THE CLINICOPATHOLOGIC EFFECTS OF
THYROIDECTOMY ON REPRODUCTIVE AND
OTHER BODY FUMNCTIONS [N THE MALE GOAT

Thests fae the Degres of Dh, D,
MICHIGAN STATE URIVERSITY

James Alfred Williame
1960

I m A e



THESIS

LIBRARY

Michigan State
Unrversity




THE CLINICOPATHOLOGIC EFFECTS OF THYROIDECTOMY ON
REPRODUCTIVE AND OTHER BODY FUNCTIONS
IN THSE MALE GOAT

By

JAMES ALFRED WILLIAMS

AN ABSTRACT

Submitted to the School for Advanced Graduate Studies of
- Michigan State University of Agriculture and
Applied Science in partial fulfillment of
the requiremants for the degre= of

DOCTOR OF PHILOSOPHY
Departmznt of Veterinary Pethology
1-9601 !

IR thy -
Approved: <:Zi('/il/3;f@ wac (-



JAMES ALFRED WILLIAMS

ABSTRACT

The clinical and pathological effects of complete
and partial thyroidectomy and thyroidectomy plus iodinated

protein therapy on reproductive and other body functions

in young goats wers studied. Twenty male goats of mixed

breeding were surgically thyroidectomized at two weeks to
one month of agee. sIight were left as controlse.
Clinical studies included growth rates, libido,
semen production (by electrical ejaculation), sperm morphology,

hematology; and blood sugar, rlasma calcium, and plasma in-

organic phosphorus d2terminations. Post-mortem examinations

were conducted on control and experimental goats after 15
to 18 months of age to determine gross and histologic lesions
if any.

wWhen thyroidectomy was complete typical cretinoid
symptoms including lethargy, edema, stiffness, hyrerkeratosis,
alopecia, bloating and stunting of growth appeared. The
athyroid goats failed to show libido, produced significantly
fewer motile spermatozoa, and significantly more abnormal
Spermatozoa per ejaculate than did the controls.

No decrease in testicular size relative to body

weight was observed in the athyroid goats, but the mean
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testicular weight was less than half that of the controlse.

Histologically there was more vacuolation and hyaline-

1ike change among secondary spermatocytes and spermatids and

more sudanophilia in the seminiferous tubules of the com-

pletely thyroidectomized goats than in the controls. Cyto-

plasmic atrophy, absence of granulation, and pyknosis of

the Leydig cells were more pronounced in the athyroid than

in the euthyroid goats.

Pronounced stereocilial loss, epithelial vacuolation,

and the formation of bodies resembling corpora amylacea in

ths epithelium of the head of the epididymis were observed

in the athyroid goats.

Prolonged athyroidism resulted in pronounced de-

granulation and vacuolation of the large basophils in the

anterior lobe of the pituitary gland. The adrenal glands

of cretinoid goats showed decreased cortical depth and in-

creased medullary diameter when compared to non-thyroidectomized
goatse.

Marked hyperkeratosis of the epidermis and hair

follicles along with vacuolar degeneration of the smooth

muscle in the dermis was a constant feature of the untreated

thyroidectomized goats. Shallow erosions of the articular

cartilages of the tibiotarsal joint occurred in the athyroid

goats but not in the controls.

Reproductive and other body functions were not
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impaired in partially thyroidectomized goats nor in athyroid

goats which were fed iodinated protein before cretinoid

symptoms developed. Replacement therapy after pronounced

cretinoid symptoms developed did not restore normal growth
nor reproductive functions but did alleviate other symptoms

of cretinism.
Accessory thyroid tissue was found in ten of nineteen

goats by 1131 uptake studies. It was concluded that this

procedure is essential in determining the thyroid status of

goats used in athyroid experimentation.
Testicular biopsy provided an adequate means of

assessing testicular histology but resulted in some local

necrosis and calcification along the path of needle entry.

It was found that extremz care should be taken to prevent

puncture of the epididymis; otherwise a sperm granuloma

invariably results.
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I. INTRODUCTION

Infertility in livestock constitutes a major economic
loss to farmers in Michigan and elsewhere in the nation. The
annual Michigan Dairy Herd Improvement Association reports
have 1isted sterllity and delayed fertility as the second
most frequent reason for removal of cows from dairy herds,
Approximately seven percent of the cows in herds participat-
ing in the DHIA - IBM program are removed annually because
of sterllity or delayed fertility.

Sterility and delayed fertility result from many
causes elther individually or collectively. These causes
include congenital or hereditary defects of the reproductive
organs, infectious disease, hormonal disturbances, nutri-
tional imbalances, and faulty management practices., Experi-
ments conducted in recent years have pointed out the need
for studying the relationships of non-reproductive hormones
to reproductive function.

One of the hormones known to affect reproductive
function, particularly in the male, is thyroxine, the secretory
substance produced by the thyrold gland. Decreased sperm out-
put and lowered fertlility are known to result when hypothyroid
states occur, whether naturally or experimentally induced.

It 18 often difficult to determine whether reduced
Spermatozoan production and reduced libldo are due to

1



2
gonadotrophic hormone failure per se or whether it may be
complicated by a secondary thyroid hormone disturbance.
From experimental studies of thyroid inhibition in the
rabbit and ram characteristic histologic changes in the
testis have suggested the possible relationship of thyroxine
to sperm production.

The primary purpose of the study presented in this
thesis was to gain information relative to clinical and
pathologic effects of supplemented and unsupplemented
athyroidism in the male goat, with particular regard to
reproductive function. An attempt was also made to dater-
mine whether testicular biopsy might be a feasible applied
technique in correlating testicular function with the thyroid
status. Goats were used in this study because of their
immediate availability and their ruminant nature. It was
hoped that the information gained would be useful in extend-
ing these studies to bulls. The seasonal variation in sperm

rroduction in goats appears to compare favorably to that of

bU.llS .



II. REVIEW OF LITERATURE

A, Relation of Thyroild Gland to Reproductive
Functlon in the Male

l. General considerations. Several literature re-
views during the late 1940's and early 1950's touch on the
role of the thyroid gland and 1ts relation to reproductive
function. Beach (1947) reviewed studies relating to sexual
behavior in mammals, He concluded that, "thyrold secretions
appear to affect sexual activity primarily if not exclusively
by way of systemic changes in metabolic function”. Blaxter
et al. (1949) and Dyrendahl (1949) reviewing the effects of
thyroid materials on fertility in male ruminants concluded
on the basis of evidence avallable up to 1949 that thyroid
hormone affected reproduction both dlrgctly and indirectly.
Magsood (1952) summarized his experiments with rabbits and
rams and critically reviewed the literature relating male
reproductive function to thyroid secretory status, He has
clearly shown that thyroprotein or thyroxine prevents sea-
sonal decline in ram sperm production. It was important to
administer thyroactive compounds, however, at or near physio-
logically optimum levels to obtaln maximum reproductive re-
sponse. |

Evidence has accumulated that thyroid gland activity
varles considerably under varylng environmental conditions

3



and physiological states, Some of these thyroid changes
have also been assoclated with changes in reproductive
function in animals, McKenzle and Berliner (1937) early
considered that "summer sterility” in rams was due to high
environmental iemperature. It was not known at that time
whether the decreased reproductive function was due to re-
duced metabolio rate or to high scrotal temperatures.

That marked depression of thyrold secretion rates do
occur as environmental temperatures increase was shown by
Henneman, Reineke, and Griffin (1955). By observing the
rate at which injected radioactive iodine (1131) disappears
from the thyrold glands of sheep they estimated an approxi-
mately fourfold decline in thyroid secretion rate between
May and July in Michigan. Branton et al. (1955) found that
there was a highly significant negative correlation between
the serum protein bound lodine (PBI) in bulls and the average
monthly maximum temperature in Loulsiana, Fertility and
percent of usable ejaculates declined with the fall in PBI,
Under controlled environmental condiﬁions Dutt and Bush
(1955) found that in ewes and rams housed at 45-48°F, only
1,9 services per conception were required. On the other
hand rams and ewes housed under temperatures simulating
summer conditions required 5.3 services per conception.
Dutt and Simpson (1957) bred separate groups of ewes with
Southdown rams housed at 45-48°F. and rams kept at ordinary
summer environmental temperatures. Cleavage occurred in

64 and 26 percent of the ova resulting from the treated amd



control ram matings respectively. In those ewes allowed to
complete gestation 50 percent of the treated and 13 percent
of the control groups dropped lambs, Although thyroid
activities were not measured in these studles they tend to
substantiate the earller observations by Magsood and Relneke
(195c) that 30°C. environmental temperature caused signifi-
cant testicular atrophic and degenerative changes in male
mice. Thyroprotein 1n physiologically optimum amounts in
the dlet prevehted these degenerative changes, Thiouracil,
an antithyroid compound, produced testicular changes similar
to the high environmental temperature, which were also pre-
vented by thyroprotein.

Age plays a role in thyrold activity and consequently
reproductive function. A decrease in body metabolilism is
known to be assocliated with advancing age (Brody, 1945),
Maqsood {(12517) reported reduced spermatogenic function in aged
male rabbits., Reilneke (1946) reported that aged bulls re-
sponded with improved sperm production and shorter ejacula-
tion time following the administration of thyroprotein.

Among farm animals, effects of 1light on thyroid
function in the male have received 1little study. Funtriano
and Meites (1951) found that continuous light decreased and

continuous darkness increased thyroidal 1131

uptake in mice,
Limited genetlic observatlons between and within

animal specles have revealed differences in thyrold activity,

¥eltes and Chandrashaker (19:8), finding that injected thyrox-

ire 1increased the response to gonadotrophin, concluded that



normal mice are slightly hypothyroid. ©Silberberg et al.
(1955) have reported that certaln strains of mice become
hypothyroid and characteristically show joint lesions early
in 1ife. Mixner and Upp (1947) observed that thyroxine
secretion rates were much higher in hybrid chicks resulting
from mating inbred Rhode Island Reds to White Leghorn inbred
lines than in single crossed chicks produced by mating two
inbred lines of the same breed. These authors postulated
that "hybrid vigor" may be due to increased thyroid activity.
Level of food intake may affect thyroid activity.
Armstrong and Hansel (1956) reported that the pituitary
glands from heifers fed 60-TO percent of Morrison's recom-
mended total digestible nutrient (TDN) intake had lower
thyroid stimulating potency than those fed at 140-160 per=-
cent of necessary TDN. Recently Sorenson et al. (1959) re-
porting on another phase of the above experiment found the
low level heifers to have significantly smaller thyroid
glands than did the high level helfers, In addition the
thyrold acinar epithellal cell helghts averaged 12.4 microns
for high level heifers and 8.7 microns for low level heifers,
a statistically significant difference. Similar feeding
level trials were reported in bulls by Bratton et al. (1959)
and Flipse et al. (1953). Although thyroid activities were
not opaerved, onset of puberty was greatly delayed by low
TDN intake, Maqsood (1951b) reported a similar delay in
the onset of semen production in young rams fed thiouracil

continuously.



2. Ilbldo. Sexual deslre 1s decreased in hypothyrold
animals. Thyroidectomy in young rats results in é fallure
to develop sexual maturity (Rickey, 1925). Magsood (1951d)
reported that aged buck rabbits showing poor sexual desire
responded to thyroxine therapy. Thyrolidectomy in a four
month o0ld bull did not prevent spermatogenesis but did pre-
vent 11bido (Petersen et al., 1941)., When thyroxine was
fed to this bull at sexual maturity normal 1ibido was re=-
stored. Magsood (1950a) also found that thyroxine treated
rams showed greater sexual interest than control rams during
the warm su..c: months, when thyrold secretlion rates are
usually low, Cloufa et al. (1951) reported that high tempera-
ture (90-92°F,) either continuously or intermittently, high
temperature plus thyroprotein, or low temperatures (55-65°
F.) plus thiouracil caused buck rabbits to be slower in
their sex drive than control rabblts kept at 55 to 65°F,
wilthout other treatment.

3., Semen characteristics and fertility. The effects
of the thyroild secretion on semen quality, quantlity, and
fertility vary among specles and environmental conditions,
Oloufa et al, (1951) reported that, in rabbits, temperatures
above 90°F, or thiouracil caused a decrease in semen volume,
motllity, sperm concentration, percent of 1ive sperm and
normal sperm, Thyroproteiln as .0l percent of the diet given
to rabbits kept continuously in a high temperature room de-

creased semen quality. However it alleviated to some extent



the adverse effect produced when rabbits were alternated
between a warm room and one kept at 55°-65°F. Magsood
(1951d) administered thyroxine to male rabbits in amounts
estimated to be necessary to meet physiological requirements.,
Both 1ibldo and semen quallty were considerably improved
over that obtalned in litter mate controls. Magsood (1951d)
also reported that .a pecullar deformity on the head of
spermatozoa obtained from rabblits showing poor semen quallty,
disappeared after thyroxine treatment. In rams, thyroid-
ectomy hot'summer temperatures, or thiouracll treatment,
has decreased semen volume, number of'motile sperm, and

often lncreased the number of abnormal spermatozos, (Berliner
and Warbritton, 1937; Bogart and Mayer, 1946; Maqsood, 1952).
Dutt and Simpson (1947), as stated previously, found in-
creased embryonic death to be associated with high environ-
mental temperature in rams.

In the bovine male, Petersen et al. (1941) found that
thyroildectomy at four months halted sexual desire, but did
not prevent spermatogenesis, Llbido was restored by giving
thyroxine, Branton et al., (1955) found semen quality to be
poorer when PBI values were lowest durlng the gbt summer
months, Few data are avallable on actual effect on fertiliz-
ing capacity of Sperﬁatozoa produced by bulls in a hypo-
thyroid or hyperthyrold state.

Eaton and Simmons (1952) reported the results of

- monthly collections of semen from Toggenburg and Common



American goats during a three year period. Thelr results
appear to be more comprehensive and provide a better basis
for average values than those reported by other authors
(MSckel, 1937; Phillips et al., 1943; Perry, 194,5). Average
values for all seasons were: semen volume, .65 cc.; motility,
1.51 (1 = maximum motility; 6 = no motility); concentration,
2.724 billlion spermatozoa per milliliter; total spermatozoa
per ejaculate, 1,658 blllion; percentage of abnormal sperma-
tozoa, 8.46, Variations in values were greater among bucks
than for seasons of the year, Highest values for all of the
characters listed above except percent of abnormal sperma-
tozoa corresponded to the normal breeding season., Only semen
volume and concentration were statistically significantly
different.

Abnormalitlies of spermatozoa occurred most frequently
in the neck and tall., Heads serarated from talls and sharply
bent middle pleces constituted the most frequent types of
abnormality.

4, Testicular size. Magsood and Reineke (1950)
found that testicular welght in mice increased when thyro-
protein was glven in physlologic doses. On the other hand,
temperatures of 30°C. and thlouracil decreased the testicular
8lze from that recorded for control mice housed at 2490.
Young rats thyroidectomized a day or two after birth had
testes which were smaller both absolutely and in proportion

to body size than did normal rats of the same age, (Scow and



10

Simpson 1945), Jones, Delfs and Foot (1946) studied the effect
of thiouracll feeding in rats and found that it did not de=-
crease testicular size. Kirkpatrick (1955) has reported
that among wild mammals the testis of the adult fox-squirrel
undergoes marked changes in size and histology durlng the
year. The testis welghts were greatest during the principal
mating seasons, December to March, and June to August.
Testes weights ranged from 2.6 - 12,6 gm, (average 6.9)
during periods of full spermatogenlic activity and between
1.7 and 5.5 (average 3.9) during the redevelopment phase.
Magsood (1950b) has found that thiouracil treatment or
thyroldectomy results in signiflcantly lower welghts of the
sex organs of rabbits., The effects of thyrold inkibition
were more marked in the growing animal than 1n the adult
anlmal,

Several investigators have reported a decrease 1n
size of the testes, comb, and wattle, in the cockerels of
several breeds of chickens following thyroidectomy. (Green-
wood and Chu, 1939; Payne, 1944; Bllvalss, 1947).

5. Histologic changes in the male reproductive organs.

Histologic changes in the male gonads and accessory sex

glands which are associated with thyroid activity have been
reported by several investigators in laboratory animals,
Unsupplemented thiouracil treated young mice show marked
atrophy and degenerative changes in the seminiferous tubules

of the testis (Maqsood and Reineke, 1950). Maasood (1950b)
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investigated the effects of prolonged thyrold depression
with thiouracil in rabbitas. Rabbits starting at four weeks
of age received .l percent thiouracil in their diet for 16
weeks, Control rabbits received thyroxine injected at opti-
mum levels for thelr weight. The seminiferous tubules from
the testes of the thlouraclil treated rabbits exhiblted ex-
tensive degeneration of the spermatogenic cells, Fluid cdn-
taining protoplasmic debrls occupled the lumina of many of
the tubules, Marked atrophy and degeneratlive changes along
with a decrease 1in number of lnterstitial cells also were
noted. In the thyroxine treated rabbits there was actlve
spermatogenesis wlth many maturing spermatids present in the
tubules. In addition the epldidymal ducts contained masses
of normal appearing spermatozoa and tall epithellal cells
compared to numerous degenerated spermatogenic cells and a
lower epithellal height in the thlouracll treated rabbits,
Flaccavento (1952) reported that testicular changes did not
occur in gulnea pigs 10 days after starting thilouracil
treatment, but after 40 days spermatogenesis was definitely
impaired. Leydig cell changes were not consistent even
after the longer treatment perlod.

Among wild mammals Kirkpatrick (1955) described pro-
found cyelic changes in the testis of the fox-squirrel,
Degenerative changes of the spermatogenic cells are most
Pronounced during the non-mating season from June to August.

The annual cycle of epithellal regeneratlon corresponds
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zenerally to the appecrance of the development of the testls
from birth to puberty. Though thyroild status was not con-
sidered in thils study the period of decreased spermatogenesis
corresponds closely with that noted in the ram when lowered
thyroxine secretion is known to occur. Mossman et al.
(1955) noted marked epithelial degeneration in the accessory
genital organs of the fox-squirrel during the late summer
months, Regeneration of the epithelium followed this perlod.
Among farm mammals the sheep has recelved princlpal
attention in regard to the histologic structure of the gonads
in varying thyroid states, Berliner and VWarbritten (1937)
observed a fall in sperm nunbers and an increase in abnormal
spermatozoa in thyroidectomized and partially thyroildectomized
lambs, Thyroidectomy was accompanied by testicular edema,
atrophy of interstitlal tissues, and sloughlng and pyknosis
in the seminiferous tubules. Again Magsood (1951c) has re-
ported that thlouracil given to young rams for up to twelve
months caused progressive impalrment to spermatogenesis and

decreased Leydig cell activity.

B. Effects of Thyroldectomy on Cther Endocrline Clands

1. Pitultary gland. Jubb and McEntee (1955a) ex-
tensively reviewed the literature pertaining to the general
Problem of adenohypophyseal functional cytology. Halmi
(1950), using the Gomori (1950) aldehyde-fuchsin stain on

Sectlons of pituitaries from rats subjected to various
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endocrine disturbances, found two distinct basophilic cell
types which he descrlbed as beta and delta cells. The cells
he called delta cells become progressively hyperplastic and
vacuolated after castration and thyroldectomy. In a later
study by Halmi (1952) thyroxine therapy increased the beta
cell count and decreased the delta cell count in hypothyrolid '
rats. Vacuolation of the delta cells disappeared, His find-
ings suggested that the beta cells might be the site of |
thyrotrophin storage.

Griesbach and Purves (1945) found that the depletion
of granules from acidophils in the pituitary following
thyroidectomy, reported by earlier investigators, onlf
occurred in extreme thyroxine deficiency. When physlologi-
cal levels of thyroxine were glven to young thyroidectomilzed
rats, acidophlls were present in normal numbers and there
were no "thyroidectomy cell" basophils present., Slightly
lower than optimal thyroxine levels caused "thyroldectomy
cells" to appear without dis;ppearance of acidophils, A
thyroxine secretion rate of 2.25 micrograms/100 gm. body
welght in young rats was determined by this technique.
Purves and Griesbach (195la, 1951b), employing periodic
acid Schiff stain (PAS) to detect glycoprotein in the pltuil-
tary cells of rats, found two types of cells present. A
round cell type located adjacent 10 the pars intermedla and
to the lower surface of the pars dlstalls stalned intensely

with PAS, This cell type was inhibited by injected estirogen,

.7
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which led to the conclusion that these were the "gonadotroph”
basophlls corresponding to delta cells of Halmi (1952)., A
second basophilic cell type, large polyhedral cells with
vesicular nuclel, was inhibited by thyroxine and formed
thyroidectomy cells in thyroxine deficlency. The intensity

of the PAS stain correlated with the thyrotrophic hormone
content of the gland. These "thyroidectomy cells" corre-
sponded to the beta cells of Halmi (1952).

Griesbach (1951) reported having seen vacuolated
basophlls in the pitultary glands of rabbits, dogs, and
sheep suffering from thyrold hyperplasia. Jubb and McEntee
(1955b) reported the histologlc architecture of the bovine
pitultary in various physiologic and pathologic states. 1In
14 naturally occurring cases of thyroid epithellal hyper-
trophy or hyperplasia, the pltultary beta cells were largely
degranulated and vacuolated. These cells occupled the
medullary zone of the anterlor lobe primarily, although
some were found throughout the anterior lobe. These investi-
gators conclusively demonstrated with PAS staining techniques
that thyroidectomy of a young bull results in degranulation
of the beta basophlls. ©S1x weeks following complete thyroid-
ectomy they began to degranulate without any definite
pattern. Some areas contained normal granulated acidophils
while in other areas the granules were replaced with

vacuoles, The delta basophils apparently remalned unaltered
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or, at least, retained their PAS stalining granules, Pro-
longed thyroidectomy and 1ts possible effects on the "gonad-
otrorh” cells in the bovine wars not reported.

Reineke et al. (1941) reported lowered gonadotrophic
potency in the piltultary glands of thyroidectomized goats
than 1n the controls., Histologlc examination of the pitul-
tary glands of these goats was not reported,

2, Effect of thyrold secretion on adrenal gland.

Changes in thyrold gland secretion affect the gross and
histologic structure of the adrenal gland. Bauman and
Marine (1945) noted that the adrenal glands involute to
one-half their normal size in rats fed three to four months
on thiouracil., The involution was primarily due to shrink-
ing of the cortex accompanied by a decrease 1in 1ipid stain-
ing material, Occaslonally hemorrhage and cyst formation
was noted in the reticular zone. 3Several investigators
(Wallach and Reineke, 1945 ; Magsood, 1954) have shown
that glving thyroxine or thyroproteln above physiologic
levels increases the slze of the adrenal glands in labora-
tory animals, C<'ne and Greep (1947), studying the effects
of hypothyroid and hyperthyroid states on adrenal gland
histology in rats, found that thyroidectomy or thiouracil
decreased sudanophilic ketosterold substances in the zona
fasclculata. At the same time ketosterolds in the zona
glomerulosa increased.

These investigators found that thyroxine given above

physiologic levels stimulated the zona fasciculata at first
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but later depleted both the fascicular and glomerular Zzones
of the adrenal cortex. Maqsood (1950a) fed thyroprotein to
mice at different levels in thelr ration and kept them in
environmental temperatures of 24° or 30°C, At 2400. thyro-
protein above .1 percent of the ratlion decreased adrenal
welght while at 30°C., .025 percent thyroprotein was the
upper 1imit which the ration could contain without decreas-
ing adrenal weight.

Functional studies in rats (Timiras, 1955) and humans
(Levin and Daughaday, 1955) have revealed that hypothyroid
states decrease the amount of 17-hydroxy-corticosteroid

excretion,
C. Pathological Changes in Extra-endrocrine Tissues

l. Skin. There have been few detalled reports on
gross and hlstologic changes whlch occur in the skin of
thyroildectomized ruminant animals. Perhaps this 1s because
more attention was pald to growth and to other pathologlc
changes by investigators 4in the past, Simpson (1924b) re-
ported that wool became coarse and easlly pulled out in
sheep and horn growth was greatly retarded., Marston and
Plerce (1932) noted delayed wool growth in sheep'hlao.
Bustad et 21. (1957) report that adult ewes showed pro-
nounced loss of hailr, especlally over the poll and carpus,

two months or more after continously feeding 240 or 1800

7131

mierocuries per day. Lambs born from ewes receiving
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131 also exhibited varlable alopecia. Some

high doses of I
showed extreme denudatlon except for small patches of wool
and halir about the face, legs, and ventral mldline. De-
scription of the skin in experimental thyroprivlia of goats
was not found in the literature studled.

2. Subcutaneous tissues. Myxedema is a pathologlc

change commonly noted in hypothyrcidism. Marked subcutaneous
edema was noted by Goldberg (1927) in two thyroidectomized
nale sheep, To a lesser extent edema was present in most
of the rest of 16 sheep and three goats which were thyroid-
ectomlized Dbetween eight and 105 days after birth, Bustad
et al. (1957) noted edema in sheep radlothyroldectomized
with 1131, particularly in the neck region around the thy-
roild gland.

3., Cardiovascular changes. Goldberg (1927) found

aortic calcification in 11 of 17 sheep that lived over 244
days after thyroldectomy. The arterlosclerosis attendant
to the calcification was unlike that noted in man. Histo-
loglcally the aorta and pulmonary arteries were thin walled,
showed hyaline degeneration of the elastic fibers, and pro-
duction of new tissue mostly between the calcifled plaques.,
Three cretinold goats did not show aortic calcification.
Cardlac dilatation was present in both sheep and goats
which was attributed to imperfect or arrested muscular
development. The cardiac muscle was constantly pale and

flabby as compared to the controls. Histologically,
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calcification was not seen in the thyroidectomized goats
but cross striations were absent., Bustad et al. (1957)
noted cardiac enlargement and calcific plaques in the aorta,
Jugular veln, and coronary vessels of adult ewes recelving
240 and 1800 millicuries of 111 per day. Offspring of
these radlothyroldectomized ewes also showed calcification
of the large vessels close to the heart.

4, Renal vathology. All experimental sheep and goat
cretins examined by Goldberg (1927) showed renal lesions.,
Degeneration of tubular eplthellal cells and colloid casts
vere constantly present while hyaline degeneration occurred
in 10 of the 21 thyroidectomized sheep and goats,

5. Skeletal muscle. Goldberg and Simpson (1925)

repvorted that both skeletal and cardlac muscle were pale and
flabby in thyroldectomlzed sheep. Striatlons in the skeletal
muscle fibers had almost completely disappeared., In addi-
tlon the sarcolemmal nuclel were smaller and more numerous
than in the control animals,

Simpson, (19272) found muscular changes in thyroid-
ectomlzed sheep. OShe found that the muscle cell nuclear
count remains high in ‘the cretin as compared to that of
normal sheep, She concluded that early thyroidectomy pre-
vents normal development of the sarcoplasm since the cross
Sectional area of the filbers is much less than in control
sheep, Cross striatlons remain in the muscle fibers of both

the controls and the thyroidectomized animals, In a later
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commmication (1927b) the same author concluded that the
lack of muscle development in the athyrold sheep was due to
lack of exercise., Millikan and Haines (1953) have found
impaired muscular functlion in human patlients who suffer from
hyperthyroldism or hypothyroidism separately or in conjunc-
tion with other conditions. Muscular atrophy with or with-
out other degeneratlve processes has been found in these
cases,

6. Osseous changes, Skeletal changes involving the

long bones iIn sheep and goats have been reported by Goldberg
and Simpson (1925). Todd and Wharton (1938) found that the
dlaphyso=eplphyseal junctlon of the long bones failed to
develop proverly in athyroid sheep. Obvious pathological
changes dic¢ not become evident until the sheep were two or
more years cld. Features of the changes included: a)
irregular exuberances resembling proud flesh on the shaft,
b) inturned, clawed, trachoma-like epiphyseal margins, and
¢) poorly ~odeled, 111 fitting eplphysis scarcely covering
the shaft end., Failure of the head to grow properly has
been observed by Liddel (1925) and Todd and Wharton (1934).
More recently Silberberg and Silberberg (1954, 1954a,
1954b, 1955) have reported that non-degenerative jolnt lesions
occur in radlothyroidectomized mice. The incldence of this
lesion 1s higher in young than old mice, higher in females

than males, and higher in some strains of mice than others,
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D. Thyroid Secretion Rates

1. Biloassay techniques. Thyroid secretion rates in
varying metabolic states in normal animals are fundamental
to determining when the thyroid activity 1s abnormal., Basal
metabolism rates commonly employed in measuring human thy-
roid activity are generally impractical in animals, Reineke
and Turner (1945) fed thiouracll to chicks to inhibit the
thyrold glend and injected thyroxine 1n graded doses to
determine the thyroild secretion. That welght of thyroid
tissue per 100 gm. body welght which corresponded with the
control thyroid welght determined the thyrold secretion
rate, By this method it was found that thyroild secretion
rates in female white Plymouth Rock chicks were higher in
all seasons than were the secretion rates in the male., The
secretion in the male varied between a low of .75 micrograms
d.1. thyroxine per day in March to a high of 2.45 micrograms
per day in October and November, Usling the same method in
rabbits, Maqsood (1950c) determined that although thyroid
secretion rates increase with age there 1s a decrease in
secretion in proportion to the body weight increase, Rabbilts
four and 48 weeks o0ld secreted 8.4 and 21.9 micrograms of
thyroxine respectively daily. He also worked out an equa-
tlon for determining the secretlon rate in rabbits:

y= 43X 48
where y is the number of mlcrograms of thyroxine and

X 1s the body weight in grams,
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2. Radlo-ectlve lodine §11312 measurements, Henneman

(1953) developed a technique for the measurement of thyrold

secretlon rate in sheep which involved injecting tracer doses
of 1131. Counts were made after seven days as the zero time
and gradually increasing doses of l-thyroxine were injected
dally until no further decrease in counts due to thyroid
gland output of thyroxine occurred. The level of thyroxine
injection et which 100 percent of the previous thyrocld count
was obtalned determined the thyroxine secretion rate. By
this technique Henneman et al. (1955) determined that the
secretion rate during the summer in ewes was ,078 mg., per
day, which was significantly different from .26 mg, per day,
the next higher secretion rate obtalned in May. Lactation
increased the dally output of thyroxine while pregnancy had
no effect, Two=-year-old ewss had significantly higher thy=-
roild secretion rates than four-year-old ewes in all months
except July.

Lodge (1957) and Lewls, Lodge and Reilneke (1957)
studled the thyroid secretion rate in four dairy breeds of
calves, They used the technique of Henneman (1953), but
found that cows are able to recycle 1131 to the thyroid
gland, To overcome this they gave thiouracll, a goitrogenic
agent which prevents uptake of lodine. Dally thyroxine
Secretion rates on 42 calves was .57 mg, per 100 1lb. body

welght, Seasonal varilations were not noted but calves were

housed inside.
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A seasonal variatlon in secretion rate in cows and
calves was obtalned by Premachandra et al. (1957) and Pipes
et al. (1957). Using a technique similar to that employed
above, thyroxine levels ranged from .2 to .7 mg. per 100
1b. body weight during the winter season with a mean of .5
mg. per 100 1b., The summer level was .1 to .3 mg. with a
mean of .17 mg. per 100 1lb. Dbody welght.

3. Protein bound lodine. Plasma protein bound iodine
(PBI) level has been advocated as a measure of thyroid activ-
ity and Lewis (1952) and Lewils and Ralston (1953) found that
there 1s considerable variatlion in PBI levels in cattle of
various ages, Values ranged from a maximum of 18.0 micro-
grams percent (Hz%) in calves under 48 hours old to a min-
imum of 3.0 (K3%) in cows over two years old. More recent
investigations of PBI levels indicate varying.plasma levels
associated with various physiological states (Lennon and

Mixner, 1958; Asplund et al., 1959; Branton, 1955).
E. Therapy wilth Thyroactive Compounds 1n Male Infertility

1. Thyroxine. Somewhat confllcting reports have
arisen from the use of thyroactive substances in the treat-
ment of male infertility. Magsood (1951d) treated male
rabbits that had low sexual desire, poor semen qQuality and
arrested spermatogenesis. Also a pecullar protoplasmic
mass was present on the heads of a small percentage of the

8permatozoa produced by these.rabblts, Thyroxine administered
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in optimal physlologic doses lmproved spermatogenesis, libido,
and fertility. The sperm abnormality also disappeared in |
the treated rabbits.

2. Synthetic iodinated proteins. Reineke (1946) re-
ported that thyroprotein given orally at the rate of .5 to
1l gm. per 100 lbs, of body welght improved the l1libido in
10 of 14 bulls, It also improved the fertility in four bulls
vhich had previously exhibited poor sexual desire or low
fertility or both. Schultze and Davis (1946) gave seven
bulls used in artificial insemination 1.0 to 1.24 gm, of
thyroproteln per 100 1bs. body welght., Fertility increased
from 51 percent to 55.7 percént in the treated bulls, Five
of the seven bulls showed definite improvement in fertility.
Thyroxine restored 1libldo in a male goat which had shown a
definite lack of interest in doe goats (Turner et al., 1943).
Bogart and Mayer (1946) and Magsood (1951e¢) have reported
that thyroprotein prevents "summer sterility"” in rams,

There was marked improvement in 1ibido, normal spermatozoa,
and sperm motility. Bogart and Mayer (1946), however, found
that therapy did not prevent gradual loss of volume of semen
and concentration of spermatozoa.

On the other hand, no improvement in semen concentra-
tlon or abnormal sperm was obtained by Willlams (1956) from
feeding 10 gm. of thyroprotein per day to two bulls which
broduced low quality semen during two successive summers

1131

prior to therapy. Thyroid uptake and decay counts .in
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these bulls were similar to two bulls of similar age and
breed that produced normal semen, Spontaneous recovery of
quality had occurred in the autumn in the two years prior
to treatment. It also occurred in the autumn following the
summer in which treatment was administered.

Eaton et al. (1948) falled to obtain improvement in
ram sperm concentration, motility, volume, or abnormal forms
by feeding one gm, or two gm. thyroprotein daily from May
to Sevntember, In fact two gm, thyroprotein per day in-
creased the number of abnormal forms significantly from that
found iIn the controls., Aged rams were used 1n the study
however, Warwick et al. (1948) oblalned similar results in
rams, These investigators found that thyroproteln decreased
semen quality when glven durlng April and May. At levels of
5 and 1.5 gm, of thyroproteln per day there was a slight
Increase in motility and methylene blue reduction time, but
not in sperm concentration. ©Some rams tolerated six gms. of
thyroprotein per day whlle others showed increased heart
rate, lost welght and became letharglec. No beneflclal
effects to repnroductive efficlency resulted from thyropro-
teln therapy to rams in work reported by Black et al. (1950),
agsood (1952) pointed out that treatment of rams should
start before the besinning of the seasonal decline and con-
tinue throuzh the season. Also, dosage should be adjusted
V0 meet the ram's demands for thyroxine, depending on the

environmental temverature.
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Wilwerth et 8l., (1954) found that thyroprotein in
excess of .04 percent of the ration to Rhode Island Red
cockerels significantly decreased both semen volume and
sperm concentration, It 1s apparent that treatment of hypo-
thyroldism will be dependent on the relative need for thy-
rold-active substances, which is in turn dependent on such
factors as age, size, environmental factors (such as tempera-
ture and light), genetic makeup and, possibly, nutrition.,

From the review of literature there are several as-
pects of the relation of the thyrold gland to reproductive
function on which data are still lacking. From the informa=-
tion avallable 1t has been inferred that it 1s possible to
prevent seasonal changes in semen quality by administration
of thyroid-active compounds, However in most instances there
has not been a clear cut appraisal of the actual thyroid
function.

Thiouracll has been used to depress thyroid function
but some question has arisen as to whether there 1s complete
block of the thyroid gland. Posslible side effects of thioura-
cil on spermatogenic functlion have not been adequately in-
vestigated,

¥here thyroidectomy has been employed in studying
reproductive function, little or no evidence has been pre-
8ented as to whether thyroldectomy was complete., For these
reasons this experiment was set up to determine the effects

of complete thyroidectomy on the reproductlve functions in
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the male goat. The extent to which thyroidectomy was complete
was carefully checked by measuring thyroid uptake of radlo-

active 1131

and by post-mortem examination.

Survey of the literature indicates that spermatogene-
sis or 1lirido or both may be related to the level of thyrold
function. In this experiment an attempt was made to dif-
ferentiate between these two factors by clinlical and patho-

loglc studiles.,



ITI. PROCEDURES
A, Source of Goats

Male offspring of mixed breeding, borm in 1957 and
1958 and maintained by the Departments of Veterinary
Pathology and Physiology end Pharmacology at Michigan State
University, were used in these experiments. No outside
breeding had entered these goat herds since 1954, The bucks
wvere uniform in size. The majority of the goats had horns,

only five of thirty beilng polled.
B. Thyroldectomy Frocedures

1. Surglcal procedures, Thyroldectomy was performed

between two and four weeks after birth, Modifications of
surgical procedures outlined by Reineke et al. (1941) in
goats and George et al. (1957) in sheep were followed in re-
moving the thyrold glands. Some difficulty was encountered
in providing sufficlently deep anesthesia to permit manipu-
lation of the thyroid gland during surgery.

Fasting the goats for 12 to 24 hours lessened compli-
cations due to regurgitation. It was found that sodlum
rentobarbital administered intravenously at the rate of one
grailn per three pounds body welght provlided adequate anes-
thesia, Occasionally ether was needed to supplement the

27
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barbilturate anesthesla when tension was placed on the thy-
rold gland in separating it from its connective tissue
attachments, Two percent procalne hydrochloride was in-
Jected locally in some goats, The extra fluld made 1t more
difficult to locate the isthmus of the thyroid and occasional
strands of accessory thyroid tissue,

Following recovery from surgery the goats were re-
turned to thelr dams to nurse or weaned and fed milk until
they were at least six weeks of age. All goats were weaned
from their dams by two months of age.

A grain ration containing 38.5% corn, 38.5% oats,

194 soybean o1l meal, 2% steamed bone meal, and 2% lodized
salt was fed along with alfalfa-brome grass hay. The goats
were fed ad 1libitum twice daily.

Some of the goats were allowed to nurse thelr dams
vwhile on pasture prior to weaning in 1957. A heavy helminth
infestatlion resulted and therefore all goats in the 1958
experiment were kept inside after weaning,

In order to determine whether thyroidectomy was com-

131

plete, radioactive ilodine (I~ ) was administered. A tracer

dose of 30 microcuriles QKcJ was injected subcutaneously.

Forty-eight to 72 hours later, thyroid uptakes of the 1131
wvere measured with a scintillation tube and a disintegration
count rate meter. A number of the goats were found to have

thyroid tissue present which went undetected at surgery.
The disintegration rate detected in these goats when



29

compared with that of the controls gave the approximate per-
cent of thyroid tissue remaining.
2, Radioactive 1lodine 1131 administration. Approxi-

mately 60 percent of the surgically thyroidectomlzed goats
were found to have unremoved accessory thyrold tissue,
Seven bucks were injected subcutaneously with eight milli-

131

curies of each to destroy the remaining tissue, This

procedure proved effective as determined by subsequent Il31
uptake,
131

Repeat surgery was attempted in two goats using I ’
a scintillation tube, and count rate meter to determine the
locatlon of the accessory thyrold tissue, Because of the
diffuse distribution of the tissue in one of these goats
it was deemed inadvisable to use this procedure routinely to

effect complete thyroidectomy.

NG
C. Organization of Experimental Zroups

In the spring of 1957 thirteen young male goats were
avallable for the experiment and it was planned to thyroilgd-
ectomize nine of these and leave four as controls. All
nine of the thyroidectomized goats were to be allowed to
develop symptoms of cretinismjthen four of them were to be
glven thyroprotein to determine whether recovery could be
effected. The other four were to remain cretinoid as long
as they would live or until the experiment was terminated.

The original plan could not be followed since two
of the goats died during surgery. Accessory thyroid tissue,
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undetected at surgery, remained in five of the seven experi-
mental goats, as detected by radloactive lodine uptake
measurements., One of the two completely thyroidectomized
bucks was injured while still nursing 1ts mother in pasture
and had to be destroyed. The other developed such severe
abdominal distension and dyspneic symptoms three months
following thyroidectomy that supplemental thyroprotein was
administered to keep him alive,

¥When it was learned that accessory thyrold tissue re-
mained in the other surgically treated goats 1t was decided
to destroy the remaining tissue in three of the five bucks
with radioactive lodine 1131. Two were left partially
thyroidectomized.

In 1958 the experiment was repeated and extended, It
was planned to have four groups of four male goats each:
(1) control group, (2) thyroidectomy plus immedlate thyroid
replacement therapy, (3) thyroidectomy plus delayed therapy
after thyroid symptoms became marked, (4) prolonged athyroid-
ism without treatment. Although extreme care was taken to
remove all suspected accessory tissue only five of 13 goats
operated proved to be completely thyroidectomized, Of the
eight remaining, four were given thyrold destroying doses
of 1131, two were reoperated to remove the remaining tissue,
while two were left partially thyroidectomlized., As indicated

in Table 1, six groups of goats evolved as a result of the

delay encountered in thyroidectomy at a uniform age.
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D. Clinical Observations

Goats were observed dally for onset of symptoms of
hypothyroidism. Notes regarding appetite, horn growth, hair
coat, skin condltion, edema, gait when walking, bloating,
respiratory distress, aggressiveness, riding, scrotal develop-
ment, and weakness were recorded. Photographs were made of
goats representative of each group durlng and at the end of
the experiment.

Welghts were recorded weekly during the first three
months, biweekly untll eight or nine months o0ld, then monthly.
Blood was collected at irregular intervals during 1957-58
for detection of possible hematological changes, During
1958-59 monthly blood collections were made for hematologlcal
and blochemical study.

White blood cell total and differential counts were
made, Circulating eosinophlls were stalned with .1 percent
phloxine dissolved in 50 percent propylene glycol and counted
in a Spiers-Levy.eosinophil counting chamber. Averages of
counts made in each end of the chamber were recorded.
Hemoglobin was measured as oxyhemoglobin using a Bausch and
Lomb "Spectronic 20" spectrophotometer. Blood sugar was
determined by the method of Somogyl (1945) after precipita-
tion of the blood proteins with a saturated solution of
barium hydroxide and five percent zinc sulphate. Smears of
fresh heparinized blood were made and stained with Wrights'
stain for differential white blood cell counting.
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Blochemliceal determinations of serum calcium, phospho=-
rous, sodium, and potassium were made infrequently during
the latter part of the 1958-59 experiment. A Coleman model
21 flame photometer cﬁupled with a Coleman Junior spectro-
rhotometer was used to make the sodium, potassium and calcium
determinations, The procedure used in these determinations
was that outlined in the manual accompanying the instrument.
Serum phosphorus was determined by the method of Fiske and
Subbarrow (1925).

E. Replacement Therapy

To determine whether normal growth and reproductive
function could be malntalned in recently thyroldectomized
young goats a thyroactive lodinated casein called "Protamone"
was fed by capsule dally to two thyroprival goats., This
material contalns approximately one percent of thyroxine,
and approximately 10 percent of the active principle 1is ab-
sorbed by the ruminant, according to Reineke (1946). On the
basis of a thyroxine secretion rate of .4 mg. per 100 1lbs,.
in immature goats reported by Flamboe and Reineke (1957,
1959) a dosage rate of .04 gm. iodinated protein per 10 1bs,
body weilght per day was determined. The dose was increased
by .04 gm, per 10 1b. as body welght increased.

One goat in the 1957=-58 group and two’goats in the
1958-59 group were given ilodinated protein after they had

developed severe symptoms of cretinism. Two other
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thyroidectomized goats in the 1958-59 group were started on
iodinated caseln as soon as symptoms were noted and it was

established that they were free of accessory thyroid tissue,
F. Testicular Blopsy

Testicular blopsies were performed on control and
experimental goats at intervals during prepuberal and post-
puberal development. The procedure followed was that de-
scribed by Barker (1949) for use in bulls. In thils techni-
que the skin over the posterlor aspect of the scrotum was
cleaned, local anesthetlic was inj)ected subcutaneously, and
a small incislon through the skin made with a scalpel. A
Vim-Silverman biopsy needle was used to obtaln the specimen.
Knudsen (1954) found that the dorsal surface of the testis
lateral to the head of the epldidymis has a minimum number
of small blood vessels. This was the needle insertion site
chosen for testicular blopsy in the goat. The outer needle
and cannula were inserted parallel to the long axis through
the tunica albuginea. The cannula was wlthdrawn and the
divided cutting needle inserted through the outer trocar
needle, Gentle pressure was exXerted on both needles to
pénetrate the testicular parenchyma approximately two centi-
meters, Holding the immer mneedle in posltion the tip of the
outer needle was pushed past the tip of the cutting needle.
With a tubulap plece of testlcular tissue thus entrapped in

the inner cutting needle, both were withdrawn from the
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testis. The exclsed tissue was immedlately fixed in Bouin's
fluld., No significant hemorrhage following blopsy was de-

tected. A single suture was used to close the skin wound.
G, OSemen Collection and Evaluation

Thyroldectomized goats showed 1little or no 1libido at
the outset of the experiment., In view of this fact electro-
ejaculation was selected as the means of obtailning semen for
study. The electroejaculation apparatus and technique used
were essentially those of Dzulk et al. (1954). In order to
provide consistent stimulatlon for ejaculation the number of
stimull necessary to produce a satisfactory ejaculate in the
control goats, was selected. Weak stimull were applled
intermittently until erection occurred and seminal fluilds
appeared, Stronger stimull were then initlated to obtain
eJaculation., A special stand was erected to provide sult-
able goat restraint and convenlent collecting.

Volume of semen was determined by collecting it in a
graduated 15 cc. conical centrifuge tube. A plastic test
tube containing water at approximately 35°C., was fitted over
the collecting test tube to protect the semen from cold
shock while collecting.

Semen evaluation was carried out immediately after
collectlon for total and progressive straight line motility
of spermatozoa. Egg yolk-citrate, (one part egg yolk - one

part 2.9 percent sodium citrate), heated whole homogenized



-
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milk, and reconstituted skim milk were tried as diluters but
these falled to promote survival of goat semen on storage.
This prevented the study of the effect of thyroidectomy on
the 1livability of stored goat semen. A stage incubator
thermostatically set at 37°%. was placed on the microscope
stage prior to microscoplic evaluation, A drop of 2.9 per=-
cent sodiun cltrate was placed on one end of a clean warmed
glass sllde with a dropping pipette. To the cltrate a drop
of semen was added from a clean chromel wire loop. Sufficlent
dilution was obtalned by this technique to evaluate total
and progressive sperm motility. On the other end of the
8lide a drop of raw semen was placed to estimate the amount
of swirling and eddying present. A ratlng of O to 5 was
glven to the raw semen according to the procedure outlined
by Hermann and Madden (1947). A two-millimeter chromel wire
loop was used to 1lift a drop of raw semen from the collec-
tion tube for making a smear of each sample, An eight-
millimeter wire loopful of distllled water was placed on a
clean glass clide prior to mixing the loopful of semen for
smearing, The semen was smeared by touching the tip of a
second glass slide to the drop of semen, and with the two
slides at an angle of approximately 30° to each other, a thin
fllm was formed., Thils procedure allowed better separation
of spermatozoa for study of abnormal morphology. No ad-
verse effects were noted as a result of using the water-

diluted semesn when these smears were compared with those of
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undiluted semen, ©Slides were alr dried and a number one
coverslip was mounted with clear fingernall polish over the
smear,

Examinations for morphological abnormality were made
with a phase contrast microscope. Two hundred spermatozoa
were counted using the 95X oil immersion objective.

A green Kodak no., 58 filter gave better contrast to
the cells than unfiltered illumination. Tabulation of ab-
normal forms was done with a hematological differential

counter,
H. Libido Measurements

Mature does were brought into estrus by giving filve
mg. dilethylstilbestrol dally or two to four mg. estradlol
(Haver=Lockhart) on two successive days, The latter re=-
sulted in more certain and prompt appearance of estrus,
These does were placed in a pen singly with each buck. 1In
the early trials one half hour per buck was permitted for
mounting to occur. However, it developed that if a buck
did not mount the estrous doe during the first five minutes
of contact he would not mount at all. Thereafter all con-
tacts were for five minutes per buck. Notes were made as
to sexual interest (e.g. masturbating, riding one another),

occurring among bucks penned together also.
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I. Post-mortem Examination

Gross post-mortem examinations were made of several
normal young goats which elther diled during surgery or were
killed to obtaln normal tissues prlor to starting the experi-
ment. Goats dying during the experiment were examined as
soon a8 they were found dead. All control and experimental
goats were killed between 14 and 18 months of age for gZross
and histopathologlc examination. These goats were killed by
electricity. Ckin, horms, joilnts, skeletal muscles, all
visceral organs and endocrine glands were carefully scruti-
nized for gross pathological changes.

The testes, epldidymldes, seminal vesicles, bulbo-
urethral glands, adrenal glands, thyroid glands, and pitui-
tary glands were removed and welghed. A careful search for
accessory thyrold tissue was made and, whenever found, 1ts
location and welght were recorded.

Photocraphs comparing representative tissues from

experimental and control goats were taken.,
J. Tissue Procedures

l. Fixatives, Ten percent formol-saline or buffered
formalin was used as the general fixative. Preliminary ob-
Sservatlons in goats and bulls revealed that testlicular tissue
fixed in formalin showed considerable loss of the spermato-
genic elements in the seminiferous tubules. Zenker's fluid
and Bouin's fluid were used to fix blocks of testlicular tissue

in an effort to overcome this deficlency of formalin,
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Blocks of tissue approximately five millimeters thick
were cut from the testes, epididymides, seminal veslcles,
and bulbourethral glands, and a block was placed in each of
the three fixatives. Adrenal glands, thyrold glands and
pltuitary glands were fixed in formalin and Bouin's fluiad.
Pancreatic tissue was fixed in Bouin's fluid. Routlnely a
block of tissue from the plllar between the dorsal and ven-
tral sacs of the rumen was fixed in Zenker's fixative as
was a portion of the abomasal wall. Blocks of skin from the
neck, back and flank region were fixed in Zenker's fluild and
formalin, Other tissues routinely fixed in formalin included
lung, kidney, the femoro-tibial Joint, and the tiblo-tarsal
Joint, Tissues for frozen sectioning were preserved 1in
formalin,

2. Stalning procedures. Paraffin sections were pre-
pared by dehydrating fixed tlssues 1n gradually increasing
concentrations of alcohol, clearing in Xylene, and impreg-
nating with paraffin on an Autotechnicon.

Sections were cut at six mierons and stained with
Farris' hematoxylin and eosin according to procedures out-
lined in the Armed Forces Institute of Pathology Manual of
Histologic and Special Staining Techniques (1957).1

lManual_gg Histologlc and Speclal Staining Technigges.
1957, Armed Forces Insfi%ufe oT Patholosy, Wasﬁﬁhg n, U, C.
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Zenker-fixed testicular tlssue sections were stalned
with Heldenhain's modification of Mallory's aniline blue
stain to detect collagen in the interstitlial tissue, Pitul-
tary gland sections fixed in formalin were stalned by the
periodic acid - Schiff (PAS) technic using orange G as a
counter stailn as outlined by Jubd and McEntee. (1955b).



IV. RESULTS
A, Clinical Observations

1. General. Completely thyroidectomlzed goats
developed cretinold symptoms starting about two weeks after
surgery. Flrst the hair coat began to have a harsh appear-
ance., The subcutaneous tissues about the face and in the
throat soon became puffy. The deficient groups E and F were
reluctant to move about 1n the pen, During the development
of cretinism there was no apparent lack of interest in food,
As symptoms became more pronounced, particularly severe
bloating, the completely thyroldectomized groups E and F
ate very mincingly and were slow 1in coming to the feed rack.
Goats in these two groups reclined a much greater part of
the time than did those 1n the control group A.

2. Growth rates. Growth was extremely slow in thyroid-

ectomized goats (group F). The growth curves for the 1958-
59 groups of goats are depicted in Figure 1. The partially
thyroidectomized goats in group C grew at rates comprarable
to the controls until complete thyroldectomy at about six
months of age, Growth in this group then leveled off close
to that of the group-F goats.,

Table 2 shows the mean dally rates of geain for the

combined groups for 1958 and 1959. Groups A, B, and D

4]
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showed no significant differences 1n daily rate of gain

throughout the experiment. Groups C, E, and F had signifi-

cantly (P .01) lower rates of gain after complete thyroid-

ectomy than the controls, Treatment of group E with thyro-

protein after prolonged cretinoid symptoms did not bring about

a return of normal growth rate. A "Students"” t test was used

to test the significance of the differences between the mean

rates of gain.

The relative size and appearance of representative
goats from groups A, B, C, and F are shown in Figure 2,

Zoats representative of groups A, D, and F are shown 1in

Figure 3,
TABLE 2., Rates of Gain in Control and
Thyroldectomized Goats,

R Rate of Gain

Group No. of Goats 1b, per da,
Ave, S.E.
A 8 245 + .0155
.226 + .0187
C 4 (1) .242 + .0115
(2) J110%+ 4+ .0291
D 2 .232 + .0273
E 3 (3) .086%% 4 .0057
(4) .Oo73* + 0592
F 5] o 101 3% + . 0157

e

(lg After partiéi thyroidectomy.

(2) After complete thyroidectomy.

(7) After complete thyroidectomy but before thyroid
treatment.

(4) After complete thyroldectomy and thyroid treat-
ment,

*#p < .01

*P< .05
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3. Horn growth and skin appearance. Horm growth was

markedly stunted in the goats completely thyroidectomized be-
fore one month of age. Complete thyroldectomy after two
months of age did not result in pronounced horn stunting
although growth was less than in the controls, In the thyro-
prival goats the horns grew nearly straight up from the head
while in the controls horns grew out in widely sweeping
curves, Figure 4 shows the gross appearance of the horns of
a goat in a prolonged thyroprival state., As mentioned pre-
viously some of the goats were polled and therefore a com-
parison of horn lengths in the various groups was impossible.
The outer curvature of two representative control goats (nos.
135 and 137) measured 13 inches each while the horns from

two representative completely thyroidectomized goats (nos,
144 and 158) measured 8.75 and 9.75 inches respectively.
Iodinated protein supplementation after prolonged cretinism
improved the texture of the outer horn lamina, but stimulated
lengthening only slightly.

The skin of thyroldectomlzed goats underwent marked
vlisible changes as the thyroid deflclency became more pro-
nounced., One of the earllest symptoms of cretinism was g
harsh dry appearing hair coat. Gradually aiOpecla developed
untll areas on the face and along the back were nearly void
of hair. Marked "puffiness" about the face and neck accom-
ranied the development of alorecla. Wrinkling of the skin

became so pronounced that folds appeared on the neck of
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completely thyroidectomized goats., The skin about the face,
flanks, and scrotum became hard and dry to the touch., Scurf-
ing and peeling of keratinized epldermal layers occurred on
the inner surfaces of the thighs,on the scrotum and in the
axillary region.

The group-C late-thyroidectomized goats showed only
harshness of halr coat after the thyroprival condition was
established, Administering iodlnated protein early in
cretinism prevented skin changes., Treatmeht after opro-
nounced alopecla occurred prevented further hair loss but
did not stimulate comnlete replacement of hair,

4, Myxedema. Subcutaneous edema was absent in the
control and partlally thyroldectomized g¢oats. Pronounced
puffiness of the face and neck reglon sucsestineg edema was
characteristic of the thyroldectomized zoats in grouns E
and F, In grour T, lodinated rrotein alleviated the edema
within two weeks after starting revlacement therapry. Groun-C
goats shoved varylns amounts of edema, principally zbout the
face, although one (goat 158) showed marked wrinkling cf the
neck also, Group-D zoats which recelved lodinated protein
Immedlately following complete thyrolcdectomy 4id not develop
edena,

8, 2loatinz., Between one and two months followins
complete thyroldectomy those goats in groups E sncd F became
freatly bloated in addition to other cretinoid symntors,
This bloating caused a marked "pot belly" aprearance and

vas accompanied by dysvnea. It was not typlcal of the
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chronic bloat seen in cattle since it persisted continuously
rather than appearing intermittently. Soon after administer-
ing lodinated protein the bloat symptoms disappeared., Tem-
porary suspemnsion of therapy was followed by recurrence of
bloating.

6. Locomotor disturbances. Two to three months after
complete thyroldectomy most of the goates were noted to be
walking with a stiff-legged galt. Walking or running appear-
ed to be painful., When they were led out of the pen for
welghing or other purposes they balked and had to be dragged
or carried. Thils reluctance was not noticed in the control
or partially thyroidectomized groups. Extreme muscular
weakness characterized by "knuckling" of the pasterns de-
veloped in one thyroldectomized goat (no. 169). Both the
stiffness, which was noted consistently, and the muscular
weakness in a single goat were alleviated by administering
iodinated protein.

Te spnea. A constant observation among the com-
rletely thyroidectomized goats was that of difficult breath-
ing. Stertorous sounds were present in the trachea, Exer-
tlon and bloating aggravated the dyspnelc symptoms. Ausculta-
tion revealed that ventral portions of the lungs in these
goats were not receiving air. Though 1odinated protein
relieved the bloat in these hypothyroid goats, it did not
bring about complete remission of difficult respiration.

8. Death prior to termination of experiment. 1In
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the 1957-58 group of goats three died or were killed before
termination of the experiment. One of these suffered un-
explained damage to the testis and scrotum while nursing

1ts dam in pasture, The other two died from the effects of
prolonged hypothyroidism complicated by pneumonia., In the
1958-59 experiment one goat each from groups E (no., 681) and
F (no. 159) died suddenly soon after they had developed pro-
nounced hypothyroid symptoms, Cause of death in each case
rroved to be the lodging of a calculus in the urethra., The
urinary bladder had ruptured in one of these goats (681).

9. Hematological and blood chemical findings. No
significant differences were noted among the hematologlcal
values observed on monthly examinatiop of blood from the
control and experimental goats during 1958 and 1959. The
average values for total hemoglobin, microhematocrit, total
white blood cells, lymphocytes, neutrophils, monocytes,
eosinophlls, and basophils and circulating eosinophils are
given in Table 3, From the table it appears that thyroii-
ectomy results in a smaller number of circulating eosinophils,
There were greater individual variations within groups than
between the groups, however,

Aberrant erythrocyte morphology was present in all
goats sampled at three months of age. Pointed cells with
single elongated processes and poikilocytes were the most
frequent abnormalities. Anisocytosis wae also noted fre-

Quently. These abnormalities disappeared for the most part
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by six months of age except in the completely thyroldectomlzed
untreated group-F goats and in the late-treated group-E goats.
Although the proportion of abnormal erythrocytes declined
from 90 percent. to approximately 10 percent by slx months of
age, five to 10 percent of pointed cells persisted inter=-
mittently in three of four goats in groups E and F. The
significance of these observations was not determined.

Blochemical determinatlions for blood sugar were made
monthly from three months of age until the end of the 1958-59
experiment, Serum calcium, phosphorus, sodium and potassium
vwere determined during the latter part of the 1958-59 experi-
ment. In part, the latter determinations were made in an
effort to establish whether imbalances existed which could
explain the occurrence of the urethral calculi in two thy-
roldectomized goats which died earlier in the experiment.
Table 4 includes the values for blood sugar, serum calcium,
phosphorus, sodium and potassium for the control and experi-
mental groups in the 1958-59 goats, Very little difference
exlsted among the groups with respect to these constituents,
with the possible exception of serum calcium and phosphorus,
Here a narrowins Ca to P ratlo for the thyroldectomized goats
was observed, The trend toward lower blood sugar values
noted in the thyroilectomized groups was offset by marked
variation within individuals.
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B, Semen Data

1. Volume and motllity. Semen samples collected by
electrical ejaculation were examined for volume and percent
of sperm which were motile immediately followilng collectlon.
The observations made on 163 ejaculateg are presented in
Table 5. The average volume and range in volume are given
for each group of goats as outlined under procedures, The
volume differences between the control group A and thyroid-
ectomized grour-F goats were not significant. Grour E pro=-
duced an average volume similar to the group-F goats., Only
one goat appeared in group E because the second goat in this
group falled to produce sperm. Clear seminal fluid was ob-
talned each time that collection was attempted. Volume
varled greatly between ejaculates among goats, and within
individuals, This variability appears similar to that re-
ported for ejaculate volume in bulls (Dziuk, 1954) when
semen was collected by electrical ejaculation,

The average sperm motility for group-A goats was
conslderably higher than for the group-F thyroidectomized
goats, 57.8 and 40.3 percent respectively. Treatment of
cretinoid male goats in group E with lodinated casein failed
to Increase the average motility above that of the untreated
group-F goats, Late thyroldectomy decreased the number of
motile sperm 10,1 percent below that of the controls,

2, Concentration and total motile spermatozoa.

Table 5 also shows the mean sperm concentration in billlions
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per cublc centimeter and total number of motile sperm per
ejaculate in billions, No statistically significant differ-
ences in concentration existed among any of the groups of
goats although the lowest average concentration occurred in
group-E cretinoid goats which received belated thyroxine
treatment. A "Students" t test for significance revealed
that the .89 billion sperm per ejaculate for group E and
the .59 billion sperm for group F were significantly lower
(P< ,01) than the average number of motile sperm in group-A
goats, Differences for the other groups were non-signifi-
cantly different from the control.
An analysls of varliance among the groups on the number

of total motlle sperm cells per ejaculate is shown in Table 6,

TABLE 6., A Summary of the Analysls of Variance for

Total Motile Sperm per Ejaculate in Control
and Thyroidectomized Goats,

§ource of Degrees of Sums of ﬁean F

Variation Freedom Squares Squares Rat;g;
Groups of goats 4 42,02  10.51. 3.4 (.,O5)P),01)
Goats within groups 17 51.73  3.04 1,72 (P T ,05)

EjJaculates with
goats 141 250.05 1.77

— —
S——— —

—— N—
o———

Group D is not included in this analysis since only one goat
in this group produced semen and no group variance occurred.
The "F" ratio of 3.46 among all groups of goats lies between
the one and five percent level of probabllity according to

Snedecor's (1934) tables of "F" ratios. That considerable
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variation in total sperm per ejaculate existed, 1s evidenced
by the 1,72 "F" value for goats within groups., This value
was slgnificant at the five percent level of probability.

3. Abnormal spermatozoa were counted for each ejacu-
late collected. The summary of the percent of abnormal

sperm cells 1s presented in Table 7. A significantly greater
average number of morphologically abnormal sperm cells were
found in groups C, E, and F goats than in group-A goats,

TABLE 7, Summary of Percent Abnormal Spermatozoa
Produced by Control and Thyroildectomized

Goats,
W:
Group Goats EjJaculates Spermatozoa S.E.
A 7 60 16.0 +1.2
B 4 30 19.1 +2.7
c 4 27 23.9% 43,0
D 1 6 21.9 5.6
E 3 23 22,5% +2.8
F 3 18 22,6% +2.9

P =¢ .05
.E. = Standard Error

n X K

A protoplasmic extrusion frequently projected out
fror the galea capitug of the sperm ln smears examined from
both the control and thyroldectomized goats. This did not
appear to be associated with immaturity of the sperm cells
since the remaining portion of the head, midplece, and tall
usually showed no abnormality when the droplet was present.



55

Ejaculates from the completely thyroldectomized goats showed
damaged midpleces, with the head separated from the tall,
more frequently than did ejaculates from the controls., Bent
and tightly colled tails were the other frequently seen types
of abnormality. Only a small percentage of ejaculates showed
protoplasmic droplets along the midplece or tall section.

The latter abnormalities were about equally distributed among
the contirol and thyroidectomlzed groups.

C. Libido Measurements

Sexual deslire varled considerably among the control
and partlally thyroldectomlzed goats., The results of the
1ibido trials are shovn in Table 8, Two of the control goats
(174 and 689) falled to mount an estrous doe on repeated
opportunities, They seemed to fear the presence of the doe
in the pen, On the other hand, placing these bucks back in
the pen with other bucks often resulted in immediate attempts
to mount them., Relatlvely normal libido was exhibited by
group-8 males and by two males 1ln group C., The latter showed
8exual interest even after exhlblting early myxedema and
rough hair coat.

The two bucks to which thyroprotein was glven soon
after thyroldectomy failled to show active sexual interest
in the estrous does throughout the experiment. They 3igd,
however, attempt to mount other bucks pemmned with them

regularly and frequently were noted to be masturbating.
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TABLE 8, Summary of Libido Trials Among Control
and Thyroidectomized Goats,

e e e —

Group Goats Trials Fallure to Mount
A 7 41 21
B 3 22 6
c 3 17 5
D 2 15 15
E 3 12 9
F / 21 20

-y

One of the three goats (173), thyroldectomized, then
allowed to develop pronounced symptoms of hypothyroidism,
and then treated with thyroprotein, showed normal sexual
interest. The other two (169 and 144) would not mount an
estrous doe but were noted to obtaln erection in her pres-
ence. None of these bucks showed any sexual interest prior
to the thyrold replacement therapy,

None of the thyroidectomlzed bucks showed sexual
interest during the 11bldo trials except on one occasion
when goat 168 mounted but did not obtaln erection.

It appears that partial thyroidectomy does not
essSentlally affect the abllity of male goats to exhibit
normal sexual desire, On the other hand, replacement therapy
with thyroprotein in completely thyroidectomlzed goats did
not effect resumption of normal libvido, Eilther the level
of therapy was not optimum for these goats or variations in

response to the stimulus of an estrous doe did not result
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in exhibition of normal sexual desire., The latter seems
possible since two of the control goats showed similar be-
havior.

No measurable differénces in 1ibldo occurred among

the varlous times of the year when trlials were made.
D, Post-mortem Findings

1. Gross pathology

a. Reproductive organs. Immediately followlng death
and examination for extermal pathological changes the testes
were removed from the scrotum. Each was checked for the pres-
ence of possible adhesions which might have resulted from
earlier testicular bilopsy. As shown in Table 9, 10 of 24
goats which had been blopsied showed minor adhesions be-
tween the parletal and visceral surfaces of the tunica vagi-
nalis surrounding the testis.

In three of the goats, (99, 166, 756) enlarged
epididymides were observed., Upon incision, a caseous core
was found in the center of each enlargement. Goat 756 had
not produced semen during the experiment., Although the
semen passage from the testls might have been impaired by
the epididymal leslon noted in goat 756, no anatohlcal ab-
normality of the other testis which should have impalred
Sperm movement could be found on gross examinatlon,

The point of entry of the blopsy needle was identi-
fled in 11 of 25 soaté by calcifled streaks along the path
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TABLE 9, Tabulatlon of Occurrence of Testicular
Adhesions, Testlis Calcification, Acces-
sory Thyrold Tissue, and Joint Lesions
in Control and Thyroldectomized Goats
on Gross Post-mortem Examlnation,

!

— macemmanms

T ———

Testicular Calcifica- Az.esssory Tibio-

Goat Adhesions tilon in ”Hyroid Tarsal
Testis Tissu Joint
Erosions
99 + + + -
286 + + - -
135 + - - -
163 - - - -
166 + +(2) - -
174 -(1) -(1) + -
539 - - - -
778 - - +1,.5zm. -
127 - - + J7gm. +(3)
164 - + +2,0¢m., -
165 + - +1.4zm, -
158 - - - +(4)
€99 - + - +(4)
161 - - +.1gm, +(32)
167 - - - -
149 + + +.1am. +(3)
756 - +(2) - -
144 + + - +(6)
169 - + - +(3)

173 * * - -
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TABLE 9 (Continued)

Testicular Calcifica- Accessory Tibio-

Group Goat Adheslons tion in Thyroid Tarsal

Testis Tissue Joint

Erosions

F 132#% + - - +(4)
168 - - ‘ - +

613 + + +.3gm.(5)  +(3)

681 % -(1) -(1) - +(4)

159+ -(1) -(1) - +(4)
T58% -(1) -(1) - +

——
——————

#Dled before end of experiment,
(1)No biopsy

(2Granuloma present

(3)s11ght

(4)Marked

(5)Non=-functional

(6)New cartilage
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of the blopsy. These streaks extended into the testicular
parenchyma for a distance of one or two cm., Small flecks of
calclum were noted occaslionally scattered through the testis,
Grossly no changes in the tissue adjacent to the calcified
areas was evident. Calclfication didknot occur more fre-
quently in one experimental group than another, with the ex-
ception that all group-D goats showed calcifled deposits.

Testicular welghts for the various groups of goats
are presented in Table 10. The accessory glands were not
welghed 1n all goats completing the experiment in 1958, When
1t was dlscovered that some bulbourethral glands exhibited
cystic changes it was declided to weigh all the accessory
gland structures 1in the remalnder of the goats,

TABLE 10. Mean Welghts of Reproductive Organs

in Control, Partially Thyroidectomized
and Thyroldectomized Goats,

e ey
. Bulbo=-
) Mean Elpidi- urethral Seminal
Goats Body Testls ymis Glands Vesicles
wt. (1) (1) (1)
Group No, Kg, £, _ K Sl £,
A 7T 61.7 265.7 44,6 3.75 15,98
B 4 55,0 264,6 44,7 3.35 8.00
c 3 39.7 190.3 41.1 3.55 6.80
D 2 50,1 178.7 48,6 2.45 8.30
E 3 32,2 153.9 32,2 2.65 9.45
F 3 26,7 112,.8 31.1 2.55 8.10

(1) Welghts represent four goats in "A" group, two
goats in each of the remaining groups,
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Although the mean testlicular weight for group-A goats
(265.7 gm.) was much greater than in the athyroid group-F
goats (112.8 gm.), the significance of the difference dis-
appears when these welghts are correlated with body welght.
Table 11 contalns the mean ratios of tissue welghts to body
welght for the various experimental and control groups.

The ratio of epididymis, bulbourethral gland, and
seminal veslcle welght to body weight was non-significantly
higher for goats in group-F than those in group A.

Cystic bulbourethral glands were seen in three thyroid-
ectomized and two control goats., The center of the gland 1in
each case was filled with gelatinous fluild., In one control
goat (163) concretions approximately two centimeters in
diameter were seen within the fluid.

TABLE 11, Ratio of Mean Reproductive Organ Welight to
Body Welght in Control and Thyroldectomized

Goats.,

Goats Tesfzs y?iia G1?§?4 Ves%gizs
Group No, X1077:l X1¢ "1 X107 7:1 X10™ ":1
A T 43,1 6.7 ST 2.41
B 4 48,1 7.2 .56 1.29
c 3 47.9 9.3 .81 1.55
D 2 35.6 10,6 .69 1.66
E 3 47.8 10.8 .88 2,68
F 3 42,2 10.6 L7 3.23

(1) Weights represent four goats in group-A, two
goats in each of the remalning groups,
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No gross pathologlcal changes were seen in the seminal
vesicles, ampullae or vas deferentia of the control or thy-
roidectomized goats,

b. .Skin and subcutaneous tissue. In the com-
pletely thyroldectomlized goats which were unsupplemented with
iodinated protein the skin about the face and neck was con-
sistently wrinkled, dry, scaly, and showed marked alopecla,
Peeling of the outer keratinized layers was observed around
the scrotum and inner surface of the thighs., The skin did
not appear greatly thiékened nor crusted as is characteristic
of hyperkeratosis and parakeratosis, A comparison of the
gross appearance from a control and thyroldectomized goat
is seen 1n Figure 5. Group=-C goats in which thyroldectomy
was completed bétween 8ix and elght months of age did not
show the marked alopecia of groups E and F, Group=-E goats
which had been fed iodinated proteln after cretinism de-
veloped showed little scaling and scurfing but did have
marked alopecia., In groups B and D, partially thyroldecto-
mised and thyroprotein supplemented, r?spectively, the skin
appeared, grossly, ldentlcal to that of the controls,

In the subcutaneous tissue of thyroldectomized goats
in groups C and F varying amounts of a mucoid type of edema
were seen, Thiirmyxedematous condition was most pronounced

in the tissue beneath the skin of the neck and in the axil-
lary and inguinal regioms.
¢c. Accesso th 13 tissues, Careful examina-

tion for tissue containing thyrold follicles was made at
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autopsy. In Table 12 there 1s a summary of the findings as
to the relative amount of accessory thyroid tissue in con-
trol and incompletely thyroldectomlzed goats., From 7.1l to
33 percent of the injected dose was detected by counting

131 present in the thyrold region of control goats,

the I
Surgically thyroidectomized goats had from O to 16 percent
of the injected dose present in the thyroid or neck region.
All goats showing .5 percent or less uptake of injected 1131
proceeded to show cretinoid symptoms without further treat-
ment, On the other hand when as little as 1.7 percent of
the injected I131 was detected in the thyrold region the
goats gained normally and required treatment with heavy doses
of 1131 or repeat surgery to destroy or remove the accessory
tissue. Ten of nineteen goats showed accessory tissue caus-
ing .5 percent or more uptake of the injected 1131. Results
following repeat surgery or a thyrold destroying dose of 1131
are presented in Table 13. Although some tissue remained
after repeat thyroldectomy it was insufficlent to prevent
development of cretinism or myxedema, Similarly, the thyroid
destroying dose of 1131 causaed regression of ~ny -emrining
thyroid tissue.

Accessory tissue was found at autopsy in one control
goat, four partially thyroidectomized and three supposedly
completely thyroidectomized goats. One-tenth-gram amounts
of tissue were present in group-C goat 161 and group-D goat

149, Even though these goats underwent repeat surgical
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TABLE 12, Showlng Comparison of 1131 Counts per
Minute in Control, Partially Thyroid-
ectomized and Completely Thyroidec-
tomized Goats,

P ]

Goat Group Net Percent of Percent Location
No. Cefele. Injected Dose Control
Count

847 A 11,320 T.1 - Sub=Laryngeal
886 A 12,690 8.4 - " "

135 A 57,970 37.6 - " "

163 A 23,240 18.3 - " "

166 A 17,180 13.5 - " "

174 A 21,080 16.6 - " "

689 A 43,380 33.3 - " "

778 B - 400% 0 Thoracic Inlet
137 B 6,200 4,9 23,0 Lower cervical
164 B 20,280 16.0 77.0 " "

165 B 3,580 2.0 14.4 Laryngeal

158 C 3,300 2.1 12.1 "

899 c 2,920 1.9 10.7 "

161 c 17,400 10.7 51.2 Thoracic Inlet
167 c 2,200 1.7 8.8 Laryngeal

149 D 4,640 3.7 18.0 Mid-cervical
756 D 300 o2 1.1 Lower cervical
144 E - 540 * o) 0o -

169 E -1,180 % 0 0 -

173 E 10,180 2.1 38.8 Laryngeal and

lower cervical
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TABLE 12 (Continued)

——— m——
e pame——m—

Goat Group Net Percent of Percent Location
No. C.P.M. Injected Dose Control
Count
132 F 890 o5 3.3 Intermandibular
168 F 500 b 1.9 Laryngeal
613 F 7,260 5.8 27.8 Laryngeal and
lower cervical
159 F - 200%* 0 0 -
681 F -2,080% 0 0 -
758 F -1,800% 0 0 -

*Indicates thyroid count less than body background
count.
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thyroidectomy for removal of accessory tissue, small frag-
ments still remained, One group-F goat (613) had a plece of
thyroid tissue still remaining in the ventral neck region
after radloactive iodine destruction. The cellular appear-
eance of this will be discussed under histopathological re-
sults., Figure 6 depicts the location of an accessory thy-

roild gland found on autopsy.

TABLE 13, Radlo-active Iodine (I131) in Thyroid
Region Following Surgery or I121° Thyroia
Gland Destructlon.

R ——————— m—
p———

Goat no. gS: ggﬁﬁtﬁ InﬁzggzgtDose Outcone
158 360 0 Cretinoid
899 no count Cretinoid
167 2250 o3 Myxedema
161 4650 .8 Myxedema
149 90 - Treated
173 790 el Cretinold
132 no count Cretinoid
613 1550 o3 Cretinoid

d. Lungs., Some atelectasis was observed in the
thyroidectomized goats. This was notably present in the
ventral portions of the diaphragmatic lobes, Several of the
lungs observed in the 1958 group of goats had small nodules
palpable on the dorso-lateral surface of the dlaphragmatic

lobes., No gross changes were evident in the trachea and
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larynx which might have suggested the cause of the marked
‘stertorous breathing noted in the thyroldectomlized goats.
One of the goats dying before the end of the experiment
(goat 159, group F) had extensive pneumonia and pleural ad-
hesions,

e. Urogenital system. Three of the thyroldec-
tonized goats had calcull in the renal pelvis and urinary
bladder., Two of these (681 and 758) died as a result of
calcull lodging in the urethra. The hilus of the kidney
in these two goats was moderately distended. The calculil
removed from the kidney hilus of goat 173 in grour E were
soluble in dilute hydrochloric acid but insoluble in acetone.

f. Rumen and abomasum. Since bloating had been

pronounced in group-F thyroldectomized goats the rumen was
examined carefully for posslble differences from the con-
trols, Although the papilllae of the rumen wall were smaller
and the wall thinner than in the controls no gross pathologi-
cal changes were seen,

Small zrayish white nodules were present on the sur-
face of the abomasal wall in several of the group-F goats,
These may have been the site of entry of parasitic larvae
although none were seen in the abomasal contents,

g. Locomotor system, Joint lesions, manifested

as shallow erosions of the articular cartllages, were found
in the athyroid untreated goats but not in the control nor

partially thyroldectomized goats. A tabulation of thelr
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occurrence 1s included in Table nine, In one goat
(159) hemorrhage was present in the joint cavity. Erosion
of the medial condyie of the femur 1n the stifle joint was
noted in one goat (899). Lesions were seen in the joints
of the anterior 1limb in only one thyroidectomized goat.

The erosions were prone to occur at points where the carti-
laginous surfaces suffered the most contact.

In goats which were made cretinold and then treated
with iodinated proteln some healing of the eroded areas was
noted., A thin layer of cartlilage appeared to overlie the
erosions,

Graylsh whlte streaks were found in the muscles of
the posterior 1imb of athyroid but treated goat 169. Changes
were most pronounced in the gastrocnemius muscle, Muscular
changes of thls nature were not detected in any other goats.

he Circulatory changes., Two thyroidectomized

goats showed marked roughening of the aortal walls just dor-
sal to the heart. These roughened areas did not appear to
be calciflied on gross examination. In goat 169 from athy-
rold group E the heart muscle was extremely pale,

1. Endocrine glands. Welghts of the adrenal,
thyrold, and pituitary glands are presented in Table 14 along
with the ratios of average glandular welghts to the average
body weights for each experimental group. The average welght
of the pltuitary glands of goats in grour F was .31 gm., or
less than half that of the controls (.69 gn.). The ratio
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of gland weight to body welght was not significantly differ-
ent, however., Differences at the flve percent level of
significance existed between the ratios in control grour A
and groups B, C, and D.
TABLE 14, Mean Weights of Endocrine Glands and
Ratlo of Endocrine Gland Weight to

Body Weight in Control and Thyrold-
ectomized Goats.

P1tui- Fiiul- Adrenal
GroggatBNo.’ ngy fg;f Adrg:al Thyroid G1l: Boiy GI:B22¥
Fo—t - @-’.__.;_—L_.KJ.Q_J
A 7 6.7 .69 308 42 110t s;m
B 4 55,0 97 2,68 1.4 170% 498
C 3 39.7 .83 1.70 .03 « 208#% 430
D 2 50.,1 .85 1.6 - J1T71% .522
E 3 32,2 38 2.1 - .120 644
F 3 26,7 W31 2.1 -- .129 .927

(1) Average of six goats. |
# Significant at 5% level.
Adrenal gland welght to body welght ratios were not signifi-
cantly different among groups,
No gross abnormalitlies in either the adrenal or pitul-
tary gland were seen., The pitultary fossa appeared slightly

compressed vertlically in the thyroldectomlzed goats in groups

E and F.
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2, Histopathology

a. Reproductive system,

(1), .Testis. The principal changes detected in the
reproductive system occurred in the testis of thyroldectomlzed
goats, Cellular changes occurred in both the intra- and inter-
tubular tissues.

To some extent the cellular picture was affected by
the fixative used to preserve the testis, Figures 8, 9 and
10 show the differences encountered., Formalin fixing pre-
served the interstitial structures better than Zenker's
fluid or Bouin's fluid but did not prreserve the cells within
seminiferous tubules as well., Bouln's fluid caused more
separation of tubules from the intertubular reticulum but
preserved the cells within the seminiferous tubules well.
Zenker's fluid gave results intermediate between the other
two and permitted more intense staining of nuclei with
hematoxylin,

In hematoxylin and eosin stained sections the number
of seminiferous tubules showing active spermatogenesis with
developing spermatozoa was smaller in athyroid than in the
control goats. Most of the control goats showed 60 percent
or more of the tubules to contaln spermatozoa. In the
athyrold untreated goats less than 50 percent of the tubules
contained developing spermatozoa,

A pronounced hyalinizing of the secondary spermato-

cytes and spermatids occurred in the thyroidectomized goats,
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Compared to the controls the athyrold goats had a greater
number of spermatogonial cells and primary spermatocytes
along the basement membrane which contained vacuolatea cyto-
plasm and pykmotlc nuclel.. ©See Figures 11 and 12.

When formalin-fixed, testicular tissue was stalned
with Sudan IV there was a much greater concentration of
sudanophilic material in the seminiferous tubules of the
athyrold group. Large sudanophillic droplets were found along
the basement membrane as well as in the lumen, The sudano-
rhillc substance present in the tubules of control goats
appeared as finely dispersed droplets while in the thyrold-
ectomized goats 1t appeared more coarsely globular.~,,
Sudan IV-stalned sections of testes from a control and
thyroldectomized goat are shown in Figures 13 and 14,

Multinucleate cells were more numerous in the lumina
of the seminiferous tubules of athyrold goats than in the
control, (Figure 15, Goats in group E, treated with iodin-
ated proteiln after cretinism had developed, showed testicu-
lar changes simllar to the completely athyrold goats,

Histologlcally, necrosis and calcification occurred
along the path of the blopsy needle in testes which had
been blopsied, Adjacent to the area of calcification there
was complete absence of spermatocytes, spermatids and de-
veloping spermatozoa. The eplithelium of the seminiferous
tubules had become cuboldal, The width of the area varied
considerably, ranging from approximately 100 microns to

three millimeters,
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The Leydig cells in control goats contained large oval
nuclel surrounded by abundant cytoplasm which contained finely
dispersed granules. In thyroldectomlzed goats the Leydig
cells were scarcer and frequently had pyknotlc nuclel and
vacuolated, scanty cytoplasm (Figures 16 and 17).

Heldenhain's modification of Mallory's aniline blue
stain of testlcular tissue showed a slight increase in inter-
stitial commective tissue in the thyroldectomized goats. This
stain also served well in 1dentifying the Leydig cells in the
interstitial tissue. Sectlons stalned with anlline blue are
shown in Figures 18 and 19. Sudan IV staining of the inter-
stltial tissue revealed a faint reddish orange tinge in the
cytoplasm of the Leydig cells which was absent in most of
these cells in the thyroidectomized goats.

Sertoll cell changes, 1f any, could not be adequately
assessed, Developling spermatozoa in athyrold goats migrated
toward the Sertoll cells much as they did in the controls,
The inecreased number of sudanophilic cells noted in the
athyroild goats suggests eitﬁer some change in activity of
the cells of Sertoll type or that fatty changes were occur-
ring in the spermatogonia.

.Those goats in groups B and D had testicular histology
similar to that found in the control goats. The degenerative
changes in group-C goats were not as pronounced as those in
groups E and F.

(2). Testicular bilopsies. Testicular blopsies were
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made at approximately three, six, and twelve months of age

in goats from all groups. Not more than two biopsies per
goat were made. Sufficient tissue for histologic examina-
tion was obtained in 21 of 26 biopsy attempts.

At three months of age neither the athyroid nor
the control goats showed spermatogenesis. A few of the
spermatogonial cells had begun to divide in both groups.
There were greater numbers of Leydig cells showing prominent
cytoplasmic granules (Figure 20) in the control than in
the athyroid goats, (Figure 21).

At six months of age testicular biopsy specimens
from goats in the control group-A, showed large numbers
of primary and secondary spermatocytes and spermatids which
had migrated to the Sertoli cells (Figure 22). Testicular
tissue was not obtained in two biopsy specimens from athyroid
goats at six months of age. However, a biopsy specimen
obtained from a Group-F goat at nine months showed only
limited spermatogenesis. Vacuolation of spermatocytes and
absence of granulation in ths cytoplasm of the Leydig cells
was also noted (Figure 23). Leydig cell activity and
spermatogenesis continued to be more prominent in biopsy
specimens taken at twelve months of age from the control
goats. |

(3)s Epididymis. There was decreasesd epithelial

height, more hyalinization, fewer secretory granules,

fewer stereo-cilia and fewer sperm in the proximal portions
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of the epididymis in the thyroidectomized goats than in
the controls. Goats in groups A, B, and D showed tall
columnar epithelium with numerous secretory granules at
the tips of the cells in the head of the epididymis. The
tail portion of the epididymis was distended with spermatozoa.
Treatment of cretinoid goats with iodinated protein did
not improve this condition. Sections of epididymides in
control and thyroidectomized goats are depicted in Figures
24 and 25. A sperm granuloma resulting from biopsy trauma
of the epididymis is seen in Figure 26.

(4)s Accessory glands. The seminal vesicles did
not show marked histologic variation between the control
and thyroidectomized goats. There was less secretory fluid
in the lumina of the seminal vesicular glands of athyroid
goatse.

Bulbourethral glands did not show consistent histo-
logic variations between the control and experimental groups.
What appeared to be cystic glands on gross examination was
merely distention of the central ducts with secretion.

b. EZndocrine glands other than gonads
(1)e Thyroid gland. The thyroid glands removed

from the young experimental goats showed follicles of
moderate size which contained colloid. Two thyroid accessory
glands removed from gozts previously partially thyroid-

ectomized showed marked hypertrophy of the acinar epithelium
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and absence of colloid (Figure 27).

At autopsy the goats having accessory thyroid
glands showed acinar epithelial hypertrophy roughly in-
versely proportional to the amount of tissue present. The
epithelial cells were irregularly tall columnar cells vary-
ing from 15 to 30 microns in height. The epithelium pro-
jected to the center of many of the acini where little or
no colloid existed. Very little hyperplasia was noted
in the accessory thyroid tissues.

Goat 613 from group F which had been radio-
thyroidectomized had degenerative thyroid tissue inter-
spersed in a lymph nodule. The epithelial cells were
atrophic and most of the follicles were filled with
erythrocytes. No colloid material was seen within the
acini,

(2) Parathyroid glands. Although careful exami-

nation was made for the parathyroid glands they were re-
covered in only two athyroid goats at autopsy. No
histopathologic changes were detected in these tissues.
(3)¢ Pancrease. Islet cell nuclei showed more
early pkynosis in the thyroidectomized than in the control
goats. This observation is of doubtful significance in
relation to other more profound changes occurring in
the athyroid goats.

(4). Pituitary. The anatomical structure of the
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goat pituitary is similar to that described for the bovine
(Jubb and McEntee, 1955). Basophilic cells comprise most
of the cells seen in the medullary portion of the anterior
pituitary gland. In hematoxylin-eosin stained sections
the basophilic cytoplasm of cells in the central area take
on a faintly bluish hue. Acidophilic cells are found largely
at the periphery of the pars distalis. Occasional acidophils
occupy the central zone. The beta basophilic cells lie
chiefly adjacent to the relatively large sinusoids in the
central pars distalis. However, they are also scattered
among the acidophils in the peripheral portion. Some delta
basophilic cells are found in the central portion of the
pars distalis but most are found close to the vascular net
among the acidophils. Both the acidophils and basophils
tended to be arranged in clumps which are closely invested
with capillaries and small vessels.

Sections made from Bouin-fixed portions of the
glands preserved the architecture well but tended to give
poorer differentiation of the acidophils from the basophils
with hematoxylin and eosin stain. Bouin-fixed sections did
not take the PAS stain sufficiently well to differentiate
cell types. Periodic acid-Schiff-positive material stained
a bright rose purple in the formalin-fixed sections.

Maximum numbers of PAS-stained cells occurred in the

control goats. Large polyhedral cells which correlate with
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beta basophilic cells described by Jubb and McEntee (1955)
occupled the anterior portion of the pars distalls nearest
the pitultary stalk. In the completely thyroidectomized
goats these cells are degranulated and largely vacuolated,
leaving only a splder web-like cytoplasm and sometimes a
poorly stalned nucleus., Occaslional beta cells contalned some
PAS-positive materlal which was only faintly granulated. 1In
the control goats, PAS-positive beta and delta cells showed
granules ranging from faint through marked granule formation
to intensely stalned cytoplasm in which the granules were
obliterated.

Table 15 shows, subjectively scored, the number of
vacuolated beta basophlls, delta basophlls and acldopils
This scoring was made on PAS-stained sections. Not all of
the piltultary glands were scored because formalin-fixed sec-
tions of the median portion of the gland were not available.

Examlnation of the table reveals that vacuolatlon and
degranulation is much more pronounced in the thyroidectomized
than in the control or partlally thyroldectomized goats,

More vacuolation and degranulation was apparent in
the delta basophilic cells in the thyroid-deficient goats
than in the controls. In the thyroidectomlzed goats which
were treated with 1odinated protein, granulation and vacuola-
tion were variable, Figures 28 and 29 compare the histologic
8tructure of the pltultary in a control and thyroidectomized

goat.
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TABLE 15. Summary of Vacuolation, Cell Degran-
ulation, and Type of Granulation Pre-
sent in Pitultary Glands in Various
Thyroid States,

Approx,. no. «
Cells Type of 3

Group Goat Vacuolation1 Degranulated2 Granulation
B D B D ‘ B D

A 886 O
174 1

163 2

689 0O

166 1

B T8 0O
137 2

c 158 3
167 3

D 756 3
681 2

E 144 2
169 3

F 758 3
3

A
o
0
1
1
o)
0
1
1
1
1
0
1
0]
1

613 2

A
1 0 0 4 3 3
1 1 1 3 3 3
2 2 1 2 2 2
1 2 1 3 2 3
1 2 3 3 2 2
1 0 0 4 3 3
3 1 1 2 3 4
4 3 1 0 i 3
3 2 1 1 3 3
3 2 1 1 2 3
3 2 2 2 2 2
2 3 2 2 2 3
3 1 1 1 3 3
3 3 2 1 1 2
3 3 2 1 1 2

M MO H O H M M N H O O H H O O

lvacuolation: 3 - marked; 2 = moderate; 1 - slight;
0 - None,
2PrOportion of cells degranulated: 4 - 100%; 3 - 67-100%
2 - 34-66%; 1 - 0-237%. :

5Type of granulation: 4:intense stain, granules not
vislble; 3:Pronounced stain,
granules prominent; 2:moderate
stain, granules faint; l:faint
stain, no granules

B=Beta Basophlls; D=Delta Basophlls; A=Acidophils
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(5)e Adrenal glands, Histologic examination of the
adrenal glands revealed significant variations between the
euthyroid and completely thyroidectomized goatss Hema-
toxylin and eosin stalned sectlons revealed a marked differ-
ence in the relative thickness of the cortical zone between
athyroid and control goats. The average cortex depth measured
2.4 mm, in three group=-A goats and 1.4 mm, in four goats from
groups E and F, The medullary dlameter in three group=-A
goats averaged 1.9 mm. while in goats from groups E and F
i1t was 2,8 mm, These differences in wildth were not suspected
until microscopic examination was made, Figures 30 and 31
compare differences in depth of cortex and diameter of the
medulla, |

The hematoxylin and eosin sections revealed that there
1s 1ittle vacuolation of the cytoplasm of the glomerulosa,
The glomerulosal layer glso extended deeper into the cortex
in the control goats than in the athyrold group.

Sudan IV staining of the adrenal gland revealed
much more lipld materlial in the zona glomerulosa cells in
the thyroidectomized than in control goats., The zona fascicu-
lata also showed greater sudanophilla. Partially thyroid-
ectomized group-B and lodinated protein survlemented group-
D athyroid goats did not show the greater sudanophllia in
the adrenal cortex., Treatment of athyrold goats after
cretinism developed did not effect a return to the histologi-
cal state shown in the centrol goats (Figures 32 and 33).
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C. 4dxtra-endocrine Tissues

(1). Skin., The skin of the athyroid goats consist-

ently showed hyperkeratinlization. The epidermis was thrown
up in folds which accounted for the rough appearance of the
skin grossly. The Malpighlian layer of cells was thinner in
the thyrold deficlent than in the control goats. In one
goat (613) only one or two layers of the stratum splnosum
cells remained.

In the halr follicles excesslve keratinization of the
Malpighlan layer of the externmal root sheath and the cuticle
of the hair shaft occurred in the thyroldectomized goats.

In many of the follicles almost complete degeneration of the
halr follicle by hyperkeratinization was noted (Figures 24
and 35).

The sebaceous glands 1n some of the deflclent goats
had pyknotlc cell nuclel. Increased vacuolatlon of the cyto-
plasm in these cells was observed. In some areas keratinized
eplthellum appeared to completely close the excretory ducts
leading from the sebaceous glands into the hair follicle.

The paplllae of the dermal layer had largely dis-
appeared in the athyrold goats. Edema was prevalent in the
connective tlssue of the derma and hypoderma, The blulsh
cast eliclted by thils edema iIn hematoxylin-eosin-stalned
sections suggested that 1t was mucin. ©Smith and Jones (1957)
describe a2 similar appearance for the mnucold degeneration

seen In myxedematous tilssue.
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The cytoplasm of the smooth muscle cells 1in the
erector plli muscles was much more vacuolated in the athy-
roid than in the control goats, These cells were differ-
entlated from connective tissues and possible nerve trunks
by applying Heldenhain's aniline blue stain and Well's myelin
stain to triplicate sectiéﬂs.

(2) Rumen and abomasum. The keratinized epithelium

was not as thick in the thyroidectomized goats as in the
controls. In some of the deficlent goats ballooning degenera-
tion of the Malpighlan layer was noted. The paplllae were
less well developed in the athyrold than in the control goats.

The smooth muscle cells in many areas of the rumen
wall were vacuolated and their nuclel pyknotic in the thy-
roid-deprived goats,

(3) Kidney. The kidneys of the thyroldectomized un-
supplemented goats showed pyknosis and coagulation necrosis
of many of the eplthelial cells in the proximal and distal
convoluted segments of the nephrons. Hyallne casts were
also present in the tubules., ©Some early interstitial fibrous
tissue was observed to be formed about the glomerulus,

Figure 36 shows the kidney from an athyroid goat which was
typical of the changes seen,

(4), Musculo-skeletal tissues., One of the thyroid-

ectomized goats (169) showed marked degeneration of the
skeletal muscles of the posterior 1limb, particularly the

gastrocnemius muscle. Microscopically the muscle fibers



82

appreared first to become hyalinlized exhibiting a bright homo-
geneous red color in eosin and hematoxylin stalned sectionms,
Where the cross strlations were absent, the sarcolemma ap-‘
peared to have disintegrated leaving bundles of hyaline
fidbrils. Some of the nuclel were pyknotic while others re-
malned vesicular. The nuclei tended to accumulate along the
Jjunction between degenerating and healthy tissue, No in- '
flammatory cells were present and fdt cells had extensively
replaced the necrosed muscle tlssue,

In the heart thé changes wére somewhat different. The
hyalinization was not as pronounced. Following necrosis the
cells appeared to have fragmented 1nto long fibrils, Lacuna-
like spaces formed about the nuclel which gave the muscle the
appearance of hyaline cartllage, There was little replace-
ment of necrosed muscle with fat, No calcification was evi-
dent 1n elther the heart or skeletal muscle.

Figures 37 and 38 show skeletal and heart muscle

changes,






Fig., 2, Avvearance of zoats at conclusion of experi-
ment, From left to right szoats are from control sroup
partially thyroldectomized group B, late thyroldectomized
group- C, early thyroldectomlized group F.

Fiz. 3. Goat on left 1s from group A. Two goats in
center were thyroidectomized early (group D) but received
.04 zm, lodinated protein per ten pounds body welght. Goat
on extreme right is from group F.



Fig. 4, Goat from group E showing arrested horn
growth, Extreme cretinold symptoms were present before
lodinated protein therapy was instituted.

= 7 e e 7+ AiLlA,
Fig. 5. ©Strips of back skin removed from control and
A athyroid goats at necropsy. Top: control goat--note absence
of alopecia, Lower: skin from athyroild goat. Much loss of
hair and hyperkeratosis,



Fig. 6. Accessory thyroid tissue 1in group-B goat
located near anterior end of the sternum on the ventral sur-
face of the trachea.
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Fiz. 7. Condylar surfaces of the bones of the tiblo=-
tarsal jJoint. Group-A goat on the left and group-F goat on
the right. Arrows indicate eroded areas of cartllaginous
surface.



i %g
ndils
: .s'

Fig. 8, Testis section showing seminiferous tubules
from control goat., Tlssue was formalin fixed., Note good
retention of interstitial tissue but loss of cellular ele=-

W7 IR e, A B i
Fiz. 9. Testls sectlon from same goat as in fig. 8
Zenker-fixed., Some separation of tubules but cell nuclel
stained more intensely. H & E x 110.
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Fiz. 10. Testis section from same goat as in fig, 8,
Bouin-fixed seminiferous tubules are widely separated, but
there 18 good retentlon of intratubular cells, HE x 110.



Fig., 11, Testis from control goat. Note absence of
vacuoles among primary and secondary spermatocytes (a & b)
and spermatids (c). Maturt sperm cells regularly lined
up at tips of Sertoli cellsn%d). Zenker-fixed., H & E x 575,
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Fig, 12. Testis from group-F goat. Spermatogenic cells
vacuolated (A)., There is disruption of the spermatogenetic
wave in the eplthelium with pyknosis (B) and karyorrhexis of
nuclel (C) in many spermatocytes. Zenker-fixed. H & E x 600,
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Fig. 13, Testis from control goat. Sudan IV stained
section counterstained with Harris' hematoxylin. Spermato-
genic cell nuclel stain intensely with counter stain., Only
cells and cell debris near lumen (A) are Sudanophilic. x 150.
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Fig. 14, Testis from athyroid goat. Sudan IV stained
section counterstained with Harris' hematoxylin. Note rela-
tive absence of nuclear stain, compared to fig. 13. Sudan-

oohilic cells along basement membrane (A) and in lumen of
tubule (B). x 150,
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Fic. 15. Seminiferous tubule from athyroid goat showing

atrophy of germinal epithelium (A) de%enerating spermatids

(D) and multinucleate cells in lumen (M), H & E x 590.
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Fig., 16, Section showing Leydig cells 1n testicular
interstitial tissue from group-A goat. Nuclel are rounded
and abundant cytoplasm shows slight granulation (L). Zenker-
fixed. H & E x 590.

Flg. 17. Section showing Leydig cells in testicular
interstitial tissue from group-F goat. Pyknotic nuclel are
evident (P), vacuolation 1s present in cytoplasm (V),
granulation of the cytorlasm 1s faint. Zenker-f ixed.

H & E stain x 600,
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Fig. 18, Heldenhain's aniline blue staln of testis

from control group-A goat for collagenous fibers (C) in base-

ment membrane and interstitial tissue. Also note prominent

granules in cytoplasm of Leydlg cells (G). x 625,

- A i 'gfﬁl' PN .ot m® .
Fiz, 190, Heldenhain's aniline blue stain of testis from
athyroid group-F goat. Collagen increased in basement mem-
brane of seminiferous tubules (C). Leydig cells (L) are
small end have 1ittle cytoplasm. x 625.
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Flg. 20, Testicular blopsy section from control goat
at three months of age. Leydig cells prominent (L).
Spermatogonla inactive except for occasional primary sperma-
tocyte. H & E x 625,

LR SRS A SRRSO WR S
Fig. 21. Testicular blopsy from athyroild group-F goat
at three months of age. Interstitial cell nuclei are small
and cytoplasm is scanty (L). Occaslonal spermatogonia have
divided and moved toward lumen of seminiferous tubules.

H& E x 675,
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Fig, 22, Testicular blorsy section from group-A roat
at six months, Active spermatocytogenesis present, with
developing svermatids lined up (5) at tips of Sertoll cells,
H& E x 675,
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Fig. 23, Testicular blopsy section from group-F goat
at age nine months. Limited spermatogenesis 1s evident.
There 1s much vacuolation of »rimary and secondary spermat-
ocytes and degeneration of spermatids (S). H & E x 160,







cy needle, Cealcificatlon of
sy 31ant cell formation is
tubule:z Imr ately adjecent
1 H& E x 135,

Fiz. 27.
from sroun-C soat oric
of age., Note hypertiro
hyperrlacia at (B). H

of zclnar
E x 375.




Fig. 28, Anterior pltultary zland from group-A goat,
Central orea consisting primarily of basophilic cells to the
left of (B). Acidophilic cells 1n outer zone at (A). PAS -
Orange G stain x 230,

; \
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Fig., 28 a, Hicher power magnification of fig. 28,
basophillc cell showing intense PAS positive mucoprotein (8).
Acldophilic cell (A). Smaller delta basophilic cells showing

moderate granule fromation (D).

Beta

PAS - Orange G x 650.



98

Fig. 29, Anterior pitultary gland from group-F goat,
Acidophilic zone (A), vacuolated beta cell at (B), delta
cell containing PAS positive cell at (D), Other delta cells
to left of (D) are vacuolated. x 230,
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Fig. 30, Adrenal gland from group-A goat. (G) Zona
glomerulosa, (F) Zonea fasciculata, (M) Edge of medullary
zone, H & E x 45,

Fié. 31. ‘Adfehal gland from érouﬁ-F 5oé . Compare to
fig, 30, Cortical zones (G) and (F) much shallower than in
control goats., H & E x 45,
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Fig. 32, Adrenal gland from group-A goat stained with
Sudan IV, Sudanophilic substance equally distributed in
zone glomerulosa (G) and zona fasclculata (F). Sudan IV x
150.
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Fig. 33. Adrenal gland from group-F goat stained with
Sudan IV. Intense sudanophilic staining in zona glomerulosa
(@). Decreased stain intensity in fasclicular zone (F).
x 150,
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B hFig. 34, Skin from back of group-A control goat, Ex-
cessive keratinization of epidermis 1s absent (C). Smooth
muscle cells (M) show 1ittle vacuolation. H & E x 130.

¥ ! 2 i s N
Fig. 35. Skin from back of group-F ath rold goat.
Showilng hyperkeratosis of stratum corneum (C), degeneration
of hair shaft (S), and vacuolation of smooth muscle (M).
H & E x 115,
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calcull in renal pelvis, Cast within tubule at (C). Fibrous
tissue proliferation (F) present around glomerulus. H & E x
115.



Fig, 37, Gastrocnemius muscle from group-E goat show=-
hyalinization (H), muscle nuclel (S) and fatty tissue
(F) which has replaced destroyed muscle fibers, H & E x 160,
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Fig. 38, Mycardium showing lacunae llke spaces around
Purkinje fiber nuclei (D) and fragmentation of cardiac muscle
fivers, H & E x 160,




V. DISCUSSION
A, Relatlon of Clinlcal Symptoms to Thyroid Ceflciency

The onset of symptoms about two weeks followlng com-
plete thyroidectomy correlates closely with the observations
of Relneke et al. (1241) and Cimpson (1004aY, Thre lattar
author reported that rate of galn began to decline on the
nineteenth day after thyroid removal. The fallure of many
thyroidectomlized sheep to show cretinism, was reported by
Marston and Plerce (1932). At autopsy varying amounts of
accessory thyrold tissue were found. The data from the
experiment reported here indicate that accessory thyroid
tlssue is frequently present in goats, This may be found
in varying locations extending from the larynx to the thoracic
cavity.

The thyroid uptake data suggest that a large part of
the normal thyroid gland cen be removed without clinical im-

2
palrment of body functions., Radloactive 1121

uptake measure-
ment pfovides a convenient method of determinling the presence
of thyroid tissue soon after surgical ablation. Although a
reasonable attempt was made to standardize the counting proce-
dure for each goat some varlatlons exlsted which could account
for differences 1n percent uptake of the injected dose.

Nevertheless goats showing less than .5 percent of the in-

Jected dose present in the thyroid rezlon went on to become

104
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cretins. Those showing more than 1.7 percent of the injected
dose showed no cretinoid symptoms. Low counts in the thyroid
region may be obtained in the complete absence of thyroid
tissue. Bustad et al. (1957), Fletcher et al. (1956), Flexmer
et al. (1942), Logothetopoulos and Myant (1956), Taurog et al.
(1959) have shown that salivary tissue can concentratzs iodine.

1131 treated goats

The symptoms of athyroidism in
were slower in developing than when all tissue was removed
by surgery. DBustad et al. (1957) report that destruction of
the iodine concentrating power required one month and nine

months in ewes fed 1800 and 24,0 microcuries I3

per day
respectively. It appears that eight millicuries of 1131
given subcutaneously was a reasonable dose to destroy the
remaining accessory thyroid tissue.

The lethargy, stiffness, bloating, alopecia, skin
dryness, myxedema and reduced horn growth noted in the athy-
roid goats in this experiment agree with similar observa-
tions made in goats by Simpsor (1927 2 and b), and Liddel
and Simpson (1926). In sheep similar symptoms were reported
after thyroidectomy by liarston and Pierce (1932) and after
radiothyroidectomy by Bustad et al. (1957).

Replacement therapy with iodinated casein when symptoms
of cretinism first appeared, at a level suggested by the
work of Flamboe and Reineke (1959), gave essentially the
same growth rates and other clinical features shown by goats

with intact thyroids. Delaying therapy until cretinism was
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well established resulted 1n only partially alleviating the
symnptoms,

The cessation of 1ibido in thyroidectomized goats
was similar to that reported by Magsood (1951:) in rams dur-
ing the summer season. Lilbido was restored 1n thyroldectc-
mised goats when thyroxlne was replaced as soon as symptoxrs
of cretinism appeared. However, replacement therapy falled
wvhen cretinism was prolonged. This might explain why some
aged anlmals with a history of prolonged iInfertility fall to
respond to thyrold therapy.

B. ©Semen Production and Sperm Morphologry

Several factors enter into the semen data which bear
discussing., First, no attempt was made to limit feed intake
of controls to that of the thyroprival goats., It was felt
that to do so would not be falr to the control goats whose
energy requirements would be considerably «reater than that
of the athyrold goats. Secondly, the necessity for using
electroejaculation to obtaln semen creates quite different
results than those obtained by collection in an artificial
vagina, Thirdly, the collectlion frequency was less than
would have been optimum. This may have resulted in a differ-
ence in sperm concentration, motility, and volume between
the thyroidectomized and control goats, because of the lack
of masturbation in the former and its frequency in the latter,

Fourthly, the output of semen could have been affectei by
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the testicular blopsies performed. However 1t was felt that,
since testicular blopsy was performed in both control and
thyroidectomized goats, simillar relative differences should
occur between groups,

S0 far as could be determined this 1s the flrst experi-
ment in which semen was collected by electroejaculatibn fron
young completely thyroldectomized goats. The data 1ndicate
that, though spermatozoan production 1s not completely in-
hiblted, significantly fewer motile spermatozoa per ejacu-
late were obtalned from them than from the control goats,
The decreased spermatogenesis encountered in athyrold goats
confirms the findings of Magqsood (1950b, 1951a) that thyroid
inhibition by thlouracll exerts similar effects in youmg
rabblts and rams,

The average semen volume for the control goats was
kigher (1.4cc.vs., .65 cec.), the concentration lower (2.63 vs.
2.72 bpillion per cc.) and the total spermatozoa per ejaculate
higher (3.180 vs. 1.658 billion) than values for goats re=-
ported by Eaton and Simmons (1952).

That no detectable seasonal variation occurred in
semen production or in numbers of abnormal spermatozoa was
attributed to the fact that the goats were kept inside a
building which greatly modified extremes of outside environ-
mental temperatures during the summer and winter months,

The percent of abnormal spermatozoa seen in the con-

trol goats was considerably higher than that reported in
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goats by Zatonmi Simars (1972) [16.0% vs, 2.48%). It is speculated

that this difference might be explained by the effect which
testlicular biopsy had on spermatids which were in the process
of development at the time of tissue removal. The proto-
rlasmic extrusion seen on heads of spermatozoa from both the
control and athyroid goats constituted approximately one
half of the total abnormalities seen., It 1s possible that
this may be a normal structure which would not be seen by

ordinary light microscopy.
C. Pathological Changes

The general pathological changes noted in the com-
pletely thyroidectomized goats agree closely wilth those noted
by Goldberg (1927).

Hematology and blood chemistry were also similar ex=-
cept that Goldberg (1927) noted a larger drop in blood sugar
in the athyroid goats than was obtained in this experiment.
Reference to the erythrocytes with pointed processes in young
goats was not found in the literature. These abnormal
erythrocytes persisted longer in young athyroid goats than
In the controls. Goldberg and Simpson (1925) noted that
thyroildectomized sheep and goats showed greater than normal
numbers of megakaryocytes, formative erythroblasts and granu-
lar leucocytes. Whether those two observations are correlated
remains to bevdetermined.

Bustad et al. (1957) report that serum calcium in lambs

born to ewes fed 240/Kc 1131 per day was lower and the serum
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Inorganic phosphate higher than in the control lambs, In the
present experiment the athyroid goats had lower serum cal-
cium and higher serum phosphorus than the controls, Whether
parathyroid gland function was impalred 1s a matter for some
conjecture, Marston and Plerce (1932) stated that sheep
have two palrs of parathyrolds, one embedded in thymic tissue
dorsal to the thyrold gland and the other intimately bound

to the thyroid gzland. Simpson (1912) reported that acute
fatal tetany followed the removal of the thyroid and parathy-
roid gland in lambs five to seven weeks old. In the experi-
ment réported here no tetany was seen among the athyrold
goats, It was assumed that parathyrold tissue remailned in
these goats even though 1t was found 1n only two of those
which were comnletely thyroldectomized.

Urinary calcull were not mentioned by Goldbers (1927)
as one of the findings 1In thyroldectomized sheep and gcats,
thouzh renal pathology was noted. The acid solubility of tre
calcull found in the present experiment indlcates they were
not steroild in nature. In view of the lncrease in inorg:nic
phosphorus in the serum 1t 1s speculated that increased
urinary phosphorus may hLave followed, by 1tself or in combina-
tion with other factors causing conditions favorable to the
formation o} prosphatlc caleull, Further experimental work
will be necessary to elucldate the role of hypothyroidism in
urinary calculus formatlon.

Joint erosions, particularly 1n the tibic-tarsal jJoint

rave not been reported before in thyroldectorized geats 1in
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so far as could be ascertalned. Silberberg and Silberbers
(1955) revorted that aging mice of certain hypothyroid strains
developr leslons of the articular cartilage similar to those
seen in the thyroldectomlzed goats 1n this experiment. Ulcer-
ation of the articular cartilage in mice however was followed
by ossificatlon of the underlyling bone, marginal outgrowth

of cartila; 2 =nd btone in the Joint cavity, and fibrosls and
ingrowth of the 3ynovlal membrane into the epiphyseal marrow.
The latter chances vere not characteristice of the arthritilc
ulceration scen in goats although the leslons may not have
persisted long enouch to permit development of the chronic
form.

Lung changes were difficult to correlate with the
kypothyroid condition. Although the atelectaslis was more
extenslive in the athyrold group 1t also occurred in some of
the controls. The marked stertorous breathing noted during
1ife, however, was confined to the athyrold groups of goats.
Bustad et al. (1957) reported that ewes whose thyroids had
been destroyed by 1131 experienced increased sensitivity to
cold and wvere subject to respiratory infection.,

Trhe adrenal gland changes in goats confirm the ob-
servations of Deans ané Greep (19.7) concerning the increased
Sudan IV-stalninzg and shrinkage in the cortex, Decrease in
slze of the adrenal gland in proportion to body welght in
the thyroldectomized goats was not noted, however., No men-

tion was made in the literature reviewed about the relative
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increase in dlameter of the medulla accomranylng the decrease
In depth of the cortex, Vhether thls medullary increase is
some form of compensatory enlarsement remalns a matter for
conjecture and further investigation.

The pltultary gland changes in thyroidectomized goats
agree closely with those observed by Jubb and McEntee (1955b)
in the thyroidectomized bull and with those of Halmil (1950),
and Purves and Griesbach (1951b) in hypothyroid rats, The
larce beta basophllic cells in the central part of the pars
distalis which staln PAS posltive become degranulated and
vacuolated following thyroldectomy. A subjectlve decrease
in the small delta cells suggested but iild not establish that
the gonadotroph cells described by Jubb and McEntee (1955b)
In bulls were decreased in the group-F goats subjected to
prolonged athyroidism,

Althouzh the testes and accessory glands were smaller
in thyroldectomized goats from grouprs E and F then 1In the
controls, ti:e slze in relatlon to body welzht was the same
as for the controls, This 1s somewhat contracdictory to the
evlidence vpresented by }Magsood and Reineke (1950) in mice, Scow
and Simpson (1945) in rats, Magscod (1¢5Cb) in rabbits, and
Greenwood and Chu (1939) in cockerels that thyroidectomy or
thiouracil caused reductlon in testicular size. The failure
of thyroidectomy to cause decrease In relative testicular
slze in zoats many have resulted from removal too late to

prevent testicular develonment.
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The histological .chanzes in the testls (atrophic and
degeneratlve changes in the seminiferous tubules and the
interstitial tissue) are similar in thyroldectomlzed goats
to those reported In thyrold-inhlbited mice by Magsood and
Reineke (19°0), in rats by 3cow and Simpsom {12435}, in
rabblts and rams by Magsood :133Ct).

The observation that the dezenerative changes occur
principally in secondary spermatocytes and spermatids agrees
with the findings cf Knudsen (1954), He observed that in
bulls, whose testss were subjected to'thermal insulation for
short or extenced perlods, primary spermatocytes falled
to show normal mitotlc activity.

Sudan IV=staining of testlcular sections revealed
Increased sudanophilic substances in cells along the basement
membrane and in cells in lumina of the seniniferous tubules.
WVhether this increase in sudancphillc substance was due to
accumulated neutral fat or a pessible increase in ketosteroid
materials was not determined. [zane and Greep (1947) by
epecial techniques showed that increased sudancphillia In the
slomerulosa of the adrenal gland was due to an increase in
ketosteroids, SCince the Sertoll cells are believed to rro-
duce estrusenic substances in certaln pathologic states such
as Sertoli-cell tumors (7 mit: and Jones 1957) 1t seems that
the increased sudancphilia mizht be due to ketosterclis,

Interstitlial tissue changes approximated those

reported by ssveral authors studylng the effect ¢f thiouracil
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feeding on spermatogenesis in rams, rabbits, and mice
(Magsood and Relneke, 1950; Magsood 1951la, 1951b). Thyroid-
ectomy of rams resulted in atrophy of testicular interstitial
tissues in studies reported by Berliner and Warbritton (1937).
In the present study there were fewer lLeydig cells in testes
from thyroidectomlzed goats and a greater propoftion showed
nuclear pyknosis, and cytoplasmic atrophy. The aniline
blue staln (Heidenhaid% modification) differentiated the
Leydig cells well from the collagenous interstitial fibers,
In the control goats the majority of the Leydig cells stood
out as large ovold cells with large round nuclei and a
distinct granular cytoplasm, Sudan IV stalned the cytoplasm
of these cells very falntly. In the athyroid goats the
cytoplasmlc granules were much diminished or absent,

Pronounced changes in the epithellum of the epldidymis
suggest diminished function in this portion of the reproduc-
tive orgahs. Few changes 1n the epldidymis have been re-
ported followlng thyroid inhibition., Magsood and Relneke
(1950) reported a decrease in seminal vesicular weight in
"young mice fed thiouracil.

From these studies 1t 1is concluded that total thyroid-
ectomy 1s necessary to produce the typical effects of de-
creased reproductive function. Thyroldectomy apparently has
1ts rmost profound effect on libido, However, since litido
1s dependent on neurological as well as endocrine factors

the extent to which other conditions such as arthritis and
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its accompanying pain affected this funetion could not be
accurately determined.
D. Testicular Blopsy as a Tool for
Measuring Testicular Function

Testicular biopsy was successful in the majority of
the goats in which it was tried. It 1s doubtful that indis-
criminate repeated blopsy with the Vim=Silverman needle
should be performed since some permanent damage to testicular
tissue occurs, Barker (1949) reported that, of three methods
of testicular blopsy, the Vim-Silverman blopsy needle caused
the least damage.

The technique of Barker (1949) using the dorso=-
lateral portion of the testls of goats proved effective in
obtaining specimens wilth the Vim-Silverman needle. It was
determined that the onset of spermatogenesis was delayed in
the thyroidectomized goats. The results of the blopsies
indicate that care must be exercised in young goats not to
puncture the head of the epididymis since escape of spermato-

zoa will result in the formation of a sperm granuloma,



VI. SUMMARY AND CONCLUSIONS

The clinical and pathological effects of complete and

partial thyroidectomy on reproductive function in young male

goats were studled. Because of the complete lack of libldo

in athyroid goats electroejaculation was employed to collect

semen from all goats. It was further bbserved that compared

to the controls the athyrold goats:

1.

2.
3

Te

Produced significantly fewer motlile Bpermatozoa
per ejaculate (.59 billion vs. 1.71 billion.)
Produced significantly more abnormal spermatozoa.
Had lower absolute mean testicular welghts, but
equivalent ratlio of testicular weight to body
weight.
Showed more cytoplasmic degranulation and atrophy
and more pyknosis of Leydig cells.
Had more vacuolation and hyaline-like change in
secondary spermatocjtes and spermatids.
Exhiblted greater sudanophllia among cells in the
seminiferous tubules, particularly in the lumen
and along the basement membrane.
Showed more vacuolation, fewer stereocilia and
the formation of laminated bodies resembling
corpora amylacea in the epithelium of the head of
the epididymis.
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8. Had more pronounced degranulation and vacuolation
of the large beta basophlils in the anterior lobe
of the pltultary gland.

9. Had a shallower adrenal cortex and a greater
medullary dlameter in the adrenal gland.

10. Showed hyperkeratosls of the epldermis and halr
follicles and vacuolar degeneration of smooth
muscle in the dermis,

11. Had consistently appearing shallow eroslions of
articular cartlilages of the tiblotarsal Jjolnts
whille the controls had none.

It was concluded that athyroidism more profoundly af-
fected 1ibido than it did sperm production even though the
latter was significantly reduced.

Reproductive and other functlions were not impaired
when male goats were only partially thyroidectomized. Like=-
wise administering lodinated proteln soon after complete
thyroidectomy permitted normal growth and semen production.
Replacement therapy after pronounced cretinoid symptoms
developed did not restore normal growth nor reproductive
function but did alleviate other symptoms of cretinism,

This may explain in part the failure of bulls and other male
animals experiencing chronicelly reduced reproductive func-
tion to respond to thyroid or other therapy. When complete
thyroidectomy was delayed till about six months of age there

was a non-significant decrease in sperm production and some
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loss in 1libido. Had this latter group of goats been kept
longer 1t is probable that reproductive function would have
steadlly declined.

It was concluded that surgical thyroidectomy must be
followed by 1131 uptake studies to determine whether acces-
sory thyroid tissue remains in goats used for athyrold experi-
mentation, Approximately eight millicuries of 1131 destroyed
the remaining tissue without causing other undue local leslons
in incompletely thyroldectomized goats.

Testicular blopsy provided sn adequate means of assess-
ing testicular histology but resulted in some local necrosis
and calcification along the path of needle entry. It was
found that extreme care should be taken to prevent puncture
of the epididymls, or when it 1s punctured, the escaping

sperm invariably cause formatlon of a granuloma.
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