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INTRODUCTION



IHDRODUGTION :

The thyroid gland is unigue among the endocrine glands in
that its product thyroxin contazining 70-80% of total body lodine
‘gignificantly influences every organ in the body. It hasibeen
well established that iodine and tayroid functions are cldsely
related and want of a little iodine coﬁld adversely affecf;the
growth and production of the animal. '

The existence of eudemic go;ter in man and animals ﬂué to
absolute. or relatlive deficiency of iodine has been well reéog—
nised sinee long. Xelly and Snedden {(1960) while discussiﬁg
the geographical distribution of endemic gbiter in Asia ha%e
demarcated certain regions in Iadia és endemic zanes of goiter
and this includes coastal areas in Kerala. It is also known
that endemicity~of goiter parallels iodine deficient soil z%ncs.
The iodine content of'soil variea @ith geochemniatry of fthe iand
~and climatic conditions. In heavy rainfall areas the lous of
iodine due to leaching of-surface-scil is a common occurrende.
Béaidea thié.:addition of gynthetic nitrogenous fertilisersﬂ
caontaininz no ioding induees iodine deficiency in soil. Infg
state like Xerala, with heavy rainfall and with the pregentatrend
of using abundant quantities of nitrozenous fertilisers, the?e
is bound to have iodine deficiehcy in soil and its consaquenF
effect on animal health. In cortain coastal parts of Kmrala;
-particularly Quilon énd\Chavara the presence of monosite sané

has also been coasidered to induce a hypothyroid state by ehéonic
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radiation effect. The role of goitrogenic substances, widel&
distributed in nature, cannot also be overlooked in preoipité-
ting a hypothyroid state in the animal population, &hereroré.
it is Justifiable to surmise that iodine deficiency does exigt
. in Rerala, although no authentic'reports'have appeared on thia
subject. Therefors, there is need to make detailed investiga-
tions on this problem to delineate the influence of sub-clinical
hypothyroid state on the health and growth of animals, Recogni-
tion of the existence of sub-clinieal hypothyroid state in the
animal population causing lowered production and increased
susceptibility to infection is of paramount importance for “
adoption of suitable prevantive measurss to reduce losses dué to
lowered production and mortality 1n animal production 9rogrammes.
Thers has been no detailed invesiigations on this important
problem of thyroid pathology in India as a whole and Kerala 1p
particular. Although goifer as a prodlem in goats in certaln
parta of India was recognised as early as 1935, so far no sy&r
tematic investigations have been undertaken ou thiag., Againstr
this background an experimental modsl of controlled hypothyroid
state was induced in goats, using different dose rezines of
thiourea with the objective of studying the sequence of patno~
' logical changes in diiterent stages of hypothyroid state and 1ts
influence on the animal health. The results obtained have beén

presented and dizcussed. - :
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REVIEW OF LITERATURE

1. Historical Resume

Diseases of the thyroid have been recognised for'man§
centuries back. ZEndemic goiter wam described as early asttho
14th century, but the sporadic form was not recognised unﬁil
the beginning of the 20th century. ZKing (1836) reaognisedlthy-
rold as an Qrgén of internal secretion.  The relationﬁhip{bet—
ween the thyroid and various body functions was studied by?expe-
rimental thyroidectomy (Cooper, 1836). Kocher (1883) repoited
that the changes in myxvedema corresponded with the effest;.of
thyroidectomy. Saumann (1835-1896) indicated the assoclation of
iodine with the working of the thyroid. He alaso reported ﬁigh con-
centration of iodine in the thyroid gland. - Kendall (1915)Hisolated
thyroxin from the thyroid gland. Smith and Smith (1922) first de~
monstrated that thyroid activity was regulated by pitultary hormone.
Harington and Barger (1927) identified the chemioal atructﬁxe of
thyroxin. Ximbal (1937) noted the asscoiation of hypofﬁism{and
endemi§ goiter. - Hoskins (1949) proposed the theory of homag—
static feed back meéhaniam. Groas and Pitt-Rivers (1952) 1éent1—
fied triiodothyronine (T3) in human plasma. Thyroglobulin %as
classed as a glycoprotein and most of the carbohydrate was found

ascounted by glucosamine and mannose (Gottschalk and ida, 1556).
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The chemical characteristic of purified ﬁhyroglobulin have bsen
discussed (Rall gt al. 1964; adelnoch and Rall, 1964) .,

2, Phyroid Pituitary Relatiounship i

The activity of the thyroid gland is controlled by thy%oid
stimulating hormone (TSH) secrated by basophil cells of ant%rior
pituitary gland which in turn is mediated through hypothalamus.
Pituitary TSH secretion iz in turn governed by d system ofj?eed
vack control on the product of the target gland, thyroxin, /

Adams (1958) and McEKenzie (1958) discovereé thyroid stimulating
factor (LSF) in serum, Its action on thyroid is long atandgng and
‘disappear from blood slower than thyroid releasing factor (@HF).
The iodine level in the blood and thyroid also affect the cbntrol
mechanism. Purves (1964) reported that T38i is only a ﬂtimuiating
factor and not essentizl for secretion of hormone. The secretion
of TSH by the pituitary is dependent upon the levels of unbound or
free iodine in the blood. Pitultary and certain regions of hy po-
thalamus respond to increased thyroxin level by depressiug T i
release. Release of ISH is also influenced by IRF producedlxn
hypothalamus and it stizulstes pituitary to release 13i whgp leveb
of free thyroxin (Tf) are low {Eaneko, 1970). T3i has a number of
effects on thyroid gland., .Due to the action of T3H, the gland
increases in size, the follicular cell heizht increases anqithere
is losg of colioid (Kaneko, 1970). ©TSH hormone stimulatesf@hé

accumulation of iodide, its organic synthesis and release Q?

i
I
i



) b
_ thyroxin (Juhb and Kennedy, 1970). The responss of thyroid fo
._TSH is also influenced by the level of stable iodine 1ntako%
When the level of stoble lodine intoke is low there is an increase
in the number and size of cell and in uptake and release of ;
iodine. It is the result of increased level of T3H in eirculation.
Iodine also enhances the hydrolysis of thyroglobulin, thus 1ibe~

rating thyroxin from the gland.,
%e Thyroid Hormone Synthesis

|
| |
The iodinated thyroglobulin within the colloid of thyroid

follicle represents the atored hormone., The active protease
within the thyroid gland cleaves the icdinated amino acid frém
thyroglobulin (De Robertis, 1941). Wollman and Wodinsky (1955)
indicated that the thyroglobulin is formed in the eolloid raﬁher
than in the epithelial cells of the thyroid. Thyroglobulin ﬁas
a molecular weight of about 6,600,000 (Edelhoch, 1960). 'Tthe |
| thyroglobulin is a polypeptids, made up of about 5650 amino acid
residues, of whaich about 125 are tyrosyl units (Bdelhoch and%ﬂall.
1964). Bush (1269) reported that T; forms are in greater propor-
tion of total hormone. Normally thyroglobulin contains not éore
than five tctraiodothyroning (Td) residuss per molecule, éhé;e are
three major steps in the synthesis of thyroxin, The firast sﬁep
iz the concentration of iodide by the gland from blood; uhisiiodide
is enzymatically'oxidis?d t0 iodine. Then the iodine combine@
with the protein thyroglobulin and the synthesis of thyroxia

commences (Tong, 1971).



4. Functions of Thyroid Hormone

The best knoén‘action of thyroid hormone is their ability
to stimulate oxygen consuaption for normal growth and develoﬁ-_
ment. The thyroid hormone regulates the rate of energy turn
over in wvital organs and this helpa in malntaining normal body
bomeostatic mechanism. It exerte influence on the develoPment of
hair and pigmentation in animals (Borman, 1960). In conjunction
with other hormones it exerts control by its action at cellular
level over growth and development of young animal, temperature
regulation, intermediary metabolism and reproduction ( Bush, 1969).
Thera-13 a close link between the catecholamines and peripher?l
effects of thyroid hormones (Jubb and Kennedy, 1370). Thyroxin is
also essential for attaining maximal growth and in the ahsenue
of thyroid hormone the effect of growth hormone is zreatly rehuced.
It is also involved in the production of ribonucleic acid and
m;tochondrial activity and cytoplasmic protein synthesia. ltlis
again noted that thyroxin is essential for full translation of
genetie messgage ipto ribonucleic ascid and ribosomal syntnesisgof
protein (Barker, 1971). In addition, many metabolic processe$ are
accelerated such as protein breakdown, carbohydrate and lipiditurnf
over and calcium metabolism. HNervous function at all level i@
influenced by thyroid; exchange of water and salts betwéen céll
andbody fluids, epontaneous'electrical activity, threshold of}

sensltivity to a varlety of stimuli, reflex time motor behavidura



(Gorbman and Bern, 1974). 4inderson and Harness (1975) observed

that for every unit increase in body weight there was a 69 unit

increase in thyroid hormone secretion rate.
5. Thyroid Pathology

The thyroid gland exhibits a variety of diseases and a |
larger aspectrum of gross and microscopical pathological ch&u&es.

|

Thyroid diseases capable of producing. clinical sizns can be |

classified (Bush, 1963} as

1, Goiter . {
2. Hypothyroidism
3. Hyperthyroidism

4. Thyroiditis or
5. Thyroid neoplasia.

6. Goiter

.The term goiter is def;ned as a non-inflammnatory, non- :
neoplastic enlargement of thyroid gland. Cohfs (1966) claasi—
fied the goiter on the‘basis of morphology. E
1. Atoxic goiter, which'include most sporadic form,

2. éoifer with functional chaage which may be

a) athyroid or hypothyroid goiter

b) hyperthyroid goiter. i
There are generally two types of goiter, |
1. Hon-Toxic goiter, which produce normal amount of hormone

(simple goiter) or less than normal amount of hormone (hypothyroi&).



2. Toxic goiter, which is characterised by the exceasive
production of hormone (hyperthyroid) (Kaneko, 1970).

Smith et al. (1972) classified goiter on the morphological
basis into four patterns.

1. Colloid goiter

2. Hyperplastic goiter

3. Nodular goiter'

4. Exophthalmic goiter.

Bndemic goiter.

This is the most common condition occurring to some degrée in
almost every country of the world. The co-existence of endemic
goiter and cretinism was recognised in the mid 16th century and a
concrete description of cretinism in Switzerland was made in the
early 17th century. The geographic distribution of this conditioun
has been well studied. .In view of the occurrence of the disease,
the terms endemic and s?oradic atoxic goiter are often used. An
endemic goiter area has been defined as one in which more than
10% of the population show clinical signs of thyroid enlargement.
In endemic goiter an absolute or relative deficiency of iodine is
the main factor. Besides this many environmental and some hoét
factors also play a role. Stott et al. (1530-31) pointed out the
association between high goiter rates and the dolomitic lime in
India. Levine et al. (1933) reported that elemental iodine and
inorganic iodine themselves in large doses has goitrogenic pro-
perties. Murray et al. (1948) indicated that there is a relatioﬁ—

ship between the distribution of goiter and calciuﬂ concentration



of drinking water in England. Several ‘antithyroid substaneg?}a
have been isolated from plants and fodders responsiblé for
endemic goiter. Greer (1350) made a comprehensive review of]
those which have heen reported goitrogenic to experimental aﬁi—
mals and discussed their importance. In addition to these féc-
tors genetic constitution play a role egpgecially in regions %here
endemic goiter has existed for generations (Roche and Lissit#ky,
1960). Cold olimate also indireetly influences the prevalenqe of
endemio goiter in regions of boéder line iodine supply as a gesult

of incrsased demand for thyroid hormone (Scrimshaw, 1964). éuzuki

et al. (1965) reported endemic goiter in Japan due to excessive

: : |
iodine intake. I

6.2, Colloid goiter. L

Collold goiter is regarded as an involutionary phase ofihyper-
Plagtic goiter (Pollis, 1959). %he gland in this case ig diﬁru-
sely enlarged and the cut surface is translucent. ,Microacopfcally
tberenis an iacrease in size of follicles and sometime they

"7665i3§§ to form cysts. All follicles are filled with deeply
staining colloid (Jubb and Kennedy, 1970).

6.3. Earenchymatous goiters. r

In parenchymatous goitar, the parenchyma is increased hy;the
formation of new epithelial cells. There is development of solid
-masges and corda of c¢ells which are broken up into solid or h#llow
follicles by ingrowth of stroma, They contain 1ittle or no eélloid.

The epithelial cells are tall and cylindrical (Cohrs, 1966).

:
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6.4. Hodular zoitar. | _ |

It is frequently seen in o0ld animals. The charamferiétic
feature 1s development of well defined nodules in one or bo%h
thyroid lobes. The nodules are clearly demarcated from resﬁ of
the thyroid tissue. The histological appearance of noﬂular%5
goiter usually varied from nodule to nodule. Hany follieleg are
greatly distended with colloid. Others are asmall and devoié of
colloid. In simplest form, the epithelial cell is inaotiveiand
colloid is deeply stained. Focal hypergasia of lining cell% of
follicles which are thrown into lumen may be noticed in somé
nodules. Retrogreszive changes are common in nodulx goiteré
(Smith et al. 1972). ?

7. Hypothyroidism |

If the thyroid glands fail to secrete enough thyroid |

hormone for the body needs the condition of hypothyroidism f
develops. There is reduction in total daily outputs and plisma
concentration of T3 aﬁd Td' The known cauges of hypothyroiéism
in animals are 1odine deficiency and goitrogens prasent in éature.
Genetic factors also play a role in regions where endemic géiter
has existed for generations, Incidence of hypothyroid oondition
by chronic radiation effect also has been described. Rumin%nt

. hypothyroidism mainly occurs in areas of endemic goiter reg#on
(Hojer, 1931). Jubb and Keuunedy (1970) reported that in do#estic
animala hypothyroidism is generally aagociated with eongeniéal

golter of new born. Goats apoear particularly susceptible éo
l:
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both development of cong euital goiter and associated effact of
hypothjraidism (Mason and Wilkinson, 1973). They clasairiedh

hypathyrai&ism into following categories, of which the last five
categories were asgociated with enlargement of thyroid.

d
|

1. Primary hypothyroidism due to lack of functioning thyroid.

2. Secondary hypothyroidism due to pituitary insufficieacy.
" 3. Hypothyroidism due to an extreme degree of 1odine'deiicieqby.

4. Hypothyroidism due to goitrogens. ' 5
5. Hypothyroidisz: due to dyshormonagenesisa, - [

. |
6. Hypothyroidism due to autolmmune thyroiditis.

7. Hypothyroidism due to neoplasia.

¥ilson (1975) illustrated the mpde of davelopuent of

|
!
|
|
i
| |
hypothyroidisu in ruminants. ;

High nitrogea
Pastu aad potash
?artilier

Low iodine intake High soiylpﬁ
Low upta&e

Waher——————> from 1imqstone

Posaible causes ') and ¢lay poils
of hypothyroidism: o ‘ |
Reversible
L Goitrogens<:i: :

. Irreversible
Interference : !
with intzke High protein i
and ntiligation intake . 2
of iodine - g
Very low f
protein

intake



Ferguson et al. (1956) reported that hypothyroidism is more
severe in young growing animels than in mature adults due td én
interference in.averall development. Calderbank (1958) remorted
cases of 1nfertility asgsociated with iodine deficiency. He’also
pointed out that high producing animals snd breeds were parﬁi-
cularly susceptible to deficiency of iodine. Calderbank (19&3)
pointed out that there is a close association between thyroid
and gonadal function and mentioned about the loas of libido #n
males and sub-cestrum in females. Hypothyroidism igs generaliy
charaeteriassd by lowering of body temper ature, iancreased senai-
tivity to low environmental temperature and retardation of g}owth
rate (Jallach, 1365). Jubb and Kennedy (1970) observed that;
gestation is significantly prolonged in hypothyroidism in do@estic
animals. lHew born goata show myxoedena, alopecia and high m%r-
tality rate. Underwood (1971) indicated that reproductive failure is
a'cammon outatanding featurevof iodine deficieney. The easo#tial
feature of hypothyroidism is an abnormally low basal meﬁabol#c
rate. Dilainclination to vigorous movement is also observed éften.

In the young retardation of érowth with regard to total stat?ra and
sexual developmezt ars common findings. Hlevalbed choleateroi level
in blood serum 1s usual (Smith et al. (1972). wilson (1975)?
gunmarised the effect of hypothyroidism in_ruminanta. They %re
1. Retention of placenta, “
2 Iafertility,

3« Lowered milk production and low milk butter fat content,
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4. Lowered resistance to infection,

5. Increased susceptibility to ketosis and ‘
' |

6. It is also usually aasoci&ted with late abortion, still birth

and weak offsprings. |

!
1

8. Aetiology of Hypothyroidism

3.1, Iodine deficiency. i

It is generally aoceéted that iodine deficlency in the
ehvironment is the main cause of simple hypothyroidism 'L
(Southcott, 1945 and Bush, 1969). Factors influencing thé iodine
content of soil have been surveyed (Goldaschmidt, 1954). Ené
iodine requirements are also influenced by the compadition éf
diet as a whole (Scott gt al. 1961). Calderbank (1963) suggested
that there may be little or no correlation between the 1odiAe
content. of soil and pasture growing in i%; it will depend uéon
the prevailing wind, the amount of precipitation and the naﬁure
and reaction of soil. The geologic and climstic history or;the
land determines the distribution of iodine in soil and water
supplies to soms extent. The effect of heavy rain is also &
determining fuctor (Scrimshaw, 1964). Besides this some miéro-
elsments may also influence sensitivity to fodine (Blokhinai 1370) .
Wilson (1975) indicated that high protein intake will iaterfere
with utilization of iodine, {'

8.2, Goltrogens.
Another important cause for hypothyroidism in animals ﬁg

|
the presence of 50 called goitrogens in the feed stuffs. The



presence of goibrogena in many plants and forages have been well
documented in literature. There are two main types of goitrogena
(Calderbank, 1963). 4 thioeyanate type which inhibit thyrnidal
uptake of iodine ana this blocking effec¢t can be overcome by
simultaneous adwinistration of ilodine. A thiouracil ;ype!which
interferes with organic binding of iodine in the thyroid %nd
this effect can be reversed by administration of thyroxinJ
| Greer et al. (1966) showed that thiocyanute wasg abouﬁ 25
times as potent as nitrate in inhibiting thyroid funcbion. There
are two basic tyres of goltrogens, those like thiocyaﬂate:kuown
as anionic goitrogens and those like thiouracil known as Qrganio
goitrogens. Aunionic goitrogens are rgpresented by thiocyanates
and nitrates (Catt, 1970). | i
Be3e Hatural goitrogens. | ;
Sharpless et al. (1939) demonstrated the goitrogenic action
of SOya bean flour meal in rats by producing enlarged thyroid.
Kennedy and Purves (1941) produced goiter in rats fed wivé
Brassica seeds. They observed hyperplasia of thyroid ¢ lands and
the weight of the glands were found to ba increased by 30% tines.
Rapid praliferative'ehangeg oecurred in second and third ?eek
after treatment. ' | f
Examination of pituitary showed a rapid increase in éasuphil
cells and this was agsociated with hyalination and vacuolisation aund

formation of"signet ring' cells. There was also. siamultaneous




lose af.aoidophil cells in rats treated with Brassica séed?diet
(Griesbach, 1941). All the halogems, if present in excesaiare
capable of displacing icdine causing iodine deficiency and fluoride
has been reported as one of the factors responsible for goiter
in Puajab (Wilsoa, 1941). Arasenic can ast as a positive g;itro-
genic substance in nontcx1c anounts. At 0.02% level ia thé diet
in rats, the effect was uecreasa in growth, increase jn thyroid
weight and decreaae.in iodine canceutration of the thrroid|gland
(Sharpless and Hetéger,'1941);. Sharpless et al. (1943) uexlpon-
strated experimentally that in raés goiﬁer gould be proauc%d by
calciun chloride in the ﬁresenée'at Viﬁahin D. A marked iﬁcrease
in the follicular colloid and decrease of follicular epltbelium
ware Observed in sheep aad goats fed with Cauliflower leaves
(3pisni and Garavaglia, 1954). Butler gg‘gg. (1957) abseryed a
decrease in total fodine éoaﬁent of thyroid and 2lso inhigition of
the converaion of inorganic iodine to organically bound iodlne in
sheep fed with dhiteclover. A haavy diet of kale to uregnant
ewes cauged high incidence of goiter anﬂ hypgothyreoid in ngw born
lambs (Sinclair and Andrews, 1958). UGoitrogenic action of pere-
nnial grasé has been repcftod (Sotehell et al. 1960). 4 Qigh
incidence of goiﬁér was observed in new born lambs of ewe% and
sheep grazing on paéture 6om1nated by whiteclover (Georgé!ét,_;
1966) . Thyroid glanda wera heavier than normal and ahowed severe

hyperplasia of the lining epiﬁhelial cells of the folLicles and

complete absence of colloxd in lambs which had grazed rapa
‘ !



. |
(Russel, 1967). Blood and Heanderson (1968) reported simple goiter
and hypothyroidiem in ruminants fed with Brassica seaeds Qnd brussel

sprints,

8.4+ Chemical Goitrogens. : '

Thiourea and allied compounds have freguently been employed
-as eXperimental goitrogens in animals to suppress thyroidaacti-

vity.

Hoe : ’
2 nggxs Thicurea 1
11253/ | .

Kennedy (1942) observed enlarged thyroids in rats treated
with thiourea. The glands were three to four times heavier '
than normal and almost completely devoid of colloid. Pitﬁitany
- gshowed an increase in basophil cells aud loss of acidophii cells.
Baumann and Marine (1945) noted a decrease in adrenal sizé among
ruts fed with thiouracil. Jonea et al. (1946)'produeed ffpical
hyperplasia of thyroid glaﬁds in rats fed with thiouracilf They
observed resorbtion of foetus in these animals and indica{éd
that thyroid hormone is necessary for full utilizatioun of bestro~
gen or progestercne., dJones (1946) observed hyﬁertrophy ofithy-
roid gland, conzestion of vessels and depletion of colloid%in
rats treated with repeated doses of thousand milligrams pe}‘kg
body weight of thiourea. .Zarrow and Mdpey (1949).raportedlin—
volution of adrenal cortex in rats treated with thiouracil; The

involution of adrenal cortex after thiouracil treatment wa$ both

'
i
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morphological and physiological in nature. Sellers and F;r@uson
(1949) observed exophthalmus in rats treated with thiouracil.
Haqeood (1951) reported tubular degeheration and intgrsti—
tial cell dageneration of testis of rabbits and rams fed Qith
thiouracil, D’Angelo gg.gg. (1951) reported thyroid hyperplasia
in guinea pigs treated with propyl ﬁhioqracil. Histolozical
changes were uniformly evident after 15 to'18 days treatmént aud
wzre characterised by increased vascularity and increase in
height of acinar eplithelial cells. Colloid resorbtion was a
conaistent feature. The miéroscopic ehanges in prolonged. dosing
with propyl thiouracil were colloid resorption and high véacularity.
The follicular epithelial cells assumed cordlike formatio@. Hall
(1952) reported a reduction in seium calcium level in thi&uracll
fod rama. However, serum vitamin & level in treated and gntreated
groups were the gsame. OSwanson and Boatman (1953) reporteé symp-
tonms of hypothyroidism‘in two young and one old dairy bulls after
treating with thiouracil. The weight of thyroid glands in treated
animals were twice the welght of normal. Histologically éhe
follicles were filled with colloid and lined by low cuboidal epi-
thelial cells. There was an increase.in dead and abnormal sper-
- matozoa as wall as a reduction in motility, viability and;concen~
tration of semen. Prolonged administration of thiouracil to rats
oxhibited microscopical and macroscopical changes of lateéfibro
lymphoid stage of struma fibrosa (Claﬁsen. 1954). In addition
to the thyroid hyperplaszia Durl=ch et al. (1954b) observed an

increase in liver weight in guinea pigs treated with thiouracil
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at varying levels, Harkness et al.(1954) studied the effect of
oral adminigtration of thiouracil on collagen content of ;hyroid
of rats. _During the treatment an increase in weight and collagen

content of thyroid glands wera noticed.

Eshkol é&,g;. (1956) observed 337 increase in total liver
weiéht in thiourea treated rats. A decline in liver satalase
activity and concomitéut increase in urinary uric acig, aﬁlantoin
phosgphate and urinary volume were observed bafore the antithy-
roidal action of drug, In propyl thiquracil treated rats Goldberg
et al. (1957) observed large thyroid glands with tall columnar
cells, numerous mitotic figures. scanty colloid, papillary in-
foldings and increased vascularity. In the pltuliary byperplasia
and hypertrophy of hsta cells with characteristic graunulation and
vacuolation and coﬁplete abseace of granulated alpha ¢ells were
observed. Lascelles and Setchell (1959) fed amethyl thiouracil at
a dosage of 0.5, 1.5 aad 4.5 g daily to six Merino sheep after
coﬂception. The offsprings of the thrpe survived sheap hah goiter
and retardation of ossification centres. .The thyroid iodirne con-
centration in treated lambs were decreased. 4 radﬁction ih
protein-bound iodine (PBI) and increase in ohoiesterol val#e were
also noticed. Follis (3959).produced ¢olloid goiter in hamster by
thiouracil administration. &Extensive thyroid hyperplagia and
loss of colloid accompanied by an ineraasa in vascularity were
noticed in the first week afier thiquracil administration.  ihen
thiourea wae removed from diet, the follicles filled wup wiﬁh
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collold and epithelial cells becaue flatiened, but sone h%?
residual springs projecting into the colloid when compare&ita
aormal, Most of the follicles were larger in size. McCagtny

et al. (1959) reported adrenal atrophy among rats fed with goi-
trogens, thiouracil and tapzole. In addition to adrenal a?raphy
anong thiouracil fed rats, Lazo-Hacem {1960} observed thy#pid and
-pltuitary hypertrophy with 'a concomitant reduction in adrenocor-

ticotrophic hormone {ACTH) titer. '

Hayberry and Astwood (1561) ascribed the mode of actipn of
thiourea and related compounds tovinhibitiou of the fﬂrmat?cn of
iodotyrosine and their coupling to form iodothyronine. Th;y also
diminish the inorgamic iodide content of thyroid and has alalight
inhibitory effect on iodide pump (Danowski, 1962). |

8.5. Dyshormonogenesis. ‘ é

The ocecurrence of congenital goiter due to an inﬂerit?ﬁ
defect in the biosynthesis of thyroid hormome leading to increase
in production of TSH which in turn causes hyperplasgia of tﬁyroiﬁ
gland have besn desoribed in gheep {(Faleconer, 1966; Rae gﬁfg&.
1968 and Mayo and ﬁalhearn, 1969). ?

Faleconer (1966) reported high PBI concentration of serum
from these goitrous animals but hormonal iodine was law in%ser&m
compared with that of normal. The concentration of ©5H wa§ also
significantly higher in goitrous sheep. Rac et al. (1968)Tmade a
study on cangenitgl goiter in Herino sheep. Enlargement of thy-

roid glands in affected animals was nearly 25 times more than the
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control. Histologieally tBe glands were classified into %wo
distinet types. In the first type there waa hyperplasia with
infolding of cuboidal epithelium into vesical lumina as wall

as formation of many vesgicles. In second type the e»ithelial
cells were arranged in alveolar pattern resembling a 3011¢ |
~adenoma histologically. Epithelial cells of this type had abua-
dant cytoplasm and subnuclear vacuolation. There was signifi-
cant increase in cholesterol value in one group of afractéd

sheep. Tae 231 values were also higher ia goitrous anlmzl&.

In con5enita1 goiter in sheep Hayo aand dulheaxu {1969} oaﬂerved
oedematous ear and transverse folds of skin over nasal bcﬂes.

The carpal joints were also swollen and forelegs were bowéd either
inward or outward, resulfing in oblique plaﬁtar surface oé hoovaea,

The thyroid glands were alao enlarged.

8.6, Surgical Thyroidectomy.

‘ Hypothyroidism also can be caused by complete or purﬁial
destruction of thyrold tissue. Marston and Peirce (1952) ‘obser-
ved a reduction in growth rate and metabolic rate in mhy:&idee«
tomised Herino sheep. Zeckwer gt al. (193%) reported aegﬁgnula-
tion of acidophil cells after thyroidectomy in rats. Sil&erg and
Silberg (1940) indieated a delay in endochondral easiﬁication in
thyrolidectomised immature guinea pigs. He also observed aﬁ agea~
lerated sclerosis of the cartilagencus ground subatance and in-
hibition of the coamplete diffe*entiation of columnar martilage
eells into hypertrophic cartilage cells. boutopoulo&,gg‘gg. {1953)

'
1
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reported that after thyroidectoamy, the pituitary target organ
atrappied éné the plasma contained only decreased amount df
somatotrophic hormone (5fH), Anterior pituitary contained de-
creased amounts of TSH, interstitial céll stimulating hormone and
growth hormone., After thyroidectomy bthe acidophil eells underwent
extreme grenulation and concomitsnt increase in number, accompa-
nied by enlargement and vacuolation of c¢ell cytoplasm, Splomon and
Greep (1959) reported a significant decrease in the acidophil cells
in thyroidectomised ratz. Yatvin et al. (1964) noticed a decreace
in liver weight and protein desoxyribonucleic acid ratio in thyro-
idectomised rats. Brooks et al. (1964) reported a reduction in
zonadal and gonadotrophic hormone in thyroidectomised youhg eved.
Belonje (1967) reported an increase in plasma globulin and sedi-
mentation rate of red cells in thyroparathyroideciomised 3er1no
ram., In thyroidectomised gzoats there was reduction in phbsphorus
accretion into long bones and endggenaué excretion of phosphorua.

This was accompanied by hypophosphatenia (aymonda, 1969, 1970).

8.7. Radio Thyroidesctomy.

Radio thyroidectomy also resulﬁ in the developnent of clinical
slgns and pathological lesionsz of hypothyroidism,. Gdldberg and
Chaikofr (1950, 1951) produced an early state of hypaﬁhytéidiam in
rats injecting variocus doses of 1131 in ratas., They obserfed
hypertrophy and'hyéerplasia of basophil cells accompanied by
degranulation of acidophil cells. Dewis (1956) noticed a dropping
of PBI from 6.7 to 0.8 microgram per centage in a Jersey bkll after
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‘suboutaneoua injection of carrier free 1131. Phyroid adenomas,
fibroma and fibro sarcoma were produced in sheep following daily
administration of 1171 at varying levels (Bustad, et al. 1957,
HMarks and ﬁustad 1363) and inﬁerfollicu;ar fibrosis, oedema and
arterial damages were also reported (Marks st al. ‘957), Potter
et al. (1960) developed papillary and folliculx carcinoms in rats
by sinzle injection of 131, Ayoub (1968) reported damage'br
thyroid gland and reduction in the rate of uptake of radio acfive
iodine by thyroid and its release into blood plasma in gosts on

administration of radio iodine.

9. Natural Inéidence of Goiter in Sheep and Goats

"The ineidence of goiter and hypothyroidicm have been reported
by several workers in goats and sheep. Love (1942) observed
changes in thyroid glands of four new born kidas, He noticed alo-
pecia in two casges out of four cases of parenchymatous goiter in
still bora kids. Meintosh (1943) reported that new born lambs
are weak and the wool growth is poo& with focal areas of denuda-
tion, Southcott (1945) reported conzenital zoiter in lambe. Ihe
lambs were weak or born dead. Histologically folliocles were |
depleted of colloid and were filled with finger like processes
of the lining epithelium. The epithelial cells were low cuboidal
or columnar type. Baumanﬁ (1943) deseribed goiter in new born
kids. In six cases partial or complete hairlessness and myxoedema
were noticed. There were three c¢ases of cdlloid goiter, two of

parenchymatous goiter and four mixed type. Aandrews et al. (1948)
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noticed hyperplasia of thyroid epithelium and depletion of
colloid in the thyroid glands of new born lambs from dams which
were fed a diet not supplemented with lodised salt in Indiana.

Jovanovic et al. (1953) investigated on the incidencé of
goiter in goats, sheep, cattle, pigs and horses in éggbia. Phe
1néidence of goiter in animals was found to parallel with that
" in human population. They also observed large number of aninals
with goiter. Otomatus (1954) made an invesfigation on the in=-
cidence of goiter in sheep in Japan., He recorded cbngenifal
goliter in 25 per cent of new born lambs; In adults he documented
an incildence of 33%. The gestation period of goitrous sheep was
much larger than that was observed in normal sheep. The new born
lambs affected with goiter were weak and majority died within few
hours. He observed various forms of enlargement of‘thyroid glands
and described them as circular goiter, horse shoe foru, cannon headed|
form and war fan form. Some of the glanda showed cysts in Che
central pari of the cut surface. Histologioally the lesiohs were
‘typical gtruma parenchymatosa in new born lambs. :?antic and
. Javanovic (1955) investigated on the nature and incidence of goi-
ter in domestic animals. The diffuse colloid type of goitér was
commonezt in sheep and goats. Tha parenchymatous goiter was ob-
served in zoats only. Isolated cases of nodulr goiter and cyst

adenoma were encountered only in sheep. _

3etchell gt al. (1960) reported neonatal mortality in lambs
associated with thyroid enlargement. He noticed that the affected

lambs had gone weak and lethargic aand were bearing coarser coat.
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Histologically the glands showed varying degrees of colloid zoiter.
4 nusber of Zlands showed microscople cysts filled with watory
fluid. Growth {1962) reported hypothyroidism in sheep. iHde ob-
served adverge affect on wool growth and increased iacidence of
alopecia and still porn lambs and kida. Waison st al. (1962)
observed incregased size and weight of the thyrold slanda andg
decrease in the lodine content of the glands in conmenital
goitrous Doorset Horn lamba. There was pronounced hyperplasia

of thyroid epithelial eflls in these animals.. wWallach {1985
reported zoltrogenic hypothyroidism in feeder lambs. In .the
lambas he observed low basal metabolie rate, retardation of growth
rate and lncreased sensitiviiy to low eavironmental teméerature.
Tﬁere wad siznificant enlargement of the glands and the enlarged
thyroids were palpable. Tall columnar epithelial cells were seen

lining the acini. The acini contained scanty colloid and papi-~

llary structures were seen protruding into the aciml. Gnorge el al.

(1966) conducted histopathological study of thyroid slands of dead
lambg in order %9 assesa the incideance of zoiter. He obnerved
parenchym=atous and transitional parenchymatous goiter ia the
affected glands of lamba., The follicles were devoid of eolloid

but showed large cyatic spaces.
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10. Incidence of Goiter and Hypothyroidism in Sheep
and Goats in India
_ Reportes on the incidence of sndocrine disorders in domestic
animals in India are only few., So far the endocrine system has
1ot been subjected to detailed pathological investigation in
thies country. However, a few reports have appeared on thyroid

disorders in goats and sheep from India.

Lall (1952) reported congenital goiter in three kids with
enlarged thyroid and alopecia. Histologieally thyroid glands
showed hyperplasia of lining cells of the follicles. These hyper-
plagtic cells were thrown into papillary folds into the lﬁmen.

The colloid was scanty and feebly stained. In pltuitary, the
acidophils were few in number and there was an increase in baso-
phil cellg. The seminiferous tubules were found immature. Dutt
and Kehar (1959) made a sﬁudy on 1000 thyroid glands colleéted
from Bareilly slaughter house, in order to assess the incldence of
goiter in goats and sheep. The incidence of goiter was more
common in goats, particulafly in female gdats, whilst not a single
case of gollter was observed im sheep. In all 10% of the goats
were found to be goltrous. Clinical and sub-clinical cazes were
algo observed in gouts. The goiter met with in gozats were of the
parenchymatous type. The thyroid glands in thesg'animala were
grossly enlorged. Hiatologically acini contained little colloid
and were lined by tall columnar epithelial cells and this pfo-
jected into the lumen of follicles. Blood vessels were ver} con-

gested.
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Dutf and Vasudeva (1963) described a case of hypothyroidisa
in a ram. The animal showsd clinical signs like loss of weizht,
irregular appetite and intermittent diarrhcea. At autopsy the
thyrold glands were found to be cystic and slightly enlarged.
Histologically the follicles adjacent to the cyst had atrophied
and were lined with low cuboidal epithelisl cells., Host of fhe
atrbphied acini were.ﬁevoid of colloid., Seminiferous tubules of
the teatis were atrophied and in some of the tubules multinucleéte
glent cells were observed. Pituiltary glands'qhowed cords o£ hyper-
trophied epithelial cells arranged as finger like proceases‘in
focai apaas. Hyperplasia of Basophils was also evident. -

Rof et al. (1964) conducted a comparative study of thyroid
gladds of 25 human and SO-goats, collected from severely endemic
area in the Himalayan goiter belt. The thyroid glands of goats
in endemic region were large, pale and hyperplastic with intense
lovular hyperplasia. Grossly visible weli eircumscribed greyish
white multiple nodules were noticed in human thyroids. There was
extrene reduction of organic lodine content of thyroids in:eudemic
area. Microscopically the epithelial cells were tall columnar type
and they were thrown into papillary foldings. Follicles contained
little or no colloid. The thyroid glunds of human beinge showed
intense epithelial and stromal hyperplasia and noduler pﬁoliﬁera-
tion at focal poiuts. ,

Rajkumar (1970) reported enlarzed thyroid glands in 16

Barbari kids out of 29 in a Govermient Farm in Uttar Pradesh.

o]
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In his random survey study in village flock, taking gross en-
largement of the thyroid gland as a criteria for diagnosié of
Zoiter he recorded an incidence of 0e54%, T.02% and 16.67% in local

goats, DBarbari x local and Alpine X local goats respectively.
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- and the details are presented in table 1, Experimental animals

MATERIALS AND METHODS

1. Design of Bxperiment

Twelve cross-bred clinjcally healthy kids consiating ofL
six males and six femalea of the age group between 3-4 mon%bs
were randomly selected from the University Goat Parm, Mannuthy
for the study. It was specifically ensured that kids were not

having Jonhe's disease or coceidiosis, The experimentzl animals

‘were housed separately in pens under hyzienic conditions. . The

experimental animals were meintuined on concentrates and green

jacktree leaves. vater was given ad libitum. The animals were

divided into two groups; consisting of a control group of four
animals and experimental group of eight animals. The experi-
ment=zl group of enimals wers divided into four sub-groupa.i Zach
aub-zroup consisted of one male and one female, The control
group consisted of two males and two females, Experimentnl
hypothyroidism was induced by oral feeding of Thiourea (Glgx&
Laboratories (India) DLimited). Thiourea was daily admlnistered

orally mixing with jaggery os bolus at different dose levels

weére elther allowed to die or were sacrificed. Two of the Eon—
trol animals (one male and one.fémale) were saccificed on 42nd day
after commencement of the axperimeut when the last animal of the
an‘group died. The other two animals in the control group}were

sacrificed when the animala in the fourth group were sacrificed.



Table 1. Details of sex, breed, experimental group, body weight, age, dosaze

and total consumption of thiourea and fate of animals in experinental hypo-

thyroidian,
3l. Sex Breed Group Body | Age Daily Lotal Pate
Ho. waight (months) dosazge daily

(k=) (mg) /g consumpt ion
. body weight (&)

1 Hale Croas i1 6500 3¢5 250 1.625 Died

2 Femzale COross { 6.000 3.5 250 1.500 Died

3 HMale Cross i 1I 4.000 3.0 200 0« 800 Died

4 PFemale Cross { 5.000 3.0 200 1.000 Died

5 Hale Cross § III 3.000 4e0 150 1.350 Died

6 TFemale Cross | 9,500 4.0 150 1.425 Died

T HMale Croas § v 7.250 3«5 100 0.725 Sacrificed
8 TFemale Cross { 10,000 4.0 100 1.000 Sacrificed
3 ilale Grasg § Te 250 3¢5 " Sacrificed
10 ¥Male Cross § 11.500 4.0 Sacrificed
11 Fenale Cross &ontml 3.600 369 Sacrificed
12 Pemale Cross | 8.500 440 Sacrificed

. 62
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Haemogram, bodyweight, plasma protein, serum cholesterol
and protein-bound iodine (PBI) values of all animals were
recorded before commencement of the experiment. Subsequently
haemogram, body weight,-plasma protein, serum cholesterol &and
PBI were estimated at fortnightly intervals. Development of
clinical symptoms, if any, were observed and recorded daily.

The study covered the following aspectsi~

1. weighf_gain and growﬁh rate.

2. Observation of clinical symptoms,

3, Haemogram values.

4. Bstimation.of total protein content in blood plasma.
5. Estimation of serum cholesterol.

6. Determination of PBI.

7. Gross pathology.

8., Histopathological and histochemical changes in orgaa systems.

2. Techniques

Weight gzain and growth rate.

All the experimental and control group of animals were weighed
at the commencement of the experiment and thereafter at fort-
nightly intervals.

Collection of blood samples for laboratory estimation.

Blood samples for analysis were collected using resagent grade

Ethylenediaminotetra~acetic acid (disodium salt) (EDTA) as
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anticoagulant. ' EDIA at the rate of ten mg for every ten ml of
blood was employed as anticoagulant. ZEvery time five ml o% blood
was drawn from the jugular(veiﬁ for haematological studies'with ‘
aseptic greeautioﬁs. .Five ml of blood waé also collected sepa-
rately in sterile test tube, without adding ant;néoagulanté. The
blood was sllowed to clot and then serun was separated'by éentri-

fugation for estimatien of.serum cholestero; and PBI values.

Erythrocyte sedimentation rate.

The technique of Wintrobe and Landsberg (1935) was followed.
Packed .cell volume. | ' , :

The method described by Wintrobe (1961) was adopted.
ngmoglobih.
| The method of Miale (1967) for the determination of héemo~ -
slobin was modified in this estimation. The cyaﬁmethemoglébin
wag prepared as detailed by Hiale (1967), but the finel readings
were taken in Erma Haemo Photometer as against Spectronic 20.
Erythroeyte count. |

Erythrocyte counts were made following the technigue bf
Schalm (1965). |

Leucocyte count.

Leucocyies were enumerated by the method described by
Sehalm (1965).

Differential count.

The technique of Schalm (1965) was adopted.
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Erythroeyte Indices.

lean Corpuscular Volume (!CV), HMean Corpuseular Haemdglobin
(11CH) and Mean Corpuscular Haemoglobin Concentration (HMCHC) were
calculated from erythrocyte count, packed cell volume and hae~

mozlobin content of blood (Benjamin, 1964).

Volume of packed erythrocrte x_10
Erythrocytes in millions per C.iik. .

Mean Corpuscular Volume
in cubic microns

Mean Corpus cular Haemo-
globin in micro micro~ =
grams

Haemoglobin in grams per 100 ml x 10
Srythrocytes in millions per c.anm,

Hean Corpusculr Haemoglobin _ Haemoglobin in grams per 100 131 . 490
Concentration in percentage  Haematocrit reading

Total protein content in blood plasma.

Phe Biuret assay method of Iachlosa (1964) was adopted for
the eatimation of total protein content in blood plasaa.

Serum Cholesterol.

Serum choleaterol was estimated employing the method of
Zak (1957) (ippendix I).

2rotein-bound iodine.

?he protein-bound iodine (PBI) in serum was estimated by the
modified method of Barker et al. (1951) (4ppendix II).

The kids which were dead/sacrificed were subjected to detailed
autopsy. For autopsy the method advocated by Pa0/:sIDa (1963) was
followed. Endocrine zlands (thyroid, pikuitary and adrenal) were

dissected and loose fat and fascia were removed and they were
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weighed. The glands were then incised and examined for grdss'
lesions. Appropriate samples of tissues from all orgaua were
collected in 105 formal-saline for histopathological examiﬁation,
Tissues were processed by routine paraffin embedding téchniquo
(Armed'Forqes of Institute of Pathology, 1968). Paraffin #ec-
tions cut at five to eight u thickness were stained routinély
with Haemotoxylin and Fosin method of iarris described by Disbrey
and Rack (1970). Reticulin stain (James, 1967) also was employed
for sections of thyroid. Wwherever necessary Periodic AcidISchiff
(P43) for thyroid, Heath's:method for pituitary, Gomori's method
for adrensal chromaffin, Alcian Blue method for mucosubstanées.
?an Giesons and Verhoeff's stain as detailed by Armed Forcés of
’Inetitute of Pathology (1968) were employed. Frogen sections of
appropriate samples of tissues were tuken and stained with.

Sudan III for the demonstration of faut (Armed Forces of Institute
of Patholozy, 1968). ‘ -
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RESULTS
T. Clinical Pindings
Symptoms.
Group I. _ B | !

This group coasisted of one male.andvane female kid. . They
‘were given 250 mg of thiourea daily by oral adminiatrﬁmionﬁ “heﬂe
animals were active and clinically normal for the first fertnight.
Subseguently the animals appeared dull and weak and ramalned 130-
lated from other animals., The hair coat presented a rough appe=-
arance. iloderate oedema was noticed on the face and lower part
of the hind and fore limbs (Pig. 1). The animals often carried_
their head in a drooping position. They had a tendency %o lie
down always and gait was.unsteady during movement. The female and
the male animal died on the 22nd and 25th day re@pecfiVely;after

the commencement of feeding thiourea.

Group II. ﬂ

One mzale ahd one female kid which constituted this gféup
were orally dosed with 200 mg of thiourea daily. %o cliniéal
symptoms were observed during the firast three weeks, Therégfgggﬂi
the condition of these animals slowly deteriorated. Oedemé of
moderate degree was notieed on the face and eye lids., Thefani—
- mals were not active and the appeatite was also reduced. Tﬁe
condition of the animals worasened and Hwo days before deatﬁ the
animals were in prastratgd coudition, The male and female kids

died om 23rd and 42nd day respectively.
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Group III,

The two animals in this group were given thiourea at a dose
level of 150 mg daily by oral route. The animals showed progre=
ssivé weakness and stunted growth from the third week on&ards.

The female kid always pressed its head on the wall. Oedema on

tﬁe face below the eyes and in the lower portion of the limbs

were also observed. The animals were réluctant to move from one
pléce to another and there_was reduction in the intake of feed.

The animal held its neck stretched and was recumbent a day prior to
1ts death. It died 32 days after commencing the treatment, The
male animal showed no other c¢linical symptoms except stunted growth

and died on the 68th day.
Group IV.

This group was 0ivén 100 mg thiourea daily by oral administra-
tion. Stunted growth and weakness were evident in the animals by
~ three weeks after feeding thiourea. Subcutaneous oedemna of mo-
derate degree on the face and eye lids was also noticed (Pig. 2).
The carpal joints were modefately and diffusely swollen and the
animals stood in an abducted position (Fig. 3). The kids were
not'very active and feed consumption was considerably feduced.
The hair coat was rough.: Watery discharge from eyes was noticed
in the female kid., The animals were sacrificed after 90 days of

observation to study histopathological changes.

C e



Welght gain and loss.

The data on welight gain and loss during the experimental

period are given in Pig. 4.
Group I.

During the first fortnight there was a sharp reduction of
weight (1 kg) in the female and there was only slight reduction
in the male. Subsequently during the experimental period both

the male and female showed progressive reduction in weight.
Group II.

In the firast fortnight an increase in body weight was
observed in both sexes. In the male the weight gain was uearly
2.5 kg, but in the female this was only 1.7 kg. After the first
fortnight there was reduction of body weight in experimental |
‘animals. The body weight of the male kid at the time of death
was higher than the initial body weight, but it was 0.7‘.kg less
than the welght recorded in the first fortnight. In the second
fortnight the female kid weighed more than its initial weight.
However, there was a reduction of 0.7 kg in live weight when come-
parsd to the weight recorded during the first fortnight. The
animal continued to lbose welght and at the time of death fhe
live weight was lower than the initial weight.

Group III,

Both the animals in this group recorded an increase of
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nearly 1.5 kg body weight in the first fortnight. A reduction
of body weight of 1.5 kg was observed in the second fortnight in
the female kid. Progressive reduction in weight continued till
its death, A iaduction of 0.6 kg was noticed in the second fort-
night in the male animal. Subseguently there was nelther gain
nor loss of weight till its death. The body weight of both the
animals at the time of death was lower than the initial body
weight. |

Group IV,

In this'group also a moderate increase of 0.8 kg body
weight was noticed in the first fortnight in both sexes. In the
second fortnight both the male and female kids' recorded a reduc-
tion in hody weight of 1 kg and 1.5 kg respectively., There was
sharp reduction of body weight in both the kids at the third
fortnight. -The body Qeight remalned unchanged at the fourth
fartnight. However, there was a reduction of 0.2 kz and 0.1 kg
at the fifth fortnight in the fomale and male respactively.
Afterwards the weight of the female remained unchanged till its
destruction. Howbver, the male showed a reduction of Dol kg at
the sixth fortnight, The body weighf of this expefimental group
of kids at the time of destruction was lower than the initial
body weight. The total loss of body weight in both sexes was 1.1
kg and 1.2 kg respectively during the experimental period.
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In contrast to the losa of body weight in all the experimen-
‘tal group of animals, a progressive but gradual increase in body
welght was observed in the control group of animals during the

course of the experimental period.
Serum cholesterol leval.

The data on serum cholesterol level'of the animals during
the experimental periocd are given in Pig. 5.

In all the animals dosed with thiourea a moderate increase
in the gerum cholesterol level was observed when cﬁmpared to {the
coﬁtrol group of animals. However, highest incfease in the level
of serum cholesterol was observed in the fourth group and lovest
increase was recorded in the first group of animals. Increase in
the serum cholesterol level was more propaunced in the female kids

except in the first group.

Serum protein~bound iodine (PBI) level.

The data on serum PBI level are pfeaented in Fig. 6.

There was significant decrease of serum P3BI level in all
the animals dosed with thiourea. But a marked steep fall in
serum PBI level was observed in the first and second group of
experimental animels. Howsver, reduction of éerum PBI in the
third and fourth group of experimental animals was gradual,
Lowest PBI values were recorded in the third and fourth group of
animgls. The reduction of P3I values were more in the females in

all groups.



Protein Bound Iodine u g. /160 ml. Serum.

L5
3

o]
1

Fig- 6. Protein Bound lodine Level in
Experimental Hypothyroidism..

1 sb. 2nd. Brd. At 5 Eh. & th.

Period (Fortnightly)




39

Zotal blood plasme protein.
The data on tofal blood plasma protein are given in table. 2.

There was.slight increase in the plasma protein values of
all the experimental animals dosed with thiourea when compared
to the control group bz animals, Increase in total plasma pro-
tein was slightly higher in the third and fourth group of animals

when ¢ompared to the firat and second group of animals,

Haemozran.
The haemogram of experimental animals are presenced in |

tablee 3=T.

. There was no éighificant variation from the uormal in any
of the animals except in the fourth group of experimental animals.
Animals in this group showed moderate anaemia characterised by
reduction in REE, PCY and Hb. It was a macroeytic hypochromic

type of anaemia.

2, -Autopsy Pindings

~ Group I.

| The énimal darcases were vaery much emaciated. There was
gelatinisation of subeutaneous tissue. Subcutaneous cedema of
the facial region was evident. Hygroparicardium of moderafe
degree was observed. There was hypertrophy and slight dilatation
of the left ventricle. The thyroid zlands were alig ghtly enlarged
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and dark brown in colour, Adrehél glands were moderately enlarged.
The muscles wers moist and atrophic and the entire muscle fat was

gelatinised.

Group II.

The eaicases ware poor in condition. There was gelatinous
infiitration in the subcutaneouws tisaue of the fore limbs, neckb
and thigh regions. The pericardial cawity Qontained nearly 9° ml
of turbid fluid. There was hypertrophy and dilatation of ithe left
ventricle. The thyroid glands of the female were pale. and mode-
rateiy anlarged while in the male the glands were slightly enlarged

and dark brown in colour.

Group III.

4

The carcases were eméciated. In the female kid the siin
was dry and haig® coat was rough and matted. In both the animals
subcutaneous tissue was uni:ormly oadenatous and gelatinisation of
subcutanaous fét in the neck, hind and fore lihbs was obssrved.
Zhere was moderate dilétatian of the left ventricle., Gelatinisa-
tion of the coronary and renal fat was evident. The thyroid glaﬂds
were slightly enlarged in the fewale. Enlargement of the thyroid
Zlands was more pronounced in the male kid. In the female ihe
liver was moderately enlarged, pale, fatty and the borders were
rounded. The adrenal zlanda were slightly enlarged, |

Grﬁuﬂ IV,
Carcagses were gmaciated. Zhe hair coat was rough and
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lugtreless. There was moderate diffuse subcuteneous oedema and
gelatinous infiltration on the face and lower part of the hind
limbs, Thelthyroid glands were greatly enlarged, elongated and
pale in appearance. <Lhe adrenal glands were also slighily enlarged.

There was no other gross lesion in other organs in any of
the experimental animals. The control group of animals did not

show any gross abnormality in any of the organe.

Lthe relative welght of the endoorine glands (Thyroid, Pituitary
and adrenaiy, :

The relative weight of the endocrine glands are presented
in Pig. 7.
Maximum increase in the relative weight of the thyroid

gland was obsérved in the group of aﬁimals dosed with 100 mg of
thiourea (Fig. 8). aAnimals in this group were under sxperimental
observation for 1ongést period, Increase in weight was more pro-
nonnced in the female kids in all the group except in the 250 mg
and 150 mg group.

Kids in the 200 mg group recorded highest inerease in the
relative weight of the adrenal gland while the increase was
lowest in the 100 mg group. Generally increase in the adrenal
welght was more pronounced in the females. |

Haximﬁm increase in the relative weight of the pituitary
gland wag also observed in the group 0f animals dosed wita 200 mg
and 100 mg of thiourea. Increase in weight was more pronounced
in the female kids in the group except in the 250 mg and 100 g

group.



Fig.7. Relative Weight of Endocrine Glands ( Thyroid, Adrenal

“And Pituitary) in Experimental Hg_pothgroidism.
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Table 2. Total blood plasma protein level in grams per 100 ml of blood plasma in ezperi-
mental hypothyroidiam,

Sl. Sex Group Before Firgt Second Third Fourth Pitth Sixth
¥o . : experi-  fort- fort- fort- fort- fort- fort-
¢ ment night nizht night night = aight night
1 Female g Group I 7.10 «30 - - - - -
2 Hale ¢ 729 Te32 - - - - -
3 Pemale § Group II 8.25 8a.42 Be51 - - - -
4 HMale 7.25 T+40 - - - - -
5 TFemale { Group IITI T.25 8.10 8.48 - ' - - -
6 Male ¢ 8.20 8430 8490 9.10 320 - -
7 Femaley;.iuo v B8.40 B. 40 8.90 9420 9.50 9.70 10.10
8 Hale { 3.80 9.00 9.90 9.40 - 9.80 19.20 10.40
9 Femnzle i 8.10 8.20 B8e20 - - - ] -
10 Male |§ 7.40 7.50 7.70 - - - -
11 Female % Control g 49 8.10 3.20 5430 8.50 8.60 8.60
12

Male a 8080 8. 80 8093 ‘90 10 9-0 16 90 20 91 20

Ay



Table 3(4).

Haemogrem of Group I-~female.
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Parameters Before Pirst Second Third Pourth TFifth  Sixth
“expesri- fort- fort- fort- fort- fort- fort-
ment night naight X night night night nizht

HBC mill/cmm 1 20 40 1 2. 30 - - had L -

Haemoglobin

(Ho) g/100 ml 8.20 8,10 - - - - -

B5R mm/hr 51l Nil - - - - -

POV % 30 29 - - - - -

MOV CM 24,20 23,60 - - - - -

MOH Mg G«€0 5,50 - - - - -

MCHC ;;:? 270 30 27 . 90 o - - - ~

Leucocytes

No./cmn 9150 9125 - - - - -

Vifferential

count

Lymphocytes 58 60 - - - - -

Neutrophils 39 38 - - - - -

Honoocytes - - - - - - -

Bosincphils 3 2 - - - - -

Bagophils




Table 3{b), Hasmogram of Group L--male.

44

Basophils

- -

Parameters Before First Second Third Pourth Pifth Sixth
experi~fort- ifort- fort- fort- fort- fort-
ment night night night night night night

R3C mill/emm 12,32 12.10 - - - - -

b g/100 ml 7.60 7.40 = - - - - -

5S8R mm/hr Hil Nil - - - - -

POV 4% 30 31 - - - - -

MOV c A 24,30 24,40 - - - - -

MOH MM 9 6,10  6.10 - - - - -

MCOHC & 25430 25,20 - - - - -

Leueocytes

- Ho./omm 11050 11135 - - - - -

Differential

count

Lymphoeytes 62 58 - - - - -

Neutrpphils 35 38 | - - - - -

lMonocytes - - - - - - -

Bosinophils 3 4 - - - - -
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Table 4(4). Haemogram of Group II--female.

Paramsters Beafore First Second Third Fourth Fifth

experi- fort- fort- fort- fort- fort- ?éi:é
ment aight night night night naight night
RBC mill/cmm 10,86 10.95 9.70 - - = -
Hb g/100 ml 8420 8.40 7.20 - - - -
ESR mm/hr 711 Hil  Nil - . - - -
POV % 30 30 28 - - - -
HOY C M . 27.60 27.60 28.70 - - - -
sog UM 7.50  7.50 7.40 - - - -
MCHO % 27.30 28.20 25.70 - - - -
Lieucocytes o
No./cnm - 12650 12315 12450 - - .- -
Differential
count : :
Lymphocytes 58 5T 62 - - - -
HNeutrophils 39 38 36 - - - -
Monocytes 1 - - - - -~ -
Fosinophils 2 4 2 - - -~ -

. Basophils - 1 - - - -
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Table 4(b). Haemogram of Group II--male.

Parameters Before Pirat Second Third ?oﬁrth Fifth 3Sixzth
experi~  fort- fort- fort- fort- fort-  fort-
nent night night night nigat aight nigzht

Hb g/100 ml 8440 - 9.10 - - - - - -

ESR mm/hr Hil © o Nil - - - - -

POV % 30 51 - - - - -

MOVCAH 23.30 23,30 - - - - -

E‘XGH/"‘/“'Q 7.40 7.90 - - - - -

MCHC & 28.00 - 29,30 - - - - -

Leucocytes .

Mo, /cum . aa7s5 8750 - - - - -

Differential '

count

vLymphoqytes 60 - 57 T - - - - -

Heutrophils 38 - 40 - - - - -

Monoeytes _ - 1 - - - - -

. Eosinophils 2 2 - - - - -

Basophils - ' - - - - -
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Table 5(a). Haemogram of Group III--female.

Parameters . Before TFirst Second Third Fourth Fifth Sixth

experi~ fort- fLort- fort- fort- fort- fors-
ment night night night night nighs night
RBEC mill/cmm 14.61 14.84 14.42 - - - -
Hb g/100 ml 9450 9,80 9,20 - - - -
ESR mu/hr Nil | Nil il - - - -
POV 3 32 34 - - - -
MOV Cc M 21.30 21.50 23,50 - - - -
MCH mm g 6450 6.60 6.30 - - - -
MCHC % 30,60 30,60 27,00 - - - -
Leucocytes
Ho./omn - 9850 9875 9425 - - - -
Differential '
count
Lymphocytes 54 60 64 - - - -
Heutrophils 42 38 54 - - - -
Monocytes 1. e - - - - -
Bosinophils 3 2 1 - - - -

Bagophils - - X - - - -




Lable 5(b). Haemogram of Group III--male.
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Fourth PFifth Sixth

Basophils

Parameters 35?;?351-‘ 25’?—‘ igggfd ggiﬁ fort- fort- fort-
mnent night night night night night night

REC mill/cmm 15445 13.70 12,55 12,50 9.10 - - 1

Hb g/100 ml 9,00 3.30 10.00 8450 7.40 - - |

ESR mm/hr il Kil Hil Hil ‘Hil' - -

POV % 31 31 34 29 22 - -

MOV C 4 23.80 22,60 24.30 23,30 24.10 - -

MCR p#pg 6.60 6.70 T7.30 680 8.20 - -

MCHE % 29.00 30.00 29,40 29.30 32.70 - -

Leucocytes :

Ho./cmmn 9785 9750 98615 9675 9435 - -

Pifferential

count

Lymphocytes 62 59 53 63 57 - -

Neutrophils 35 37 42 >4 42 - -

'Monocytes 1 - - 2 1 - -

Bosinophils 2 4 - - - - -




Table 6(a). Haemogram of Group

IV-=fomale.:

43

Pirst

Second

Lhird

Sixth

Parameters Before Fourth Fifth
experi- fort- fort- fort- fort- fort- fLort-
ment night night night aight night night

RBC mill/emm 14,20 15,10 13.80 11,20 10.80  10.85 10,52

Hb g/100 ml 10.00 10,00 9,00 8.50 7.20 Te20  T.00

ESR mm/hr Wil Hid Nil Hil - Hil Hil Hil

POV % 33 . 35 ‘3% 27 26 27 27

MCB pmug 7.00 6.60 6,10 770 6460 6460 6.60

MCHC % 29,50 28,50 27.20 31.40 27.60 26,60 25.90

Leucocytes

No./cmms 12835 12674 11545 11525 11525 11545 12150

Differential | | | '

count ‘

Lymphocytes 62 58 58 59 60 62 59

Neutrophils 37 38 41 39 40 37 40

Monocytes 1 - - 2 - - 1

Bosinophila - 4 1 - - 1 -

Bagophils

-




Table 6(b). Haemogram of Group IV--male.
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Third

Basophils

Paraneters Before Pirst Second Fourth Pifth Sixth
. experi- fort- fort- fort- fort- fort- fort-
ment night night night night aight night
REC mill/ema  13.30  13.51 12,80 12,10 10.30 10,25 10.14
Hb g/100 ml 9,50 10,20  9.50 BeT0 . 760 7.50  7.30
B3R mm/hr Hil Nil Ril Nil Nil Ril Nil
POV & 29 31 30 28 25 26 26
HCV Cat 21.80 22,10 23,40 23,00 23.30 25.45 25.70
MCHC % 29.50 28.50 27.20 31,40 27.60 26,60 25,30
Leucpcytes '
No./can 10650 10345 9725 9725 10150 10450 10525
Differential :
count -
Lymphocytes 62 62 58 58 62 61 61
Neutrophils 37 33 39 39 37 39 38
Monocytes . - 2 3 - 1 - -
Bosinophils 1 3 - 3 - - 1




duisuar

Beforé Fiést

Second Third Pourth Pifth Sixth

Paraneters

’ experi- fort- fort- fort~ fort- fort- fort-

ment - night night nizht night night night

RBC mill/cmm 11.57 11.50 12.15 - - - -
Hb g/100.m1 8.60 8,90 B.90 = ~ - - -
BSR mm/hy Hil Hil Nil - - - -
PCY & 30 31 M - - - -
MOV C 26.70 26,90 25,50 - - - -
MCH MM g 7.40 7.40 7.30 - e - -
MCHC ¢ 28,60 27.70 28.70 - - - -
Leucocytes '
o, /cmm 9580 9715 9655 - - - -
Differential
count
Lymphocytes 54 54 60 - - - -
Heutrophils 43 39 %7 - - - -
Honoecyten - - - - - - -
Zoaginophils 5 2 3 - - . - -
Basophila - 1 - - - - -




Table 7(b), Haemogram of control group--male.
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Fourth Pifth

Sixth

Basophils

Parameters Bafore First Second Third

expari- fort- fort- fort- fort- fort- fort-

ment night night night night night night
RBG mill/cmm 13.54 13.40 13050 - - - -
b g/100 ml 8.80 8.90 9.20 - - - -
ESR um/hr Nil Hil q4l - - - -
POV & 30 30 29 - - - -
.MGV CH 22,10 22,30 21.40 - - - -

' MCH /"/”9 6.50 6.60 6080 - - -~ had
I’XGHC 5«’3 29030 29060 31 070 - - - -
Leucocytes . K
No./cmm 9800 9550 9745 - - - -
Differential
count '

Lymphocytes - 58 56 62 - - - -
Neutrophils 40 42 35 - - - -
Monocytes 1 - - - - - -
Bosinophils 1 2 3 - - - -
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Table 7(¢). Haemogram of control group--female.

Paraueters Before First Second Third Pourth Fifth 3ixth
experi- fort- fort- fort~- fort- fort- fort-
ment night night night night night night

RBC mill/cmm  12.40 12.65 12,50  12.80 12.80 13.00 13.42

ESR mu/hr Hil Nil Nil Nil Nil Nil Nil
PCY % 30 30 30 3 30 - 31 31
MCV C & 24,10 24.70 24,00 24,20 23,40  24.60 23,10
MO s q 6.10 6+ 70 6.70 6.80 T.00 7.10 7.10
MCHC % 28.30 28,30 28,00 28430 30.00 30.00 30,60
Leucocytes |

No./caom 11270 11175 11315 11245 11370 11255 14700
Differential

count . '

Lymphoecytes 62 60 - 57 59 57 62 64
Neutrophils 37 40 41 40 41 - 36 34
HMonocytes 1 - - - - 1 2
Fosinophils - - 2 1 2 1 -

Bagophils - - - - - - -




PTable 7(d). Haemogram of control group--male,
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Before

Basophils

-

Paramelters Pirst Second ZThird Fourth Fifth Sixtn
experi- fort- fort- fort- fort~ fort- fort-
ment night aight night night night naignt

RBC mill/emm  14.42 14.%5 | 14.50 14.44 15.00 15.30 15.60

Hb g/100 ml 9.00 9.10 9.00 9,30 9.20 9.20 9450

ESR mm/hr - Nil Hil Wil Wil Kil Nil Nil

POV # 31 31 31 31 30 32 32

KOV C M 22,10 22,20 21.30 21,50 20,00 20,90  20.50

HCH 44 g 6.20 6,20 6420 6440 ° 6.10 6400 6,00

MCHC % 29,00 23,20 29.00 30,00 30,00 25,70 29.60

. Leucocytes .

Ho./emn 9245 9540 9215 9715 9575 9410 9235

Differential

count

Lyaphocytes 60 62 58 63 59 59 58

Neutrophils 37 36 40 36 39 41 39

Monocytes 1 - 2 - - - -

Bosinephils 2 2 - 1 2 - 3
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3. Histopathology

Group I.
Thyroid.

There were numerous follicles of small size lined by promi-
nent columnar epithelial cells when compared to the normal thy-
roid gland (Fig; 9, 10). The basally placed nucleus of the
epithelial cells were hyperﬁrophic. The cytoplasm of some of
the cells showsd vacuolar degeneration. The size of the lumen
of the follicle was smaller aﬁd none of them contained colloid.
Some of the foilicles contained granular eosinophilic PAS nega-
tive material. The epithelial cells lining many of the follicles
had desquamated and filled the follicles. Gaﬁillaries were severely
engorged. In focal areas, in some of the follicles epithelial
cells had undergone grénular degeneration. The degeneratéd and
desquamated epithelial cells were large and haq eccentrically '
placed nucleus and abundant‘acidophilic cytoplasm. Interstitial

oedema was also noticed.
Pituitary.

There was diffuse hyperplas;a and hypertpophy of basophil
cells. These cells had well defined borders and abundant cyto-
plasm with prominent granulation. Occasionally iacuolation of
the cytoplasm was evident (Fig. 11). There was modefate<engorge-
ment of capillaries. The acidophils were hypertrophic and some
of them showed degeneration and hyalinisation of the cytoplasan.
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Adrenal.

4ona fasiculata was moderately enlarged and the cells wers
depleted of fat. There were soatterad foci of haemorrhage and
necrosis in the upper third of the fasiculata (Fig. 12). Foecal
areas of hyaline degeneration and necrosis was avident in the
cortico-medullary junction. I[ledullary celis showed slight hyper-

plasia and vacuolation of the cytoplasm.
Ovary.

The ovaries were inactive. Only a few scattered priuvary
follicles were seen in the cortex. Thers were ounly a few imola-
ted developed secondary follicles. The stroma was very scanty
and the germinal layer was only poorly developed, Thefe_were a

few corpus albicans,
Uterus.
Thefb was moderate Eubmucosal and intermuscular oedema. The
mucosal glands were inactive. |
Testis.

There was moderaté degreé of interstitial oedema. The semini-
ferous tubules wuré sualler in sise when compared to the normal
tubules.(Fig. 13). The seminiferous tubules were lined by single
layer of spermatogonial cells. The tubules contained only a few

inactive primary and secondary spernatocytes. Spermiogenesis was
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6ompletely abgent (Fig. 14). Hone of the tubules contained sperms.
There waé no evidence of sertoli-cells. The interstitial cells

ware acattered and few in number.
Skin.

Moderate degree of hyperkeratosis of the stratum corneum was
evident when compared to the nbrmal skin (Pig. 15). There was
- slight diffuse cedema and scattered lymphoid infiltration in the
subcutaneouas tissue, Dermal collagenisaztion was appreclable. 4
few of the hair follicles showed degeneration and keratinisation
(Pig. 16). |

Heart.

There was alight interstitial oedema (Fig. 17). Focal areas

of hyalinisation were seen in the myocardium.
Livero A

The hepatic cells were moderately hypertrophic. ' There was
slight engorgement of the sinusoids. PFatty change, characterised
by diffuse vaouolar degeneratién of hepatic cells was evident
(Fig. 18). | |

Aorta.

Intimalwas intact without evidence of any degenerative changes.
There was fragmentation of elastic fibres and hyalinisation of

muscle f£ibres. Sub intimal fatty deposition was noticed.
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Brain.,

Moderate degree of perivasculwr and perineuronal oedema was

evident (Fig. 19), Venules were slightly engorged.

Group II,

Thyroid.

flistologieal picture was charagterised by the presence of
numerous micro-follicles (ﬁig. 20)., There was hypertrophy of
the lining epithelial cells of the follicles. Most of the fo-
llicles were lined by tall columnar epithelial cells with a basal
nuclei. In some of the follicles lining cells were gseen forming
more than one layer thickness. The follicles were completely
devoid. of colloid tFig. 21). Hypertrophied epithelial cells were
seen filling many of the follicles. 3ome of the follicles showed
degeneration and desquamation of epithelial cells., Cytoplasmic
vacuolisation of epitheliel cells was also noticed. Most of the
follicles were filled with degenerated epithelial cells. HReticu~
1in stain revealed collapse of the follicles in focal areas and
fusion to form éyetie spaces (Fig., 22). These cyatic spaces were
seen filled with degenerated and desquamated colls. Follicles
contained FAS negative granular eosinophilic material., There was
no evidence of colloid formation, Interstitial tissue showed
hypercellularity and interatitial oedema., There was inoreased

vaseularity.
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Pituitary.

Pocal areas—sbowed hyperplgsia and hypertrophy of basophil
cellsl(?ig. 23)., The acidophils_wero enlarged; bordesrs were
irrezular and poorly'derined. In focal areas acidophils showed
granular degeneration and vacuolisation of cytoplasm. Congestion

of blood vessels was also observed.
Adrenal,

There were focal areas of congestion and haemorrhage in the
zona fasiculata of the adrenal cortex (Fig. 24). Cells in this
zoné were devoid of fat, Sinusoids were moderately engorged.
There was slight proliferation of the chromaffin oells of the

medulla.
Ova.ry .

Only a few primary follicles wers observed in the cortex.
4 few corpus albicans and graafian follicles were seen gcattered
in the cortex, Thers was moderate stromal ogedema when compared

to the normal ovary (Fiz. 25, 26).
Uterua.

There was moderate submucosal and interstitial oedema when
compared to the normal uterus (?ig. 27). The glands and inter-
stitial tissue were imactive. Lining epithelium was'low cuboidal

types. Slight serosal oedema was evident (Fig. 28),
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Tasgstis.

Seminiferous tubules contéined oﬁly a few primary and secon-
dary sperﬁa%ocytés. There was complete absence of spermatozoa and
germ layer in some of the tubules. The lumen of the tubules con-
tained only a net work of fibres and scattered round c¢ells. There

was also moderate interstitial cedema (Fig. 29).
Liver,

There was severe diffuse fatty change of hepatic cells.

Sinusoids were alizhtly onzorged (Piz. 30).

Skin,

There was slight but diffuse hyperke;atoais of the epidermal
layer, Dermal layer showad.maderate dezree of oadema and diffuse
round cell infiltration (Fig. 31, 32). Hair follicles had dege-
nerated and tﬁey were pluzged with dense-maaées of keratia,

There was increamed deposition of acid wmucopolysaccharide (AMP)

in the dermal tisaue. -
Heart,

Interstitial cedema of cardiac muscle fibres Qaé evident,
Muscle fibres showed focal areas of degeneration and hyalinisaticn.
Extensive tatty.degeneration of muécle fibres was observed (¥ig. 33)
ﬁorta. |

Intima was intact but there was lipid deposition on the sub-
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intimal layer (Fig. 34). Elastic tissue stains revealed fraguen-
tation of elastic fibres. There was hyalinisation of muscle
fibres.

Brain,

Mild psrivascular and perineuronal cedema was svident. There

wag also slight diffuse gliosis (Fig. 35).
Spleen,

Lymphoid follicles wera few in number. Focal areas showed

deposition of haemosiderin pigments.

Kldney .
Glomeruli were engorged with blood. Tubﬁiar epithelial
cells showed granular degeneration and gome of them had undergone

vacuolar degeneration.

Group III,
Thyroid. .

There was pronounced stromal oedems and interstitial tissue
appeared thickened. Structural disorganisation of the follicles
was evident. In certain areas thers was no well defined follicles
but there were only scattered deunse dark stalning nuclear material
amidst a mass of nomogguogs.baéopbilic granular material. <he
follicles were completely devoid of colloid and were filled with
degenerated desquamated epiéhelial cells (Fig. 36). The follicle
contents gave negative reaction with PAS, In certain areas

collapse and fragmentation of follicula reticulin was evident
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with reticulin stain. In moat of the cells cytoplasam was scanty
and i£ pr¢sent it was basophilic. Focal areas showed collections
of piolirerating hyperchromatic blastAcells. In the male kid
well formed follicles were lined by columnar epithalial cells.

Proliferative changes were not so. pronounced as in the female.
Pituitary,.

There was diffuse hyperplasia of basophil cells (Fiz. 37).
Vacuolisation of cytoplasm causing displacement of the nucleus was
evident in some of the cells. HMany of the acidophils had irregular
cellular border and the eytoplaam had ballooned showing pronounced

hyaline change (Fig. 38). Capillaries were moderately engorged.
Adrenal,

4Adrenal capsule had moderately thickened. JDiffuse hyperplasia
of zona fasiculata was evident. Accesséry corticél nodule férma~
tion characterised by clumps of zona fasioculata cells encapéulated
by fibrous tissue was evident (Fig. 39). There was depletion

of fat in gona fasiculata and sinueoids showed engorgement.
Ovary.

In the ovary very few primary follicles and few well deve-
loped graafian follicles were obaserved. Thers was numerous closely
packed elongated spindle shaped stromal cells. The graafian folli-
cles were small in size contained ounly little iiéuor folliculi.

Cells in the theca interna and externa zones were very few,
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Uterus.

The 1lining epithelial cells were low cuboidal type. Subuuco-
8al oedema was gvident. 4 few small mucous glands and abundant

gtroma were evident in the mucosa.

Testia.

The seminiferous tubules were small in size and appeared
collapsed. The size of the iumen wag simalls There was no evi-
dence of sperms in aﬁy of the tubules and it was lined by a single
layer of eyithelial cells (FPig. 40). The tubules contained gra-
nular pink staining material and few desquamated epithelial cells.
There was no evidence of apermniogenetic activity in the tubules.
Moderaté degree of interatitial oedema was evident. Interstitisl
cells were only few in number and cells wers amaller in size with

little amount of eytoplasm.
skin.

The epidermis was thrown into small papillary folds. There
was hyperkeratinisation of epidermal layer (Fiz. 41). In foecal
arsas theré was acanthosis aﬁd parakeratosis of the epidermal layer.
The dermal layer was slightly thickened due to diffuse dermal ocdema
and increased deposition of AMP. 4 few small lymphocytes were seen
scatteredvin the dermis. HMany of ths hair follicles had dezenerated
and the folliocles were plugged with masses of pink staining keratin.

bLiver,

‘Hepatic cells exhibited diffuse cytoplasmic vacuolisation.
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This was fonfirmed as focal areas of fatty change by Sudan atain.
Dogenerative and necrotic areas were sesn scatterad in the

parenchyma (Piz. 42).
Ki dney o

Tubular epithelium showed dezeneration and desquamation of

epithelial cella._,Thera was slight congestion of capillaiviss,
. Heart.

The myocardiun showed geparation of gtrands of muscle fibres

due to moderatae interstitial 6edema.
AOL‘ t Se

Thera was focal areas of'byalinieation of muscle fibres and

fraguentation of elastic fibres (Pig. 43).
Spleen.,

Spleen showed depletion of lymphoid follicles and slight

haemosiderosis.
Brain,

{here was slight perinsuronal cedema. The cytoplasm showed

many asmall vacuoles glving a apongy appearance to the tissue.

Group IV.

The gland consisted of numerous microfollicles of varying
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size. None of the follicles contained cclloid material. The
follicles were lined by tali columnar epithelisl cells (Fig. 44).
These cells had abundant acidophilic cytoplasm and basal nuclel.
Some of the cells showed vacuolar degeneration of the cytoplaam.
In occasional places more than one layer of lining cells of the
follicles were evident and these were seen thrown into small
papiliary folds. The foldings projected into the lumen and
filled the lumen. lMany of the cells had degeierated and these
areas appeared‘as hbmogauous pink staining material above the
follicular basement membrane and below the cellular layer (Fig. 45),
Many of the follicles contained ﬁasses of degenerated desquamated
~epithelial cells. Some of the follieleé cﬁntained granular
eosinophilic ﬁaterial which was PA3 negative. Retlculin stain
revealed collapse of reticulin in certain areas and duplication
of reticulin fibres. The stroma appeared prominent due to mode-
rate degree of collagenisation. Ingorgement 0f capillaries was
less in thilis group of animals, The reaétive hyperplasia wag more
in the female kid.
Pituitary. 1

There was diffﬁse hyperplasia of basophil cells. HHany of
them had swollen and showed either granular degeneraﬁién or
vacuolisation of the cytoplasm (Fig. 46). The acidophils wexre
few In number and some of them showed degfanulatiaﬂ and hysli-

nigation.
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Adrenal.

~

Deplstion of fat in gona fasiculata was observed (Pig. 47).
Ovary,.

Gdrminal cells were inactive low éuhoidal types <1here wera
only few primordial follicles and few developing follicles in

the ovary. The ovary was inactive, but contained a few corpus

albleans.
Uterus.

Thers was moderate submucossl osdema, 4 few macous glands

zeen in the aubaznrcosa were inactive.
Testis,

‘ Seminiferous tubules showed no evidence of spermiocgzenesis.
The small simed tubules were lined by & single layer of spermato-
gonia., Thers was no evidencé O sperm in many of the tubules
(Fig. 48). The tudules contained pink staining granular material.
Interstitisl fibrosis and cedema of moderate'demree were obgerved.
Interstitial cells were few in number but did not gshow any evidence

of degenar&tion.
Skin,

The epidermal layer was thrown into small papillary folds.
There'was hyperkerstinisation of atratﬁm corneus., In focal aréaa
moderate degree of dyskeratosis and parakeratosis was also evident.
Hair follicles were of small size and were sesh filled with pur-

plish staining meeses of keratinised material. Dermal layer was
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thickened due to oedema and deposition of AMP. There was also

seattered round csll ianfiltration in the dermal tissue (Fig.49, 50).

Heart. _
The myoeardial fibres showed interstitial oedema (Fiz. 51).

Liver.,

Hepatic cells exhibited moderate diffuse faity chage.
S3lnusoids were modorately engorged (Fig. 52).
KLidoey. :

there was 8light granular degensration in tubular epitheiial
‘ cella, ‘ |
Spleen.

Slight haemosiderosis was evident.
Aortas

focal areas of hyalinisation in the tunica wmedia was asso-

ciated with fragmentation of elastic tissue (Pig. 53).
Brala.

There was little but appreciable perivascular and perineuronal
oedema. Diffuse type of gliosis was also evident. Nerve cells
showed asmall vacuoles in the eytoplasm giving a moth eaten

aypeérauoe to the brain tiassue (Fig. 54).
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thickened due to oedema and deposition of AMP. There was also

scattered round cell infiltration in the dermal tissue (Fig.49, 50).

Heart, . '
The myocardial fibres showsd interstitial oedema (Fig. 51).

Liver,

Hepétic cells exhibitgd.moderate diffuse fatty chiange.
Sinusolds were moderately engorgzed {(Fig. 52).
Kidney.

fhere was #light granular degeneration in tubular epitheiial
cells, |
Spleen,

S1light haewmosidercosis was evident.

Aorta.
focal areas of hyalinisation in the tunica media was asso-

ciated with fragmentation of elastic tissue (Fig. 53).
Br&‘»in.

There was little but appreciable perivascular and perineuronal
ocdema. Diffuge type of gliosie was also evident. Nerve cells
showaed small vacuoles in the eytoslasi giving a moth eaten

aypeéranca to the brain tissue (Fig. 54).
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DISCUSSION

Hypothyroidiém of varying degree was produced experimentally
in kids using thiourea as an sxperimental goitrogon. The atudy
has yielded valuable informations on the manner in which kide
are affected by hypothyroidism, .Though it has been considered
that incidence of goiter is high in goats no attempts seems to
have been made to slucidate its nature Ey experimental studies.

A perusal of the availaple literature did not reveal aay reports
on the pathological changes in goata in cxperimentai hypothyroi-
dism, Thiourea and related compounds have been used to induce
experimental hypotbyrbidism in different specles of animals.
There has ﬁeen no report on thiourea induced hypdtbyroidism in
goats and fhia would appear to be the first report on this aspect
in goats. In this study it has been possible to produce hypothy-
roidism of'vanying nature experimentally by feeding thiourea to
kids. The observations made during the course of this investi-
gatlon have clearly shown that thiourea could be used as an
experimental zoitrogen in goats without any side effects in the

dose schedules adopted.

All the kids dosed with thiourea died exocept kids in the
lowest ddsage group. This observation indicates that the thyroxin
deficiency was very acute with.dosages upto 150 mg of thiourea
per kg bodywsight leading to a thyroid erisis and death. Clinically,
thyroid suppression by thiourea was evidenced by disturbance in

growth and health. There was stunted growth and weight loss in
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all groups of animals dosed with thiourea. Lombardi et al. (1962)
did not observe any deleterious effect on the growth in ldogs dosed
with thiouracil. This was attributed to the fact that the meta-
bolic¢ processes in the dog are leés dependent on the productien
of thyroid.hormona. Significant clinico-pathological changes ob-
served in this study indicate that zoats are more dapendent on

thyroid hormone for their growth and development than dogs.

It is significant to observe that there was & sharp reduction
in weight in the first fortnight itself in the first group of kids
dosed with 250 mg of thiourea. The high dose of thicurca would
have causedisudden suppresasion of thyroxin production causing
lowered BMR, cellular growth and consequent weight loas. It is
relevant to mention here that goitrogens have been found to retard
growth rate in sheep (Lascelles and Setchell, 1959) and poultcy
(Singh et al. 1968). Retardation of growth in hypothyroidism has
been attributed to defective syathesis of new protein by Metzger
and Freinkel (1971). Kimberz (1971) has reported diminution of
absorption of nutrients in human beings in the absence of thyroxin;
this might also explain reduction in weight. It is intereating
to observe that animals in all the grdups except in the high dosage
group recorded a gain in bodyweizht during the firat fortnight.
This would suggest that there has been some anabolic effect at
lower dose level causing gain in weight, The slow onsst of hypo-
thyroidism lowers the MR and causes reduction in the cataboliasm

of protein and utilisation of energy for body functions and this
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perforce leads to a traneient.posiﬁite anabolie effect causing
gain in weight. Thus it would appear that low doses of thiourea
have transient bdenefiecial effect in increasing bodyweight 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 al. 1966). The observation made in this study there-
fore indicates that in goats also low doses of thiourea could be

of use in fattening goats intended for slauzhter..

Stunted growth characterised by reduction in weight gain and
atature was a consistent featurs in all the kids dosed with thio-
urea. Growth hormone in association with thyroxin has great in-
fluence on the growth of animals. Thyroxin is considered as a ‘
 spark necessary for all metabolic processes to take place zand ne-
cessarily in the absence of this hormone'a retarded growth e¢an be
expected. There was reduction in the feed intake of animals dosed
_ with thiourea and this might again be a cause of retardation in
growths Similar observation has besu made in plgs dosed with
thioursa (Pearson et al. 1966). Stunting in growth in expeiimental
hypdthyroidism has baen reported in lambé; (Harston and Peirce,
1932) in rats (Green gt al. 1974) and in spontaneous hypothyroidism
(Smith et al. 1972). |

The reduction in growth and weight was appreciable in experi-
mental animals. It is important to mention here that clinical

symptoms were not so pronounced and in the field conditions, hypo-

thyroidism as the cause for the stunted growth and reduction in
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waight might be overlooked. The common finding of poor growth
and production-bf'animals in Xerala should be viewad against

this background. Reduction in growth rate of animals i3 a major
problem in the field and althouzh the reason for this condition
may be varied, the observation noted in the present investigation
points out\the need to undertake a study to assess the role of
hypothyroidism in stunted growth and production in animals in
Kerala. It is more so in Kerala where the rains are heavy and

the plants may be deficient in iodine. This typa of investigation
will 20 a long way in identifying and preventing hypothyroidism
and this would help to improve %he productive status of the animalas.

Subcutaneous. oedema of varying degree was obgerved in all
groups of experimental animals. Histologlcally 1t was characterised
by oedenma and exeess'deposition of AMP in the dermal tissue. Re-
pqrts have not appeared about such myxzoedematous changes in goats
although this is a common change in hypothyroid state in man. '
wegelius (197f) has reported excessive deposition of AYP in the
dermal tissue in human hypothyroidiam. Reductioh of rate of break-
dowa of mucoprotein in the absence of thyroxin with the unchanged
rate of formation of mucoprotein has been explained as {he reason
for the accumulation of AMP in human myxoedema by Crispell and |
wilson (1964). ' |

The halr coat of the animals also shoved éhanges. Clinically
the coat was rough and matted. Histologically degeneration of

hair follicles and hypefkeratosis were the characteristic features.
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Although, destruction of hair follicles were seen, grossly there
was no evidence of alopecia suggesting that changes were not
advanced. If the animals ware allowed to live long with low dose
of thiourea, it mizht have lead to chronic hypothyroidism and
alopecla. The epiflexmal layer was considered as an important
target organ to the action of thyroxin by Freedbergl(1971) and
therefore significant patholégioal changes could be expected in
‘the skin.

Pew of the animals, besides beinz lethargic, weak and de-
pressed showed a tendency to hold the head down and press the
head against walls. Histological evidence of cersberal oedema in

these animals would explaiu fthis clinical manifestatlion.

‘ The serum cholesterol level, one of the c¢linico-pathologieal
parameters stﬁdied, was significantly higher in all the animals
doased with thiourea. Increase in the serum cholesterol level has
been reported in experimentsl hypothyroidism in éheep {Lascelles
and Setchell, 1959; Belonje, 1967) and in chicken (Hangia gt al.
1975). The increaze in the serum choleéterol level was more pro=-
nounced in the group given low dose of thiourea for longer duration
Increase in the serum cholesterol level has been obéerved a8 a
more specific change in lipid metabolism by Peters aund Man (1850)
in human myxcedema. Fletcher aad iyant (1958) indicated that in
hypothyroid rats the hepatic synthesis and release of c¢holesterol
from acetate i3 subnonzal but the peripheral breakdown and biliary

excretion is lowered and this they ascribed as the reason for in-
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crease in the serum cholesterol level. Obgervations made on this
parameter in this study suggest thot serum cholesterol level could
be used as a useful marker to detect sub-clinical cases of hypof
thyroidism in goats and could.be used advantageously as one of
the screeniny tests to detect hypothyroidism in the goat popula-

tion in endemic areag.

Hypothyroid state in the animalé dosed with thiourea was also
asgoclated with increase in total plasma protein ievel. " Similar
iucréase in plasma protein level and merum albumin has been re-
ported in hypothyroidism in huwmen beings (Lamberg and Grasbeck,
1955)« 4An inerease in plasma globulin in thyroidectomised Merino
ram (Belonje, 1367) and ia poultry (Nangia gt 2l. 1975) has been
reported. lThis increased lavsl might have been due to defectiva
utilisation of nutrients in the absence of thyroxin which causes
accumulation of blood proteins. Crispell and Wilson (1964) have
docunented reduction in both anabollsm and catsbolism of protein,
the latter being more reduced.than anabolism of.pﬁoteins in hypo=-
thyroidism. This would again aceount for the rise in plasma

protein level.

The animals fed on thiourea to induce nypothyroldism showed
a significant decrease in the PBI level in serum. This obgerva-
tion ig in close agraeement with the results of experimental hypo-
thyroldism ir sheep (Liascelles and Setchell, 1959).‘in bull
(Lewis, 1956) and in spontaneous hypothyroidism in sheep (Watson

et gl. 1962). Ko comparable data is available in literature on
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PRI values 1n-goats in expsrimental hypothyroidism, Prom the
observations made duringz the course of this investigation it is
raeasonable to conclude that the PBI values in conjunetion with
serum cholesterol level could be used as a reliable test to
screen the existence of hypothyroid state in goats. - These data
will truly reflect the degree of hypothyroid status in the
individual.

Thiourea inhibits the organification of iodide and iodina-
tion causing reduced synthesis and release of thyroid hormone
(fhyroxin) from the gland. Reduction in ?BI level was very much
pronounced in the high dose level groﬁp suggesting that thiourea
in high doses has markedly suppressed lodination in the thyroid
gland and had caused acute deficlency of thyroxin. 4 significant
observation, worth noting is that females in all the groups showed
much lower value than males. This is 2n observation which would
support the view that females are more prone to develop hypothy-
roidism and are more susceptible to the action of antithyroid

drugs (Rusgsell, 1970).

‘The blood picture of exgperimental animale\revealad a macro-
eytic hypochromic anaeniz. "Andemia was apparent. - only in the
longeyr duration treatment group suggesting that persistent thyro-
xin deficiency would lezd on to anaemic state. Rivlin (1971) has
observed that the wost significant effect of hypothyroidism in
man iz the reduction of intestinal absorption of Vitamin 312.



75

How far thiz would be applicable to ruminants has to be clarified
by further detailed investigation. It is relevant to mention here
that, Adamson and Finch (1966) have demonstrated decreased produc-

tion of exythropoietiu in hypothyroidism.

There was gignificant increase in the relative weight of
the thyrolid gland in oll the kids dosed with thiourea. The in-
crease being more pronounced in kids fed low doses of thiourea for
longer duration. This observation showa that there has been reac-
tive hyperplastic response irn thyrold under the influence of thio-
urea. The lncrease in thyroid weight can be explained as a com-
penzatory hyperplastic responrse medisted through pituitary ander
‘the influence of lowered thyroxin lsvel. It iz significant to
obaarve that enlargement wae progressive and there was correlation
between the time interval, éosagg and degree of'enlargenant. A8
the duration of experiment inereased, increase in weizht was also
found to be mors. This indicates that coupensatory hyperplastic
thyroid responss has'beeg medlated efficiently through pituitary.
However, funcﬁion&lly it was not found to be compensated since the
PBI values in the thiourea dosed kids were much lower when com-

pared to the euthyroid control animals.

Although, thers had been aufficient increage in the weight
of the gland in experimental animals, the enlargement waz not
appreciable by palpation during elinlcnal exomination. This

obgservation is pertinent and has 4o be stressed here ginece this
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poirts to the fact that sub-clinical hypothyroidism could exist in
animals without gross evidence of thyroid enlargemsnt, Therefore,
palpable thyroid enlargement, cannot bhe tﬁken as a sriterion for
diagnosing sub-ciinical hypothyroid state in animalsg. However,

it should be obssrved that thyroid enlargement has béan reported
’in experimental hypothyroidism in different specles of animals
(Eennedy, 1942; Jones gt gl. 1946; Harkness et al. 1954;

Goldberg et al. 1957; Lascelles and Setchell, 1959; bLazo-wasem,
1960) and in spontaneous hypothyroidism (Southcott, 1945; Lall,
1952; Dutt and tehar. 1959).

There was significant inecrease in the relative weight of the
adrenal glands in an;mals treated with hish level of thiocurex
than lower dose level and longer duration. DThis observation is ia
contragt to the reports of atrophy of adrenal glands iun laboratory
animals and pigs dosed with thiouracil and allied compounds by
Baumann and Marine (1945), Zarrow and Money (1943) and McCarthy
at al. (1959). waéver. the present observation is in agreement
wifh the findings of Durlach gt al. (1954%) who have reported an
inerease in adrenal weisht in guinea pilgs dosed with propyl thio-
uracil. The animals with induced hypothyroid state with large dosso
of thicurea was under the influence of stress and this atress_mignt
have been respousible'for the enlargement of the adrenal glands,
Microscopic changes like depletion of fat, focal areas of haenorr-
hoge, degeneration and nescrosis of gona fasiculata seen in the

adrenal glands of thiourea dosed kids are all histologieal features
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seen in stress reaction in the adrenal gland, more specifically
in an exhaustion stage (Symington, 1972). This would again
justify the existence of stress in the thiourea dosed animals.

Consiztently there was increase in the reolabtive welght of
the pitultary gland in all the thiourea dosed animals, Similar
cbgervations have been reported in experimental hypothyroidism in
laboratory animals (Eennedy and Purves, 1941; Grissbach gt al.
1941; Goldberg et al. 1957; lLagzo-Wasem, 1960) and iﬁ gpontaneous
hypothyroidism in goats (Lall, 1952). The increase in the re-
lative weightuof'the pituitary was much more in animals dosed with
high levels of thiourea. This could bs explained by the fact that
hizh levels of thiourea interferes with organie bindinz of iodine
and aoute deficiency of thyroxin stimulatea basophil cells and
these undergo hypertrophy with éonccmitiant increase in number in

order to meet the increase demand for TSH,

All the kids dosed with thiourea were in poor condition and
there was gelatinisation of body fat. Thia @ight have been due to
reduced feed congumption and feed conversion in the absence of
thyroxin, Russell (1943) indicated that most enerzy demand are
beinz met from preformed iipid in hypothyroid rat. Therefore,
‘gelatinisation of body fat wmight be due to utilisation of fat for
body vital funetioﬁs and energy requirement for the animal.

It is note worthy that all kids showed dilatation and hyper-
trophy of the left ventricle and animals in the high dosaze sroup
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showed moderate degree of hydroperieérdium. Similar tindings have baen
reported in human beings in myxoedema (Zondek, 1918). Hydropsri-
cardium might have been due to pericardial effusion presumably
resulting from increased capillary permeability. Cardiae hyper-
trophy and dilatation could be considered as a pathologiezl change
resulting frﬁdwéggéftort 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,

Reactive hyperplasia was the characteristic histologiecal
picture observed in the thyroid gland.. In a nfpothyroia state
this ia énhexpected pathological change. This is a direct histo~
logical evidence which shows that thiourea has caused lowered
thyfoxin prcduct;on and pituitary mediated compeusatgry thyroid
hypsrplasia. Thyroid hyperplasia has been reported in gpontaneous
hypothyroidisn in sheep (Growth, 1962; Wallaech, 1965; George et al.
1966), in goats (Lall, 1952; Dutt and Kehar, 1359; Roy et al. 1364)
and in experimental hypothyroidism in 1abora£bny animals (Jones,
1946; D'ingelo et al. 1951; Durlaeh at al. 1954;'Golﬁberg‘é§ al.
1357). Hyperplastic response of the thyroid was more severe in
the animals given low doses of thiourea, suzgesting that the effect
of TSH on the thyroid was continuous and long, This is also evi-
denced by marked increase in weight of glands in these animals.

It was also observed that thyroid hyperplasia was hore'aevere in
females than in males in the 150 mg and 100 mg dosage Zroup.
Pormation of new small sized follicles with‘hypertraphic'one or
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two layered tazll coluumnar epithelial_cells waé the consiatent
histologiecal feature in all the graupa.' However, vascular changes
were very much pronounced in the high dosage group. This would
appzar to be a change ocourring 28 a result of sudden depression

of thyroxin production and severe stimmlation by pituitary PoH.

The most impﬁ:tant histological observation was the complete ab-
sence of colleid in almost all the follicles of the thyroid. It

was difficult to identify the tissue as thyroid on histolggical
examination, This would suzgest that, althougzh there had.been
stimalation by T3l and hyperplasia of thyroid epithelium, there

has been no ayntheéie of thyrozlobulin due to the non-availavility
of iodine in the presence of thiourea. This would suapport the
observation that thiourea has effectively blocked the thyroglobulin
production and has lowered the PBI level. The unsuccessful severe
hyperplastic reaction aleo rgsulted in degenaration and desquamation
of many lining cells and the granular PAS negnti?e naterial seen in
~ the follicles might have been only the degenerated cells. Porma-
tion of new s=mall follicles without hawing colloid wdulé suzgest that
ISH stimulation was very severe and blocking of iodide and incor-
poration of iodine has been very effective. If the targzet gland oti-
mulation has been low and continuous and if the animals had lived
long that would have resulted in follicles with wellformed and
maltilayered epithelial cells, This was not obuerved in thialstudy
indicating that thyroid suppression was more or less acute with

high dosage levsls of thiourea. However, in the lowest dosage 2roun
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. changes of this type were seen. Therefore, it is worthwhilé‘to
take up further study with still lower doses of thiourea. Fro-
liferation of supporting tissue of the thyroid zland was reported
by Roy et al. (1964) in hypothyroid goats in endemic area. This
was observed in the thyroid glands of animals dosed with low levels
of thiourea. The sgtromal reaction leading to fibrosis ui:ht also
be a part of the response for the formation of new follicles under
the influence of TSH., Increase in collagen content in the tayroid
has been reported by Harkness @t al. (1954) in rats after feeding
thiouracii,

In the pituitary gland there was hypertrophy and hyperplasia
of the basophilz, Pituitary basophil hyperplasia is an observation
which would support the eonclusion that thyroid activity had been
diminished by the asdministration of thiourea to the kids. ¥ith
increasing thyroid dysfuncﬁion the initial hypertrophy of basophil
cells with storabe of granules was followed by the loss of gramles
in the cellg of certain areas and finally complete degranulation and
vacuolation of busophil cells. These have beecn described as ‘
"thyroidectonmy 081155 (Zeckwer‘gi‘gi. 1935). ZThe cytoplasmic
vicuolation might represent and exhaustion étage in the reactive
hyperplastic process. DMhese chéugea have been described in experi-
mental hypothyroidism in dogs (Lippincott et al.1957) and in rats
(Goldberg and Chaikoff, 1951). The hypertrophy of basophil cells
has also been reported in spontaneous hypothyroidism (Lall, 1952;

- Dutt and Vasudeva, 1963) in goat and sheap.
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Vascular cﬁanges were ieny pronpunced in the first two ZXoups.
The increased vascularity might have been a resgponcse to acute thy-
roxin daficieno& mediated through hypothalamus to enhance the fun-
etional activity. |

The acidophils showed degraanulation and degeneration. This
might be due to a feed back inhibition of the acldophilc rasulting
from inefficient uvilisation of growth horaone produced by the
pituitary in thé absence of thyroxin. In hypothyroidism, induced
by thyroldectomy and goitrogens in laboratory animals similar
histological changes in the pituitary écidophil cells have been
described (Zeckwsr et ;
et al. 1958). <

et &1. 1935; Goldberg gt al. 1957; Contopoulos

There was depletion of fat, focal haemorrhage, hyaline deze-
neration and necrosis in the zona fasiculata of adrenal gland.'
These are changes encountered in atress and this observation indi-
cates that kids were under a stress in hypothyroid state, 3Slight
medullary hyperplasia was encountered in the group of animals
"dosed with 150 mg of thiourea. Similar observation has been ree-
ported in experimentsal thyroidectomy in laboratory animals.

(Gley, 1923) .

Hepatic fatty change was a consistent histological change in
all the kids, Chaikoff gt al. (1948) have documented similar
chanzes in dogs. They suggested that the fatt& change occurring

in experimental hypothyroldism in dogs was due to some interference
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in the activity or use of lipotropic factors. They have also
- shown that lipotropic factors in the normal diet appears to be
particularly influenced by the action of thyroid hormome.

The histologic picture of the heart was characterised by
interstitial oedema, focal areas of degeneration, hyakinisation
and fatty degeneration. Similar oardiopathology has been des-
eribed in human myxoedema (Sobel and Braunwald, 1971). PFatty
change in the myocardium can be expected because there was high
cholestercl level in the blood. Similar myocardial fatty infil-
tration has been reported in hypothyroidism induced by thyroidec~
tomy in dogs (Lippincott et al. 1957).

Degenerative changzes in the aorta migat have been initiated
by hypercholesterolemia and general increzse in blood lipids in

¢lirculation,

Hyperkeratosis, slight diffuse oedema and scattered lymphoid
infiltration were the common hisztological lesions eﬂcountafed.in
the skin, 3imilar changes have been reported in both natural and
experimental hypothyroidism in dogs (Lippincott et al. 1957).
However, no reporis have appeared deseribing skin lesions in hypo-
thyroidism in goats. 4trophy of the hair follicles and hypsr-
keratotic plugging of follicular opening as observed in this study
have also been recorded in the sgkin in hypothyroid condition in
dogs ( Bush, 1969). The changes li&e acauthosis; parakeratosis and
dyskeratosis were observed in animals dosged with 100 mz and 150 as

of thiourea. This is an indication of dsgenerative processes that
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has taken place in the epidermis in the thyroxin deflclient kids.
This is an observation whl@h is seen to develop in smavere and
prolonged hypothyroidism, This finding is in agreemont with the
observaticons of Bush (1969) in dogs in hypothyroidism. There waso
évidence df‘défﬁéibollagenisation and depoaition of A¥P in kidas,
pafticularly in the low dosage groups. The latter is a patho-
gnomonie picture in human myxoedema and it is significant o ob-
gerve that in gbats dermal changes have been almost similar to that
seen in man though not pronounced as seen in human beinga,
Freedverg (1971) attributed increaced dermal collageniasation in
human myxoedema to decreased synthesis of collazen and decrenzed

rate of its breakdown.

No significent patholozlcal changss were seen in kidney and
spleen. Bradley (1971) has obzserved that hypothyroidism is not
usually assocliated with any serious defect ian renal funetioﬁ in

human beings.

The testls showed varying degree of degenerative changes in
all the groups dosed with thiourea. This observation clearly
reﬂe&sthe importance of thyroxin ia gonadal development. Similar
changes have been reported in experimental hypothyroidism induced
by thiouracil in ram and rabbits (Magsood, 1951), Thyroxin has a
priming effect on the action of hormonez on cellis and in the absence
et thyroxin; the gonadotrophic hormone of the pituitary in parti-
cular, will not be functioning effectively and this might explain

the degenerative changes in the testicular tissue. Brooke et al,(196¢
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have observed a reduction in gonadal and gonadotropic hormones in
hypothyroidism induced by thyroidectomy in ewes. Besides this,
lowered protein synthesis and BiR in hypothyroidism may also con-
tribute to the development of degenerative changes in the gonads.
it is relevant to mention here that studies on the influence of
hypothyroidism on the reproductive organs in different species of
animals have bgen varied (Yerner, 1971). In this context it is
pertinent to observe here that no reports have appeared describing
changes in gonads of goats in experimental hypothyroidism. The
finding of significant degenerative changes in the reproductive
organs of both males and females in hypothyroid gtate in this
atudylhas great economic importance, It 1s only reasonable to
agsume that in the goat population in sub-clinical hypothyroid
state, thare is bound to have infertility problem in both males
and females. The histological picture of pronounced degenerative
changes in the reproductive organs of kids on lowest dose of
thioursa draws attention to this direcfion. While the control
animals had showed well devéloped geniniferous tubules with sperms,
the seminiferous tubules of kids in the same age group dosed with
thiourea showed complete aspermlogenesis and degeﬁeration of
tubules. Therefore, this study stresses the need for a detailed
invesgtigzation into the thyroid pathology of animal population par-
ticularly of goats in Herala, so as to evéluate the influence of

hypothyroidism on the infertility problem in the State.
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SUMMARY

1. Buploying thiourea at different dose levels, varying
degree of hypothyroidism was induced in kide with the objective
of studying sequence of olidico-pathological changea in diffe-
rent stazes of hypothyroid state. 50 far no reports have
appeared describing pathological changes in experimental hypo-
thyroidism in goats.

2. Thiourea was found to be a useful experiwental goitrogen
at the dosage levels employed. Experimental model of hypothy-
roidism of varying severity was successfully induced in kids.

5. During the course of observation for a peried of three
montha all the kids dosed with thiourea exsept those in the
lowest dosaze group died at varying infervals due to thyroxin
deficiency. These animals were sacrificed after three months of

observation.

4, Clinieal findings revealed stunted zrowth and appreciable
reduction in weight in all the kids dosed with thiourea. However,
a gain in weight was recorded in the first fortnight in all the
‘groups except 1# the higzhest dosage.grouy; This observation indi-
cates that thicurea in low doses for shor{ periods could be used
for fattening goats. Prolonged dosage resulted in progreasive
reduetion in weight. It was concluded that reduction in waizht

is a constant feature in prolonzed hypothyroidism.
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5. Weakness, lethargy, depression, reduetiop in fead intake
and subcutaneous ocedema of varying degree ware the important

clinical features observed.

6., The hypothyroid kids had high blood cholgsterul values
and plasma protein levels when compared to enthy?aid control
kids., Hypercholesterolemia was significantly hiéher in females
and'in the lower dosage group which were under o?servation for

longer periods, .
“7. A significant decrease in the seru& PBI Qas congistently
recorded in all groups of animals dosed with thiourea. Female
kids in all the graués showed much lower levels qf PHI than males.
The resﬁlta of the study indicate that estimatio? of sorum cho-
lesterol level and PBI values could bs used as r?liable markers

for detecting hypothyrcidism in the goat population.»

8« Thers was no significant variation in the laenozrar values
of hypothyrold kids except in the 100 mg group. 'In this group

haemogram revealed a macrocytie hypochromic type of anaemia. .

9. An increase in the relative weight'of téyroi& wig oon-
sistently observed. It was more marked in kids dosed with 100 mg
of thiourea. The increase in the welght was fou%d to be due to
compennatory thyroid hyperpiaéia. However, thyréid anlargemsnt .
wag not palpable by gross exsmination, Qhereforé it was reaso-~
nable to conclude that palpable enlargement of the thyrold zlands

cannot be taken as a oriteriento indicate hypothjroi& state,.
.. .ot

o
1
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10. There was increase in the relative weight of the pitultary
and adrenal glands in animals dosed with thiourea. This increase
was more in animals fed thiourea at 200 and 250 mg levels. The

pathogenesis of this condition has been diacusged in detail.

11. Hydropericardium and left sided ventriculx hypertrophy
and dilatation of varying severity were observed in the hypo-
thyroid kids, Histolowically there wag interstitial oedema and

myocardial debeneration. '

12, Histologically the thyroid gland oxhibiﬁed varyinz desree
of hyperplastic changes. Hyperplasia was characferiued by for-
mation of collocid depleted microfollicles. Lininé cells ware
hypertrophic and concomitant degenerative changes were alaso ob-
gerved. Thyrolid hyperplasia was mofe pronounced in the fewnale
kids. Absence of colloid formation was considered as a definite
1ndication of blocking of thyroxin formation by thiourea. Patho~
biology of raactive thyroid hyperplaaia hag baen diseussed in
detail.

13. Predominant histological picture in the pituitary was
bypertrophy and hyperplasia of basophil cells. Degensrative
changes were also seen in these cells. 4cidophils showsd dege-

neration, degranulation and hyalinisation.

14. Patholdgical-changea in the adrenal glan&s wera gimilar

to that seen in stress reaction. It was therefore coneluded that
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kids dosed with thiourea partioularly in the higher dosage group

wore in a atate of stress,

15. Fatty change in tﬁe liver was a common histological changze

in all the groups. Histogenesis of the conditioq has been des~

oribed and discusged.

16. Aorta revealed athero~sclérotic changes and the role of
hypercholesterolemia in the pathogenesis of the lesion has been
detailed,

17. Histological changes in the skin of hypothyroid kids were

sinilar to that reported in human skin in myxoedéma.

18. This study has clearly brought out significant patholo-
gical changes in the gonads. Gonadal degéneraxite changes both
in males and females were found to be very significant in experi-
mental groups. Aspsrmiogenesis was a characteriétic histelogical
finding in all the male kids dosed with thiourea. Importance of
recognition of apontaneous hypotbyroidiém and the need to agsesy

its influence on the fertility of animals have been stressed.

19. Pathoanatomical changes obaerved in thié study have con-
vineingly eétablished the importance of recognis%ng hypothyroid
state in livestock for economical livestock production and the
need for teking up further studies to assess the effect of

hypothyroidism in animals.
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Pige 1. Kid - Group I - Oedema of the face and lower
part of hind limbz are evident.

Fig. 2. Kid -« Group IV = Showing oedema of the face
and lower eye l1lid.






Fig. 3. Kid -~ Group IV - Kid standing in abducted
position with swollen carpal joints.

Fig. 8. Thyroid - Enlarged thyroid glands of the kid
in the Fourth Group. Glands from the kid in
the control group are seen below.



Fig. 9. Thyroid ~ Control Group - Histology of the
normal thyroid gland.

Pig. 10, Group 1 - Thyroid - Numerous small follicles
are geen lined by tall c¢olumnar epithelial
cells. Follicular lumen is amall and is
devoid of colloid. H & B x 100.
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AFigL 11. Group I - Pituitary - Hypertrophy and hyperplasia
of bagophil cells. Vacuolar degeneration of
hypertrophied basophil iz evident. i & B x 200.

Fig. 12. Group I - Adrenal - Focal area of degeneration
and necrogis in the gona fasiculata. The cells
are devoid of fat. H & B x 100,






Tige 13. Control Group - Testis - Normal histological
features of testis. H & E x 100,

Pige 14. Group I - Testis - Poorly developed seminiferous
tubule and interstitial oedema. H & B x 100,






Fig. 15. Control Group - Skin - Hormal histology of the
. skin. i# & B x 100. '

Pig. 16. Group I - Skin - Diffuse subcutaneous oedema
and lymphoid infiltration. Moderate hyper-

keratosis and collagenisation are also
evident. H & E x 100.






Fig. 17. Group I - Heart - Interstitial oedema and focal
areas of hyalinisation. H & E x 200.

Fig. 18. Group I - Liver - Severe fatty change. H & E x 200.
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Fi&. 19. Group I - Brain - Coreberum - Perivascular and
nerineuranal oedema, Slight gliosis is also
seen. i & B x 200,

Fig. 20. Group II ~ Thyroid - Showing numerous micro-
follicles and epithelial hypervlasia.
Pollicles are devoid of colloid but contain
granular degenerated material. il & E x 100.
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Fig. 21. Group II - Thyroid - Highexr magnification.
Showing colloid depleted follicles lined
with prominent columnar epithelial cells.
H& E x 200,

Fig. 22, Group II - Thyroid - Showing collapse of follicle
and cystic space. Fragmented follicular reticu-
lum are seen as spikes. Reticulin stain x 200.



B aely o e /“'\/ 9 449.»,'?“

ua-f’\ -




Fig. 23. Group II - Pituitary - Groups of dark staining
‘ hypertrophic basophils are evident.
H& B x 200,

Fig. 24. Group II - Adrenal - Haemorrhage and depletion

of fat in gzona fasiculata. 1 & B x 100.
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Fig. 25. Control Group - Ovary - Normal histological
feature. H & E x 100,

Fig. 26. Group II - 6vary - Inactive ovary showing very
few primordial follicles. Stromal oedema is
also seen. H & & x 100.
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Pig. 27. Control Group - Uterus - Nommal higstological
feature. H & E x 100,

Fig. 28. Group II - Uterus - Showing submucosal oedema and

interstitial oedema. H & B x 100,
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Fige. 29. Group II - Testis. Showing severe degenerative
changes in the seminiferous tubules, There is
gcomplete aspermiogenesls. Spermatogonial cells
gre fo:sw,1 gnterstitial oedena iz moderate.

& B x 100.

Pig., 30. Group II - Liver - Patty change, H & B x 200,






Fig. 31. Group II - Skin ~ Diffuse dermal oedema. The
subecutaneous tissue is thickened due to

oecdema and deposition of AMP. Hyperkeralosis
is also evident. H & B x 100,

Fig. 32. Group II - Skin ~ Degenerated hair follicle
filled with keratin. Dermis shows oedema

and dense lymphoid infiltration.
- H& B x 200,






Pig. 33. Group II - Heart - Fatty change in cardiac
muscle fibre. Hd & ¥ x 200

Fig. 34. Group II - Aorta - Depoaition of 1ipid in
subintimal layer and focal area of
hyalinisation in tunica media. H & B x 100,
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Pix. 3%, Group II ~ Brain - Gliosis, perivascular and
perineuronal oedema. M & & x 200.

Pig. 36 Group III - Thyroid - Polliclea filled with
degenerated and desgienaied epithelial cella.
Kone of them contain colloid. H & & x 200.






Fige. 3f. Group III - Pituitary - Diffuse hyperplasia
and vacuolation of cytoplasm of basophils.

Fig. 38. Group III - Pituitary - Hyalinisation of
acidophils. H & B x 800,






Pige 39. Group III ~ Adrenal - Thickened capsule ghowing
accessory cortical nodules. Cells in the zona
fasiculata'are devoid of fat. H & © x 100.

Fig. 40. Group III - Testis - 3mall sizod seminiferous
tubules showing no evidence of spermiogenesis,
Lumen of the tubules contains granular
material. H & E x 200.
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Pig. 41. Group III -~ Skin ~ Papillary folds in epidermis
with hyperkeratosis and diffuse dermal oedema.
Degeneration of hair follicles. H & E x 100.

Fig. 42. Group III - Liver - Fatty change, degeneration
and necrosis of hepatic cells. H & E x 200.






Fig. 43. Group III'—”Aorta ~ Focal areas of hyalinisation
in the tunica media. H & E x 100,

Fig. 44. Group IV - Thyroid - Numerous small follicles
are seen lined wilith more than one laysr of

epithelial cells. PFollicles are devoid of
colloid. H & E x 100.
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rlg. 45. Group IV - Thyroid ~ Showing hypertrophic and
- degenerated epithelial cells. Degenerated
pink staining materigls between follicular

basement membrane and cellular layer is also
evident. H.& E x 400.

Pig, 46, Group IV - Pituitary - Severe degeneration and

vacuolisation of the eytoplasm of the basophilas.
H & B x 200,






rig. 47. Grogp IV - Adrenal - Depletion of fat in the zona
fasiculata., H & E x 200,

Fig. 48. Group IV - Testis - Complete absence of
spermiogenesis. Spermatogonial cells has
completely degenerated. Only a few scattered
cells are evident in the tubules. H & E x 100.
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Fig. 49. Group IV - Skin - Acanthosis, hyperkeratosis,
: dyskeratosis are seen. Dermis shows oedema,

collagenisation and cellular infiltration.
H&E x 100.

Fig. 50. Group IV - Skin - Showing parakeratosis and

acanthosis. Degenerated hair follicles are
also seen. H & E x 200,






¥ig. 51. Group IV - Heart - Myocardium showing interstitial
oedema. H & B x 106.

Fig. 52. Group IV - Liver -~ Diffuse fatty change.
Ha& B x 100,






Pig. 53. Group IV - Aorta = ﬂyalinisation and fragmenta-
%ion of elastic fibres in the tunica media.
& B 200 .

Fiz. 54. Group IV - Brain - Perineuronal oedema and
gliosis. apongiosis is also evident.
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APPENDIX -1
Determination of total Serum Cholesterol

Total serum cholesterol level was estimated by the method
of Zak (1957).
Principle.

4 red colour is produced when an acetic acid soluftion of
cholesterol is treated with ferric chloride and sulphurlc acid.
The colour produced is estimated colorimetrically.

Reagents. '

(1) Stock ferrie chloride solutioni~ 840 ng of ferric
chloride was dissolved in glacial acetic acid, diluted to 100 ml
with acetic acld and stored in a refrigerator.

(2) Ferric chibbide.precipitaﬁing reagent:- The stock
ferric chloride solution was diluted 1 in 10 with glacial acetic
acid, '

(3) Perric chlérida blank:= 1.7 ml of the stock forric
chloride solution was diluted to 29 ml with glacial acetic acid.

(4) Cholesterocl stock standardi~ 400 mg of pure dry
cholesterol was dissolved in 100 ml of glacial acetic acid and
stored in the freezer.

(5) Working standard:~ 2 ml of the cholestarol stock
standard was mixed with 1.7 ml of stock ferric chloride solution
and diluted to 20 ml with glacial acetic acid.

(6) Pinal staﬁdard:- Phis was always prepared just before
use by mixing 2 ml of the working standard and 4 ml of the ferric
chloride blank, |




Procedure.

0.1 ml of the serum was added to 6 ml of the ferric chloride
precipitating reagent, mixed and filfered through a dry Whatman
Ho.42 filter paper aﬁd the filtrate collected in a dry test tube.
3 ml each of the filtrate, final standard and ferric chloride
blank were taken in separate test tubes and 2 ml of concentrated
sulphuric acid was added to each tube., Hixed by gentle shaking
and allowed to cool. The rgédings were taken'in a Klett-
Summerson photoelectric colorimetér, using the blue filter and
getting the instrument to zero with the blank.

Calculation.

Reading of unknown 0.1 '
Reading of standard * 0,05 * 100

= mz of total cholesterol in 100 ml serum, where 0.1 was
the concentration of the standard and 0,05, the volume o0f serum

used.,
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Determination of Serum Protein-Bound lodine (¥BI)

The Protein-Bound Iodine (PBl) was estimated by the modified
method of Barker gt al.(1951).
rrinciple.

Serum proteins are vrecipitated with zinc hydroxide. Zhe
precipitate is washed and then ashed in a muffle furnaze. The
iodide is eluated from the ash with acid and determined spectra=-
photometrically Ey iis catalytic effect on the rate of the
reaction batween the ceric ibn and agrgenious acid. Uere the
yellow ceric ion is converted to the colourless gersug ion.
Roazents.

(1) Water. Triple-distilled water.

(2) Zinc sulphate solution, 10 aglteous.

(3) Sodium hydroxide, U.5 ¥ solution,

Jigsolve 20 g of sodiwnm hydroxide in one liter of water.

(4) Sodium carbonate, 4 ¥ solution.

Dissolve 212 g of anhydrous, reageat sodium carbonabe and
dilute to one liter,

(5) Hydrochloric acid, 2 N sgsolution.

Add 200 ml of concentrated reazent hydrochloric acid %o
500 to 600 ml of water, mix and dilute to one liter.

(6) sulfuriec acid, 7 N solution.

Add 196 ml conceatrated reagent sulfuric acid to 500 %o 600

ml of water, mix and dilute %o one liter.



'(7) Iodine stock solution.

Dissolve 130.8 mg reagent potassium iodide in water and
dilute to one liter in volumetric flask. This solution contain
100 g (gamma) of iodine per ml.

(8) Iodine intermediate solution.

Dilute 2 ml of stock solution to one liter in a volumetric
flask. This solution contain 0,2 ot (gamma) of iodine per ml.

(9) Iodine working solution.

Prepare immediately before use.

a) Dilute 25 ml of the intermediate iodine solution to 100 mi
in a volumetric flask. Mix and mark "0.05". This solution con-
tains 0.05 mg (gamma) per ml.

b) Dilute 5 ml of the intermediate iodine solution to 100 ml
in a volumetric flask. Mix and mark "0,01"., This solution con-
tains 0.01 mg (gamma) per ml.

(10) Ceric ammonium sulfate, 0.02 N solution.

Dissolve 12.65 g of ceric ammonium sulfate in 500 ml of
water and 230 ml of 7 N sulfuric acid. Wwhen the solution is
clear, dilute to one liter.

(11) Sodium arsenite, 0.1 N solution.

Dissoive 12.99 g of sodium arsenite in water and dilute to
one liter.

(12) Reagent blaﬁk.

Prepare each day. Mix together 4 ml of 4 N sodium carbonate,
8 ml of water; 8 ml of 7 N sulfuric acid and 8 ml of 2 N hydro-

chloric acid.



Wave langth 420 mu.
Procedure.

1) Precipitation and Washing of Plasma Proteins.

One. ml serum is pipetted into each of two 15 x 120 ma ryrex
test tubes containing 7 ml water. OUne ml 10 percent zinc sulfate
solution and 1 ml 0.5 & sodium hydroxide solution are added, and
the contents mixed. The tubss are centrifuged at 2,500 rom for
20 minutes. ‘The supernatant is decanted and saved for the cross=-
contaminatidn check. Three washings of the precipitaﬁe are
carried out by the addition of 3 ml distilled water, resuspenaion,
then addition of another 7 ml water, thorough mixing, centrifuga-
tion for 15 minutes at 2,500 rpm, and then decanting the superna-~
tant after each Qashing.

2) Drying and Ashing of Precipitate.

One ml of 4 N sodium carbonate solltlon is added to the
washed precipitate, whxch is then resuspended by thorough mixing.
The tubes are placed in the oven, and the precipitate is thoro-
ughly dried at 100%c for 12 to 18 hours, after which 1Li is asled
in a muffle furnace at 625% (+ 25°) for 2} hours and then allowed
to cool. | |

3) Extracting iodide from the Ash.

Four ml of the mixed acid solution are added to each tube,
the contents are mlxed, and allowed t0 stand for 10 minutes
Three ml distilled water are added, the contents are nixed, and

the tubes are centrifuged briefly to pack insoluble partiecles.



4) Determination of iodide.

A 3 ml aliquot éf tﬁe supernatant iodide solution and 5 ml
distilled water are added to each colorimeter cﬁvetﬁe. An 8 ml
‘water blank, énd three 5 ml iodineistandards (0.01, 0.05 and
0.1 ug of iodine per ml) are set up.in duplicate. The iodine
standards are made upto volume of 8 ml by addition of 3 ml reagent
blank solution, To each cuvette {water blaﬁk, standards and
test sample) add 0.5 ml of 0.1 N sodium arsenite solution and mix.
The cuvettes are plaéed in a water bath at 39% (+ 19) for 10
minutes. One ml of gimilarly warmed ceric ammoniuﬁ éulfate S0~
lution is added'by using an Ostwald-Folin blow-out pipet to each
‘cuvette in the water bath, at timed 30 second intervals. Begi-
nning 20 minutes after the addition of the ceric ammonium sulfate
solution, the absorbance is measured at timed intervals of 30
seconds.

5) Calculations.

The absorbance of the blank and of the standard iodine
samples is plotted on semilog paper. Concentrations of iodine
in the unknown aré read from thé graph and multiplied by 7/3, the
correction factor for dilution, | |

PBI in/ug/100 ml = 7/3 x 100 x/ug Iodine per sample.
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an experimental model of hypothyroid state was inducwﬁ in
kids, using different dose regimes of thiocurea with the objec-
tive of studying seguence 5§ clinles-pathologleal chenges in
diffarent levels of hypotbyroidima and its influence on the

animal health and growth.

Twalve oross-bred clinlcally heslthy klds of the ages groad
botwsan 54 months were exployed for the study. The anfusls
were randonly divided iuto a control groug of four snidals and
exparimental group of eight animals. Experisentsl hypotbyroidisc
wa3 inducesd by feedin: thiourea at the dose levelas of 100 g,
150 g, 200 g and 290 g per kg bedy walght. lgempgramn, tody walzht,
plasma proteing, serum echolestersl and PBI values wers estimated
at periodic intervels., ©Ths kids were subjected to debailed
autopsy after death/sacrifice, Crosas 1en;ans were rseordad aud
detailed histopathological exawination of tissues was Carried out

saploying aspecial stalns wherever negea’saly.

During the course of observation for a period of three
months all the ¥ids dosed with thiocures died at worylng lulervalo -
axcapt the kids in the lowest dosajge group. There was stuntin:
of growth and appreciable reductiom in weighit of the anloals.
Yeakneas, letharzy, depression, reduction in feed intaike, sub-
sutaneous oedens of varying degree were the lmportunt olinical

- features chaervad,



Thers was algaificant inorease in dblosd dﬁalnstaral'valuaa
and plaswa §m@tain,le§ela.iﬁ,thiaurea domed kide. & aignifioant
_reduction in serum ¥BI was aleo recorded. There wam significunt
{iacreass in the xﬁlaziva weizht of thyroid, adrenal and pltul-
tary glands of aalualQ in the exgerizentol group., Gelatinlsoa-
tion of subocutaneocus imﬁ ané'by@erﬁraﬁhy and dilatation of the
1left ventricle wers common findings at sutopay. Histologically
thé thyrodid glends exhibited varying degree of hyperplasilo
shanges ind depletion of galia;d in the follioles. Hyperplaaia
and hypertrophy of lining epithelius was also observed. Iredo-
minant kistologleal change in the pituitary was hyperplacia and
hypertrophy ar'baaaph;1 gells aud degonexative énangca in vhe
acidopbila. Hepatie lipidosis was a gommon obssrvation, ilisto-
logioai lealons in the skin were sizilar %o that reported fu husan
ayx&adoﬁa; idrenal ﬁiﬁﬁ&ﬂ abowed hypertrophy, depletion of fat
and fooal aress of hassorrhaze in the zona fasiculate. In all
$he hypothyroid kiam,;vanying degrees of degensrative changen
were Ohssrved in the gonads indienting that iz hypothyroldlsx
Lartillity. wiidl Lo seriously affeczted.




