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Summary

Secretory patterns of serum tri-iodothyronine, thyroxin and testosterone were analysed by specific
radioimmunoassays in Kaghani (n = 42), Rambouillet (n =42) and Kaghani X Rambouillct (n = 42) male
sheep to determine age and breed related changes. Animals were cxamined at -2 wk, 8,10, 12,20,
22 and 24 'months of age (n = 6fage grouvp). All animals were maintained under standard conditions
of fecding and management. T; and T, concentrations were maximal (p < 0.01) in 1-2 wk old lambs
of all breeds studied (2074 + 149 — 276.8 + 20.4 ng/dl and 5.76 + 0.3 — 723 + 0.9 pgidl, respec-
tively). For all the breeds, concentrations of T, declined markedly (p < 0.01) at 8 month of age and
then varied in a, narrow range (44.5 + 140 — 87.0 4+ 4.8 ng/dl) up to the age of 24 month. While,
serum ‘T, concentrations decrcased (p < 0.01) 10 nadir (0.97 + 0.1 — 1.43 + 0.3 ug/dl) at 10 months
of age in all the 3 breeds. Afterwards, T, levels increased gradually and atcained a small peak at 20
months before declining again at 22 and 24 months of age. Serum T; and T, concentrations were
correlated significantly {p < 0.05) and their ratio was constant at all ages in the differcnt breeds. Age
significantly (p < 0.01} influenced the secretion of testostcrone in the breeds examined but the breed
diffcrences werc comparable. Mean scrum concentrations of testosterone were low from 1-2 wk to
10 months of age in the Kaghani, Rambouillet and Kaghani X Rambouiilet animals. Peak testosterone
levels were noted in the 12 months old Kaghani (1.75 + 0.4 ng/ml}, Rambouillet {1.30 £ 0.2 ng/ml)
and their F; cross animals (1.16 + 0.08 ng/ml). Mean testosterone levels. thereafter, decreased at 20
months and then at 22 and 24 months remained variable but higher than observed at 1-2 wk ~10
months of age. The findings of the present study indicate a significant influence of age but not of
brecd on the peripheral concentrations of thyroid hormones and testosterone. Serum concentrations
of T and T, were not related to testoscrone levels. High thyroid secretory activity observed at pre-
natal phase of development may play an imporatnt role in preparing the lambs to extrauterine

environments.
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Introduction

Thyroid secretions have diverse physiological
implications in many of the life processes impor-
tant 1o animal production. The ontogeny of
thyroid hormones secretion has been determined
in man (Gregerman and Bierman, 1981), buffalo
{Agarwal et al., 1983; Sharma et al., 1985), sheep
(Nathanielsz, 1969; Wallace et al, 1979), pig
(Nowak, 1983) and dog (Book, 1977). Changes
in plasma T; and T, have been mtensively studied
in many cxotic breeds of shcep and the major
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feature observed is large increase in the secretion
of thyroid hormones at birth (Nathaniclsz et al.,
1973; Fisher et al., 1977). lodinated hormones
which regulate body temperature (Fisher et al.,
1977), maturation of lung surfactant (Erenberg
ct al, 1979) and intestinal epithelium (Moog,
1979) during the first hours of postnatal life, play
a major role in determining survival of new born
lambs (Davicco et al., 1980). In view of the
important role of thyroid hormones in the pro-
duction physiology of sheep, this study was
designed to describe age related changes of T,
and T, in a major Pakistani breed of sheep, an
exotic breed kept under local conditions and their
F; cross amimals. Due to a possible role of thy-
roid hormones in sexual maturation {Niswender
et al, [974; Kahl et al, 1977, Dwaraknath et
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al.,, 1982) an attempt has also been made in this
study to correlate T; and T, changes with peri-
pheral androgen concentrations,

Materials and Methods

Secretory patterns of serum thyroid hormones
and testosterone were determined in a Pakistani
breed of sheep, an exotic breed and their F,
cross. Male animals of Kaghani, Rambouillet and
Rambouillet X Khaghani (F;) were examined
at 1-2 week, 8, 10, 12 months and then at 20,
22 and 24 months of age in a semilongitudinal
study. Animals selected at 8 and 20 months of
age were followed longitudinally up to 12 and
24 months of age, respectively. All animals were
maintained at Livestock Experiment Station sheep
farm, Jaba. Lambs wcre fed colosirum for first
three days after birth and afterwards, were allow-
cd to suckle ewes from 2 P.M. to 8 A.M, each
day till weaned. From 8-24 months of age,
animals were given 250 g/head concentrate (crude
protein 13%, TDN 60-60%) in the morning and
grazed from 9 A M. to 3 P.M. in pasture, daily. In
the evening corn silage was available ad libitum.
Anirnals had accessed to fresh water at all times.
Animals below | year and 2 years of age werc
housed separately in semicovered sheds.

Animals were bled by jugular venepuncture
and blood samples (3 ml) werc obtained between
10 AM. and 11 A.M. in Oct./Nov. or Jan./Feb.
Blood samples were kept at 4°C overnight and
the clotted blood was centrifuged at 4006 rpm
for 15 min tc separate serum. All sera were
stored at —207T till hormonal analysis. Serum
concentrations of T; and T, were determined using
Coat-A-Count RIA kits (Diagnostic Products
Corporation. Los Angeles, CA, USA). All deter-
minations wer¢ made in duplicate. Minimum
detectable amounts of Ty und T, by these systems
were respectively, 7 ngfdl and 0.3 zg/dl. Intra-
assay’and interassay coefficents of variation of the
RIA’s for T, and T, were 5% and 7%, and 5%
and 10%, respectively. Serum testosterone was
determined by a highly specific RIA. The testo-
sterone antiserum had the following crossreacti-
vities: testosterone 100%; S DHT 149%; 5 andro-
stenediol 49%; 5 Androstenediol 2.19%, and 4
androstenediol 0.8%,. Tritiated {estosterone (I-
2-6-7 *H) was purchased from Amersham, Bu-
ckinghamshire, U.K. Aliquots of serum (100 ml)

were extracted with 5 ml dicthyl ether' prior to
assay. All determinations were made in duplicate.
Sensitivity of the assay was 0.05 ng/mi. Extraction
recovery of labelled or unlabelled testosterone
was > 90%. Intra- and interassay coefficients of
variation were 10% and 16%, respectively.

Effects of age and breed on the thyroid
hormones and testosterone concentrations were
estimated by ANOVA and the students ¢ fest
Assoctations between the hormones and age were
calculated by regression analysis procedures (Sieel
and Torrie, 1960),

Results

Serum concentrations of total T, at different
ages in Kaghani, Rambouillet and Kaghani X
Rambouillet animals are presented in figure |
T; serum concentrations varied significantly (p <
0.01) with age in each breed. Howcever, ape
related changes in T, levels were similar in the
three breeds. In Kaghani, Rambouillet and their
F; cross animals highest T; serum concentrations
(207.4 + 149, 23764 10.3 and 276.8 + 204
ngfdl, respectively) were observed at 1-2 week
of age (figure 1). T, concentrations declined
markedly (p < 0.01) after 1-2 week of age and
reached nadir (62.7 & 5.4, 49.7 + 3.1 and 53.9+1

- @ Kaghani
AL é O Rambouillet
- 250 Cross F,
e
o
= 200 ¢
- g
150 %
g /
51000 BV .
4
50 2
0 4 )

1-2 wk 8m 10m 12m 20m 22m 24m
Age

Figure 1. Mean (+SEM) concentrations of serum
tri-iodothyronine at various ages in Kag-
hani, Rambouillet and their corss F;
sheep. Vertical lines above the bars show
+SEM (n=6 at each age). Age signifi-
cantly {p < 0.01) affected T, concentra-
tions in all the breeds.
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ng/dl, respectively for Kaghani, Rambouillet
and Kaghani X Rambouillet animals) values at
10 month of age in all the breeds. Thereafter,
T, serum concentrations in the Kaghani, Rambo-
villet and their F; cross animals incrcased slightly
{p > 0.01) at 12, 20 and 22 months of age, before
declining (p > 0.01) once again (figure 1).

Age associated profiles of serum T, in the
Kaghani, Rambouillet and Kaghani X Rambo-
villet F; animals arc shown in figure 2. Although
age influenced T, secretion significantly in the
three breeds, age related T, profiles were essen-
tially similar in the different breeds studied (figure
2). Serum T, concentrations were maximal (p <
0.01) at the age of 1-2 week in Kaghumi (7.23 +
0.9 wg/dl), Rambouillet (7.13 + 0.3 gg/dl} and
Kaghani X Rambouillet F; cross animals (5.76
+ 0.3 pggfdl). T, levels declined gradually but
significantly (p < 0.05), thercafter at & month of
age and lowest T, levels were observed at the
age of 10 month in the Kaghani, Rambouillet
and their F, cross animals (1.40 + 0.4, 0.97 +
0.i and 1.43 & 0.3 sg/d], respectively), T, con-
centrations in the serum then showed an increas-
mg trend at 12 monihs and a small peak (p <
.05) was observed at the age of 20 month in
Kaghani, Rambouillet and Kaghani X Rambo-
villet Fy; animals (4.81 + 0.1, 3.20 + 0.2 and
3.49 £ 0.1 pgfdl, respectively). Subsequently m all
the 3 breeds studied, T, serum concentrations
decreased gradually at 22 and 24 months of age
(figure 2).

Both the thyroid hormones exhibitced marked
{(p < 0.01) positive correlations in the Kaghani
(r=0.79), Rambouillet (r=0.96) and Kaghani
X Rambouillet animals (r = 0.84; figure 3). Ratio
of serum T, to T, did not differ significantly at
various ages in any breed (figure 4).

Age associated shilts (p < 0.01) in the serum
concentrations of testosterone were obscrved for
all the breeds studied (figure 4). However, pattern
of age related changes was similar in the different
breeds examined. Mecan serum testosterone con-
centrations were low form 1-2 weck to 10 months
of age and ranged from 0.1 £ 0.02 to 0.27 +
0.11 ng/ml in Kaghani, Rambouillet and Kaghani
X Rambouillet sheep (figure 5). At the age of
12 months, mean testosterone levels increased
significantly (p < 0.0f} to maximal values
of 1.75 4+ 04, 1.30 £ 0.2 and 1.16 £ 0.08 xg/ml
in the Kaghani, Rambouillet and their F; cross
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Figure 2. Concentrations of mean serum thyroxine
at various ages in Kaghani, Rambouillet
and their cross F, sheep. Vertical lines
above the bars show + SEM (n=#6 at each
age). Age markedly (p < 0.01) influenced
T, concentrations in all the breeds.
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Figure 3. Correlation of serum thyroxine and tri-
iodothyronine at varicus ages in different
breeds of sheep. A significant (p < 0.01)
positive correlation is demonstrated in
Kaghani (Y=9.76+21.41X), Rambouiliet
(Y=—5.6+32.12X) and their cross F,
(Y=39.18+44.88X) animals between
thyroid hormones.

animals, respectively (figure 5). Thereafter, in each
breed, testosterone concentrations decreased at
20-22 months of ape but started to rise again
al 22-24 months of age (figure S).

Serum concentrations of T; and T,
negatively related to testosterone concentrations

WETE




AHMAD ET AL.

O Kaghani
« 0.05 ® Rambouillet
= 0.04 | A Cross F,
o 003}
=)
o 0.02 -
= 001
& (.00
12wk 8m 10m 12m 20m 22m 24m
Age
Figure 4. Mean T,/T, ratio at different ages in
Kaghani, Rambouillet and their cross F;
sheep. Bars indicate £SEM. T,/ T, ratio
did not differ with age in any breed
examined.
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Figure 5. Mean serum testosterone concentrations
in three different breeds of sheep from
1-2 week to 24 months of age. Peak (p
< 0.01) testosterone levels were observed
at the age of 12months in each breed,
Each point is the average of § hormone
determinations,

at various ages in the breeds studied but the
correlations were nonsignificant.

Discussion

This study demonstrates significant age de-
pendent variations in the secretion of total serum
T; and T, from birth to 2 years of age in the
Kaghani and Rambouillet breeds of sheep and
their F; cross animals, though no breed differences
in the secretion of these hormones were evident.
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Age has been shown to alter thyroid secretory
function not only in sheep (Wallace,  1979; Da-
vicco et al, 1980) but also in several other species
including man (Flamboe and Reineke, 1959), cattle
(Agarwal et al., 1983), buffalo (Sharma et al,
1985) and dwarf goat (Anwar-ul-Islam et al.,
1988) and has been attributed to changing rclease
of TSH and the metabolic malicu.

A negative correlation of T, and T, with age,
observed in this study supports the previous such
results presented for goats (Anwar-ul-lslam et
al., F988) and buffaloes (Sharma et al, 1985).
in sheep, too, crossectional data indicate that
basal T, and T, levels are significantly low in
adult rams as compared to lambs (Lincoln et
al., 1982; Nazki et al., 1986).

The major finding of the present study that
peak thyroid hormones prevail in circulation at
1-2 week of age in Kaghani, Rambouiilet and
their cross F, animals, is in close agreement with
provious findings which indicate higher 1, and
T, secretion in sheep at  birth (Nathanielsz, 1969;
Davicco et al., 1980; Cabello and Wrutniak,
1986; Wrutniak et al., 1987). A neonatal high
thyroidul secretory activity has also been shown
in man (Fisher et al, 1962), cattle (Kahl et al.,
1977), buffalo (Sharma et al, 1985), dog (Book,
1977) and pig (Nowak, 1983). Most of the above
mentioned studies demonstrate that high secretory
rate of T, and T, is maintained after birth ran-
ging in time from 2-48 hours to upto 2 months,
respectively. Our results, however, show that in
Kaghani and Rambouillet breeds and their F
cross animals this hypersecretion of thyroid
hormones may extend upto 2 weeks of age.

The exact significance of high levels of thyroid
hormones around birth is not clear. Higher thy-
roid hormone secretion could be related to high
plasma iodide concentration and its maximum
trapping by the thyroid gland (Davicco et al.,
1980y or a surge of TSH (Fisher ct al., 1977)
at birth. Lewis and Ralston (1953) suggested that
neonates remain under considerable stress for
some time after birth and that the higher levels
of thyroid hormone may be one of the mecha-
nisms to combat stress by elevating basal meta-
bolic rate. Anderson et al. {1973) have also
advocated that higher thyroid secrctory rate in
neonatal calves may help to adopt the new born
to the extrauterine environments.

In the present study we observed that the
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ratio of T,fT, in circulation did not vary with
age In any breed investigated. This indicates that
the thyroidal or extrathyroidal conversion of T,
into T; is relatively constant and the secretion
and removal of T, and T, are more or less
proportional from 1-2 week to 24 months of age.
Similar results have been shown for buffulo where
ratio of T,/T, at various ages was comparable
{Dwaraknath et al., 1982). The present work also
demonstrates a high positive correlation between
serum concentrations of T, and 1; at differcnt
ages in Kaghani, Rambouillet and their F; cross
sheep. This could be cxplained since the ratio
of T,/ T, was not affected by age, therefore, sim-
itar TyT, ratio from 1-2 week to 24 months of
age results in identical relative changes in the
serum concentrations of both the thyroid hor-
mones.| Thyroid hormones have also been shown
to be positively related with cach other in the
dwarf goat (Anwar-ul-Islam et al, 1988) and
buffalo {Pwaraknath ct al., 1982; Sharma et al.,
1985).

A significant drop in the serum concentrations
of T, and T, after 1-2 week of age and then
more or less uniform secretion upto 24 months
as observed in this study is similar to findings
in dwarf goats {Anwar-ul-Islam et al., 1988) and
buffaloes (Sharma et al, 1985). In these animals
too the thyroid hormone levels decreased markedly
some time after birth and then remained low up
to adulthood.

Peripheral androgens have been reported to
increase at or before puberty (Sharma et al,
1985; Ahmad ct al., 1989). Therefore, a marked
increase in testosterone concentrations observed
at 12 months of age in Kaghani, Rambouillet
and their cross F; rams indicates that puberty
is attained around this age in these breeds. Lower
concentrations of thyroid hormones at the age
of one year when testosterone levels were elevated,
suggest that thyroid hormones do not play a role
in the sexual development of these breeds of
sheep. Controversial reports appear in the litcra-
ture regarding the involvement of thyroid hor-
mones in the reproductive development. Some
workers have found prepubertal and pubertal rises
in the bull and the buffalc male {Kahl et al,
1977; Agarwal et al., 1983). It has been hypothe-
sized that higher prepubertal thyroid hormones
may interact with rising levels of testosterone and

modulate the omnset of puoberty, possibly by
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potentiating the action of androgens. However,
Dunger et al. (1990), in a longitudinal study
about puberty in boys, did not observe any
relationship between thyroid hormones and the
process of puberty. We, too, in the present in-
vestigation, neither observed any pubertal elevation
in thyroid sectetion nor auny relationship between
thyroid hormones and the testosterone concen-
trations at other ages. The later finding may be
indirectly supported by the fact that androgens
have a nepative effect on the synthesis of thyroid
binding globulins (Dowling et al., 1956; Federman
et al., 1958).

Taken togather the present data indicate that
as observed in several species, thyroid secretory
activity is maximum around birth in Kaghani
and Rambouillet sheep and their F; cross animals
but show no evidence of the involvement of
thyroid hormones in the pubertal processes.

titerature Cited

Agarwal, V. K., S. P. Agarwal, N. Singh, and P. K.
Dwaraknath. 1983, Levels of scrum thyroid hor-
mone in relation to age and sexual development
of cross bred bull. Indian J. Anim. Sci. 53
1063-1065.

Ahmed, N., M. Shahab, 8. Khurshid and M. Arslan.
1989, Pubertal development in the male buffalo:
Longitudinal analysis of body growth, testicular
size and serum profiles of testosterone and oestra-
diol. Anim. Reprod. Sci. 19:161-170.

Anderson, R. R., M. H. Lu, J. P. Wippler and E. S.
Hilderbrand. 1973. Thyroid hormone secrction rate
in growing Jersey Cattle. J. Dairy Sci. 56:1159-
1163.

Aowar-ul-lslam, A. M. Checema and S. H. M. Nagvi.
1988. Thyroxine at different phases of pregnancy
and tri-iodothyronine and thyroxine at different
ages in dwarf goat. Proc. 8th Pakistan Cong. Zool.
pp. 27-35.

Book, S. A. 1977. Age related changes in serum thyroxine
and '?l-Tri-iodothyronine resin sponge uptake in
the young dog. Lab. Anim. Sci. 27:646-650.

Cabello, G. and C. Wrutniak. 1986. Plasma frec and
tota] iodothyronine levels in the new born‘ lamb.
Reprod. Nutr. Develop. 26:1281-1288.

Davicco, M. I, E. Vigouroux and J. P. Barlet. 1980.
Relationship between  birth  weight and plasma
thyroxine, Tri-iodothyronine and iodide concentra-
tion in lambs. J. Develop. Physiol. 2:53-58.

Dowling, J. T., N. Freinkel and S. H. Ingbar. 1936.
Effect of Diethyalstilbestrol on binding of thyroxine
in the serum. J. Clin. Endocrinol. Metab. 16:

1419,
Dunger, B. D, ). Perkin, T. P. Jowett, P. R. Edward,




AHMAD ET AL.

L. Cox, M. A. Precce and R. P. Ekins. 1990. A
longitudinal study of total and free thyroid hor-
mones and thyroid binding globulin during puberty.
J. Endocr. 124: (Suppl.).

Dwaraknath, P. K., V. K. Agarwal, N. K. Dixit and
S. P. Agarwal, 1982. Hormonal profile in Buffalo
bulls. Paper presented to the thyroid Research
co-ordination meeting on the “use of nuclear tech-
nique to improve domestic buffalo production
in Asia” Serdang, Malaysia, Aprl 19 to 23,
1982.

Erenberg, A., M. L. Rhodes, M. M. Weinstein and
R. L. Kennedy. 1979, The cffect of foetal thyroid-
ectomy on ovine foetal lung maturation. Peadiatric
Research 13:230-235.

Federman, D. D., J. Robbins and J. E. Rall. 1958.
Effects of mcthyl testosteronc on thyroid function,
thyroxine metabolism and thyroxine binding protein.
J. Clin. Invest. 37:1024.

Fisher, D. A., T. H. Oddie and J. C. Burroughs. 1962,
Thyroidal radio-iedide uptake rate measurement
in infants. Amer. J. Dis. Child. 103.

Fisher, D. A., ). H. Dassault, J. Sack and 1. J. Chopra.
1977. Ontogensis of Hypothalamic-pituitary thyroid
function and metabolism in man, sheep and rat.
Rec. Progr. Horm. Res. 33:59-116.

Flamboe, E. E. and E. P. Reineke. 1959. Estimation
of thyroid secretion rate in dairy goats and mea-
surement of ¥ uptake and release with regard to
age, pregnancy, Lactation and season of the year.
J. Anim. Sci. 18:1135.

Gregerman, R. L. and E. L. Bierman. 1981. Aging and
hormones. In: Williams, R. H. (ed). Text book
of Endocrinology. W. B. Saunders Company,
Philadclphia, pp. 1155-1198.

Kahl, S., T. R. Wrean and 3. Bitman. 1977. Plasma
Tri-iodothyronine and thyroxine in young growing
calves. J. Endocr. 73:397-398.

Lewis, R. C. and N. P. Ralston. 1953. Changes in the
plasma levels of protein bound iodine in the young
calves. J. Dairy Sci. 36:363-367.

Lincoln, G. A., O. F. X. Almedia, H. Klandorf and
R. A. Cuningham. 1982. Hourly fluctuations in

the blood levels of Melatonin, Prolactin, Luteiniz
ing hormene, Follicle stimulating hormone, Test-
osterone, Tri-iodothyronine, Thyroxine and Cortisol
in rams under artificial photoperiods and the effects
of cranial sympathectomy. J. Endocr. 92:237-250.

Moog, F. 1979. Endocrine influences on the functional
differentiation of the small intestine. J. Anim. Sci.
49:239-249.

Nathanielsz, P. W. 1969. Plasma thyroxine levels in
the young lamb from birth to 61 days. J. Endocr.
45:475-476.

Nathanielsz, P. W., R. 8. Comiine, M. Silver, and A.
L. Thomas. 1973. Thyroid function in the foetal
Jamb during the last third of gestation. J. Endo-
cr. 58:535-546.

Nazki, A. R., S. P. S. Singha, S. P. S. Sodhi and P.
5. S. Rattan. 1986. Effect of seasonal environments
on the adrenal cortical and thyroidal hormones
of sheep. Indian J. Anim. Sci. 56:327-330.

Niswender, G. D., T. M. Nett and A. M. Akbar. 1974.
The Hormones of reproduction. In: Hafiz,
E.S.E. (¢d). Reproduction in Farm Animals. Lea
and Febiger, Philadelphia. pp. 64.

Nowak, G. 1983. Free thyroid hormone level during
the post natal period in the pig. Bio. Neo. 43
164-171.

Sharma, 1. J., §. P. Agarwal, V. K. Agarwal and P.
K. Dwaraknath. 1985. Serum thyroid hormone level
in male buffalo calves as related 1o age and scxual
development. Theriogenology. 22:175-186.

Steel, R. J. D. and J. H. Tormie. 1960. Principles and
Procedutes of Statistics with special reference to
the Biological Sciences. McGraw Hill Book Com-
pany, New York, pp. 107-109.

Wallace, A. L. C. 1979. Variation in plasma thyroxine
concentration throughout one ycar in penned sheep
on uniform feed intake. Aust. J. Biol. Sci. 32:
371-374.

Wrutniak, C. G. Cabello, J. Carier, J. P. Dulor, M.
Blunchard and B. Barenton. 1987. Effects of TRH
and GRF administraction on GH, TSH, T, and
T, secretion in the lamb. Reprod. Nutr. Develop.
27:501-510.




