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nrEBODUCTIOK 

For the past two decades the relationship of the thyroid glands to 

the genital system of the male has been a problem of Interest to many 

investigators {k, 9, 2l^). It has been reported that one cause of reduced 

fertility in dairy bulls is an underactlve thyroid with consequent 

reduced thyroxine secretion and lowered matabolisB and seminal changes 

(9, 13, 2hf 36, l^l). Feeding thyroxine has been advocated as a 

means of improving fertility in bulls (13» ^O). On the other hand^ 

thyroidectomized bulls have been reported to have normal semen (36). 

The essential role of thyroxine has been demonstrated definitely In rams 

by producing hypothyroidlsm by thiouracil feeding (11)• Because of the 

similarity of seminal characteristics of rams and bulls, it was of 

interest to investigate the response of dairy bulls to such artifi 

cially induced hypothyroidlsm. 

This investigation of the relation of the thyroid to reproductive 

physiology in dairy bulls was begun in The University of Tennessee 

Department of Dairying in the latter part of 1950. The phase of this 

investigation reported here deals with the attempts to feed dairy bulls 

methyl-thiouracil at a level necessary to produce mild hypothyroidlsm, 

and to observe the effect upon libido, seminal characteristics and 

glandular tissue changes as compared to that of normal bixlls. 



REVIEW OP LITERATURE 

Absorption and elimination of thloiiracll. Thlouracll Is absorbed 

from the gastro-intestlnal tract and taken to all parts of the body^ 

tissues and fluids (^2)| with the greatest amount being stored In the 

pltultairy, thyroid, adrenals and bone marrow. Thlouracll In the blood 

is largely bound to the protein with cells possessing several times as 

much as the plasma; It is absorbed rapidly from the digestive tract and 

eliminated quickly mainly by way of the kidneys (l8). 

Significant levels of thlouracll were maintained over a 22-hour 

period In 125 calves by oral administration of 2.0 grams at 12-hour 

Intervals (l8). The peak of concentration In the blood was reached at 

V to 8 hours when administered orally and In 2 to hours when admin 

istered subcutaneously. 

In cockerels (8) receiving 50 milligrams of radioactive thlouracll 

per OS, 60 to 70 percent of the hormone was excreted within 2l»' hours. 

After this lapse of time the thyroid, the base of the feather shafts, 

auid probably also the hypophysis, were the only tissues which retained 

appreciable amounts of the radioactive substance. After 96 hours only 

traces of methyl-thlouracll could be detected in the carcasses (8). 

When the 50 mllllgr^ dose was repeated after 2k hours, a cumulative 

effect was observed (8). 

Most of the tissues of the body and also gastro-lntestlnal con 

tents possessthe capacity to destroy thlouracll (52). One third of 

the Ingested drug Is excreted as such In the urine, but none In the 

feces (52). 
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Rawson al. (378') state that thlouracll stored In the orgauiB 

possesses the ability to resist Iodine, which Is possibly one prlncli)al 

means by idilch thlouracll blocks the production of thyroxlne. 

Effect of thlouracll feeding on semen. The administration of a 

chemical In great enough quantities to produce hypoplasia or regres 

sion of tissues within the testes or other parts of the genital tract 

would very likely be detrimental to the normality of the semen. In 

es^erlments with cockerels, thlouracll treated birds were compared 

with normal birds under otherwise similar treatment, used as controls, 

and It was found that testes size and tubule diameter were much smaller 

than in the control group (3, 12, k2, 1^3, 1^6), and that regression of 

the tubules In the thlouracll treated group was in some cases associ 

ated with Interruption of spermatogenesls (ll, 12, 2k, k^). When the 

fattening ration was replaced by a normal diet and thlouracll discon 

tinued, spermatogenesls was resinned. Therefore, It Is believed that 

regression of the testes Is a secondary effect of changes In the thyroid 

glands, brought about either by excessive feeding coupled with restric 

tion of movement or by the administration of methyl-thlouracll (12). 

Thlouracll feeding was found to decrease the motlllty, viability and 

longevity of the sperm In certain animals (16, 11, 2k, k5, k6). 

When hens were Insemlxiated with semen from cocks of three groupst 

controls, those receiving 0.2 percent thlouracll, amd those receiving 

0.5 percent thlouracll, semen from controls was 9k.7 percent fertile 

for 550 eggs, from the 0.2 percent group It was 85.k percent fertile 

for 192 eggs, and the 0.5 percent group was 76.2 percent fertile for 



k20 eggs CvS). The feeding of thiouracil to cocks has been found to 

decrease greatly the cosib area. 

Other evidences^ however, indicate that the feeding of thiouracil 

has no significant effect upon semen volume, motility or sperm concen 

tration (22, 23, 2k, k6). Still others have found the hatchability of 

eggs to be improved by feeding thiouracil (29). 

Bypothyroidic conditions that caused a marked decrease in sperm 

numbers, motility and an increase in sperm abnormalities in rams had 

no noticeable effect upon the libido (11). The feediixg of 0.23 percent 

thiouracil to rats for ik days had no effect upon the size, weight or 

microscopic appearances of testes and ovaries (k6). Of eleven males 

used, ten sired litters and it was concluded that hypothyroidism induced 

by thiouracil feeding had no effect upon the reproductive system of the 

male rats (22, kk, k6). Semen volume from the control group was insig 

nificantly less than that trom those groups receiving 0.2 percent and 

0.5 percent thiouracil, though the motility and longevity of semen from 

groups getting 0.2 percent emd 0.5 percent were significantly less than 

for the control (k6). 

Effect of chemical hypothyroidism and thyroidectomy on libido and 

spematogenesis. Thyroidectomy in the bull leads to complete loss of 

libido (36, k7). This loss of libido does not affect spermatogenesis 

since ejaculates obtained by massage of the ampulla are normal in sperm 

activity, morphology, longevity and fertilizing ability (36). The 

administration of thyroxine immediately restores libido (I3, kO). 

Veeding thiouracil at a 0.75 grams per 100 pounds of body weight 

level completely stops the production of thyroxine in cattle, sheep and 
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goats (1^9)» ^ich Is equivalent to total thyroidectomy in so far as 

thyroxine production is concerned. 

Thyroidectomized fowl were found, on autopsy, to have regenera 

tive tissue (^). One thyroidectomized calf showed rough coat and other 

symptoms of thyroxine deficiency at three weeks after the operation, 

but at seven weeks after operation the calf showed aj^in normal vigor 

and a glossy coat (lU). Many investigators have noted a pronounced 

effect of thyroidectomy upon comb and testes of birds {2k). It was 

found that thyroidectomy would decrease the testes size by as nnich as 

80 percent in eleven days and as much as 90 percent within twenty days 

in chicks and similarly in drakes (2^^). The size of the penis was 

affected more than the testes (2't). Greenwood and Chu observed regres 

sion of testicular size and cessation of spermatogenesis in Brown Leg 

horns after thyroidectomy (19)» 

niough it is hard to reach agreement, a number of investigators 

hold the view that the thyroid has no direct effect on the testes, and 

that any reproductive disturbance in the male in hypothyroidism and 

hyperthyroidism is due, not primarily to endocrine imbalance, but to a 

changed metabolic status {kl, 33); change in nervousness and nervous 

irritability (lO); general growth disturbances (*;8); or change in the 

complex interrelations between the endocrine system and body metabo 

lism as a ̂ ole (25# 39)' 

Thyroidectomized rams yielded a decrease in semen concentration 

and an increase in percentage of abnormal sperm (7). The testes were 

edematousj there was a decrease in the interstitial tissue and 
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sloiighlng and pycnosis In the seminiferous tubules (7)> 

Effect of thyroxlne on semen. It has been noted that the addition 

of thyroxlne to semen dlluter produced a definite increase in conception 

rate (9). It is believed by several writers that thyroxlne plays an 

importaait role in maintaining the normal pituitary-gonadal balance, 

evidenced by the reduction in the level of pituitary gonadotrophin in 

thyroidectomized goats (9# 10). Tlaere are indications that the addi 

tion of thyroxlne influenced the metabolism of semen, and thyroxlne 

added to critically concentrated bull semen caused an increase in oxy 

gen consumption (Hi). As a result of a series of trials with various 

concentrations it was found that the optimum level was 0.3 micrograms 

per 10 milliliters of diluted semen to produce the greatest oxygen 

absorption rate (Hi). 

Effect of thiouracil upon the thyroid gland. Thiouracil has been 

reported by scoie (H6) to have an effect upon various tissues of the body, 

while others believe that it has a direct effect upon the thyroid (20, 

21, 23, H3) and secondary effects upon the other organs. It is a very 

popular opinion though that the administration of thiouracil has either 

a direct or an indirect effect upon the thyroid of various animals (2, 

3, H, 6, 20, 28, 30, H6). The rat thyroid is greatly enlarged (22, 26, 

H6)i broilers' thyroid is greatly enlarged with cysts (3* 21, H6); lambs' 

thyroid greatly enlarged (2, H); and pigs' and hogs' thyroids are 

greatly enlarged, two to three times normal size. Feeding steers four 

grams of thiouracil per day enlarges the thyroid by 50 percent or more, 

but a 2-gram level produces no noticeable change (6). 8<Mne broilers 

fed at a 0.2 percent level had thyroids enlarged to 20 times normal 
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size amd one other vas 70 times normal size. From this evidence ve 

would conclude that the administration of thlouracll at a 0.2 percent 

level or greater would produce thyroid enlargement. 

Effect of thlouracll upon BMR. It Is quite possible that the 

principal effect of thlouracll upon the male animal Is the lowering of 

basal metabolism. Meyer and Ranson foiuid that a 0.5 percent feeding 

of thloxiracll lowered the BMR to -'^l percent {32, . Relneke pro 

duced a -23.7 percent BMR by feeding a ration of 0.1 percent thlouracll 

(38). Furthermore, It has been found that the nervousness and Irrita 

bility of the thlouracll-fed animals was due to a lowered basal metabo 

lism (9, 30, 32, 3k, 35). On the other hand, the administration of 

thlouracll does not have the sane effect upon all animals, since light 

dosages tend to bring the metabolic rate back to normal In some dis 

orders of the human (23). 

Role of thyroid In sexual development In the male. A series of 

experiments (27) showed that hyperthyroldlsm aided spermatogenesls 

and Incresised secretory action of the Interstitial cells of the testls 

for mice, rabbits and rams and that thyroldectomy and prolonged thlo 

uracll treatment Interfered with normal processes of spermatogenesls. 

The seminiferous tubules showed atrophlc and degenerative changes, the 

spermatogonlal cells being disorganized and the tubules appearing to 

contain an abnormal accximulatlon of cells. 

Mild hyperthyroldlsm resulted In a precocious development In the 

young male rabbit and ram, while prolonged hypothyroldlsm or severe 

hyperthyroldlsm Interfered with normal reproductive processes (27)' 
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Continued administration of large doses of thlouracil to growing males 

flwrkedly isipalred the sex behavior and the seaen was of very poor 

quality (27). 

!Ehe depression of sexual development during hypothyroldlsm (2?) 

may be due, in part, to reduced secretion of the pituitary gonado-

trophins, idiile the increased functional activity in hyperthyroidism 

is probably due to increased output of hypophyseal gonadotrophic hor 

mones which in the presence of thyroxine are responsible for growth 

of the male organs. The follicular stimulating hormone stimulates the 

growth of the seminiferous tubules, and the increased production of 

luteinizing hozmione stimulates the secretion of the male sex hormone by the 

Leydig cells of the testes (27). 



BXPESIMENTAL PROCEDURE 

Plan of Investigation. The plan of Investigation was to feed thio-

uracll to two normal and sexually mature dairy bulls to produce a mild 

hypothyroidism, and to observe changes in reproductive activity measured 

by libido and semen quality. Thiouracil was to be fed twice daily 

throughout the feeding period. The quantity to be fed was five grams 

daily at the beginning with periodic increases as would be necessary to 

reach an effective feeding level, determined by the blood plasma con 

tent, and to continue at this level for a period deemed necessary to 

produce hypothyroidism. 

Semen was to be collected each Thursday, examined, diluted and 

stored for further study and examination. Heart rate and libido would 

be determined at each collection period. 

In the semen studies an initial motility rating was to be made 

and differential stains made for live-dead and morphology studies. The 

influence of thyroxine on semen from hypothyroid bulls, and the effect 

of thiouracil upon semen from normal bulls was to be determined. 

At the end of the experimental period both treated bulls were to 

be slaughtered. Their thyroids and testes were to be sectioned and 

observed for any histologlcal variations from normal. 

The period of investigation was to be divided into three parts; 

a period of acclimation, a period of thiouracil feeding, and a post-

thiouracil feeding period. The first part was an adjustment period in 

\riiich the animals were to have their rations changed from a showing to 

a growing ration, their habitat from a show circuit to the oonfines of 



10 

a dry lot and stable, and to become acquainted with the breeding rack 

and the process of collecting semen artificially. The second part vas 

the hypothyrold period and the third part vas the leveling off and con 

clusion. 

Experimental animals. Bulls used for semen collection were six 

sexually mature bulls In the University of Tennessee dairy herd. Tvo 

of these selected for thiouracll feeding were Jerseys, 22 months old 

at the beginning of the Investigation. These are designated hereafter 

as R and C. Specimens of normal thyroid and testes vere secured from 

a similar bull slaughtered at the East Tennessee Packing Plant, and 

designated as X. 

Semen collections and examination. In the preparation for collec 

tion, the bulls were caught euad tied one hour before time for collection. 

Then the heart rate vas checked, by caudal pulse, before the teaser cov 

vas brought about. At the time of collection each bull's libido vas 

rated In figures, 0, 1, 2, 3, In vhlch 0 Indicates none and 3 Is top 

rating. Collections vere made once each week. Two ejaculates vere 

taken at each collection when possible. 

Semen vas collected by means of an artificial vagina, constructed 

of a lij—Inch rubber hose 2.25 Inches In diameter with soft rubber inner 

liner and a soft rubber funnel supporting a graduated collection tube. 

The space between the tubing and Inner liner vas filled vlth water hot 

enough to maintain a teiqperature of 115°P to 120''T at time of collection. 

A flannel-lined sheath vas put over the funnel and collection tube to 

protect the semen from ten5>erature shock. Immediately after collection 
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the tubes of semen were placed in a vacuvun bottle containing water at 

approximately 95°r to maintain a constant temperature until it reached 

the laboratory for examination, dilution and storage. 

At the laboratory the semen was examined for initial motility 

rated as the percentage of progressively motile sperm. As soon as 

possible a differential stain was made for morphological examination 

and the determination of the percentage of live sperm. The differ 

ential stain consisted of 2 percent eosin and 5 percent nlgrosine in 

a 3 percent Na^C5H^0Y.2H20 solution (50). The semen was diluted at 

1:25 in a diluter consisting of 1 part fresh egg yolk, free from white 

membrane, to 3 parts of 3 l>ercent sodium citrate dihydrate buffer 

solution. Streptomycin was added to all diluted semen at the rate of 

one milligram per millillter. The diluted semen was gradually cooled 

in a paper-wrapped vial in a refrigerator, operating at 1»0°F, where it 

remained in storage over the entire period of observation. 

Motility readizigs were made by placing a drop of mixed semen from 

each vial on a warm slide in a microscope stage incubator set at 100°F, 

covering with a cover glass and promptly estimating the percentage of 

progressively motile sperm to the nearest 5 percent. Semen retalnixig 

any motility was rated 10 days. 

Differential stains were filed as they were made and examined 

later. Counts of dead sperm and abnormal sperm from examining not 

less than 300 sperm per slide were made and listed in tabular form. 

The recorded abnormalities were: proximal protoplasmic droplet (when 

the droplet appeared at the neck of the mid-piece), abnormal heads 
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(tapering heads, pyrlform heads, small heads or enlarged heads), sepa 

rate heads (in this case the heads and not the tails were counted), 

abnormal mld-plece (filiform, beaded mld-plece, enlarged mld-plece, or 

doubled mld-plece), abnormal tails (this included colled tails of var 

ious types emd double tails). 

Thlouracll feeding and blood plasma auaalysls. Thlouracll was fed 

In the grain ration In two equal portions at night and morning feedings 

for all levels of thlouracll feedings. Each bull received three pounds 

of grain and six pounds of hay twice dally until thlouracll feeding 

reached Its topmost level when the grain remained as before and the 

hay feeding was reduced to three pounds twice dally to force the con-

siuBptlon of grain and thlouracll. fhe feeding of thlouracll was 

Increased after each analysis until a desired level of thlouracll In the 

blood was reached; this took place In the following maxmer: on February 

k thlouracll was started at 2.3 grams per bull twice dally, on N&y 1; the 

thlouracll ration was Increased to I; grams per bull twice dally, on 

May 9 thlouracll was Increased to 7«5 grams per bull twice dally, on 

May 1? thlouracll was Increased to 12.^ grams per bull twice dally, and 

on May 23 it was increased to 15 grams per bull twice dally, a level at 

Mhlch the analysis showed a constant plasma thlouracll content. 

The blood for the analysis was taken from the Jugular vein of each 

experimental bull and one normal bull at 9 A. N., 1 P. M. and 5 M. 

on May 1, 1951• The normal bull plasma was used as control with which 

to get a zero reading on the Instrument. 

Potassium oxalate was used in the collection tubes to prevent the 

clotting of blood. The tubes of blood were stored over night In the 
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refrigerator to facilitate separation of the cells and plasma when they 

were centrlfuged. 

Blood plasma thlouracll was determined by am Improved method based 

on the use of Orote's Reagent (35)« 1*0 milligram percent and 2.5 milli 

gram percent solutions of thlouracll were used as standards for measuring 

the thlouracll content of the plasma In the amalytlcal reaullng. 

Influence of thyroxlne upon sperm llvablllty. Since thlouracll 

blocks the production of thyroxlne (26), this condition may possibly be 

Injurious to the sperm llvablllty. A total of 91 samples of semen from 

the hypothyrold bulls were treated with 0.1 mlcrogram thyroxlne per 

mllllllter of diluted semen and conqpeored with the saune ejamulates diluted 

without thyroxlne. All samples were treated In the same manner In stor 

age and examination. 

Influence of thiouracll upon sperm llvabllity. Thiouracll content 

of the blood and gland secretions may also be detrimental to the motlllty 

and llvablllty of the sperm. To Investigate this possibility, semen 

from normal bulls was taken and diluted at the same rate as the semen 

samples from the hypothyrold bulls. Antibiotics were used In the same 

proportions and thiouracll added in various concentrations from 0 to 100 

milligram percent. All semen samples were refrigerated at hO°P and 

rated for motlllty as described above. 

Hlstologlcal examination of thyroid and testes. The bulls, R and 

C, were slaughtered on JUly 19, 1951* sample tissues were taken 

from the thyroid and testes of each bull for hlstologlcal examinations. 



These tissues were preserved in Bouin's fixative (5), and mounted in 

paraffin blocks for sectioning. The sections were cut 5 mlcroixs In 

thicknessf floated on water and picked up on slides coated with Mayer's 

albumin. They were stained with hematoxyllne and counter stained with 

0.25 percent alcoholic eosln solution. The sections were mounted In 

Canada balsam under glass cover plates. Representative fields of the 

sections were photomicrographed with an enlargement of 15OX. Histo-

loglcal exuilnatlon was also made of each section by careful observa 

tion at U5OX and 930X magnification. Tissues from a normal dairy bull 

of about the same age as the hypothyrold bulls, R and C, were taken from 

a bull at the slaughter house and fixed, sectioned and examined In the 

same manner as that of the e^erlmental bulls. 



RESULTS 

Physical appearance and behavior. Bulls R and C were indolent and 

had little tendency to want to play and exercise; there was also a notice 

able rough coat In the spring. There were no symptoms of nervousness and 

Irritability at any time. However, when they were out In their respec 

tive lots and other animals were birought about, they failed to show 

Interest In them as did the normal bulls. They were not frequently seen 

pawing the ground and lowing when other animals or people came near, and 

would often remain at the back side of their lots until they were driven 

Into the bam. When disturbed or excited the bulls appeared to be very 

alert and to have a lot of energy as Is shown In Figures 1 and 2. 

nxese photographs were taken two months after the starting of the 

thlouracll feeding at the level of 5 grams per bull per day and one 

month before the higher level of feeding was started. 

Semen production and sperm viability. IXirlng the period of accli 

mation the collection from the two experimental bulls was very satis 

factory. Libido was usually very good and the volxuae, concentration and 

physical appearance were nothing short of normal. Tables I and II show 

sums and averages for the four periods considered. These periods were* 

pre-experimental, 90~'l®y thlouracll feeding at 5 gram level, the period 

of thlouracll feeding at the Increased levels, and post-thlouracll feeding 

period. The changes noted In the studies of semen of R were a decrease 

In volume In the post thlouracll period, and a progressive Increase In 

Initial motlllty during the trial. The studies of semen from C showed 
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Photograph of Bull R Taken Two Months after 
Thiouracil Feeding Was Started 
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Figure 2 

Photograph of Bull C Taken Two Months after 
Thiouracil Feeding Was Started 
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a decrease in concentration during the thiouracil period and a slight 

increase for the post-thiouracil period^ with a slight increase in 

initial motillty in the last two periods. 

Morphology of spermatozoa. At the first of the period of accli-

■ation and training the semen was of low volume, slightly low in con 

centration and had a relatively high percentage of dead and abnormal 

spermatozoa. This period was short, though it did affect the average 

somewhat. Tables III and IV show the percentage dead and the various 

abnormalities for both bulls R and C. These ratings are averages of 

the entire period as indicated in each table. All abnormalities and 

dead sperm in the semen of bull R of Table III showed a decrease in 

percentages in each of the thiouracil feedings and an increase in all 

percentages of abnormalities in the post-thiouracil feeding except 

that of abnormal tails. For bull C, in Table IV, the percentages were 

in decreasing order for thioxiracil periods and increasing in post-

thiouracil, except for separate heads, protoplasmic droplet and 

abnormal mid-piece. 

Heart rate and libido. The bulls' libido was normal throughout 

the feeding period. However, it was noted at at times when the libido 

rated low a change of the teaser from cow to bull caused the bulls to 

serve the artificial vagina readily. IXiring the training period R 

was very slightly hurt on the breeding rack which caused him to show 

symptoms of a low rating libido, but when the teaser was taken out of 

the rack, he served the artificial vagina readily. Even during this 

period of shyness the semen volume was normal, which was in accordance 
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vlth the findings in literature (13)* 

The heart rate and llhldo were not noticeably affected by the 

thlouracll feeding. Aside from the expected variation due to Indi 

vidual differences, these rates were normal as is Indicated In the 
« 

following tables. Tables V and VI show thlouracll feeding level, 

number of semen collections per period per animal, the average libido 

rating and the average heart rate count. 

Blood plasma and thlouracll. On the day following blood san^llngs 

the analysis for thlouracll content was made. Tables VII and VIII show 

the day of the san^slings, the level of thlouracll feeding up to that 

time, and the thlouracll level In the blood at that level of feeding. 

A constant level of blood thlouracll was not found until 15 grams were 

fed twice dally. Failure to find thlouracll In measurable quantities 

on May 22 when 25 grams per day were being fed was probably due to 

poor consumption of the feed in which the thlouracll was mixed. This 

was corrected before the May 28 sanqpllng by reducing the hay allot 

ment. It was further noted that the thlouracll findings In the blood 

plasma at the lower levels of feeding were Irregular. This was pos 

sibly due to piece-meal eatiiig of grain throughout the day. 

Effect of thyroxlne on llvablllty of sperm of thlouracll treated 

bulls. Table IX shows the comparative 10-day average reading of motlllty 

for the entire thlouracll feeding period. The findings In this experi 

ment show no significant advantages In adding thyroxlne at the rate of 

0.1 mlcrogram per mlUlllter of diluted semen. 
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TABLE V 

MUMBllt OF COLLECTIONS, THIOURACIL FEEOIHa LE7EL, 
ATIS8A0E LIBIDO AND HEART RATE FC» BOLL R 

Period 

11-28-50 
to 

2- i^-51 
2- A-51 
to 

5- »^-51 
5- 1^-51 
to 

6-15-51 
6-15-51 
to 

Number of 

Collections 

Ik 

25 

11 

10 

lioiiracii 
Feeding 
Level 

8-

0 

5 

30 

0 

Average 
Libido 

3.0 

2.0 

2.5 

2.8 

Iverage 
Heart 

Rate 

67 

65 

6k 

62 

-i' 
i • 

¥' 



 

 

 

2k 

Period 

11-28-50 
to 

2- lf-51 
2- 1^-51 

to 
5- 1^-51 
5- ^-51 

to 

6-15-51 
6-15-51 

to 
7-19-51 

TABLE VI 

HUHBER OF COLLECTIONS, THIOUBACIL FEEDINO LEVEL, 
AYl^AOE LIBIBO AND HEAliT RATE FOR BULL C 

Lourecj 

Number of Feeding Average 
Collections Level Libido 

g. 

11 0 3 

26 5 3 

12 30 3 

9 0 3 

- ; 

• -•'j t'i 
. <■ ■■ 

Average 
Heart 
Rate 

63 

62 

62 

60 

I 
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Period 

Average of 3 
consecutive 

analyses on 

May 1, 2, 3 

Nay 8 

Nay 

Nay 22 

May 28 

TABLE VII 

THIOURACIL TEEDISa LEVEL ABB BLOOD PLASMA 
THXOUBACIL COBTSBT OF BULL R 

Thiouraeli Thlouracll Thlouracil 
Thioiurau:!! in Blood in Blood In Blood 
Faedlng 9:00 A. M. HOG P. M. 5tOO P. M-
g.—Day Bg m'—i 

5 0.05 0.017 0.00 

8 0.10 0.000 0.00 

15 0.05 Trace 0.10 

as 0.00 0.000 0.10 

30 ,rP^ P-M, 0.20 
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TABLE Vm 

TBIOOBACIL FEBBZKG LSm.AHB BLOOD PLASMA 
THIOURACIL CQRTEBT OF BULL C 

"TSIouSmcTT Tbiouraell "THouSeTt 
Thiouracil In Blood In Blood In Blood 

Period Feeding 9;00 A. M. ItOO P. M. 5:00 P. M. 
g.—Day XBg.—i 

Average of 3 
consecutive 

analyses on 
Nay 1, 2, 3 5 0.03 0.00 0.02 

May 8 8 0.05 0.00 0.00 

Nay Ik 15 0.00 0.00 0.00 

May 22 25 0.00 Trace 0.00 

May 28 iO 0.15 0.20 0.20 
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Bffect of thlouracll on llvablllty of erperm of normal Twlla. Tablo 

X shows the average lO-day readliigs for 19 to 23 saoples at each level 

of thiouracil froa 0 to 100 ailligram percent. With the exception of 

some unknown cause for the 2 and ^ milligram percent treated sasqples 

dropping down on two different occasions there seemed to he no dif 

ference in the treated and untreated semen in motility and livability. 

Histological observations. On July 19» 1951» "the bulls (R fluid C) 

were slaughtered, fluid thyroid glands, testes fluid genital tract were 

disected for exflunination. Photomicrographs of sections of the thyroid 

and testes of R, C and X (normal bull) are shown; in Figures 3# ^ 5 

respectively are thyroid, and 6, 7 •nd 8 respectively are testis. 

The weight of the normal dairy bull thyroid has been reported 

about 32.^ grcuns (I't^). The weights of the treated bulls' thyroids at 

the time of slaughter were 3^ grams for R auid 39-^ grams for C. Thio 

uracil feeding had been discontinued 35 days before the bulls were 

slaughtered. Therefore, these weights probably do not represent the 

pefldc increase in thyroid size due to thiouracil feeding. The size 

increase was largely due to accumulation of colloid. In Figures 3 *ad 

k are shown quite a contrast in the sizes of the follicles from the 

treated bulls and the sizes of the follicles in Figure 3 from the nor 

mal bull. The follicular cross-sectional area as indicated in Figures 

3 fluid H is from two to three times as great as that of Figure 3' Also 

the height of the epithelic^. cells in each of the Figures 3 ^ Is 

about one third that of Figure These conditions, colloid accumu 

lation flmd influrtive epithelium, indicate that definite hypothyroidism 

had been produced in these bulls. 
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In comparing the histology of testea in Kgurea 6 and 7 from the 

treated hulls, with that of Figure 8, no noticeable differences were 

apparent. The structure and arrangement of cells in the seminiferous 

tubules and the interstitial cells in testes from the treated and nor 

mal bulls are very much the same and appear to be quite normal. The 

columned appearances of the Sertoli cells are very much the same in 

Figures 6 and 7•s they are in Figure 8. TSie spermatids are forming 

normally in each case, numerous spermatazoa were seen in all testes 

sections of all three bulls. 
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Figure 3 Figure ̂  

Photomicrograph of a TRiyrold Photomicrograph of a Thyroid 
Section of R, 150X Enlargement Section of C, 130X Enlargement 
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Photomicrograph of a Thyroid 
Section of X, 15OX Enlargement 
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Figure 6 Figure 7 

Photomicrograph of Section of Photomicrograph of Section of 
Testis of R, l^OX &ilargement Testis of C, l^OX Enlargement 

s, 

2»? 

Figure 8 

Photomicrograph of Section of 
Testis of X, 130X Enlargement 



DISCUSSION 

These hulls showed no hesitancy in eating their grain containing 

thiouracil until the level of 2^ grams was arrived at. At this time a 

new x>alatable hay took the place of the old hay previously fed, and 

might have made the grain and thiouracil relatively less tasty. Pre 

vious investigators (6), however, have found difficulty in getting 

cattle (steers) to eat girain containing thiouracil in quantities of6 

grams or greater. By reducing the hay ration for R and C to half 

ration they were easily influenced to eat all their grain containing 

as much as 30 grams of thiouracil per 6 grams of grain. 

This investigation has shown that thiouracil can be fed to sex 

ually mature dairy bulls at the following levels as percent of the 

grain rations for the periods indicated without producing noticeably 

harmful effects: 0.19 percent for 90 days, 0.29 percent level for 6 

days, 0.55 percent for 7 days, 0.91 percent for 7 days, and 1.1 percent 

level for 17 days. The last amount was found to be necessary in order 

to maintain constant plasma levels of thiouracil. Previous investi 

gators (6) had found that hypothyroidism in cattle (steers) could be 

produced by feeding 0.20 percent or more thiouracil In the grain ration. 

It is highly possible that hypothyroidism was produced in these bulls 

before a constant readable level was obtained in the blood. The his-

tological appearance of thyroids of the treated bulls indicated that 

hypothyroidism had been produced in this trial. The physical appear 

ance and actions of the bulls also was indicative of hypothyroidism. 

There were no consistent harmful effects of thiouracil feeding upon 

the volume, appearance and initial motility of semen collected from 
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these hulls every seventh day. fhe average Initial motility of the 

semen for the thiouracil period vas 7^ percent progressively motile 

sperm for hull R and 71 percent for hull C. One cow was hred with 

three-day-old semen (taken during the thiouracil feeding period) from 

R, and conceived on first service. These seminal characteristics are 

in agreement with observations on thyroidectomized hulls (36). 
t 

It has heen reported (kO) that thyroxine added to semen improves 

the respiration and consequently inqproves the motility and fertilizing 

ability of the semen of some hulls. It is not clear whether or not 

such inqprovement is due to supplementing semen which is from thyroxine-

deficient hulls. Since the hulls in this trial could he considered 

thyroxine deficient, if this situation influenced the response to 

thyroxine, inqirovement should have occurred. In this experiment 

thyroxine was added to diluted semen at the rate of 0.1 microgram per 

milliliter without any significant effect. 

Thiouracil added to diluted semen from normal hulls in varying 

concentrations had no significant effect. In this eaqperiment it was 

found that neither the presence of thiouracil nor the absence of 

thyroxine in minute quantities had any effect upon motility or llva-

hility of hull semen. 

Thyroprotein has heen reported to aid in the fertility of dairy 

hxxlls (17, 33, 37), since it carries an added amount of thyroxinej so 

we might expect thiouracil to hinder their fertility because of its 

thyroxine blocking ability (26, 37a). The findings here did not indi 

cate any variation in the histology of tissues of the semen producing 
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organs of dairy bulls as a result of thiouracil produced hypothyroldism. 

It appears fron the results of this and other studies that benefits 

derived fron thyroxine addition to dairy bull rations must bo primarily 

through an increase in general metabolism rather than through influenc 

ing the activity of the genital system. It must be assumed, therefore, 

that thyroxine would be of no value in the treatment of bulls with 

marked seminal changes. However, there is a possibility that the 

results secured in practice by feeding thyroxine to old bulls (37) can 

not be adequately explained from these experiments with young bulls. 

The role of thyroxine in reproductive physiology may be influenced in 

some manner by the age of the bull. Further studies of known hypo-

thyroid old bulls are needed to clarify this point. 

i t J 't ..If A. r- .. -



COHCLUSIOW 

The feeding of thiouracll to two sexually nature dairy bulls at a 

level of 5 grans to 30 grans per bull per day (0.19 percent to 1.1 per 

cent of grain ration) over a period of 17 weeks had no harmful effect 

upon the testes. It did not lower the initial motllity or the liva-

bility of the semen. It did not increase the average percentage of 

dead sperm and various abnormalities of bull sperm. It did not destroy 

the bulls' interest in the estrus cow, although there was indication of 

general decreased alertness. 

Sections of the thyroid glands showed that thyroid physiology had 

been altered by the treatment. It must be assumed that some degree of 

hypothyroidism was developed. Apparently, normal thyroxine secretion 

is not essential to satisfactory functions of the testes in the bovine 

nale. 

Semen of these hypothyroid bulls was not benefited by the addition 

of 0.1 microgram of thyroxine per milliliter of diluted semen. It was 

also demonstrated that the small amounts of thiouracll expected in the 

semen of the treated bulls would not be responsible for abnormal motll 

ity and livability of sperm in storage. 
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