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ENVIRONMENTAL TEMPERATURE Al'iD 

THYROID GLAND INvOLVEMENT IN 

loWERED FERTILITY OF R AMS 

RALPH BOGART Al\"'O DENNIS T. MAYER 

Th, Departmenta of Animal HU8bandry and ArrieulturaJ. Chemitb'y, 
MiSIIQuri AarlC\llwra1 Ezperiment Station, cooper.tin,. 

INTRODUCTION 
Animals, in general, are divided into two II'roups on the basis of 

their br eeding habits j viz., those with a well defined and limited 
period during which matinS' occurs-the seasonal breeders, and those 
in which mating is not limited to any season or definite time of the 
year. In the first group the reproductive organs and associated 
endocrine tissues fluctuate between maximum activity during the 
matiDi period and complete quiescence throughout the remainder 
of the year. In the second group, although r eproductive fluctuations 
are not 80 extreme, variations in the degree of reproductive activity 
are known to occur. Variations in physiological activity of the re
productive organs of non-seasonal breeders are now recognized as 
major considerations in the evaluation of breedin£" problems in this 
iTOUP; but much detailed research r emains to be done, which should 
aid in ascertaining the cause and the mechanism of these changes in 
reproductive physioloaY. 

Before reliable means for the prevention or alleviation of lowered 
fertility in farm animals can be developed, it will be necessary to 
detennine !\nd to investigate the environmental and nutritional factors 
which may induce this condition. Environmental rather than nu
tritional factorS have been aiven prior consideration, because they 
are in greater evidence. 

Light and temperature are recognized as highly effective factors 
in the transition of the reproductive organs from quiescence to max
imum activity as well as in causing the transition in the reverse di
rection: Avian physiologists attribute seasonal reproductive changes 
in birds to variations in the intensity and duration of light. This 
environmental factor affects the reproductive organs indirectly 
throu£"h its stimulation of the pituitary a-Iand to produce ronad~ 
tropins. 

Reproductive activity in seasonal breeders of several other species 
has been shown to be more dependent upon temperature than upon 
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light. The reproductive cycle and spermatogenesis in a fish, the three 
spined stickleback, was shown by Craig-Bennet (1931) to be con
ditioned by changes in temperature. Seasonal sexual changes in the 
male of the thirteen-lined ground squirrel were attributed to some 
factor other than light by Wells (1936). since "changes begin in the 
dark burrow and light has little effect." Wells, in this publication, 
cites the pertinent observation that during the season of low repro
ductive activity the testes of the ground squirrel are functional and 
that they respond to gonadotropins which stimulate active sperma..
togenesis and cause the testes to release sufficient male hormone to 
activate the practically quiescent accessory organs to a functional 
breeding condition. 

If fluctuations in the aetivity of the reproductive organs of the 
seasonal breeders are conditioned by light or temperature, then the 
activity of the reproductive organs of non-seasonal breeders such as 
the farm animals might well be influenced by these factors. 

Among the farm animals the most marked seasonal change in 
the phYsiology of the reproductive organs occurs in rams. During 
those months of the year when temperature is at the highest, fertility 
in some breeds is lowered to practical sterility. At the Missouri 
Agricultural Experiment Station where the . high summer tempera
tures produced infertility' in some breeds of rams, this temporary 
type of lowered f~rtility has been appropriately designated "summer 
sterility". 

Interest in the "summer sterility" of rams has been maintained 
at the Missouri Experiment Station by the continuation of the initial 
wor k of McKenzie and Berliner (1987) which defined the type and 
the extent of the changes occurring in the reproductive organs and 
in their secretions. McKE!nzie and Berliner showed also that a _ 
breed difference in the extent of the fluctuations in spermatogenesis 
and other reproductive functions existed. High summer temperature 
induced a decrease in the number of spermatozoa -and a striking in
crease in the number of abnormal spermatozoa in semen specimens 
from their rams. McKenzie and Berliner also placed rams in rooms 
maintained at a high temperature during the winter and noted changes 
in reproductive function ·similar to those observed in rams during 
the summer months. 

Later investigators' at the Missouri Station provided a cool 
room of constant temperature fo r one group of rams and kept a 
second group under the prevailing summer temperatures. They 
showed that the group in the cool room failed to develop the repro-
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ductive ' abnormalities associated with "summer sterility", whereas 
the other group displayed all the symptoms of lowered spermatogenic 
activity. The two groups were reversed by placing that of the cooi 
room under the influence of the prevailing summer temperatures and 
by moving the group which had developed "summer sterility" into 
the cool room. The group from the cool room now under the influence 
of high temperature developed the typical impairment of reproductive 
functions. The other group showed gradual improvement in repro
ductive capacity. The effects of the high temperature room during 
winter months and the low temper ature room during the summer 
months provide convincing evidence that temperature is a major 
factor influencing the physiological activity of the ram's reproductive 
organs, 

In an endeavor to discover possible mechanisms whereby tem
perature was affecting certain reproductive functions Berliner and 
Warbritton (1937) made histological studies of'the organs and 
glands of the rams which had been used in the experiments of Mc
Kenzie and Berliner (1987), as well as those of thyroidectomized 
rams, and of rams treated with thyroxine and gonadotropins. They 
found that thyroidectomy produced a decrease in semen volume, 
spermatozoan concentration, and an increase in the relative numbers 
of abnormal spermatozoa. Thyroxine administration to the operated 
ram and to Shropshire and Hampshire r ams of lowered fertility 
resulted in the production of semen with an increased number of sper
matozoa and with a pronounced decrease in the percentage of morpho
logically abnormal spermatozoa. Untreated Shropshire rams did not 
produce normal semen until October of that year, 

Although the studies of Berliner and Warbritton on the effects 
of endocrine secretions on lowered fertility were made with a small 
number of animals and they did not have available the present tech
niques for evaluating reproductive potentialities, their work did make 
important suggestions for subsequent investigations and indicated 
possible p!lthways for these investigations to follow. 

The series of investigations on "summer sterility" in rams at the 
Missouri Station had definitely indicated that temperature was a 
primary factor influencing the variations in the level of reproductive 
activity of rams. These studies suggested the thyroid as one of the 
endocrine glands involved in these reproductive variations, The re
moval of an endocrine gland in order to study the physiological effects 
produced in the absence of its peculiar secr etion is usually a drastic 
technique and results cannot always be attributed to a defiCiency in 
the quantity of that endocrine secretion alone, In the spring of 1943, 
the new guitrogeruc substances, thiourea and thiouracil, were made 
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available. These dr ugs offered a less drastic method of producing a 
hypothyroid condition and provided an excellent tool for studying 
temperature and thyroid involvement in reproductive abnormalities. 
As an adjunct to the goitrogenic thiouracil, crystalline thyroxine and 
a thyroid-active iodinated casein which could be administered orally 
were also available in adequate quantities for experimentation on 
farm animals. 

With the previous investigations as a background and guide, and 
with the advantages that new teehniques and the goitrogenic sub
stances provided, this investigation was planned and initiated in 
June, 1943, to yield further knowledge regarding the factor causing 
lowered fertility in rams, the mechanism involved snd possible therea
peutic measures. 

EXPERL\IENTAL ANThIALS AND l\lATERIALS 
Animals 

The rams were kept on bluegrass during the summer and such 
other pastures as were available in other seasons and, in addition 
were fed a limited amount of a corn-bran-oats mixture. During 
the winter the experimental rams received adequate quantities of 
lespedeza hay of a good quality plus the grain-bran mixture. 

Hormones and Other Therapeutic Agents 
Since Berliner and Warbritton (1937 ) had indications that the 

changes in the level of activity of the thyroid gland resulting from 
high environmental temperatures might be the cause of lowered 
fertility in rams and, since thyroxine alleviated the abnormal repro
ductive conditions present, a thorough investigation utilizing thyroid
active and anti-thyroid or goitrogenic substances was deemed 
necessary. 

The thyroid-active materials, crystalline thyroxine' and an iodi. 
nated casein' were used, Reineke and Turner, (1943) and Reineke, 
Williamson and Turner (1942, 1943) . The particular preparation 
(No. Fd 1-27) of iodinated casein, or thyroprotein as it is most 
usually designated, had a thyroxine content of 2.7 per cent as de
terminde by a chemical method developed by Reineke and Turner, 
et aI. (1945)". 

But one goitrogenic substance, thiouracil, ' was employed in this 
investigation.. During the past two or three years a voluminous litera
ture pertaining to thiouracil and a related goitrogenic substance, 
thiourea, has accumulated; but, sinc~ much of it is not relevant to 
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the problems under discussion here, _ no citation of individual publi
cations is made. However, it is essential to cite the conclusion of 
most investigators in this field that thiouracil and related substances 
produce a hYJl{)thyroid state by an inhibition of the mechanism in
volved in the production of thyroxine by the thyroid gland, and that 
the degree of inhibition and dosage are related. The hYJl{)thyroid 
condition is accompanied by a goitre-like enlargement of the thyroid 
gland. 

TECHNIQUES AND GENERAL EXPERIMENTAL PROCEDURES 

Semen specimens were obtained from the rams with the aid of an 
artificial vagina and a ewe held in a stanchion for the rams to mount. 
Weekly collections were made f rom each ram and at each collection 
period two successive ejaculates were obtained for subsequent exami
nation and evaluation in the laboratory. 

It cannot be stressed too frequently nor too emphatically that 
the value of any method of semen evaluation is dependent upon the 
post-collection care of the semen prior to examination. In the present 
investigation every precaution was taken to prevent those post
collection changes in the semen which induce significant differences 
in the results of the evaluation techniques. If proper preca utions 
are taken no significant differences should be observed under the 
conditions of our experiments between semen evaluated at the time of 
ejaculation and that examined from one to two hours later. 

Each separate ejaculate was collected.in a clean paraffined glass 
vial using a different artificial vagina for each semen specimen. Im
mediately following a semen collection each vial was stoppered with 
a paraffined cork and placed in a thennos bottle containing water at 
200 C. until all collections for that particular period were made. 
Usually the duration of the collect ion period was one to two hours 
necessitating a storage period of varying duration at 20° C. for the in
dividual semen specimens before laboratory examination and experi
mental utilization were possible. This storage temperature (20 0 ·C.) 
is best suited for ·short periods of semen preservation during which 
growth of bacteria is not a limiting factor. Ram or bull semen may 
be cooled rapidly to 20° C. without any detrimental temperature shock 
effects occurring. Moore, Mayer. and McKenzie (1940) and Moore 
and Mayer (1941) in an investigation of glycolysis in ram semen 
found that no decided change in motility rate occurred at 21° C. 
under carefully controlled exper imental conditions for a per iod of 
3 or more hours. Moore and Mayer (1941) and Easley, Mayer and 
Bogart (1942) found insignificant differences between the percent
age of bull spennatozoa surviving an eight-hour storage period at 20° 
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C., 15° C.; l OQ C., and 5" C. The alyeolysis studies' of Moore and 
Mayer (1941) show further that tl).e r ate of glycolysis as retl.ected in 
the rate of decr ease of sugar concentration in r8rn semen was a func
tion of temperature and that the sugar disappeared most rapidly at 
temperatures above 28° C. At some temperature between 28" C. an~ 
21" C. a decided slowing of glycolysis was noted. It also was ob
served that below this critical temperature glycolysis rate was affected 
less by temperature chaoles. 

It is manifest then, that the post-collection preservation of the 
semen specimens by the authors at 20" C. for a period of 2 hours or 
,less was advisable and precludes pronounced changes in the semen 
,or spennatozo8. Lower temperatures, with the exception possi bly 
. of temperatures near 00 C., have the disadvantage of introducing the 
poasihility of temperature shock to the spermatozoa. 

lUethods of Semen Evaluation 
Volume.-The·vials used for the collee.tion of the individual semen 

specimens had been carefully selected for their uniformity in diameter. 
By measuring t he height of th e semen in the vial in millimeters, the 
volume could be calculated by reference to a table previously pre
pared. A series of pre-experimental volume estimations using water 
in the vials showed that the measurements were accurate to 0.05 mL 

Concentration.-Determination of the number of spermatozoa in 
the &elgen specimens was made by the method used in the counting 
of red blood cells. Usually the measurement of the milky opaque 
semen against the white background of the red blood cell pipette 
is difficult. To facilitate t he me8llurement of semen, a quantity 
of water soluble eosin B about the size of a pin head was added 
to 0.1 to 0.3 mL of semen; and, after mixing, the color ed semen was 
drawn Into the pipette. Dilution of the semen in the ratio ot 1 :200 
in the diluting pipette was accomplished with a mixture composed of 
1 part of 2% eosin (eosin B) and 50 parts of . 2 % NaC!. The 
eosin aided in making the spermatozoa more visible and the eye 
strain associated with making numerous concentration counts less 
evident. The diluted semen was introduced into a Levy counting 
chamber, the cells within the boundaries of five blocks of sixteen 
squares each were counted, and the sum of these counts multiplied 
by 10,000 to give the number of spermatozoa per cubic millimeter. 
. l\lotility.--Since ram semen contains a high concentration of 
sugar, which through glycolytic mechanisms is r apidly converted to 
lactic ·acid, increases in lactic acid and the concomitant pH changes 
are rapid at room temperature. Even though but thirty minutes 
have elapsed between collection of a ram semen specimen and t he 
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motility observation, the acid accum1,llated at room temperature will 
have sufficiently inhibited motility to give a false evaluation of the 
semen. Moore and Mayer (1941) have shown that the addition of 
a buffer solution to ram semen of a low pH and apparent motility 
ratina' of 1 or 2,' would neutralize the acid, buffer the semen at 
its physiological level, and restore the motility to its or iginal rating 
of 4 or 5. To prevent the observation of apparent rather than of 
actual motility of the semen specimens, two precautions were taken, 
viz., the semen was kept at 200 C. between the time of ejaculation 
and that at which motility ratings were made to decrease the glycolysis 
rate (rate of acid formation). and one drop of an isotonic phosphate 
buffer of pH 7.4 was added to 1 drop of semen immediately before the 
observation of motility. The drops of semen and of buffer were placed 
on a cover glass, mixed, and the cover a'Jass inverted over the well 
of a hanging-drop slide, and the motility observation made at room 
temperature usina- both the high and low objectives of the microscope. 
The· observed motility was designated as 0 or by a number from 
1 to 6 inclusive, the 5 denoting maximum motility. 

Percentage ot Abnormal Spermatozoa.-The percentage of ab
normal spermatozoa was determined by counting the number of 
abnormal cells present in a total of 300 spermatozoa on a slide previ
ously stained .with the opal blue-eosin stain for the estimation of the 
percentage of live spermatozoa as described below. Two different 
stained slides representing the same semen specimen were counted 
by two persons and the average of the results secured was tabulated. 

Per centage ot Live Spermato%oa.-The primary concern of these 
techniques is the evaluation of the spermatozoa rather than the semen. 
The methods of semen eVllluation answer three questions regarding 
spermatozoa : 1. How many cells are present in a semen speeimen?; 
2. Wbat proportion of these cells in the specimen are morpholoa-ically 
abnormal? ; and 3. Are the cells physioloa'ically normal, i. e. are they 
viable and possessed of eood storage potentialities and fertilizina' 
capacity? Anyone method of semen evaluation thus far developed 
is capable of answerina' but one of these questions. Satisfactory 
teehniques for answering the first two of these questions have existed 
for some time, but the third question is more difficult since we must 
ftrst establish the cr iter ion of a physiologically normal spermatozoon 
-one which is capable of maximum storage and has all the require
ments neeessary to fertilize the ovum. Many of the methods pro
posed actually give an over-all summation of the metabolic activities 

.. a. .. of _111.,. or tII.o • __ ..... _\PaW"," uu ......... flo .. ~ to f •• !ud!oo&<lq tIH 
10030: ot mooili!>- ... d I _ ... ......mou,," "'""'U! .... 
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ot the semen plasma, live spermatozoa; and, in most cases, ot weak or 
dead cells which are incapable of surviving storage or of fertilizing 
ova. 

During the past several years this laboratory has been perfecting 
and thoroughly investigating a technique of semen evaluation based 
on the staining method of Lasley, Easley and McKenzie (1942) and a 
cold shock procedure which gives an accurate estimate of the perM 
centaie of spermatozoa in a given specimen capable of surviving 
a long storage test or of eventuaUy fertilizing an ovum under proper 
conditions. The accuracy of this technique which combines the cold 
shock procedure and the differentiation of live and dead spermatozoa 
by a special staining method and the correlation of results obtained 
with survival potentialities and fertiliz ing capacity has been ade
quately investigated and proved as attested by Lasley, Easley and 
Bogart (1942), Easley, Mayer and Bogart (1942), Lasley and Bogart 
(1948), Lasley and Mayer (1944), Lasley and Bogart 1944a and 
1944b, and Mayer and Lasley (1945). 

Since the original staining method has been adequately described 
by Lasley, Easley, and McKenzie (1942 ) and a modification was given 
in detail by Easley, Mayer and Bogart (1942), it is unnecessary to 
make a detailed presentation of the procedure here. This is likewise 
true of the cold shock method which has been previously described 
by Lasley and Bogart (1948) and Lasley and Mayer (1944). 

In the present investigation a determination of the pereentage ot 
live or unstainable spermatozoa was made on the semen specimens 
as collected, immediately following a cold shock of O· C. for 10 
minutes, and following a storage period of 48 hours. Every semen 
specimen was diluted with 4 volumes of isosmotic NaH2POtMNa2HP04 
buffer (pH 7.35 to 7.4) immediately after r eaching the laboratory 
and prior Ul making either the sUlrage survival or cold shock deterM 
minations. 

The 4~hour sUlrage survival test under the conditions descr ibed 
is a less drastic method than the cold shock technique and a more 
severe test of survival capacity than the 24-hour storage usually 
recommended. The 48-hour storage and the cold shock at 00 C. for 
10 minutes should give a critical estimate of the storage potentialities 
and fertilizing capacities ot the various semen specimens examined. 
Lasley a:nd Mayer (1944) showed that t he ten-minute cold shock gave 
results equivalent to a 144-hour storage period with bull semen and 
recommended the substitution of the short, simple, easily controlled 
cold shock technique of semen evaluation for the time consuming 
and less easily controlled storage test. Further, Lasley and Bogart 
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(1948) had stressed the direct correlation between the percentage of 
cells surviving the cold shock at 0° C. and fertili:l;ing capacity. 

The 4g..hour storage survival test of the ram semen was included 
among the methq:ds of semen evaluatign in this- investigation as a 
further check on the results previously obtained with bull semen. 
The ram semen diluted with 4 volumes of an isosmotic sodium phos
phate buffer in paraffined vials was placed in a 600 m!. beaker con
taining 400 m!. of water at room temperature and the beaker placed 
in a refrigerator at 5° C. during the storage .period. Use of trus 
volume of water as a bath for the storage of the semen-containing 
vials was made to prevent cold shock of the spermatozoa and to assure 
the slow rate qf cooling which the r esults of Easley, Mayer and Bogart 
(1942) proved necessary, After the 48-hour storage period the 
percentage of live spermatozoa was determined. 

EXPERIl\1E NTAL PROCEDURE AND RESULTS 

Reproductive Changes Induced by Thyroid-Active Substances 

The work of Berliner and Warbritton (1937) showed rather 
conclusively that the thyroid gland might be the physiological medium 
through which temperature var iations affected reproductive activity 
in the r am. With the results of previous investigations Indicating 
the possible role of the thyroid gland in reproductive physiology as a 
basis, and the present advantages proffered by improved techniques 
and new -therapeutic substances with thyroid and goitrogenic ac
tivity, a thorough investigation of the role of the thyroid in "summer 
sterility" in rams was now possible. 

Smelser · (1939a, 1989b) showed that both thyroidectomy and 
administration of excessive quantities of thyroxine resulted in func
tional reproductive abnonnalities. 

A new coneept with a bearing upon the present investigation 
and a relevancy with Smelser's results was presented by Salter 1944. 
Salter distinguishes three separ ate physiolo~cal states dependent up
on the quantity of thyroid secretion available for the tissues of an 
organism, i. e. hyperthyroidism, hypothyroidism, and euthyroidism. 
In euthyroidism the organism receiv!!,s adequate thyroid hormone 
for the· optimum functioning of the individual cells and tissues; yet, 
interestingly, as Salter indicates, the thyroid gland on the basis of 
histological evidence may appear normal or may appear to be in a 
hypothyroid or degenerative condition. An evident conclusion drawn 
from Salter's concept of euthyroidism points to the inadequacy of the 
histological state of the thyroid gland as a criterion of the level of 
thyroid-inftuenced metabolic activities of the organism. 
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In view of Smelser's results and Salter's evidence supporting his 
concept of euthyroidism, an endeavor was made in the present in. 
vestigation to administer thyroid·active materials, with our present 
limited knowledge, at or as near the physiological optimum for the 
experimental animals as possible. 

Effect of Thyro:tine Administered by Subcutaneous Injection.
Three ra"Ill!! were randomly selected for the group which was to re
ceive the crystalline thyroxine. The group was comprised of one 
Shropshire and two Rambouillet ranis. Col!ection and evaluation of 
semen specimens from these rams were made regularly each week 
during the entire experimental period extending from July 5th to 
September 13th, the period · of maximum summer temperatures. 
Treatment of the three rams in this group began on August 2nd and" 
was continued throughout the remainder of the experimental period. 
Each ram received 1 mg. of crystalline thyroxine daily by the sub
cutaneous injection of 1 mL of a slightly alkaline aqueous solution 
of the honnone. The thyroxine solution was prepared by dissolving 
the honnone in NjIO NaOH, then adding N/ I0 Hel to the first ap· 
pearance of turbidity.· The final concentration of the solution was 
1 mg. of thyroxine per ml. of solution. 

The influence of the injected thyroxine upon the reproductive 
activity of the experimental rams will be shown by a comparison of 
the various characteristics of semen from these rams with those of 
semen from the same rams prior to treatment. Compar isons will 
also be made with the characteristics of semen from control rams. 

Motility.-The motility rating was one of the earliest methods 
r ecommended for the evaluation of mammalian semen, and is yet a 
widely used criterion of the potentialities of a semen specimen. In 
recent years doubts regarding its value as a sole method of evaluation, 
have arisen, therefore most investigators have either substituted more 
quantitative techniques or have used the motility rating as one of 
several methods for the evaluation of a semen specimen. However, 
it still remains a simple method for a rapid estimation of the relative 
worth of several semen specimens. Although McKenzie and Berliner 
(1937) had shown that high t emperature influenced the reproductive 
capacity of rams, especially that of Shropshire rams, by decreasing 
semen volume and spermatozoan concentration and by increasing the 
percentage of abnormal spermatozoa, they made no report on the 
effect of high temperature on the motility rating in semen of these 
rams. Motility ratings wer e obtained on the individual ejaculates 
of each ram in the present investigation of "summer sterility" in order 

1, Th. _\hod of p ,...,.riq tho <,.,.. .. U;u ", ... ",,!,.. lor !OJe<tloD .... • ~n .. ted h.- I)." E _ P_ 
Ilo! • • ke. I)";,.., o. .. rtment. UD! ...... I ... ' of X ;""".;. 
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to ascertain the influence of high summer temperatures on motility 
and the effects of hormone administration on this semen charac
teristic. 

In general, the high summer temperatures tended to decrease 
progressively the motility of the spermatozoa in the semen specimens 
from the untreated rams, but this temperature effect was more pro
nounced in the Shropshire rams than in either of the other two breeds. 

In Table i -the average weekly motility rating of the two ejaculates 
of the 4 control rams are presented. The control group (Group II) 
was composed of 1 Shropshire ram, 2 Rambouillet rams and 1 Hamp
shire ram. The averages of motility ratings of the combined weekly 
semen collections from these rams show the gradual progressive de
cline in motility mentioned above. Group I (Table 1) also shows a 
similar decline in motility as a result of the gradual effects of high 
temperature. 

TABLE I .• INFLUENCE Of HIGH SUMMER TJ;:MPER.o.fURES UPON SPERMATOZOAN 
MOTILITY IN THE SJ;:MeN Of lINTREATEO AND TRYRoxn.'E_lNjECTI:!) ,RAMS. 

Po<io<l of )oIy 5th to AUlJIIst 2nd. No 
,rea'mo.' of c,th .. ,roup. 

G.oop I , .• M Orace . ookly motility 
<ltina: 0II"0n0n opoe!
IEICtIO from IP"OOp ot 

I"ly 5 
July 12 
July a 
July 2e 
........ '2 

I nm •. 

' .. ... ... ., 
••• 

Group II 
Mer"Co ,.«l<Iy 
motlU.y nUll, 
of ....... spod_ 
",_from , .wp 
of ~ <0<11.01 I"UM. ... 

U ... 
U ... 

Poriod of AU", • • 2Dd'0 l!ep'omlHt. 13111 
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It is most significant in view of the effects of injected thyroxine 
on other semen characteristics, that the subcutaneous injection of 1 
mg. of thyroxine daily per ram did not Ptevent the progressive de:. 
cline in spermatozoan motility (Group I, Table 1) . 

It has been thought that lowered motility in a semen specimen 
might indicate either impaired spermatogenic activity or unfavorable 
conditions encountered by the spermatozoa during their slow passage 
through the epididymis or at the time of their admixture with the 
secretions of the accessory organs. The techniques for evaluating 
the semen of these rams were so selected that some indicative infor
mation regarding the type of physiological abnormality producing 
the lowered fertility in rams during periods of high tempera~ure 
might be gained. Such infonnation should aid in the detection of the 
mechanism through which high environmental temperature affects 
the reproductive capacity of rams. 
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Grmcentrntion.-The concentr ation count, the determination of the 
number of spermatozoa per unit volume, is another evaluation method 
long used to appraise the worth of a semen specimen for the subse.
quent insemination of a female. The results of a concentration count 
are indicative of the spermatogenic activity of the male, but do not 
give a true evaluation unless the semen volume is also considered 
and a calculation of the total spermatozoa per ejaculate is made. 

On the basis of concentration count alone, an apparent increase 
in the number of spermatozoa produced both by the treated and un
treated rams occurred during the latter half of the experimental 
period. In several of the rams the concentration reached the unusual 
'figure of six million cells per cubic millimeter. In Table 2 the results 
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of the weekly concentration counts are presented. These data (Table 
2) do not show a pronounced difference between the control group and 
the group injected with crystalline thyroxine during the latter half 
of the experimental period. To gain any degree of insight into the 
effects of high temperature and thyroxine upon spermatogenesis, the 
data on total spermatozoa per ejaculate and the semen volume must 
be considered. 

Total spermatozoa per ejo.culate.-Possessing the data on con
centration or total cells per unit volume and an accurate measure of 
the volume of each ejaculate, the total spermatozoa per ejaculate could 
be easily calculated. The total spermatozoa per ejaculate, especially 
when calculated from data on two successive ejaculates from an in
dividual animal, gives an accurate estimate of the spermatogenic rate 
of the animal for the particular period when the semen was coilected. 
MeKenzie'and Berliner (1937) state in the conclusions drawn from 
their data, "The actual number of spermatozoa ejaculated in a lim
ited time indicated rather well the degree of spermatogenic activity 
in rams." 
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The data (Table 8) on total spermatozoa per ejaculate indicate 
that thyroxine influences spermatogenesis in rams. A gradual de
cline occurred in spermatozoan production by the rams of Group II 
(control group) accompanied, however , by a fluctuation in the values 
for total spermatozoa per ejaculate. The periods of high sperma
tozoan production in this group took place during the periods of the 
lowest temperatures and relative humidity; whereas the periods of 
lowered production occu rred. when the environmental temperatures 
and the relative humidity were at a peak. 

The administration of thyroxine at a uniform dosage ~ilized 
spermatozoan production at a level above that taking place during 
the pre-treatment period and maintained this level throughout the 
remainder of the experimental period desplte the temperature and 
humidity fluctuations. This is shown in a striking manner in Table 3. 

T""W: '.' n''FLIlEIICI cw IlCil IliMME R ftJ(J>f;MlVRU aN TOTA.L SPI!:IIKATOZOII 
PER I).\CUIA n: ~ !,1l<l1I..EA TED MID IN nlYROXINII·n.l£C1m Jt,U4. 

Pttlod ot 101, $til '0 A.,...:JI><I. No 
'''''moII' la .Itho. VO'-'P. 

,,,, , 
,." .. 
,." .. 
.... U 
.~, 

O.oop I (' ... ",.) 
Total Ope'" pot 

o) .. olalO· 

G.oop II (' nm.o) 
Toesl_po,"", pot 

'J ... l~· 

1,1",,,"0 
1,ltn,n~ 

101,1011 
4",2OIt 
1II,lto 

..... 
""",. Ie 
A"C. n .... ~ .... 
!opt. I I 

Potlod 01 "'up" 2I>d to atptOlDbt. Utll. 
O ..... p I . I "". tI>,n»<IM po. <II,. 
G.<»p II. No ,,,,"tmoM. 

O ..... p I (tb,1"OX<nt 
..... UOIl) Total Ope'lII 

PO' o)oc.lalO-

l,lOl,MII 
1,112._ 
1,"'.1011 
1,G'lt,MII 
I.U2,iIOG 

O ..... p II ( .... 1"01) 
Total •• 111 po. 

o)1CI&i.atr' 

• E"II ........ III 1I>ou. __ ot _ ..... _ po t .)aom ••. .Eao.f~ 10 \1>0 anl'Op ot _ ........ n 
oj •• lIIatoo from ... ...,. ..... In ..... VO'-'P. 

Percentage of abnormal spermatozoa.-The percentage of morpho
logically abnormal spermatozoa in a semen specimen is interpreted 
by most investigators as a criter ion of spermatogenic activity and of 
t he fertilizing potentialities of the specimen. McKenzie and Berliner 
(1987 ) found an increased. percentage of abnormal forms accompany
ing the decreased spermatogenic rate in their rams during the months 
with high daily temperatures. The data presented in Tables 3 and 4 
confirm these resulta. 

Interestingly, the injected. thyroxine prevented the gradual in
crease in the number of morphologically abnormal cells which oc-
curred. in the semen of the untreated rams during the latter half of 
the experimental period. In the untreated group the percentage 
ol abnormal cells was consistently 70 per cent or higher (Table 4). In 
contrast, the percentare of abnormal cells was actually lower in the 
semen of the rams during the period of thyroxine injection than in 
the semen of the same rams during the pre-injection period (Table 4). 
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Apparently then, on the basis of the data of Tables 3 and 4, 
thyroxine prevents those ehanges in semen resulting from impaired 
spermatogenesis and one might conclude that adequate thyroxine or 
a normally funetioning thyroid gland is a prerequisite for normal 
spermatogenic aetivity. The data also emphasize the relationship 
which apparently exists between spermatogenic rate and the number 
of abnormal spermatozoa in semen soecimens. 

TABU t .• Jl<rLUEHCE OF IDGH Sl]lo\lttR TEMP€RATI]RE8 m; THE PERCEHTACE 
OF MORPHOLOGICALLY ABN(lJU,IAL SPERI.lATOZOA IN THE SEMEH OF 
IIloiTREATED M'll Tl!YIlOXI:lE_I.'jECTED RAMS. 
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Total voLume per eja.cula.te.- The semen evaluation . techniques 
yi.elding information regarding the total spermatozoa per ejaculate 
and the percentage of morphologically abnormal spermatozoa are 
an indirect measure of the functional capacity of the genninal 
epithelium of the testes, i. e., the spermatogenic activity of the testes. 
Of the many methods utilized in semen evaluation only one yields re
sults which are a reflection of the degree of activity of the interstitial 
tissues of the testes. The method revealing this information is the 
measurement of total volume per ejaculate, as accessory organs 
producing a physiologicalIy normal amount of 'secretions are de
pendent upon optimum male hormone production by the interstitial 
tissue. The volume of each ejaculate was accurately measured in this 
investigation during the entire experimental period in an endeavor 
to ascertain the influence of high temperature and especially that of 
thyroid-active substances upon the interstitial tissues of the testes. 

McKenzie and Berliner (1937) had previously stressed that a 
decreased volume of semen was obtained. from rams during the 
periods of high environmental temperatures. The data for both 
experimental groups given in Table 5, show rather conclusively that 
a prolonged exposure of rams to a high environmental temperature 
r esults in a progressiVe decrease in the volume of semen produced 
by the rams. However , in contrast with the effect of thyroxine on 
spermatogenic activity, the thyroxine did not prevent the gradual de-
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dine in total volume of the ejaculates indicating that the administered 
thyroxine had no or little effect upon the fUnctioning of the interstitial 
tissues of the testes. 

Apparently, as the results in Table 5 show, the decrease in volume 
was less in the thyroxine-treated group. This may be more of an 
apparent effect of the thyroxine than an actual effect, since the data 
represent the total volume of the ejaculates rather than the actual 
volume of the secretions produced by the accessory organs of the 
rams. Moore and Mayer (1941) have shown that in an ejaculate 
with the volume and spermatozoan concentration within the normal 
r ange, the spermatozoa comprise about 25 per cent of the total volume. 
In the two groups represented in Table 5, this value for spermatozoan 
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volume would not hold. The results shown in Table 8 indicate that 
thyroxine prevents a decline in spermatozoan number per ejaculate, 
hence the percentage of the total volume representerl by cells would 
be greater in Group I during the period of total volume decrease. 
In contrast both the total volume and the volume of spermatozoa de
creased in the control group (Tables 8 and 5). It would appear, 
then, that the thyroxine .might have no effed upon the interstitial 
tissues of the testes nor indirectly upon the quantity of accessory 
secretions produced by the ·rams of Group I. 

Percentage of live spermatozoa in semen at ejaculation.-The· 
techniques which have been thus fa r described as having been IItilized 
on the semen of the experimental rams were stated to show the in
fluence of high temperature and/ or of thyroxine on spermatogenesis; 
the activity of the interstitial tissue of tl).e testes or its corollary, the 
activity of the accessory reproductive organ!1; and on the morphologi
cal normalcy of the spermatozoa (Tables 1 throug~ 5). 

The subsequent techniques, which involve the determination of 
the ratio of live to dead spermatozoa in the semen specimens under 
nonnal or adverse environmental conditions, yield information re-



18 MISSOURI AGRICULTUlUL EXPERIMENT STATION 

p.rding the relative viability or physioloaical normalcy of the sperma
tozoa (Tables 6, 7, 8). 

The number of live cells in the specimen at the time of ejacula
tion Is dependent upon the spermatogenic activity of the testes and 
poSllibly on the physiological condition of the epididymis and acces_ 
sory secretive organs ot the male genital tract. This evaluation tech
nique, then. should measure the relative reproductive activity of the 
rams from which the semen specimens were obtained. 

The da.ta presented in Table 6 again ahow a pOssible decline 
during the experimental period in the number of live cells at ejacu
lation. It will be noted that the weekly averages of the percentages 
of live ceUs in the speeimens from both groups of rsms fluctuate 
markedly during the pre-treatment period, but in the thyroxine treated 
irQUP the percentage ceases to fluctuate after the administration of 
the hormone had beiUn. These results are oomparable to those pre
sented in Tables 2 and 3 in that thyroxine prevented the fluctuation 
in the total number ot ceUs and maintained it at a slightly higher 
level than that of the control group. These data (Tables 2, 3 and 6) 
would suggest that the percentage of live cells in a semen specimen at 
the time of ejaculation is dependent primarily upon the rate of sperma
toltenesis, hence this method of evaluation as well as the determination 
of total cells per ejaculate measures apermatorenic activity. The 
similarity in the influence of thyroxine upon the total number of 
spermatozoa per ejaculate and upon the total number of Jive cells per 
ejaculate further demonstrates the correlation between spermatogene
sis and administered thyroxine. It mirht also imply a correlation 
between the rate of thyroid hormone production in a male and the 
spermatogenic activity of the testes of that animal. 

Percentage of Live BPermato%otL following storo,ge and cold shock. 
-The determination ot the number or percentage of cells in a speci
men surviving a definite storage period or a 100minute cold shock at 
0° C. measures the capacity of the individual spermatozoa to with_ 
stand adverse environmental conditions. The resistance of the 
spermatozoa to adverse environmental conditions as measured by 
either of the above methods gives an insight into the storage poten
tiallty and the fertilizinr capacity of the semen specimen as showt\l 
by Lasley and Bogart (1948) , Lasley and Mayer (1944), and Mayer 
and Lasley (1945). Since both techniques evaluate the resistance ot 
the cells in a given sample of semen to controlled but adverse environ
mental conditions, it is practicable to consider simultaneously the 
results obtained with these techniques. 

Apparently, on the basis of the results shown in Tables 7 and 8, 
the conditions of the 48-hour storage are less drastic than those 
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of the IV-minute shock at V· C. as a greater percentage of cells survive 
the former treatment. Furthermore, these data show that the ad
ministration of thyroxine to rams during periods of high temperatures 
assures the presence of a greater number of resistant spermatozoa in 
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the semen of these rams, than that present in the semen of untr eated 
rams during the same period of high temperature. At the pr esent 
time too little is known eoncerning the physiological basis of sperm&. 
towan resistance to adverse conditions to warrant an attempted ex
planation of the results obtained with theae resistance measuring 
techniques. 

Effect of Thyro-Active Protein by Oral Admlnlstration.-Regard
less of how fundamental an investigation on fa rm animals may be, 
it remains expedient that the more practical phases be ever kept in 
the foreground in view of the ultimate utiliution of the results of 
the investigation in actual production practices. In the present in_ 
vestigation it was considered necessary to use the purest thyra-active 
material, crystalline thyroxine, in ascertaining the role of the thyroid 
hormone in reproductive physiology. However, crystalline thyroxine 
is expensive and cannot be secured in sufficient quantities for ad
ministration to lar ge numbers of farm animals, in wbich, due to their 
size, the ilidividual dosage requirements are large. 

Thyro..active protein, prepared by the eontrolled iodination of the 
casein in skimmed milk as described by Reineke and Turner (1948), 
possesses aa one of its thyro-actlve agents, dl· thyroxine. This thyro. 
active protein possesses several advantages '!hich recommend its use 
with farm animals; viz., ~ts low cost, its availability in large quanti
ties, and its ease of administration either by injection or orally as a 
part of the ration fed the animals. The advantages just enumerated 
made it advisable to compare results obtained using this thyro-active 
protein with th08e obtained wi.th the crystalline thyroxine. 

Although the same evaluation techniques were applied to the 
semen specimens from rams receiving the thyro-active protein as to 
those from rams to which tl:le crystalline thyroxine w~s administered, 
a dej;ailed presentation of the results with thyro-active protein in
cluding all evaluation techniques is not consider ed a necessity. The 
results with the latter were similar in every Instance to those pre
sented in Tables 1 through 8. However, in order to confirm the gen· 
erat conclusions regarding the effects of high summer temperatures 
and of injected thyroxine, the effects of thyro-active protein and 
high temperature upon semen volume, total spermatozoa per ejacu
late, and the number of live spermstozoa at the time of ejaculation 
wlll be given in tabular form as confirmatory evidence. 

The rama which received the thyro.a.ctive protein were randomly 
selected and fonned an experimental group of 5 rams, 3 of which 
were Rambouillet, one was a Hampshire, and one was a Shropshire. 
The thyro-active protein containing 2.7 per ~t thyroxine was ad
miDistered orally via gelatine capsule at the daily dosage level' of 



RESEARCH BULLETIN 402 21 

1 gram per ram. The gram of active protein represented an intake 
of 27 milligrams of thyroxine daily, but the actual quantity of 
thyroxine absorbed from the intestinal tract and made available to 
the animal was much less. No data are available in the literature 
upon the absorption rate of thyroxine from the intestinal tract of 
ruminants, but, on-the basis of unpublished experiments of Reineke 
and Turner, the dosage selected was judged to be a close approxima_ 
tion to that given to the rams receiving the injected crystalline 
thyroxine. The experimental results tend to confinn this assumption. 

Volum.e.-As was cited in the discussion of the effectS of h igh 
temperature on semen volume and the influence of injected thyroxine 
on this semen characteristic (T able 5), high environmental tempera
tures induce a gradual decline in the volume of semen and thyroxine 
fails entirely as an agent in the prevention of the progressive decline. 
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Again, as shown in Table 9, high temperature induced a gradual 
decline in total semen volume of all of the experimental rams and the 
thyro-active iodinated casein had no actual influence on this tempera
ture effect. Again, it will be noted, (Table 9) that the total semen 
volume per ejaculate of the treated rams was greater than that of 
the untreated group. As was stated in the discussion of the effect of 
crystalline thyroxine on total semen volume (Table 5) , the slightly 
greater total volume per ejaculate of the t reated rams (Tables 5 and 
9) can be attributed to the high spermatozoan concentration in the 
semen from the treated rams. 

In addition to the failure of thyro-active materials to maintain 
or raise semen volume during periods of high temperature, it might 
be of interest at this point to str ess that but one other seme~ charac
teristic was uninfluenced by thyroxine, 1. e. motility. Perhaps this 
finding might be accepted as inferring that spermatozoan motility is 
more dependent upon the phyaiological condition of the accessory 
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reproductive organs or of the individual spermatozoa than upon the 
spermatogenic rate. Thus, it might be concluded that semen volume 
and motility rating are bot h indicative of the relative degree of ae
tivity of the accessory organs of the ram from which the semen 
specimen was obtained. In a normally functioning male the ratio of the 
various secretions which comprise the semen plasma of the ejacu
late would be approximately identical with that of other normal rams, 
but as interstitial tissue activity varied the ratio of the various secre
tions would change as the accessory organs vary in their responses 
to fluctuations in the quantity of accessible male hormone. 

Total Bpermatozoa per ejaculate.-The thyro-active pr otein was 
as effective in maintaining the spermatogenic activity of the experi_ 
mental rams as the crystalline thyroxine and the similarity in the 
results as presented in Tables 3 and 10 substantiates the evidence 
previously offered which quite definitely indicates an intimate re
lationship between the hormone of the thyroid gland and the physio
logical activity of the spermatogenic tissues of the testes. 

TAlIU 10. _ TilE IlIFLU!NCE OF Il1GH SliMMER TEMPERATllRES ON 'I1IE TOTAL 
SJ>ER>IATWG!. PER EIACIlLATE IN IJNTIIEATED RAMS AND RAMS 
tRI:A't£D WlTH THYRO-ACTIV! PROTEIN. 
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It is unfortunate that uniformly high temperatures did not pre
vail during early August when the thyroxine t reatment began. As 
will be noted (Tables 3 and 10) increased spermatogenesis occurred 
during this period in the untreated group of rams making the im· 
mediate effects of the thyroxine in the treated group less pronounced. 
The mean daily temperature fluctuated from a high of 860 F. to a 
low of 690 F. during this period. I n the opinion of the authors the 
fluctuations in spermatozoan production by the rams of the control 
group (Tables 3 and 9) are evidence of a variation in spermatogenic 
and possibly repro!luctive activity in the male throughout the year. 
Although the data presented in the tables are group averages of 2 
ejaculates from each of the rams comprising the group, the data on 
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the individual ejaculates show the same fluctuations in total sperma
tozoan production. The data do suggest that the examination of a 
single semen speeimen will not give sufficient infonnation to evalu
ate the rate of spermatozoan production by a ram and indicate that 
several specimens collected at 'different Periods are" necessary. The 
stabilizing effect of thyroxine on the rate of spermatogenesis m;ght 
lead one to conclude that the thyroid gland is very responsive to 
temperature changes and that var iations in thyroid activity influence 
spermatogenic activity. 

Percentage of live spermatozoa in semen. at e;acul.ation.-The 
thyro-active protein like crystalline thyroxine prevents the" fluctuations 
in the number of live cells which occur in the semen of rams in the 
control group and of the rams of the other groups prior to treatment 
with the thyro-active substances (Tables 6 and 9). The thyro-active 
protein likewise maintains the number of live cells in the semen of 
the treated rams at a high rather uniform level (Table 9). 

The similarity between the effects of thyro-active protein upon the 
total number of spermatozoa per ejaculate (Table 10) and the number 
of live spermatozoa in the semen immediately following ejaculation 
(Table 6) confirms the conclusion previously made that the number of 
live spermatozoa in a semen specimen at ejaculation is a reflection 
of the degree of spermatogenic activity. 

Histologiea1 Derangement in the Testes and Epididimides of the Ram 
During "Summer Sterility" 

Evidence has been presented to show that high summer tem
peratures induce in rams a temporary "summer sterility" in whfch 
both spermatogenic and interstitial cell activity are markedly affected. 
This evidence was obtained by the utilization of suitable evaluation 
techniques in studying the spermatozoa and semen of the affected rams 
during periods of high summer temperature. The worth of these 
teehniques in the evaluation of the physiological condition of the 
affected rams was demonstrated by their effectiveness in revealing 
changes in reproductive activity following treatment of the rams with 
thyro-active substances. Histological evidence also substantiates the 
value of the techniques as indices of the physiological activity of the 
reproductive organs. The histological studies also show in a striking 
manner the detr imental effects of high summer temperatures on the 
germinal and interstitial tissues in the testes of the ram. 

The ram from which the tissues were taken for the histologiesl 
studies was of the Shropshire breed. During the preceding season se
men evaluation techniques and fertility trials had shown the ram to 
possess. physiologically normal reproductive organs which were pro-
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dUeing semen and spermatozoa of normal quality and quantity. Just 
prior to the castration operation semen specimens were found to be de
void of spermatozoa and sub-normal in the other semen character istics. 
All the evidence affirmed this Shropshire ram as representative of 
the Shropshire hreed in reproductive capacity during the fall hreed· 
ing season, and in the susceptibility to high summer temperatures 
manifested by a decrease in spermatogenic rate, an increase in ab
normal cells and a marked reduction in semen volume as established 
by McKenzie and Berliner (1937) . 

F il'Ure l.-Ta t!, of a Shropahire Ram with "Sl,lmmer SteriUty" Dl,lrin~ 
tht Period of Hi~h Summer Temper&tun. Note the absence of spurn .. • 
to~tllie .. etivity and of apennatozol. 

Semen specimens from the Shropshire ram were collected and 
evaluated weekly until August 6th, then both testes and the epididym· 
Ides were removed. Representative tissue samples of the testes and the 
epididymides were obtained, fixed in Bouin's tl.uid and then imbedded 
in parafin for the subsequent sectioning and staining with Delafield's 
hematoxylin and an eosin counterstain. 

The onset of "summer sterility" in a ram is usually accompanied 
by a progressive decrease in spermatozoan concentration and an in· 
crease in the number of abnormal cells in the semen of the affiicted 
animal. The decrease in the volume of the ejaculates is relatively 
less pronounced and usually occurs after the progressive changes in 
the abnormal and total spermatozoan concentrations have been in 
provess of sufficient duration to have reached a decidedly low level. 

This observation confirmed by data on the semen characteristics 
of the individual rams in this investigation is further substantiated by 
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the histological evidence obtained from a study of sections f rom the 
testes of the Shropshire ram from which the testes were removed 
early in August. 

In Figure .1 the complete failure of spermatogenesis is shown in 
the semeniferous tubules which are devoid of spermatozoa and in the 
lack of spermatogenic activity in the surrounding cells. However, no 
noteworthy decrease in the quantity of interstitial tissue is apparent 
in Figure 1 and the interstitial tissue appears to be functionally 
normal. 

",....--, 

Figure 2._Ep!d!dymis of a Shropshire Ram With "Summer Sterility" 
During High Summer Temperature.. The lumen is devoid of apennatozoa. 
Compare with Figure. 8 and 12. 

The Jack of spermatogenic activity in the testes of this ram is 
strikingly demonstrated in Figur e 2 in which no spermatozoa are 
apparent in the epididymis of this ram. Figures 1 and 2 should be 
compared with Figures 11 and 12 which depict the histologicsl con
ditions, in the testes and epididymides of a ram in which the results 
of evaluation techniques indicated normal spermatogenic activity. 

Alleviation of the Effects of High Summer Temperature With Thyro-
Protein As Affirmed by Semen EvaJuation and lUating Results 
The Shropshire ram used for this phase of the experiments was 

reported by the previous owner as having failed in the impregnation 
of the ewes to which he has been mated. During the week of August 
13th to August 21st, semen specimens were obtained and the state ot 
the reproductive capacity of this ram was confirmed. The motility 
rating p.uring this period was 1+ , only 10 per cent of the spermatozoa 



26 MISSOURI · AGRICULTURAL EXPERIMENT STATION 

in the specimens were alive immediately following ejaculation, and 
83 per cent of the cells were abnormal (Table 12 and Figure 3). The 
spermatozoan survival capacity as determined by duration of motility 
was also low as shown in Table 12 . 

.. '-. 
• "1'\ '" -• 

" , . 
'. 

• 
• 

Figu:r<! S.-Abnormal Spermatozoa in a Semen Sped men F l'(lm a Shrop
shire Ram During HIgh Summer Temperatures. The tailless and coiled 
tail types are particularly noticeable. 

TABLE 11 •• INFLUEJ;Ct OF IIltH suMMta TtMPtlUTURES 11_ ntE NVH8ER (H LIVE 
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On August 21st treatment was begun by the oral administration 
of 1 gram of thyro-active protein per day and was continued for a 
3Q....day period. Semen specimens were collected and evaluated on 
August 27th, August 29th, September 4th and September 21st. As 
shown in Table 12 a gradual increase in motility followed the initiation 
of the thyro-protein administration accompanied by an eight-fold in-
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in a Semen Specimen FrQm the Same Ram 
AdminiatratiQn Qf Thyro_Active Protein for a 

the decrease in abnormal eells. 

TABLE u. _ INfLUENCE Of OIULLY ADMINISTERED THYR().ACTlVt PROTtl!-! llPON" 
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July and early August when environmental temperatures were h igh 
and remained high during the entire day. In the latter part of August 
and in September , when the Shr opshire ram was treated, the maximum 
daily temperatures were lower and were especially low during the 
night. Similar results were obtained in the experiments with thioura
cil and thyroxine (rarn 220) during the normal breeding season for 
rams as reported subsequently in the next section of this bulletin. 

In Table 12 the rapidity with which the rams with "summer 
sterility" respond to the therapeutic effects of thyroxine or thyro
active protein is etfectvely demonstrated. This rapidity of response 
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~~~~~~~~~;~~~~~~i~~~ 2 Weeks Pre-

reproductive rune-
;:_.,,:. presen~ of sperm 

Figure G.-Ram 124-Section of Right Tnt;s Which Was Removed After 
a Thirty nay Administration of 2.5 Grams of Thiouracil by Injection Daily. 
Note the absence of $penn, of spennatogenic activity and the presence of 
pycnotic cells. Compare with Figure 1. 

has been noted also in the previous studies. In the case of the 
Shropshire ram, it will be noted (Table 12) that within 4 days after 
the initiation of treatment an increase in the motility occurr ed and 
that by the ninth day of treatment a marked increase in the number 
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Figure 7.-Same u Figure 6, But Under Higher !Ilagni fi~ation. Aetive 
dellenerative changes are apparent in the seminiferous tubules. 

Figure S.-Ram 12'-Se~tion of the Epididymis Followine the Thirty 
Day Thiouracil Administration. Note the absence of spermatozoa from 
the lumen. Compare with Figures 2 and 13. 

of live spermatozoa and an accompanying decrease in the percentage 
of abnormal cells are apparent. The data on the individual rams of 
experimental Groups I and III also show a response to thyroxine or 
thyro-protein administration during the first week of t reatment. 
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As previously cited, the Shropshire ram had failed to impregnate 
a single ewe during the preceding breeding season and before the 
thyro-protein administration had begun produced semen of low qual
ity as adjudged by the various semen evaluation techniques. At 
the end of the per iod of thyro-protein administration, when the ram 
was pr oducing nonnal semen (Table 12), he was mated with 5 ewes. 
Of the 5 ewes 3 became pregnant and produced. a total of 5 lambs. The 
2 ewes which tltis Shropshire ram failed to impregnate, later became 
pregnant after the first mating with a Rambouillet ram and subse
quently produced lambs. Normally, as shown by Berliner and Mc
Kenzie (1937), Shropshire rams in Missouri do not regain their 
maxiinum reproductive capacity until October or later. The thyro
protein treated Shropshire sired lambs prior to the normal breeding 
season and produced normal semen, whereas the non-treated Shrop
shire rams were still producing the poor quality semen typical of that 
produced during "summer steri lity". 

Production by Thiouracil of a Lowered Fertility Typical of 
"Summer Sterility" 

Numerous literature reports continn the assumption that ade
quate quantities of thiouracil or similar goitrogenic ~bstances will 
completely inactivate· the thyroid gland and prevent thyroid hormone 
production. This effect of thiouracil in particular has been so well 
established that the citation of individual literature references would 
be superfluous. Elimination of thyroid hormone effects in this manner 
offers many advantages over thyroidectomy as an experimental 
procedure. Chief among these advantages are the absence of op
eration effects and the experimental advantage of again bringing 
the animal's thyroid into nor mal hormone production by the cessation 
of thiouracil administration. 

Thiouracil was employed in this investigation in order to as. 
certain whether the high temper ature effects upon reprod:Uctive 
a.etivity were produced directly upon the testicular tissue or indirectly 
through some endocrine organ. Since even a slight elevation of 
scrotal temperature results in impaired activity especially of the 
8"!'!rminal epithelium or spermatogenic tissue and possibly of the inter
stitial tissue, it would be logical to assume that the detrimental effects 
of high summer temperatures upon the reproductive activity of rams 
were produced by an increase in scrotal or testicular temperature. 
The favor able response in reproductive activity to administered. thyro
protein and thyroxine would lead to the conclusion that the summer 
environmental temperatures ar e not sufficiently high to produce a 
direct effect upon the testes as the response to thyro-active substances 
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occurs during periods of high temperature. Further the favorable 
response to thyro-active substances indicates that the temperatures 
are sufficiently high to produce a detrimental effect upon the testes 
indirectly through some other organ or organs. Since thyro-active 
materials produced such a rapid improvement in reproductive activity 
during periods of elevated temperature, it is quite logical to assume 
that most of the variations in reproductive activity with changing 
environmental temperatures are affected indirectly through the thy
roid gland. 

Dempsy and Astwood (1943) pres611ted evidence that the rate of 
thyroid hormone secretion varied inversely with the environmental 
temperatures. They also cited the observations of previous invesi
gators which suggest that the thyroid secretes its active principle 
more rapidly in cold than in warm environments. 

I! our previous assumptions that high summer temperatures 
produce "summer sterili ty" by an indirect action upon the thyroid 
resulting in a marked decrease in the rate of secretion of its active 
pr inciple; then either thyroidectomy or the administration of thioura
cil-a goitrogenic substance--to rams during the normal breeding 
season when their reproductive activity is at a maximum should lower 
t he reproductive activity of these rams and produce a condition in aU 
r espects similar to that encountered in "summer sterili ty". . 

In the subsequent experiments the above assumption will be tested 
by the administration of thiouracil alone and of thiouracil with thyra
active protein at 3 differ ent dosage levels. 

Three rams, numbers 124, 137, and 220, were used for the 
thiouracil experiments. These rams were selected randomly without 
previous knowledge of the state of the activity of reproductive organs 
at the time of selection. Collections of semen specimens were then 
made and the semen and reproductive activity of the rams evaluated 
by the series of techniques used in the experiments with Groups I, 
II and III 

Following the preliminary series of semen collections, the left 
testis of each ram was r emoved and sections of testis and epididymal 
tissue prepared for histological study and micro-photographs by the 
procedure described for the preceding histological preparations. The 
3 r ams were given a two-week post-operative rest period before 
semen specimens were again collected. At this time the incisions were 
healed and the rams ready for the treatment with thiouracil. 

Injet":ted Thiouracil-Ram 124 was injected daily with 2.5 grams 
of thiouracil suspendea in 25 ml. ot an MI S phosphate buffer of pH 
7.35. The injections were given from October 21st to Det":ember 9th 
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inclusive during which period bi-weekly collections of semen were 
obtained. 

The results of the experiment with ram 124 are summarized in 
Table 18. Average values for the volume of ejaculate, total spenn&
tozoa per ejaculate, motility rating, percentage of live spermatozoa 
per ejaculate, and the percentage of abnormal spermatozoa per ejacu
late are presented both for the pre-treatment and the post-treatment 
periods. The pre-treatment averages include results with semen 
specimens collected before and after the operation. Although a 
alight decline QCcurred in the value (or each o( the semen charac· 
teristics, the jlOst.-operative pre-treatment values so far exceeded 
those obtained at any time during the periods of thiouracil adminis
tration, that the inclusion of the former in the pre-treatment averagea 
actually makes the thiouracil effects more outstanding and removea 
any doubt that the reproductive failure was a result of the operation. 

T"'~ u .• CIl.\NG£S IN TIlE C ..... RACTlItlS-nQI 01" TH8 lEloIZ" .... 010\ RAM 1:1< MIOCI_ 
.. TED Vo'TTK TIl!: DA.1LT lI<IECTlDN 01' 1.1 GRAMS OF THlDVltACII ... "OTI 
SIloOl.l1tITY Of" THESE CIlAIIOQ WITH THOIa TYPICAL OF "SUl.D4R ITIR. 
JurY- IS THE RAM. 
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Vol .. .. 
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The rapidity of the response of rams with lowered values for 
aU the semen characteristics during periods of high environmental 
temperatures to orally administered or injected thyro-.active Bub
stances has been stressed. Similarly within 8 to 7 days after initiation 
of the thiDuracil administration abrupt changes in the individual 
semen characteristics were apparent. Thia pronounced and exceed
ingly rapid response in physiological activity of the reproductive 
organa of the ram to thyro-active or to goitrogenic substances is the 
most conSistently striking result of each of this series of experiments. 

Also, too much emphasis cannot be placed upon the similarity be
tween the effects of high summer temperature on reproductive ac
tivities in the r am and the effects produced by thiouracil which ad
ministration, in effect; constitutes a removal of thyroid hormone. The 
decrease in total volume, in total spermatozoa per ejaculate, in the 
motility rating, and the greatly increased percentage of abnonnaI 
spermatozoa produced in the semen of ram 124 by thiouracil (Table 
18) parallel the changes produced by high environmental tempera
tures in the aemen of the control rams in Group II or in the semen of 
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the rams of Groups 1 and III prior to treatment with thyro-active 
substances (Tables I, 8, 4, 5, 6, 9, 10, 11) . 

The parallel between the effects of high temperatures and thi
ouracil upon reproductive activity as shown by semen evaluation tech
niques is substantiated by the histological evidence. Figure 5 shows 
that ram 124 possessed normally functioning testes before the thi
ouracil injections were begun, but t he histological picture following 
the thiouracil injections not only shows the complete cessation of 
spermatogenesis (Figures 6, 7 and 8) but indicates (Figure 7) that 
degenerative changes in the seminiferous tubules had occurred. 

Orally Administered Thiouracil.-Treatment of a large number 
of farm animals by the subcutaneous or intravenous injection of a 
therapeutic agent is usually impracticable because of the dange.rs of 
the immediate effects of overdosage, of the introduction of toxic sub
stances with the active agent, or of infections due to the lack of 
precaution in the ster ilization of the equipment used. A t rained 
veterinarian or other trained investigator would be able to utilize 
sufficient care and thus eliminate the dangers accompanying t he in
jection of therapeutic agents. Probably the greatest disadvantage 
of the injeetion technique of administering drugs is its high cost in 
money, labor and time. The feeding or oral administration of a 
therapeutic agent is .a less dangerous mode of administration and 
requires a minimum of time and labor. However, one is never certain 
th~t an effective quantity of the drug will reach the organs or tissues 
because the rate of absorption and the percentage of the drug ab
sorbed determines the quantity made available to the organism. Cer
tain substances are also partially or completely inactivated by the liver 
after absorption has occur red. In ruminants the enormous number 
of bacteria in the rumen which elaborate enzymes and other products 
capable of inactivating, completely or partially, any substances in
troduced via the oral route presents an additional problem. 

In view of the uncertainty regarding the availability to the testes 
or other tissues and organs of thiouracil administered orally, the 
advantages of this method of administration, and as a control pro
cedur e for the succeeding experiment in which this drug and thyro
protein are given simultaneously, ram 137 was given 10 grams of 
thiouracil daily in a gelatine capsule by oral administration. The 
quantity of thiouracil given ram 137 is 4 times that given ram 124 
by injection. The general behavior and appearance of ram 137 plus 
the results obtained in this experiment would indicate that in the 
ruminants the oral dose of thiouracil should be at least 4 times as large 
as that given by subcutaneous injection. 
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The influence of the thiouracil by oral administration on the 
semen characteristics of ram 187 (Table 14) was in every resped 
comparable to that of injected thiouracil on the semen character istics 
of ram 124 (Table 13). Ram 137 had been used in other experi_ 
ments prior to the present investigation and had proved to be su
perior to most rams in reproductive activity. This is evident by 
comparing the semen characteristics both before and after thiouracil 
administration of ram 137 (Table 14), and of ram 124 (Table 18) . 

TASLE 14 •• CH .. :;OES L'I THE CHA!lAC'f£RIST1CS OF THE SEMEN Of 
RAM U1 ASSOC!,\.TED WITH TH.E OAILY OM!. IollMINlSTAA· 
TIC»! OF 10 GRAMS OF TIUOI)RAC1L. NOTE THE SIMILAR· 
I'I'Y Of TIlES!: CHANGES Wl'nl TIlOS!'! 1YI?lC.l.L OF ·SUM.u:R 
STERlLJTY' III THE RAM AND Win! THOSE 1I<'01lC£0 BY 
THIOURACIL (TABU: XlU). 
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Fi~n 9,-Ram 137_Section of Left Testis Removed 2 Weeks Pre
eedin/f the Initliat.ion of the Oral Thiouracil Administration. High 
mag,ufteation to show aetive spennatogenesis and presenee of spermatozoa. 

In spite of the differences in the physiological state of the reproduc
tive organs of these 2 rams, thiouracil produced changes in the 
semen typical of t hose produced by high summer temperatures. It 
is also evident that thiouracil is effective both by injection or oral 
administration; but, either through poor absorption from the ali-
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mentary tract of inactivation in the rumen, larger quantities are re
quired if administration i8 oral. 

The histological evidence supports the contention that ram 187 
was Buperior to ram 124 in the functioning of the reproductive or gans. 
Fli'ure 9 representina a section of the left testis of ram 137 removed 
at the beginnini' of the experiment shows normal spermatoj'enic 
activity and the presence of many spermat020a. After the daily ad· 
ministration of 10 j'rams of thiouracil to this r am, spermatogenesis 
had ceased and no spennatru:oa were apparent in the right testis 
as shown in Figure 10. However, the degenerative changes occurring 
in the seminiferous tubules of ram 124 (Figure 7) did not occur in 
ram 187 (Figure 10) . 

F1aun 10._Ram 131-Section of Riehe Telll!!. Removed After the Oral 
Admlnlotration of ThlO\lucil for 30 Dara. c. .. ation of spoermatoeenella 
II apparent, but th. dtj'enerati .. e ehanrea In the aemlniferoul tubul .. , 
which o<:>curred alter thiouracil injection in ra~ 124 (Fiaun 6). an absent. 

Simultaneously Administered Thiouracil and Thyro-active Pro.tein. 
-It has been shown that high summer temperatures depress repro
ductive activity in the ram, that the alterations in reproduction are 
reflected by changes in the semen characteristics which are typical, 
and that many of these changes in semen characteristics can be elim. 
Inated through thyroxine or thyro-active protein administration. 
It has been shown, further , that a condition similar in most respects 
to that produced by hia"h environmental temperatures can be Induced 
by orally administered or injected thioura.cil in rams during the nor· 
mal breeding season when high temperatures as a contrlbutin&, facwr 
can be eliminated. If the lowered reproductive activity induced by 
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high temperature and by thiouracil are alike in the accompanying 
changes in semen characteristics and if thyroxine is beneficial as a 
therapeutic agent in the former, then the detrimental effects of 
thiouracil on reproduction should a.1so be removed by the administra_ 
tion of sufficient thyroxine to replace that which would have been 
produced had it not been inhibited by thiouracil. 

In an endeavor to test the validity of the foregoing assumption, 
ram 220 was injected with 2.5 grams of thiouracil daily dUring the 
nonnal breeding season beginning October 1. During the 8-week 
period following the initiation of the thiouracil injections this ram 
received orally 2 grams of thyro-active protein daily in a gelatine 
capsule. At the end of this per iod the quantity of thyro-protein was 
increased to 4 grams daily for a a-week period, then to 6 grams daily 
for the subsequent 2 weeks. 

TAB LE 15 . • 

S._o Cha,...,ter1o,!e. P_-_raUn pro - ="" ... u , 2.' ~ •• m. Wteto<l<l>UJ pi"" ~r •• 
,.-, .... , pori"" actl .. proteill &dm"'l".~ ill tbt ... u, doaco of: 

1 va ... d>1i1 4 I """ d>llJ I ,ra,.. "'1i1 

VolwM 10>\) 0.' 0.' 0.' 0.' 

~'" 
, • • • • Spo . ... '020011 por £j oe,l ... 1,)47 '" I,~t! '" (In mlWono) 

Lift Spor m " EjO<\llotlool (%) .. 0 • • Abnocr..u Sper ", (':1,) " • " ,. 

Apparently, 2 grams of thyro..protein daily was not a sufficient 
quantity to counteract the 2.5 gr ams of thiouracil as the semen volume, 
motility rating, and total spennatozoa per ejaculate decreased and the 
percentage of abnonnal cells increased froni 36 to 86 (Table 15). 
However, increasing the thyroprotein to 4 grams daily produced 
rather startlina- results. The detr imental effects . of thiour acil were 
overcome as shown by the improvement in semen characteristics 
(Table 15) . The semen of ram 220 during this 3-week period was 
equal to that of the pre-treatment period in volume, motility, and 
spennatozoan concentration. The low percentage of live spenna
tozoa at ej aculation and the high number of abnonnal cells would 
indicate -that the spennatozoa produced during the post-operative, 
pre-treatment period were physiologically and morphologically sub
normal. Of special significance is the response of semen volume 
and spermatozoan motility to thyro..actiive substance during the 
normal breeding season in contrast to the lack of response to thyro
active substances during the summer. It appears that thyroxine alone 
will not maintain semen volume and spennatozoan motility. 
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The 4 grams ot thyroprotein must have been the optimum quan
tity, which is capable of replaeing the thyroxine whose formation was 
inhibited by the 2.5 grams of thiouracil and of providing a sufficient 
quantity of thyroxine in addition to insure nearly normal reproduc
tive activity. The result.! presented in Table 15 show that the 
administration of 6 grams of thyroprotein daily resulted in a re
versal of the upward trend of the semen characteristics. This con· 
firms the results of previous investigaton showing that both • 
hypothyroid and a hyperthyroid state resulted In an impairment in 
reproduction. 

Fieure n._Ram 22o-Seetion of Lett Testi l Removed During the Fall 
:ar~ing Season Prior to Thiouracil and Thyr o_ Protein Adminii tution. 
It II bbtologlcally nprelentative of normal lpermltoi'enic Ictivity. 

Figures 11 and 12 give a representative picture of the anatomi. 
cal and physiological state of the reprodllctive organs of ram 220 
durini the fall breeding season prior to the administration of the 
goitrogenic and thyro.active substances. The testes show normal 
spermatogenic activity (Figure 11) which is confirmed by the sperma,.. 
tozoan content of the lumen of the epididymis. (Figure 12.) 

Figure 13 shows the condition of the ri8'ht testis at the end of 
the experiment after the daily injection of 2.5 grams of thiouracil 
for a period of two months accompanied by the simultaneous admin· 
istration of 2 grams of thyroprotein daily fo r the first .3 weeks, 4 
grams daily during the succeeding 3 weeks, and 6 grams daily during 
the coneluding 2-week period. This testis (Figure 13) gives a picture 
of arrested spermatogenic aetivity accompanied by abnormal dis· 
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FilC'Ure 12~Ram 
Left Testis Prior to 
concentration in the 1 

Figure lS.-Ram 22(}"--Seetion of Right Testis Removed at the End of 
the S-Week Experimental Period. The cellular disorganization in the 
seminiferous tubules is outstanding. Near the basement membrane more 
normal c$lular activity is apparent. 
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organization of the cells of the seminiferous tubules possibly resl,llt
ing from the prolonged period of the thiouracil injections. At least 
during the first 3 weeks of the experimental period the semen char
acteristics (Table 15) indicate that insufficient thyroxine in the form 
of thyra-active protein was given to counteract the thiouracil effects. 
However, cells near the basement membrane of the seminiferous 
tubules (Figure 13) appear more normal and mitotic figures indica
tive of cellular division are discernible. The state of these cells may 
be indicative either of the failure to completely disorganize the cellular 
structure of the tubules by thiouracil administration or of the reme
dial effects of the larger quantities of thyra-active protein in coun
teracting the cellular dis(!rganization tendencies of thiouracil. 

SUMMARY AND DISCUSSION 
The lowered reproductive activity and fertility in rams associated 

with high environmental temperatures has been designated as "sum
mer sterility". 

"Summer sterility" in the ram was characterized by making a 
comparative investigation of semen specimens from rams before and 
after exposure to prolonged periods of high summer temperatures. 
The semen of rams exposed to high temperatures differed from that 
of normal rams in its possession of a decreased volume, a lowered 
rate of spermatozoan motility, a markedly decreased number of 
spermawzoa, a larger number of morphologically abnormal and dead 
spermatozoa, and of a lesser number of resistant or physiologically 
normal cells. The semen evaluation techniques utilized have been 
described and the significance of the data obtained through their use 
and their diagnostic value discussed. 

In addition to the eitreme variation in the degree of reproduc
tive activity peculiar to the seasonal breeder, the results of this in
vestigation have made apparent two other types of reproductive varia
bility. One is the marked decrease in the activity of the reproductive . 
organs associated with prolonged periods of high environmental tem
perature which may be characterized by the marked lowering of semen 
volume and concentration. This type has been called "summer ster
ility". The second type of variation in reproductive activity may 
occur in normal rams or in r ams with "summer sterility" and is made 
apparent thr ough slight fluctuations in those semen characteristics 
dependent upon spermatogenic activity. It is characterized by its 
extr eme sensitivity to slight variations in the environmental tempera
ture. 

In "summer sterility" the number of spermatozoa per ejaculate, 
the semen volume, and the motility rate of the spermatozoa are low-
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ered while the n!lmber of abnormal spermatozoa increases markedly 
during a prolonged period of relatively high environmental tempera_ 
ture. Superimposed upon this are the less pronounced fluctuations 
characteristic of the second type of variation in reproductive activity 
in the ram which are closely associated with slight increases or de
creases in the environmental temperature,!, 

In the ram alleviation of all the symptoms of "summer sterility" 
except the lowered semen volume and the lowered spermatozoan 
motility followed the administration of thyroxine or thyro-active sub
stances. Further, the thyroid-active materials eliminated the fluc
tuations in spermatozoan production and in the number of live and 
of abnormal spermatozoa in the individual ejaculates. The results 
of this investigation would indicate that temperature was affecting 
the reproductive mechanisms through the thyroid gland and that the 
sensitivity of the reproductive organs to slight temperature changes 
was a reflection of the sensitivity of the thyroid gland to changes in 
environmental temperature. On the basis of these results a major 
role in the reproductive physiology of the ram can be assigned to the 
thyroid gland and one might assume that fluctuations in reproductive 
activity similar to those in the ram do occur in the other fann ani
mals and that the thyroid gland is playing an important part in these 
changes. 

However , as the results indicate, the thyroid gland appears to be 
intimately conee.rned with the spermatogenic activity of the testes. 
The increases in spermatozoan production and the decreases in 
abnormal spermatozoa following thyroxine administration during 
"summer sterility" and the histological evidence may be cited in con
firmation of this statement. The failure of thyroxine to affect semen 
volume or motility rating in rams with lowered fertility during the 
periods of high summer temperature indicates that the thyroid affects 
the spermatogenic tissues of the testes and has little or no effect upon 
the interstitial tissue or the accessory organs which are dependent 
upon androgens produeed by the inter stitial tissue. 

The experiments made upon rants during the fall breeding season 
when environmental temperatures were low present additional evi
dence that the thyroid is a major factor in the reproductive physiology 
of the ram. Thiouracil, a goitrogenic substance which inhibits the 
production of the thyroid hormone, prOQuced all the symptoms typical 
of "summer sterility" when administered to rams during the fall 
breeding season. Interestingly, the administration of sufficient thy
roid-active protein to counteract the thiouracil effects and to assure 
the reproductive organs an optimum supply of thyroid hormone not 
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only stimulated spermatogenic activity but rapidly increased the 
semen volume and spermatozoan motility. 

Rating of the spermatozoan motility is the most commonly used 
method for the evaluation of semen specimens from the human male 
and from males of other specieS-especililly from those farm animals 
whose semen is used in artificial insemination. It would be logical 
to assume that spermatozoan motility 'and the rate of sper matogenic 
activity might be correlated. The accumulated data of this investi
gation all pOint to the lack of any correlation between spermatogenesis 
and spermatozoan motility. 

In this investigation of lowered fertility in the r.a:m seven dif
ferent techniques for the evaluation of semen were employed. In no 
investigation of which the authors are aware has this number ot 
evaluation techniques been utilized on the semen of animals and the 
results of the techni9.ues correlated with environmental and hormonal 
factors in the animals from which the specimens were obtained nor 
with the condition of the tissues of the testes and other reproductive 
organs as evidenced by histological studies. In the description and 
discussion of the various individual techniques in the section on 
Techniquu and General Experimental Proceduru and in the discus
sion of the results obtained by these techniques in the section on 
Experimental Procedure and Ruults, the authors have endeavored 
to evaluate the techniques used and to ascribe to each its specific 
diagnostic contribution in the evaluation of the reproductive capacity 
of the male. 

Since the extreme changes in the activity of the reproducti,ve 
organs typical of "summer sterility" attributed to the effects of pro
longed exposure of the rams to high envir onmental temperatures and 
the minor fluctuations in spermatogenic activity resulting in slight 
changes in dependent semen characteristics which accompany slight 
decreases or increases in environmental temperature are eliminated 
when thyroid-active substances are administered, it appears that tem
perature is infiuencing reproductive activity in the r am indirectly 
through the thyroid gland. 

Further, it may be assumed that direct temperature effects upon 
the testes through the scrotum are not significant. The histological 
evidence presented would tend to confirm this assumption. 

Both a hypothyroid and a hyperthyroid state are detrimental to 
normal reproductive activity in the ram as shown by this investigation 
and the work of previous investigations. This is of practical Signifi
cance in view of the utilization of goitrogenic and of thyroid-active 
substances as aids in the preparation _ of meat animals for market 
or in the treatment of lowered fertility in breeding animals. 
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CONCLUSIONS 

High summer temperatures are a major factor in the production 
of a temporary sterility (summer sterility) in rams. 

Less extreme variations in the reproductive activity of rams 
reflected by fluctuations in certain semen characteristics are appar
ently associated with environmental temperature changes even dur
ing the period of "summer sterility". 

Thyroxine or thyroid-active protein, administered orally or by 
injection, alleviates those symptoms of "summer sterility" resulting 
from impaired spermatogenic activity, but neither substance has any 
effect upon those symptoms of "summer sterility" correlated with a 
decline in the activity of the interstitial tissues. 

Administered thyroid-active substances eliminate those fluctua
tions in semen characteristics which are associated with slight varia.. 
tions in environmental temperature. 

Changes in reproductive activity and in semen characteristics 
similar to those typical of "summer sterility" are induced during the 
fall breeding season by the administration of thiouracil through feed
ing or by injection. Thyroxine or thyroid-active protein in adequate 
quantities counteracts the detrimental effects of thiouracil upon repro
ductive activity. 

It is concluded. that the thyroid gland is of major importance in 
the reproductive physiology of the ram. Further , it may be con
cluded. that changes in environmental temperatur es produce varia.. 
tions in reproductive activity in the ram indirectly through the thyroid 
gland. 
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