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CHAPTER I

INTRODUCTION



IdluODdCIlOk

£be fc y r o id  i s  a a  x u p o r im t  en docrin e  g lan d  whien. 

p la y  a  a  p iv o t a l  r o l e  in  m a in ta in in g  th e  a o io a l  g r o jth  

an a  rep touuO tion  o£ tne a a x a a l *  The g lan d  i s  oniuue a s  

i t  c o n ta in s  70 to  00 p a r  cen t ©1 tu e  t o t a l  body «o d lu o  

i n  i t a  p rodu ct v h y rex m a* I t  n as oeen w e ll e s ta d lx a h e d  

t h a t  io u in e  ana tn y ro id  fu n ction s, a r e  c lo s e ly  r e l a t e d  

and in^c d e fic ie n c y  o f  tb io  elem ent co u ld  caosje d i f f e r e n t  

t a y r o id  d lsu rd o r o *

Ihe exiotenoo of endemic goitre in man and animals
aue to absolute or relative deficiency of iodine naa been 
recognised since long* Kelly and bne&den (1960) while 
documenting the geographical distribution of endemic 
goitre in Asia have demarcated certain regions in India 
as endemic &Qnes of goitre and this included tne cootal 
area in Kerala* It is known that oadesioity of goitre 
parallels iodine deficient soil zones and it is also 
known trnc tud iodine content of tne soil varies wita the 
ij&ography of the laxk. anu climatic conditiona, In heavy 
r a m  fall regions lake Her Ha loeo of iodine due to 
leaching of surface soil is bound to happen* I’urtlior, 
tue modern practice of adding synthetic m U o  general



fertilizers containing no iodine is likely to cause 
iodine deficient soil* Besides this* the role of 
goitrogenic substances* widely distributed in nature, 
cannot also be overlooked in precipitating a hypothyroid 
state in man and animals* ^loreiore, it ia justifiable 
to suroiee that iodine deficiency does exist in Kerala, 
although no authentic reports have appeared on this 
subject*

Goitre, as a clinical syndrome in goats, baa been 
recognised in certain parts of India as early as 19 3 5* 
However, information on thyroid pathology ia domestic 
animals in India is still very meagre and the basic 
mechanisms involved in the biological effects of hypo­
thyroidism still remain to be elucidated* Sreekumaran 
(1976) while studying the pathological features of 
experimentally induced clinical hypothyroidism ia kids 
indicated that the reproductive organs were also affected 
in hypothyroid state* However, he did not make an 
in-depth study on tfca reproductive pathology ia experi­
mental hypothyroidism* A sub-olinioal hypothyroid state 
oaa perforce cause subtle degenerative changes in the 
reproductive organs and this oould be an important factor 
loading to subfertility and infertility in livestock*

2



i’ner© has not been any reported lnveuti£p-tion in this 
direction partaculurl^ from tnio country* 'inerciore, 
tx ere so need to sake a detailed, invecii/ ation or* tula 
prooiea to delineate ti.e influence of auD-olinxcaJ nypo- 
tigroid state on taowti a*U reproduction, heoocjiition 
ol tne existence oi aufc-clinionl nypotnyioxd. state in tne 
aiil_j.nl pen illation causing lowereu production, _ucicased 
cuaceptaujJJLty to infection aw eabfertilaty is of 
paramou.it juwortunee tor adopting ©oitatl© preventive 
measures to reduce reproductive disorders and losoea due 
to lowered production and mortality an aninal Industry. 

oi tuer, ovmeo have been pointed out as a cood experi­
mental model to study human nypothyroid state since the 
reoponoc m  tuis species in hypo thyroid state closely 
parallels tn© human (noy et al. 1964).

Against this oac&ground an experimental model of 
controlled hyp©tmyroM state was induoec in goats, using 
difierent dose regimes of tluourea with the objective of 
studying tne ae^ -once os pay si© pathological changes in 
diiaerest stages of hypo thyroid state witn special 
reference to its influence on repioduetxon. Xiie results 
ootaxnea L~ve oeen documented ana discussed.

3



CHAPTER H

REVIEW OF LITERATURE



BmCU OF &CSE8AHJBE

2*1* Historical resume

the n&m "thyroid" for the gland was first suecented 
fey Wharton (1656) though tna disease® of the thyroid were
recognised by the Ghiaose source as early as tue second 
millesiuffl 8*0* Hing (1826) recognised thyroid as m  organ 
ei internal secretion* Shm relationship between the 
thyroid an,, various body functions vao studied by ©xpori- 
mental thyroidectomy (hooper, 1836)* Jocher (1883) 
observed develcjmoat of myxoeaema like syndrome following 
thyroidectomy* Sauaaan (1696) demonstrated the presence 
o£ considerable quantities of the clement loaine in the 
thyroid and its association with vnyroid function* Hi© work 
of Kendall (1915) load to the isolation, ooaraeterieatiou and 
finally synthesis of tayioxine from toe thyroid gland*
Saxth and 4aith (1922) first demonstrated that the tnyroiu 
activity was regulated by tne pituitary boxutou®* Oheuiioal 
structure of thyroxin© was identified by Bariugtcm and 
Berger (192?)* timbal (193?) noted, the aouooration of 
hypothyroidism and endemic goitre* tiois and Fitt-Livsr® 
(1952) Identified fehiioaothyroxine (2^) in  plasma* inyro- 
globulin was oioeced as a glyooproteir and moot cf the



carbohydrate m s  found accounted by glucosamine and 
sannose OSottsohalk and A&a, 1954)# Sail ®t al* (1964) 
discussed the chemical characteristics of purified 
thyrogLota&iiw

2*2# Thyroid pituitary relationship
The first observation that pointed out uae relation­

ship between the thyroid and pituitary was made by biopoe
in 1851# Subsequently, experimental removal of the6
thyroid stowed hypertrophy of the pittijfcary and atrophy 
of the thyroid after removal of the pituitary* These 
studies indicated that the pituitary and the thyroid were 
related (Bdgowltsoh, 1889)* The activity o*. the tuyroid 
gland was found to be controlled by the thyroid stimulating 
hormone (TSK) secreted by the basophil cells of the 
anterior pituitary (Smelser, 1S44 and Adams, 1946)* Adame 
(1950) and McKenzie (1950) discovered thyroid stimulating 
factor (TSP) in serum* its action oa thyroid was long 
standirg and it disappeared from the blood slower than 
the thyroid releasing factor (ThP), The iodine level in 
the blood and thyroid also affected the control mechanism* 
2£»a wae not essential for secretion of hormone but was 
essential as a stimulating factor (Purvee, 1964)# The

5



secretion of XoH Ly tne pituitary was dependent upon the 
level of unbound free iodine in the olood (biioon etr al* 
1368)* Certain regions in the hypothalamus end pituitary 
responded to increased thyroaJLne level by decreasing ioh 
release, Leleuse of 1Y>F was also influenced by 'lid1 
produced la the hypotiialaauo and it stimulated pituitary 
to release a bn wnen on© level of free thyroxin ) was 
low (lanehQ, 1970)* IV B was found to have a number of 
effects on tno thyroid gland* hue to the action of 
the gland inereaooa in else* tne hoxght of the lollioular 
epithelial cello was increased and there was lose of 
colloid (Keneko, 1970), fat; hormone stimulated the 
accumulation oi iodide, ita organification and release of 
thyroxine (Jubb and Kennedy, 1370). 2h© response of the
tnyroid to ‘1MI was aloo inilaenced by Uie level of stable 
iodine intake* la en  the level of stable iodine intake 
was low tkeie was an increase in the nuauer ana. aise of 
tne cells and in the uptake and release of loalno and 
tneae changes were attributed to the increased level of 
IJu in circulation. Iodine was also reported to enounce 
the hydrolysis of tiiyroglobulin, liberated from the gland 
( Jubb and kenned/, 1370). he^cal et al* (1979) reoor&ed 
maximum increase in the pituitary weight after thyroid-

6



ectomy in rate, increase in oath pitutary JUflA content 
and total pituitary cell nm bor wa© observed in tnyroiu- 
ectoolsed rata wish cojiiaroci to euthyroid anioalo.

2,3* inyroid Loxmoa© e^ntaeeis

Iodine entering the gland was rapidly incorporated 
into the colloid of tnyrogiobulin vhion was the initial 
substrate for tae lodinatioa process, The xodinated 
tLyroglabulm witnia th© colloid oi thyroid follicle 
represented the stored boraone# JitiJLn the tiiyroid gland* 
tne active pretense cleaved tiie rodlnafced aaiao acid from 
t^yroglobnlin (Be liobertle, 1941)* All tie ones tixuji, 
contained iodine, 25 to  35r oi the total ingested iodine 
was concentrated in tl~e thyioid gland (hi^cn, 1992) • 
dlosa and tfodinei-iy (1959) indicated that tiie tayro- 

globulin wao foroed in the colloid ratner tinn in  ta© 
epitaeiial celro ox dhe ttiyroxd, inyrcglQbuXxn vue found 
to i*ave a aoieoular weight of about 6,60,000 (OdolLccn, 
19t>0), flie tbyroglouuLin wae identified to be a poly- 
peptiae, made up of about 6650 aalno acid resiaueo, oi 
Wi-ich about 125 were tyrosyl units (b&elhock and ‘tall, 
19^4;* hush (1969) reported taut 3^ forns were in  greater 
proportion in the tonal horacne, xue <:ono and di-iodo-

7



tyrosine were coupled for the synthesis of tri-iodo- 
thyronine (Tj) and thyroxine (f^). Three major steps 
were described in the synthesis of thyroxine, The first 
step was the concentration o£ iodide by the gland fron 
the blood; this iodide was enzymatically oxidised to 
iodine. Tnm it combined with the protein, thyroglobulin 
and thus synthesis of thyroxine was initiated (itoag* 1971 )•

2.4. 3?emotions of thyroid hormone

The primary function of the thyroid hormone was 
considered as regulation of cellular oxidation and 
stimulation of oxygen consumption for normal growth and 
development (B ark e r , 1951). The thyroid hormone regulated 
the rate of energy turnover in vital organa and this 
helped in maintaining basal metabolic rate of the body*
It exerted influence on the development of hair and 
pigmentation in animals (Berman* 1960). In conjugation 
with other hormones it exerted a control* by its action at 
the cellular level, over growth and development of young 
animal, temperature regulation* intermediary metabolism 
and reproduction (Bush* 1969). There was a close link 
between the catecholamines and peripheral effects of 
thyroid hormone (dubb and Kennedy* 1970). Thyroxine

a



exerted maximum growth rate in the presence of growth 
hormone# In the absents# of thyroid hormone the effect 
of growth hormone was greatly reduced# It wae also 
involved in the production of ribonucleio acid, mito­
chondrial activity and cytoplasmic protein synthesis# 
Barker (1971) reported that thyroxine was essential for 
foil translation of genetic message into the ribonucleic 
aoid and riboscmal synthesis of protein. In addition, 
many metabolic processes were accelerated su3h as protein 
break down, carbohydrate and lipid turnover and calcium 
metabolism# Nervous functions at all levels were influ­
enced fey the thyroid# Scohunge of water and salts between 
the cell and body fluid®, spontaneous electrical activity, 
threshold of sensitivity to variety of stimuli, and reflex 
time motor behaviour were all influenced toy the thyroid 
(Gortoman and Bern, 1974)# Anderson and Harness (1975) 
observed that for every unit increase in body weight there 
was a 69 unit increase ia the thyroid hormone secretion 
rate# louvet et g^# (1979) pointed out that hypofunction 
of the thyroid, evidenced toy low 2^ and 5?̂  caused 
anovulation end sterility.

2#5# Ehyroid pathology 

She thyroid gland is proas to variety of diseases
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other than hypo and hyper activity. Tor several reasons 
the g la m  gets enlarged and show a large spectrum of gross 
and microscopical patnological changes,

thyroid diseases capable of producing clinical signs 
were classified as (£u»hf 1963)*

1. Goitre
2. Hypothyroidism
3m hyperthyroidism
4. Sbyroiditlo, and
5. $hyroid neoplasia

2.5*1. Goitre

Oohrs (1966) described Goitre as a non-infXasHsatory* 
aon-aaligaant enlargement of the thyroid gland and classi­
fied goitre on the Oasis of the morphology as *

1# Atoxic goitre s included most sporadic forms 
2. Goitre with functional changes
a) At^roid or hypothyroid goitre
b) Syperthyroid goitre (farenchymatoua)

IShneko (1970) recognised two types of goitre on the 
basis of functional activity.

1. Kba toxic goitre t Bra d ue ed normal amount of
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corcion© (airhole goitre) or leso toan noraul 
amount of kornom (nypothyroid)

2* Xoxic goj tre a Ojaaractorioed by excessive 
production of ncjiaom  (hyporzuyroid)

On aorp-iologieol CLiSxo goitre was claosi fieo iauo 
four patterns (uaitii et a^. 19?2)*

1* Colloid goitre
2* nyperplaotic goitre (£arenoftyo>atous)
3* nodular goitre 
4* Sxop^iialsie goitre

2*3#1*1* Knflyaic goitre

Goitre da© to iodine deficiency %qd reported in xxeh 
(ilannc and Lenliurt* 1310)* fue early o^g.icai studies 
of HoCarrison on tlio iodide content of ooii oad water 
provided a© evxoenoe to sarrort ta® iodine <JC4 xcie»icy 
aypctuooie (KedarrvGon et al* 1927i* btott ®t al. (1930-31) 
pointed out tho noooei^txon oetVvean nigh goitre ratea and 
tne doliuitxc iiao in India* In® work of MbCarvleon (1y33i 
drew attention not only to the extent of niaalayaa endemic 
goitre but also to tne Cause and reaotio i oi the tnjroid 
to various noxious influences - nufr*.tioxlt toxic or 
xzueotxv©# HcCarriaon (1933) introduced the concept of
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goitre "Soxa" ana thought in terms of "life line” of tbs 
thyroid gland#

She co-existence of ondesaio goitre and cretinism was 
recognised in the aid 16th century and a concrete descri­
ption of cretinism is Switzerland was made in the early 
t?tc century# An absolute or relative deficiency of iodine 
was found mainly responsible for endemic goitre# Stott 
et ai,* (1931) concluded that drinking of hard water cont­
aining excessive amount oi calcium was of etiological 
importance in Himalayan endemic zone# f&Ls supported the 
belief that calcium may toe a goitrogenic factor# Levine 
et cl# (1935) reported that the element iodine and inorganic 
iodine themselves* in large doses have goitrogenic proper** 
ties# Wilson (1941) suggested that excessive intake of 
flurlne migat be a causative factor in Punjab* where he 
found a close association between the incidence of endemic 
goitre and flurosis# Hurray §& al# (194o) indie jted that 
there is a relationship between the distribution of goitre 
and calcium concentration oi drinking water in England# 
Several antitnyroid substances nave been isolated from 
plants and fodders responsible for endemic goitre# Greer 
(1950) made a comprehensive review of substances which have 
been reported goitrogenic to experimental animals
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and diseased their importance*

Gtanbury £& al* (1954) studied on the metabolism of 
iodine la endemic goitre cases ia western Argentina, 
employing radioactive ioaine and indies, ted that look of 
iodine la the diet was the most probable cause* Further, 
the work of Btaobury ©£, §1,, (1954) threw light on the 
mechanism of adaptation of man to iodine deficiency* She 
mountain slopes of himalayas* Alps, lyreaees, and Andes 
have been the world’s most notorious foci for endemic 
goitre (Kelly and Snedden, 1960), In the Indian subconti­
nent, the northern frontiers extending from Kashmir in the 
west to Bengal and Assam in the Bast formed the extensive 
Himalayan goitre belt (Hamalingaawatai, e& gj, * 1961)*

In addition to these factor® genetic constitution 
was suggested to play a role especially in regions where 
endemic goitre existed for generations (itoche and Idssitzky, 
1960)* Cold climate was reported to inlluenoc the preva­
lence of endemic goitre in regions of borderline iodine 
supply as a result of increased denando for thyroid 
hormone (Scrimshaw, 1964)* SuzutdL gt, al* (1965) reported 
endemic goitre in Japan due to exceBSive iodine intake.
She geographical distribution of this condition has bean 
well studied* On the basis of the nature of occurrence
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of the disease* tae tenas endeaic and sporadic atoxic 
goitre have been used. An endemic goitre area was defined 
as one ia which more than iQ/j of the population showed 
clinical signs of thyroid enlargement iiSautras* 1971)* 
Salik and Zavadsky (1976) recorded mass outbreak of 
goitre in brooding rose In an endemic goitre area. Tne 
thyroid glands were enlarged and diffuse colloid goitre 
was evident histologically, The goitre regressed after 
the administration of iodine preparations. Walton and 
dusphrey (1979) diagnosed congenital goitre as a cause 
for premature and stillbirth in ewea in an area of high 
altitude and high rainfall in ffev Guinea.

2.5*1.2* Colloid goitre

Colloid goitre waa considered as an involutionary
phase of hyperplastic goitre (lollis* 1959). 2h« gland
was unable to rev urn to its normal else* when the demand 
of tissue for thyroxine wao net or increased ia also due 
to the accumulation of colloid ia quantities comnonsorate 
with the increase in thyroid epithelium. Xu H i d e s  were 
packed witn colloid* and there was greater variation ia 
tmeir sis© and mme times vbey coalesced to fom cysts.
All follicle© were filled with deeply staining colloid,
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(Jubb and Kennedy* 1570)* She follicular epithelium 
reoQised taller than normal and much or the increased 
vascularity persisted C^ileon* 1975)*

2*5*1#3* Barenchvaatous goitre

According to Jubb and Kennedy (1970) the morpho­
logical indication of increased stimulation of the thyroid 
gland by the thyroid stimulating hormone was hyperplasia 
of the thyroid epithelium* In t M s  condition, the vaecur 
larifcy of the glmnd was greatly increased as also the 
total volume of tne gland which sometime became enormous* 
Tne follicular lumim wore smaller and many disappeared 
and the colloid was reduced in amount with variable stain­
ing aifinity or wag completely absent* An early and 
characteristic algn of stimulation was the appearance of 
vacuoles around the periphery of the colloid or peripheral 
©oalooping (Wilson, 1975)*

2*5.1*4* nodular goitre

according to oilth et S&* (1972) this type was 
frequent in old animals* They described well defined 
nodules in one or both thyroid lobes* Ifceoe nodules were 
clearly demarcated from the rest of the thyroid tissue 
and the histological appearance of the nodular goitre
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usually varied froo, nodule to nodule* Hany follicles 
vers greatly distended with colloid* While others were 
small and devoid of colloid* In the simplest fora, the 
epithelial cells wore inactive and colloid was deeply 
stained* In some follicles the hyperplastic lining 
cells were tnrown into small papillary folds* Betro- 
gresalve changes were reported a» common in nodular 
goitre (Smith et al. 19?2)*

2*6* hypothyroidism

Ruminant hypotbyroi&iaa mainly occurs in arose of 
endemic goitre region 0 ‘o jar, 1951). Jubo and Kennedy 
(1970) reported that in domestic animals hypo fabyroidlan. 
was generally caused by congenital goitre and was encount­
ered m  the new born* Goats were ooaeidered particularly 
susceptible to bofeh develOfQ^nt of congenital goitre and 
associated effects oi hyx etayrotdigs, (Mason and Uilfcinson, 
1975)* ikey classified hypothyroidiaa i«xo tho following 
categories. 2ne last five categories were associated witih 
thyroid gland enlargement*

1, Jriaary hypotcyroidiaa due to lacs of ±unctioni£« 
thyroid*

2* &ccon«ary nypothyroidicm duo to pituitary 
insufficiency.
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3m %pothyroidis& dug to extreme degree of iodine 
deficiency*

4 * Hypotnyroidiam due to goitrogea
5* Hypothyroidism due to dyehormomgenesis
6. Bypotbyroidiaa due to auto immune thyroiditis
7* Hypothyroidism due to neoplasia*

hypothyroidism was more severe in young growing 
animals and it caused interference with overall develop­
ment than in mature adulte (Ferguson et §1* 1956)* 
Calderbank (1958) reported cases of Infertility associated 
with iodine deficiency* A close association between the 
tnyroid and gonadal functions and the lose of libido in 
males and suboestrum in females was reported (Calderbank* 
1965)* %llach (1965) pointed out that hypothyroidism was 
generally characterised by lowered body temperature, 
increased sensitivity to low environmental temperature and 
retardation of growth# In hypothyroid domestic animals 
the gestation was significantly prolonged* Hew born goats 
showed myxoedema, alopecia and high mortality rate (Jubb 
and Kennedy, 1970). Underrood (1971) indicated that 
reproductive failure was a common feature of iodine 
deficiency* Ine essential feature of nypothyroid!ea wae 
an abnormally low basal metabolie rate* leterdation of 
growth with regard to stature and sexual development was
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a common finding ia iha young# Elevated choleeterol 
level ia the blood eerurn was usual (Smith fit al# 1972), 
Wilson (1975) summarised the effects of hypothyroidism 
xa ruminants* friey were

1# Attention of place mbs
2# Infertility
5* lowered silk production
4 * lowered resistance to infection
5* Increased susceptibility to ketoals and
6 * late abortion* still birth and weak off springs

In goats Sree^umras (1976) observed increased eerua 
cholesterol and protein levels and decreased protein bound 
iodine in experimental hypothyroidism ia goats#

2 *6 *1 * Hypothyroidism due to iodine defioiemv

iho main cause of simple hypothyroidism was iodine 
deficiency in the environment (Southoott* 1945)* 
Goldschmidt (1954) surveyed the factors influencing the 
iodine content of the soil# Xfce iodine requirements were 
also influenced by the composition of diet as a whole 
(Scott fit £&• 1961)# Colder bank (1 9 6 5) suggested that 
although noil is the source for iodine for both water 
and crops* there may be little or no correlation between
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the iodine content of the soil and pasture growing on 
it* Soil in the neighbourhood of the sea are not alw&y* 
richer in iodine inan those ia lands but was dependent 
upon the prevailing wind* the aaount of precipitation and 
the nature and reaction of the soil. The geographic and 
climatic history o£ the land determined the distribution 
of iodine in soil and water mprlied to cone extent* i'ne 
effect of heavy rain was also a determining factor 
(Seriisohav, 1964)* SELoJdaJLna (1970) stated tnat so a® micro­
element© may also influence the availability cf iodine*
High protein Intake was found to interfere with utili­
sation of iodine (Kilson* 1975). l&lton and Humphrey (1979) 
reported that the iodine deficiency ia soil ia the high 
lands of £apuaf Hew Guinea was due to high annual rainfall 
leaching the iodine from the soil*

2 .6 .2 . nypQthvroiaiam_due to nitrogens

Sreseaoe of goitrogens in the feed stuffs was described 
as another important cause for hypothyroidism in animals* 
Many plants and forage® have been known to contain goitro- 
gens* Colder bank (1 9 6 3) decor abed two main types of 
goitrogene* A tLiooyaate type which inhibited thyroidal 
uptake of iodine and this blooking effect was overcome by
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olsiulataaeous udaioistratiaa of Iodine, k thiourecll 
type which interfered vith the organic binding 01 the 
iodine in the thyroid and thus ©ifset was reversed by 
the admiBiatx'atjL n oi thyroxine. Ihlcoyanate was about 
25 tiroes wore potent than nitrate ia inhibiting thyroid 
iunction (Greer *$, al. 1961)* 'ftie goitrogeca like t«*e 
tbiooyanate were described as anionic goitre gona and 
those IJk* tbiouracil were designated as organic goitre- 
c&m (Gatt* 1970)*

2.G.2.1. Natural foicroceoB

Cnesney e& eg,. (192b) obaerveu development of goitre 
in raboits fed on cabbage diet* ikey detected the pre­
sence of goltrogcm in the oabtage* baarpiess erfc o^* (1939) 
demonstrated the goitrogenic action of boyaeean floor meal 
in rata by prvduoing eiiXa ‘gad thyroid oy feeding m yabem  

flour. JEteanaly Purvee (1941) produced goitre in rat* 
fed Prassiou uoeda. 1-e 4c^ \us tf t-*e gi^uue were found 
to be increased by 300 tnoc ond Logically toey 
observed hyperplasia of tie thyroid glands* j£xaulnation of 
pituitary showed a rapid inoreaoe in uie haeonrt&l cells and 
thiL wao associated i.ita hyalimaatiou end vaeuolation and 
formatiou oi ’ai^aet ring* cells, There was also sJjaul- 
tanecuo xouo of aeinoiLil colls m  the rata treated with
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Brassiea seed diet (Griesbaehf ̂ 1941)• Sapid proliferative 
changes occurred, is the second and third week after treat­
ment# All tne halogens, if present in ©iicesu were capable of 
displacing iodine and caused iodine deficiency. Husri&e 
was reported os one of the factors responsible for goitre 
in fun^ab (Wilson, 1941). Sharpies© and Metzger (1941) 
snowed that arsenic at 0.02 level in the diet In ram  
caused decrease in growth, increase in thyroid weight and 
decrease in iodine concentration of the thyroid gland. 
Astwood et a£,* (1945) found in the seed© of cochlearia 
and Coariagfa. orientalia presence of 5,5*dimethyl-2-tcio- 
oxazolidone, a goitrogenic substance. Astwood fit gl. (1949) 
Isolated a goitrogen ^-5-vinayl-2-thiooxazolidon® (goitrin) 
from rutabagas and turnips. A marked decrease in folli­
cular colloid and decrease of follicular epithelium were 
observed in easep and goats fed cauliflower leaves (apical 
and Grav&glia, 1954)# Sutler et â .. (1957) observed a 
decrease in total iodine content of thyroid and also 
Inhibition of the conversion of inorganic iodine to orga­
nically bound iodine in sheep fed white clover* Sinclair 
and Andrews (1950) noted that a veavy diet of kale to 
pregnant ewen caused high incidence of goitre and hypo­
thyroidism in new bora lambs. Setcholl gt al« (196O)
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reported the g o i t r o g e n ic  aotion of perennial grass*
L

Greer and Whallon (1961) derived 5-phenyl-2-thiooxaEolidon 
from the seeds of Barbama vulgaris and from the seeds* 
loaves* stems and roots of Jfoesedga luteola by onsyuio 
itydrolyolo* Tnis compound, snd the 5-phenyl and 4-phenyl-2 
analogous were demonstrated to have entitnyroid activity* 
Greer (1962) reported t^at galbzin ma present ae an 
inactive thicglyeoeide* progoitrin and it was released togr 
the action of ©nsyme ayrceims© contained in the planus*
A high ireidenee of goitre was observed in new horn lamb® 
of ©wee and ©heap grassing on pasture dominated by vhite- 
clovor (Georg© o|, gl,* 1966)* Ihyroid gland© were heavier 
than aoriml and showed severe byporpiasia of tho lining 
epithelial cells of the follicle© and complete abaonee of 
colloid In lambs wiueh had erased rap© (Hussel, 196?)*
Simple goitre and bycothyroidlaa were observed in ruminants 
when fed jSrnaeica rseOo cad Krnsaels sprints (iHood and 
aendersoa* 1960)# A&iba and M&tsuaboto (197?) oo&erved 
2-5 times enlargement of the thyroids in chiekn fed 
rapese°d meal 0capered tc the controls and tsey demonstrated 
that goitrin in rape-oeed inhibited biosynthesis and 
release of thyroid homone from the gland*
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2*6*2.2* Chemical /toi&ropena

Goitrogenic emeaicolo ilte tniourea and allied 
compounds ^ave been frequently employed as experimental 
gox tro^eno in aaimalo to ouproaa thyroid activity,

n2n

0 ® b Xhiourea
b2m

a diocrete chemical tnat produced goitre was firat 
reported by barter ||a^, (1941) who found that treatment 
of *sy per tension with thiocyinte eooe times produced 
goitre and hyr>othyroidee} in man. £&c Kcnzie and Mao tenzxe 
(1941) found that goitre in the rat resulted from sulpha** 
guanidine adainxstration* Kennedy (1942) observed enlarged 
tnyroids in rata treated vifcn thiourea. M g glands were 
three txeoo heavier toon normal and almost completely 
devoid of colloid* ritui tary snowed an increase xn buoophxl 
cells and loss of acidophil cells. A dec*case in adrenal 
size among rats fed thiouracil was reported (hauaann and 
Marine, 1945). Jones et ol. (1946) observed reaorpnxon 
of xootus xn rats fed feniouracil. they indicated that 
thyroid hormone was necessary for full utilization of 
oestrogen or progesterone, Jones (1946) observed
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hypertrophy of the thyroid Gland* congestion o f veoc cle 
and depiction of colloid in rata treated alth repeated 
dosos o f 1000 me/kg body weight oi’ tniouroa* Involution 
of u.i© adrenal cortex occurred in rat© treated with 
thiouraell (Sorrow and Eloaey* 1943)* She Involution of 
tiie adrenal cortex after tMouracil traataont waa both 
isorpaological and JiysxologicaL in nature* sellers and 
Ferguson (19491 observed exopthalaoa in rats treated with 
thiouraeil*

£ "Angelo £fc, al* (1951) reported thyroid hyperplasia 
in guinea pigs treated with proIthiouracii* histo­
logical chsngeo wore tMiforsly evident after 15 to 16 da^e 
treataent and were o.joracterised by increased vascularity 
and increase ia the heigufe of the acinar epithelial oollo. 
Oolloid resorption vao a constant feature* iiie aioro- 
seepxe changes in prolonged dosing with propylthiouracil 
were colloid resorption sad nigh vascularity, In© 
follicular epithelial cells asouoed cord like foraatie a* 
hall (1952) reported reduction in serisa caicxm level in  

raao dooed with iliiouracil. Swanson and Loutman (1953) 
observed eynptoas of hypotnyroidisa in two ^oung and on© 
old daily bulls aft or troatmem with thiouracil* She 
weight of the thyroid gland In the treated aaiutuls wer©
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twice the weight of the corral* Histologically the 
follicles were filled with colloid and lined fey low 
ouboidal epithelial cells# i-rolonged administration 
of thio uracil to rate resulted in maorosQopical and 
microscopical changes simlilatiiMI the late fibro- 
lymphoid stage of struma fibrosa (Clausen, 1954)*
Bareness §£,* (1954) recorded the effects of oral 
administration of thiouracil on the collagen content of 
thyroid of rats* Increased weight and collagen content 
of the thyroid gland wore noticed during the treatment#

Goldberg al * (1957) observed in propylthiouracil 
treated rats enlarged thyroid gland© with tall columnar 
cells, anaereu© raitoix© figures, scanty colloid, papi­
llary infolding© and increased vascularity* In the 
pituitary hyperplasia and hypertrophy of beta cells with 
a olisraoteristic granularity and vaeuolaifen and complete 
absence of granulated alpha ceUs were observed* 
lasoelles and betohell (1959) administered methylthiourabil 
at the does rate of 0.5, 1*5 and 4*5 g daily to six Merino 
sheep after conception# She offsprings had goitre and 
retardation of ossification centres# A reduction in 
protein bound iodine and inereaoe in cholesterol value 
were reported* In hamster, colloid goitre was produced
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by thiouraoil ©d&fnisiratios (^ollis* 1959)* Extensive 
tayroid hyperplasia md  loss of colloid accompanied by 
an increase ia vascularity were noticed la the first 
week after thiouraoil administration. thiourea
was removed from the diet* the follicles got filled up 
with colloid and the epithelial cells became flatienedf 
but some had residual epithelial springs projecting into 
tne colloid when compared to the normal* hoot ©X the 
follicles were large in else* McCarthy e& al # (1959) 
reported adrenal atrophy among rats fed goitrogens* 
•anlooraoil and tapsole* la addition to the changes in 
the adrenal among thiouraoil fed rate* Lazo-whs eia (I960) 
observed tnyroid arid pituitary hypertrophy with a con­
comitant reduction in the adrenocortiootrophie normon* 
(AC1H) level.

Mayberry and Astwood (1961) described the mode of 
action of thiourea and related compounds to inhibit the 
formation of iodothyroxine and their coupling to form 
iodothyronine* fhey were found to diaimch The inorgam.0 
iodide content of thyroid and had a slight inhibitory 
effect on iodide pump (Danowaki, 1962).

Ifengia et a^. (1975) observed high blood levels of 
protein and cholesterol ia methimasole treated birds*
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Nangia and Sulati (1976) recorded retarded growth ia 
aethiaaaole induced bypotnyroid birds, Sreekmaran 
(1976) induced nypathyrcldisia in kids using thiourea, 
distolegioal picture was characterised by hypertrophy 
of tiie epitheli.ua la the thyroid gland* bypertropny and 
hyperplasia of the haeophiio cells in the pituitary and 
depletion of fat and focal areas of bae&orrhag© in the 
adrenal gland*

Prasad and Singh (19 7 9) reported decreased plasma 
protein bound iodine in  aethiaasole treated hypothyroid 
birds, heplace&enl therapy with teyrosim counteracted 
the effects of methi&azol©. Buratsla fit al* (1979) 
recorded considerable loso of weight in hypothyroidism 
in rata induced by propylthiouracil* n significant drop 
ia ike growth hormone level was described as the cause 
for th© weight loss* havidaon at al* (1979) demonstrated 
that doses of thiourea in rats inhibited in vivo protein 
bounu iodine formation*

2*6*3* fly ahonaaaogsneoi s

Falconer (1966) reported the occurrence of congenital 
goitre dm  to a inherited defect in the biosynthesis of 
thyroid hormone leading to increased production of thyroid
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stimulating hormone in sheep, ads caused hyperplasia of 
the thyroid gland, high suroa protean bound iodine con­
centration aud low hormonal iouiae were reported iioa 
these goitrous cuUnals tnsu the controls* She concen­
tration of thyroid stimulating hormone was also signifi­
cantly high in goitrous sheep, -nao et al. (1968) in their 
study on congenital goitre in Merino eneep observed enlarge­
ment of the thyroid glands in affected animals, ihe 
enlargement was 25 times more than the control* Ihere was 
significant increase in the cholesterol level ia affected 
sheep.
2*6*4. durf^oal thyroidectomy

Marston and Peirce (1952) recorded reduction in growth 
rate and metabolic rate ia thyroidectoaleed Merino sheep* 
Degranulation of acidophil cells after thyroidectomy was 
observed in rats (^eekwer gj. al.. 1935). bilberg and 
bilberg (1940) Indicated a delay in endochondral ossifi­
cation in thyroideotomieed immature guinea pigs. In rats, 
Contopoulos et gJL• (1958) reported that after thyroidectomy 
in rats tnere was atrophy of the pituitary and the plasma 
contained only decreased amount of eomatotrophic hormone 
and the anterior pituitary contained only decreased amounts 
of thyroid stimulating hormone, interstitial cell
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stimulating hormone and growth hormone* After thyroid­
ectomy the acidophil cells became sore granulated and 
there was concomitant laoreao© ia the number of ceils 
accompanied by enlargement end vaouolatlon of the cell 
cytoplasm* A significant decrease in the number of aoido- 
phil cells was observed in tfcyroidectostised rats (boloaon 
and Creep* 1959)* Yatvin gt aj.. (1964) noticed a aeorease 
in protein t deoxyribonucleic acid ratio ia thyrodectoaised 
rats* Belong (196?) reported an increase in plasm glo­
bulin and sedimentation of red cell© in tnyro-parathyroid- 
ectomieed Merino rams# in tbyroidectosaised goats there 
was reduction in phosphorus excretion into long bones and 
endogenous excretion of phosphorus* Inis was accompanied 
by hypophosphatemia (Symonds* 1969, 1970). Me Intoah et ejL, 
(1979) observed somatic changes like delayed oeeeoue 
development in the limbs and increase in the pituitary 
wei$it after foetal thyroidectomy* fhe thyroideotoaised 
lambs failed to survive for more than few hours after 
birth*

2*6*5# Badio thvrofdectooy

Goldberg and Ghaikoff (1990, 1991) produced an early 
state of hypothyroidism in rats by injecting various 
doses of in rate* fhey observed hypertrophy and
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hyperplasia of Urn basophil cello accompanied by degranu­
lation of the acidophils* A drop ia protein bound iodine 
from 6.7 to 0,8 ug f> was observed ia a Jersey bull after 
subcutaneous injection of carrier free 1 ^  (Lewis, 1956). 
Juyroid adenoma, fibroma, and fibrosarcoma were produced in 
sheep following daily administration of at different 
levels (Sustad ai gl. 1957)* iaterfollicular fibrosis, 
oedema and arterial damage were also reported (Marks et al. 
1957)* Batter e& a^. (1960) indicated papillary and folli­
cular carcinoma in rats by single infection of 1^*. % o u b  
(1968) reported damage of the tnyrold gland ^nd reduction 
in the rate of radio active iodine uptake by the thyroid 
and its release into blood plasma in goate on administrat­
ion of radio iodine. Cons Jst al* (1975) recorded higfr 
plasma toroid stimulating hormone level in radio thyroid- 
eetosiBed rats.

2*7* Sfcyroid statue and sole reproduction

Moibxusie and Berliner (1937) observed that in ram 
summer sterility was influenced by the thyroid, furoer 
and Cuppe (1940) noted reduced anterior pituitary gonado­
trophin content in thyroideotoiaised male rats. Similarly
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a reduction ia the gonadotrophic potoncj o£ the pituitary 
following thyroidectomy was reported amongst young nale 
goats (*<eineke fljLai.* 1941). -chultae and Davis (1946) 
observed increased conception rate* high spera motility 
ana greater resistance of epsrmtoaoa ia bulls fed 
iodinated casein.

Suaaraa and turner (1949) induced mild hypothyroidism 
ia birds by feeding 0.6$ thfouraoil. 'mere progrec&ive 
depression of the secretion of the interstitial cell s'tiaur 
latiag hormone (ICSil), without any effect on the secretion 
of the pituitary gonadotrophin and follicular stimulating 
iiorxjone (f'&H)* tiild hyperthyroidism on the othei nand had 
alight stiQuXatcry effect on tne secretion of Pah uad core 
pronounced effect on ICS&.

Hagsood (1952) observed that the thyroid gland had on 
important role in the maintenance of male fertility. In 
his study on the effect of thyroxine supplementation on 
the reproductive performance of mammals recorded pre­
cocious sexual development» increased sex libido and 
improvement in semen picture of a bull treated with thyro­
xine. nignett (1952) noted a decline in libido and deter­
ioration of semen quality in iodine deficient bull®.
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Mukhorjee et al# (1953) observed that tee effect 
of high ambient temperature on the semen quality of bucks 
could not be eliminated completely by feeding gamma thyro- 
protein daily# She apparent increase in the concentration 
of sperms was offset by decrease in the volume* Jovanovio 
et ai# (1953) reported decreased libido and high percentage 
of sterility in males associated with ensootie goitre*

lewis (1956) recorded a significant drop in the plaaaa 
protein bound iodine (PBI) level from 6#? ug $> to 0.0 ug 56 

in the blood eerua of bulls within 33 days following inacti­
vation of the thyroid gland by subcutaneous injection of 
carrier free 1^ .  Lenon and Mixner (1956) observed betteri
reproductive performance in Holstein cattle associated 
with high PBI values#

Broom and Koss (1962) observed that exogenous admini­
stration of L-thyroxine in feed at 0#2* 0.3 and 0.4 ug $ 
concentration failed to have any significant effect on the 
adverse influence of high ambient temperature on the semen 
quality in rams*

Baicoioriuo <!& al* (1963) reported that administration 
of iodinated salts containing 0#87 mg/kg ia feed in  rams 

at tne rate of 0.5 mg/kg day for 14 days# favourably
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increased the ejaculate volume* sperm concentration# 
motility and resistance with a significant decrease in 
the percentage of abnormal spermatoaoa# Baryean (1966) 
correlated the increase ia iodine ( I ^ >  uptake directly 
with the sperm concentration and volume in buXXe and 
indirectly with the sperm resistance*

Hahtiev (1965) recorded an improvement ia fertility 
and semen picture following iodine euppleaentatioa in 
infertile rams maintained in iodine deficient areas* %ena 
concentration# motility and fertilising ability increased 
and the number of pathological sperms decreased in treated 
iodine deficient animals*

iraea& and Singh (1971) observed the effects of 
propylthiouracil and thyroxine on testis* A four fold 
increase in the weight of the testis wao noted when compared 
with normal clicks at 6 weeks of age* feotio of propyl­
thiouracil treated birds showed a compact arrangement of 
seminiferous tubulesg against loose arrangement of such 
tubuleo in normal birds#

i&pooa? et al, (1974) correlated the FBI level with
different semen characteristics* Significant positive 
correlation was observed between the FBI level and the
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live sperm percentage and total fructose, and negative 
correlation between the iBI level and the calcium ia 
semen. however, no relationship between the PBI and 
other attributes of semen such as volume, mass activity, 
motility and sperm concentration was stated,

Sharaa and Singh <1975) recorded more coiled semini­
ferous tubules lined with two or more layered germinal 
epithelium in hypothyroid birds as against single layer 
of epithelium in the control group. The leydlg cells 
ware more aggregated in clumps in the intcrtubular space 
and capillaries were more wide opened in metaeaasol® 
treated birds*

Sroefeusaaraa (1976) observed that the seminiferous 
tubulea contained only few primary and secondary spermato­
cytes ia experimentally induced i^pothyroid state ia stale 
hide. Shore was couple fee absence of spermatozoa and 
germinal layer in sumo tubulea, Tae lumen of the tubules 
contained only a net worh of fibres anu so *tiered round 
cells# there was cl go moderate interstitial oedema.

Bocsely &£.§&» (1979) reported that thyroidectomy or 
treatment with thyroxine did not affect the basal concent­
ration of testosterone ia quails* Xaere was, no waver, a 
strong inhibition of tae growth of the testis.
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2.8. Thyroid status and female reproduction
35

2.8.1. Ihvroid and oestrus cycle

Reproductive performance in animals and human beings 
is dependent on the functional state of the thyroid gland* 
Hunt (1944) observed that in young female rats the mitotic 
activity of the thyroid increased somewhat in early oe3trus, 
was maximal during meteetrus and was minimal during the 
dioostrus interval.

Soliman and heiaeke (1950) in their study on the uptake 
of radioactive iodine by the thyroid in rats recorded maximum 
iodine concentration in tho thyroid during oestrum with a 
gradual decline through metoeotrum and dioestrum* Oestrogen 
in small doses consistently increased the level of thyroid 
iodine and progesterone had the opposite effect. It v/as 
postulated that rhythmic alterations in tne thyroid during 
the oesxrus cycle were probably controlled by changes in the 
levels of gonadal hormones,

Soliman and Badawi (1956) reported that the thyroid 
activity in rata increased during the oestrus phase when 
compared to the other three stages of the cycle and that the 
level of thyrotropic hormones in the olood closely paralleled 
the state of thyroid.



Boberteon and Falconer (1961) recorded a cyolio 
variation ia the degree of the thyroid activity iodine 
uptake and concentration of PBI in different stages of 
the oestrus cycle in ewos* Ail these were naxiauea during 
oestriM# in cow© the levels of thyroid aorisone were 
significantly higher during oestrus as compared to that 
of dioestrus (Soliman e£ â ,* 19 6 4)*

Polmaov et a^. (1 9 7 1) correlated the changes in PBI 

concentration wita changes in the vaginal exfoliative 
cytology in women and reported the maximum concentration 
of PBI at the ovulation time and tne lowest level with the 
formation of corpus leuteua*

Soliman e£ al. (1975) recorded a progressive decrease 
in the fresh and dry weight of the thyroid in buffaloes 
during different stages of oestrus cycle. She respective 
weights were 25.17 and 7.12 g. Kelly §& al. (1974) failed 
to record any significant influence on the serum thyroid 
hormone levels on the state of oestrus cycle in mares. ! 
fne decrease in serum thyroxine following ovulation wee not 
significant.

Sharma and Sharma (1976) recorded the PBI level in the 
serum in oestrum as 5 * 9 1 ug/ 1 0 0 ml. Vadodaria ot al. (1 9 7 7)
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in their studies on thyroid activity is relation to 
reproductive performance of Surti buffalo heifers found 
a mean serum FBI level of 8*68 ug Xhe lowest FBI 
level (5 .4 6 ug SS) was observed during the medium breeding 
period le* July to October, The hipest serum FBI level 
was observed just before ovulation (10,6 ug &) whereas the 
lowest level was observed immediately after ovulation 
(8,17 ug ?5), The serum FBI level was high at th® folli­
cular phase (9*48 ug than at the luteal phase (8,3 ug #*), 
Further Vadodara a^, (190 0) observed increased activity 
of the thyroid follicles during ovulation tnan during 1 

luteal phase,

2*8,2, Thyroid and nregnaaey
Annisoa and Lewis (1959) observed limited change© ia 

the thyroxd metabolism of pregnant ewes, The rate of turn­
over of tnyroxiu& wae ©Lightly increased, but was not | 
accompanied by increased level© of plasma PBI or thyroxine 
binding protein*

Solimn et al, (1963) in tneir studies on the levels
of thyroid and tbyrotrophic hormones in the blood of Frleeian 
cow© during pregnancy, observed ia increase in thyroid 
hormones during the ninth month and abundance of tiiyrotrophie
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hormone during tne first four months of pregnancy* After 
parturition tne thyroid hormone level was lev while the 
level of thyretrophic hormone wac increased.

(teuton (1968) observed increased tnyroid activity as 
evidenced by the rale of uptake of iodine* in late pregoH* 
ancy in rats* Jignifioant increase in the thyrotropic 
hormone level during the firat and second trimester of 
pregnancy which returned to normal at term was recorded in 
rats (Kalkaetan et a^. 1969).

Slwishy e& a^. (1975) observed that the total gonado­
trophin and thyrotrophia levels in the blood of buffaloes 
were low after calving# She level gradually increased lay 
the third week# On the other hand, cows had higher levels 
with a similar pattern, the peak being during the first 
post-parturient week* Vcaimosuyna (1975) recorded the FBI 
level as 18*1 ug/100 ml, 12.1 ug/100 al and 8*0 ug/100 ml 
a 6 the sixth* seventh end eighth month of pregnancy in cows* 
After parturition, the scrum FBI was 7-8 ug/1G0 al and 
within 50 to 60 days from calving the FBI level rose and 
the cows conceived* Basset* and Aidsam (1980) observed linear 
Increase ia FBI level upto the fourth month of pregnancy 
In cross-bred cows* It remained constant upto the seventh 
month and there after Increased up to the end of pregnancy.

58



ililic yield decreased linearly turoagLout pregnancy and. 
this indicated a nc&v*tivo correlation between fnl and 
lactation*

2*0.3* gayrold and infertility

Ciiu and You (1944) reported that feeding email doses 
of desiccated tnyroid to thyroidectonised raouito prevented 
the hypertrophy of ovarian follicles, while large doaea haa 
iunibitory action* Similar treatment in normal rabbits had 
no elfeet on tuo ovary; and large dosea caused incomplete 
muibition of ovarian uctivity.

In dairy animal© there was significant redaction in 
the symptoms manifested by too cows in oestrus* nowover, 
tne production of ovum m o  normal (bpielman et al* 1946)* 
Aranov aj.* (1946) observed menstrual irregularity with 
frequent occurrence of aaenorrhoea in tnyrcidaotoaiged and 
tiiionaeil treated ^aesus oonfcoy#

Krohn (1947) found that daily subcutaneous e&.iimotrat'-
ion of pronyitl'aoaicicil disturbed the oestrus njthm of 
adult albino mice, causing lengthening, ii regularity or 
complete disappearance os cycles. Kronn and ««r>it© (1950) 
observed, longer and variable oestrus cycles ia hypothyroid 
rats. Conception waa normal bat wiln a smaller lie ter sise
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and high foetal resorption*
Xhlouraoil fed nice shoved continuous oestrus as 

judged by vaginal shears, while slightly hyporthyroid xaioe 
exhibited regular oeetrue cycles* Sexual maturation was 
accelerated at all levels of thyroprctein feeding as 
evidenced by changes in genitalia. OSie thiouracil fad 
groups had ovaries packed with follioles» but no corpora 
lute a (Soliaan end Belneke, 1952)*

arownetand and bowler (1959) reported that the ovulat­
ion rat© tended to be lower among sows maintained on 0*15^ 
thiouracil. Moberg (1959) described retention of placenta 
in bo vines associated with sub-optimal iodine intake* 2he 
incidence of retention was reduced by 47$ in herds which 
were supplemented by the inhalation of vapour from iodine 
crystals placed in front of each animal* Kbvaiskil £t al. 
(1970) treated anostrous associated with iodine deficiency 
in dairy cow© by supplementing potassium iodide. Oestrum 
with normal ovulation and fertilisation was induced within 
an average period of 148 days, when treated with 1*75 mg 
of potassium iodide per kg*

Barakat ©£ a£.* (1971) recorded no deviation in total 
thyroid iodine content in normal female buffaloes and in

40



buffaloes with cystic ovary# inactive ovary# hydrosalpinx 
isuoometra# perimetritis with salpingitis# metritis# peri­
metritis with salpingitis and oophoritis.

Srinivas (1979) reported very low coaeentratio n of Phi 
amongst buffaloes with cystic ovarian degeneration. Xhe 
mean value was 1.68 ♦ 0.04 ug She highest concentrat­
ion of serua PBI was seen in animals with uterine infect­
ions# file average values were 10.49 £ 0.6 ug and 9.40 ♦ 
©*2 ug $ for endometritis and metritis respectively.

2.9* Incidence of goitre in sheep and goats

She incidence of goitre and hypothyroidism has been 
reported by several workers ia sheep and goats, love 
(1942) studied change© in the thyroid gland of four new 
bora id.de, fie noticed parenchymatous goitre in all the 
four kids and alopecia ia two still born hide, nointoeh 
(1945) reported that in hypothyroidism the new born lambs 
were weak and the wool growth wao poor with focal areas of 
denudation.

Soatncott (1945) recorded congenital goitre ia lambs. 
Xne lambs were weak or born dead. Histologically follicle© 
wore depleted of colloid and were filled with finger like 
processes of the lining epithelium. She epithelial cells
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were low ouboidal or columnar type*
Bauaan (1948) described goitre ia new bora kide. la 

&ix cases myxodem and complete aairlea^nese were noticed* 
histologically two were porenobym tom type and Tour mixed 
type* Andrews «£. afc.* (1948) noticed hyperplasia of the 
thyroid epithelium and depletion of colloid in the thyroid 
gland of new born lambs froa the dams which were fed a diet 
free of iodised salt*

In Serbia, Jovanovic et al* (1953) investigated on the 
incidence of goitre in goato, sheep, cattle, pig and horaea* 
The incidence of goitre ia animals and human was parallel*
Tlie number of animals affected with goitre was large*

Otomatus (1954) made a study on the incidence of goitre 
in sheep in Japan* 11© recorded congenital goitre in 25# of 
new born lambs* In adults ne documented an incidence of 33#* 
The gestation period of goitrous sheep was much longer than 
that was observed for normal sheep* Tne new born lambs were 
weak and died within few hours. The thyroid glands exhibited 
various forms of enlargement* Typical stroma parencnyeiatosB 
was noted histologically *

Jnvanovic (1955) investigated on the nature and incid­
ence of goitre in domestic animals* The diffuse colloid
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type of goitre was the commonest in aheep and goats*
The par enchymat ous goitre was observed only in goats*

Setchell et â , (I960) reported neonatal mortality 
associated with thyroid enlargement in lambs* He obser­
ved that the affected lambs were weak and lethargic 
bearing coarse coat* ‘The glands showed varying degree 
of colloid change histologically*

Growth (1962) recorded hypothyroidism in sheep, dm 

observed adverse effect on wool growth and increased 
incidence of alopecia and still bora lambs and hide* 
Watson et â,* < 1968) observed ia congenital goitrous 
Doorset Horn lambs an increased also and weight of the 
thyroid glands and decrease in the iodine content of the 
glands* Therm was pronounced hyperplasia of the thyroid 
epithelial cells in these animals*

Whllach (1069) reported goitrogenic hypothyroidism 
in feeder lambs* In the lambs he ooserved low basal mstn- 
bolic rat©* retardation of growth rate and increased 
sensitivity to low environmental temperature* Shore was 
significant enlargement of the glands and they were 
palpable, fall columnar epithelial cells were seen 
lining the follicles*
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George §& al* (1966) studied tu© thyroid giemde 
of dead lamb© hletopathologxcally <and observed paren- 
cnymatou© and transitional parencnyaatom  goitre*
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2*10# Incidence of goitre and hypothyroidism 
in  eheep and goats in India

Qq far the endocrine system has not been a subject 
of detailed pathological investigation in this country.
Only very few reports have appeared on the incidence of 
endocrine disorders in domestic animals from laaia*

hall (1952) reported congenital goitre in three Kids 
with enlarged thyroid. The thyroid glands histologically 
showed hyperplasia of the lining cells of the follicles.
The acidophils of the pituitary were few in number and 
there was increase in the number of basophil cells. In 
the testis the seminiferous tubules were found imaabare.

Butt and Kehar (1959) studied 1000 thyroid gland* 
collected from sheep and goato from Bareily slaughter house* 
The incidence of goitre was common in goats (10$), parti­
cularly ia female goate. Hot a single case of goitre was 
observed ia sheep.

Butt and Vaeudeva (1963) described a case of hypo­
thyroidism in a ras. There was lose of wei^t* irregular 
appetite and intermittent diarrhoea. At autopsy the 
thyroid glands were found to be cystic and slightly enlar­
ged. On histological examination the follicles were found



to be atrophic and lined with low cubeidal epithelium* 
Seminiferous tubules in the testis were atrophic and some 
of the tubule© showed multinaoleatsd gi$t cells* Pitui* 
tary showed short cords of hypertrophied epithelial cells 
projecting as finger like processes ia some places and I 
also nyperpiaeia of the basophils*

i*oy efc, al# (1964) made a comparative study of Ike | 
thyroid glands of 25 hum^n and 50 goats, collected from a 
severely endemic area in the uimaLayaa belt* Tbe thyroid 
glands of goats war® large, pale and hyperplastic with 
intense lobular hyperplasia* la numan thyroids grossly 
visible, well circmooribed, greyish white multiple nodules 
were noticed* Shore was extreme reduction of organic 
iodine content of thyroids in man and animals from endemic 
area* Microscopically the epithelial cells were tall 
solmnar type and they were thrown into papillary folds* 
follicles contained little or no colloid* Htxaan thyroid 
showed intent® epithelial and atromal hyperplasia*

hajkumar (1970) observed enlargement of the thyroid 
glands in 16 kids out oi 29 Earbarl kids in a Government 
i'arm in Uttar Jradoeh* Staking gross enlargement of the 
thyroid gland aa the criterion for the diagnosis of goitre
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in village flock, he recorded an incidence of 0.54 in
local goats, 7*02 0 in Barbari X local and 16,67 #
Alpine X Local goats*

Sreekiearan (1976) deoorifeed the clinioo-pathological 
features of experimental liypothyroidiam in kido* Eisto- 
logically the thyroid gland showed formation of colloid 
depleted miorofollAcles and the pituitary was hypertrophied 
with hyperplasia of basophil cells. Loth male and female 
gonads showed degenerative oranges*



CHAPTER II!
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5*1. Survey studies

ULood samples (5 ml) from the jugular vein were 
collected at random iron goats (21) maintained at fehe 
All India Co-ordinated liecearoii Pro ̂ ect on Goats for 
ililk. Production* Maanatby with normal reproductive 
performance and from all feats (29) that were diagnosed to 
have reproductive disorders* Xae protein bound iodine 
(Piil) of all these anincdo wao estimated to assess the 
fcnyroid status* ILe animala studied were categorised 
into the following groups,

1* iferaal males (7)
2* Jbrmal females in oestrum (?)
3* Pregnant (7 )

4* Aniadu snowing postpartum anoeotrua (6)
5* hapeat brooders (15)
6* Arw.aals wiueh shoved delayed pueerty (6)

3*2* Experimental studies

3*2*1* JQQum of the experimental acudv

C lin ica lly  healthy* cross-bred h i do of the a'ja group 

between two to f iv e  months and cross-bred adults between 
12 to 24 months comprising of both sexes were randomly
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selected from the ilCJhP on goats* Kerala Agricultural 
University* Monaatny and tne Government goat l^a* 
Koiameri lor tne study# All the animals were housed in 
pens under /jygionio conditions* separately, m  grouva 
ae cording to t&v ago «nd sex. Tue ampuls in all the 
groups were s^b-dj,vlded into three different gro ijo»

Grouping: 

Group 1

Group 11

Group XIX

Group IV

Adult oai© goats (12)
1# c » Control group (4)
2m T1- Treatment group 1*(4)
%  T2~ Treatment group II (4)

fedo kid© (11)
1, 0 - Control group (3)
2# X1 - Treatment groupI(4)
3m 12 - Treatment group II (4)

Ad alt female goat© (11)
1# C - Control group (3)
2# T1 - Treat aent group 1 (4)
3m T2 « Treatment group II (4)

: female kids (1 1 )
1# C - Control group (3)
2# 21 -  treatm ent group 1 (4 )
3# T2 - Treatment group II (4)

Except the control group of a n n u ls  a l l  the an im als in
o th e r  two groups T1 and T? were d a i ly  utmdLiusiered



thiourea orally (HgNCS MIg~Sarabhai *M*&aeialcale) at 
different dose levelo* Group T1 was given 50 mg/kg and 
group T2 100 mg/kg body weight respectively* throughout 
the exijeriaent male animals were not allowed to have 
aooeee with the fem ales and were maintained on concen­
trates and green Jack tree leaves* Water was given 
ad libitum. On the 90th day of the experimental period 
both the control and experimental animal* were sacrificed 
leaving at least one animal in each aub-group* Shey were 
maintained without treatment with thiourea for a further 
period of 90 day© and sacrificed*

M y  weight* bam ogsm (Total BBS* WBC* Differential 
leukocyte count* Backed Cell Volume* Haemoglobin content) 
serua cholesterol* protein bound iodine and tOoOl eerixa 
protein values of all the animals were recorded before 
commencement of the experiment and subsequently at fort* 
nightly intervals* The goats were ©oaerved daily and 
clinical symptoms* If any* manifested were observed and 
recorded# Ih© foraale animals were specially watohed for 
symptoms of heat and the males for libido*

The study covered the following aspectst

1# Olinioal symptoms and reproductive behaviour
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2* Growth rote
3* Betermination of protein bound iodine 
4* Estimation of total seruai protein 
3m Esroimatioti of serum cholesterol
6* kaemograa * fetal JSBO, WBC, Differential leucocyte

count, packed cell volume, Haemoglobin content*
?* Evaluation of semen
8* Biometrics and Gross pathology of endocrises and1 

reproductive organs 
9* hietopathological and hiatoeneaioal examination of 

tissues*

3m3m Techniques

5*3*1* Clinical s.^mtome and reproductive behaviour
All the animals were daily observed closely for 

clinical symptoms, if any. The adult female goats were 
specially watched twice daily for oestrum using a teaser 
buck. Adult sales were observed for libido at the time 1 

of semen collection*
3*3*2* Growth rate

A H  the experimental and control group of animals were 
welded at the commencement of the experiment and thereafter



at fortnightly intervale. The live weight was taken 
as the criterion to study the growth rate of the animals#
5*2*5* Blood chemistry

Blood samples (5 al) for analysis were collected ia 
a sterile test tubs without adding any anticoagulants#
The blood was allowed to clot and then serum m e separated 
by centrifugation for blood chemistry#
3# % 3*1* Brotein bound iodine

The protein hound iodine in the serum was estimated 
employing the method of Faulkner sJL al# (1961).
3*3*3*2* Total serum protein

The Biuret assay metod of Inohioea (1964) was adopted 
for the estimation of total protein content in blood serum#
3*3*2*5* Serum cholesterol

Serum cholesterol was estimated employing tn« motod 
of Zak (1957)*
2*5*4* gaematolo&y

rive millilitres of blood were collected separately
from the jugular vein using reagent grade Bthylene 
diamine tetra acetic acid (alsodiurn salt) (Bl/iA) as the 
anticoagulant at the rate of 5 mg for every 5 ml of blood
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for hacoatological studios*
3*3*4*1* Brvthroovte count

Erythrocyte counts were made following tile techniques 
of Cchalm (1965).
3*3*4*2* Haemoglobin

She method of ftiale (196?) for the determination of 
haemoglobin was codified in this estimation* 2ha cyaa- 
aetheaoglobln was prepared as detailed by Miale (196?)*
But the readings wore taken in Brma haesophotometor as 
against Speotronie 20*
3*3*4*3. Backed cell .mime

The method described by V/introbe (1961) was adopted*
3*3#4*4* Leucoe.vte count

leucocytes were enumerated by the method described 
by Sehala (1965).
3*3*4*5* Differential leucocyte count

The technique of Ochalm (1965) was adopted*
3*3*5* Semen characteristics

ihe semen samples were collected using the artificial
ivagina for sheep and goat from six busks (two from each 

sob group)* On the QGlh day o f the experiment half the
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number of tae animals wye sacrificed and from the rest 
semen samples were collected till the end of the experi­
ment# Semen characteristics were recorded before th® 
commencement of the experiment and subsequently at fort­
nightly intervals*

Tue ejaculated volume was noted directly from the 
graduated collection vial* She initial motility of the 
sperms was assessed by examining a small drop of undiluted 
semen, immediately after collection under high power of 
the microscope at 3 7#G* ste motility was expressed in 
percentage# Sperm concentration uaa measured using the 
haenooytoaeter# She percentage of live sperms was estimated, 
fey differential otaimng method using tfigrooia-Iiositt stain 
aa described by Bloa (1950)* Too smears used for differ­
ential counts of live and dead spermatozoa wore also made 
W e  of for assessing life© sperm abnormalities# for detesting 
the protoplasmic dropletn semen samples fixed in buffered 
formal saline (hunooox, 1957) wore used*
3* j #6, Bistoortm .examination

lit® control and the experimental groups oi animals 
were sacrificed by exsaaguination at the end oi the experi­
ment# ihe carcase was weighed* A detailed autopsy was 
oondaoned foxlowxng the auvox'0*/ proeedJre advocated by
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Immediately af uor slaughter the endocrine glands 
(thyroid* pituitary and adrenals) were diaeected out and 
weighed alter removing tu© loose fat and fascia. Teetie 
were separated from tue epididymis and their yet0.1%b 
were recorded. Ovaries and tubular genitalia exciucing 
the vagina wore separated from the broad ligament and 
other surrounding tissues and weirued independently.

3.5.7. gistopatiaolegy

2a© endooriae glands and tue reproductive 01 weie 
incised mu examined for gross lesions. Appropriate samples 
of tiSviue were collected in 10^ buffered neutral formalin 
ior Metopatkologlcol examination, iisouee were processed 
by routine paraffin embedding teoanlciue (Armed forces 
Institute of latholcgy, 19 6 8). Baraffln flections out at 
5 to 6 microns %z xoimesa were stained routinely with 
haematoxyiin and aosin method of Harris as aeooxibed by 
fishery and m e k  (1970). *.et±ouli& stain (James* 19 6 7) 
and periodic acid schiff stain ae detailed by Armed ioroes 
Institute of Bxthology (1968) were employed wherever 
neoeosary*
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CHAPTER IV

RESULTS



fiBSULIS

4*1* Purvey of thyroid status in goats
The data on the level of protein bound iodine (HjX) 

ia goats with normal and impaired reproductive performance 
are presented in figure 1#

Tne 3?B1 level in pregnant animals was higher than in 
females in oestrus and fertile males respectively. The 
level of FBI in animals wath reproductive disorders was 
significantly low (Table 1). Animals with postpartum 
anoestrum had the lowest level of FBI. In repeat breeder 
animals the level of m l was lower than in animals with a 
history of delayed puberty (Hg« 1).

4.2* SKperimenial studies

4.2.1* Clinical signs and reproductive behaviour
jQie experimental animals in all the groups, dosed with 

thiourea shoved similar symptoms with slight variation in 
the degree of manifestation of symptoms. The animals 
showed progressive weakness and stunted growth from the 
second fortnight onwards till the 6th fortnight (Fig. 2, 3 

and 4). Subcutaneous oedema of moderate degree was evident 
on the face, periorbital ©pace, eyelids and lower portion 
of the limb© (tig* 3). The animal© were not aotive and
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Table 1, Analysis of variance : Hie level of protein
bound iodine in goats with nomal and inpaired 
r epro duotive per forssano e

bourn e d f  SS itSS

Treatment 4 65*5556 16.3840 42.329*
-rror 38 14.7084 0.3071

To tea 42 80.244

* >. ignxficanoe at 5/ level
*-11 treatments are significantly different

Mean valuea

1. Penalos *• 6.29 5. foot partus ancestrum s 3.31
2* Tregnant 5 6*91 4* Repeat breeder : 4.17

5* BeLayoJ puberty i 4.03
6. rales i 6*09

0 3)
1 and 2 3 0.577 1 and 3 s 0.652
1 and 4 S 0.702 1 and 5 s Q.&74
2 and 3 : 0.552 2 and 4 * 0*603
2 and 5 j 0.577 3 and 4 3 0.6b1
3 and 3 ; 0.652 4 and 5 * 0.702



conounptioa of feed was considerably reduced, fhe hair 
coat Las rough (T ig , 6) and tnere was alight to moderate 
watery discmrge from tne eyes (Pig, 7 )* Symptoms shown 
by the animals xu groups II and IV were eligntly acre 
severe tnan those shown by the animals in grouos I and 
III, Ihe kids wore lethargies and carried tnoxr head in 
drooping position* Iney regained isolated from other© 
and did not show any tendency to move about like toe 
control animals* foe gait was unsteady *

Shore »na loss of libido in bocks Ly the 3rd and 6th 
fortnight following too at ministration of thiourea, tne 
a n n a !  each xn group 11 and T2 o f  group I refused to 
ejaculate toe semen even in the presence of a female in 
oestrum* In 11 animals there was only slight protrusion 
of the penis from ibo oriiioe witn weatc erectile movements* 
v m l e  in T2 nnlualo no erectile novoi^ento and penial 
protrusion were noticed* Animals in group III become 
anoestrus from the 3rd fortnight onwards. On diGQontinui* 
tion of troatment with thiourea, the clinical symptoms 
manilected rra&unlly disappeared. Animals in all the 
experimental groups appeared almost normal by the 12th 
fortnxgi.it. Group X animals showed normal litiuo by tho 
8th fortnight ana group I I I  animals showed eigne of heat



by the 9th fortnight#
4*2*2* Growth rate

The data on growth rate are presented in figure 8 and 9* 
Group 2 (Adult males)

There was sharp reduction in weight during the let 
fortnight in 11 animals and on the otherhand 22 animals 
showed a alight increase# Thereafter, the rata of reduct­
ion of weight in hath 21 and 22 groups was progreooive till 
the 6th fortnight# On discontinuation of treatment with 
thiourea is both the groups there was slight increase in 
the weight till the 18th fortnight (Pig. 8).
Group, iX..i&qa idlcis)

the 21 animals showed moderate increase in weight 
during the let fortnight and subsequently the weight 
remained almost constant* Thereafter a slight reduction 
in weight till the 6th fortnight was observed# She 22 

animals did not gain any body weight and the initial 
weight remained constant till the 6th fortnight* on 
discontinuation of oral administration of thiourea there 
was steady weight gain In both 21 and T2 animals till the 
12th fortnight (Pig* 8).
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Group III (Adult females)

In 11 animals there was sharp decrease in weight 
during the 1st fortnight but in the 12 animals there was 
increase ia body weight* Thereafter# a steady decrease In 
weight was recorded in 11 animals till the 6th fortnight 
while in 12 animals the weight remained almost constant 
till the 6th fortnight* On discontinuation of treatment 
with thiourea there was progressive gain in weight ia 
animals ia both the groups till the 12th fortnight (Fig* 9)«
Group IV (legale hide)

There was slight increase in weight during the 1st 
and 2nd fortnight in 11 animals and in 12 animals there 
was increase till the 4th fortnight and thereafter the 
weight remained constant till the 6th fortnight# On dis­
continuation of treatment with thiourea a steady gain in 
weight was observed till the 12th fortnight (Pig# 9),
4*2*5* Blood chemistry
4«2*3*1* SrotQin bound iodine (PBI)

The data on serum H3X level are presented ia figure 
10 and 1 1*

There was & marked decrease in the FBI level in all 
the animals dosed with thiourea* A steep fall in the FBI
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level was observed la 22 animals* However, reduction of 
MBI was gradual ia aniaala In T1 group* nower PBI values 
were noted in groups IX and XV* On discontinuation of 
treatment with thiourea there was gradual but progressive 
increase in the PBX level and it reached almost the normal 
level by the 12th fortnight# In the group XI, the PBI 
level returned to almost normal level when compared to the 
22 group* In animals in the X2 group the PBI level was 
slightly lower than ia the T1 group by the 12th fortnight*
4.2.3*2* Total aerua isroteia (TSP)

Xhe data on total serum protein level are given in 
figure 12 and 13*

A progressive increase in the TSP level was observed 
in all the experimental animals dosed with thiourea* The 
increase in the TSP level was slightly higher in group 22 

than in 21* Group 1 animals recorded increased XGP level 
over group III* On discontinuation of treatment thiourea 
there was gradual fall in the ISP level till the 12th 
fortnight* During the 12th fortnight the TSP levels of 
21 group was comparable with that of the control group* 
However, in ths T2 group, the recorded values were slightly 
higher than the Initial values.
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4.2.3.3* berum cnolooterol (SC)

Tne data on oerun oualeotorol level dminw toe 
experimental period are snox n ia figure 14 and 1 b*

Aniiaalo in g3X the groups dosed with thiourea showed 
narked prog± esclve increase xa the SG level till the 6th 
fortnight. The to was high in T2 animals oi grouo 1 and 
ill from the 1st fortnight onwards and it reached toe 
higeest level and above too level recorded in group 11 

during toe 6 th fortnight* On discontinuation of treatment 
with tniourea the SC level came down gradually • 'too 
reduction was marked in 12 animals* However, the to level 
remined higher than ia toe control animals by ■she 12th 
fortnight*

4*2*4* P&QfflatolaCT

4*2*4*1* Crvtorocvtc count

The data on crytnroeyte count are snova in  table 2*

Xnere was slight reduction in the er^toroeyte count 
by the 6th fortnight la all the animals dosea with thiourea. 
On discontinuation of thiourea the erythrocyte count 
increased progressively and was comparable with the ery­
throcyte count of control naimls by the 12tii fortnight.
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S'Ortni&.lt

Xafele 2, lotal erythrocyte count daritr m e ex erlncntol period ( 10^/osa)

a. ^efore
« * Group experi- AdoiiUoiritlon of thiourea
ao* uont -----—  -------

tlaeusiti&a^&icm of tMourea 
7 8 3 10 11 12

Group I  -  A dult m i s s

1 . C 13 .50 15 .38 15 .50 14 .24 1 5 .62 15 .22 1 5 .70 16 .00 15.64 16 .65 16*15 15 .80 1 6 .0 ?
2 . n 15.43 14.44 14.34 1 2 .8 ? 12 .1 8 11.46 11*23 12 .81 12.92 15.36 1 3 .6 5 15.42 15 .66
3 . 12 1 5 .13 1 4 .3 ? 13 .72 13 .66 11.89 10.67 10 .87 11 .08 11.34 14*42 13.24 14 .09 1 4 .5 ?

Oroiro 11 - itelo aJL&s
1.
2.
3 .

11
12

15.52  14 .78  
15*33 16.01 
15 .96  15 .79

15.00
15*78
15 .72

Groua 111 - Mult feuaj.es
1. G
2m n  
3 .  72

10*98  13 .04  
1 1 .3 2  10 .79  
10 .63  11 .83

Group I? - Fisnsle id da
1.
2.
3 .

C
11
22

13.11 13 .60  
14.77 15.50 
14.66  15.10

13.12
10.81
10.06

1 5 .25
1 4 .9 ?
13 .27

14 .63
14.26
11.87

12 .80
8 .8 5
8 .1 7

1 5 .19
14 .36
12 .97

15.20
12 .44
11 .52

13 .29
10.1?
11.98

14.83
1 2 .5 8
14.18

15.16
12.82
12.15

14.40
11.25
13.86

14.44
11 .17
10 .03

1 5 .42
10.79
9 .6 5

14 .95
11 .92
10.13

15*33
11.00
9 .7 ?

16 .00
11*89
11.63

15 .25
14 .37
15 .83

14 .84
13 .5 0
14 .00

16 .42
14.83
13 .5 0

15.34
14 .5 8
1 5 .6 ?

14 .01
15 .70
13 .37

1 6 .2 5  15.25 
15 .0 3  13 .38  
16 .00  14 .03

15 .19  15 .02
15 .3 8  14 .83  
1 4 .6 ?  1 5 .1 ?

15 .60  15 .24  
1 4 .GO 1 5 .6 ?
14 .60  15 .03

10.20 12.20 
9 .6 0  1 0 .4 0
9 .0 0  9 .6 0

14 .5 2  15 .1 0  
1 4 .8 8  1 3 .6 7  
1 5 .6 ?  1 5 .6 8

1 5 .0 8  1 6 *1 ?
13.37 16.28
15.67 16.00

C % C on tro l 11 ; f r e u ta e a t  l a i  th io u re a  <50 12 t I r e n t ont •uitft th io u re a  (100  m.g /A g)

Hie d a ta  a r e  Lioan v a lu e s cr*



64

4 , 2 . 1 , 2 ,  Haemoglobin

The d a ta  on haem oglobin l e v e l  d a r in g  th e  e x p e r i­

m en tal p e r io d  a re  p re se n te d  In  t a b le  3 ,

m o re  was p r o g r e s s iv e  re d u c t io n  in  m e  Liaamoplobin 

l e v e l  in  a l l  the a a in o le  d osed  w ith  th io u re a  t i l l  the b in  

f o r t n ig u t *  Tne lo w e st v a lu e  irae ob served  i n  group X *, 

un w ithdraw al o f  th io u r e a ,  th e  haem oglobin l e v e l  re tu rn e d  

to  a lm o st i n i t i a l  l e v e l  by vhe 12th f o r t n ig h t ,

4 * 2 ,4 * 5 *  Packed c e l l  volume (PCV)

She d a ta  on fC ?  a r c  p re sen ted  in  t a b le  4 *

There was g ra d u a l re d u c tio n  in  MJV w i l l  th e  6 th  

f o r t n ig h t  in  a i l  th e  gro u p s o f  a n in a ls  dosed w ith  th io u r e a ,  

Iiowout v a lu e s  f o r  H)V wore reco rd ed  in  group  I I ,  A ll  th e  

a n im a ls  in  T2 gvoapo had low PCV v a lu e s .  On d isc o n t in u a t io n  

o f  t  r a t a  e a t  w ith  th io u re a  in o  1W  v a lu e s  e a s e  lucis, to  th e  

norm al l e v e l  by th e  12th  fo r tn ig h t  in  bo th  the 11 arid 12 

a n iu o la ,

4 , 2 * 4 , 4 ,  T o ta l le u c o c y te  count

The dava on leu eocy  fee count a r e  g iv en  1x4 t a b le  5 ,

f a e r e  was no s i g n i f i c a n t  d i f fe r e n c e  in  whs le u co c y te  

co u n t o f  c o n tr o l  a n ia o lo  and a n i& a is  dosed w ith tui.oureu



Sable 3* She haoao&Lobin value during the experimental period (g/tOO ml)

f - ‘  Group ,3efor? Ho* 1 experi-..seat
Administration of thiourea 

2 3 4
D lsoon tin m tion of thiourea 

8 9  10 11

Qrouo X - Adult aa lee

12

1 c 
2* 11
3. 12

9*95 9*8© 
10.00 8.60 
9*80 9.35

10.30
8.758.95

10.50
8.65
7.75

9.256.80
6.35

9.25
6.00
6.05

9.20
5.65
5.35

OOO
r;*:
cuem

9.00
5.90
5.90

10.58
8.90
7.30

10.30 
9.40 
6.§0

10.60
9*40
7.80

10.30
9.608.60

Grow 11 - Male kids
1. C 
2* St 
3- 12

11*27 10.33
10.30 9*45
12.30 9*25

9*8?
10.10
10.05

10.13
7.406.50

12*33
7*47
6.20

8.80
5*47
6.00

8.80
5.604.80

10.20
6.20
6.20

10*40
6.407.20

11.40
10.50
8.20

10.70
9*50
@.20

10.209*60
9.00

12.20
10.40
9.80

Croas III ~ Adult fasoles
1* C
2* St 
3* S2

8.20 8.00 
7.70 4*25 8.55 5.20

7.47
4.904.75

7.674.454.33
7.274.30
5*00

8.00
5.10
6.65

8.47
5.70
5.20

8*606.60
6.00

8.60
6*80
8.20

8*?0
8.00

10.20

8.60
8*40
9.00

8.60
9.00
9*00

9*00
10.60
10.00

Croup 17 * Steal© kids
1* 02. St3. S2

9*13 3*93 8.80 7.55 8.75 7.00
9*53
9.00
8.0?

9.3?8.60
7*80

8.80
6.857.40

8.13
6.40
4.00

W»«g

8.40
4.704.80

8.005.40
6*00

7.SO 7.206.60
9*40

10.00
9*00

i.40
9.20

10.20

9*00
8*60
9.20

9*70
10.40
9*40

C j Control X1 t Treatment with thiourea (50 mg/leg) S2 s Treatment wxtfa thiourea (100 sag/kg) 
Itne data are meea value* 0i



fable 4. The packed cell vcluae during tjl® experimental period OS)

SI* Before
3o. ^ **psri-

aent
Administration of tniourea 
1 2 3 4 5

Fortnight

Group I - Adult malea
1.
2*
3*

0
21
22

32*25 30*7533.00 28*50
31.00 28.75

Group II - Hale kids
1.
2.
3.

C
21
T2

33.00
33.50
35.25

30.6735.50
34.25

31.00
28*25
29.25

30*00
33.50
24.50

Group III - Mult fe&aieg
1*
2.
3.

0
11
12

£4.6724.50
21.00

Group 17 - Female kifla
1. 0 30.67 32.33
2. It 29.50 32.50
3. 12 29.50 31.25

30.00 33.25 
25.25 24.25 
26*50 22.00

26.00 27.00 
20*50 21.25 
23.75 20.00

31.67
29.50
26.33

29*00
27.75
21.00

27.00 
15.50
13.00

31.3329.50
25.00

31.25
22*25
21*50

31*35 31.00 
24*67 17.33 
19.6? 20.00

30.33 28.67 
20.50 31.00 
23.50 21.50

30.33 28*67 
24.50 20.67 
28.00 18.50

34.50
2i;?5
21.00

32.00
17.33
16.67

2 9 .6 ?23.50
18.50

32.00
21.00 17.50

Discontinuation of thiourea
11

34.50 
23.00
21.50

8

33.50
23.50
22.50

36.00 38.50
22.00 29.00 
22.00 27.00

31.50 32.00 
25.00 26.00 
22.00 24.00

29.00 30.00
27.00 30.0024.00 26.00

39.00
32.50
26.50

37.5035.00
30.00

31.50
32.00
28.00

33.00
30.00 
30.00

10

37.5033.00
26.00

3n50
26.00
29.00

29.50
29.00
31.00

31.50
32.00
24.00

12

34.00 35.00 32.50 34.00
28.00 29.50

33.50
33.00
30.00

32.00
32.00 
34.00

30.50
34.00
34.00

37.0033.00
32.00

30.50
34.00
34.00

25.50
36.00
36.00

C s Control 11 s Treatment uith thiourea (50 ac/kg) 72 a Treatment with thiourea (100 ag/kg)
The data are mean value© o*<y*



Table 5. Total loucoc^ Is count during tne experimental period C 10^/ciam )

WL. BeforeGrouP exDtri- Adaixustration of thiourea 
yent ~ ~  - - ~ ” “ "

IFortRicait
XtiL&oontlnaaticm of Ulourea 
~~ n8 10 12

Group i - Adult m l o a
1.
2.
3.

c
11
12

13.7512.08
12.79

12*83
11.38
12.76

Group 11 - I4aie Kids
1 .
2.
3.

C
11
12

11.93 11.03
13.25 14.31 
11.04 11.56

13.20
12.01
12.44

11.6?
15.25
10.41

Group 111 - Adult females
1. C 12.82 10.58 13.07
2. 11 12.46 10.43 15.75
3* 12 13.93 12.24 14.64

12.73 12.41
11.73

12.3212.44
12.93

12.98
14.40
14.95

13.71
11.59
12.89

10.25
15.25 
12.78

11.40
9.75
11.43

12,199.71
10.90

11,68
15.03
13.13

11.0313.90
13.53

13.5010.27
9.81

9.77
13*259.62

3.42
14.50
15.10

13.50
12.40
11.69

12.85
12.4510.55

12.5511.60
15.50

12.953.93
12.55

14.23
13.15
11.25

11.58
12.23
15.95

13.7011.58
7.23

14.70
13.40
15.25

10.58
10.60
13.70

12.75
14.60
10*10

11.83
11*90
9.40

13.68
13.10
11.35

14.93
9.33
12.58

13.28
13.10
14.60

14*12
12.15
16.22

13.6012.38
11.63

12.15
13.75
8.40

12.95
11.15
16.70

1 . o
2 . 11
3. 12

10.63
11.21
11.72

9.97 
14.00 
12.75

10.SS
16.23
14.06

12.8516,28
15.50

11.3314.66
11.38

13.15
12.0814.20

13.5214.38
14.68

12,43
10.30
10.65

8.^0
3.0011.80

13.55
10.85
11.20

13.20
14.25
13.55

12.48 11.22 
15.66 11.35 
13.10 13.95

C j Control 11 s Treatment m t a  thiourea (50 sag/kc) 12 * Treatoent vith thiourea (100 mg/&g)
Thm data are scan Taluss



during tne experimental perlou. f owevoi« croups XIX 
uad XV showed slightly hifner leucocyte count than the 
initial values,

4 * 2 , 4 , 5 ,  M f f e r e n t f a l  le u c o c y te  count

The d a ta  on d i f f e r e n t i a l  count ay© s e t  ou t in  

t a b l e  6 *

There was no s i g n i f i c a n t  v a r ia t io n  in  th e d i f x e r -  

e n tx a l  le a c o c ^  te count o f  an im als in  tne exp erim en ta l and 

c o n tr o l  g ro u p . However* a  a l ig h t  n e u tr o p h i l ia  woo o b se r­

ved in  an im a ls  dosed  w ith  th io u r e a ,

4,2,5, Semen onaraator1 alias

4 , 2 ,5 * 1 *  E ja c u la te  voXixao

The d a ta  on e ja c u la t e  volume a r e  documented in  

f i g u r e  16*

There was d e c re a se  i a  tue  semen v o lm e  xroo  the 

4 th  fo r t n ig h t  (0 *1 5  n l )  oawardo t i l l  the 6 th  fo r t n ig h t  

( 0 ,1  o i )  in  a i l  the an im als dosed  w ith  th io u r e a ,  On 

d is c o n t in u a t io n  o f  tn e  treatm ent w ith  th io u re a  semen 

volum e in  11 an im als re tu rn e d  to  th e i n i t i a l  l e v e l  by the 

8 tn  fo r t n ig h t  and tn e re  a f t e r  rem ained w ith in  tn e normal 

lo v e x  w hile in  th e  T2 an im als the volume re tu rn e d  to

68



i’abl© 6* Idfiorential leucocyte count during the exr,orxncntal period ( ?)

jJ* Group Q̂ ptri*- 4doinistration o f  tuioorca Discoiitinoation ox tr.a.Ourea
l e l l r  1 2 a 4 5 6 ?  8 9 10 11 12

Group 1 •» Molt rules 
1*Control

if 39 .50 41 .70 4 4 .7 5 4 8 .7 5 40 .23 4 0 .7 5 2 9 .0 0 4 3 .5 0 4 5 .3 0 4 3 .0 0 57 .50 4 6 .5 0 4 6 .0 0
I* 55 .50 49 .5 0 51 .7 5 48 .2 5 56 .25 56 .5 0 56 .00 53 .50 4 7 .5 0 4 3 .3 0 4 0 .5 0 51 .50 4 9 .0 0
M ♦ * 0 .7 5 0 .7 5 * • 0 .5 0 •  * 0 .5 0 •  « * • • • •  ♦ 0 .5 0
£* 5 .0 0 8 .0 0 2 .7 5 3 .00 3 .5 0 2 .2 5 5 .0 0 2 .5 0 6 .5 0 7 .5 0 2 .0 0 2 .0 0 2 .5 0

eeataosn  1 (2 1 )
H 4 5 .2 5 50 .75 40 .75 36 .25 4 1 .0 0 32 .50 56 .00 5 5 .5 0 62 .5 0 54 .00 45 .5 0 4 3 .0 0 5 4 .0 0
L 52.25 44 .0 0 53 .70 61 .75 57 .25 6 7 .2 5 45 .2 5 4 3 .5 0 "6 .5 0 4 3 .5 0 31 .5 0 50 .50 3 7 .5 0
n 0 .5 0 2 .2 5 2 .5 0 0 .2 5 0 .5 0 0 .2 5 0 .2 5 1.00 « « * * 3 .0 0 • • • •
jg 2 .0 0 4 .0 3 4 .0 0 2 .0 0 1.25 2 .5 0 0 .5 0 • * 1 .00 2 .5 0 • • 3 .0 0 0 .5 0

3 .i.ro a tu o n t 2 (1 2 )

a  47-75 52 .25  5 0 .0 0  44 .25  4 6 .7 5  4 6 .0 0  5 9 .X* 51 .5 0  55 .0 0  17 .50  4 0 .5 0  4 9 .5 0  5 9 .0 0
1* 56 .00  4 4 .5 0  4 6 .7 8  53 .2 5  51 .75  52 .0 0  40 .5 0  4 8 .5 0  4 3 .0 0  50 .0 0  5d .50  5 0 .5 0  4 0 .0 0
M 0 .2 5  . .  0 .2 5  0 .2 5  0 .2 5  . .  0 .2 5  •»  0 .5 0  0 .5 0  0 .5 0  . .
B 1 .0 0  2 .2 5  3 .0 0  2 .2 5  1 .25  2 .0 0  1 .00 . .  1 .50  2 .0 0  . .  . .  1 .00

i 1 5 Ireafcuent t \t~i tuiourea (50 n*/g&) T2 s >rcn tzen t > xth tiucdrea (100 mg/kg) 
U : Neutrophil £ s I^ropuocyte 0 : Uoiccyte B jEosinophil

2he data are uoan vcluee



S I*  Group Before Fortn ight
AdndnifitratJLon or th iourea lUecoxitlauation o f  th iourea

«eter 1 2  3 4 5 6 7  8 9  10 11

Table 6* Continued

li 28.67 39.33 45*33 50.33 37.33 29*33 30.6? 38.00 42.00 57*50 50.50& 71.00 58.00 51.33 47*00 61.00 69.33 68.00 60.50 50.00 41.50 46.50
» 0.33 0.67 0.33 0.67 0.67 1.33 0.33 *# « « 0.50a 0.33 f.GG 3.00 3.00 1.00 • * 1.00 0.50 1.00 3.50

Grouo 11 - Itole kida 
1* Control

36.00 
63.00 
0.50 
0.50

Treatment 1 (T1)
» 30.00 41.00 39.75 37.00 40.67 41.00 30.00 42.00 47.00 47.00 54.00 46.00
L 67.75 58.00 60*25 61.25 58.67 57.33 60.50 55.00 50.00 53.00 44.00 52.00
H 1.75 0.67 .. 0.50 0.33 0.67 0.50 2.00 3.00 .. 1.00 .*B 0.50  1.00 •« 1.25 0 .33  1.00 1.00 1.00 .. «• 1.00 ..
Treatment 2 (T2)
5 31.25 31.25 27.50 37.50 37.33 42.6? 42.00 39.00 52.00 54.00 47.00 43.00
2* 66.25 67.25 71.75 60.50 61*67 55.33 55.00 59.00 43.00 44.00 42.00 57.00M 1.75 0.50 .. 1.50 O.67 1.67 1.00 1.00 1.00 noo ..B 0.50 1.00 0.75 1.50 0.33 0.33 2.00 1.00 1.00 1.00 1.00 *»

21 s treatment with thiourea (50 mg/leg) T2 s Treatment with thiourea (100 mg/kg)
H 8 Beutrop&ll X> s lymphocyte *4 8 iSenooyt® B » Boaiaopfcil ^
T&* data arc mean values 0

12

42.00
55.00

1.00
2.00

38.00
60.00

2**00

33.00
66.00 

**# 
1.00



01. Group Eei'ore Tortm tfatlJo* and expert- *taiuistration of tuioarea -Discontinuation ox tlaourea ^
ueter 1 2 3 4 5 6 7 8 9  10 ĴJI 2fL

Group ill * A dult feaaleo 
1• Control

fable 6, Continued

2*

3 .

If 35 .6 7  
b 63 .3 3  
11 0 .6 ?  
B 0 .3 3

38 .33
5 5 .6 ?

s lo o

4 5 .3 3
53 .0 0

0 .6 7
1 .00

4 4 .3 3
4 3 .6 7

0 .6 ?
6 .3 3

5 2 .3 3  
4 6 .0 0  

•  • 
1 .6 ?

3 7 .6 7
6 0 .0 0

0 .3 3
2 .0 0

48 .0 0
5 0 .33

0 .3 3
1 .5 3

4 5 .5 0
5 2 .0 0

1 .00
1 .50

4 1 .5 0
55 .00

*»
3 .5 0

4 6 .0 0
4 9 .5 0

1 .5 0
3 .0 0

50 .0 0
4 6 .5 0

1 .50
2 .0 0

4 2 .0 0
5 4 .5 0
6 .3 0
3 .0 0

5 0 .0 0
4 1 .5 0

0I 50

I r e a t s e n t  1 <11)
ff 35 .7 5  
1  6 5 .2 5  
U 0 .7 5  
0  0 .7 5

38 .50
5 7 .00

4 loo

32 .2 5
6 7 .0 0

0 .2 5
0 .5 0

2 6 .2 5
7 0 .0 0

0 .7 5
0 .7 5

37 .5 0
6 0 .5 0  

0 .5 0  
1 .50

3 8 .15
59 .00

1 .5 0
1 .00

4 2 .0 0
4 5 .5 0

1J I 0G

5 2 .10
4 6 .0 0

1 .0 0
1 .00

6 3 .0 0
36 .00

u o o

7 2 .0 0
2 7 .0 0

l lo o

4 5 .0 0
*9 .0 0

U o o

5 1 .0 0
4 4 .0 0

1 .00
4 .0 0

5 2 .0 0
4 7 .0 0  

UOG

u re a t *en t 2 <12)
H 3 5 .5 0
L 6 1 .3 0  
I! 1 .00  
•C 2 .0 0

3 4 .50  
6 3 .2 5  

♦ •
2 .2 5

3 6 .2 $
6 1 .5 0

0 .5 0
1 .7 5

3 3 .3 3
6 5 .3 3  

• •
1 .33

4 3 .0 0
5 4 .0 0  

0 .5 0  
2 .5 0

4 0 .5 0
5 7 .5 0

SUGO

4 5 .5 0
52 .00

2I 5O

4 5 *0 $
5 1 .0 0

3 .0 0
2 .0 0

4 3 .0 0
5 5 .0 0

2 loo

7 0 .0 0  
3 0 .00  

*  *
* *

4 9 .0 0
4 6 .0 0  

1 .00  
2 .0 0

3 8 .0 0
5 4 .0 0

s lo o

4 2 .1 0
5 7 .0 0

UOO

u i : I r e  a t aont ixtn thiourea (5 0  U£/i£g> **.2 s frea taeaw  o iti-  c-.ii.our on (lu O  Q Q /tzg ) 

I* : doutro nil L : ^  nnoetic I- i ronucjto £ j Go ainopL.il
in© d a ta  arsr meaa v a lu e s



2 a b l e  6 .  C o a t i n u o d

b l ,  (/roup B e fo re  _  . . .
i ,0 .  and  ex < r i -  F o r t n i g h t

B ara- iitent A dn im atratlC iU  o t  t i- io u re a  D xescoatiauation  o f  t a io u r e a

Eeter 1 2 3 4 5 6 7 8 _9 10   11 12

Gfrouo IV" -  P a ia le  -eida 

1 . C o n tro l
1 3 3 .6 7 4 3 .6 7 2 5 .6 ? 2 6 .3 3 2 8 .6 ? 36 .3 3 4 2 .0 0 4 2 .0 0 4 0 .5 0 43 *5 0 51 .0 0 4 6 .5 0 39 .0 0
L 6 3 .6 7 6 6 .3 3 6 9 .0 0 6 6 *67 6 4 .3 3 6 0 .0 0 5 5 .0 0 5 7 .0 0 5 7 .5 0 53 .5 0 4 4 .5 0 5 0 .0 0 3 ^ .0 0
M 1.00 • ♦ 0 .6 ? 1 .67 3 .3 3 1 .00 ♦ 9 1 .00 1.CD * • 1 .00 1 .00 1 .00
E 1 .33 • 9 1 .00 2 .0 0 4 .3 3 2 .6 7 3 .0 0 • * 1 .00 3 .0 0 3 .5 0 2 .5 0 1.00

•e a ta e n t 1 (1 1 )
N 37 .75 38 .50 2 7 .5 0 2 6 .5 0 31 .7 5 4 0 .0 0 4 7 .0 0 4 2 .0 0 4 6 .0 0 4 7 .0 0 46 .OO 4 0 .0 0 4 0 .0 0
I> 6 0 .5 0 36 .25 7 1 .0 0 7 0 .7 5 6 6 .5 0 5 7 .6 7 5 2 .0 0 5 5 .0 0 3 3 .0 0 3 3 .0 0 33 .0 0 5 3 .0 0 6 0 .0 0
M 1 .00 0 .2 5 2 .5 0 3.40 0 .2 5 1.00 0 .5 0 2 .0 0 1 .00 •  9 1.00 1 ,00 • 9

D 0 .7 5 • • 0 .5 0 1 .75 1.25 1.67 0 .5 0 1 .00 •  • • 9 ♦ 9 9 9 * 9

3* Seeataent 2 (!T2)
JS 4 2 .0 0 50 .50 3 1 .6 7 30 .00 3 1 .5 0 33 .00 2 0 .0 0 36 .00 35 .0 0 46 *0 0 4 4 .0 0 5 5 .0 0 4 6 .0 0
x» 57 .0 0 4 7 .0 0 6 6 .0 0 6 6 .3 3 66 .50 5 9 .0 0 7 3 .0 0 6 2 .0 0 6 1 .0 0 54 .0 0 5 5 .0 0 4 0 ,0 0 4 8 .0 0
H 1,00 • 9 1.67 1 .00 •  9 1.00 9 ft • 9 2 .0 0 . * 1,00 1 .00 1 .00
0 • • • 9 0 .6 ? 0 .6 ? 2 .0 0 1.00 1 .o J 2 .0 0 2 .0 0 • 9 9 & 4.G 0 5 .0 0

11 s f r e a t a o n i  w ita  t l iio u o u . (50  t-g/lcg) 12 * Ere „ ta e a t  v i tn  t i iio u re a  (100 u g /k g )
i? : JeutrapfoiJL 1  : Z%a *u. jy te  *1 i IJofcoe^te 0 s 5osino;U±iX
Ajae data are nean values •<*ro
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slightly lower normal level (0*3 ml) during the 12th 
fortnight*

4*2.5*2* Initlal motility
The data on the percentage of motile spenaato&oa i 

are given in figure 17*
The percentage of motile operas in f 1 and S2 animals 

T/aa low by the 4th fortnight* Hie lowest percentage of 
motile sperms was recorded in 22 animal* during the 5th 
and 6th fortnight* On discontinuation of thiourea admini­
stration the percentage oi motile apeaaas increased gradu­
ally and reached the normal level toy the 6th and 11th 
fortnights in T1 and £2 animals respectively*

4*2.5*3* S^orm concentration
The data on a perm concentration during the experi­

mental period are shown in figure 18*
She eperm concentration decreased gradually and the 

lowest values were recorded between the 4th and 6th fort­
night in animal© doaed with thiourea* 2h© apera concent­
ration was only 1.14 billions per ml during the 6th fort­
night in T2 animals. On discontinuation of thiourea 
treatment* the sperm concentration increased and reached
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tho Initial level by the 9th and 12th fortnights in 
11 and 22 groups respectively*

4.2.5*4* Livabillty of anerniatogoa

fhe data on the percentage of live operas are 
preoouted in ligure 19*

-There was gru&ual reduction in  the percentage of 
live sperms in animals in group II dosed with thiourea.
It reached the lowest level by the 6th fortnight in f1 
animals and during the 4th fortnight in 12 animals. The 
lowest number of live operas were observed during the 6tn 
fortnight in 22 anxmaLo. On discontinuation of admini­
stration of thiourea the percentage o f live sperms incre­
ased anu almost reached tne normal level by the 7tn ^nd 
9tn fortnights respectively in fl and 12 groupa.

4*2*5*3. Abnormal spermatogoa

4*2.5.5.1. Abnormal heads

Xue data on aonenaai spern heads are given in 
figure 20.

Slight increase ii the number of abnormal Loads was 
observed in 11 and 22 aniaals. Hignest number of abnormal 
heads were noted during tne 6th fortnight in T2 group.
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On discontinuation of treatment with thiourea the 
percentage of abnormal heads gradually cam down and was 
almost absent by the 10th fortnight in animale and 
during the 11th fortnight in T2 animals.

4*2*5*5*2* Free loose heads
The data on tailless free heads during the experi­

mental period are presented in figure 21*
A high incidence of free loose heads in 21 and 22 

animals of group I was noted during the 2nd fortnight* 
Thereafter* the increase was gradual till the 6th fort­
night* Highest number of free loose heads was reoorded 
in animals in the X2 group (Fig. 22). After discontinu­
ation of oral feeding of thiourea the presence of free 
loose heads became low by the 12th fortni^it in both T1 
(4*2;j) and T2 (8*40) groups*

4.2.5*5*3* Middle pleoa abnormalities
The data on the percentage of abnormal sperms with 

middle piece abnormalities during the experiment are 
given in figure 23*

Abnormalities in the middle piece was encountered 
during the 3rd fortnight* Thereafter* a gradual increase
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in tiie percentage of sperms with middle piece abnor­
malities was observed till the 6th fortnight* Highest 
nueaber of abnormal middle piece was noted in 22 animals 
(Fig. 24). On withdrawal of thiourea, the incidence of 
abnormal middle piece gradually decreased and returned 
to the normal level.

4*2.5.5.4. fail abnormalities
The data on the incidence of tail abnormalities are 

given ia figure 25*
In group I animals dosed with thiourea there was 

progressive increase in the percentage of tail abnormali­
ties during the lot and 2nd fortnights respectively in 
21 and 22 animals and thereafter remained high till the 
6th fortnight (Pig* 26)* Animals in the 22 group snowed 
highest amber of tail abnormalities* On discontinuation 
of thiourea administration the percentage of abnormalities 
gradually decreased and the percentage of sperms with 
abnormal tail were comparable to the normal level by the 
12th fortnight*

4*2#5*5*5* Proximal Krotodasmic drohleta
2he data on sperma with proximal protoplasmic droplets 

are given in figure 27*
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Sperms with protoplasmic droxjicts war# high daring 
the 4th to 6th fortnight is £1 animals and during the 
3rd to 11th fortnight in 22 animals* On discontinuation 
of treatment with thiourea the percentage of sperms with 
proximal protoplasmic droplets gradually case down and 
reached the normal level by the 11th fortnight in *1 
animals, however * in 22 animals the level was slightly 
higher even at the end of the 12th fortnight.

4*2*6, AutQosy findings 
{general

The carcases of all the experimental animals dosed | 
with thiourea were very much emaciated, Subcutaneous 1 
oedema of the facial region was evident. There was gelati- 
nisatioa of the subcutaneous fat in the regions of the 
neoh, hind and fore limbs, iiydropericardium of moderate 
degree was observed, There was slight hypertrophy and 
dlalatation of the left ventricles, Gelatinisatioa of 
tiie coronary fat was also evident. The carcases of animals 
which were sacrificed after discontinuation of admini­
stration of thiourea did not show any gross lesions,

4*2*6*1, The thyroid inland
The data on the relative woiguto of the thyroid 1
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gland are presented in figure 28#
Inera was increase in the relative weight of the 

tnyroid gland in all the animals dosed with thiourea*
She increase was acre marked In groups II and IV. The 
increase in the weight of the gland in $2 cnioale was 
5 to 8 times more than the weights of the thyroid gland 
of age matched control aninale. The tijyrold gland weighed 
much less in animals maintained after discontinuation of 
thiourea when compared with animals dosed with thiourea* 
however* the weight was slightly above the relative 
weight of the thyroid gland of control animals* Maximus 
weight was observed In the thyroid glands of 11 and 12 
animals of the group IV*

Grose appearance
The thyroid glands ia animate dosed with thiourea 

were elongated and markedly enlarged and were pal© to 
dark brown In colour (Fig* 29)*

His fcooafhology
2u» histological picture was characterised by the 

presence of numerous microfollicles of varying ©is®.
Hoot Of the follicles were devoid of colloid and a few 
contained pale staining vacuolated colloid. The follicles

?8



war© lined toy tall columnar epithelial oella (Fig* 30)* 
STnese cells were hypertrophic and nad abundant pal® 
acidophilic cytoplaaa and a large hyper chromatic basal 
nucleus* Some of the oella showed vacuolar degenerat­
ion of the cytoplasm* In a few of the follicles the 
lining cells had the tendency to form more than one layer 
and occasionally the proliferated epithelial cells pro­
jected into the lumen of the follicles* X&rely it filled 
the lumen of the follicles* In some of the follicles 
there was peripheral ecalooping of the colloid* Few of 
the follicles contained masses of degenerated desquamated 
epithelial cells* She content of the follicles gave 
negative reaction with FAS* In focal areas follicles 
were absent and only groups of dense dark staining nuclear 
material amidst a mass of homogenous slightly basophilic 
granular material were seen, 2his was more pronounced 
in animals in 12 group* Tne stroma was scanty* Vessels 
vers moderately engorged* fiany of the follicles contained 
thin pale colloid in £1 animals in groups I and III while 
most of tne follicles were devoid of colloid in f 1 animals 
of groups II and III* In all the animals in the 12 group 
numerous miorofollicles without any colloid were evident 
(Fig* 31)* £h# hyperplastic changes in the thyroid were
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more severe in isldo tuan ia  une adult aaimls and in  

the groups given nifaor Uoee of thiourea, me toroid 
gland in animals after discontinuation of treatment 
vita tiuourea was oioractorioed by well defined follicles 
wltn unixom palo staining colloid, Tne follicles were 
lined with cuboidul to low columnar e p it-ie lia l cells.
Some of urn follicles were distended and were lined with 
flattened ep ith e lia l ce lls  (fig, 32), The ceils  were 
mostly vacuolated, la T2 anloola the else of the follicles 
were re la tiv e ly  lar^e, and few o f them contained desqua­
mated epithelial ceils,

4,2,6,2, 2ne nitttitazy
She data on the re la tive  weights of the pituitary 

gland are presented in figme 33,

There was increase in  the re la tive  weight ox the 

p itu ita ry  gland of all animals dosed with thiourea, She 
animals in  groups I I  and 111 showed pronounced increase 
in the relative welgut of the pituitary, Tne maximum 

increase was observed in  T2 animals of group 11, On 

discontinuation ol thiourea there was decrease in  the 
re la tive  weight o f too p itu ita ry  and the weijht ox the 
p itu ita ry  In  these animals wao comparable with the weight
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of the pituitary of tiie control anitaala.

Grose aonearance
'Hie pituitary glands were £0.igUtly enlarged la all 

the animals treated with thiourea*

histologically there was diffuse hyperplasia and 
hypertro phy of the basophils and chromophobes in the para 
diatalls* Acidophils were proportionately much less* 
There was degranulation and wcuolatioa of most of the 
basophils* The hypertrophic basophils were flattened 
epithelial cells with deeply staining basophilic granular 
oytoplaom and hyperchromatic centrally placed nucleus*
The PAS staining revealed deep purple cytoplasm* In 3?2 
animals more severe degree of hyperplasia of the basophil 
eella and chromophobes characterised by vaouolution and 
formation of cysts in focal areas was evident (Fig. 54)* 
ifcduiar hyperplasia of the chromophobes and basophils 
was also evident ia all the animals in the T2 group. 
Vessels were moderately engorged. Animals in all the 
groups showed similar histological changes ia the pitui­
tary. After discontinuation of treatment with thiourea ! 
the basophils as well as the chromophobes were less in



number and the acidophils appeared in normal proportion#
The acidophils were hypertrophic and hyperplastic and baft 
dons© acidophilic cytoplasm# Vaouolation in a few baso­
phil© was still evident in some area© (fig* 35)* However, 
the histological picture was almost normal in all the 
groups of animal©#

The data on the relative weights of the adrenal gland 
arc presented in figure 36»

Animal© in all the groups dosed with thiourea showed 
an increase in the relative weight of the adrenal gland#
The increase was marked in groups 111 and IV* Th* highest 
increase in the relative weight of the adrenal was observed 
in ft animals of group IV# There was slight increase in 
the relative weight of the adrenal in 12 animal© over ft 
animals of groups I and II# In animal* after discontinu­
ation of treatment with thiourea* the relative weight of 
the adrenal gland was almost the earn© aa the weight of 
adrenal gland© in the control animals.

Gross appearance
The adrenal glands wore moderately enlarged in all 

the animals dosed with thiourea*
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Inere was aoderate d iffu s e hyperplasia and hyper­
trophy o f tiie cello  o f the zona fascieulata. la  focal 
areas the cello were depleted of fat and la  certain otuer 
areas there were siany fatty vacuoles ia  the cytoplaaa and 
oocaawioaally there were scattered fatty oysta xn the goaa 

fasoxeulata ( r ig .  37)# Focal areas of hyaline degeneration 
and necrosis were evident in the cortico-sedullory Junction, 
lew accessory cortical nodules characterised by groups of 
zona fasioulata cello encapsulated by fibrous tibou© were 

evident* Ta® adrenal glxndo in  aniaale after oxsccntinur 
ation of troatuent with thiourea revealed reduction in 
tno wxdtu of the zona faaoieulata. fLer© was no evlacnoe 
of any degenerative changes. T^e capsule amoved a few 

accessory cortical aoaulaa* There was no difference in  

the histological picture of adrenal glands of cuuoals in  

different; group®.

4 .2 .6 .4 . Ihfe testis

The data on the relative weights ox tuo teatis are 
©noun ia figure 39.

All tii© anlnalo in groups 1 and II aosed with tuiourea 
showed decrease in tue relative weight of the testis. She
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m

decrease ias more pronouncod in group II utien oonperea 
to grotr X* in© reduction id the weight ot tn© teatis 
wao nor© ia 12 animals than in 11 animals* Afier dis­
continuation of treataent with thiourea there was increase 
in the relative weight of the testis and it reached almost 
tx'e same weight an tlat of tae age matched control animals*

Grose appearance

The testis of animals in groups 1 and II was small 
in else, soft in oonoistanoy and was pale in colour 
(Fig* 40 and 41)•

Hi atonatfcolo * a7

Tm seminiferous tubules vero small and were lined 
by ologle layer of spermatogonia! cells when compared to 
the normal tubules* iti© tubuloo oontainoa only a few 
inactive primary and secondary spermatocytes (xig* 42)* 
Spermatogenesis was completely absent# Some of tue tubules 
contained degenerated ana desquamated cells without any 
evidence of enom s (Pig* 43)* l̂ any tubules contained pink 
stained granular material* Only a few oi the tubules 
contained aporae and moot of tua tubules were devoid of 
any spares* Shore was moderate degree oi m&erstliial



oedema* fLe interstitial cells were scattered and lew 
ia number* There was no evidence of sertoli cells in 
most of the tubules, however, a few of them contained 
scattered sertoli cells# Only a few scattered eperaato- 
gonial cells close to the basement membrane were evident 
in the testis of animals ia group II (Slg. 44) when com­
pared to group X animals, The testis of animals in the 
T2 group showed severs degree of degeneration than in It 
animals of group I# After discontinuation of treatment 
with thiourea the spermatogonia! cells in the seminiferous 
tubule® were active and the mitotic activity in the cell* 
was evident# Tne tubules were well formed with organised 
layering ©f spermatocyte© and spermatids (Pig# 45)* Many 
of the tubules contained sperms# In £2 animals some of 
the tubules still showed degeneration and desquamation of 
epithelial cells# The lining cells of the seminiferous 
tubules were active in group XX#

4#2*6#$# fhe.,epi4ictels

She data on the relative weights o£ the epididymis 
are shown in figure 39*

There was decrease ia the relative weight of the 
epididymis in animals dosed with thiourea# The reduction



in the weight of t m  epididymis was carded in  group X I, 

In  $2 animals o f group X# the re la tive  weight ©1 the 

epididymis wao s lig h tly  low a fter discontinuation of 

treatment with thiourea.

Gross appearance

Jhe eoididyntxs la cnimalc dooed with thiouroa was 
smaller ia size (Pig* 40 and 41) when compared to tne 
control animals,

iUstomt&olc gy

The tubules were smaller in oisse and some of the 
tubulos did not contain any operas (Pig, 46). But most 

of lua tubules contained operas but were only few in 
number, Tnere m o  deciliation of the epithelial lining 
of tne tubules and the e p ith e lia l ©ell© nad desquamated 
in food areas. Son© o f the tueuiaa contained ocaitered 

desquamated degenerated cells, Tue lining cello were 
low euboidd to flattened epithelial cells and the inaer-* 
stetial tissue wao predominant (iig, 47)* The number of 
tubulee were xess* There wao slx&at in te r s t it ia l  oedema. 

In great! I I  animals there was no evidence o f spams at 
all. On discontinuation o f treatment with thiourea, the
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epithelial lining of the tabulae was found to be Intact 
and the tubules contained spam© CHg* 48)* Share was no 
evidence of degenerative eoange©* However, a few tubule© 
in '£2 animala contained desquamated epithelial cell©*
Ihere was alight interstitial oedema* The changes in 
the caput, corpus and cauda of the epididymis were similar 
(£lg* 49 and 50).

4.2*6*6* She seminal vesicle©
She data on the relative weights of the seminal 

vesicle are presented in figure 51*
2a animals in groups 2 and 22 dosed wit a thiourea, 

there was decrease in the relative weight of the seminal 
vesicles# Trie reduction in the weight was aar&ed in 22 
animals of group II* After discontinuation of treatment, 
with thiourea tne relative weight of the seminal vesicle 
increased and was almost the same as that of the seminal 
vesicle© of the control animals*

Cross amearaa.ee
The seminal vesicles were ©lightly ©mailer in sire 

in animals treated with thiourea.
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gjat>ggatho2 o ^
fhe glands were very asjsll and lined by low columnar* 

cuboidal or flattened epithelial cells. She cells lining 
%m glands were small and inactive* The secretory acti­
vity was not evident in the lumen of the acini (Pig* 52)* 
She cells were vacuolated and hyaliaxaed (Pig* 53)* Some 
of them contained corpora aaylaeea* In 12 aauaals of 
group I the stressa was abundant and the glandular tissue 
was only less men compared to the animals in 11 group*
In group X animals the acini were small In size* The 
aoaiaal vesicles in animals after discontinuation of thio­
urea revealed aotive glands lined by ball columnar epithe­
lial cells* Acini contained secretory material* stroma 
was less* In X2 animals only few acini contained secretory 
material*

4*2#6#7* Xhe prostate gland
The data in the relative weights of the prostate 

gland are presented In figure 51*
There was msrlsed reduction in the relative weight of 

the prostate gland in animals dosed with thiourea* The 
redaction in weight was maximum in T2 animals in Ihe 
group II when compared to the animals in group I* After
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discontinuation of treatment with thiourea the relative 
weight of the prostate was almost the same ae the weight 
of the prostate gland in the control animals of both the 
groups* However« the prostate gland of T2 animals in 
group 1 weighed only slightly less than that Of the 
control animals•

^MSUSSSSSSSmOSL

i'iiere was slight reduction in the sise of the prostate 
in all the animals dosed with thiourea*

M.atopathplpgK
She ceils lining the glands showed vaouclatio n and 

the secretory material was only little in the lumen of the 
acini* Majority of the acini were small and showed degen­
erative* changes and desquamated cells filled the lumen 
(Pig* 54)* Share was hyaliaieatioa of the epithelial 
lining cells* There was no evidence of any secretory 
activity particularly in animal# in the ?2 group (Pig* 55)* 

After discontinuation of treatment with thiourea the 
prostate histologically showed well formed acini* lined 
by tall columnar epithelial colls* Most of the acini in 
2?1 animals were more well formed and the cells were intact 
than in 22 animals*
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She data on the rolakiv® weight0 of tit© ovary are 
given Jin figure 56*

There was decrease in the relative weight of the 
ovaries in animals in groups III and IV dosed with thio­
urea# ilaxmua reduction in weight vm  observed in 12 
animals of group III when compared to T1 and 12 aniaale 
of group IV# The relative weight of the ovaries in 
animals maintained after discontinuation of treatment 
with thiourea increased and they weighed almost the sane 
as that ox the control am,tale*

Gross appearance

the ovaries in anicais treated with thiourea were 
small, pale, smooth and inactive (Pig# 57 and 58)#

Hi© ovaries were inactive# Ins germinal layer was 
poorly developed and the cells were of inactive low 
cuboidal type (~ig# 59)* Only a 2'ew aoattered rloary 
follicle© were oeen ia the cortex# There were only a few 
isolated well developed secondary follicles# tSost of the 
follicles showed degeneration of the granulosa cells
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(Pig. 60)* Mature follicles were relatively few* In 
some of the follies ©0 degenerating ovum was seen* Tne 
stroma vao sli^itly oedenatuo* Znere were u&ay degener­
ated follicles with partial or complete hyalinication of 
granulosa cell© and the ovisa in $2 animals (Pig* 61).
While in 11 animals the graffian follicles were email in 
sire and contained only little liquor follicull* Celia 
in the theca externa and interna were few* stromal tissue 
consisting of closely packed elongated spindle shaped 
cells was abundant (rig* 62) in T2 animals than in fl 
animal© in group IV* In animals after discontinuation of 
thiourea administration the nistological picture of 
ovaries revealed active stroma with many developing 
folliolea* Manure follicles contained ovum* In 12 animals 
the ovaries revealed slight fibrosis and a few mature 
follicles*

4*2*6*9. She. uteg-U#
The data on th© relative weights of the uterus are 

given in figure 63*
All the experimental animals of group I I I and IV 

dosed with thiourea showed narked decrease in the rela­
tive weight of the uterus* In experimental animals of



gyoup XV the reduction In weight was pronounced* She 
deoreaae was greater in TS animals than in II animals*
The relative weight of the uterus in animals after dis­
continuation of treatment with thiourea uaa almost th# 
same as fcne weight of the uterus in control animals* The 
weight of the uterus was higher in 21 animals when 
compared to T2 animals on discontinuation of treatment 
with tniourea*

Gross airmearanoe

The uterus was small and resembled infantile uterus 
(Fig* 64 and 65)*

Hiatoi>atholofly
foe muscular eoat was relatively thin and the mucosal 

gxande were few and inactive (rig* 66)* The lining epi­
thelial cells did not show active mitosis* The glands 
were small In sis® and were lined with low cuhoidal type 
of eipthelium (Fig* 67)* Ibere was no evidence oi secre­
tory activity* federate degree of submucosal and inter­
stitial oedema wae evident* in 12 animal a the changeu were 
severe and the glands revealed no secretory activity in 
the ferule hide* The lands were slit like and the lining
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c e ils  were llatteaed e p ith e lia l ce lls  (T ig . 68)* I'here 
was Gliglit interstitial oedeaa. In aninals on aisconti- 
auatlon d£ treatnent with thiourea, the uterus showed 
well developed active endometrial glands lined by t a l l  

eoluanar epithelium* Tmz o was evidence o f secretory 
activity, hie gland© wo^e active and dividing coll a rere 
obseivod#
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CHAPTER V

DISCUSSION



Discushioir

Survey studies on the thyroid status in goats employing 
protein bound iodine ( i * S l )  as tne marker have established 
feae prevalence of hypothyroid state in goats# further, the 
study M s  yielded valuable information on the incidence 
of reproductive disorders in hypothyroid animals and nas 
helped to foeue attention on the role of bypothyroldlan In 
reproductive disorders# A significant increase in the PBI 
level in pregnant animals whoa compared to normal males and 
females has been documented* In this context it may be 
pointed out that an Increase in the tM level has been 
reported in the pregnant laboratory animals (Van Zyl, 1957j 
and Schindler, 1970), women (Singh and Morton, 1936, Stoffcer 
et al« 1957) and cows (Yzaimoeuyaz, 1973)* Ihis increase 
in the concentration of FBI during pregnancy has been 
attributed to the increased metabolic demand* It ie rele­
vant to point out that Galton (1968) observed increased 
thyroid activity as evidenced by the rate of uptake of 
iodine in pregnant rata* Significantly low level of ?£! was 
recorded in goats with reproductive disorders* Animals 
with postpartum anoeetru® had the lowest level of BBI* Simi­
lar observation has been reported in buffaloes (finoble and 
Gupta, 1980). In repeat breeders and in animals with a



history of delayed puberty also the level of FBI was low# 
Similar low FBI values have bam reported in repeat breeder 
cows (Lewis and Balton* 1953)* in infertile numan patients 
(Borne and fhibult* 1961) and in infertile cattle (Microit 
et al. 1954? Vgaiiaosuyaz* 1973)* A perusal of the literal 
ture did not reveal any report on this aspect in goats and 
tnie appears to fee the first report# The results of the | 
present study have indicated s subnormal thyroid function 
in animals with reproductive disorders and these observations 
have convincingly established the relationship between hypo­
thyroidism and reproductive disorders# This would ©ufe- 1 
etaatiate the experimental studies undertaken to assess thei
effect of hypothyroidism on reproductive organs in this 1 
investigation# Based on tnia observation it can fee suggested 
that serum WX level of goats particularly with reproductive 
disorders should ca estimated and iodine supplementation or 
thyroxine therapy should be instituted If the level of FBI 
is found low* as a treatment measure* in reproductive dis­
orders* Shi* is a finding that should be applied in the 
field and adequate data should be gathered to elucidate the 
effect of such a line of therapeutic approach in the treatment 
of sub-fertility and infertility oases,

Experimentally hypothyroidism was induced in goats
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employing low doses of thiourea to study the efleote of 
ay potnyroidims, on reproductive or gam t laere ore no 
reports on experimental i^ypotLyroidisa xn goats except 
that of tfreehumarau (1976). He employed thiourea at the 
rate of 100, 150* 200 and 250 ag/kg body velvet and did 
not undertake detailed investigation on the changes in 
the reproductive system* In the present study thiourea 
was administered at the rate of 50 me/kg and 100 mg/&g 
body weight to induce hypothyroidism and to study its 
effects on reproduction* She study has yielded valuable 
information on the manner in waicn the growth and repro­
duction are affected in goats by hypothyroidism* Thiourea 
and related compounds have been used to indues experimental 
hypothyroidism in different species of animals* la this 
study it baa been possible to induce nypothyroidles of 
varying degree experimentally oy feeding thiourea to goat*1 
at low dose levels* Xae observations made during the 
course of this investigation have clearly shown that thio­
urea could be used aa an experimental goitrogen in goat* 
to induce a model ex hypothyroid stave even at very low 
dose levels without any side effects* Clinically* experi­
mentally induced hypothyro&d state was characterised by 
disturbance in growth ami health* There woe stunted growth
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deleterious effect© of hypothyroidism. Similar finding  

haa been reported In &iUo by SreeLusaarGn (1976). 2hia 
might have been due to the reduced feed consumption and 
feed conversion in the absence of thyroxine. %e©»ll 
(1343) indiojtted that _jost energy demands were met from 
preformed lijjid in hypothyroid rats, therefore, gelati- 
nieaticn of body fat observed in hypothyroid ̂ cat© might 

be due to utilisation of fat for vital fauctions of the 
©ody and energy requirements of the animal.

It is note worthy that ail goats showed dilatation 
and hypertrophy of the left ventricle and showed moderate 
degree of hy&ropericarditra. Similar finding© have been 
reported in nuaan beings in myxoedema (2ondek, 1910).
X'erlcardial effusion preeumbly resulting from Uie increased 
capillary permeability might nave caused aydropericardiua* 
Cardiac hypertrophy and dilatation could be considered as 
pathological changes resulting from the effort on the part 
of the heart to compensate the function in the face of 
reduced cardiac output and decreased velocity of blood 
flow in hypothyroidism.

A few of the animals beside© being lethargic* weak 
and depressed showed a tendency to hold the head down as 
reported by Sreasumaran (1S76). He attributed cerebral
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oedema as the cause for these clinical manifestation, t e  
disappearance of symptoms and lesions in animals after 
discontinuation of treatment with thiourea indicated the 
establishment of normal metabolic prooess in these animals 
in the presence of thyroxine synthesis and clarified that 
tfco changes are transient and reversible if the causative 
factors are eliminated,

fho reproductive beiiaviour of hypothyroid goats was 
studied in detail, Hypothyroidism caused decreased libido 
in mates, Shis is An agreement with the reports in bulls 
by hignett (1952) and Jovacoio g£ §£., (1953)* Ahe loss of 
libido can only be a clinical manifestation of lowered 
testosterone production is hypothyroidism, She hietological 
demonstration of sparse distribution of interstitial oellSi 
in the testis of hypothyroid goals would support tilts 
conclusion, 1'he observation of Humor an and tenor (134-9) 
that there is reduced output of 2C3B in hypothyroidism 
would also support this explanation.

Manifestation of oestrum was weak in does, t e  failure 
of normal function of the thyroid-pituitary and ovarian axi# 
in hypothyroidism might be respond ole for this, In tM* 
context it may be pointed out that Brownstsad and fouler
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(1959) reported low ovulation in sow© fed thiouraoil* 
ibis is an observation in support of the present finding* 
Weak oestrum has also been reported in hypothyroid cowa by 
Spielsan gl â ,* (1946) and Cai&erbank (1963)* The appear­
ance of normal oestrum in animals on discontinuation of 
treatment with thiourea clearly established the necessity 
for a normal functioning thyroid for dear manifestation 
of symptoms of oestrum. Thin observation has clinical 
significance because in practice silent heat is an import­
ant problem in livestock* Hypothyroid state might ee 
responsible for such weak oestrum and iodine supplement­
ation might help in inducing well defined symptoms of heat 
and to detect heat*

It is significant to observe that animals in almost 
all experimental groups recorded gain in body weight during 
the first fortnight* fhis wo ld suggest that there has 
been some anabolic efxeot at lower dose level oauaing gain 
la weight* The slow onset of hypothyroidism lowers the Bfffi 
and causes the reduction in catabolism of proteins and 
utilisation of energy for body functions and this would 
normally lead to a transient positive anabolic effect caus­
ing gain in weight* 2hua it would appear that in low doses 
thiourea has transient beneficial effect in increasing body
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weight when given for shorter periods# It is relevant to 
mention here that in pigs thiourea in low doses has been 
used for fattening (Pearson, et aj,. 1966). She observe- 
tion made in this study, therefore, indicates that in 
goat® also low doses of thiourea could be of use in fatten­
ing goats intended for slaughter* Paring the subsequent 
fortnights stunted growth characterised by reduction in 
weight gain and stature was a constant feature in all goat® 
dosed with thiourea* Continuous suppression of thyroxine 
production would naturally cause lowered BKB, cell growth 
and consequent weight loss* It Is relevant to mention here 
that goitrogene hove been found to retard growth in sheep 
(Lascellee and Setohell, 1959) and poultry (Singh et al, 
1968)* Retardation of growth in hypothyroidism has been 
attributed to defective synthesis of new proteins by 
Hetzgear and Ereiafeel (1971)* Kimberg (1971) has reported 
diminution of absorption of nutrients in human beings in 
the absence of thyroxine. Shmo was reduction in feed 
intake of animals dosed with thiourea and this might again 
be a cause for retardation of growth. Similar observation 
has been reported in pigs dosed wit^ thiourea (Pearson et al* 
1966)* Stunting in ©s'owth in experimental hypothyroidism 
has been reported in lambs (Morston and Peireo, 1932), in



sals (Gy©en si. 1974) and in goaie (fereeLunarun, 1976),
I t  may be pointed out fount tnera one oeea a conolntant 
1 nor ease in weight gain and jrewth of tuumals after die- 
oontikiuatioa of treatment with thiourea* The blocking 
© fle e t  of nypo thyroid! sm on growth rate uua been clarified 
by txtxa observation. iiJts voala s u r e s t  tnat there M s  

been ayntxiesis of tiiyroxin© following diecontiauation of 
treatment i xtn tiuourea and fcne effect of tniourea was 
transient and reversible.

She serum protein bound Iodine level, in aniaois dosed 
with thiourea was significantly low* This observation is 
in close agreement with tne results of experimental hypo­
thyroidism in sheep (laocelleo and betcneli, 1S59)» in 
boll (Lewis, 193&) end in icido (Sreextmoran, 1976). from 
tiie observations aado during the course of ihxe inveeti- 
gat ion it is reasonable to conclude that the Phi level 
cokid be used as a reliable marker to screen the existence 
of sypctnyrold state in goats* Ike data will truly roi teot 
txie d©WJree of hypothyroid state in the animal, h iourea 
inhibits the orgaxufieatioa of iodide and iodination causing 
recsueed eyntneaie and release of thyroid noraone (thyroxine) 
from the gland ( balder barnc, 1963). -eduction in the Pj3Z 
level was very mmh pronounced xn trxe mgii doe© level grou»
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sugfeE/Sing that thiourea administered at the higher dose 
has markedly suppressed iodin&tion in the thyroid gland 
and oaused pronounced deficiency of thyroxine, A signi­
ficant observation* worth noting is that Aide and female*
In all the groups showed lower values than the sale*.
Shie is an observation wnJcfa would support the view that 
kids and females are more prone to develop hypotnyroidiam 
and are acre susceptible to the action of the antithyroid 
drug a (Underwood* 19711 ^eekonar&n* 1976)* Snere was 
increase in the FBI level after discontinuation of admini­
stration of thiourea* M s  would suggest that thiourea 
is an effective anti thyroid drug and it blocks the bio­
synthesis and release of thyroid hormone* She bloo&ing 
effect was Identified to be reversible since ou disconti­
nuing the administration of thiourea the FBI level oaae 
back to the normal*

Acer© vac increase in the total serum protein level 
in animals dosed with thiourea* Similar increase in the 
aerim protein level was reported in hypothyr©idim  in human 
beings (loaberg and Qrasbeck* 1955)* An increase in tee 
serum globulin level m o  reported la tbyroideotomiaed 
Merino rams (Belon^e* 1967) and in experimental hypothyroid­
ism in OiAicken and goats (%ngia ®t al# 1975s SreektMaraa,
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1976)* Grispell and ^ilaon (1964) documented reduction 
in both anabolism and catabolism of protein in hypo- 
thyroid!am in nan and they observed that cataoolism was 
more reduced than anabolism of protein in hypothyroidism* 
this may be pointed out as an explanation for the inoreased 
protein level in hypothyroidism* Besides this, the defect­
ive utilisation of nutrients in the absence of thyroxine 
causes accumulation of protein (Sangia et al* 1975)* A 
decrease in the serusi protein level to normal values after 
discontinuation of treatment with thiourea is indicative of 
synthesis of thyroxine in the thyroid gland* In the presence 
of adequate quantity of thyroxin© there is perforce a higaer 
metabolic rate and this will undoubtedly cause acceleration 
of enzyme turnover with a resultant increase in the demand 
for coenzymes and proteins as well as an increase in the 
break down of these essential materials* She stimulating 
effect of thyroprotain on the metabolism nas been aonvinc- 
ingly established by UcCartney and Shaffner (1950)*

Hyperoholesteraeoia was a characteristic finding in 
animals dosed wita thiourea and could be considered as an 
important biochemical parameter in hynothyroidissu Increase 
in the serum cholesterol level nas been reported in experi­
ment si hyoothyroldiem in sheep (Lasoelles and betcnell, 1959;
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te?6) in cale-ion (Hangla. at aj.. 1975) and ia 
goats (tdreekjbsnuh* 1976)* l-io present finding* tee* a- 
ihyo* Is ia agxeoaenfe Mt-a tea obaexvui;iQn& of earlier 
workers. 2he increase ia the otarum QnalcaiamL level 
his bean considered as a specific oaa%0 la lipid saeta- 
tiolian by Peters and Man (1j50) ia human Myxseue***.
■f'J.etsoher at* Myaat (1958) indicated .hat although ia hype- 
thyroid r a t s  the nepatio sy n th e e ia  and release o f  coole- 
s t e r o l  from a c e ta te  was subnormal hut the p e r ip h e ra l  

b reak  down and B i l ia r y  e x c re t io n  i a  low ered s t i l l  more 
and t h i s  tney aecnoed as th e re a so n  fo r  increase in  the 
aerian cholesterol l e v e l .  I t  is reaeoiia& U  to  accuse 
t e a t  th e  some rnQxmnim p r e v a i l s  4a  g o a ts  a l s o .

The Mocking offcot ox thiourea on thyroxin* aymaesi# 
was eiioinotedi ou disoonilnuaticm of treatment Mth thiourea 
and this was coon followed fey decrease in ine aeru® choicet- 
erol level. This observation elucidate® the stimulatory 
effect of thyroxine on degradation of lipid*. Aocv7oui£ to 
aangia et ê .* (1975) metabolic reset ions of lipids are sti- 
mulused by thyroid aomones. F ro s tec observations uade 
coring the couise of tfcu.q investigation it ie rcaeenable to 
conclude teat. tee level of cholesterol in conjunction with 
r>3! level could 00 used ao reliable teat to screen the



existence of hypothyroid ©tat* in gouts# In practice 
these diagnostic puromatcrs can ca effectively exploited 
to screen goats to detect bygotnyroid state*

There was decrease in the total erythrocyte count, 
uaesaogloDin level and looked cell volume In all the experi­
mental animals* Ike blood picture revealed oieroeytio 
hypocnroadc anaemia# Xhle is in accordance with the find­
ings of SreekuBaron (1976) and indicates taat thyroxine 
deficiency would load to anaemic state* Rivlin (1971) 
observed that tue most significant effect of hypothyroidism 
in man ie reauction of intestinal absorption of Vitamin 
howfar this will fee applicable to ruainsnte has to be clari­
fied by further detailed investigations# It is relevant to 
mentxon here that Adamson <̂mX Ilmh. (1566) hove demonst­
rated decreased production of erythropoietin in hypothyroid­
ism* On discontinuation o- thiourea there was improvement 
In the haemogram values and almost reached the normal level* 
This can be attributed fee the stimulatory influence of 
thyroxine on haemopoiesis*

A altjaiileant aecroase in the quantity and quality of 
semen ia experimentally induced nygothyroid state in goats 
ie a significant observation and ia a direct evidence to 
establxen the effects of hypo thyroid! so on tue reproductive
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performance in goat a. Decrease in  the ejaculate volume, 
sperm concentration, motility and an increase in the 
incidence of abnormal spermatozoa were the important 
adverse offsets observed ia the semen in hypothyroid 
state* Similar deterioration in semen quality has been 
reported In iodine deficient bull® Oiigaett, 1952) and in 
hypotayroid bulls (Swanson and Boatman, 1953)* 2her® was 
significant pathological changes In the accessory sexual 
glands of hypothyroid goats on histological examination 
and these structural abnormalities would naturally lead 
to Impaired secretory activity* She decrease in the 
ejaculate volume, could therefore, be explained ae an 
effect of impaired secretory activity of the accessory 
sexual glands in hypothyroid state* Significant reduction 
in ©perm concentration, motility and viability are the 
manifestations of the derangement in the testicular funct­
ion and the presence of head abnormalities in ©perms is 
an indication of disturbed spermatogenesis* Accord!to 
fiollieon (1951) and Roberts (1971) increased nwaber of free 
loose heads and a high incidence of middle piece and tail 
abnormalities are suggestions of testicular degeneration 
and epididymial dysfunction* The high incidence of ©perm© 
vitn proximal protoplasmic droplets according to Robert©
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(1971) is definitely an indication of failure of saturation 
of spermatozoa* The Mstopataolo&ical examination of the 
testis and accessory sexual organs Lave revealed significant 
pathological changes and these changes would account for 
the clinical abnormalities* Tae evaluation of semen chara­
cteristics of hypotigroid goats has clearly indicated that 
the testis, epididymis and accessory eexuai organs are 
adversely affected in the absence of adequate quantity of 
thyroxine* There was significant improvement in the quality 
and quantity of the semen in hypothyroid animals after dis­
continuation of treatment with thiourea* This observation 
is in close agreement with the results reported in iodine 
deficient rams and in rams following iodine supplementation 
(haicoianuo, «$. al* 1965? MahlUev, 1S66)* It is relevant 
to point out that thyroxine supplementation has been shown 
to improve the semen quality in bulls (Haosood, 1952)*

The results obtained during the present investigation, 
therefore, draws attention to the fact that hypothyroidism 
could be an important factor associated with poor quality of 
semen, further the reversibility of the damaging effects 
clarifies the Goope for instituting corrective measures*

It is pertinent to point out that the changes observed 
in the semen were significant and could adversely effect
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the reproductive efficiency of tne animals* Tne sub­
fertility and infertility observed in goats in natural 
situations might also be due to hypothyroid state 
induced by absolute iodine deficiency or due to intake 
oI goitrogeas* This Is an observation which has signi­
ficant practical application and should be thought of 
when chalking out programs e to control infertility in 
livestock*

There m e  significant increase in the relative 
weight of the thyroid gland in all the goats dosed with 
thiourea. The increase was more pronounced in goats 
fed lower dose of thiourea* This is an evidence t© show 
that there M s  been reactive hyperplastic response in the 
thyroid under the influence of thiourea* The inorease 
in the weight of the thyroid is a manifestation of a 
compensatory hyperplastic response mediated through the 
pituitary under the influence of low thyroxine level* It 
would appear that the stimulatory effect was mors effect­
ive wnen the thyroxine level was not very low# It ia 
significant to observe that there was correlation between 
the age* doss and degree of enlargement# There was 
pronounced enlargement of the thyroid gland in kids than 
in adults demonstrating that growing animals are more
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thyroxine dependent than adulte* Similarly symptoms 
of by MOtnyroidlan were ooie severe in Ĵ.do vnen the 
same dose was administered to kids and adulto. inese 
are facta which would support the conclusion that the 
affect of thiourea is dose and age dependent. *to doubt 
irrespective of other factors tLeie has been compensatory 
hyperplastic thyroid response mediated efficiently tnrougu 
pituitary, towover* functionally it was not found to be 
compensated since the FBI values in the thiourea dosed 
goats were mmh lower waea compared to eutiiyrold animals* 
^ltaougn taere m e  significant increase in the 'weight of 
the gland in experimental animals* the enlargement was 
not appreciable on palpation during tee clinical examin­
ation. Shis observation la pertinent and has to oe 
stressed cince this pointa to the fact tuat auDciinical 
hype tcyroidiaa can exist in animals without gross evidence 
of thyroid enlargement. (Therefore* palpable tiiyroid 
enlargement* oonuot oe taken aa a criterion for diagnosing 
aafeciinieal hypothyroid state in animala. however* 
tiiyroid enlargement has been reported in experimental 
hypothyroidism in different species of animals (Kennedy, 
1942? Jones e& al. 1946; ttar&neeQ et al. 1954? Goldberg 
et fil. 1957} laacellea and ^etohell* 1959; I*azo-wasea,
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1960| ©reekumarsa* 19?6) and in spoaianteue hypotbyroi- 
dies, i» sheep and goats (Southeott, 1945* Ml t  1992*
Bait and Kehar* 1959)« Enlargement may is# a feature 
when the condition is long standing. Saere was reduc­
tion ia the weight of the thyroid gland after disconti­
nuation of treatment with thiourea. Shis observation 
shows that increase in the level of thyroxine following 
discontinuation of thiourea administration has prevented 
the pituitary from releasing SSH and stimulation of 
thyroid.

Beaotive hyperplasia was the characteristic histo­
logical picture observed In the thyroid gland. In hypo­
thyroid state this Is an expected pathological change.
Shi© le a direct histologies! evidence which shows that 
pituitary mediated compensatory hyperplasia has taken 
place. Shyroid hyperplasia has been reported in spon­
taneous hypothyroidism in sheep (Qrewth* 1962 f &aHacht 
1969} George At §1* 1966) in goats (Lall* 1952* Butt 
and K e h a n ,  1959* hoy et al. 1964 > and ia experimental 
hypothyroidism in laboratory animals (Jones* 194&I 
B*Angelo £t &k* 1951} Burlaeh at &£,. 19541 Goldberg gt at. 
195?) and x» goats (̂ reekumaran, 19?6). She hyperplastic 
response was sore severe in fancies than in males* Shi*



is another evidence which would support the conclusion 
that female® are more sensitive to hypothyroidiam than 
males* She moat important histological observation was 
the complete absence of colloid in most of tbs follicles 
of the thyroid* It was difficult to identify the tissue 
as thyroid on histological examination* Shi© would 
suggest tnat* although there was stimulation by 28H and 
hyperplasia of thyroid epithelium, there was no synthesis 
of thyroglobuLin due to the non-availability of iodine in 
the precence of thiourea# Shi® would support the obser­
vation that thiourea has effectively blocked the thyro- 
giobulln production and aae lowered the ESI level* tonsa- 
tion of new small follicles without having colloid indi­
cates that SSK stimulation we© very severe and blocking 
of iodide uptake and incorporation of iodine were effective, 
hi©tended follicles lined with euboidal to low columnar 
epithelial cells were the characteristic histological 
picture of the thyroid gland in animals after dieconti­
nuation of thiourea administration* Sale is an evidence 
to conclude that synthesis of tbyroglobulin has resumed 
when the blocking factor waa removed and iodine wee 
available*

There was increase in the relative wel$it of the
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pituitary gland in ail the animals dosed with thiourea 
irrespective of the dosage* Similar observations have 
been reported in experimental bypotcyroidiea in laboratory 
anxnale (Kennedy and Forves, 1941} Grieehbach e£ gl* 1941} 
Goldberg et al. 1957} Lasc-wasen* I960), in goato 
(Sreekwnaran# 1976) and ao aroutaneoue hyocthyroioiaid 
in ^oats (Loll* 1952) *  She Increase ia the relative 
weight of the pituitary vaa much more in aniaala given 
higher dowe of thiourea, The thiourea interfsree with 
organic binding of iodine and consequent deficiency of 
thyroxine stimulates the basophil cells to produce more 
J?bH. The stimulation leads to hyperplasia and nypartrophy 
of the basophil sell® to meet the increased demand for 
Toil* This hyperplastic response is reflected in tee 
increase ia  tee weight of the pituitary. U ere was decre­
ase in the relative weight of the pituitary in animals 
after discontinuation of thiourea administration. This is 
an antieipoved change since feed back inhibition of pitui­
tary is bound to happen when the teyroxine level reaches 
the normal level*

In  th© p itu i t a r y  giana there was hypertrophy and 

h y p e rp la s ia  o f  bao basophils. Basophil c e ll h y p e rp la sia  

i s  on evidence to support the con clu sio n  tiia t tn yro id
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activity was diminished by the administration of thio­
urea to goats because basophil hyperplasia is a physio­
logical response to stimulate the thyroid in the abeenoe 
of adequate quantities of thyroxine in the blood* With 
increasing thyroid dysfunction la the goats the Initial 
hypertrophy of the baaopMl cells associated with storage 
of granules was followed by the loss of granules in many 
of the cells and finally complete degraaulation and vacuo- 
lation of the baeopbil eolle# These vacuolated basophils 
have been described in rats aa "Thyroidectomy cslle" 
(Zeckwer et al ♦ 1935)# The cytoplasmic vaauol&tica 
according to them represents an exhaustion stage in the 
reactive hyperplastic process* These changes have been 
described in experimental hypothyroidism in dogs (Xdppiaoott 
et 03.* 1957)* in rots (Goldberg and Chsikcff, 1951) and in 
goats (Sreekumaran, 1976)* Tha hypertrophy of basophil 
cells has also been reported in spontaneous hi pothyroidian 
in goats and oheop (lall* 1952} Butt and Vasudeva, 1965)*

The acidophils showed degranulation and degeneration* 
Tiiie might be due to the feed back inhibition of the 
acidopuile resulting from inefficient utilisation of growth 
hormone produced by the pituitary In the absence of 
thyroxine* Similar histological changes were described
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in the pituitary acidophil cells in hypothyroidism* 
induced by thyroidectomy and goitrogeas ia laboratory 
animal© (Seokwer at al. 1935} Goldberg ft jyL,. 1957} 
Contopouloa ft al. 1958) and in goatc (Sreekiaaran# 19 7 6).

Share was significant increase ia the relative 
weight of the adrenal glands in animal© treated with 
thiourea. ffcie observation is ia oontraet to the reports 
of atrophy of adrenal glands in laboratory animal* dosed 
with thiouracil and allied compounds by Baumann and 
Marine (1945)* 2arrow and Money (1949) and McCarthy ft ft* 
(1959). however# the present observation is in agreement 
with the findings of hurlach ft ft* (1954) who have 
reported an increase in adrenal weight in guinea-pig* 
dosed with propylthiouracil • Similar observations have 
been reported in experimental thyroidectomy ia laboratory 
animals (Gley# 1923) and in goat® (Sreekumaran* 19 7 6). 
m e  animal© with induced hypothyroid state was under the 
influence of ©tress and this stress might have been 
responsible for tne enlargement of the adrenal glands* 
Mioroaoopio changes like depletion of fat* focal areas 
of haemorrhage# degeneration and necrosis of zona fasci­
culate seen in the adrenal glands of goats dosed with 
thiourea are all histological feature© described by
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hymingtou (1969) in stress reaction in the adrenal gland# 
iXie relatively more increase In the adrenal weight in 
females would suggest that the stress reaction ie more 
severe is* females than in aales. Xne reduction in the 
rotative \ eiglit of ts.e adrenal flands in goats after die- 
contiEuatioB of thiourea suggests that th e animals were 
relieved of stress response when thyroxine synthesis was 
normalised*

There was oigmficont decrease in tne relative weight 
of the testis and epididyjaio in all ta© goate dosed with 
thiourea, an observation which nas not ueen previously 
reported and hoe a direct bearing on the reproductive 
performance of goats* ifc.e deerea*,® in uno weight was acre 
pronounced in lido and adults given liiguer coo© of thio­
urea* Although no reports have appeared describing the 
eaan&ee in the epididymis ol goats in hypothyroidism, 
similar observations were made by hel uio gt al* (1979) 
in thyroideotoiaiaed rata. On the contrary iraaad and 
Singh (1971) and Pharma and Clngh (1975) recorded increase 
in the weight of the ieotia in chicks dosed with thiourea, 
however* the present flndinge are in agreement with the 
observation of feozely §1 al. (1979) in quaila* ihey 
observed low level of testosterone in hypothyroid atate
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In q u a i l s  and p o s tu la te d  th a t  t h i s  would cause f a i lu r e  

o f  synergism  between thyroxine and te s to s te ro n e  and this 
they attributed as the reason for reduced growth and 
development of tootle in  iiypotbyroid iaeu  There wag 

incroaoe in the r e l a t i v e  weight of the tea tie in hypo­
thyroid an im als a f t e r  d isc o n tin u a tio n  o£ administration 
of thiourea* T ale i e  an observation which would support 
the o o a e lu e io a  that tay ro x in e  i s  essential fo r  the normal 
growth and development o f  th e gomde*

Hictolo&ically the teotio revealed only a few operaa- 
togonial cells and s c a t te r e d  operzaatocy tee in the semini­
fe r o u s  tubules and there was no evidence of m ito t ic  a c t i ­

v i t y  in the spermatogonia! lay e r#  Coupled with this arrest­
ed activity there was degenerative cnangea* She histo- 
lofioal chungee would therefore suggest a basic defect in 
eperOiatogcneBio and m atu ration  o f  o p e ra s* 2M  semini­
ferous tubules wore small in sis© and the sertoli cells 
wore sp a r se  and interstitial c e l l s  were on ly  few and 
scattered* The m oaeervationa provides histological 
evidence to conclude that all the cellular componentl of 
the testis are a f f e c t e d  in hy^othyroid state* ^Millar 
changes nave been reported in experimental hypothyroidism 
induced by thio uracil in rams and raoi.it© (Haqsood, 1951)#
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According to Gforfcman and Bern (1974) thyroxin® has a 
priming effect on the action of hormones on cells and 
they indicated that in the absence of thyroxine, the 
gonadotrophic hormones of the pituitary will not function 
effectively and this may lead to degenerative changes in 
the testicular tissue* Brooks g& al* (1964) observed 
reduction in gonadal and gonadotrop&io hormone* in 
thyroidectomieed eves* Besides this the lowered protein 
synthesis and basal metabolic rate in hypothyroidism may 
also contribute to the development of degenerative changes 
in the gonads* In this context it is pertinent to point 
out that no reports have appeared describing the changes 
in gonads of both young and adult goats in experimental 
hypothyroidism of sub-clinical nature and this would be 
the first report on this aspeot* These observations are 
of utmost importance* Although clinical symptoms may not 
be pronounced in hypothyroid state of low degree there 
could foe significant degenerative changes in the teetie 
and this basic defect can cause subfertility in goats*

On discontinuation of administration of thiourea 
there was evidence of organisation of spermatocyte* and 
spermatids in the seminiferous tubules and actively 
dividing apermato gonial cells* Therefore, the change* in
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the male sex organ© were also transient and reversible 
as in the case of other organs and the regenerative 
changes were almost complete* This ia an important obser­
vation which would clarify tee scope for therapy in repro­
ductive disorder® associated with hypothyroidism.

There was significant reduction in the relative 
weight of the accessory sexual glma&et the seminal veaicles 
and the prostate gland in animals dosed with thiourea.
This observation has clearly demonstrated tee adverse 
effect of hypothyroidism on the structure and function of 
the accessory sexual organs. Tm reduction in the weight 
of the glands was associated with degenerative changes in 
the gland* Tm changes observed could be caused by the 
failure of thyroid* pituitary and gonadal axis* It ie 
relevant to mention here that low levels of FSR, 1H and 
testosterone were reported in thyroideotomleed hypothyroid 
rats by Bel Rio (1979)* further* on discontinuation
of thiourea the accessory glands showed seoretory activity 
and tee lining cell® were normal confirming this surmise*

There was significant decrease ia the relative weight 
of the ovaries in all tee animals dosed with thiourea* In 
contrast irasad and Slagh (1971) reported an increase in
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tne weicht of the ovary In experimentally induced hypo­
thyroidism in chicken# She increase in the weight vaa 
attributed by them to the presence of large number of 
growing follicles under th© influence of low dose of 
propylthiouracil• However* no such reports are available 
aescribing ine ovarian ciangea in hypothyroid!am in goats* 
Jim ovaries in hypothyroid goats contained only a few 
scattered developing pr.lL.oiy ^10 secondary follicles in 
cj .trust to large aoeibcr of follicles seen in hypovLyroid 
chicken* fb8&'*i,Q of mature follicles and corpora lutea 
would sugjsot ttot tno o*vuriso rare inactive end this 
inactivity can be reaoonably asauied to Lava been caused 
by the iaa*h quote ŝ iikuQSis of thyroxine in the presence os’ 
thiourea, The failure of thyroxine synthesis ana conse­
quent faille of 1,m pituitary ovarl a axis sight have 
caused ^ocr gio. Ih ana devoidimeat 01 the ovaries* In 
this context it to pointed out that et al• (1900) 
L.ve reported low Hi and I&St level© in nypoti^yreidism 
inauocd by propylthiouracil in rats. On di .continuation 
of thiourea there was eiyaifioant increase m  tua weight 
of the ovaries and tuis was aasociated witu normal deve­
lopment of follicles and formation ©1 corpora lutea unaer 
the influence of gonadotrophic and gonadal hornoa© in th©
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presence of normal thyroxine synthesis, Similar ovarian
regenerative activity M s  omn reported in anoeatruea 
asuooiated with iodine deficiency in cow© after ioJine 
supplementsUon by ’fcvalMdi ©1 al* (1970)* The reversi­
bility of ovarian degenerative oliangee indicates that repro­
ductive disorder8 associated witn hypothyroidism can e* 
corrected, Inis fi vlin c M s  great slgniijLc^ace because 
i- reproductive disorders associated with nynothyroid! sti 
tru detected and a systematic a*vroaoii for control is drawn 
up in the country economic loso due to subfertility and 
infertility caused by hypothyroidism can be controlled.

1 oigaificant leuu'txou In the relative relict of 
the uterus in all lac docc^ with thiearea was
euo*. or important xiaal^* Thia ic> an observation similar 
to taat reported In _ypov-irold rats by <ir&innd §!•* 
(1901), The auaaular layer uao relative!y thin and ttie 
laucooal gjundo were few and i/nolive and rev©' led no 
secretory activity, Sheet ore c3 ear indications of 
arrested growth ~nd levclo-aent of the uterus in  the  

abGenoa of adequate qmnti %j of tnyroxJne* These findings 
axe oiollcr to that reported bj tveefcuaaran (1976) in 
aypot’syroi d kide* fa© Xi liar colls of tue glands did not 
cLow active mitoses "*d observed by firhland (1901) in
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the uterus of hypothyroid rate. The reduction in weitht 
according to them was 2m to tne poor growth rosponae of 
the tissue caused fey lowered BRA synthesis and ^ow oitotio 
index ia hypothyroid animals* There was increase in the 
relative weight of the uterus after discontinuation of 
treatment with tniouroa. Histologically the uoorine 
glands were active and showed mitotic figjree* This can 
m  attributed to the effect of onset of thyroxine syntheoia 
ana its eynergseima with pituitary and toonadsl hormone*. 
Wong et 3^* (1960) observed an increase in the pituitary 
concentration of B5H and Ul in hynathyroid rats following 
treatment with thyroxine* The same meonaniam will operate 
in goats whoa the amainietrntion of thiourea is disconti­
nued.

S ig n if ic a n t paehologioal chances were observed i n  the 
roproaaotive orgcuio of both males and females in hypo­
thyroid stave and teese observations have categorically 
established s,m rolo of hypothyroidism in  reproductive 
disorders. It was also aotaoliehcd that young aninala 
are more susceptible to the effects of hypotnyroidim  than 
adolta. from tea resulto of thio investigation it can fee 
concluded tnai in the coat population cub-elialcwl hypo- 
te-ys-oid state is emfefcinq and this le bound to can&s
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infertility problem ia both males and females* She 
importance of hypotayroidiosn ia aubfeytility and Infer­
tility ia goats aas been eatabli shod and the reversi­
bility of tiie condition *ias been convincingly proved 
by this investigation* This is an important contri­
bution and tins will greatly help in chalking out pro­
gramme to identify and institute therapeutic and 
prophylactic aemauree for controlling infertility ia 
livestock*
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CHAPTER VI

SUMMARY



SUKMAEt

Smployriag the protein sound iodine leve l ia  the 
m s m  ae a marker a survey study was conducted to assess 
in© thyroid status of goats with different typeo of 
reproductive disorders. pothyroidiua was encountered 
in pootpartiaa anoesirue animals, repeat breeders and In 
animals with a history of delayed puberty*

hypothyroid!es was induced in both male and female 
go ate of different age groups employing low doses of 
iiuourea (50 mg/kg and 100 mg/kg) to study the eifeots of 
euboliaieal hypothyroidism on th© reproductive organs.

Ihiourea was found to be a useful experimental 
goitro^en to induce a model of hypotnyraxd state In goats 
at very low dose levels without any side effects.

beaknee®, lethargy# depression reduction in  feed 
intake# subcutaneous oedema of varying degree, loso of 
lib ido  in  males ana anoostriss in  females were the important 

c lin ica l features observed in  hypothyroid animals* All the 
Qlinioul manifestation© gradually disappeared on disconti­
nuation of treatment witn thiourea.

Stunted growth and appreciable reduction in weight 
was a consistent feature in all hypothyroid goats*



However, ia the first lortnigat o gain ia weight m s  

recorded* IMo indicated teat feeding tniourea for 
short periods was useful for fattening goats# On ors- 
oontinuation of treatment uite thiourea goats recorded 
progresoive gain ia weight#

A significant decrease in tee serum Phi woe recorded 
in all groups of animals dosed with ihloarea. Young 
animals showed much lower values of ?£X than adults*
There was in c r e a se  in  the serum protein and cholesterol 
level in hypothyroid goats# On discontinuation of thioures 
administration the level of serum TJB1, total protein and 
total onoiestoiol reached the normal level• She results 
of the ^tudy indicated that estimation of serum chol«stero3 
l e v e l  ana Phi could fo® used a s  reliable marker® for detect" 
ing hypothyroid!cm ia goats.

‘la s haemogram values revealed microcytic hypochromic 
anaemia in hypothyroid goats* There m s improvement in 
haemorram values on discontinuation of treatment with 
thiourea.

There m e significant decrease in the quantity and 
quality of semen in  hypothyroid goats. Inor© was decrease 
ia ejaculate volume, sperm conoeairsticn, motility, and
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viability with an increase in the incidence of abnormal 
Bpermatoiioa* There H’as significant inprovenenb in the 
quality and quantity of tae ucoen Men the animals Lecane 
euthyroid of car uittrlrawal o f thiourea, TMo established 
that the seminal changes were reversible,

Bydropancardium, left ventricular hypertrophy and 
dilatation of varying ©©verity were observed in hypotljyroid 
goat®, Gelatin!action of oubcutaneou© fat wa© also a 
consistent feature at autoooy in hypotnyrotd animals,
These leeicns were not seen in animals sacrificed, after 
discontinuation of adoiaistration of thiourea,

Taere va© significant incroaoe in the relative weijht 
of the thyroid glanl in byix>thyroid goats, however, the 
tnyroxd enlarge lent m s  not palpable by gross oaraaiiiafcion* 
histologically the juioroaso in weight was associated with 
hyporplastie olinages, hyperplasia was characterised by 
formation of colloid depleted mlorofolliaios, lining cells 
were hypertrophic and concomitant degenerative changes were 
also observed. Absence of colloid formation was considered 
as a definite Indication of blocking of thyroxine formation 
by tMourea. The effect of thiourea vac dose and age 
dependent. Distended follicles containing pale thin colloid
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and lined with euboidal to low columnar epithelial cells 
were ebaraoteyiotle histological feature of the iiyroid 
in animals after discontinuation of administration of 
thiourea# M e  indicated synthesis of thyroglobulia in 
the gland*

There was incroaa© in til© relative weight of the 
pituitary gland in all ino anii-̂ lw dosed with thiourea.
The predominant histological picture was bypertro^ny and 
hyperplasia of basophils. Vaceolation and formation of 
cysts in focal areas were also evident. On diseontinua&ion 
of thiourea there was reversal of histological lesion®.

In all the animals dosed with thro urea adrenal glands 
showed significant increase in the relative weight• The 
pathological cna&geo in tno adrenal glands were similar to 
that Been in stress reaction* it m e  therefore concluded 
that goats dosed with thiourea were in a state of stress 
and on discontinuation 01 treatment with thiourea the 
stress response in the adrenal gland was not evident*

A significant decrease in the relative weight of the 
testis was observed in all the ^oats dosed with thiourea* 
Histologically the seminiferous tubules were small and 
were lined by a single layer of spermatogonial cells.
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Cpermatogenaois was completely a b se n t . Some tubules, 
c o n ta in e d  degenerative and deoqimated cells without any 

ev id en ce  o f  & penas* There d eg en era tiv e  changes were 
transient and on d isc o n tin u a t io n  of a d m in is tra t io n  o f  

toiourea th e re  was sparisatogenceis and degenerative 
changes were not e v id e n t*  Therefore it was concluded 

tLat the testicular changes were r e v e r s ib l e .

There was deerease  in the relative weight of the 
epididymis ia all the goats dosed with thiourea* histo­
logically r,he tubuleo vero snail in sice, the l in in g  

epithelium showed deduction and deaqu&nation* There was 
no evidence of sperms ia aorae of the tubules* On with­
drawal of tniourea treatment there was increase in the 
weight of the epididym is and tne tubules appeared normal*

The accessory sexual glandsC seminal vesicles and 
prostata) weigaed l e s s  in hypotnyroid goats* Histolo­
gically the c e l l s  lining the glands wore sm a ll ,  inactive, 
vacuolaiea and a y a l in is e d *  The degenerative changes in 
the accessory se x u a l glands were considered ao  the causa­
tive factor for roauoed quantity of eemen* The reparative 
process was almoot complete on discontinuation of admini­
stration of t2-iourca«
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2here was significant decrease in the relative 
weight ox tne ovaries in all the animals dosed with 
thiourea* Tne ovarian were smooth and inactive* histo­
logically the ovaries contained only a few scattered 
immature follicles and developing follicles* Xhe folli­
cles contained degenerated <msa* On discontinuation of 
treatment with thiourea tnere wee increase in the weight 
of the ©vary and histologically mature follioles end 
corpora lutea were evident*

ihe weignt of toe uterus was significantly low ia 
ail the goats dosed with thiourea* KiefcoloMoolly the 
musoular coat was relatively thin and glands were few 
and inactive* Tm lining epithelial cells did not show 
active mitosis* 2har# m& m  evidence of secretory 
activity* On discontinuation of treatment with thiourea* 
the weight of the uterus increased and histologically 
the muscular coat and the endometrial glands appeared 
normal*

Significant pathological changes were observed in 
the reproductive organs of both males and females in hypo- 
thyroid state* It was also established that kids and 
female goats were more susceptible than adults and males



t o  t h e  e f f e c t s  o f  p o t l i y r o i  & i  s®  •  T h e  i m p o r t a n c e  o f

h y p o t h y r o i d i s m  i n  i n d u c i n g  s a b f e r i J i i t y  a n d  i n f e r t i l i t y  

m s  c l a r i f i e d  p a d  t k e  r e v e r s i b i l i t y  o f  t h e  c n a n t e o  v a ®  

proved*
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PHOTOGRAPHS



Pig, 2* Group I « Stunted growth in sxperiuental 
Lypo thyroicliaa - lm  bucK on tne left 
side is  stunted io  growth and dull and liQO nattcd Jwir# Ine age ja&tcned
he litter ccn ^ ro l a n jjra l is  on the r x ^ , t  &ide«

Pig, Z* Croup I7 - stunted rro’/tn in JLds in 
ex^erxtaenSal hyrjoihyroidiSLa. dxperi- 
cental ^ d  La stunted in  growth ©amp** 
ared to the a^e inntohed control aninal 
on tna le f t  oiue.







f f J L g .  4

* ! « •  5

•  Group IV  - bthated £rou &u in ojcr<ori- 
jaental hypothyroidism* T^e control 
aniral is oa tne loft side*

* C lin ical s^nptoras -  Experimental 
animal growing periorbital oedema and rough mtted hair coat.



Pig, 6, Clinical symptoms - wxperimanial 
animal - She animal is* weak, has 
loose akin and matted arou^a nair coat*

Pig, 7, Climoal symptoms ~ iocperimeatal 
animal snowing lacrimafcion, and 
facial oedema.





H g ,  2 2 * tbnor<»&2. o p e rh a to so a  -  F re e  looo©  
L e a d s .  X 1000 .

tfifi* 2 4 .  '■>' ' lo r r o l  g r ^ r  a to x c a  -  "i Ole
u » u o r  2 L ity .  X 1000 .





i ’i g .  26# ^bnoxuol & ^erzoataaoa -  Abnormalities 
in  t a i l .  X 1000.



#ig* 29# Ijyroid gland -  Enlarged tnyroid 
glands of th© expcriaental group, 
lue glands of the control aainal 
arc aeon on the right side.





fig. 50. Croup H  - x*v?oi<i - Collides are 
seen linoo by &ali columnar epithe­
lial c e lls , Liaaen is devoid of colloid, d  fx k, X 160.

r ig . 51* Group *2 -  ia&roid -  Amorous snail 
f o l l i o l s s  a r e  seen  l in e d  by t a l l  
eolum iar e p i t h e l i a l  c e l l s ,  folli­
cular li&en xe s n a i l  utad devoid o f  
c o l lo id ,  n & £ X 160.





jPig, 52* Iliyroad -  Discontinuation of treat­ment with thiourea - Distended
fo llic le s  are seen lined with 
flattened epithelial cello*
B t. J X 160*

Hg» 54* Croup 12 *• Pituitary - Levers degree 
of uyperplaaia of basopbile and chronopbobes* Vaceolation and for­mation of cysts are also evident*
U 2 & X 250*





Pig* 55* Pituitary - LeiuQi&ila are seen in  normal proportion* Vac violation in few of the basophils is still evident after discontinuetion of treatment with thiourea# i U  2 X 250,

Pig* 57* Adrenal - Croup T1 - %perplasia and hypertrophy of cells of tm  sons faeiouiata. In focal areas the cells were devoid of fat* U 2 ^ 160.





Pig# 38* Adrenal • Group 12 - aypertropi3y and 
hyperplasia and scattered fatty cysts in tn© ssona fagcieulaia. II £- -* £ 160*

Pig, 40* Testis and Spididymrs - Group I - 
^eduction in she size of tLe testie <..nd epididymis, tuo testis andepididymis of t»*e control inimula are on the left side*





îg* 41* leetia and p̂laidyaia « Group XX -
hedueti^n in the sis© of the testis and opidxdyiaJLe xn experimental 
DBlmalO* ieotis ©pxald^mio Of 
■safe or atrol anxTinlo are sees on th.® left Bile*

Fig* 42* lost is ** Group 21 - seminiferous tubules allowing vacuolar and 
hyaline degeneration* Srimry 
an* ocaond̂ ry spermatoô  teu are 
alt.0 : ou , U <. G ^ 250*





Fig, 43* ioatxs - C^oup 12 - A few scattered 
spermatogoniai ceils close to the 
basement neabrane are seen in tiie 
seminiferous tubules. Bo evidence 
of opezoatogenesis, L d X 400,

F i g ,  4 4 ,  T e s t i s  -  Group I I  -  Severe  d egree  
o f  iiyalxne degeuei atxo n  in  tne 
se m in ife ro u s  tu b u le s ,  Spermato­
g o n es* a a s  a b s e n t ,  A few s c a t t e r e d  
i n t e r s t i t i a l  c e l l s  a r e  se e n ,i ij X 400,





iic* 45* fastis « After discontinuation of
treatment vxtu thiourea - semini­
ferous tubules are active and 
organised layering of spermatocytes* 
spermatids and sperms is seen* 
miignt deLentz ation j l s  still eviaont. n L u X 400*

Fig* 46. npxuxtfjxJLs - lulates snowing absence 
of sperms. Inwcratitxal tissue i© 
p*e dominant* H & £ /- 160*





Pig# 47* p̂I*dUy~JL«a « fubuleo ai*oylug degener­
ative c.A^es* Xnere Is dewiliafcion 
ox tî e epikielial liai*v* i~e cells 
a r e  o t  low  c u o o i d a l  fli U en eo . © fliw ue* 
lial typ©* iheeretitlal uioeus Is oedenatoua. E & S X 160#

i l g *  4 9 * B^i&idyjjue -  fu h u ie s  a re  in& aot w ita  
mild degeneration* ^pems are seen in we t abates. fi _ E X 160*





^ig. 49* Caput epxdidysiie - iteoillatlon of the epltusllal lin in ^ of taa tubules, -toelining colls are low cuboidal to 
flattened eoifeiieifil typo, h i S  X 290.

S'ig* 50. Corpus epidx^cJU -  lobules snowing degenerative ohangee. lutorstetdal 
tiaeos is ©edematous. h <x H X 250.





P ig *  52* k e a ln a l  v e s i c l e s  -  Group 11 -  if:® 
c e l l s  l in i n g  in e  glands a r e  assail 
and in a c t iv e  witJa eso eviden ce of 
secretory activity * 1a - $ X 250*

Pig* 53. ^eoiaul vesicieo - Group Tg - -&e
glands are dilated and cells lining 
tne glands are vacuolated cad 
hyalinised* &o secretory activity 
is seen. Tu&  interotitial tissue is 
©edematous. t* t £ X 250.







Fig. 54* /restate - Group 21 - i\o oelJLe lining 
t-.e gpLonda show vaCuDlution.
II & B X 250.

Fig* 55* i-roetate «• Group 12 • ijL© acini
are o&il and degenerative Ci«aag»s 
are seen. B L u X 250.





F ig , 57* Ovaries - Inactive ovaries in group III.
2he small ovaries m a  enlarged, tnyroxde 
are seen on tL® side. Ttie organ© aro 
from tae eoatrol anx. als in the middle.

Fig* 5b* Ovaries - Smooth and ©mall ovarree in
group IV  are eeex. at tae bottom along 
with enlarged xliyroid glands* Active 
ovarxeo m> l e U yrexa gland© irom 
tue eonu’ol groap are seen on the top.
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J?ig« 59* Ovary - Sorter - showing loosecellular straps and few atrophic follicles* B A B  X 250.

Fig* 60* Ovary - Follicles showing degener­ative changes in granulosa cell layer* K & 2 X 250*





J’ig* 61* Ovary - Corte* - Xsoee, edematous 
cellular atro-na. Degenerating 
lellicloa are also seen. H & fi X 250.

Pig. 62f Gvary - otronai tiaoue consisting 
of closely pno^ed vacuolated 
elongated spindle shaped cell®. 
Corpus alfcicsaa is ale© seen* 
u t B X 250.





Jig* &4» Group 211 - She hypoplastic ovariesand uterus of tne exjr erimeatol animals 
are seen on in© top* 2he normal 
ovaries and uterus of age matched control are at the ootioau

Pig* 65* Group IV * hypoplastic uterus from 
the experimental aniual on the top** 
titer us from the control animal at 
the bottom*





Pig. 66. Group III - II - uterus - Ihe glands 
are aaall in ai&o* inactive and lined 
by low onbuidal type of e^ithellua#
I,o evidence of secretory activity 1b 
Been. Moderate interstxtxal oedeaa 
1b also evident. H & £ X 160.

Pig. 6?. Group III- T2 - Uterus - Sha glands 
are snail in sisje and tbo lining 
cells aro euboidal to flattened 
epithelial type. Federate inter- 
s fci lial ©edema ia also seen#
H & 2 X 160.





Pig* 68* Gyoup IV - uterus - oterise glands 
are small and slit like. Strona ia 
relatmveli more, £ & •& 1 160,
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ABSTRACT

A survey study was conducted to assess the role 
of hypothyroidism In %he etiology of reproductive 
disorders in goats* lowered functional activity of the 
tnyroid was associated with postpartum anoeetrum# repeat 
breeding and delated puberty* An experimental model of 
controlled hypothyroid state was induced in goats* using 
different dose regimes of thiourea with the objective 
of studying the sequence of physiopathological changes 
in hypothyroidism and its influence on reproduction* 
Clinically healthy young and adult cross-bred goats of 
both sexes were employed for the study* The animal* 
were divided into control* treatment 1 (11) and Sreat- 
aent 11 (T2) groups* Groups £1 and 22 were administered 
thiourea orally at the rat© of 50 mg/kg and 100 mg/kg 
body weight respectively* Clinical symptoms and growth 
rate were studied. Protein bound iodine* total serum 
protein and serum cholesterol were estimated* fiaeaato- 
logical data were collected and the semen character­
istics were evaluated. On the 90th day of the experi­
ment both control and experimental animals were sacri­
ficed leaving at least on© animal in each group* Sheet 
animals were maintained without treatment with thiourea



for a further period ol yO days and sacrificed* broeo 
lesions and Mbtogat^ologieal changes in tioouea were 
recorded*

heakueso, lethargy* depression* reduced feed intake* 
subcutaneous oedema of varying degree* loss of libido in 
neQ.es a-id anoestrun in females were the important clini- 
eal features observed* There was stunting of growth and 
apparent reduction in weight of the animals dosed with 
thiourea# On discontinuation of treatment with thiourea 
all the climcal signs manifested disappeared and the 
animals gained weight progressively* Shore was signi­
ficant uecroase in the protein bound iodine, and increase 
in the to ual seruii protein ^sd cholesterol level in all 
the animals dooed with thiourea* The values reached the 
•normal level on discontinuation of treatment with thiourea* 
laoroCjtie hypochronic anaemia, was evident in hypothyroid 
goats# There 'was improvement in naetnograa values on 
withdrawal of thiourea administration# Seduction in 
quantity and quality cf semen was observed in  hypothyroid 
goats* The seaen appeared normal in quality and quantity 
om aiscon tinun tiou or thiourea nOminAOtration*

Gelatrnisation of subcutaneous fat and hypertrophy

i i



i l l

and dilatation of the left ventriol* were the ommn 

findings at autopsy* Share was oignifieant inereaae 
in the relative weight of the thyroid, pituitary and 
tne adrenal gland* Histologically the thyroid gland* 
exhibited varying; degree of hyperplasia and hypertrophy* 
Predominant histological manges In the pituitary wa» 
hyperplasia and hypertrophy of basophil cells and 
degenerative changes in the acidophils* Adrenal gland 
showed hypertrophy and depletion of fat in the sons 
feaciculata* On discontinuation of treatment with 
thiourea all the lesions disappeared*

A significant decrease in the relative weight of the 
testis and epididymis was observed in all the goats dosed 
with thiourea* histologically the seminiferous tubules 

were small and lined by single layer of aperaatogonial 
ceil## Sows tubules contained degenerated and desqua­
mated cells without any evidence of sperms* The tubules 
of the epididymis were email in else and the lining ce lls  
showed deduction am desquamation* These degaerativ# 
changes were found to be reversible on discontinuation W  
treatment with thiourea* The accessory sexual glands, 
the seminal vesicles and the prostate weighed less in  

hypo tigroid goats* Histologically the cell#  lining the



tv

glance were small I n a c t iv e ,  vacuolated and nyaliniaed* 
A fte r  diacontinuutioii oi a d m in is t r a t io n  o f  tnlourea 
tuo reparative cm«i£de were alaost normal* SLere was 
6 i lgrdiiG '~nt dacreau© in  the r e l a t i v e  w eight of the 
ovar^ *-nd a se ru a  in  a l l  th© anisuls dosed with thiourea* 
i i i e t o l o g ic a l l ^  o v a r ie s  were found to  te  inactive and 

o n ly  few  scattered inaafcur© f o l l i c l e s  were seen* uterine 
g la n d s  were few and non secretory ty p e * i*ie lining 
epithelial cells did not show active mitosis* On dia~ 
continuation of treatment with taiourea the w ifftX of 
the ovary and uterus increased and histologically ovaries 
and a t  e r a s  were found to  be normal* Eida arid f s a a l e  g o a t s  

were a c r e  saeeepfeioie to the effects of UywoTihyroidiBEw 
STa© significant pathological changes ooaarvod in  the 

reproductive organ s i^ve c l a r i f i e d  toe im portance of 
hypothyroidism in inducing ouoiertiliti ana infertility 
iu tsoata* fhe reversible nature o f  the lesion was also 
proved*




