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Nanotechnology has proposed many new effective forms of nutritional supplement
ingredients due to their low toxicity and high bioavailability, among which are nano-
selenium, due to their distinctive properties of small particles and increased surface area of
compounds, allowing the opportunity for biological interactions. In this study, 48 laying
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Immature follicles represented by the use of crushed yellow corn for molting. The birds were divided into six
Laying groups 8 hirds/group, with the first group receiving a standard diet, the second group
nano-Se receiving only yellow tops crushed, the third group receiving organic-Se 2 g/L with a
C - standard diet, the fourth group receiving Nano-Se 0.5 ml/L with standard stalk, the fifth
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straw 0.5 ml/L. The results showed a significant rise in ovary weight, oviduct weight,
number of immature and mature follicles, FSH, LH, as well as an improvement in the
histological characteristics of the shell gland in the groups treated with nano and organic-
Se, indicating that nano-Se plays a critical role in restoring most reproductive and
histological parameters to their normal levels, close to the baseline. This study found that
organic and nano-Se are crucial in improving most reproductive and physiological
parameters of laying hens exposed to molting.
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Introduction

It is vital to have healthy, high-quality animal products
enriched with micronutrients that support worldwide human
health (1). Poultry products are the world's second most
eaten food, accounting for roughly 30% of total meat output.
Selenium has been identified as an essential micronutrient
for boosting poultry performance, health, and antioxidant
system (2). Both organic and inorganic forms of selenium are
frequently utilized in animal feed, benefiting poultry
productivity (3,4). However, numerous studies show that the
organic form has a higher absorbance than the inorganic
(5,6). Selenium is involved in the metabolism of various
hormones, including thyroid hormones (7), enhancing
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antioxidant capacity in animals, regulating immunity,
production performance, and fertility, and minimizing the
adverse effects of free radicals (8). However, as the field of
animal production has advanced, interest in nanotechnology
has grown for feed additives in animal diets, particularly
poultry diets. Nanoparticles are defined as particles with
dimensions ranging from one to one hundred nanometers,
and because of their small size, they have characteristics that
differ from their molecules when they are more prominent,
such as a larger surface area and higher absorption capacity,
which makes it easier for them to reach the body's cells (9).
The word nano comes from a Latin word that means to
dwarf. Nanoparticles have sizes ranging from 1 to 100
nanometers (10). Nanotechnology is a relic of a bygone era.


http://www.vetmedmosul.com/
mailto:hadeel.mohammad@uomosul.edu.iq
https://vetmedmosul.com/article_177299.html
http://creativecommons.org/licenses/by/4.0/
http://www.orcid.org/0000-0002-4820-0111
http://www.orcid.org/0000-0002-4858-2391

Iragi Journal of Veterinary Sciences, Vol. 37, No. 2, 2023 (325-331)

Over the last decade, there has been an increase in research
into technologies that support nanotechnology. Many
companies have specialized in manufacturing new forms of
nano-sized materials concerned with poultry and livestock
production systems to improve animal production efficiency.
The study aimed to identify the physiological role of organic
and nano selenium in hens during force molting.

Materials and methods

A total of 48 rose-type laying hens were employed in this
study. For the length of the two-month trial, the birds were
grown in an open-type auditorium and ground-bred. The
birds were fed on two types of rations: a regular ration and a
non-standard ration, symbolized by the use of crushed
yellow maize for molting. According to NRC (11), feed and
water were freely distributed using plastic troughs and
manholes. The birds were divided into six groups of eight
birds each. The first group represented control with a
standard diet, the second group molting with yellow corn
crushed only, the third group organic selenium at a rate of 2
g/L with a standard diet, and the fourth group nano-selenium
was supplemented at a rate of 0.5 ml / L with standard stalk.
The fifth group supplemented organic selenium with molting
at 2 g/L. The sixth group was supplemented with nano-
selenium with molting at a rate of 0.5 ml/L.

Ethical approve

The University of Mosul, College of Veterinary
Medicine's Animal Care and Use Committee evaluated and
approved each step of the experiment's protocols.

Sampling

The birds were slaughtered once the experiment was
completed to get blood samples by cutting the jugular vein.
Vacutest test tubes containing a gel material were employed
for this purpose. The samples were allowed to clot at room
temperature before being quickly discarded by a centrifuge
(3000 cycles/minutes), and the serum was obtained and kept
at -20°C in Eppendorf tubes for 15 minutes to measure the
levels of follicle-stimulating hormone and luteinizing
hormone using the ELISA technique (12-14). After the trial,
each bird was anatomically characterized, with samples

obtained from the shell gland tissue to determine the
thickness of the mucosal epithelium, the thickness of the
cavity between the microvilli, and the number of tubular
glands and goblet cells. The measurements were taken with
a Color digital camera HMDC-5 coupled to an optical
microscope. This camera has built-in image analysis
software (Scope image-0.9) to collect these measurements
(15,16).

Statistical examination

The records have been statistically tested by one-way
analysis of variance (ANOVA), and Duncan's more than one
variety test became used to check the importance of
variations among corporations on the opportunity level
(P<0.05) to investigate the records the use of the SPSS
program (17).

Results

Table 1 shows a significant decline in the weight of the
ovary, the length of the oviduct, the number of developing
follicles, and the number of mature follicles in the molting
group compared to the control group at the probability level
(P< 0.05), with a significant increase in the weight of the
oviduct when compared to the control group, organic and
nano-selenium treatments at concentrations of 2g/L and
0.5ml/L increased ovary weight, oviduct length, and the
number of developing and mature follicles significantly.
Regarding the number of growing follicles, the nano-
selenium group outperformed the organic selenium group.
The results of the statistical analysis showed that the organic
and nano-selenium groups with molting had a significant
increase in ovary weight, oviduct length, and the number of
developing and mature follicles with a decrease in oviduct
weight compared to the molting group alone. The nano
selenium group with molting significantly increased the
weight of the ovaries and the number of follicles, the
developing group compared to the organic selenium with
molting. The weight of the ovary and the number of
developing and mature follicles reverted to normal in the
group treated with nano-selenium with molting, identical to
the control group.

Table 1: Effect of nano and organic selenium on some reproductive values in laying hen during forced molting

Groups Ovary weight Oviduct weight ~ Oviduct length No. immature No. mature
(g/100g B.W.) (9/100g B.W.) (mm) follicles follicles
Control 3.09+0.12 b 1.21+0.08 b 60.81+0.46 b 72.60+1.72 ¢ 6.49+0.24 b
Molting 2.24+0.04 d 1.37£0.01 a 47.22+1.42d 49.20+0.66 e 2.60+0.40 c
Organic selenium 3.19+0.08 a 1.17+0.01 bc 62.51+0.39 a 87.00£3.20 b 8.20+0.37 a
Nano-selenium 3.29+0.05a 1.20+0.03 b 63.34+0.30 a 103.40+3.09 a 8.40+0.24 a
Organic selenium+ molting 2.93+0.12 ¢ 1.06+0.04 ¢ 53.52+0.50 ¢ 70.89+1.87d 5.60+0.24 b
Nano-selenium + molting 3.11+0.07 a 1.05+0.02 ¢ 52.80+0.19 ¢ 73.24+1.67 ¢ 6.40+0.50 b

Small letters within the same column indicate a significant difference among the groups at P< 0.05.
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Table 2 indicates that the thickness of the cavity between
the microvilli increased significantly at the probability level
(P<0.05). In contrast, the thickness of the epithelium of the
mucosal layer, the number of tubular glands, and the number
of goblet cells decreased significantly in the molting group
compared to the control group. When compared to the
control group, the organic and nano-selenium groups showed
significant superiority in the thickness of the mucous layer
epithelium with a significant decrease in the thickness of the
cavity between micro-villi, and the nano-selenium group
caused a significant difference in the thickness of the cavity
between micro-villi and numbers of goblet cell compared
with organic Se. In comparison to the molting group alone,
the organic and nano-selenium groups with molting at 2 g/L
and 0.5 ml/L showed significant superiority in the thickness
of the mucous layer epithelium, the number of tubular glands

and goblet cells, and a significant decrease in the thickness
of the cavity between the microvilli. When compared to the
group of organic selenium with the molting, the thickness of
the epithelium of the mucosal layer and the thickness of the
lumen between the microvilli increased significantly. The
results above show that the nano selenium with the molting
group enhanced the thickness of the mucous layer
epithelium, outperformed the control group, and returned it
to its normal value. Although there were no significant
differences in the number of tubular glands and goblet cells
between the micro-villi of the nano-selenium group with
molting and the control group, there was a significant
decrease in the thickness of the cavity between the micro-
villi of the nano-selenium group with molting compared to
the control group. It was mathematically close to its normal
values.

Table 2: Effect of nano and organic selenium on some histological values of shell gland in laying hen during forced molting

Groups Epithelium thickness (uUM)  Microvilli space (UM)  No. tubular gland  No. goblet cell
Control 46.02+2.62c 72.88+14.41b 9.20+1.15a 5.40+0.50b
Molting 29.26+2.5% 167.98+10.10a 4.00+0.70c 3.20+0.86¢
Organic selenium 47.20+1.77b 66.82+5.12e 7.80+0.73ab 4.80+0.66b
Nano-selenium 48.24+3.90b 69.52+5.85d 8.20+1.39ab 10.00+0.70a
Organic selenium + molting 43.96+2.85d 68.42+5.92d 5.60+0.92b 5.80+0.58b
Nano-selenium + molting 59.84+9.62a 70.34+6.39¢ 7.00+0.83ab 5.98+0.37b

The small letters within the same column indicate a significant difference among the groups at P< 0.05.

The results of the statistical analysis in table 3 refer to a
significant decrease in the levels of follicular stimulating
hormone and luteinizing hormone in the lash group
compared to the control group at the level of probability (P<
0.05). The levels of both hormones increased significantly in
the organic and nano-selenium groups with concentrations of
2¢g/L and 0.5ml/L, respectively, as compared to the control
group, with the nano-selenium group outperforming the
organic selenium group in the level of follicle-stimulating
hormone. The organic and nano-selenium groups with
molasses had significantly higher levels of follicle-
stimulating hormone and luteinizing hormone than the

molting alone group, and the nano-selenium group with
molting had significantly higher levels of the two hormones
than the organic selenium group with molting. Compared to
the control group, the organic and nano-selenium groups
with molting restored the levels of the two hormones to their
normal values, and the nano-selenium group with molting
was the most effective in improving the levels of the two
hormones, in addition to improving the histological features
of the shell gland in compare with control group (Figure 1-
6).

Table 3: Effect of nano and organic selenium on follicular stimulating hormone and luteinizing hormone

Groups Follicular stimulating hormone (ng/ml) Luteinizing hormone (ng/ml)
Control 2.32+1.12¢ 2.59+2.10d
Molting 0.98+0.09f 0.52+0.01e
Organic selenium 3.82+£1.73b 3.92+2.81a
Nano-selenium 3.97+1.92a 3.98+2.94a
Organic selenium+molting 2.56+1.43d 2.86+2.41c
Nano-selenium+molting 2.88+1.61c 3.01+2.62b

The small letters within the same column indicate a significant difference among the groups at P<0.05.
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Figure 1: Histological section of the shell gland of the control
group (normal diet) showing normal histological features
represented by ciliated pseudo-columnar epithelial cells in
the mucosal layer (A), submucosal layer (B), muscular layer
(C), thickness measurements of the epithelium. H&E. X100.

Figure 2: Histological section of the shell gland of the
organic Se group showing histological features represented
by ciliated pseudocolumnar epithelial cells in the mucosal
layer (A), submucosal layer (B), muscular layer (C),
thickness measurements of the epithelium. H&E. X100.
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Figure 3: Histological section of the shell gland of the nano-
Se group showing histological features represented by
ciliated pseudocolumnar epithelial cells in the mucosal layer
(A), submucosal layer (B), muscular layer (C), thickness
measurements of the epithelium. H&E. X100.

Figure 4: Histological section of the shell gland of molting
group (yellow crone) showing abnormal histological features
represented by ciliated pseudocolumnar epithelial cells in the
mucosal layer (A), submucosal layer (B), muscular layer (C),
thickness measurements of the epithelium. H&E. X100.
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Figure 5: Histological section of the shell gland of the
organic Se + molting group showing histological features
represented by ciliated pseudocolumnar epithelial cells in the
mucosal layer (A), submucosal layer (B), muscular layer (C),
thickness measurements of the epithelium. H&E. X100.

33.7302um

Figure 6: Histological section of the shell gland of the nano

Se + molting group showing histological features
represented by ciliated pseudocolumnar epithelial cells in the
mucosal layer (A), submucosal layer (B), muscular layer (C),
thickness measurements of the epithelium. H&E. X100.

Discussion

The process of molting causes morphological and
physiological changes in the reproductive system of laying
hens, as well as a difference in hormone levels due to their
effect on the pituitary gland (18), with the results leading to
a decrease in the weight of the reproductive organs, as well
as morphological changes in the histological structure of the
shell gland. The reason for this is that during the molting, the
hen enters a state of oxidative imbalance, which causes a
difference in reproductive hormone secretion as well as
atrophy of the reproductive system organs and follicles
(19,20). In this study, nano and organic selenium were used
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to combat the adverse effects of baldness, and the addition of
selenium increased the weight of the genitals, as well as
increased the levels of follicle-stimulating hormone and
luteinizing hormone, as well as an improvement in the
histological parameters of the cortex gland when compared
to the control group and molting. Organic and inorganic
forms of selenium are considered one of the most important
sources of selenium in poultry feed. Both forms have good
benefits on manufacturing performance, although according
to reports, the organic form has a higher absorbency than the
inorganic form (21). Organic selenium's beneficial effects
can be linked to its role in boosting metabolism by lowering
the detrimental effects of free radicals, enhancing avian
immunity, raising poultry productivity and fertility, and
selenium plays a significant part in the metabolism of several
hormones (22,23). Selenium is one of the most significant
microelements in producing glutathione peroxidase, an
antioxidant enzyme (24,25). Although organic selenium
supplementation has significant benefits, new evidence
suggests that selenium nanoparticles play a critical role in
increasing the weight of reproductive organs and the levels
of follicle-stimulating hormone and luteinizing hormone. It
also improves the histological structure of the cortex, as
shown in this study's findings. Except for the relevance of
organic selenium in impacting the gene expression of the
cortex gland in hens (26), there has been no past studies into
the effect of nanoscale selenium in the shell gland. The
positive role of nano selenium can be attributed to the
properties of nanoparticles (27). The relevance of selenium
in enhancing the glandular features of the cortex can also be
credited to selenium'’s importance in raising the number of
erythrocyte and Hb, which offers a boost in the supply of O,
to the cells and tissues of the body, thus regulating the
cellular metabolism of nutrients within the body (28-30). It
works to increase the surface area of compounds as a result
of the small size of its molecule, which allows for biological
reactions and prolongs the survival of compounds in the
digestive system and gives a broader scope for enzymatic
reactions, and reduces the effect of the intestinal excretion
mechanism, resulting in a more extended period for digestion
and absorption (31). It also ensures that active chemicals are
absorbed by cells and delivered to the target organs
efficiently (32). Estrogen is the key reproductive hormone
that regulates the reproductive system's growth,
development, maturity, and function (33-35). The nano-
selenium contributes significantly to the increase in estrogen
levels in rabbit diets. Nano-selenium at 0.3 mg/kg of feed
increased estrogen (36). When given at a concentration of 4
ml/kg of body weight, selenium improves the effectiveness
of the ovaries, estrogen, and progesterone (37). The number
of tubular glands and goblet cells increased, which increased
the thickness of the epithelium of the mucous layer of the
cortical gland and an increase in the lumen between the
microvilli, the antioxidant role of selenium in improving the
internal environment of the bird through its antioxidant role
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and protection from the harmful effects of free radicals
resulting from metabolism, increasing glutathione activity,
and lowering the level of malondialdehyde can be attributed
to the important role of selenium in improving the internal
environment of the bird through its antioxidant role and
protection from the harmful effects of free radicals resulting
from metabolism (38,39). According to the findings,
selenium supplementation in both organic and nano forms
enhanced most of the reproductive and histological features
of laying hens, with nano selenium outperforming organic
selenium in restoring most of the values to normal.
Furthermore, nanoparticles' superior efficacy is due to their
small particle size, vast surface area, increased mucosal
permeability, and improved intestinal absorption (40).

Conclusion

We infer that nano-selenium increase fertility,
histological structure of the cortical gland, and reproductive
hormones in laying hen exposed to molting. Because of the
relevance of nano-complexes in poultry feeding and their
importance in chicken feeding, nano-complexes may be used
to replace nutritional supplements.

Conflict of interest

There are no conflicts of interest associated with the
publication of this paper, according to the researcher.

Reference

1. Khan AZ, Kumbhar S, Liu Y, Hamid M, Pan C, Nido SA, Huang K.
Dietary supplementation of selenium-enriched probiotics enhances
meat quality of broiler chickens (Gallus gallus domesticus) raised under
high ambient temperature. Biol Trace Elem. Res. 2018;182(2):328-338.
DOI: 10.1007/s12011-017-1094-z

2. Mechora S, Calasan AZ, Felicijan M, Krajnc AU, Ambrozi¢-Dolinsek
J. The impact of selenium treatment on some physiological and
antioxidant properties of Apium repens. Aquat Bot. 2017;138: 16-23.
DOI: 10.1016/j.aquabot.2016.12.002

3. PanT, LiuT, Tan S, Wan N, Zhang Y, Li S. Lower selenoprotein T
expression and immune response in the immune organs of broilers with
exudative diathesis due to selenium deficiency. Biol Trace Elem. Res.
2018;182(2):364-372. DOI: 10.1007/s12011-017-1110-3

4. TangJ, Huang X, Wang L, Li Q, Xu J, Jia G, Zhao H. Supranutritional
dietary selenium depressed expression of selenoprotein genes in three
immune organs of broilers. Anim Sci J. 2017;88(2):331-338. DOI:
10.1111/asj.12645

5. McClements DJ. Nanoemulsions versus microemulsions: Terminology,
differences, and similarities. Soft Matter.2012;8(6):1719-1729. DOI:
10.1039/c2sm06903b

6. LiuH, Yu Q, Tang X, Fang C, Chen S, Fang R. Effect of selenium on
performance, egg quality, egg selenium content, and serum antioxidant
capacity in laying hens. Pak J Zool. 2020;52(2):635. DOI:
10.17582/journal.pjz/20190424040448

7. Elnaggar AS, Ghazalah A, Elsayed AH, Abdelalem A. Impact of
selenium sources on productive and physiological performance of
broilers. Egypt  Poult  Sci J.  2020;40(3):577-597. DOl:
10.21608/epsj.2020.112468

8. Liu L, He Y, Xiao Z, Tao W, Zhu J, Wang B, Wang M. Effects of
selenium nanoparticles on reproductive performance of male Sprague-

330

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dawley rats at super nutritional and nonlethal levels. Biol Trace
Element Res. 2017;180(1):81-89. DOI: 10.1007/s12011-017-0980-8
Nowack B. Nanosilver revisited downstream. Sci.
2010;330(6007):1054-1055. DOI: 10.1126/science.1198074

Horie M, Tabei Y. Role of oxidative stress in nanoparticles
toxicity. Free Radic Res. 2021;55(4):331-342. DOLl:
10.1080/10715762.2020.1859108

National Research council (N.R.C). Nutrient requirement of poultry.
9th revisited. Washington DC: National Academy Press; 1994.
Hameed HM, Aga FK, Abdulrahman SY. Effect of f-mannanase,
Lysolecithin and probiotisome reproductive performance and hormone
profile in female quail. Iraqi J Vet Sci. 2020;34(1):87-93. DOI:
10.33899/ijvs.2020.125587.1097

Dhahir NN, Ismaeel MA, Aldoori ZT. Effect of adding carrots as feed
supplementation on reproductive performance in Awassi ewes. Iragi J
Vet Sci. 2022;36(2):413-417. DOI: 10.33899/ijvs.2021.130460.1822
Hameed HM, Maty HN, Hassan AA. Effect of dietary BHA
supplementation on certain physiological values in broiler
chicken. lIragi J Vet  Sci. 2022;36(3):815-819. DOI:
10.33899/ijvs.2022.132202.2068

Ahmed NM, Taha AM. Histopathological effects of titanium dioxide
nanoparticles on the liver of Japanese quail Coturnix coturnix
japonica. Iragi  J Vet  Sci.  2022;36(2):349-358.  DOI:
10.33899/ijvs.2021.130223.1771

Altaay OY, Al-Haaik AG. Histomorphometrical and histochemical
postnatal development of cornea in indigenous rabbits. Iragi J Vet Sci.
2022;36(2):291-296. DOI: 10.33899/ijvs.2021.130031.1722

Steel RD, Torrie JH, Dickey DA. Principles and Procedures of
Statistics: A Biometrical Approach. 3 ed. New York: McGraw-Hill
Book Co0;1997.

Liu H, Yu Q, Fang C, Chen S, Tang X, Ajuwon KM, Fang R. Effect of
selenium source and level on performance, egg quality, egg selenium
content, and serum biochemical parameters in laying hens. Foods.
2020;9(1):68. DOI: 10.3390/foods9010068

Gongruttananun N, Kochagate P, Poonpan K, Yu-Nun N, Aungsakul J,
Sopa N. Effects of an induced molt using cassava meal on body weight
loss, blood physiology, ovarian regression, and postmolt egg
production in late-phase laying hens. Poult Sci. 2017;96(6):1925-1933.
DOI: 10.3382/ps/pew457

Socha JK, Sechman A, Mika M, Hrabia A. Effect of growth hormone
on steroid concentrations and mRNA expression of their receptor, and
selected egg-specific protein genes in the chicken oviduct during pause
in laying induced by fasting. Domest Anim Endocrinol. 2017;61:1-10.
DOI: 10.1016/j.domaniend.2017.05.001

Jeong W, Lim W, Ahn SE, Lim CH, Lee JY, Bae SM, Song G.
Recrudescence mechanisms and gene expression profile of the
reproductive tracts from chickens during the molting period. PLoS One.
2013;8(10):e76784. DOI: 10.1371/journal.pone.0076784

Lv L, Li L, Zhang R, Deng Z, Jin T, Du G. Effects of dietary
supplementation of selenium-enriched yeast on egg selenium content
and egg production of north China hens. Pak J Zool. 2019;51:49-55.
DOI: 10.17582/journal.pjz/2019.51.1.49.55

Ma'Y, Cheng B, Li Y, Wang Z, Li X, Ren A, Ren B. Protective effect
of nanoselenium on renal oxidative damage induced by mercury in
laying hens. Biol Trace Element Res. 2022;200(8):3785-3797. DOI:
10.1007/512011-021-02956-z

Yang J, Li Y, Zhang L, Fan M, Wei X. Response surface design for
accumulation of selenium by different lactic acid bacteria. Biotech.
2017;7(1):1-14. DOI: 10.1007/s13205-017-0709-6

Jiao X, Yang K, An Y, Teng X, Teng X. Alleviation of lead-induced
oxidative stress and immune damage by selenium in chicken bursa of
Fabricius. Environ Sci Pollut Res. 2017;24(8):7555-7564. DOI:
10.1007/s11356-016-8329-y

Muhammad Al, Dalia AM, Loh TC, Akit H, Samsudin AA. Effect of
organic and inorganic dietary selenium supplementation on gene
expression in oviduct tissues and Selenoproteins gene expression in
Lohman Brown-classic laying hens. BMC Vet Res.2021;17(1):1-15.
DOI: 10.1186/s12917-021-02964-0



http://www.doi.org/10.1007/s12011-017-1094-z
https://doi.org/10.1016/j.aquabot.2016.12.002
https://doi.org/10.1007/s12011-017-1110-3
https://doi.org/10.1111/asj.12645
https://doi.org/10.1039/c2sm06903b
https://doi.org/10.1039/c2sm06903b
https://doi.org/10.17582/journal.pjz/20190424040448
https://doi.org/10.21608/epsj.2020.112468
https://doi.org/10.1007/s12011-017-0980-8
https://doi.org/10.1007/s12011-017-0980-8
https://doi.org/10.1126/science.1198074
https://doi.org/10.1126/science.1198074
https://doi.org/10.1080/10715762.2020.1859108
https://doi.org/10.33899/ijvs.2019.125587.1097
https://doi.org/10.33899/ijvs.2021.130460.1822
https://doi.org/10.33899/ijvs.2022.132202.2068
https://doi.org/10.33899/ijvs.2021.130223.1771
https://doi.org/10.33899/ijvs.2021.130031.1722
https://doi.org/10.3390/foods9010068
https://doi.org/10.3382/ps/pew457
https://doi.org/10.1016/j.domaniend.2017.05.001
https://doi.org/10.1371/journal.pone.0076784
http://dx.doi.org/10.17582/journal.pjz/2019.51.1.49.55
https://doi.org/10.1007/s12011-021-02956-z
https://doi.org/10.1007/s13205-017-0709-6
https://doi.org/10.1007/s11356-016-8329-y
https://doi.org/10.1186/s12917-021-02964-0

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Iragi Journal of Veterinary Sciences, Vol. 37, No. 2, 2023 (325-331)

Youssef FS, El-Banna HA, Elzorba HY, Galal AM. Application of
some nanoparticles in the field of veterinary medicine. Int J Vet Sci
Med. 2019;7(1):78-93. DOI: 10.1080/23144599.2019.1691379
Dawood MA, Zommara M, Eweedah NM, Helal Al. Synergistic effects
of selenium nanoparticles and vitamin E on growth, immune-related
gene expression, and regulation of antioxidant status of Nile tilapia
(Oreochromis niloticus). Biol Trace Element Res. 2020;195(2):624-
635. DOI: 10.1007/s1201 1-019-01857-6

Khan KU, Zuberi A, Nazir S, Fernandes JK, Jamil Z, Sarwar H. Effects
of dietary selenium nanoparticles on physiological and biochemical
aspects of juvenile Tor putitora. Turk J Zool. 2016;40(5):704-712. DOI:
10.3906/z00-1510-5

Ashouri S, Keyvanshokooh S, Salati AP, Johari SA, Pasha-Zanoosi H.
Effects of different levels of dietary selenium nanoparticles on growth
performance, muscle composition, blood biochemical profiles and
antioxidant status of common carp (Cyprinus carpio). Aquac.
2015;446:25-29. DOI: 10.1016/j.aquac ulture.2015.04.021

Abd EI-Ghany WA. Nanotechnology and its considerations in poultry
field: An overview. J Hell Vet Med Soc. 2019;70(3):1611-1616. DOI:
10.12681/jhvms.21783

Hameed HM. Physiological role of nanotechnology in animal and
poultry nutrition. Egypt J Vet Sci. 2021;52(3):311-317. DOI:
10.21608/ejvs.2021.73671.1231

Balthazart J, Cornil CA, Charlier TD, Taziaux M, Ball GF. Estradiol:
A key endocrine signal in the sexual differentiation and activation of
reproductive behavior in quail. J Exp Zool A Ecol Genet Physiol.
2009;311(5):323-45. DOI: 10.1002/jez.464

Ciechanowska M, Lapot M, Antkowiak B, Mateusiak K, Paruszewska
E, Malewski T, Przekop F. Effect of short-term and prolonged stress on
the biosynthesis of gonadotropin-releasing hormone (GnRH) and
GnRH receptor (GnRHR) in the hypothalamus and GnRHR in the
pituitary of ewes during various physiological states. Anim Reprod Sci.
2016;174:65-72. DOI: 10.1016/j.anireprosci.2016.09.006

Brady K, Porter TE, Liu HC, Long JA. Characterization of gene
expression in the hypothalamo-pituitary-gonadal axis during the
preovulatory surge in the turkey hen. Poult Sci. 2019;98(12):7041-
7049. DOI: 10.3382/ps/pez437

El-Shobokshy SA, Abo-Samaha MI, Abd EI-Rheem SM, Sahwan FM,
Wirtu G, Soltan MK, Emam M. Dietary supplementation of nano-
selenium eliminates the negative effects of long-term ivermectin
injection on growth and reproductive performance of female rabbits. J
Adv Vet Anim Res. 2022;9(1):128. DOI: 10.5455/javar.2022.i577

Eid S, El-zaher HM, Shaukat A, Liguo Y. Nano-selenium effect on
sexual hormones and enzymatic activity in relation to sexual puberty in
NZW rabbits. Arab J Nucl Sci Appl. 2022;55(2):71-78. DOI:
10.21608/ajnsa.2022.90792.1503

Ebeid TA. Vitamin E and organic selenium enhances the antioxidative
status and quality of chicken cockerel semen under high ambient
temperature. Br Poult  Sci. 2012;(53):708-14. DOl:
10.1080/00071668.2012.722192

Gangadoo S, Dinev I, Chapman J, Hughes RJ, Van TH, Moore RJ,
Stanley D. Selenium nanoparticles in poultry feed modify gut
microbiota and increase abundance of Faecalibacterium
prausnitzii. Appl Microbiol Biotechnol. 2018;102(3):1455-1466. DOI:
10.1007/s00253-017-8688-4

Nabi F, Arain MA, Hassan F, Umar M, Rajput N, Alagawany M.
Nutraceutical role of selenium nanoparticles in poultry nutrition: A
review. Worlds Poult Sci J. 2020;(76):459-71. DOI:
10.1080/00439339.2020.1789535

331

uauga syard) g g sl o gl (g guall gall
Gy QRN A (bl zlaall bl a8l

%w@&\,wwﬁf

Aol ¢ sl Calal A0S iy o1y A elaasl 5 daludll ¢ 3
G al) ¢ gl ¢Jaa 5l

AaMAl

saaa ) Alledl) OISV (e duaall 3L A5 Can 58 ¢ palal) i 1)
s senl) L il 5i 5 midiall Lgbpand 15l 40 3a0 oSl il oSl
8 el lpaibiad s ¢ sl o sialud) Gl D L (e ()
et Lae LS Hall dpadand) Aabiall 334 55 Ll o jaaay Aliaidl)
Ge e £A Al eda 8 i) Ao o) gl Mol s il
saal 4l il 5, 8 e sl £Y e Galid) £l
Aol dile Lo @O e (e s o Hahll Cude (n el
M igoma ahadiuly Al Luld e dide A AV
L 400 gl B ) gy ) sehall Coand | BN Cilaa) G el o) jiall
Dhdl ) e sanall cifia G de gana / il A @l 5 gaalae
DA Gisoae e (A e saae cilad AU Apuld dRle ae
o A/ a2 Y 58 i (5 samall o gl de pane A (ol £ ) jaall
o dar 50 38 i 5 5 o spilad) de sane daal ) Al d Ao
S0 Gl ae (5 ) o silid) de sene dusalall Al ddle
OS0% GHlE e ol agilull Ae genae Aabdl o il/pe X
B8 ()5 cpmmall ()5 (A Rsine 835 @l @ el a0
0388 (5 sian (883l ) e Aol 5 daalill by o) sl ¢
Al Aliall G s I A8La] 455 1 ) g sl 5 Sl 2l Sisa
D5 e (sl s (s grilally Alalaal) galaall 5 5l 50
%\Lu\.'\ﬂ\ ):gl.:.d\ ?.Luu BJ\.GJ ‘_g Lﬁ}-‘u\ ?}M PG'AS\ Lﬁ_}.ééj‘
O il 3kl de sanal Coladll aplall W sl ) 4l
M&*A)dedyubéyﬂ\ ra}.\.\.\l.u” ubm‘)ﬂ\ 0l
Gl (o jall (bl zlaall Laludll s 40l Claal) alaes

oY)

-
o
-
o


https://doi.org/10.1080/23144599.2019.1691379
https://doi.org/10.1007/s1201%201-019-01857-6
https://doi.org/10.3906/zoo-1510-5
https://doi.org/10.1016/j.aquac%20ulture.2015.04.021
https://doi.org/10.12681/jhvms.21783
file:///C:/Users/Saevan/Downloads/ https:/doi.org/10.21608/ejvs.2021.73671.1231 
https://doi.org/10.1002/jez.464
https://doi.org/10.1016/j.anireprosci.2016.09.006
https://doi.org/10.3382/ps/pez437
http://doi.org/10.5455/javar.2022.i577
https://doi.org/10.21608/ajnsa.2022.90792.1503
https://doi.org/1%200.1080/00071668.2012.722192
https://doi.org/10.1007/s00253-017-8688-4
http://www.doi.org/10.1080/00439339.2020.1789535

