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Background and objectives: lodine is a structural component of the
thyroid hormones thriiodothyronine (T3) and thyroxine (T,), which are
essential for the life of mammals. lodine deficiency leads to
insufficient production of thyroid hormones, which is primarily due to
the lack of iodine in the soil. Selenium is also involved in the
metabolism of thyroid hormones by participating in the construction of
selenoproteins that convert the inactive form of T, into the active form
of Ts. The aim of this study was to investigate the effects of iodine and
selenium supplementation on thyroid hormone concentrations of in
ewes exposed to iodine deficiency under selenium deficient or
sufficient conditions.

Materials and methods: A flock of sheep was selected in an area
where selenium and iodine deficiency had been identified. In this
flock, 30 young ewes (2-3 births) of Farahani breed with similar body
weight (47 £ 6 kg) were randomly divided into three groups, including
a control group and two experimental groups. The first and second
experimental groups received 390 mg of iodine in the form of fatty
acid ethyl ester from safflower oil at the end of gestation at the end of
winter season, and the second experimental group received 10 ml of
selenium supplement in the form of subcutaneous injection. The
concentration of thyroid hormones, including triiodothyronine and
thyroxine, inorganic iodine in serum and selenium concentration in
blood serum were measured and compared before the beginning of the
experiment and monthly until the third month in the experimental
groups.

Results: The inorganic iodine concentration in the serum of the
experimental animals at the beginning of the experiment was 15.53 pg
/L and the selenium concentration in the blood serum was 79.73 ng/ml,
both of which were in the deficiency range. lodine supplementation
caused a significant increase in the concentration of inorganic iodine in
blood serum in the experimental groups compared to the control group
in all three months of sampling (P< 0.01). Selenium supplementation
also caused a significant increase in blood serum selenium
concentration in the selenium+iodine-supplemented group compared
with baseline and the control and iodine supplemented groups in all
months of the experiment (P< 0.01). In the first experimental month
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after iodine supplementation, an increase in T4 hormone concentration
was observed in the iodine-supplemented group and in the iodine +
selenium supplemented group compared with baseline and the control
group. The concentration of T, hormone was higher in the iodine
supplementation group than in the control group and in the iodine +
selenium supplementation group in the second and third months.
lodine supplementation increased T3 concentration in the first and
second months of the trial compared with baseline, and selenium
supplementation also significantly increased Tz concentration in the
first and second months of the trial in the iodine + selenium
supplemented group compared with the iodine supplemented group
and the control group (P< 0.01). The increase in the concentration of
thyroid hormones after iodine supplementation showed that the
production of these hormones was affected by iodine deficiency.
Selenium supplementation increased the concentration of Ts in the first
and second months and decreased the ratio of T, to T5 in the second
month. It showed that the effect of iodine supplementation is better in
the conditions of selenium sufficiency.

Conclusion: The results indicate the effect of iodine supplementation
to increase inorganic iodine concentration in serum, and the increase in
thyroid hormone concentration after iodine supplementation indicates
the limiting effect of iodine deficiency on the production of these
hormones under iodine deficiency conditions. In selenium deficiency,
the effect of iodine supplementation on T3 hormone production may be
limited.
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Table 1. The effect of iodine supplementation on serum inorganic iodine concentration of ewes (pg/liter) during the
months of the experiment (logarithmically transformed data)
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Means with different superscript letters in rows are significantly different, P< 0.01 (Bonferroni adjustment for

comparisons).

Means with different superscript Greek letters in columns are significantly different, P< 0.05.

SEM: standard error of the mean
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Table 3. The effect of selenium supplementation on serum selenium concentration of ewes (ng/ml) during the months
of the experiment

wls V‘“l“”‘}“g“’ *Jfg“ o3l slaes S
Control lodine+Selenium lodine Experimental groups
SEM supplements supplement P group
OLA
month
L) & L‘ﬂ 5
79.35° 78277 81.95° (oAbl g
Baseline
7.25 82.32°¢ 160.72%* 79.87°¢ 1
4.85 77.81°F 131.19°F 78.32%¢ 2
5.45 63.22°F 123.55°%P 64.74°P 3

el ok Jlash s aslin (52 53 52 g (P e/ ) iten iz (LT 0 51 L s 53 oglite g 5V gy L ba o Sibe

(P<e/00) s slize ()bl 3l s 53 VL SUgp G b b, Sl

oSl 58kl gl SEM

Means with different superscript letters in rows are significantly different, P< 0.01 (Bonferroni adjustment for

comparisons).

Means with different superscript Greek letters in columns are significantly different, P< 0.05.

SEM: standard error of the mean
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Table 4. Effects of iodine supplementation on concentrations of TSH of ewes (mIU/L) during experimental months.
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Means with different superscript letters in rows are significantly different, P< 0.01 (Bonferroni adjustment for
comparisons).

Means with different superscript Greek letters in columns are significantly different, P< 0.05.
SEM: standard error of the mean
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Table 5. Effects of iodine supplementation on concentrations of T, of ewes (ug/dl) during experimental months.
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Means with different superscript letters in rows are significantly different, P< 0.01 (Bonferroni adjustment for
comparisons).

Means with different superscript Greek letters in columns are significantly different, P< 0.05.
SEM: standard error of the mean
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Table 6. Effects of iodine supplementation on concentrations of T3 of ewes (ng/dl) during experimental months.
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Means with different superscript letters in rows are significantly different, P< 0.01 (Bonferroni adjustment for

comparisons).

Means with different superscript Greek letters in columns are significantly different, P< 0.05.

SEM: standard error of the mean
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Table 7. Effects of iodine supplementation of ewes on T4 / T3 ratio.
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Means with different superscript letters in rows are significantly different, P< 0.01 (Bonferroni adjustment for

comparisons).

Means with different superscript Greek letters in columns are significantly different, P< 0.05.

SEM: standard error of the mean
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! thyrotrophic-releasing hormone (TRH)

\A

Jals a};ﬁwﬂ;ge,\; 2 S Sslaels
53 sddodalin Sl iS oS W g el (o perme
Llazdls 56 6 Se3ll 5, gD g, 58 hale
A JoSe 05,8 53 TSH Gpes5n clle 2150
o e b 5 JeSe 05 8 03 eSS DS L
15 36 Y] sl s S 5 sl Jlais
Olow Gl s, ede SlsL 5 Wolff-Chaikoff
il s S5 5 g Sl Dl Ol O Vb L
S g3 Bae S pl J ma ol A 555
SOl aS g sk L Jals TSH clls o5 oo
oo ol 53 dald 05,8 L aly ltie b gols sme
Braverman , Leung ¢Y+\¥ Chung) < MRE
sl Olsme 4 sl 5 L TSH 5l 3l (Y)Y

53 (YooY Mirmiran) coul ab S5l 3 4 55 4
pd 5 A Joa 05,8 ;5 TSHE Ll g ole
S s daldos S5l 2l 5 b JaSe o8 5 S
A=l wdd el s ek oo das e 0L
(VY O Kea 5 Vasiliu) el asls &

3,550k el edaiS o BB LB ol e sdle
TSH sl jlge = b 5l 5é5m 0de ;5 TSH
Ol 5 A 3 5eS el Sl ey T A s
3 JeSe slaes S 53 Al 5 a0 e pn Sl
o=l 2 p slo ;3 TSH chlale fals el oud
ol S el oy, S 5 anl e 4 Cod aoy S
Y+\¥ Chung) ..l

23 S gl pr i hle 15
sl o o 0 L sddosls JoSe (glaes S
Jele A 35S S s e LS 4l Slds
Cé))'\ o 503 WD se)sa b 0 diSs sdoes
Bl Rl Ll ges 50 cnl il (s dons
PR SUNECDUE ST SCITI R PR I BRCH

J'—:J°>JSC’JQJJ\)J—.'.U—1“SJVTE—‘“‘)?.9J§“:



g 33 g

VF-Y Y b)w AY 0,93 ‘0l§.\~5)|

NAS =5 s A
Ao 4 < Aol G ) € 7 IR e v ( L > @

UBW Y} JO JOLID PIBPUBIS (NS

(1070 > d) u213J1p APUBDdIJIUSIS a18 SMOI Ul S19139] 1d110s19dNS JUAIJJIP YIIM SUBIIA
BJEp pauLiojsuen) A[[ed1wyiiieso] oY) uo paseq,

# FRRv e S —Md,\v.zk)
onertl/fy,
y s v €500 2 9€0°0 q6£0°0 000 100°0 > 10070 > 8S1°0
ooy v,._l > ».H
(IpBW)EL : : : . : . :
Fomesieal f e gy qL€99 v LSEL €919 vLL'1 100°0 > 100°0 > ceeo
(p/3)  rL . : : : ; ; :
L T AT S o S e [9°€ qS87C qLS'C o910 10070 > 100°0 > 1000 >
AT UIST y1'0 10 cro 11070 ce80 1¥0°0 9500
HSLE GrEC p™ o)
(Ju/Bu)wnIua[as WIS
it o b i ) o P q IT°EL e 9€'8E1 q69vL 14482 10070 > 10070 > 10070 >
«(1/8M1S ) ) ) . . ) .
i o Ol (Rsfes6) o0 0y eVL'1 eSL'1 qv0'1 $90°0 10070 > 100°0 > 100°0 >
juowd|ddns sjuowoddns [onuoD JUSUIEAIL oy awr | x
SUuIpo] wnius[e §+2utpo] JudUIBAL |,
SIojoWeIR ] ) . . - el 0
& T frgot o WHS - i Fx fqe
SJUQUIBI |, anfea ¢
SCen® (Coqir? 2 e

"sa|qeleA pajesnsaaul uo uoneudwd[ddns WNIUS[AS +2UIPOI 10 JUIPOI JO $199)J "8 d[qeL

Dy i s B e € e K iy ) e K6 g0 e (€

A4l



$3grue Gl Lo e [ g 190,98 35T 51 S g s b by JoShe ]

YooV OlLSas 5 Hefnawy) ool sds i )15.S Ll s o Cotle eide 35S
s Sl o i &Sl (g pie A5 ax S P gy a s p gl iy 5> Pl bl
L ol Glats p gk 5 205 1, Sl o S a5 T ao Ty Jidd s a5 Lajlods (55 050
Sl i 55 Sl ol (S S e Ol SVasiliu) S e SIS s ke
il s e a8 asls s 0 Y b 35S 4 53 T3 4 Ty L slee (VoY 0l S0n
Ais s SOy 38 T g arths 058l 35008 30 ) Ts rhawr 2alS 5 Ty 5 TSH mhawe 2158l il
aS A e B 4 e 35008 5 AL e 3 s Al oo il T 4 Ty Cand a3 3505 JLos &
5 dEl Aty JEE S0 4 el sl s miy Zarbalizadeh- <Y+ Y\ (ol,L__<aa 5 Kobayashi)
O PP NI S AT 5 o 3 5aS e (Y00 O 5 Saed
s Sy 3 LSleS] 05568 Slas) T sl IS0 s slosessa W ol
5l s, L s 4 0555 LT o st sV g e S 5 Lol T
YY) OLSes 5 Gorini) ol e Bl of ey 5o D 3 eded IS e 3,50 Olas bl
LS e (e (YA O Sa 5 Ventura sVentura) b —» 2l SITSH 3 TRH W] &
e L ol yon ¢ 5 5 s Ol g3l 8l b (T Ol K

A5 e ke LS 5 Il Lo (gl al 5 o B SalS el il s S caalllas ol
(Y410 Kohrle) ol ads il o3Y Cble il s 0isan A eSe g pd b
057 pom phre o Mas L5308 le Ta0 s 50
(8 S Ao " S et 5 el s JeSe 5 el 03
23K s o 5 el adlllae ) 4 Cble a5 el S8 Ll sddise ssp |y Sla
308 A5 53 Sles L s 3 bt il Sl 53 b 23 JoSe dlis 4 Ts 0050
5 P2 5 el Ul 3 05 e 53 S ia AL Il s e Gl ]
Ol 1y T Osnsn wdale il 5ol e 30 Can 33,5 e L ald 05 S 4 S il
53 (a3 JaSe 4 s e DL (roean a3 e 2 T3 05 Chle b s ol ook clE
SRl el plgman 1ls Yol Ll b ol sy BLi o Lot o JuSa 03 5 (slae
S5i Tg gy en Chale &_bﬁku)\ﬁ‘Mue}Jj)deb)JJ)b

Fal%)

Aghajani, S., Hassanpour, H., Amoughli-Tabrizi, B. & Ganjkhanloo, A. (2021). Seasonal Study
for Deficiency of Some Trace Elements in Sheep in Talesh Area in 2019-2020. Journal of
Animal Science, 3 (2): 101-110. (In Presian). https://doi.org/10.22034/AS.2021.39212.1564.

Aitken, P., 2001. Selenium  toxicity. In Practice, 23(5): 286-289.
https://doi.org/10.1136/inpract.23.5.286.

Azizi, F., Kimiagar, M., Ghazi, A. A. & Nafarabadi, M. (1997). The effects of iodized oil
injection in eu-and hypothyroid iodine deficient girls. Journal of Endocrinological
Investigation, 20: 18-23.

Beckett, G. J. and Arthur, J. R. (2005). Selenium and endocrine systems. Journal of
Endocrinology, 184(3): 455-465. https://doi.org/10.1677/joe.1.05971.

\Al


https://doi.org/10.22034/AS.2021.39212.1564
https://doi.org/10.1136/inpract.23.5.286
../../Downloads/.%20https:/doi.org/10.1677/joe.1.05971.

VF.Y Y D)Lo.n.:} NY 0,93 Utf.mS,l,m ] » Q‘*hs)"

Bhardwaj, R.K. (2018). lodine deficiency in goats, in Goat Science. Rijeka, London (UK):
IntechOpen. https://doi.org/10.5772/intechopen.72728.

Bye, R. (1989). Generation of selenium hydride from alkaline solutions: a new concept of
hydride generation atomic absorption technique. Journal of Automatic Chemistry, 11: 156-
158.

Chung, H. R. (2014). lodine and thyroid function. Annals of Pediatric Endocrinology and
Metabolism, 19(1): 8-12. https://doi.org/10.6065/apem.2014.19.1.8.

Davoodi, F., Zakian, A., Rocky, A. & Raisi, A. (2022). Incidence of iodine deficiency and
congenital goitre in goats and kids of Darreh Garm region, Khorramabad. Veterinary
Medicine and Science, 8(1): 336-342. https://doi.org/10.1002/vms3.661.

Delange, F., Dunn, J. T. & Glinoer, D. ( 2013). lodine deficiency in Europe: a continuing
concern (Vol. 241). Springer Science & Business Media.

Delshad, H. & Azizi, F. (2017). Review of iodine nutrition in Iranian population in the past
quarter of century. International Journal of Endocrinology and Metabolism, 15(4).
https://doi.org/10.5812/ijem.57758.

Dunn, J. T. & Haar, F. V. D. (1990). A practical guide to the correction of iodine deficiency.
[SI]:  International Council for Control of lodine Deficiency Disorders.
https://apps.who.int/iris/handle/10665/39840.

Ferri, N., Ulisse, S., Aghini-Lombardi, F., Graziano, F. M., Di Mattia, T., Russo, F. P., Arizzi,
M., Baldini, E., Trimboli, P., Armiento, D. & Fumarola, A. (2003). lodine supplementation
restores fertility of sheep exposed to iodine deficiency. Journal of Endocrinology
Investigation, 26(11): 1081-1087. https://doi.org/ 10.1007/BF03345254.

Gorini, F., Sabatino, L., Pingitore, A. & Vassalle, C. (2021). Selenium: an element of life
essential for thyroid function. Molecules, 26(23): 7084.

Hefnawy, A. E., Lopez-Arellano, R., Revilla-Vazquez, A., Ramirez-Bribiesca, E. & Tortora-
Pérez, J.(2007). The relationship between fetal and maternal selenium concentrations in
sheep and goats. Small Ruminant Research,73:174-80.

Hefnawy, A. E., Youssef, S., Aguilera, P. V., Rodriguez, C. V. & Pérez, J. L. (2014). The
relationship between selenium and T3 in selenium supplemented and nonsupplemented ewes
and their lambs. Veterinary Medicine International. https://doi.org/ 10.1155/2014/105236.

Herzig, I., Pisarikova, B., Diblikova, I. & Suchy, P. (2001). lodine concentrations in porcine
blood, urine, and tissues after a single dose of iodised oil. Veterinarni Medicina, 46(6): 153-
159. https://doi.org/10.17221/7875-VETMED.

Ingenbleek, Y., Jung, L., Ferard, G., Bordet, F., Dechoux, L. & Goncalves, A. M. (1997).
lodised rapeseed oil for eradication of severe endemic goitre. The Lancet, 350: 1542-1545.
Karimi-Poor, M., Tabatabaie, S. N., Zamani, F., Pirestani, A. & Bahrami, Y. (2011).
Investigation of selenium concentration of sheep's diet, blood and milk in different regions

from a central state of Iran. Annals of Biological Research, 2(3): 51-61.

Kobayashi, R., Hasegawa, M., Kawaguchi, C., Ishikawa, N., Tomiwa, K., Shima, M. &
Nogami, K. (2021). Thyroid function in patients with selenium deficiency exhibits high free
T4 to T3 ratio. Clinical Pediatric Endocrinology, 30(1):19-26.
https://doi.org/10.1297/cpe.30.19.

Kohrle, J. (2015). Selenium and the thyroid. Current Opinion in Endocrinology and Diabetes
and Obesity, 22(5): 392-401.

Knowles, S. O., & Grace, N. D. (2015). Serum total iodine concentrations in pasture-fed
pregnant ewes and newborn lambs challenged by iodine supplementation and goitrogenic
kale. Journal of Animal Science, 93(1): 425-432. https://doi.org/10.2527/jas2014-7854.

Knowles, S. O., & Grace, N. D. (2007). A practical approach to managing the risks of iodine
deficiency in flocks using thyroid-weight: birthweight ratios of lambs. New Zealand
Veterinary Journal, 55(6): 314-318.

Lee, D. K. (2020). Data transformation: a focus on the interpretation. Korean Journal of
Anesthesiology, 73(6): 503-508.

V¥


https://doi.org/10.5772/intechopen.72728
https://doi.org/10.6065/apem.2014.19.1.8
https://doi.org/10.1002/vms3.661
https://doi.org/10.5812/ijem.57758.
https://apps.who.int/iris/handle/10665/39840
../../Downloads/.%20https:/doi.org/%2010.1007/BF03345254
https://doi.org/%2010.1155/2014/105236
../../Downloads/.%20https:/doi.org/10.17221/7875-VETMED
https://doi.org/10.1297/cpe.30.19.
../../Downloads/.%20https:/doi.org/10.2527/jas2014-7854.

$3grue Gl Lo e [ g 190,98 35T 51 S g s b by JoShe ]

Leung, A. M. & Braverman, L. E. (2012). lodine-induced thyroid dysfunction. Current Opinion
in Endocrinology and Diabetes, 19(5): 414-419.
https://doi.org/10.1097/MED.0b013e3283565bb2.

Minich, W.B. (2022). Selenium Metabolism and Biosynthesis of Selenoproteins in the Human
Body. Biochemistry Moscow 87 (Suppl 1), S168-S177 (2022).
https://doi.org/10.1134/S0006297922140139.

Mirmiran, P., Kimiagar, M. & Azizi, F. (2002). Three-year survey of effects of iodized oil
8injection in schoolchildren with iodine deficiency disorders. Experimental and Clinical
Endocrinology and Diabetes, 110(08): 393-397. https://doi.org/10.1055/s-2002-36425.

Mojadadi, A. Au, A. Salah, W. Witting, P. & Ahmad, G. (2021). Role for Selenium in
Metabolic  Homeostasis and Human  Reproduction.  Nutrients, 13:  3256.
https://doi.org/10.3390/nu13093256.

Parker, W. J. & Mc Cutcheon, S. N. (1989). Effects of iodine supplementation on the
productivity of Romney ewes in the Wairarapa region of New Zealand. New Zealand
Journal of Agricultural Research, 32(2): 207-212.
https://doi.org/10.1080/00288233.1989.10423455.

Sandell, E.B. & Kolthoff, .M. (1937). Micro determination of iodine by a catalytic method.
Microchimica Acta,1: 9-25.

Sankar, R., Pandav, C. S., Ahmed, F. U., Pralhad Rao, Dwivedi, M. P., Desai, V., Karmarka,
M. G. & Nath, L. M. (1995). Review of experiences with iodized oil in national programmes
for control of iodine deficiency disorders. The Indian Journal of Pediatrics, 62(4): 381-393.

Sargison, N. D., West, D. M. & Clark, R. G., 1997. An investigation of the possible effects of
subclinical iodine deficiency on ewe fertility and perinatal lamb mortality. New Zealand
Veterinary Journal, 45(5): 208-211.

Sorrenti, S., Baldini, E., Pironi, D., Lauro, A., D’Orazi, V., Tartaglia, F., Tripodi, D., Lori, E.,
Gagliardi, F., Pratico, M. & llluminati, G., (2021). lodine: Its role in thyroid hormone
biosynthesis and beyond. Nutrients, 13(12): 4469.

Stowe, H.D. & Herdt, T.H. (1992). Clinical assessment of selenium status of livestock. Journal
of Animal Science, 70(12), 3928-3933. https://doi.org/doi: 10.2527/1992.70123928x.

Talebian Masoudi, A.R., Azizi, F. & Zahedipour, H. ( 2010). Selenium and iodine status of
sheep in the Markazi province. Iranian Journal of Veterinary Research, 11(1): 78-83.

Talebian Masoudi, A.R. & Mirshamsollahi, A. (2022). The effect of iodine supplementation on
growth performance, reproductive parameters, and thyroid hormones of sheep in some areas
of Markazi province, Iran. Journal of Ruminant Research, 10 (3): 71-86. (In Persian).

Vasiliu, 1., Ciobanu-Apostol, D. G., Armasu, |., Bredetean, O., Serban, I. L. & Preda, C. (2020).
Protective role of selenium on thyroid morphology in iodine-induced autoimmune thyroiditis
in Wistar rats. Experimental and Therapeutic Medicine, 20(4), 3425-3437.

Ventura, M., Melo, M. & Carrilho, F. (2017). Selenium and thyroid disease: from
pathophysiology to treatment. International Journal of Endocrinology, 4: 1-9.

Ventura, M., Melo, M. & Carrilho, F. (2018). Selenium and Thyroid Function. In: Michalke, B.
(eds)  Selenium. Molecular and Integrative Toxicology, Springer, Cham.
https://doi.org/10.1007/978-3-319-95390-8_8.

World Health Organization. (2007). Assessment of iodine deficiency disorders and monitoring
their elimination: a guide for programme managers. 3rd ed. Geneva, Switzerland: WHO.

Zarbalizadeh-Saed, A., Seifdavati, J., Abdi-Benemar, H., Salem, A. Z., Barbabosa-Pliego, A.,
Camacho-Diaz, L. M. & Seyed-Sharifi, R. (2020). Effect of slow-release pellets of selenium
and iodine on performance and some blood metabolites of pregnant Moghani ewes and their
lambs. Biological Trace Element Research, 195: 461-471.

Yo


https://doi.org/10.1097/MED.0b013e3283565bb2.
https://doi.org/10.1134/S0006297922140139
../../Downloads/.%20https:/doi.org/10.1055/s-2002-36425
https://doi.org/10.3390/nu13093256
https://doi.org/10.1080/00288233.1989.10423455
../../Downloads/.%20https:/doi.org/doi:%2010.2527/1992.70123928x
https://doi.org/10.1007/978-3-319-95390-8_8.

VF.Y Y D)Lo.n.:} NY 0,93 Utf.mS,l,m » U‘*hs)"

\ld



