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1. INTRODUCTION

The thyroid gland has a significant role in requlating
the normal growth and reproduction in animéis. This gland is
unique in that 70 to 80% of the total body lodine is present
in its prOdﬁct, thyroxine. The synthesis of thyroxine is
greatly influenced by the supply of iocdine and the deficiency

of this element could cause different thyroid disorders.

Ever since the.demenétration by Daniel Marine that
iodine deficiency is an important cause of ehdemic goitre,
the incidence of endemic goitre in man and animals due to
absolute or relative deficiency of iodine has been reported
from many parts of the world. Kelly ahd sndden (1960) while
documenting the geographical distribution of endemic goitre
in Asia have identified certain regions in India as endemic
zones of goitre. This included coastal. areas of Kerala. It
is known that endemicity of goitre parallel iodine deficient
soil zones and it has also bsen established that the iodine
content of the soil varies with the geography of the land and
the climatic conditions. In heavy rainfall regions like
Kerala, loss of iodine duevto leaching of the surface soil
is bound to occur. Further the modern practlce of adding
synthetlc nitrogenous fertilizers containing no iodine 1s likely
to cause iodine deficient soil. Besides this, the role of
goitrogenic substances widely distributed in nature, cannot
be overlooked in precipitating a hypothyroid staté in man

and animals.



Goitre has been recognized as a clinlcal syndrome in
goats in certain parts of India as early as 1935, Sreekumaran
(1976) experimentally induced hypothyroidism in kids and
studied the sequence of pathological changes iﬁ different
stages of hypothyroild state. Reddy (1982) made an in-depth
study on the rebroductive ﬁathology in experimental hypothy-
roidism in goats. The results of these studles brought to
light the fact that subclinical hypothyroidism is an important

factor in induciﬁg subfertility and infertility in livestock.

Althéggh, iﬁvestigations have been uﬁdertéken on the
effect of hypothyroldism in goats and useful iéformation
gathered, there has not been any investigation on the thyroid
pathology in catﬁle, Recognition of the existence of sub-
clinical hypothyrold state in the animal pépulation and con-
sequent increased sugceptibility to infectlon and subferti-
Lity is of paraméunt importance for adopting suitable préven—
tive measures to reduce reproductive disorders and loss due
to léwered production and mortality in animals. The work
carried out by Reddi (1933) demonstrated that certaln spon-
tanecus cases of subfertility in goats were assoclated with
hypothyroidism. An investigation, was therefore, undertaken
to assess the ﬁhyroid function in certaln cases of non-infec-
tious subfertility in cattle, Besides this, an experimental
model of hypothyroidism was induced in male calves using |
thiourea as the goitrogen and the thyrold pathology was studied

with special reference to the reproductive organs.
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2. REVIEW OF LITERATURE

2.1, Historical resume

The namé "ehyroid® or oblong shield for the gland was
' £irst suggested by Wharton (1856) though the diseases of the
thyroid was recognizéd for'many centuries back. ' The rela-
tionshiﬁ between the thjroid éndlthezvériogs body fuﬁctions
- was studied by experimentai thyfoidécﬁomy and ihe conceptlof
thyrold as an organ of internal secretion was formulated by
King (1836). Xocher (1883) observed development of myxoedema
like syndrome following thyroidectOmy;L The association of
iodine with the working of the thyroid was made in 1896 by
Baumann who discovered a particularly high concentration of
thils eiement within the gland. Aé early as 1900, Glef and
Béurcet ldentified the presence of organic iodine in the plasma
in combination with the serum protein. The work of Kendall
© (1915) lead_to the isolatlon, characterisation and finally‘
synthésis of thyroxine from the thyroid‘gland.~ Smith and
Smith (1922) first demonstrated that thyroid activity was
regulated by the‘pituitary ﬁormone. Harington and Berger
(1927) identified the chemical structure of thyroxine. Kimbal
(1937) noted the association of hypothyroidism and endemic
goitre. Gross and Pitt-Rivers (1952) identified trilodothyro-
nine (T3) in the gland and in plasma. This compound ﬁroved
to be physiologically more poten£ and more rapid in onset

of action than tetraiodothyronine (T,) with four iodine atoms.
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Moreover, these workers speculated that tetraiodothyronine
is the foim in which thyrold hormone is secreted while TB
(Triiodothyronine) is the form which is active at the tissue
level. Thyroglobulin was classified as a glycoprotein and
most of the carbohydrate was found accounted by glucoéamine

and mannose (Gottschalk and ada, 1954).

2,2. Thyroid pituitary relationéhip

Niepce (1851) was the first to observe the relationship
between the thyroid and pituitary. The experimental removal
of the thyroid resulted in hypertrophy of the pituitary and
atrophy of the thyroid after removal of the pituitary, These
studies indicated that the pituitary and the thyroid were
related (Ragowitsch, 1889). The activity of the thyréid was
found to be influenced by the thyroid stimulating hormone
(TSH) 4 a'glycoprotein formed in the specilfic basoPhilic cells
in the pituitary called the thyrotroph (Adams, 1946). Normal
thyroid function depended on a physical connection of the
bituitary to the hypothalamus but isolated anterior pituitary
retained some function. Hypothyroidism has been induced in
animals and in man by section of the pitultary stalk (Scow
and Greer, 1955). ;The stimulus for TSH secretion ls presu-
mably transmitted from the hypothalamic centres to the anterior
pituitary in the form of chemical mediators called thyrotropin
releasing factor (TRF) by way of hypophyseal portal venous
system., Moreover the regponse of the hypothalamic:centres

was presumed to be initlated by a metabélic effect of the



iodothyronines (Goldberg et éi.,'1955>. sufficiently large
amounts . of thyroiine completely blocked the effect of TRF on
TSH discharge. Over and above, the inhibitory efifect of
moderate doses of thyroxine was overcome by sufficiently
large amounts of TRF. Thus the secretion of TSH ﬁas governed
by two interacting forces - hypothalémié drivé on the thyro-
trope cell, mediateq by TRF and feed~back inhibition exerted
by tetraiodothyronine (Té) directly on the‘pituitary; In

the abéence of hypothalamic drive the pituitary was easily
inhibited by T,3 on the'other hand, thé hypothalamus was

" capable of "breakinglthrough" normal inhibitory effects of

T, under suéh conditions as cold exposure (Vale ég al. 1967).
TSH was found to have a number oOf effécts on the thyroid
gland. Due to the action of TSH, the gland waé increased in
size, the height §f the follicular epithelial cells was in-
creased and there was loss of colleid (Kaneko, 1970).. TSH
h§rmone stimulatéd.the accunmulation of iodine, its organifi-
cation and release of thyroxine (Jubb and Kennedy, 1970).
.The response of the thyroid to TSH was also influenced by

the level-of stable lodine intake. When the level of stable
iodine intake was.low there was an increase in the number and
size of the cells and in the uptake and release of iodine and
these changes were attributed to the increased level of TSH
in circulation. Iodine was also reported to enhance the
hydrolysis of thyroglobulin liberated from the gland (Jubb

and Kennedy, 1970).



2.3. Thyroid hormone synthesis

Iodine entering the thyroid gland was fapidly incorpo-
rated into the colloid of thyroglobulin which was the initial
gubstrate for lodination. The iodinated thyroglobulin within
the colleid of thyroid follicle represent the stored hormone.
Release of thyroxine and triiodothyronine from the thyroglo-
bulin is accomplished by a group of‘peptidases and proteases
present in the thyroid gland (De Robertis, 1941), All the
tissues though contained iodiné,zs to’35 % of thé total
ingested iodine was conceﬁt;ated in the thyroid gland (Riggs,
1952). Robbins and Rall (1960) pointed out that each thyro-
globulin molecule contained a@proximately 110 tyroxyl residues.
If the average molecule was 0.5% iodine, it held 26 iodine
atoms per molecule. The complete protein was a tetramer of
molecular weight of about 6,60,000 (Edelhock, 1960). The
tyroxyl residues of the thyroglobulin were first iodinated
to monoiodotyrosine(MIT) and dilodotyrosine (DIT} was then
gormed by a second iodination. The ratio of MIT/DIT remained
relativeiy constant from the earliest minutes of hormonogenesis,
suggesting that iodination was not a random proéess, but an
orderly one. Bush (1969) reported that Ty ﬁbrmé were in
greater proportion in the total hormone. The mono and diiodo-
thyrosine were coupled for the synthesis of triiodothyronine
(T3 ) and thjroxine (T4), Three major steps were described
in the synthesis of thyroxine., The first was the concentra-

tion of iodide by the gland from the blood; this ilodide was



enzymatically oxidised to iodine. Then it combined with the
protein, thyroglobulin and thus synthesis of thyroxine was

initiated (Tong, 1971).

2.4, Functions of thyroid hormone

_The primary £function of the thyroid hormone was con-

sidered as regulaticon of cellular oxidation and stimulation

of oxygen consumption for normal growth and development
(Barker, 1951). 1In the laboratory more specific indications
ocf augmented metabolism was demonstrated. Oxygen consumption
was increased in the heart, liver, muscle, kidney and in wﬁite
blood cells removed after administraﬁion of thyroxine. Some
tissues such as brain did not share in thilis response (Barker
and Schwartz, 1953). The gctivities of hexoklnase, cytochrome
-reductase,'cytochrdme oxidase and other réspiratory enzymes
were éugmehted. The pentose phosphate pathway for glucose
oxidation was stimulaied (Necheles and Beutlér, 1959). The
thyroid'hérmone'regulated,the rate of energy turnover in vital
organs aﬁd this helped in maiﬁtaining basal metabollc rate of
the body. It also exerted influence on the development of
hair and pigmentation in animals (Berman, 1960). In associa-
tion with other hormones it exerted a control over grdwth and
development of young animals, temperatufe regulation, inter-
mediary metabolism aﬁd reproduction (Bush, 1969). Thyroxine
exerted maximum growth rate in the presence of growth hormone.

In the absence of thyroid hormone the effect of growth hormone



' was greatly reduced (Jubb and Kennedy, 1970). Barker (1971)
reported that thyroxine was essentiai for full translation
of genetic~message into the ribonucleic acid and ribosomal
synthesis of protein., In addition, many metabolic processes
were accelerated such as protéin breakdown, carbohydrate and
lipid turnover and calcium metabolism. Nervous functions
at all levels were influenced by the thyroid., MMicrosomal
protein synthesls was stimulated by thyroid hormones without
dependence on cell nucleus. There was also apparent lncrease
in RNA synthesis, There was considerable evidence to suggest
that the numerous effects of thyroid hqrmones upon mitochondria
resulted f£rom a primary interaction with the mitochondrial
membrane. Werner - ... % - (1971) stated that thyroxine when
given to normal animals not only caused mitochondria to swell
but also éroduced an increase in both the number of mitoéhondria
per cell and the number of cristae per mitochondrion. Only
mitochondria from tissues which respond to T4 with increased
oxygen consumption were shown to swell in vitro. 2Anderson and
Harness (1975) observed that for every unit increase in body
weight there was a 69 unit increase in the thyroid hormone
secretion rate. Louvet et al. (1979) pointed out that hypo-
function of the thyroid, evidenced by low T and Ty caused

anovulation and sterility.

2.5. Thyroid Pathology

The thyroid gland exhibited a varliety of diseases and a

larger spectrum of gross and microscoplcal pathological changes.



Thyrold diseases capable of producing clinical signs were

clasgified (Bush, 1969) as:

1.

5.

Goitre
Hypothyroidism
Hyperthyroldism
Thyroiditis

Thyroid neoplasia

2.5.1. Goitre

The term "goitre" was defined as a non-inflammatory,

non-neoplastic enlargement of thyroid gland (Cohrs, 1966).

He classified goitre on the basis of the morphology.

1.

2.

Atoxic goitre which included most sporadic forms
Goitre with functional change which may be
a) Athyroid or hypothyroid goitre.

b) Hyperthyroid goitre.

There were generally two types of goitre (Kaneko, 1970).

1.

2.

Non-toxic goitre, which produced normal amount of
hormone (simple goitre) or less than normal amount
of horm;ne (Hypothyroid) .

Toxic goitre which'was characterised by the excessive

production of hormone (hyperthyroid).

Smith et al. (1972) classified goitre on the morphological

basis into four patterns.

1. Colloid goitre

2.

Hyperplastic goitre
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3. Nodular goitre

4. Exopthalmic goitre

2.5.2. Endemic goltre

This has been considered as the most common condition
to some degree from almost eveiy country of the world. The
gquraéhical distribution of this condition has been well
studieé._ In view of the occurrence of- -the disease, the terms
endemic and sporadié atéxic goitre were often used. An abso-
lute or relative deficienéy of iodine was considered as the
main factor for endemic goitre. McCarrison (1913) éttribuﬁed
goitre in the Himalayas to water pollution. Stott et al.
(1930-31) pointed out the association between high goitre
rates and dolmitic lime in India. It was concluded: that
drinking of hard water containing excessive amount of calcium
was of etlologilical importance in Himalayan endemic zones.
This supported the belief that calcium may be a goltrogenic
factor. Levine gt al. (1933) reported that the element iodine
and inorganic iodine themselves in large doses have goitro-
genic properties. Wilsonv(l94l) suggested that excessive
intake of flourine might be a causative factor of endemic
goitre in Punjab. Murray et al. (1948) indicated that there
was a relationship bétween the distribution of goltre and
caleium concentration of drinking water in England. Several
antithyroid substances have been isolated from plants and
fodders responsible for endemic goitre. Greer (1950) made a

comprehensive review of substances which were reported to be



goitrogenic to experimental animals and discussed their
importance., The study by Stanbury et al. (1954) indicated
that there was an inverse correlation between the quality of
iodine excreted in the urine of patients in an endemic area
and the radio active lodine uptake and concluded that lack
of iodine in the diet was the most probable cause. The |
mountain slopes of Himalayas, Alps, Pyrenees, and Andes were
considered as the world's most notorious foci for endemic
goitre (Kelly and Snedden, 1960). In the Indian subcontinent
the northern frontiers extending from Kashmir in the north,
Bengal and Assam in the eaﬁt foﬁmed the extensive Himalayan
goitre belt (Ramalingaswami et al. 1961). Cold climate was
reported to influence the-prevalénce of endenic goitre in
regions of borderline iodine supply as a result of increased
demands for thyrold hormone (Scrimshaw, 1964). ‘Suzuki et al.
(1565) reported endemic golitre in Jépaﬁ due to excessive
lodine intake. An endemic goitre area was defined as onein
which more than 10% of the population showed clinical signs
of thyroid enlargement (Koutras, 1971). KXochupillai et al.
(1976) made an epidemiological study of the nodular lesién

of the thyroid in a pOpulatién living in an area of high back-
“ground radiation in coastal Kerala:. The results which were
compared with those obtained from a comparable population
living in an identical coastal strip without any high back-
ground radiation did not reveal any high incidence of nodular

lesions or neoplasms in the area with high background radiation.
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Halik and Zavadsky (1978) recorded mass outbreaks of goitre
in breeding rams in an endemic goitre area. The thyroid
glands were enlarged and diffuse colloid geitre was evident
histologically. The goitre regressed after the administra=-
tion of iodine preparations. Pandav and Kochupillail (1982)
observed that in India, endemic goltre due to iodine defi-
cclency affected an estimated 40 million people. in areas
where goitre prevalence was high major attendant disabilities
of endemic goitre such as endemig creiinism,.deaf#mutism ahd
feeble mindedngss were present in about 4% of the populatilon.
Iodisation of salt was suégested as an effective prophylactic
‘measure agaiﬁst the goitre (Pandav and Kochpillal, 1982).

tudies conducted by Kochupillai et al, (1984) on the intré-
uterine and neonatal thyroid statﬁé among new borns from the
Gcnda district, an endemic area with environmental iodine
deficiency revealed that the serum T, Values of the newborns
were significantly lower when compared to newborns f£rom the
non-endemic areas, This observation suggested that a signi-
| ficant populétion of newborn from areas with environmental
iodine deficiency may be suffering from brain damage due éo

thyroxine deficiency at birth.

2.5.3. Collodd goitre

Collolid goitre was considered as an involutionary phase
of hyperplastiec goitre (Follis, 1959). Typically the goltre
was asymptomatic, The gland was usually symmetrically enlarged

and was soft or spongy to ¢ fcel (Means et al. 1963). The
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gland was unable to return to its normal size, when the
demand for thyroxine was met or increased in size due to
accumulation-of colloid in quantities commensurate with the
increase in thyroid epitheliumn. Follicies were packed with
colloid, and there was greater variation in their size and
sometimes they coalesced to form cysts. All follicles were
filled with deeply staining collold (Jubb and Kennedy, 1970).
The f£ollicular epithelium remained taller than normal and

much of the increased vascularity persisted (Wilson, 1975).

2.5.4. Parenchymatous goitre

According to Jubb and Kennedy (1970) the morphological
indication of increased stimulation of the thyroid gland by
the thyreoid stimulating hormone was hyperplasia of the thyroid
épithelium, In this condition, the vascularity of the gland
Qas greaﬁly increased as also the total volume of the gland
which some time became enormous. The follicular lumina were
smaller and many disappeared and the colloid was reduced in
amount with variable staining affinity or was completely
absent. An early and characteristic sign of stiﬁulation was
the appearance of vacuoles around the periphery of the colloid

or peripheral scalooping (Wilson, 1975),

2.5.5. Nodular goitre

According to Smith et al. (1972) this type was frequent
in old animals. They described well defined nodules in one

or both thyroid lobes. These nodules were clearly demarcated
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from the rest of the thyroid tissue and the histological
appearance of the nodular goitrevusually.Varied from nodule
to nodule. Many follicles were greatly distended with
colloids while others were small and devoid of colloid. In
the simplest form, the épitheliél cells were inactive and
colloid was deeply stained. In some follicles the hyper-
plastic lining cells were thrown into small papillary folds.'
Retrogressive changes were reported to be common in nodular

goitre (Smith et al. 1972).

2.6s Hypothvroidism

Congenital hypothypoidiSm occurring in an endemic iodine
deficient area was termed endemic (enzootic) congenital hypo-
thyroidism and when‘occurring elsewhere, sporadic congenital
hypothyroid;sm (Marine and Lenhart, 194031 Deficient maternal
hormone production resulted in defective foetal develqpment
and hypothyroidism (Marine and Lenhart, 19{0), Ruminant
hypothyfoidism mainly occurs in areas of endemlc goitre reglon
(Hojer, 1931). Jubb and Kennedy (1970) reported that in
domestic animals hypothyroidism was generally caused by con-
geﬁital goitre and was encountered in the new born. Goats
were considered particularly susceptible to both development
of congenital goitre and associated effects of hypothyroidism
(Maéoﬁ and Wilkinson, 1973)., They classified hypothyroidism
into the following categories:

1. Primary hypothyroidism due to lack of functioning

thyroid without its associated enlargement.
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2. Secondary hypothyroidism due to pituitary insuffi-
cienc?.
| 3.;Hyﬁothyraidism due to iodine deficiency
4, Hypothyroidism due to ingestion of goitrégens.
5. Hypothyroiéism due to dyéhormdnogenesis
6. Hypotﬁ&roidism due io autoimmune thyroiditis

7. Hypothyroidism due to neoplasia.

Hypothyroidism had an adverse effect in the young growing
animals as it caused interference with the overail development
théniin mature adults (Fergucson et al. 1956). Calderbank
(1958) reported cases of infertility associated with lodine
deficiency. Calderbank (1963) reported a close association
between the thyroid and gonadal function and the loss of libidoe
in méles and suboestrum in females. Wallach (1965) pointed
out that hypothyroidism was generally characterised by lowered
body temperature, increased sensitivity to low environmental
temperature and growth retardation. In hypothyroid domestic
animalé the Qeétation period was significantly prolonged.

(Jubb and Kennedy, 1970). In domestic animals, hypothyroi-
dism was generally associateé with congenital goitre of the
new bérn. But the dams of congenitally goitrous offspring
'usually showed no evidence of hypothyroidismland in adult
domestic animals it was in the dog that hypothyroidism appeared
as a predominant disorder of thyroid fﬁnction (Jubb and
Kennedy, 1970). New born goats showed myxocedema, alopecia,

and high mortality rate (Jubb and Kennedy, 1970). Iodine



16

,deficiency‘waé associated with reproductive failure (Underwood,
.1971). Retardation of growth and sexual development was a
consistent finding in the young. Mason and Wilkinson (1973)
observed that serum cholesterol determination was a valuable
aid in the diagnosis of hypothyroidism since cholesterol
synthesls was inversely proportional to the thyroid function.
Wilson (1975) summarised the effects of hypothyroidism in

ruminants as follows:

1. Retention of placenta

2. Infertility

3. Lowered milk production

4. Lowered resistance to infection

5. Increased susceptiblility to ketosia

6. Late abortion, still birth and weak offsprings.

In goats, Sreekumaran (1976) and Reddy (1982) observed
increased serum cholesterol and protein levels and decreased

protein bound iodine in experimental hypothyroidism.

2:7. Hypothyroldism due to iodine deficiency

Simple hypothyroidism was attributed to the iodine
deficiency in the environment (Southcott, 19455. However,

four per cent of the total incidence of non-toxic goitre was
due to other causes. Goldschmid:t (1954) identified the factors
influencing the iodine content of the soil. The iodine re-
guirements were also influenced by the composition of diet as

a whole (Scott et al. 1961). Calderbank (1963) suggested that
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although soil is the source for iodine for both water and
crop there may be little or no correlation between the iodine
content of the soil and pasture growing on it. Soil in the
neilghbourhood of the sea was not always richer in lodine than
those in land but was dependent upon the prevailing wind,

the amount of precipitation and the nature and reaction of
the soil. The'iodine content of the drinking water was found
to be low in endemic goitre region., The soils contained more
icdine than the rocks from which they were produced. This
was partly because of the retention of iodine by plant life
growing on the soil. When the surface soil was eroded, as
for example by glaciation, the lodine content of that soil
was low; and the water derived from these regions was low in
iodine content (Meéns et al, 1963). The effect of heavy rain
was also a determining factor (Scrimshaw, 1964). Blokhina
{1970) stated that some micrcoelements may also influence the
availability of lodine. High protein intake was found to
interfere with utilization of iodine (Wilson, 1975). Walton
and Humphrey (1979) reported that the icdine deficiency in
the soll in the highlands of Papua New Guinea was due to high
annual rainfall leaching the iodine from the scil. Environ-
mental iodine deficiency as the causative factor of Himalayan
endemic goitre was established by a series of lnvestigative
efforts: The level of iodine in the drinking water was
extremely low in the endemic zone, no value being higher than
3 microgram/L and most ﬁalues considerably below this figure

(Pandav and Kochupillai, 1982).




18

2,8. Hypothyvroidism due to goltrogen

U

Presence of goitrogen in the feed stuffs was described
as an important cause for hypothyroidism in animals. Calderbank
(1963) described two main types of goitrogen. A thiocyanate
type that is a potent inhibitor of iodlide transport and this
blocking effect was overcome by simultaneous administration
of lodine., Secondly a thiouracil type which inhibited the
organificatioﬁ of iodide and this effect waé reversed by the
administration of thyroxine. Thiccyanate wés about 25 times
more potent than nitrate in inhibiting thyroid function (Greer
prd Lolalisl961) .  The goitrogens like the thiocyanate were des-
cribed as .aﬁionic goitrogens and those like thiouracll were

‘designated as organlc goitrogens (Catt, 1970).

2.9. Natural goitrogens

Chesney et al. (1928) first observed that rabbits fed
-on cabbage became hypothyroid and developed large hyperplastic
goitreéf A diet high in sowflower produces goitre in animals
(McCarrison, 1933). Sharpless et al. (1939) demonstrated
the goitrogenic action of éoyabean flour meal in rats by pro-
ducing enlarged thyroid by feeding soyabean flour. Kennedy
and Purves (1941) produced goitre in'rats fed Brasslca seed.
fhe-weights of the glahds were found to be increased by

300 times and histologically they observed hyperplasia of

the thyroid glands. Examination of pituitary showed a rapid

increase in the basophil cells and this was associlated with
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hyalinisation and vacuolation to form "signet ring" cells.
THere was also simultaneous loss of acidophil cells in the -
rats treated with Brassica seed diet (Griesbach et al. 1941).
2ll the halogens if presentlin excess were Capable‘of dis=
placing'iodine and caused iodine deficiency;' Fluorosis was
demonstrated to be one of the factors respénsible for goltre
in punjab (Wilson, 1941). Sharpless and Metzger (1941) showed
that arsenic at 0.02 level in the diet iﬁ rams caused decrease
in growth, increase in thyroid weight and decrease in lodine
concentration of the thyrold gland. Astwood et al. (1945)

found in the seeds of Ochlearia and Conringia orientalils

presence of 5,5-dimethyl-2-thicoxazolidone a goitrogenic
substance, Astwood et al. (1949) isolated a goitrogen L=~5-
vinayl—z-thiooxaéolidine (goitrin) from rutabégas and turnips.
Abm;rked decrease in follicular colloid and decrease of folli-
cular epithelium were observed in sheep and goats #&d cauli-
flower leaves (Spisni and Gravaglia, 1954)., Clements and
Wishart (1956) demonstrated that milk obtained from cows fed

on narrow-stemmed kale or choumoellier. (Brassica oleracea
131

moellerii) interfered with the uptake of I boﬁh in the
human subjects as well as in experimental animals.  Butler
et al. (1957) observed a decrease in total iodine content of
thyroid and also inhibition of the. conversion of inorganic
iodine to organically bound iodine in sheep fed White clover.
Sinclair and Andrews (1958) noted that a heavy diet of kale

- to pregnant ewes caused high incidence of goitre and hypo-

thyroidism in born lambs. Goitrogenic action of perennial
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grass has been repoited (Setchell et al. 1960)! Geer and
Whalton (1961) derived 5-phenyl 2—thloowazolﬁdone from the
seeds of Barbarea vulgaris and from the seeds, leaves, stem

and roots of Resedea luteola by enzvmic hydrolysis, This

compound and 3=-phenyl and 4=phenyl=2-analogues were shown to
have antithyroid activity. OCreer (1962) isolated an agtive
agent called "Goitrin" from the yellow tufnip.and'from Brassica
seeds. - In its natural state it was shown to exist as an
inactive thioglycoside. The intestinal bacteria.hydrolyzed
the'thioglycoside-to the active compouﬁd. George et g;.(1966)
reported a high incxdence of goitre in new borm lambs of eves
and sheep grazing on pasture dominated by Whlte clover. lhy—
roid g1ands were shown to be heavier Lhan normal and showed
severe hyperplas¢a of the lining eplthel¢al cells of the
follicies and compleue absence Of col101d in lambs which had
grazed.rape (Russel, 1967). Slmple goitre and hypothyroidism
'were‘obseieed in ruminants when fed Brassica seeds and Brussels
sp:ints (B1ood and Henderson,’ 1968). Akiba and Matsumato
(1977) obuerved 225 tlmeu enlargenent of - the thyrolds in chicks

fed rapeseed meal compared to the controls.

2 O. Chemlcal g01trogens'

Go;trogen¢c chemicals like thiourea and a1l1ed compounds
have been oitcn used as gomtrogens to 1nduce hypothyr01d¢sm

exPerlmentally.

' ,H 21\'!’

. C = S(Thiourea)
H, N
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Barker et al. (1941) found out that treatment of hyper-
tension with thiccyanate produced goitre and hypothyroldism
in man. Kennedy (1942) observed enlarged thyrolds in rats
treated with thiourea. The g;gpds were three times heavier
and follicles were almost devoid of colloid. Pituitary showed
- an increase in basophil cells and loés of acidophil cells.
Baumann and Marine (1945) cbserved a decreaée in adrenal size

among rats fed thiouracil.‘ Jones gé.gi. (1946) noted resor-
ption of foetus in rats fed thiouracil which'indicated the
significance of thyroid hormone for full utilization of estro-
gens and progesterone. Jonesddfl946) observed hypertrophy of
the thyroid, congestién of vessels andAdepletion of colloid
in rats treated with repeated doses of 1000 mg/kg body weight
of thiourea.  Involution of the adrenal cértex occurred in
rats treated with thiouracil (Zarrow and Money, 1949) . The
involution of the adfenal cortex after thiouracil treatment
was both morphological and physiologiéal in nature. Sellers
"and Ferguson (1949) observed exopthalmus: in rats treated with

thiouracil.

D'Angelo et al. (1951) reported thyroié hyperplasialin
guinea pigs treated with propyl thiourécil. Histological
changes wvere uniforml& evident after 15 to 18 days treatment
and were'charactefized by incréased vascularity and increase
in the height of the acinar epithelial cells; colloid resorp-
tion was in consistent feature. - The microscopic changes in

prolonged dosing with propyl thiouracil were colloid resorption
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~and high vascularity. The follicﬁlar epithelial cells aséumed
cord’like formatién. Hall (1952) reported reduction in sérum
cholesterol level in rats dosed with tﬁiouracil;' éwansoﬁ‘and
Boatman (1953) noticed symptoms of hypothyroidism in two .
young and one old daify bulls after treatment with ihiourécil.
The weight of the thyroid gland in the treaﬁed animals were
twice the weight of the normal.‘ Histologically the folliéles.
were filled with colloid'and lined by low cuboidal epitheiial
éells. Prolonged adminisﬁration of thiéuracil to rats resulted
in macroscopical and microscopical changes simulating the late
fibrolymphoid stage of struma fibrosa (Clausen, 1954). Durlachetd,
(1954) observed anAincfease in the liver welght in guinea pigs
treated with thiouracil. Harkness et al. (1954) recorded the
eﬁfeéts of orél administration of thiouracil, on the coliogen
content of thyroid of rats. :Increased welght and collpgén '

content of the thyroid gland was: noticed during the treatment.

Goldbergc: et al. (1957) observed in propyl thiouraéil
treaéed rats enlarged thyréid/glands with tall columnar cells,
numerous mi;oticvfigureé, seaﬁty colloid, papillary infoldings
and increased vésculérity.' In the pituitary; hyperplasia and
hypertrophy of bgta éeils with a characteristic granularity
and vacuolation and complete absence of'grahulated alpha cells
were qbsnged. Laséelles and Setchell (1959) administered
methyl thiouracil at the dose rate of 0.5, 1.5 and 4.5 g daily
to six Maﬁino sheep éfter conce@tion. The offSprihgs had

goitre and retardation of ossification centres. A reduction
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in protein bound iodine ané increase in cholesterol values
were reported. In hamster,'colloid goitre was preduced: by
thiouracil admindstration (Follis, 1959). Extensive thyroid
hyperplasia and loss of colloid accompanied by an increase in
vascularity were noticed in the firs£ week after thiouracil
administration., When thiourea was removed from the diet, the
follicles got fllled up with colloid and the epithelial cells
became flattened but some had residual epithellal springs
projecting into the colloid when cémpared to the normal.

Most of the follicles were large in size. McCartﬁy et al.
(1959) reported adrenal atrophy among rats fed goitrogens,
thiouracil and tapzole. Besides, Lazovaseh (1960) ocbserved
that in thiguracil fed rats there was thyroid and pituitary
hypertrophy with concomitant reduction in the adrenocorticoe

trophic hormone (ACTH) level.

Mayberry and Astwood (1961) described the mode of action
of thiourea and related compounds to inhibit the formation of
iodotyronine and their coupling to form iodotyronine. They
also diminished the inorganic iddide content of thyroid and
had a slight inhibitory effect on iodide pump (Danow:.ski,

1962).

Nanhgia et g;. (1975) observed high blood levels of protein
and cholesterol in methimazole treated birds. Nangia and
Gulati (1976) recorded retarded growth in methimazole induced
hypothyroid birds. Sreekumaran (1976) induced hypothyroidism
'in kids using thiourea. Histological pilcture was characterised

by hypertrophy of the follicular epithelium in the thyroid,
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hypertrophy and hyperplasia of the basophil cells in the

ﬁituifary and depletion of fat and petechiae in the adrenals.

Prasad and Singh (1979) reported decreased plasma protein
bound ilodine in methimazole treéated hypothyroid birds. The
effects of methimazole was counteracted by the administration |
of thyroxine. Burstein et al. (1979) observed a significant
drop in the level 6f growth hormone in hYpothyfoidism induced
by propyl—thiouracil with consecuent loss of weight in rats¢
Davidson et al. (1979) demonstrated that in rats th¢ourea ‘could

inhibit in wvivo protein bound iodine £ormatlon.

2.11, Dyshormonogenesis

Dyshormonogenesis a condition in which the thyroid fails
to produce normal guantities of the thyroid hormone because
of an Inborn defect in synthesls, has been recorded in Merino
sheep (Falcone?, 1966)., As a result large gquantlties of thy-
roid releasing hormone was released resulting in hyperplasia
of the thyroid gland. High serum protein bound iodine con=-
centration and low hormonal iodine were reported from goitrous
sheep than the controls, The concentration of thyroid stimu-—
lating hormone was also significantly high in goitrous sheep.
Rac et al. (1968) in their study on congenital goitre in
Merino sheep observed enlargement of the thyroid glands in
affected sheep., The enlargement was 25 times more than the
control. There was significant increase in the cholesterol

level in affected sheep, In the Merino the condition was due
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to the formation of abnormal iodoproteins, probably controlled
by an autosomal recessive gene showing high penetrance and

variable expressiﬁity (Mayo and Mulhearn, 1969).

2.12. Sﬁrgical thyroidectomy

~Mats£on.and Peirce (1932) noted a reduction in growth
rate and metébolic rate in thyroidectqmised Merino sheep.
Zeckwerngg,gi.,(1935)‘reportedydegranulation of acidophil
- ‘cells after thyroldectomy in rats.: sﬁilberg and Siilberg
(1240) indicatéd a delay in endochondral ossification in
thyroidectomised immature guinea pigs. Contopoulos gt gg.
(1958) reported that after thyroidectomy in rats there was
atrophy of the pituitary and the plasma contained only de-
c;eased‘amounts 6f ﬁhyroid stimulating horﬁone, interstitial
'cell stimulatihg hormoné and growth hormone; After thyfoideca
tomy the acidophil cells underwent extreme granulatlon and
with concomitant hyperplasia accompanylng hypertroPhy and
reported a significant decrease in the acidophil cells in
thyroidectomised rats. Yatvin et al, (1964) noticed a decrease
in protein-deoxyribo nucleic acid ratio in thyroidectomised
rats. An increase in plasmaAglobulin and éedimentation of red
blood cells in thyro-?ara thyroldectomised Meriﬁo rams was
reported by Belonje (1967). 1In thyroidecﬁomised goats there
was reductioniin phosphorus exdretion into long bones and
endogenous excrétion of phosphﬁrus resulted in hypophosphatemia'
(Symonds, 1969, 1970). . McIntosh et al. (1979) observed somatic

changes llke delayed osseous development in the limbs and
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increase in the pitultary weight after foetal thyroidectomy.
The thyroidectomlised lambs failed to survive for more than

few hours after birth.

. 2.13. Radio thyroidectomy

Radio thyroidectomy also resulted in the development of
clinical signs and patho;ogical lesions of hypothyroidism,
Goldberg and Chaikoff '~ . { 1951) produced an early state
of hypothyroidism in rats by injecting vafious doses of 1131
in rats. They observed hypertrophy and hyperplasia of the
basophil cells accompanied by degranulation of the acidophils.
Lewis (1956) observed a drop in protein bound iodine from
6.7 to 0.8 ug % in a'Jersey bull after subcutaneous injection
of carrier free I'3!., Bustad et_al. (1957) produced thyroid
adenoma; fibroma and fibrosarcoma in sheep following daily
administration of 1131 at different levels. Inter follicular
fibros#s, oedema and arterial damage were also reported
(Marks et al. 1957). Potter et al. (1960) indicated papillary
and follicular carcinoma in rats by single injection of 1131.
Ayoub (1968) reported damage of the thyroid gland and reduc-
tion in the rate of radio active iodine uptake by the thyrold
and its release into the blood plasma in goats on administra-
tion of fadio iodine. Cons et al. (1975) recorded high plasma

thyroid stimulating hormone level in radio thyroidectomised

rats.
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2.14. Thyroid status and male reproduction

McKenzie and Berliner (1837) observed that in the ram
summer sterility waé influenced by the thyroid. Turner and
'Cuéps (1940) noted reduced anterior pituitary gonadotropwin
content in thyroidectomised male rats. Similarly a reduction
in the gonadotrophic poténcy.of the pituitary following
thyroidectomy was reported among young male goats (Reineke
et al., 1941). DPeterson et al. (1941) observed that following
thyroidectomy in bull calves there was normal development of
gonads but there was complete lack of llbido at the usual age
of sexual maturity. Schultze and Davis (1946) noted a decrease
"in conception rate, sperm motility'and greatexr resistance of

spermatozoa in bulls fed iodinated casein.

Kumaran and Turner (1949) induced mild hypothyroidism
in birds by feeding 0.6% thiouracil and observed a progressivé
depression.of the secretion of interstitial cell stimulating
hormone (ICSH) without having any effect on follicular stif
rmulating hormone unlike mild hyperthyroidism. Magsood (1952)
demonstrated that the thyroid gland had an important xole in
the maintenance of male fertility. In his study on the effect
of thyroxine supplementation recorded precocious sexual déve-
lopment, increased sex libido and improvement in semen picture.
 Hignett (1952) noted a decline in libido and detericration of
semen quality in iodine deficient bulls. Jovanovic gt al.
(1953) reported decreased libido and high percentage of ste-

rility in males associated with enzootic goitre. Lenon and
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. Mixner (1958) observed better reproductive performance in

Holstein cattle asscciated with high PBI values.

Brooks and Ross (1962) observed that exogenous admini-
stration of L-thyroxine in feed at 0.2, 0.3 and 0.4 npg % con-
centration f£ailled to have any significant effect on the adverse
influence of high ambientltemperature on the semen quality in
rams. Mahtiev (1966) recorded an improvement in fertility
and -semen picture following ilodine supplementation in infer-

tile rams maintained in iodine deficient areas.

Prasad and Sinch (1971) observed the effects of propyl
thiouracil and thyroxine on the testis of chicks. A four fold
increase in the weight of the testls was noted when compared
with normal chicks at 8 weeks of age. Téstis of propyl thio-
uracil treated birds showed tightly arranged colls of semini-
ferous tubules as compared with the loose arrangement of such

tubules in normal birds.

Sharma and Singh (1975) recorded more coiled seminiferous
tubules lined with two or more layered germinal epithelium in
hypothyroid birds as against single layer of epithelium in

the control groups.

Sreekumaran (1976) observed that the seminiferous tubules
contalned only few primary and secondary spermatocytes in
experimentally induced hypothyroid state in male kilds. Tﬁere
was complete absence of spermatozoa and ggrminal layer in some

tubules. The lumen of the tubules contained only a network of
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£ibres and scattered round cells. Peczely et al. (1979)
reported that although thyroidectomy or treatment with
thyroxine did'not affect the basal testosterone concentra-
tion there was a marked inhibition of the growth of the

testis.

Reddy (1982) observed a significant decrease in the
relétivé weight of the testis in all the gqats dosed with
 thiourea. There was also a diminution in the relative weight
of epididymis:: énd aécessory séxual glands. Histologically
+he seminiferous tubules were small with almost complete

absence of -spermatogenesis.

2.15, Thyroid and infertility

Chu- and You (1944) reported that feeding small doses
of desiccated thyrold to thyroidectomised'rabbiﬁs prevented
the hypertrophy of ovarian follicles, while large doses had
inhibitory action. Similar treatment in normal rabbits had
no effect on the ovary and large doses caused incomplete inhi-
bition of ovarian activity. In thyroidectomised females there
was a Ffailure to show external signs of estrxus although phy-
sical examination revealed that these females to be cycling,
o&ulation occurring regularly (Spielman et al. 1946). Krohn
(1947) found that daily subcutaneous injection of propyl
tﬁiou;acil disturbed the oestrus rhythm of- adult albino mice,
causing lengthening, irregularity or complete disappearance

of cycles. Xrohh and White (1950} observed longer and variable
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oestrus cycles in hypothyroid rats. Conception was normal

with small litter size and high foetal resorption.

Thiouracil fed mice exhibited continuous cestrus while
slight;y'hyperthy:oidlmice showed regulax oestrus cycles,
‘The thiouracil fed groups had ovaries packed with follicles

but no -corpora lutea (Soliman and Reineke, 1952).

Brovmstand and Fowler (1959) reported that the ovula-
tion rate tended to be lower among sows mainﬁained on 0.15%
thiouracil, Moberg (1959) described retention of placenia'
in bovines associated with sub-optimal iodine intake. Kovalskili
et al. (1970) treated anestroum associated with iodine defi~
ciency in dairy cows by supplementing potassiuvm iodine. Oestrum
with normal ovulation and fertilization was induced within an
average period of 148 days, vhen treated with 1,75 mg of
potassium lodide per kg. Barakat et al. (1971) observed no
variation in the total thyrold iodine conteﬁt in normai female
buffaloes and in buffaloes wiﬁh cystic ovary, inactive ovary,
hydrosalphink, mucometia, perimetritis with salp ingitis |

metritis, perimetritis with salpingitis and cophoritis,

Srinivas (1979) reported very low concentration of PBI
among buffaloes with cystic ovarian degeneration. The mean
valué& was 1.68 + 0.04 ug %. The highest concentration of
serum PBI was seen in animals with.uterine infection.
Vadodaria et al. (1980} observed that in ovulatory phase the
thyroid gland follicles were less active compared to luteal

phase follicles.
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2.16. Incidence of goitre in sheep and goats

The incidence of goitre and hypothyroidism Bave:been

reported by several workers in sheep and goats. Love (1942)
studied changes in the thyroid gland of four néw born kids.

He noticed alopecia in two cases out of four cases of paren-
chymatous goitre in still born kids. McIntosh (1943) repoxr-
ted that in hypothyroidism the new born lambs were weak and
the wool growth was poor with focal area of denudation.
Southcott (1945) recorded congenital goitre in lambs. The
lambs were weak or born deads Histologically follicles were
depleted of colloid and were £illed with finger like processes
of the lining epithelium. The epithelial cells were low

cuboidal or columnar typee.

Baumanh(1948) described goitre in new born kids. In
six cases myxoedema and complete halrlessness were noticed.
Histologically two were parenchymatous type and four mixed
type. Andrews et al. (1948) noticed hyperplasia of the thy-
roid epithelium and depletion of colloid in the thyrold gland
of new born lambs from the dams which were fed a dlet free
of lodised salt. Investigation on the incidence of goitre in
domestic animals revealed that its incidence in animals and
human was parallel.. The number of animals affected with
goitre was large. Otomatus (1954) made a study on the inci-
dence of goitre in sheep in Japan. He recorded congenital
goiltre in 25% of new born lambs. In adulits he documented .

an incidence of 33%. The gestation period of goitrous sheep
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was much longer than that was observed for normal sheep.
The new born lambs were weak and died within a few hours.
The thyroid glands exhibited various forms of enlargement.

Typical struma parenchymatosa was noted histologically.

Jovanovic (1955) investigated on the nature and incidence
‘0of goitre in domestic animals.. The dliffuse colloid type was
the commonest in sheep and goats. The parenchymatous goitre

was observed only in goats.,

Setchell et al. (1960) reported neonatal mortality
assoclated with thyroid enlargement in lambs. They observed
that the affected lambs were weak and lethargic leaving coarse
coat. The glands‘shbwed varying degree of colloid change

histologically.

Growth (1962) reported hypothyroidism in sheep. He
observed adverse effect on wool growth and increased incidence
of alopecia and still born lambs and kids. Watson et al. (1962)
observed increased size and weight of the thyroid glands and
decrease in the iodine cbntent of the glands in congenital
goitrous Doorset Horn lambs, There was pronounced hyperplasia

of thyroid epithelial cells in these animals.

Wallach (1965) reported goitrogenic hypothyroidism in
feeder lambs. In the lambs he observed low basal metabolic
rate, retardation of growth rate and increased sensitivity to

low environmental temperature. There was significant enlarge-

ment of the glands and the enlarged thyroids were palpable.
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Tall columar epithelial cells were seen lining the aéinid

The acinl contained scanty colloid and papillary strucﬁures
were seen protruding into the acini. George et al. (i966f
conducted histopathological study of thyroid glands of dead
lambs in order to assess the incidence of goitre. He observed
parenchymatous and transitional parenchymatous goitre in the
affected glands of lambs. The follicles were devoid of

colleid but showed large cystic spaces.

2.,16.1. Incidence of goitre and hypothyroidism in sheep and
goats in India : : L

So far the endoerine system has not been a éubject of
detailed pathologlcal investigation in this country. Only
very few reports have appeared on the incidence of endocrine

disorders in domestic animals from India.

Lall (1952) reported congenital goltre in three kids with
enlarged thyroid. The thyroid glands histologically showed
hyperplasia of the lining cells of the follicles. The acido-
phils of the pituitary were few in number and there was in-
crease in the number of basophil cells. In the testis the

seminiferous tubules were found immature.

Dﬁtt,and Kehar (1959) studied 1000 thyroid glands collecw
ted from sheep and goats from Barcily slaughter house; The
incidence of goitre was common in goats (10%), paéticularly
in female goats. Not a single case of goitre was observed
in sheep. Dutt and Vasudeva (1963) described a case of hypo-

thyroidism in a ram. There was loss of weight, irregular
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appetite and intermittant diarrhoea. At autopsy the thyroid
glands were found to be cystic and slightly enlarged., On
histological examination the follicles were found to be atro-
phic and lined with low cuboidal epithelium. Seminiferous
tubules in the testis were atrophic and some of the tubules
'showed multinucleated giant cells. Pituitary showed short’
cords of hypertrOphled eplthelial cells projecting as finger
like processes in some places and also hjperplaSla of the

basophils.

Roy et al. (19645 made a comparative study of the thyroid
glands o: 25 human and 50 goats collected from a severely
endemic area in the Himalayan belt. The thyr01d glands of
goats were large, pale and hyperplastic with intense lobular
hyperplasia. In human thyroids, grossly vi51ble, well circum-
scribed, greyish‘white multiple nodules were noticéd. There
was extreme redﬁction of'organic'iodine,content of thyroids
in man and animals £rom endemic area: Microscopically the
epithelial cells Qeré tall columnar type and they were thrown
into papillary folds. Follicles contained little or no colloid.

Human thyrdid'showed intense epithelial and stromal hyperplasia.

Rajkumar (1970) obeerved enlafgement of the £hyroid glands
in 16 kids out of 29 Barbari kids in a Government Farm in |
Uttar Pradesh. _Taking gross enlargementAof'therthyroid gland
as the cﬁiterion for the diagnosis of goitre in village flock
he recorded aa incidence of10;54% in local goats; 7.02% in

Barbari x Local and 16.67% in Alpine x Local goatse -
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Sreekumaran (1976) described the clinico-pathological?
features of experimental hypothyroidism in kids, Hiétolagi—
cally the thyroid gland showed formation of colloid depletéd
microfollicles and the pituitary was hfpertfophied with hyper-
plasia of basophil cells., B&th male and female gonads showed

degenerative changes.

Reddy (1982) alsco studied the clinico-patholcgical fea-
tures of experimental hypothyroidism in goats with particular
reference to the reproductive organs, There was complete
absence of Spermatogenesis and degenerative changes in the
tubules. But these testicular changes were found to be rever-
sible. In the case of females thére were smooth inactive
ovaries. The weight of the uterus Was.significahtly low with
almost complete cessation of secretory activity. The incréase
in weight of the thyroid-was associated with hyperplastic

changes in the parenchymaa
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3. MATERIALS AND METHODS

3.1} Survey studies

Blood samples (5 ml) from the jugular veln were collec-
‘ted from cows with non—infectibus reproductive disorders
maintained at the University_biﬁestock Farm, Mannuthy and
from cows which were confimmed to . have reproductive disorders
of non-~infectious nature at the veterinary hospitals locatéd
at the different regioﬁs (Thodupuzha aﬁd Palghat). Besides
this blood samples from cows with normal reproductive beha-
viour were also collected. The protein bound iodine (PBI)
of all these animals were estimated to assess the thyrold

status.

- 3.2. BExperimental studies

3.2.1, Design of the experimental study:

a) BExperimental calves: Fourteen, clinically'healthy,

two to three month. old male cross-bred calvés were randomly
selected from the Livestock Research Station, Thiruvézhamkunnu
for the study. _The<animéls were housed separately in pens
under hygienic conditions. All the animals were maintained
on concentrates and paddy straw/green fodder. Water was pro-
vided ad libitum. The animals weré divided into two groupé
consisting of a control group of four animals and exPerimeﬁtal
group of ten animals. All the calves were dewormed and kept
under observation for a fortnight befo:e the start of the

experiment.
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3.2.2. Dose of thiourea

Experimental hypothyroidism was induced by the dailly
oﬁai administration of thiourea (H2NCS_NH2 ~ Sarabhai=M-
Chemicals) at a dosage level of 150 mg/kg body weight. The

thiourea was administred as a bolus mixed with jaggery.

3.2.3. Clinical parameters studied

Body weight, hemogram (total RBC, WBC, differential
leucocyte count, packed cell volume, hemoglobin content),
serum cholesterol, serum protein bound'iodine.and‘toﬁal'plaSma
protein of all the ahimais.were recorded before the commence-
ment of the experiment and subsecquently at fortnightly inter-
vals. The calves were observed‘daily and clinical'symptoms,
if any, manifested were obéerved and recorded. The study

covered the following aspects.,

af Welght gain and growth rate

b) Observation of clinical symptoms

¢} Haemogram values

d) Estimation of total protein content in blood serum
e) Estimation of serum cholesterol

£) Determination of protein bound iodine

g} Gross pathology

h)lHistOPathblogical changes in organs

3.2.4. Technicues

3.2¢4.1. Clinical symptoms and welght gain

All the animals were observed daily for clinical symptoms,

if any. Both the control and experimental group of animalg
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were weighed at the commencement of the experiment and there-

after at fortnightly intervals.

3.2.4.2. Collection of blood samples for laboratorv estimation

Blood samples for analysis were collected using reagent
grade Ethylene diamino tetra acetic acid (disodium salt EDTA)
as the anticoagulant. EDTA at the rate of one mg for every
oene ml of blood was employed as the anticoagulant‘ Every
timelfive millilitre of blood was drawn. from the jugular vein
for haemaﬁo;ogical studies wi;hAaseptic precautioﬁ.- Five
millilitre of blood was also collected separately:iﬁ a sterlle
test tube without adding the anticoagulant. The blood was
allowed to clot and then serum was separated by centrifugatién

for estimatioﬁ of serum cholesterol and PBI values,

Packed cell volume: The method deseribed by Wintrobe

(1961) was adopted,

3.2.4.3. Haemoglobin

The method of Miale (1967) for the determination of
haemoglobin was modified in this estimation. The cyan methe-
moglobin was prepared as detalled by Miale (1967) but the
final readings were taken in a2 Erma Haemophotometer as against

Spectronic 20.

3.2,4.4. Ervthrocvte count

Exythrocyte counts were made following the technique

of Schalm (1965).,



3.2.4.6, Differential count

The technique of Schalm (1965) was adopted.

3;2;4.7. Total plasma protein

The Biuret assay method of Inchiosa (1964) was adopted

for the estimation of total protein content in blood plasma.

3.2.4.8., Serum cholasterol

Serum cholesterol was estimated employing the method

of Zak (1957),

3.2.4.9. Protein bound iocdine

The protein bound lodine in the serum was estimated

employing the method of Faulkner et al. (1961).

3.2.4.10. Post-mortem examination

The control and experimental animals which dled/sacri-
ficed by exsanguination at the end of experiment were sub-
jecﬁed to detalled autopsy. They were weighed before autopsy.
The method advocated by F@O/SIDA (1968) was followed for
autopsy. The endocrine glands (thyroid, pituitary and adre-
lnals) were dissected out and veighed after removing the loose
fat and fascia. Testes were separated from the epididymis

and their weights were recorded.

' 3.2.4.11, Histopathology

‘The endocrine glands and testis were incised and exa-
mined for-groés lesions. Appropriate samples of tissues were

collected in 10% buffered neutral formalin for histopathological



examina{:ion_. 'i‘issues'wer_é proéeséed by routine paraffin
embeddiﬁg tectmi@ue (Az':x‘ned. E‘orées Institute of Pathology,
1968). Paraffinv 'sections“cﬁt at 5'to 6 microns thiclkness
were stained roﬁtinely with haematoxylin and eosin methed

of Harris as described by Disbery. and Rack (1970).
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4. RESULTS

4,1. Survey of thyroid status of cattle with normal and
impaired reproductive performance

In this survey, the thyrold status of.oné hundred andi-
mals was assessed emplojing protein bound iodine as the
marker. This included 53 cross-bred cows with the history
of non-infectious infertility from Mannuthy (Trichur Dis- .
trict), Palghat, Nemmara, Kozhin jampara and Alathur in Pal-
ghat district and Thodupuzha in Idukki district. These
animals were brought to the lo&al veterinary hospitals and
they were given all the routine treatments by Veterinary
Officer i/c of the hospital and they were declared as cases
of non-infectious infertility not amenable for conventional
treatment. The serum from 47 animals were also from these
localities but with normal reproductive perfoﬁmance.' The
PBI levels recorded*afe listed out in Table 1. The mean PBI
value of the animals with the history of infefﬁility was
2.68)ug/100 ml. The means were tested for significance using
Cochran's t-statistic and was found that the PBI level was
significantly low in cows with non—infectious.infertility.
The PBI level of the dry cows belonging to the Livestock Farm,
Mannuthy was relatively low and it ranged from 3;0/»9/100 ml

to 4.6)ug/100 ml with a mean of 3.84ug/100 ml.
4 ’
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Table 1. PBI level in cows with non~-infectious reproductive
disorders

© S g G S e e e aurs w— cney oy L —— 2 — e - e e =y x

Animal IPBIAlevels in
numbexr . . )ag/lOO ml

Palghat 2.2
1.4
1.2
2,8
2.4
3.2
2.4
3.2
2.8
4.0
2.4
2.4
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2.6
2.4
3.2
2.8
3.0
2.0
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2.0
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Place iﬁ;ﬁgi
Nemmara (contd.) 19
20
21
22
93
24
25
Thodupuzha 1
2
3
4
5
5
7
8
Alathur 1
2
3
4
5
6
7
8
Livestock Farm,
Mannuthy
a) Lactating animals 1
2
3
4
5
6

PBI levels in
)19/ 100 ml

2,2
3.2
2.2
2.1
2.4
2.6
2.4

2.4
3.8
2.6
3.6

3.2
3.0
5.2

5.2

2.6
2.4
2.4
2.0
2.8
3.2
2.6
1.8
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Place Animal PBI levels in
numbexr /ug/loo ml
7 5,2
8 6.8
E 5.0
10 6.1
11 6.8
12 5.1
13 4.8
14 5.0
15 4,8
16 5.2
17 5.2
ig 5.1°
19 4,8
20 562
21 5.2
22 5.2
23 5.0
24 4.8
25 5.2
26 5.0
27 . 4.8
b) Dry animals 28 2.1

29 4.2
30 4.2
31 3.1
32 4.0
33 4.2
34 3.6
35 3.6

36 4.2




mimi  esLieisn
Dry animals (contd.) ':3"7 3.8
o 3 3.0

39 4,4
40 Le2
a1 3.6
42 3.2
43 3.6
a4 3.2
45 4,6
46 Aed
47 3.6
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Fig. No.10, Experimental hypothyroidism - calf - severe
degree of alopecia -

- Fige No.ll. Hypothyroidism = calf - Thyroid - colloid
' . depleted .follicles lined with scattered
| epithelial cells
H&E x 200 .
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EXPERIMENTAL STUDIES

4,2, Experimental hypothyroidism in‘qalyes" 

4,2+1¢ Clinical behaviour and svymptoms

Thé expefimental group consisted of 10 croés—bred male
calves in the age group 2 t6l4 months. They Qeré fed thio-
urea at the rate of 150 mg/kg body weight dail&. All the
calves showed similar symptems with slight deg?ee of varia-
tion in their manifestation. The animals were’appérently
normal and healthy during the first fortnight;‘Sugsequently
theré was progressive dullnesé and weakness. fhe hair coat
was drj and coarse (Fig. 8). The eyes were sunken.l There was
irregular sheddihg of hair more markedly on thé belly, thigh,
neck and dewlap region and this resulted in paﬁchy areas of
alopecia (Fig. 9, 10). Moreover, there was coﬁsiderable
diminution of subcutaneous fat. They became 1éthargic,
inactiﬁe and shewed marked disinclination to move. They were
mostly in recumbent posture. Feed consumption was éreatly
reduced. The gait was unsteady. They carried their head in
dtooPing pésition, The muzzle was markedly dry, Slight to
moderate oedema was noticed oh the face below the eyelid, jaw
reglon and lower parts‘of the body. There was slight to mode-

rate watery discharge from the eyes,

4.2.2. Weight gain

The data on the weight of calves during the ékperimental

period are given in Fig.l. Most of the calves gained body
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weight during the first fortnight and subsequently there was
glgradual aﬁd progressive reduction in body weight. But in
two éf the calves initial sharp drop in body welght during
£hé'first,fortnight was fé;lowed by moderate increase in body
welght and subsequently there was steady reductién in body
weight towards the terminationiof the experimental pericd.

On the contrary, the control group of animals recorded a

gradual but appreciable increase in body weight.

Table 2. Body welght of calves during experimental period

A s ST 528 G et W D T Y Pan D PR S T <t SR Sl ST A €m0 s o — o

Means
Control Exneriﬁental
_ e (by) _Lha)
Initial 39.933 . 38.300
1st fortnight .  41.533 ' 36.5675
2nd fortnight 42.466. 34,175
3rd fortnight 41,900 30.525

- e o - am - L L T . - T O 22 I S axp S

By making use of the paired t test the mean weigﬁt of
the contrel and experimental calves were compared and the
reduction in weight in the experimental calves - Was compared
to the control calves was found to be statisﬁically signifi~
cant at the end of second fortnight and during the third'
fortnight (p<0,05).

4.,2.3. Serum protein bound ilodine

The data on serum protein bound iodine are presented

in Fig. 2.
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Though the PBI level recorded a gradual decrease ini-
tially the decrease became statistically significant during
the second fortnight in the animals dosed with thiourea as
compared with the control‘animals which recorded a slow and
gradual rise in PBI levels in the serum, Lowest level was

noted in animals which survived the entire experimental period.

Table 3.. Serum proteln bound iodine level of calves

Means .
Control Experimental
——— e S 4 1 L1} I L19[ioom)____
Tnitial 4,100 4.616
lst fortnight 4,233 4,050

2né fortnight 4,400 3.366

‘The mean PBI levels of the control and experimental group
of calves were compared by making use of pailred ¢ test and |
the reduction PBI level in experimental calves was found to
be statistically significant at the eﬁd of the second fort-
night. '

4.2:4. Sexum cholesterol

The data on serum cholesterol le#el of the anime=ls are
presented in Fig.3,

Table 4, Serum cholesterol level of calves

T S OO e ST A LD NS L WP SRR GTA R AT L I Wy Y e e € -n e sy - - o | W e W e M e K O G ey

Mean
Control Experimental
—_— 7 e (mq]ivoml) mglioomi) —
Initial 163,420 ' 160,005
1st fortnight 171.063. 190.968.

2nd fortnight . - 173.990 224,823
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Statistical analysis emploving paired t test fér,the
comparison of the mean of control and experiﬁental group
showed that the increase in the serum cholestrol level in
experimental calves was statistically significant by the

second fortnight.

Table 5. Plasma protein level of calves

(The data on plasma protein level of the animals are
presented in Fig.4)

- o o o o ey - — -— asy oo - I S G G S G QN TN S LD S S VI T Sy SR G WM EX S DA P E30 SDA U M W S SN CTH M RN B A

Mean
_________________________ N s 2T
Initial 7.566:. 7.266° .
1st fortnight 7.666 8.100
2nd fortnight 7.833 . 8.750

U e S S S S G S e R €33 SRS KR WEN KL 45 GRS CH WA S WS SN T WD () P T3 CleS €30 e o e i T D D B PP TG RS i S P WD S MR D (AP 0 KD GCAR €A eS8 WEY S fvs Sk TP WS SRS

Comparison of the mean of ﬁhe control and experimental
group using paired t test showed that the increase in plasma
protein level in experimental calves was statistically sig-

nificant by the second fortnight.
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Table 6. Haemogram of experimental animals

Calf No.M52 = 6(a)

M - RT3 QI S SO SN R T U (i S CHED G A Sng SO I WACH S SUS SR MEL B> RO A e ave = o e . s i e o GO S e e v S —

Before First Second Third Fourth Fifth Sixth
Parameters experi- fort- fort- fort~ fort- fort- £ort-
' ment night night night night night night

L] Y oo am— - oo D D SR - O S WD iy WP R s ey w3 e avte SOK -

RBC

m11ione/ul 7.1 9.3 7,73 7.65 5.7 5.5 -
Hgh g/dl 9.4 9.5 7.2 7.6 5,7 4.8 -
PCV % .. 26 31 31 32 24 23 -
Leucocyte/ ul 8.450 9.1450 5.800 10.350 11.350 9.775 -
o | - |

Lymphocytes 84 76 88 60 62 72 -
U
?§2332§2§1 | 15 21 10 38 34 24 -
Monocyte - - 1 - 1 - | -
Eosinophil - - 1 2 3 1 -

Basophil - - - - - - -
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. Before First Second Third Fourth Fifth Sixth
Parameters experi- fort-  fort-  fort-  fort-  fort- fort-
. ment  night night night night night night

-t e s onet P A G S D P A . ) S R O e S S WD O B B A €T o o ey — ot 2

RBC | , ' o
: 4 of
milliqn[ul 5.2 8.8 6.6 0.4 3.9 4.2. 3.6
Hgb g/dl ’ 8.4‘ 8.6 7.8 - 7.5 604 5.0 462
PCV % 31 35 26 24 22 15 - 16

Leucoéyte§4ul -~ 7100 6050 . 4900 5850 9950 3050 3450

e
Lymphocytes - 82 87 - 88 . 58 . 54 . 56 62
(hanay 3 2 Lo - - -
Neutrophil ' o
(segment) 13 10 6 39 44 32 37
Monocyte - - 1 1 2 - 1 - 1
Eosinophil - - 3 3 1 4 -
Basophil 1 - - - - - -
Calf No.485 = 6(c)
'Before First S8Second Third Fourth Fifth Sixth
Parameters experi- fort- fort- fort- fort- fort= fort-
ment. night night night night night night
i?ilion[ul 6.7 5.6 4.8 - - - -
Hgb ¢/dl 12.4 9.8 8.2 - - - -
PCV % 42 32 31 - - - -
Leucocyte/ul 6250 5825 6595 - - - -
DC
Lymphocyte 87 39 77 - - - -
Neutrophil 1 - 3 - - _ -
{band)
N eegmenter) 12 o 22 } ) i )
Monocyte - - - - - - -
Eosinophil - 1 1 - - - -
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Calf NG.486 = 6(d)

U o et S s €200 M3 oo SRS S AN W KD T WD A LI G AT AT €I 3 D DR T S SRt OR .53 8 RS A Sl TR S (5D W FY e T LD SO G0 (A e R WM e S (M GO SR wh B coued AP SN KT 7 CAOS L1 e me cm) e D

Before First Second Third Fourth Fifth Sixth
Parameters experi- fort- fort- fort= fort- fort- fort-
. N ment night night - night night night night

million/ul 8.2 8.4 6.6 6.2 5.1 4,2 -
Hgb g/dil ' 12,2 12.4 82 6.2 5.8 ° 5.6 -
PVC % 48 - 48 32 31 26 23 -
Leucocyte/ul 4450 6500 4900 5850 4670 4760 -
oc .
Lymphocyte 70 87 58 62 63 59 -
Neutrophil 5 _ 1 - - - -
{ band)
?gg;;ggzi;) 27 12 37 35 34 39 0 -
Monocyte 1 - . - - 2 2 -
Eosinophil - 1 4 3 1 - -
Basophil - - - - - - -
Calf No.775 - 6(e)
' Before- First Second Third Fourth Fifth Sixth
Parameters experi- fort- fort- - fort- - fort- fort- fort-
ment night pight | night ‘night night night
Hgb g/dl 13.8 10.4 7.2 - - - -
PCYV % 47 42 36 - - - -
Leucocyte/ul 6150 3600 5700 - - - -
BC
Lymphocyte 71 78 82 - - - - -
N
(Segmencery ™ 20 13 - - T
Monocyte - - 1 - - - -
Eosinophils - - 2 - - - D .

Basophil - - - - - - -

- - - o ot s a8 WD e oxm —
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Calf No,776 - 6(£)

- — e -

S XS b (TR G0 CAD MY T €I S D GA A S dacs I Sl T M S W) SO

Before PFirst = Second Third Fourth PFifth Sixth
Parameters experi- fort-  fort- fort- fort-  fort- £fort-
ment night night night night night night
S ion Yl 6.4 6.2 6.1 - - - -
Hgb g/dl 10.4 9,2 7.4 - - - -
PCV % 39 .78 25 - - - -
Leucocytg/Ml 6590 6210 6920 - - - -
b . o : .
Lymphocyte 62 58 56 - - - -
Neutrophil ] - - - - - _
(oand)
(segmenter) N
Monocyte - - - - -
Eosinophil 2 2 - - - -
Basophil - - - - - - -
) CONTROLS
Calf No.082~M52 -~ 6(qg)
Before First Seéond Third Fourth Fifth Sixth
Parameters experi~ fort- fort- fort- fort- fort- fort-
ment night night night night night night
fﬁglion/pl 5.2 4.8 5.6 - - - -
Hgh g/dl 9.8 9.6 .8 - - - -
PCV % 36 38 39 - ~- - -
Leucocyte/Al 5550 8920 7625 - - - -
DC
Lymphocyte 78 64 82 - - - -
Neutrophil 2' 3 _ _ - _ _
(band)
ppescr SRR S VA
Monocyte ' - 1 1 - - - -
Eosinophil 1 2 - - - -

Basophil

s e 3 E G G ey — s -
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Calf No.081-M52 - 6(h)

T hiore | Fire: | Second Thiza  Fourth Fifth Sixth
Parameters experi- fort- fort- fort= fort= fort- Lorg-
: ment . night night night night night night
iiilion[pl 6.1 6.2 6.2 - - - -
Hoh g/dl 8.6 9.2 10.4 - - - -
PCV % 27 29 32 - - - -
Leucocyte/Ml 7520 6545 6670 - - - -
Lymphocyte 75 69 72 - - - -
NeﬁtroPhil _ . 1 _ - _ “ _
(band)
oy 0w - - - -
Nonocyte - - - - - - -
Eosinophil 2 1 - - - - -
Basophil - - - - - - . -

D T I D S I AN RN G S R KB g WD AP o PP S S A U WO S e S S ) S VXY S £ W s W R e £ () T CH W SR M Calle. 5736 Wl MK S €D §D TR

Before First Second Third Fourth Fifth Sixth

Parameters experi- fort- fort- fort- fort=- fort- fort-
ment night night night night anight night
;?flionzpl 6.4 - 6.6 6.6 - - - -
Hgbh g/dl 10.2 9.8 10.4 - - - -
PCV % 31 31 32 - - - -
Leucocyte/ul 5700 8600 8970 - - - -
e .
Lymphocyte 72 62 67 - - - -
Neutrophil . 1 1 - - - -
(band)
(coomentes) 25 % B - - = -
Monocyte - - 1 - - - -
Eosinophil 3. 1 1 - - - -
Basophil - - - - - - -

- - - - oy -— - e e D Y R e T ey R LD W e T
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RELATIVE WEIGHT OF THE ENDOCRINE GLANDS

OF THE EXPERIMENTAL CALVES
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4.2.5. Haemogram

The haemogram of the experimental animals 18 presented
in table 5, The experimental animals showed anaemia as indi-
cated from the progressive reductlion in hemoglobin (Fig.5),
PCV and total erythrocyte counts. The other values did not

show any significant change,

4,2.6, Relative welght of the Endocrine glands

The relative weights of the endocrine glands including

the testis are presented in the figure 7.

In the expe:imentai calves the thyroid, édrenal and
pitultary showed an increase in their relative welghts when
compared to the control, On the contrary, a reduction in the
relative weight of the testis was noticed in the experimental

calves when compared to the control.

4.2.7« Autopsy f£indings

Four of the calves died during the second and thlrd fort-
night,. one died before the completion of the sixth fortnight
and the remaining one was sacrificed at the end of the sixth

fortnight.

The carcases were very much dehydrated and poor in con=-
diticn. There was depletion of fat in the eye socket and the
eyes appeared sunken, The visible mucéus membrane was pale.
The hair coat was rough and dry. Throughout the body there was

marked gelatiniéation of subcutaneous fat. Gelatinisation of









Fig. No.l1l4. Hypothyroidism‘4”calf - Follicles lined
with tall columnar epithelial cells.
'H & E x 400

Fig. No.15. Control - calf - Thyroid - Regular colloid
filled follicles lined with cuboidal epi-
thelial cells. ; ‘

H&E x 200






Fig. No.1l6, Hypothyroidisin - calf - Adrenal gland -
proliferating zona fasciculata cells
containing abundant £at

Fig. No.l17. Hypothyroidism - calf - Testes - Intersti-
tial oedema,degenerated and desquamated
epithelial cells., The lining cells of the
tubules are sparse. No evidence of
spermatogenesis.

H & E x 200
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Fig. No,18. Hypothyroidism - calf - Testes - Interstitial

- ' oedema =~ degenerated and desquamated epithe-
lial eells in the tubules - No ev1dence of
spermatogenesis. '

Fig. No.19. Control - calf - Testes - Seminiferous tubules
containing cells with active snermatogenesis.
H & E x 300 '






the coronexry and renal fat was also evident. Except for the
aﬁiﬁai that survivaed all the six fdrtnights, the lungs of all
the others showed lesions of pneumonia marked by areas of
congestionfand consolidation. The bronchli and bronchioles
contained colourless froth. There was ventricular dilata-
tion and the heart presented a réunded appearance. The liver
was pale yellow, with roundéd borders and was slightly oily
£0. touch. The thyroid glands were enlarged and pale brown in
colour and the adrenal glands were also markedly enlarged.
The testes were relatively smaller in size., The relative

weight of the teéstes is shown in figure 7,

4.2.8., Histopathology

I. The calves which survived for only two fortnights showed

the following lesions:

Thyroid: The follicles were of'more or less uniform in
sizge: 'There was congestion of the blood vessels. Most of
the follicles did not contain colioid. However, a few of
-them contained pale thin colloid. They were lined with sca-
ttered cuboidal to columnar epithelial cells (Fig.1ll). 1In
some of the follicles the lining epitheliél cells had degene-
rated and desquamated into the follicles. A few follicles

had ruptured (Flg.l12}.

Adrenal glands: Depletion of f£at in the region‘of fasci-

culata. Congestion of blood vessels.

Pituitary glands: Slight vacuolation of basophil cells.

In focal arecas hyperplasia of basophils were seen. Moderate

congestion of blood vessel was also seen.
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Testis: Most of the seminiferous tubuies‘were lined with
single layer of epithelial cells. No mitotic activity was
seen., Some  the tubules showed degenerated and desquamated
epithelia; cells. There Qas'moderate interstitial ocedema

(Fig.17).

II. The calves which survived for a period of £ive to six

fortnights showed the following lesions.

Thyroid: The follicles were of varying sizes; Most 'of
the follicles did not contain any colloid and they were rela-
tively small in size. Tall columnar epithelial cells were
éeen lining the follicles. In some of the follicles two or
‘three layers of tall columnar cells were seen lining the
follicle, - . . Some of the follicles were filled with
proliferating epithelial cells and the follicular lumen was
not evident (Fig. 13, 14). However, a few had very little
pale thir collold. Some of the follicles contained a few
deéquamated epithelial cells. The thyroid gland-of the con-
trol animals contained regular colloidal follicles lined by

cuboidal epithelial cells (Fig, 15).

Adrenal glands: Theré was slight proliferation of the

zona fasciculata cells in focal areas and the cells contained
abundant fat (Fig.16), and the zona appeared congested. Blood

vessels in the cortico-medullary junction appeared congested.

Pituitary glands:s In focal areas, vacucolation of beta
cells was evident. Varying degree of congestion of blood

vessels was also noticed.
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Testis: The seminiferous tubules were slightly smaller
in size and the lining cells were very scanty. In a few,
scattered spermatocytes were seen. There was no evidence of
proliferation of the spermatogonial cells. In some of the
tubules a few degeneérated and desquamated cells were seen
along with a few giant cells (Fig.18). Moderate degree of
interstitial oedema was seen. Interstitial cells were very
few and appeared loosely scattered: in the intewrstitium. The
interstitial tiséue'was slightly oedematous and appeared

relatively prominent.

The testis of the control calves contained'seminiferous
tubules lined with intaet spermatogonial cells and spermatogenesis

was evident. The interstitial cells weﬁe also active (Fig.19).
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5. DISCUSSION

The survey studies on the thyrold status of cattle with
non-infectious reproductive disorders employing protein bound iodir
(PBI) as the marker have therefore indicated that hypothyroi-
dism 1ls prevalent in animals with non-infectious reproductive
disorders namely, repeat breeding and it could be an important
factor which causes non-infectious subfertility and infertility
in cattle. The results of the investigation carried out have
given proof to the fact that there is significant reduction
in the PBI level of repeat breeder animals compared to the

control.

The dry animals of the Livestock Farm, Mannuthy had
relatively a low PBI level as compared with the lactating
and pregnant animals. In dry cattle a low PBI was recorded
wﬁen compared to animals in late pregnancy and lactation.
While a significant increase in the PBI level was documented
in the iatergroup (Sorensen, 19563 Vzaimosuyaz, 1973). This
increase in the PBI level during pregnancy and lacﬁation was
attributed to increased metabolic demand. A subnormal thyroid
function has been recorded in anoestrous buffalées as revealed
by low plasma PBI level in the blood, and the PBI level in
cfcling‘animals manifested a downward trend towards diocestrus
stage of oéstfous cycle (Dhoble and Gupta, 1980). The results
-of the preéent éurvey study have indicated that the reprodﬁc—

tive performance in animals could be impaired by hypothyroidism.
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This observation is in agreement with the observation made

by Reddy (1982) in goats. He fecorded significant reductidn
in PBI level in goats with experimental hypothyroidism. These
observations made have clearly brought to light that hypo-
thyroidism is an important contributing factor for reproduc-
tive failurés and there is need to look into this factor also
while diagnosing and instituting therapy for reproductive -

disorders.,

In order to study the clinico-pathological features of
hypothyroidism in cattle, hypothyroidism was experimentally
induced in male calves employing thiourea as the goltrogen.
The dose of thiourea employed brought about hypothyroidism
as indicated by the low PBI level. However, four of the calves
died by the second fortnight. These were relatively young
animals of the experimental group and they were susceptible
to the amount of thiourea administered. This conclusion is
supported by the fact that there was sudden drop in PBI level
when compared to relatively more aged calves, which continued
to live in a hypothyrold state for the entire experimental

period.

Experimentally induced hypothyroid state was characterized
clinically by‘disturbance in growth. There was stunted growth
and progressive weight loss in all the calves dosed with thioe
urea. Similar observations were made in hypothyroid goats by
Sreekumaran (1976) and Reddy (1982). However, in the case of

dogs dosed with thiourea no undesirable effects were observed
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on growth (Lombardi et al. 1962). This was attributed to

the fact that metabollc processes in the dog are less depen-
dent on the thyroid hormone. The skin of experimental animals
was thick and hair coat was dry and coarse. There was also
irregular shedding of hair especially on the neck and dewlap
region. These observations fall in line with those made by
Sreekumaran (1976), Rignberk et al. (1977) and Reddy (1982)

in goats and in horses (Lowe gt al. 1914) and in pigs (Busslan,
1975). In the dogs, breed was found to be more influential
than hypothyroidism in determining the predominant phase of
halr growth (Aslam-QE al. 1983). The epidermal layer was
considered to be an important target organ for the action of
thyroxine (Freedberg, 1971) and hence pathological changes

in the skin can be expected in hypothyroidism.

Slight to moderate oedema was noticed on the face and
lower parts of the body. This is in conformity to the finding
of Lowe et al. (1914), Sreekumaran (1976) and Reddy (1982) in

goats.

The poor condition and marked gelatinisation of the sub-
cutaﬁeous and coronary fat are indicative of the adverse effects
of hypothyroidism. Simllar observations were reported in
experimental hypothyroidism in goats by Sreekumaran (1976)
and Reddy (1982). This may be on account of the reduced feed
conversion in the absence of thyroxine. Russell (1943) noted
that most energy demands were met f£rom preformed lipid in

hypothyroid rats. Consequently the gelatinisation of the
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- body £fat may be inferred to be due to the utilization of fat

for vital functions and energy needs of the body,

It may be pointed out that all the animals in the experi-
mental group showed marked ventricular dilatation with the
heart assuming a rounded appearance. This observation is
similar to that reported in goats by Sreekumaran (1976) and
Reddy (1982) in goats. Cardlac dllatatlon could be considered
as a pathological change resulting from the effort on the part
of the heart to compensate the reduced function in the face
of reduced cardiac output and decréaséd velocity of blood flow

in hypothyroidism.

Most of the animals carried their head in drooping posi-
~tion. Sreekumaran (1976) and Reddy (1982) attributed this
symptom in goats in hypothyroidAstate to thevdevélopment of
cerebral oedema. The observationsmade in this sﬁudy have
clarified that the symptomatology'in hypbthyroidism in calves

is in no way different from that seen in hypothyroid goats.

Serum cholesterol level was one of the parameters studied.
The cholésterol level was found to be abnormally high in all
the experimental calves as compared to the controls. This
goes to confirm the observation made by Mason and Wilkinson
(1973) in dogs that chblesterbl synthesis is inversely pro-
portional to the thyroid function. Munson and Belshaw (1966}
considered cholesterol values of 275 mg/100 ml and above as
indicative of hypothyroidism when coupled with appropriate

clinical signs. Increase in the serum cholesterol level has
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been reported in experimental hypothyroidism in sheep
(Lascelles and Sctchele, 1959; Belonje, 1967) and in chicken
(Nangia et al.; 1975) and in goats (Sreekumaran, 1976; and
Reddy, 1982). The increase in serum cholesterol level was
considered to be an indication of a specific change in lipid
metabolism in hypothyroidism in human myxoedema by Peters

and Man (1950). Fletcher and Myant (1958) indicated that in
hypothyfoid rats the hepatic synthesis and release of choles-
terol from acetate was subnozrmal but the peripheral breakdown
and biliary excretion is lowered and this they attributed as

the reason for hypercholesteraemia,

Hypothyroid . state in the animals fed thiourea was also
accompgnizd by an increase in the total plasma protein level.
Similar increase in plasma protein level was reported in hypo-
thyroidism in human beings (Lamberg and Grasbeck, 1955). An
increase in plasma globulin was reported in thyroidectomised
Merino ram (Belonje, 1967), in poultry (Nanjla et al., 1975)
and in‘goats (Sreekumaran, 1976; Reddy, 1982). Nanjia et al.
(1975) attributed the accumulation of blood groteins to the
defective utilization of nutriénts in the absence of thyroxine.
Crispell and Wilson (1964) reported reduction in both anabolism
‘and catabolism of protein in hypothyroidism; catabolism being
more reduced thanlanabolism and this accounted for a rise in

plasma protein level.

The animals dosed with thiourea to induce hypothyroidism

showed a significant decrease in the serum PBI level. This
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observation conforms to the results of experimental hypothy-

- roldism in sheep (Lascelles and Setchell, 1959), in bull
(Lewis, 1956), in spontaneous hypothyroidism in sheep (Watéon
et al.; 1962), and in goats (Sreekumaran, 1976; Reddy, 1982).
From the observation it could be inferred that the estimation
of PBI level could be taken as a reliable marker for the iden-
tification of hypothyroid state, along with high serum choles-
terol and protein levels. Thiourea was observed to cause hypo-
thyroidism by inhibiting'the organification of iodide and the
subsequent formation 6f lodothyrosine and their coupling to
form ilodothyronine (Mayberry and Astwood, 1961), The inorganic
iodide content of the thyroid was also diminishéd and there was

slight inhibitory effect on iodide pump (Danowaski, 1962},

All the experimental animals recorded a decrease in total
erythrocyte count, hemoglobin value and packed cell volume.
This observation 1ls consistent with that of Sreekumaran (1976)
and Reddy (1983} indicating that a deficiency of thyroxine
would lead to anaemic state. Adamon and Finch (1966) demon-
strated a decrease in'erythrépoietin production in hypothy-
roidism. Rivliin (1971) observed a reduction in intestinal
absorption of vitamin B12 as a significant effect of hypothy-
roidism in man. Thegsfactors may play a'role in causing anaemia

in hypothyroidiém.

There was an appreclable increase in the relative welght
of the thyroid gland in all the experimental calves dosed with

thiourea. This was characterized by hyperplasia of the
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follicles and:hypertrOphy of the lining epithelium, with
depletioﬁ of the colloid. The later is a proof to show that
tﬁéré haé not beeh any synthesis of thyroxine, although hyper-
plastic readtiohs were evident in the gland. This ébsérva—
tion is a réflection on the éompensatofy-hyperplasiic reaction
of the thyroidxglénd mediated through the pltuitary in res~
pénse to low thyréxine levels. The enlargement of the thyroid
WAS fouhd to be progressive. There was notable correlation
between'the timé interval and the degree of enlargement of the-
gland; IAs the duration of the expérimental period increased
there ﬁas'also pr0portiohate increase in the weight of the
gland; Though the hyperplasia of the thyroid gland was a
éompensatory response, functionally it was' not found to be
compensétofy;‘since the PBI levél of the thiourea dosed animals

“wag much lower when compared to euthyroid animals.

Althoﬁgh there-was significant increase in the weight of
the thyroid, the enlargement was not appreciable either by
outward manifestaﬁioh or by clinical pal@ation. This £inding
points to the fact that the subclinical form of hypothyroidism
could exist in animals without any gross appearance of thyroid
enlérgemenﬁ. Therefore, estimation of PBI level provides a
valuable tool for the identification of hypothyrold state.
waever, appreciable thyfoid enlargement has been réported in
experimental hypdthyroidism in different species of animals
(Kennedy,‘1942; Jones gé al., 1946; Harkness gt al., 1954;

Goldberg et al.; 1957; Lascelles and Setchell, 1959;
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Lazo-Wasem, 1960; Sreekumaran, 1976; Reddy, 1982) and in spon-
taneous hypothyroidism in sheep and goats (Southcott, 1945;

Lall, 1952; Dutt and Kehar, 1959).

“The most important histological observation was the com-
plete absence of colloid in most of the follicles of the
thyroid and hyperplasia of the lining follicular cells,
Although there was Stimulation by thyroid stimulating hormone
{TSH) and hyperplésia of the thyroid epithelium, there was no
synthesis of thyroglobulin due to non-availability Qf iodine
in the presence of thiocurea. This goes to support the f£inding
tha; thiourea has effectively blocked the thyrdglbbulin PLro=

duction and has lowered the PBI level.

There was an increase in the relative weight of the pitui-
téry gland in all the animals dosed with thiourea. This obser-
vation reconciles with the reported f£inding of increased weight
of the pituitary in experimentally induced hypothyroidism in
laboratory animals (Kénnedy and Purves, 1941; CGrieshbach gt al.;
1941; Goldberg et al., 1957; Lazo-Wasem, 1960) in goats
(Sreekumaran, 1976; Reddy, 1982) and in spontaneous hypothy~
roidism in goats (Lall, 1952). Thiourea interferes with organic
binding of iodine and consequent deficiency of thyroxine (Ta)
stimulates basophil cells toAproduce more TSH. This stimula-
tion leads to hypeéplasia of the basoPhii cells to meet the
increased demand for TSH. This hyperplasﬁic response was

reflected in the increased weight of the pituitary.

In the pituitary there was marked hyperplasia of the
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BaSOphiEL Baso?hil cell hyperplasia is a physiological res-
ponse to stimulate the thyroid by releasing TSH in large quan-
tities in the sbsence of adequate thyroxine (T4) with increas-
ing thyroid dysfunctlon the hypertrophy of basophlil cells
assoclated with storage of granules was followed by the loss
of granules in many cells and finally compleLe decranulatlon
and vacuplationlof basophil cells. These vacuolated basophilq
haye béen described in rats,as_"fhyroidectomy’cells" { Zeckwer
et al., 1935), Accordihg to theﬁ the cﬁtoplasmie vacuolation
represents an exhaust#on stagé ﬁnAthe reactive hyperplastic
process, Lhese changes have been descrlbed in experlmental
hypothyroidism in dogs (Lippinco t et al., 1957), in rats
{Goldberg and Chaikoff,_1951) and in goats»(Sreekumaran, 19763
Reddy, 1982). The hypertrophy of baSOphilICéllS has also been
reported in spdntaneous hypothyroidism in goats and sheep

(Lall, 1952; Dutt and Vasudeva, 1963).

There was significant Increase in the relative weight'of
the adrenal gland in animals treated with thiourea.. This
obsérvation is in contrast to the re?prts of»étrbphy of adrenal
glands in laboratory animals dosed with thiouracil and allied
. compounds by Baumann and Marine (1945), Zarrow and Money (194¢9)
and McCarthy et al. f1959), However, the present observation
is in agreement with the findings of Durlach et g;,-(l954)
who have repqrted an incréase in the adrenal weight in guinea
plgs doéed with propylthiouracil. Similar observations have

been reported in experimental thyrdidectomy in laboratory
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animals (Gley, 1923) and in experimental hypothyroidism in .
goats (Sreekumaran, 1976; Reddy, 1982). The animals with
induced hypothyrold state was under the influence of stress
and this stress might have been responsible for the enlarge-

ment of adrenal glands.

Microscopic findings like depletion of fat and conges-
tion of blood vessels and hemorrhaées in the zona fasciculata
region seen in the adrenai glands are all hiStongical feaﬁures
described.by‘SYmington-(1969) in stress reaction in the adrenal

gland,.

Theré was significant decreasé in the relative welght of
the testis in all the calves dosed with thiourea. On the Gon-
trary Prasad and Singh (1971)'énd Sharma and Singh (13875)
recorded increése in the ﬁeight of testis iﬁ chicks dosed
with thiourea. However, the present findings are in agree@ent
with those obseérved in quails by Peczely et al.(1979) who
attributed low level of testosterone in hyﬁothyrqidism. Reddy
(1982) also documénted a decrease in the weight of the testis

in experimental hypothyroidism in goats,

Hisiologically the seminiferous tubules were slightly"
smaller in size and the lining cells were scanty§..A few
tubules reve;led the presence of scattered spermatocytes.
There was no evidence of mitotic activity of spermatogonial
cells.l In some of the tubules a few degenerated and deéqua—
mated cells weré seeh along with a few giant cells. Inter-

stitial cells were'very few and appeared loosely scattered.
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‘These obsecrvations providés histologicai evidence to donclﬁde
that all ﬁhe 6eliuldr'components of the tesﬁié are affecteé
in hypothyroid state. Similar changes have been reported in
experimental hypothyroidism induced by thioﬁracilxin réms

and rabbits (Maqsood, 195i) and thiourea induced hypothyrol-
dism in géats b& Redd§ (1983), Accordihg.to:Gofbmanvand Bérn
(1974) thyroxine has a priming effect on the action of hor-
‘mones oh celis and they indicatéd that in the absence of thy-
réxine; thé éonaddtrOPhic hormone of thé piﬁuitary willlnoﬁ
furiction effectively'and this ﬁé§ lead to degenefative chaﬁges
in the tesﬁicular tiésue. All these observations unéérscores
the adverse effect, hypothyroidism is bound to have on the
:eproducﬁive performance in cattle by bringing about dégenerau
tive changes in}the gonadal tiésue. The results of the studles
indicatéd that marginal hypothyroidism could lead to signifi=-
cent reduction in growth rate, lowered productivity and fertl-
lity in cattle és reported in the cése of géats and this
could lead to serious economic loss. It may be pointed out
that the Government of India has recognized the fact that the
country is endemic for iodine deficiency and it has decided to

provide iodised salt to the human population in future.

" The observatiqné made in this study have pointed out
significant biological effects in calves due to hypothyroidism.
The.survey-and experihental'studies undertaken in calves have
conclusively shown that hypothyroidism could contribute to

reproductive disorders and‘hypothyroidism. This points out
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the need for taking measures to control hypothyroidism in
domestic animals as in the case of human beings in order to

reduce economic loss due to hypothyroidism in livestock.
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6. SUMMARY

Employing serum protein bound iodine as the marker s
survey study was conducted to assess the thyroid status of
cattle‘affected with non-infectious reproductive disorders.
Hypqthyroidism dharacterized by low PBI level was encountered

in all the repeat breeder cows examined.

Experimentally, hypothyroldism was induced in male calves
employing thiourea at the rate of 150 mg/kg body weight with
the object of delineating the sequence of clinico-pathological

‘changes in sub-clinical hypothyréid state.

Clinically, all the experimental .calves manifested pro=-
gressive weakness, dullness, marked reduction in feed intake,

"irregular shedding of hair and subcutaneous\qedema.

Stunted growth was consistently observed in all hypothy-
roid animals. After an initial increase during the f£irst
fortnight, there was progressive reduction in the growth rate

therecafter.

The serum PBI level of the experimental calves recorded
a significant decrease. The serum cholesterbl and plasma
protein levels were high when compéred to the control animals.
The hypothyroid animals were anaemic. The hemoglobin level
régistered a prbgressive decrease when compared to the ewthyroid

control calves.

The lesions observed in hypothyroid calves were cardiéc
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dilatation, gelatinization of subcutaneous and other depot

fat, alopecia and catarrhal enteritis.

There was a significant increase in tﬁe welght of the
thyroid gland in hypothyroid animals. Thevthyroid enlarge-
ment could not be apéreciated by external palpation. Most
of the microfollicles did not contain any colloid. In éome
of the follicles, the lining epithelial cells were hyperplas-

tic, while others showed degenerative changes and desquamation.

There was an increase in the relative weight of the
pituitery glands in all the animals dosed with thiourea. The
predominant histological picture was vacuolation and hyper-

plasia of the basophil cells in focal areas,

The adrenal glands of all the animals dosed with thiourea
showed significant increase in weight. Histologically the
cells of zona fasciculata showed slight proliferation and
depletion 6f fat. Blood vessels were also found to be con-

gested,

A significant decrease was observed in the relative
wéight of the testis of the hypothyroid calves. Histologi-
cally the seminiferoﬁs tubules were obliterated slightly and
the lining tubular cells were very scanty with no evidence
of mitotic activity. In some of the tubules a few degenerated
and desquamated cells were seen along with giant cells. Mode~

rate degree of interstitial edema was also noticed.

The degenerative changes affecting the testicular tissue
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in the hypothyroid state has brought out the important role
that hypothyroidism plays in inducing subfertility and
infertility in cattle. It was demonstrated by this investi-
gation that hypothyroidism would lead to reduction in -

growth rate and reproductive disorders.
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ABSTRACT

A survey study cohducted.indicaﬁed.that hypothyroidism |
was one of the ﬁajor etiological factorsresponsible for non—?
'infectious'reproductive'diSOrders in cattle. The reason forl
repeat breeding cases in certain instances could be traced to

hypofunction of the thyroid gland. Besides, this, hypothy- 1;

|
~roidism was experimentally“indueed in six male”calvee using

thiourea as the goitrogen at a single dosage schedule of |
iSO mg/kg-body weierrawirhfa view to delineate the sequence ?
of clinicopathological cﬁanges in the sub-clinical hypothyroié
state. The hesemogram, plasma protein level,,seruh cholesterei

level and serum protein bound ijodine level of these animals ;
B . '||
were estimated at fortnightly intervals. |

2 . I
I

'Clinically, the experimental animals manifested progre-

sgive weakness, dullness, eduction in feed intake, irregular '

shedding of hair, subcutaneous edema and above all a marked |
stunting in growth: Gelatinization of subcutaneous and other ?

depot fat and cardiac dilatation were the chief lesions en-

countered at autopsy. The calves became progressively anaemici
and registered high serum cholesterol and plasﬁa ﬁrotein levele
. but significantly low PBI level as compared with control calveé.

There was significant increase in the relative weights of the |

thyrold, adrenal and pituitary glands but reduction in the b
relative weight of the testis. -



ba

Histologically the thyroid follicular eplthelisl cells
exbibited hyperplastic changes and varying degrees of degene-
ration along with significant depletion of calloid; Miorog-
copically pltultary gland revealed vacuclatien and hyperplasia
of the basophil cells in focal areas. Adrenal glands showed
slight proliferation of cells of zma faclculata and deple-
tion of fat. Microscopic picture of the testis showed slight
obliteration of the seminiferous ﬁubules with no evidenco of
mitotiec activity in the tubular cells. A fow degenerated and
desquamated cells were seen along with giant cells, The vary-
ing degrecs of degenerative changes observed in the testis

accounted for the reproductive diserders ln hypothyroddism.
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