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Abstract: Zinc nanoparticles have a positive effect in enhancing growth and improving immunity, so this work aimed to investigate
the role of Nano-zinc oxide as an immune stimulant and treatment of zinc deficient lambs in comparison with zinc in ordinary size.
Thirty lambs were used and divided into three groups, the 1* group (N=10) control healthy group, the 2nd group (N=10) lambs
suffered from zinc deficiency and treated with Nano-zinc oxide (nZnO), the 3 group (N=10) lambs suffered from zinc deficiency
treated with zinc oxide (ZnO) ordinary size. Serum samples were collected at zero-day (0-day), 7th, and 15th days of experiment. The
serum analysis results of the zinc-deficient groups at 0-days revealed hypozincaemia, hypovitaminosis A and E, hypoproteinemia,
hypoalbuminemia, hypoglobulinemia, decreased antioxidant (SOD, TAC, CAT, GSH) and immunoglobulin (y2, y1, 2, f1), while
increased MDA, a2, and al compared to control healthy group. Most of parameters revealed rapid recovery from the 7th day of
experiment in the nZnO group rather than the ZnO group. Some parameters of SOD, total protein, globulin, y2, y1, a2, and al
appeared on the 7 day of experiment of the nZnO group significantly increased compared to the control healthy group, which
revealed an improvement in the immune response. In conclusion; nZnO induced rapid recovery, and improved both immunity and
antioxidants than zinc oxide ordinary sized.
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Bir Sinir Stimiilatorii Kullanilarak Gergeklestirilen Tavsan Brakiyal
Pleksus Blokajinda QX-314 ve Lidokainin Birlikte Uygulanmasi

Oz: Cinko nanopartikiilleri bityiimeyi arttirmada ve bagisikligi gelistirmede olumlu bir etkiye sahiptir, bu nedenle bu galisma Nano-
¢inko oksidin bagisiklik uyarici olarak roliinii ve normal seviyedeki ¢inko ile kargilastirildiginda ¢inko eksikligi olan kuzularin tedavisini
aragtirmay1 amaglamigtir. Calismada 30 kuzu kullanilmis ve kuzular; 1. grup (N=10) saglikli kontrol grubu, 2. grup (N=10) ¢inko
eksikligi olan ve Nano-¢inko oksit ile tedavi edilen grup (nZnO) ve 3. grup (N=10) ¢inko eksikligi olan ve normal dozajli ¢inko oksit ile
tedavi edilen grup (ZnO) olmak tizere 3 gruba ayrilmistir. Serum 6rnekleri, deneyin 0. giin, 7. giin ve 15. giinlerinde alinmigtir. Cinko
eksikligi olan gruplarin 0. giin analiz sonuglarina bakildiginda, kontrol grubu ile kiyaslandiginda, serum 6rneklerinde hipozinkemi,
hipovitaminoz A ve E, hipoproteinemi, hipoalbuminemi, hipoglobulinemi, antioksidan (SOD, TAC, CAT, GSH) ve immiinoglobulin
(y2, 1L, B2, B1) degerlerinde azalma, MDA, a2 ve al degerlerinde ise artis tespit edilmigtir. Parametrelerin ¢ogu, ZnO grubundan ziyade
nZnO grubunda deneyin 7. giiniinden itibaren hizli bir iyilesme gostermistir. Deneyin 7. giiniinde nZnO grubunun SOD, toplam protein,
globulin, y2, y1, a2 ve al gibi baz1 degerleri kontrol grubuna kiyasla 6nemli dl¢iide artmis ve bu da bagisiklik yanitinda bir iyilesme
oldugunu gostermistir. Sonug olarak; nZnO hizli bir iyilesmeye neden olmus ve normal dozajli ¢inko okside kiyasla hem bagisikligi hem
de antioksidanlari iyilestirmistir.

Anahtar Sozciikler: Nano-¢inko oksit, Cinko oksit, Vitamin, Antioksidan, Protein, Elektroforez
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INTRODUCTION

Zinc is one of the foremost essential trace elements needed
for the metabolic activity of more than 300 co-enzymes
and is crucial for the synthesis of protein, DNA, and
immune system function . Zinc has a vital role in
impacting animal growth, reproduction and the immune
system by affecting enzyme activity and protein gene
expression 2. Also, it is a crucial part of the body’s
antioxidant system, which can prevent cell membrane
oxidation. Once zinc deficiency occurs, lipid oxidation
increases, which leads to oxidative damage . Zinc has an
interaction with vitamin A, while absorption, metabolism,
hepatic release, conversion, and tissue utilization of
vitamin A may depend on zinc status. Zinc deficiency may
lead to impair synthesis of the protein, hepatic synthesis
of cellular retinol-binding protein (cRBP) and retinol-
binding protein (RBP), and mobilization of vitamin A
within cells and liver ™. Zinc deficiency may lead to
elevated serum malondialdehyde (MDA) and a decrease
in total antioxidant capacity (TAC), catalase (CAT),
reduced glutathione (GSH), and SOD activity in sheep >,

Nano minerals technologies are widely utilized in wide-
range of sectors as well as agriculture, livestock animals,
and food systems . Nano zinc oxide particles have better
bioavailability, bigger specific surface area, higher surface
activity, high catalytic potency, and stronger adsorbing
ability ), also because it is often easily carried up by the
gastrointestinal tract (GIT) and utilized within the animal
system and reach deeper tissues more efficiently than the
larger sized particles .. Nano-ZnO is often prepared by
various methods, like the traditional high-temperature
solid-state methodology, chemical precipitation, sol-gel
synthesis, and hydrothermal methodology . Nano-ZnO
have enhanced responses once fed tolivestock conventional
diet improving growth, immunity, reproduction and feed
efficiency !,

The research aimed to investigate the efficacy of Nano-
zinc oxide as an immune stimulant and anti-oxidative
activator during the treatment of zinc deficient lambs.

MATERIAL AND METHODS

Ethical Statement

This protocol was approved by the Research Committee
of the Animal Health Research Institute and authorized by
The Institutional Animal Care and Use Committee (ARC-
IACUC)/Agricultural Research Center (ARC/AH/22/22).

Experimental Design

This work carried out on a private sheep farm. Thirty
fattening lambs aged 12-15 months were used and
divided into three groups. Control apparently healthy

group (N=10) 1% group. Twenty diseased lambs showing
a clinical symptoms of zinc deficiency (wool eating
and para-keratosis and confirmed by decreased serum
zinc level), were divided into two groups according to
treatment used; diseased lambs (N=10) were treated by
zinc oxide nanoparticles prepared solution 10 mL/animal
(contains 2 mg of Nano-zinc oxide) one dose orally/day
for 7 days, (nZnQ) 2" group. Diseased lambs (N=10) were
treated by zinc oxide powder 20 mg/kg DM mixed ration
daily for 7 days, (ZnO) 3 group.

Sampling

Blood samples were collected from the jugular vein of all
animals at the time of disease detected and the beginning
of treatment (0-day), at the end of treatment (7" day
of the experiment) and after a week from the end of
treatment (15" day of the experiment). Serum samples
were obtained by centrifuging the blood samples at 5000
rpm for 5 minutes. Clear sera were transferred into clean
dry Eppendorf tubes and stored at -20°C till biochemical
analysis.

Nano-Zinc Oxide (nZnO) Preparation

Nano-zinc oxide solution was prepared according to
Wang et al.l'. Zinc oxide (ZnO) nanoparticles were
characterized by TEM, XPS, XRD, and UV-visible
spectrophotometry. The morphological characteristics of
nZnO were investigated by a scanning electron microscope
(SEM) and a transmission electron microscope (TEM).
X-ray photoelectron spectroscopy (XPS) was used to
identify the chemical bonding states of the Zn and O. The
UV spectrum of the ZnO nanoparticles was recorded with
a UV-visible spectrophotometer, and the max excitation
wavelength was 325 nm. The solution contains Nano-zinc
oxide (2 mg/10 mL).

Serum Biochemical Analysis

Zinc levels were detected by atomic absorption Spectro-
photometer according to the method described by Maret
and Henkin "2, Special kits were used for calcium (Ca)
and inorganic phosphorus (P) detection by the method
described by Roberts et al.*l. Special kits (Bio diagnostic
Company) CAT. No. SD2521 was used for Superoxide
dismutase (SOD) activity estimation according to
Nishikimi et al.'¥ and CAT. No. TA2513 was used for
total antioxidant capacity (TAC) estimation according
to Koracevic et al.l'”, reduced glutathione (GSH) level
was detected by a method of Pleban et al.l'’, catalase
(CAT) activity was detected by a method of Aebi ' and
malondialdehyde (MDA) was detected calorimetrically
according to Lahouel et al.!™®l.

Total Protein and Electrophoretic Protein Estimation

The serum total protein and electrophoretic pattern were
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estimated according to Sonnenwirth et al.”’ and Davis 7,
respectively and calculated according to SynGene S. No.
17292714518 sme 'mpcs.

Serum Vitamins Examination

Determination of Retinol (vitamin A) and a-tocopherol
(vitamin E) concentrations in serum samples were
performed by High-Performance Liquid Chromatography
(HPLQ).

Chemicals and Reagents

Retinol, a-tocopherol, and 2, 6-di-tert-butyl-4-methyl
phenol (BHT) were provided by Sigma-Aldrich. The
grade Methanol and hexane of HPLC were obtained from
Fisher Scientific. HPLC-grade Ethanol was obtained from
Carlo Erba and the Purified deionized water was prepared
using a Milli-Q system.

Chromatographic Conditions

HPLC system (Agilent 1200 series, Software - Agilent
Chemistation Version B.040.01) SP1 (Agilent Technologies,
Germany), with a pump, degasser, autosampler, DAD
detector and Chromatographic column - Agilent C18,
100A (4.6 x 250 mm, 5 pm) as the stationary phase was
used. The chromatographic condition was set according
to Bystrowska et al.?!l.

Stock, and intermediate standard solutions of retinol and
a-tocopherol were prepared according to Bystrowska et
al.?!. The serum calibration curve was created by spiking
blank lamb serum with varying intermediate standard
solution volumes at concentrations ranging from 0.1 to
100 ug/mL. Three different levels of quality control (QC)
samples were prepared in blank lambs serum and were
used for achieving the method validation requirements.

Extraction Procedures

Samples prepared for extraction were performed by
a liquid-liquid extraction technique according to the
procedure described by Siluk et al.’”” which was a modified
version of an earlier reported procedure by Aebischer et
al.®l,

This method was validated according to USP ¥ via the
determination of method precision, recovery, linearity,
the limit of detection, and quantification.

The HPLC method was accurate with high recovery (95-
99%) of good linearity (r*> 0.999) with a low LOD and
LOQ; as LOD were 0.29 pg and 2.0 ug and LOQ were 0.87
ug and 6.1 pg for retinol (Vit. A) and a-tocopherol (Vit.
E), respectively. Specificity and selectivity were illustrated
with chromatogram of retinol (Vit. A), at 22.28 min
retention time (Fig. 1) and chromatogram of a-tocopherol
(Vit. E), at 12.29 min retention time (Fig. 2).
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Fig 1. Chromatogram of Retinol (Vit. A), at 22.28 min retention time
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Fig 2. Chromatogram of a-tocopherol (vit. E), at 12.29 min retention time

Statistical Analysis

The data were statistically analyzed using two-way
(ANOVA) by SPSS 22 software to test both the treatment
and times. The results were demonstrated as means *
SE. The results were considered statistically significant at
P<0.05.

RESULTS

The results of serum minerals and vitamins analysis
(Table 1) of the diseased groups on the day of detected
zinc deficiency (0-day) revealed a significant (P<0.05)
decrease in zinc levels and non-significant changes in
calcium and phosphorus levels compared to the control
healthy group. Treatment by Nano-zinc oxide (nZnO)
revealed a significant (P<0.05) increase on the 7" day of
experiment compared to the group treated by zinc oxide in
ordinary size (ZnO) but non-significant with the control
healthy group.

The serum vitamins analysis results (Table 1) revealed
a significant decrease (P<0.05) in vitamins A and E
at 0-day in diseased groups compared to the control
healthy group. After treatment by (nZnO), there was a



186

Nano-Zinc Stimulating Immunity in Zinc Deficient Lambs

Research Article

Table 1. The results of serum levels of minerals, vitamins, and anti-oxidants in the different experimental groups
J J Y, 8

Data are expressed as mean + SE of 10 samples

»b<Superscript letters: Mean significance difference between groups in the same time on P<0.05
123 Superscript numbers: Mean significance difference among times of treatment in the same group on P<0.05

gradually significant (P<0.05) increase in both vitamin
A and E until become non-significant on the 15" day of
experiment compared to the control healthy group and
significantly (P<0.05) increased compared to (ZnO)
group throughout treatment. The (ZnO) group revealed
a gradually significant (P<0.05) increase in vitamin A and
vitamin E levels but still significantly (P<0.05) decreased
compared to the control healthy group.

The results of serum antioxidant (Table 1) of the diseased
groups at 0-day revealed a significant (P<0.05) decrease

in SOD, TAC, CAT, and GSH with a significant (P<0.05)
increase in MDA in comparison with the control
healthy group. After treatment with (nZnO), there was a
significant (P<0.05) increase in SOD level on the 7" and
15" day compared to the control healthy group, at the
same time non-significant in comparison with (ZnO)
group, on the contrary, there was a non-significant change
between (ZnO) group and control healthy at 7* and 15
days of experiment. Only the TAC level of (ZnO) group
on the 15" day revealed a significant (P<0.05) decrease
compared to either (nZnO) group or the control healthy
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Table 2. The results of serum levels of patterns of protein electrophoresis fractions and sub-fractions (g/dL) in the different experimental

Data are expressed as mean + SE of 10 samples

“bcSuperscript letters: Mean significance difference between groups at the same time on P<0.05
123 Superscript numbers: Mean significance difference among times of treatment in the same group on P<0.05

group. The other antioxidants (CAT, GSH, and MDA)
had non-significant changes in both groups of treatment
compared to the control healthy group from the 7* day of
experiment.

Total protein, albumin, and globulin analysis (Table 2)
of the diseased groups at 0-day revealed a significant
(P<0.05) decrease in total protein, albumin, and globulin
compared to the control healthy group. After treatment
with nZnO on the 7™ day of experiment, there was a
significant (P<0.05) increase in total protein compared
to either (ZnO) group or the control healthy group, while
there were non-significant changes between groups in the
15" day of experiment. There was a significant (P<0.05)

increase in albumin level in the (nZnO) group on the 7"
day compared to the (ZnO) group, but non-significant in
comparison with the control healthy group. The albumin
level in the (ZnO) group gradually increased until become
non-significant in comparison with either (nZnO) group
or the control healthy group on the 15" day of experiment.
The globulin level revealed a significant (P<0.05) increase
in the (nZnO) group on the 7" day of experiment
compared to either the (ZnO) group or the control healthy
group, while non-significant changes between groups in
globulin level on the 15" day of experiment.

Serum protein electrophoresis results (Table 2) of the
diseased groups at 0-day revealed a significant (P<0.05)
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decrease in (y2, yl, B2, B1) and significant (P<0.05)
increase in (a2, al) compared to control healthy group.
After treatment with nZnO, there was a significant
(P<0.05) increase in y2 on the 7™ day of experiment
compared to either the (ZnO) group or the control healthy
group. On the other hand, there was a significant (P<0.05)
increase on the 15" day of experiment compared to the
(ZnO) group but non-significant compared to the control
healthy group. There was a significant (P<0.05) increase in
y1 of the (nZnO) group on the 7" and 15" day compared
to either the (ZnO) group or the control healthy group, at
the same time there were non-significant changes between
the (ZnO) group and control healthy group. There were
non-significant changes in the 2 levels between groups on
the 7 day of experiment but only there was a significant
(P<0.05) decrease in the (ZnO) group on the 15" day of
experiment compared to the control healthy group and
non-significant changes compared to (nZnO) group.
There was a significant (P<0.05) decrease in the 1 level
of the (ZnO) group on the 7" and 15" day of experiment
compared to either the (nZnO) group or the control
healthy group. There was a significant (P<0.05) gradually
decreased in a2 and al levels of the (nZnO) group toward
non-significant compared to the control healthy group
on the 15" day and at the same time revealed significant
(P<0.05) decrease compared to the (ZnO) group.

Di1sCUSSION

Reduced zinc concentration in lamb serum are commonly
used as a biomarker for zinc deficiency ©#. This result
may be attributed to a decreased zinc level in the ration
and/or an elevated calcium level in the ration which
decreases zinc absorption and metabolism %!, The rapid
recovery of serum zinc level in the (nZnO) group on the
7" day of the experiment rather than the (ZnO) group that
recovered on the 15" day of the experiment referred to the
greater bioavailability, bigger specific surface area, higher
surface activity, and rapid adsorption ability of Nano-zinc
oxide particles .

The serum vitamins A and E levels showed decreased
levels in 0-day of diseased groups with respect to the
healthy. This observation is in accordance with Serdar
and Funda ! in calves suffering from dermatophytosis
and decreased zinc levels and Nguta #”) in lactating cow.
As absorption, metabolism, hepatic release, conversion,
and tissue utilization of vitamin A may depend in zinc
status, so zinc deficiency may lead to impairing synthesis
of the protein, hepatic synthesis of cRBP and RBP, and
mobilization of vitamin A within cells and from the liver ..
Zinc deficiency may inhibit lipid absorption and/or
vitamin E (lipid soluble vitamin) *. The recovery of
vitamins A and E on the 15" day of treatment in the nZnO
group before the ZnO group may be referred to nano-

zinc can be rapidly absorbed by the GIT and reached
deeper tissues and be utilized in the animal system, more
efficiently than the larger sized particles ©..

The serum antioxidant results of the diseased groups at
the 0-day revealed decreased SOD, TAC, CAT, and GSH
while increased MDA were agree with Song and Shen !
and Yousif et al.’l. These results may be attributed to
zinc deficiency which increasing lipid oxidation, and
may provide oxidative damage Pl After treatment with
either (nZnO) or (ZnO) groups, there was an increase
in SOD level compared to the healthy group, as zinc has
an important role in the stability of cell membranes and
protein as it helps in balancing reactive oxygen species
(ROS) production because its presence in superoxide
dismutase (SOD) ™. The result of the recovery of
antioxidants in the (nZnO) group is in accordance with
Song et al.®¥ who recorded similar results after zinc
supplementation in buffalo calves. These results may be
attributed to the role of zinc is a crucial component of
the body’s antioxidant system /. The rapid recovery of
antioxidants (TAC, CAT, GSH, and MDA) in the (nZnO)
group may be attributed to the rapid effectiveness role of
nano-zinc in improving the antioxidant system in ewes
and lambs B!,

In the present work, the results of decreased total protein,
albumin, and globulin were in agreement with Fouda et
al.??l Langenmayer et al.** recorded a significant decrease
in serum albumin in zinc-deficient calves. These decreases
may be attributed to suppression in feed consumption,
decreased appetite, and disruptions in protein synthesis in
the liver ®*. The decreased globulin level is agreed with
El Maghraby and Mahmoud "% who recorded similar
results in zinc-deficient neonatal calves. This result may
be related to the reduction of gamma globulins (y2, y1)
and beta globulins ($2, B1) levels, which may be attributed
to B-prolymphocyte mitogenesis dysfunction. Also
attributed to a decrease in the serum immunoglobulin
concentration and antibody response to T-dependent
antigen ©*°. Since the role of zinc in inducing the B cells
to secrete globulin, and improving the immune function
of animal B cell and enhancing the immunoglobulin
synthesis ability, so zinc deficiency will lead to disorder of
the immunoglobulin secretion 7). The results of increased
total protein and globulin in the (nZnO) group than either
the (ZnO) group or the control group, similar to results
were recorded in ewes and lambs ' and goats ©**. These
results may be referred to the higher elevation of gamma
globulins (y2, y1) and beta globulins (B2, f1) levels in
the nZnO group, which may be attributed to the role of
Nano-zinc oxide in improving growth and immunity
in livestock . Also, Nano zinc oxide proved to be
better than traditional zinc (ZnO) for improving growth
performance ), as well as zinc oxide nanoparticles can
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be rapidly absorbed by GIT and reached to deeper tissues
and utilized in the animal system with more efficacy than
the larger sized particles ), also attributed to the greater
bioavailability, bigger specific surface area, and higher
surface activity of zinc oxide nanoparticles 1*l.

In conclusion; Zinc has a crucial role in the body’s
physiology and important trace element required for
most of the body’s enzymes, metabolic activities, and
immune system functions. Zinc deficiency leads to
impairment of the antioxidant system and biochemical
changes that affect immune response. Nano-zinc oxide
supplementation has a rapid and effective recovery more
than zinc oxide in ordinary size, not only but also, zinc
oxide in nanoparticles has a higher and strong effect on
immunity and antioxidants.
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