. Cri. Revi. Tox. 33(2): 105-136.
https://doi.org/10.1080/713611034

*Wodka D, Bielanska E, Socha RP, Elzbieciak-Wodka M,
Gurgul J, Nowak P, Kumakiri I (2010). Photocatalytic
activity of titanium dioxide modified by silver nanoparticles.
ACS Appl. Mat. Interf. 2(7): 1945-1953. https://doi.
org/10.1021/am1002684

July 2019 | Volume 7 | Issue 7 | Page 556

=SS


https://doi.org/10.1016/j.saa.2015.01.124 
https://doi.org/10.1016/j.saa.2015.01.124 
https://doi.org/10.3390/toxics6020029 
https://doi.org/10.3390/toxics6020029 
http://www.ncbi.nlm.nih.gov/pubmed/24639766%5Cn.  
http://www.ncbi.nlm.nih.gov/pubmed/24639766%5Cn.  
https://doi.org/10.1177/0748233718757641 
https://doi.org/10.1177/0748233718757641 
https://doi.org/10.1046/j.1525-1373.2000.22513.x 
https://doi.org/10.1046/j.1525-1373.2000.22513.x 
https://doi.org/10.1080/10408347.2014.949616 
https://doi.org/10.1080/10408347.2014.949616 
https://doi.org/10.1039/C5CS00515A 
https://doi.org/10.1039/C5CS00515A 
https://doi.org/10.1039/C5CS00515A 
https://doi.org/10.1039/C5CS00515A 
https://doi.org/10.1002/jps.20875 
https://doi.org/10.1002/jps.20875 
https://jdc.jefferson.edu/pacbfp/194
 https://doi.org/10.18632/aging.100978 
 https://doi.org/10.18632/aging.100978 
 https://doi.org/10.18632/aging.100978 
 https://doi.org/10.18632/aging.100978 
 https://doi.org/10.18632/aging.100978 
 https://doi.org/10.18632/aging.100978 
 https://doi.org/10.18632/aging.100978 
 https://doi.org/10.18632/aging.100978 
 https://doi.org/10.18632/aging.100978 
https://doi.org/10.5455/ajvs.251315 
 https://doi.org/10.1016/j.jphotobiol.2017.11.006 
 https://doi.org/10.1016/j.jphotobiol.2017.11.006 
https://doi.org/10.1016/j.saa.2012.01.006 
https://doi.org/10.1016/j.envpol.2012.08.011 
https://doi.org/10.1016/B978-0-12-813747-5.00013-8 
https://doi.org/10.1016/B978-0-12-813747-5.00013-8 
https://doi.org/10.1016/B978-0-12-813747-5.00013-8 
https://doi.org/10.1016/B978-0-12-813747-5.00013-8 
https://doi.org/10.1016/B978-0-12-813747-5.00013-8 
https://doi.org/10.1016/B978-0-12-813747-5.00013-8 
https://doi.org/10.1016/j.ceramint.2016.10.051 
https://doi.org/10.1016/j.ceramint.2016.10.051 
https://doi.org/10.12988/asb.2015.5425 
https://doi.org/10.12988/asb.2015.5425 
https://doi.org/10.1007/s10876-011-0412-4 
https://doi.org/10.1007/s10876-011-0412-4 
https://doi.org/10.2147/IJN.S58205 
http://www.isicenter.org 
http://www.isicenter.org 
http://www.isicenter.org 
http://www.isicenter.org 
https://doi.org/10.1007/s10815-013-0078-y 
https://doi.org/10.1007/s10815-013-0078-y 
https://doi.org/10.1080/713611034 
https://doi.org/10.1021/am1002684
https://doi.org/10.1021/am1002684

