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Fig 1- Comparison of blood GPX activity among groups and sampling times following administration of
selenium components and a-tocopherol in lambs
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Fig 2- Comparison of blood selenium concentration among groups and sampling times following adminstration
of selenium components and a-tocopherol in lambs
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Table 1- Mean comparison of blood glutathione perroxidase?® activity among groups and sampling times in
suckling lambs (n = 4)

FRYES AIRYS) £ 590 ARIRYS! ARIRYS) A 590 Folats
Groups Day 1 Day 4 Day 30 Day 60 Day 90 F-
value

by 56.5+ 3.62 59.6+2.1 67.7+3.4 65.4+ 3.3 75.545.5 85.24+4.1 2.6
Control

Shosaasile 5l 63.0+2.72 62.1+2.52 78.7+2.22 88.5+2.8¢ 170.3+8.2P 174.6+4.1P 140.4™
Oral NanoSe
/S 55 psilea SBVIE 62.4+3.22 75.1+1.7%  94.6+54%  101.2+1.6® 169.3+55°¢ 165.9+6.8° 104.5™
Oral NanoSe/VitE

é‘)}‘l\ﬁ-‘-\-‘-" -l 54.0+ 3.42 78.8+2.62 99.0+ 4.5 104.5+ 9P 1419+ 5.3°¢ 129.3+ 3.4¢ 81.0™
Oral NaSe
/Sty 55 pssscsiluVitE 53.8+1.22 83.2+242  752+45°  100.1+33% 111.0+8.9°¢ 1156+3.19 114"
Oral NaSe/ VitE
sl uVAtE 3,55 52.243.42 60.8+1.12  805+4.6"  89.8£27°¢  86.6+52Y  851+48° 151
Inject NaSe/ VitE

S Pt Al 62.0+5.52 82.2+2.72 83.9+1.22 101.9+2.0° 153.4+£5.5¢ 148.1+8.1°¢ 61.0™
Inject NaSe

omelis sE 58.7+1.12 554+ 422 59.1+1.82 69.5+ 4.0° 75.5+ 3.5 83.1+4.2¢ 28.2"
VitE

laisF 1.62 20.3 24.7 43.7 20.6

F-value

(P< . / . \ ) =**
1= Ulg/Hb

Ol wess palla G5y Gl (Sl wlie
(ANOVA) Las 5 S 5a 4355 000 oldl s sl 6o
SO g ey Jg ol GLES 1 gols S A

(P<+/+V) W Llo siae (Repeated measure) s .S
OHGJ‘JEMJ@&@‘JJHJMEQT
adlyo 5 pug sl ¥ Lo GPX L 5 sl 58] ws 50
maa ke s |, JJJAQSJSL&!T/GSbJA podes by
Shsa palaw b 5o GPX 5 palla (5 (o O
BE GPX/Se O .]cla.:‘)‘ Oi):_aif s saal e ‘Lla:i“)
Js 290 09 (B3 (Shsa pa caile glasy S
ﬁ“%&)dﬁjﬂdﬁjdbuwzﬁdsﬁ
oled ay (Shsa anl gl 5 (Shsa 5 o5
GPX/Se (s (598 bl .o sualie J g8 S gslall

.@J‘J‘J&MO\’L&J&)JQJ&JJ? beKQMAA‘JJJ‘:)gzl
Different letters in each column were different ** =P<0.01

2Ll 5 (ANOVA) Las 5,5 (oas 5 puiles (5ilie cuaslie
solasre ol (Repeated measure) (g Sl gal

(¥ Jsan) als ols 1y (P<+ /1)
858 oo Lae,s Clos, o5 o8l wess Sl
JuAsSSEIT 5 (VAAY) Gt (Sosa poses il
38 Lo e 3 sa ge AR Lol 5 s (s 538 (Vo07/4)
S0 Gos old) GasieS 5 Geside (Y Jsaa)
[ Shsa paw aale 5o 4SS VU 5 VAN
ol S o (Shss anla gl 5 Jss8 S sl
0o olBl Jilaa 5 SiSlaa s Hlaaae ls
il 50 a8 VA G o S s 5 Gl
85350 L3 a K W 5 S S Sl (Shs aa
et Dlagae @obel Sl 51 S s (SIhea anla
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sblol 0os slagaala b o sa aile ol saalis
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aald 5o e sh Hu a S5 sSee \Y/VI-YA/EN ]
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Table 2- Mean comparison of blood selenium?® concentration among groups and sampling times in suckling

lambs (n = 4)
la sy S AISXS} € Suo Yoo ARENYS) ARRXS A D80 Folas
Groups Day 1 Day 4 Day 7 Day 30 Day 60 Day 90 F-
value
aals 142 14 162 1.9° 292 1.5° 66"
195.6+ 196.2+° 203.8+ 199.8+ 207.1+ 205.1+
Control
Sl 56 252 0.52 3.52 3.2° 7.8 267.2+5.1° 55.8™
192.9+ 198.5+ 205.9+ 224.2+ 263.1+£°
Oral NanoSe
[ S saaniles SLVItE 1.9 1.9 3.1° 3.8 6.5¢ 1.1¢ 100.4™
191.4+ 209.3+ 221.8+ 229.4+° 270.5+ 281.1+
Oral NanoSe/VitE
Shsapmaneile 1.82 3.72 2.7° 2.2 2.8¢ 2.7°¢ 66.5™
191.3+ 210.1+ 225.5+ 231.1+° 246.9+ 249.2+
Oral NaSe
o CRVPCA 1.82 2.82 1.7 2.1° 3.4° 2.1° 60.7"
/S5 A VitE 190.7+ 210.2+ 207.2+ 223.1+ 235.2+ 249.2+
Oral NaSe/ VitE
[asssesilVitE 2.42 3.12 3.6° 3.2° 3.6 1.7 18.5™
. 190.2+ 194.7+ 210.2+ 215.2+ 219.3+° 220.4+°
R0
Inject NaSe/ VitE
P IRR TR 432 7.32 3.4° 3.7 3.2¢ 3.7¢ 28.2™
195.8+ 210.3+ 218.8+ 227.2+° 252.7+ 256.4+
Inject NaSe
onelis sE 3.82 432 2.8° 2.8 2.9 1.6° 4.6™
190.0+ 192.9+ 198.5+ 198.9+° 205.1+° 206.2+
VitE
,laaeF 0.77 45™ 11.6™ 19.4™ 309™ 105.8™
F-value
(P<~/'\):** NGV B YLD RV SE N RLIPI Er PR PREN il Hu Jsels =)

1= nmol/l

Different letters in each column were different

** =p<0.01
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Table 3- Mean comparison of percentage of weight gain from 1 to 90 days (Repeated measure) among groups in
suckling lambs (n = 4)

oy < Yo ) BT e, A BN s, W BYSe, 4 B S, F e
Groups Day1to30 Day30t060 Day60to90 Daylto60 Day 1 to 90 F-value
aals 57.6+ 4.422 34.7+4.2° 26.4+ 4.4¢ 111.9£ 1149 166.9+ 10.9 57.4"
Control

WShosaanle 56 50.4+7.422 424+ 8.4" 22.9+5.7¢ 112.4+ 5.4¢ 163.6+17.3¢ 34.7
Oral NanoSe
[ S15 5> asiles SLVItE 54.7+3.792 29.1+ 5.8 24.2+9.9¢ 113.945.9¢ 166.7+ 15.5¢ 21.2
Oral NanoSe/VitE

S5 52 msteuel 67.8+6.242 40.7+ 3.2 227+2.2¢ 137.5+£10.9¢  189.0+ 16.4°¢ 54.2"
Oral NaSe

SPURTNERY 58.6+2.112 42.4+£59" 20.0£4.2¢ 1275£519  165.3+6.49° 50.9™
/ S, 52 VitE

Oral NaSe/ VitE

[IRWERIINY 5 59.4+3.752 321+ 45" 24.7£5.1°¢ 1109+ 11.89  163.7+21.7¢ 25.6™
P IERY]

Inject NaSe/ VitE

s Bl 57.4+5.842 411+ 4.6 20.6.£2.4¢ 1224+ 1419  169.1+15.2¢ 29.2"
Inject NaSe

el sE 50.3+7.632 432+ 41" 20.0+3.2°¢ 1152+ 1069  155.9+13.9¢ 40.9
VitE

laaaF 0.32 1.10 0.57 0.22 0.92 0.32
F-value

C;u.u‘ ‘)‘d (.S:M s—&id‘) BLISE) );ulh z(PzNS) d..:u.mi:s )‘J‘.s..s’.o L.}Jl"“ BLISE) _&JB—A .HE=P<O.01 ‘L.):JJ U:‘;‘.‘f“}é‘ Lo yd = )

*

1= Percentage of weight gain, ™ =P<0.01, Values in in each columns were not different, Different letters in each

columns were different
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Table 4. Correlations among glutathione peroxidase activity (GPX), selenium, total and percentage of weight
gain before and after administration of selenium components and a-tocoferol in suckling lambs (n = 4)

la oS L peals ke oalla G5 NETRE-E RPN
Groups Parameters Selenium Total weight gain Total weight gain
a3 5 Ja

Before treatment
Shsapsawenly GPX 0.99** -0.02 0.09
Oral NaSe
o3 patweil "o 0.95* 0.47 0.41
Injected NaSe

a3 Y om el Y

2 months after treatment

SR poteciiley "o 0.99** -0.40 -0.39
Injected NaSe

esal 3l puyele Y

3 months after treatment
Shsa asil 5 " 0.96* 0.99** -0.06
Oral NanoSe
| S5 psaescailuVitE " 0.70 0.49 0.97*
Oral NaSe/ VitE
R0 pases cilis / VitE " 0.95* 0.78 -0.74
Inject NaSe/ VitE
" =P<0.01 *=P<0.05
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Introduction: Selenium and o-tocopherol are considered as the main antioxidants necessary for
growth of lambs (Shi et al 2010). They are responsible for reducing and eliminating body cells and
their membranes from peroxides and oxidative stress (EI-Shahat et al 2011). Selenium activate the
body immunity and nervous system results in the prevention of diseases and low weight gain
(Eekeren et al 2011). a-tocopherol eliminates peroxides from cell membrane and protects from
oxidative stress (Joshi et al 2013). The administration of selenium components and a-tocopherol as
orally or injection, individually or together has shown the acceptable response to growth, diseases
control and treatment in lambs (Vignola et al 2007). Despite progress in resolving Se/a-tocopherol
deficiency, efforts have been made to introduce new selenium compounds with high efficiency and
low side effects to enhance animals’ production (Shi et al 2011). The priorities of nanoselenium are
low dose administration, low toxicity and suitable effect on health and growth rate. Nanoselenium is
efficient for production, reproduction performances and immunity system (Yang et al 2009).
Despite a greater knowledge of NanoSe in animals, there is a lack of unity and intensive study with
regard to the main relevant parameters such as age, gender, various selenium compounds with a-
tocopherol, route of administration and their interrelationships with weight gain in one unit study.
The objectives were to find the effect of selenium components and a-tocopherol on blood GPX,
selenium and their relationships with weight gain in lambs.

Materials and methods: Thirty-two suckling male lambs were classified in 8 groups of 4 lambs
including control, oral nanoselenium (ONanoSe), ONanoSe/a-tocopherol, oral sodium selenite
(ONaSe), ONaSe/a-tocopherol, sodium selenite injection/a-tocopherol (INaSe/VitE), INaSe and
VitE injection. Lambs were weighed and bled days 1, 4, 7, 30, 60 and 90. Recommended dose for
NanoSe with no side effects is 0.10 mg kg-1 of live weight (Shi et al 2011). The amount of NanoSe
and NaSe was calculated based on the weight of each lamb and was divided into seven parts,
administered daily up to seven days. The dose for a-tocopherol is 8 mg kg-1 injected separately or
with selenium components. Growth rate was calculated as total (Kg), percentage (%) and daily
weight gain (gr/day). Blood GPX activity, blood and milk selenium concentration were measured
by spectrophotometer and atomic absorption methods. Data were analyzed by ANOVA, repeated
measure correlation methods.

Results and Discussion: Blood GPX activity increased 3.25-fold in lambs receiving selenium
components and was consistent with the findings of Xu et al (2005) and Najafnejad et al (2016) in
animals. Increase in GPX activity is an indication of organic, inorganic and nano-particles of
selenium components in lambs. GPX activity in lambs receiving oral NanoSe was greater than in
NaSe groups. This result is supported by Shi et al's findings (2011) which mentioned that the
antioxidant and GPX activity of oral NanoSe is more effective than NaSe. Although the antioxidant
effects of a-tocopherol are confirmed by scientists, in this study it had the lowest effects on GPX
activity in lambs, which means that its effect on GPX was very low and weaker than selenium but
together with selenium, it had suitable increase in GPX activity (Bribiesca et al 2005). This finding
was not supported by Joshi et al's results (Joshi et al 2013) which mentioned that injection or oral a-
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tocopherol is necessary to eliminate and prevent the oxidative stress effects in animals. GPX or
selenoenzyme plays an important role against oxidative stress (Huang et al 2009, Yang et al 2009).
Blood selenium concentration reached to 1.48-fold at the end of study, nearly one and half times
less than GPX changes in lambs receiving selenium components. Similar findings were reported by
Bribiesca et al (2005) who concluded that blood selenium increased following consumption of oral
or selenium injection components. An increase in blood selenium in lambs with NanoSe/a-
tocopherol was higher than in NaSe/a-tocopherol which is consistent with Shi et al's findings (Shi et
al 2010) which referred to high selenium level in blood and tissues following NanoSe consumption.
Blood selenium increased rapidly and continuously and reached to the highest level at 90 days but
in Bribiescal et al's finding (2005) it was 60 days. An increase in blood selenium in lambs with
NanoSe/a-tocopherol was more than other selenium components and/or with a-tocopherol,
indicates that permanence and performance of new selenium compounds had priority over the old
selenium (organic and inorganic) supplementation. This finding is supported by the reports of Shi et
al. (2010) and Chorfi et al (2011) who concluded that NanoSe compounds increase selenium and
GPX level more effectively than NaSe and the efficiency of selenium/a-tocopherol together instead
of being used separately in animals. The highest daily mean weight gain was in NaSe/a-tocopherol
which was greater than that reported by Vignola et al (2007) and indicates the efficiency of NaSe/a-
tocopherol on weight gain of lambs. The lowest weight gain observed in a-tocopherol group that
was even higher than reported by Vignola et al (2007), means that a-tocopherol had an effect on
growth rate. This was not in agreement with Horn et al (32) who mentioned that a-tocopherol did
not have an effect on calf growth rate. Studies on the effects of selenium on growth and weight gain
were controversial and mostly did not have a significant effect on weight gain. Hu et al (2007)
reported significant increase in weight gain following selenium/a-tocopherol, but Mohri et al (2011)
showed no effect on weight gain. No correlation was observed between lambs receiving selenium
compounds and a-tocopherol with blood GPX, selenium and weight gain indices in groups except
for total weight gain/GPX which was positive in oral NanoSe group. This was consistent with
Yaghmaei et al’s finding (2017) reported for female lambs. However, the rate of correlation in
control and a-tocopherol groups was less than selenium groups. This was in agreement with others
(Juniper et al 2006, White et al 2007) that mentioned the strong positive correlation between
selenium and GPX. The presence of correlation up to 98% in NanoSe lambs and less in NaSe group
indicates that GPX activity in NanoSe groups was higher than NaSe groups and this can be
considered one of the points to replace it with NaSe in lambs.

CONCLUSIONS: Se mainly ONanoSe increased GPX and Se more than a-tocopherol. Weight gain was high
in ONaSe but not correlated to Se components. Correlations between Se/GPX were positive. Finally, the
effect of ONanose on GPX, Se and weight gain were not higher than ONaSe mainly on increasing of GPX
was better than mineral selenium and a-tocopherol, and therefore, could be the appropriate option to NaSe
administration in lambs.

Keywords: Nano-selenium, alfa-tocopherol, Lamb, GPX, Weight gain



