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INTRODUCTION

The health and production of the dairy cow is dependent
upon the efficient functioning of many interrelated physiological
processes, For many years considerable attention has been paid
to digestion, absorption of nutrients, circulation of the blood,
utilisation of metabolic products, and excretion. It is only in
recent years, however, that the importance of the endocrine sys-
tem has been appreciated, and there still remains a large amount
of fundamental research to be carried out before a complete under-
standing of theé role of hormones will be obtained.

In the endocrine system, the tayroid gland is a most
important unit in that its efficient functioning is essential to
normal growtia, metabolism and lactation. Tayroidectomy and hypo-
thyroidism have been shovn to depress body growth and to lower basdﬁ
metabolic rate. Hyperthyroidism on the other hand, causes an |
increase in heart rate and oxygen uptake, a loss of nitrogen, ‘
emaciation and hyperirritability. That the thyroid plays an
important role in the lactating dairy cow has been demonstrated
by experimental work - hypotahyroidism has been shown by Graham
(1934) and Spielman, Petersen and Fitch (1943) to cause a de-
crease in milk and fat production, while Graham (1934) and many
later workers have shown that mild hyperthyroidism may cause an
increase in both the milk yield and the butterfat content of
the milk,

In the past seven years, there have been two develop-
ments which are facilitating studies of thyroid function.
Firstly, Ludwig and von Mutzenbecher (1939) have provided a
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method for the preparation of cheap, thyroid-active iodinated
proteins. With such materials it is possible to supplement
the hormone output of the thyroid gland of the animal at will.
Secondly, a means of producing hypothyroidism without thyroid-
ectomy has been developed from the work of Mackenzie, Mackenzie
and McCollum (1941) and Kennedy (1942) who discovered the goitro-
genic nature of sulphonamides and thioureas.

These two experimental aids were used in the projects
reported in tnis thesis, where the following problems were studied.

As iodinated proteins may soon be used in farming practice
to stimulate milk and butterfat production, it is important to
know the effects of such materials on all the organs of the dairy
cow. In this thesis are recorded preliminary experiments which
were undertaken to study tane effect of thyroid-active iodinated
casein (thyroprotein) on the thyroid gland.

Goitrogenic substances, such as thiourea and thiouracil,
are useful in studying the part nlayed by the thyroid gland in
the lactation process in that they provide a means of observing,
without surgical intervention, tne effect of thyroid deficiency
on lactation. One of the first problems in applying this tech-
nicue to dairy cattle is the determination of a dosage of a goitro-
gen which will definitely affect thyroid activity in these animals
without being too toxic for practical use. To determine such anm
effective dose rate, a study has been made of the effect of various
dosages of thiourea upon the thyroid gland of dairy cows, and the
results of the project are recorded in this manuscript.

Goitrogens have the effect of inhibiting the formation
of thyroxine by the thyroid gland. This results in a compensatory
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hypertrophy and hyperplasia of the thyroid due to an increased
output of the thyrotrophic hormone by the anterior pituitary gland
in response to the 1lnduced thyroid deficiency. By the administra-
tion of thyroxine, dessicated thyroid gland, or artificial thyro-
protein, the pituvitary hbrmone can be held in check and the effect
on the thyroid‘of goitrogen-treated animals reduced in proportion
to the dosage of -thyroidal substance. The normal thyroid hormone
output can be estimated by determinigg the amount of thyroxine
reguired to return the thyroid glands of goitrogen-treated animals
to normal. The work reported in this thesis is fundamental in

the application of this technicue to dairy cattle where it possibly
may be used to determine whether the thyroid activity of high pro-
ducing cows differs markedly from tast of low prolucers.

Because very little data are available at the present
time concerning the size or tae thyroid gland in New Zealand'cattle,
the weights of thyroid glands obtained from cattle slaughtered =zt
freezing works and abattoirs in the Manawatu are nresented. It
is realised that tnese data are inadequate to give a comprehensive
picture of the thyroid weights of New Zealdnd cattle; the data

shown must be regarded as those of a preliminary study only.
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THE_ANATOMY OF THE THYROID GLAND

Review OF LITehiaTURE

General Anatomv _of the Thyroid_ Gland

The thyroid gland of most animals is composed of two
lateral lobes connected by an isthmus znd is located in close
association wita the anterior and lateral parts of the trachea,
at the base of the larynx. It is a very vascular ductless gland,
firm in texture and pale red ih colour. The two lateral lobes
are irregular in outline, and extend along either side of the
larynx as conical or pyramidal projections. Accessory thyroid
tissue is reported s occurring freguently (Wohl, 1917; Crotti,
1938) making to#d thyroidectomy difficult to perform.

The gland is enclosed by a thin connective tissue cap-
sule which is connected with tne surrounding cervical fascia, and
which zlso projects inwards to divide the glend into lobules.

The tissue of the glend is compact, 2nd consists of
lobules which are embedded in a stroma of fibrous tissue. The
stroma contains numerous blood and lymph vessels. The lobules
consist of non-communicating alveoli or follicles of varying size
and form. The follicle are lined by cuboidal or columnar epithel-
ium, and the lumina usually contain a characteristic viscid
material, celled colloid. Some follicles may be without lumen,
and consecuently do not contain colloid.

The amount of colloid found in a gland is by no means
a true index of the functional activity of the thyroid; the
amount present depends upon the two processes of secretion into

the lumina and absorption from the lumina into the bloodstream,
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and the influence of the thyroid on metabolism depends largely
upon the equilibrium between the processes. For example, if
there is a rapid absorntion of thyroid products from an extremely
active gland, little or no' colloid will be found. On the other
hand, the guantity of colloid mey be found to be materiazlly in-
creased in cases in which secretion and absorption zre diminished.
In these two instances false conclusions as to the functional
activity of the glend would be drawn if one were to assume that
activity is directly proportional to the emount of colloid present.

The follicle epithelium of the gland shows greet vari-
ations in size and arrengement of cells, influencing fectors being
cge, sex, season of the yeer, and diet. In general, it is be-
lieved that the epithelium becomes very low when the secretory
cctivity of the gland is depressed, and very tall and folded when
the gland is hyperactive.

The enztomy of the thyroid glznd in czsttle agrees well
with the outline of general eznatomy of the thyroid given above.
The Weieht of the Thvroid Gleud in Cattle

The weight, size and activity of the thyroid gland hes
been shown to be affected by many factors. Kezting and others
(1935) have shown that thyréid weight is increased by both colloid
accumulation and increases in epithelial constituents. Thyroid
weight as an index of thyroid activity is further complicated by
the fact that variation in the weight of the gland may be due to
vascularity and stroma apart from changes in the amount of colloid
and humber of acinar cells. A marked increase in the weight of

the gland, however, may be taken as indicative of thyroid dys-

function.
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Krizenecky (1932) has tabulated dats from tﬁe work of
Trautman (Drusen mit innerer Secketion-Joasts Spegille patholog-
ische snatome der Haustier (1917). These data present a compari-
son of thyroid gland mezcsurements between dsiry cettle and other
domestic snimels, but no account wes teken of differences due to
breed.
TABLE I

Comperative Measurements of Tayroid Glzands
of Domestic Animals (Trautman, 1917)

1 ]
| |
} Thyroid i Thyroid Tahyroid Thyroid
| length width thickness | weight
L' (em.) (em.) (cm.) (gm.)
e R FE N —
Dziry cattle| 6.5-7.5 4o 50=5.0 0.865-1.50 wIcEl &
|
Leef cottle E 6.0-7.0 | 4.00-5.0 0.75-1.50 | 21-36
| |
forses ! 3.5-4.0 | 2.3 1.50 t 20-3
i | |
Swine i 4.0-4.5 | 2.00-2.5 0.50-0.75 | 12-30
| |
Sheep E 3.0-4.0 5 1.25-1.5 | 0.50-0.75 E 4=7
1 | |
| | |

Krunski (1921) reported on the size of the thyroid in
deiry znd beef cattle of various ages and conditions from which
Krizenecky (1932) tabulated the data shown in Table I1I. In
this work, too, no data was presented to show aifferences between
breeds.

Swett, Matthews, Millar and Graves (1937) have presented
data showing a difference in weight of thyroid between breeds of

dairy cattle. A summary of these data is given in Table 111I.
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TABLE IT

e e e e o o e

Thyroid Weights in Cattle (Krupski, 1921)

: 1 e
Type of Animal | Number Lge Lbsolute
I of I (years) weight
-
gnimals (em.)
l o i s s S s

et s s e o]
i
i
i

Beefl cattle 40 i 1-5 21.49

|
Beef cows (pregnant) 21 1-4 21476

67

7

¥ilk cows (presgnent) 69

Averzge Thyroid Welghts of Delry Cows Comnared =ith Ladpy Velghis
Gvett, Matthews, Miller end Craves, 1937)
. | | |
Jaanper Live Emnty bouy Thyroid
of weight weight welght
[ aninals (1b.) | (1b.) (gm.)
___________ foi o s O W seses — ol e B B | s s e

Ayrshires WA 1083 921.98 33,4

Guernseys | 62 991 859.62 31.6

Holsteins | 198 17265 1089, 59 38.1

910 788,56

i
|
e — S e TP SO S S — s

Jerseys 218




EXPERIMENTAL

Methods

In order to collect catez corcerning the size of the
thyroid gland in cettle irn New Zezlend, perioaic vicits were
rede to the freezirg works et Longzbturn and Feilding, cnd to the
Pelmerston North Municipel Abeticirs. Ls much irfiormation ws
poscible zbout the previous history oif the znimels waes obtzined
{rocm the butcners corcerned,

It woes plerned to study »ozsible differerces in thyroid
weight due tc age, weight, cscx, end breed of the animel, function,
i.e. beef end dairy treeds, locelity znd sezsorn of the yvecar,

The number of cnimsls of deiry breeds from which glord:s could be
obtzired wes comhcratively smell, end 50 it 1s not possible at
this irtermediate stage of the survey to cnclyse the effects of
fectore such as age, cex, locsiity wnd secson in the case of
Gelry cettle. These fectors, hoviever, heve bteer cnalysed in the
case of beel cuttle, end with the contirueticn of the project it
is hoved to accumulate sufficiernt dzte for deiry cattle. Cercass
weights were lergely unobteinsvle in the survey on zccount of the
orgenisction of freezing works. Those deiry cows from which
thyroid glends were obtzined were in all ceses either dry snimels
or strippers.

A mejor difficulty was to obtain the glands intact, for
ur.fortunately it is & common nractice of the butchers to sever
the gland when the head of the animel is being removed. A certsin
percentzge of the glands were not severed however, and by obtain-
ing co-operation on the part of some of the butchers, the diffi-

culty was overcome to some extent. Only intact glands are
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included in the dataz presented,

The glerds were dissected from the tracheas of the
animels immedictely zfter the heuds hed been removed from the
carcasses,and the thyroids were then trimmed of gll adhering fet
ard conrective tissue end immediztely weilghed.

Results
A summery of the mean thyroid weights obteined to date

cettle is given in Teble 1V. Full

Hy

for the vearious cleasses o
irformetion on the weights of the indivicucl thyrosids is given
in ipnendices 1 to V.

TabLE 1V

Meen Thyroid Veights

B - g
|
|

i |
Type of enimel Yiop of} Nean thyroid{ Notes
lerimels! weizhts (5mJL
Neles | 33 | 7.412.39 % T\Colloctcd £rom
Deiry calves (ercsey) : { MBorby" calves at
: Femeles | 42V T7T.6%7, (ﬁ@ngbvxn works
| | [ iyt
] { fCollected 1rom
Deiry Calves (Jersey) Melecc | 7 ) 9.7£1.19 Lealves willed at
; : Dbirth et Mescey
| [ College
Desiry cows Jersey I 81 |29.548.64 !
Ayrshire } 20 124.245.69 :
Friesian ! 8 =42.0i1?.60 !
Deiry bulls Jersey [ 2 134.9%12.7 !
Friesiean : 2 §45.3i5.1 !
Vezlers (Lberdeen Angus) | f I
Castreted males 17 116.4+3.20 }
Femzles 7 117.6%5.32 {
| |
Beef heifers (Aberdeen Angug) 36 [27.7"7.56 |
|
Beef cows (Aberdeenkngus) 15 131.84%4.51 !
' n
Steers (&4berdeen fngus and { :
A.A. x Hereford) 87 129.147.29
[1__p—

(x The standard deviation is shown after the mean thyroid weight)
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In order to test the significance of the differences in
the thyroid weights of the three breeds of dairy czttle shown above
an enelysis of varience (Enedecor, 1940, p.179) was applied to the
data. The results are shovn in Tebles V and VI,

TebLb V

fnalysis of Varience cof Thyroid Weights Between Dairy Breeds

| |
Source d.fa ! Sum of scguares { Meen scuare

Total 108 9604.87 ;
|

Varience between breeds 2 1341.7C I 670.86
i

Varisnce within breeds 106 8263.17 g 77.95

-+ N A = B L

F=8.60 highly significsnt
The aenelysis shows & highly significant verietion in
thyroid weignht betvieen breeds of dasiry cows. To test the signi-
ficance of the difference in mezn thyroid weilght bétween breeds,
"t" tests were aspnlied (Snedecor, 1940, p.57) and the results

shovn in Table VI.
TAELE VI

Tests of Significamce of Differerce in Meen Thyroid Weight
Between Dsiry Breeds

Groups compared BiktAN Significance
Jerseys and Friesians 3.83 Highly significant
Jerseys and Ayrshires 2.4 | Significant
Friesians and Ayrshires 2.11 Significant

The analysis shows that the difference in mean thyroid

weight between the Jersey, Ayrshire and Fresian cows was statistic-
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8lly significant. This probebly was a reflection of different
body weights. These results areIn agreement with the findings
of Swett et 1. (19327) in dairy czttle in the United States.
The effect of sex on the thyroid weight was examined
between the means of verious groups of animsals, as shovm in
Teble VII, using the "E" test of significence.
TABLE VII

The Effect of Sex on the Weight of the Thyroid Glend

e
!
!
!
l
|
|
!
|
|
|
l
l
|
1
{
n
1
|
|
l
!
|
q
|
(
|
|
!
!
|
1
I
!
|
I
l
!
|
|

I
I PR g
Groups compared L : Significence

—__—+-____- —— -_—

llzle a2nd femzle Jersey calves 0.112 Non-significant

Castrated male e¢nd intect femzle

Aberdeen Angus vealers 0.750 Non-significent

R

Ltbepdeen Angus cows and A.t. stecre 0.440

4

e el o

These results sunport the conclusion that sex has no
effect on the wveight of the thyroid glend of mele and female
Jersey celves. No significent difference was found between the
thyroid weights of castrated mcle and intect female Aberdeen Angus
vealers, and cows snd steers of the Aberdeen Angus breed.

The number of thyroid glends collected from deiry bulls
was too small to permit an analysis of difference in thyroid weight
due to sex in mature dairy cattle.

To examine the‘effect of age on the thyroid weight of
Jersey cattle, the data was divided into age groups which included
glends from bobby calves, and from cows of 3, 4, 5 and 6 or more
. years of age. The mean of each group was plotted on a graph as

shown in Figure 1. The difference between the mean of the group
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FIGURE 1

The Relation Between Thyroid Weight and
Age of the Animal in Jersey Dairy Cows

6 and over
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consisting of 3 year old animals and that of the group of animals
of 6 or more years of age was found to be statistically non-signi-
ficant (t=1.768), and so further analysis of the data in this
respect was not pursued in the meantime.

The difference between the means of the thyroid weights
of beef heifers and beef cows was significant (t=2.32), and an in-
crease in thyroid weight with zge was thus shown.

To investigate a possible difference in thyroid weight
due to function of the animal, i.e. whether used for beef or for
dairy production, a "t" test was applied to the difference between
the mean thyroid weight of Abercdeen Angus cows on the one hand,
and thet cf Jersey, Ayrshire and Friesien thyroid weights respective=
ly, on the other. The results of these snalyses zre shown in
Teble VIII.

TabLb V111

Effect of Function of the Animal on the Weight of the Thyroid Glend

Groups compared | ngn g Significarce
|
Aberdeen Angus and Jersey cows 0.317 E Non-significant
Aberdeen Angus and Friesian cows 2.821 E Significant
Aberdeen Angus and Ayrshire cows 1.247 i Non-significant

The averzge body weight of the beef cows from which the
thyroids were obtained was about 1300 1lb., and the average body
weight of the Friesian cows was about 1250 1b., the Jersey cows,
950 1b., and the Ayrshires, 1100 1lb.. In view of the results

shown in Table VIII, therefore, the Aberdeen Angus cows had a



-~ -

lower thyroid weight per unit of body weight than did animals
of the dairy breeds.

Analysis of the date in respect to locality was limited
by the fact that the majority of the animals came from the Kzirecnga
district. In two cases, however, a comperison between animals
from different districts could be made. Forty-one of the steers
care from Hunterville, and when the mean of the thyroid weights of
these animals was compeared vwith that of steers from the Keirengs,
the difference between the means was found to be statistically non-I
significant (t=0.270). The calves that were killed at birth at
Massey College had thyroids with a mean weight 2.2 grams heavier
than those of male calf thyroids from animals off the Kairenga
plairs. This difference between the means was found to be statis-
tically non-significant (t=0.250).

In the course of a few years it is hoped to collect
thyroid glands from each group of cattle at each of the four
seasons of the year, and so to determine the effect of season
on the thyroid weight. However, because the number of animals
slaughtered, apart from "bobby" calves, in the spring months is
small, some time will necessarily elapse before such an analysis

can be made.
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REVIEW oF LITERATURE

Chemistry of the Thyroid Hormone

The thyroid provides, through its specific hormone, a
mear.s for varying the rete of metzbolism to meet changing physio-
logical needs.

A volurirous literature on the chemistry of the thyroid
secretion hass appeared within the last 45 years. Kendall, in
1914, isolated a crystalline substance with physiological activity
from thyroid material but it was left for Harington (1926) and
Harirngton and Barger (1927) to determire the correct chemical
formula for the active principle thyroxine, as shown below:-

I o I 4 7 N
H O —_——-4’ fe) | \, ft o 7/
& "_ C — s
; N ,

1 H T H H
Thyroxine

Kendall (1929) showed that upon alkaline hydrolysis
thyroid tissue is divided irto an acid-soluble and acid-insoluble
fraction. The acid-irsoluble fraction contains thyroxire and
possibly other iodine-containing compounds. Harington and Randall
(1929) isolated di-iodotyrosine from the thyroid, and Harington
(1944) produces impressive evidence, both chemical and biochemical,
for the assumption that thyroxine is in fact formed irn the body
from tyrosine and iodide through the intermediate stage of di-iodo-
tyrosire. Schachner, Franklin and Chaikoff (1943) showed that
the biological process is in part controlled by an oxidising en-

zyme system. The relative amounts of thyroxine and di-iodotyrosine



-1

- 16 -

in the thyroid varies guite markedly with the season of the
year (Harington, 1933).
The Reletion of lodime to the Thyroid Gland

It is established that iodine is a normal constituent
of the thyroid gland and must be supplied to an animal for normal
activity of the gland. The thyroid has a marked affinity for
iodine as shown by the high proportion of dietary iodine found ir
the thyroid glends of animals on diets which contain very small
traces of iodine. Burk and Grummitt (1945) review experiments
in which the nessage of redio-active ioaine was traced from the
diet to the thyroid gland where the iodine was ¢uiIckly concen-
trated in large quantities relative to the amcunt fed. Marine
and Rogoff (1916) reported that the iodine content of the thyroid
of the dog may be increassed severzl hundred per cent within five
minutes following an injection of 50 mg. of potassivm iodide intra-
venously. Eighteen per cent of the icdine contzired in a dose
of 38 mg. of potassium iodide was recovered by the thyroid. Van
Dyke (1925) showed that free iodine and sodium iodide is mubh
more readily taken up, Thyroxine hes but little effect on the
iodine content of the gland (Ralston et al., 1940) .

Koch (1913) first reported a seasonal variation in the
iodine content of the thyroid, and Seidell and Fenger (1913),
Fenger (1918), and Kendall and Simonsen (1928) confirmed and
extended this work. The glands contained less iodine in the
winter months and more in the summer months. Salter (1940)
presents evidence for a greater secretion of thyroid hormone

into the blood stream in cold weather in that there is a reduced
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storage of colloid by the gland, and a decreased iodine content,
in winter.
Hegulation of Thyroid fctivity

1t has long been suspected that a very efficient
mechanism exists forregulating thyroid activity by way of the
bloodstream. First proof of 2 pituitary hormone being the re-
gulating factor, however, follwed the demonstration by Smith
(1917) and by Allen (1919) that hypophysectomy caused atrophy of
the thyroid, and Smith's later demonstration (1926, 1930) that
implants of fresh pituitary restored such atrophic thyroids to
normal and even increased activity. These results have since
been confirmed by many workers. The pituitary factor concerned
has been called the thyrotrogE;c hormone, or thyrotrgggin.

While the thyrotrophic hormone of the anterior pituitary
appears to be the means of stimulatirg the thyroid, however, there
is ample evidence also that the thyroid secretion exercises an in-
fluence on the anterior pituitery, perticularly in respect to
control of the production and release of the thyrotrophic hormone.

The activity of the thyrold and that of the pituitary
gland are interdependent, the one regulating the other: . Any de-
ficiency in the thyroid secretion quickly stirulates the pituitary,
elither directly or indirectly, to produce more thyrotrophic hormone;
and conversely, an excess of thyroid secretion tends to reduce the
secretion of thyrotrophin : by the anterior pituitary gland.
Physiologically Active lodinated Proteiuns

(a) Discovery. Oswald (1910) found that iodination of

albumin, gliadin and casein in alkaline solution gave products
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from which he was able to isolate 3:5 di-iodotyrosine; this drew
attention to the importence of tyrosine as an iodine-containing
corstituent of the iodinated protein molecule. Abelin (1933,
1934, 1936 and 1938) claimed to have obtained physiologically
active lodinated proteins from which, by alkaline hydrolysis, he
could separate fractions having the genersl physical and chemical
properties of thyroxine; 1in only one instance, however, was a
crystalline substance having physioclogical activity isolated and
this was not satistactorily charscterised.

Ludwig and von Mutzenbecher (1939) published a detailed
description of a method for the iodiration of casein and other
proteins to give products which were not only physiologicelly
active themselves but from which it wzs possible to isolate thyro-
xine. This work was confirmed by Harington and Pitt-Rivers (1939).

The above work wes important in that it offered the
possibility of cheap and easy preparation in large quantities of
products having the specific physiological products of the thyroid
gland. This possibility was realised by Reireke and Turner (1942a)
who confirmed the original observation, extended the work to other
proteins, and defined more sharply the conditions to be observed
if optimal yields of active material are to be obtained.

The thyroxine formed from di-iodotyrosine (itself pre-
pared from natural 1-thyroxine) is laevo-rotatory, and therefore
identical with natural thyroxine isoleted from the thyroid by
enzymic hydrolysis. |

(b)__Physiological Effects of Artifidal Thyroproteins.

The effects of hypothyroidism are anal@gous in all mammals and in
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general are more severe the earlier in life the thyroid function
is impaired. The effects include depressed body growth; lowered
basal metabolie rate; decreased nitrogen retention; carbohydrate
absorption from the intestine is lowered; and fat tends to be
stored. Good reviews are given by Kojimi (1917), Hoskins (1927)
and Salmon (1938).

It is widely recognised that the symptoms of hypo-
thyroidism can be alleviated by the administration of dessicated
thyroid gland, thyroxine, or various thyroid-active preparations.
This has been shown by Pick and Pineles (1906), Basinger (1916),
Smith et al. (1927), Salmon (1938), Evans et al. (1939), and
Lerman and Szlter (1939). It has been demonstrated by Reineke
and Turner (1942a) that artificial thyroproteins may also be used
successfully to alleviate the eifects of hypothyroidism.

It was first shown by Reineke and Turner (1942a, 1942b)
that artificial thyroprotein, when fed to cows and gozts in declin-
ing lactation, has an effect similar to th:t of thyroid material
or thyroxine, in stimulating increased yields of milk and butterfat.
This work has been confirmed and @8xtended with cows lactating nor-
mally by Reineke (1943), Van Landringham et al. (1944), Reece
(1944), Seath et al. (1944), and Blaxter (1943, 1945a, 1945b, 1946),
and with cows brought into lactation with diethylstilbestrol by
Hollard and Campbell (1946).

It has been shown by several of the above workers that
the increases in milk yield and butterfat obtained by the admini-
stratioﬁ of iodinated proteins to dairy cows is accompanied by an

increase in heart rate and a corresponding decrease in body weight.

e—
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More information is required, however, on further physiological
effects of feeding iodinated proteins. For example, what is the
effect on the cow of feeding thyroprotein over a period of several
months? What is tne effect on longevity of the animal if the
feeding is continued over seversl lactations? What is the effect
of the thyroprotein on the organs concerned with the secretion of
milk? What is the effect of feeding thyroprotein on the thyroid
gland of the animal?

Very little investigation has apnarently been carried out
on the 2ffect of thyroid material or thyroxine on the thyroid gland.
However, the fact that rats fed dessicated thyroid gland show signs
of marked functional depression of their owvn thyroid glands has bBeen
demonstrated by Abel et al. (1925), Cordonnier (1729), Reforzo-
Membrives (1938), Uotila (1940), Belasco and Murlin (1941), Gsalli-
Mainini (1941), and Koger and Turner (1943). Reforzo=Membrives
(1938) reported that the pituitary glands of such rats have a
thyroid-inhibiting action when extracts azre injected into guinea
pigs. An excess of thyroid hormone in tae circulation as a result
of the administration of dried thyroid may act upon the mechanism
in three ways - (1) directly causing an inhibition of the thyroid
(Uotila (1940); Galli-Mainini (1941)); (2) inhibiting the thyroid-
stimulating action of the anterior pituitary gland (Reforzo-Membrives
(1938)); or (3) originating or developing an active thyroid-inhibit-
ing action in the anterior pituitary gland (Reforzo-Membrives (1943)
EXPERIMBNTAL

The experiments recorded in this manuscript were under-

taken in order to study the effect of thyroprotein on the thyroid
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gland of the dairy cow.

The thyroprotein used was prepnared, using dairy factory
eguipment, by Mr. I. D. Morton and Dr. 1. L. Campbell of the Dairy
Research Institute (N.Z.), according to the method of Reineke and
Turner (1942), with minor modifications.

Poteuncy of Thyroproteln

To obtain some measure of the potency of the thyro-
protein, the material was fed to two dairy cows in declining
lactation, and the effects noted on the yield and composition of
the milk, and tne body weights and pulse rates of the animzls
recorded. Details of the cows used are shown in Table IX.

ne thyroprotein was fed to the Friesian cow, Robbie,
at dosages varying from 20 to 45 grams daily over periods ranging
from 8 to 56 days. The Ayrshire cow, Sulu, received thyroprotein
over only one experimentel period, wnen she received 30 grams daily
over 14 days. The method of administering the material was to
suspend the thyroprotein in a pint of warm water with apnroximate-
ly one gram sodium bicarbonate, and the suspension was given to
the animals as a drench. A definite increase in milk yield was
observed aboﬁt three days after the beginning of the feeding period,
and an increase in the butterfat tést from about the seventh day.
These effects on milk yield and composition were accompanied by a
marked rise in the heart rates and a rapid decrease in the body
welght of the animals. The results of these trials are shown
graphically in Figs. II and III.

The results indicate that the thyroprotein used was
slighly less potent than the synthetic thyroprotein "Protamone",
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Details of Cows Used to Estimete the Potency of the Thyroprotein
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FIGURE 11

Effect of Thyroprotein on Yield and Composition of Kilk

Lactation curves of the Friesian cow "Robbie", which was fed tgyro-
protein at intervals throughout 1lactation.
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daily over 14 days.
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made by Cerophyl Laboratories, Kansas City, Missouri, and used by
Reece (1944), Seath et al. (1944), and Van Landringham et al. (1944),
and that it was very similar in potency to tae mixture of a large

number of preparations of iodinated casein used by Blaxter (1946).

In order to study the effect of thyroprotein on the
thyroid gland of dairy cows, the material was fed in tne above
manner at varying dosages to dry dairy cows. Details of the
animals and dose raztes used are shown in Table X. In order to
provide a comparison with the thyroids of animels treated with
thyroprotein, thyroids of eleven normal cows were examined histo-
logically. Detzils of tnese animals are shown in Table X.
Genersl and Histological Techuique

During the experimental period the animels were weizhed
eand their pulse rates determined on three consecutive days weekly.
Heart rates were recorded by paljsating the saphenous artery on
tae medio-lzteral surface of the hind leg. The animals were
allowed to stand quietly for five minutes prior to tae observation,
and then recordings were mead@ until a constant figure was obtained.
Heart rates were not recorded in all cases because the refractory
nature of some of the animezls used made accurate determinations
impossible,

On the day after the conclusion of the feeding period
the animals were slaughtered. The phyroids were dissected out
immediately after slaughter, trimméd of fat and connective tissue,
and were weighed. A sample of tissue was taken from each gland

for histological examination by snipping out a small portion of
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the tissue from the middle of the right thyroid lobe.

The technigue used for the histologicsl examination of
samples of the thyroids was as follows. The tissue samples were
fixed in Bouin's picroformol immediztely after being taken.

After a period of fixation, they were embedded using the paraffin
infiltration method. Cedarwood oil was the clearing agent employec
Prior to sectioning, the samples were soaked in lithium carbonzte
to soften the tissue. The sections were cut at 6 a4, stained with
Menn's haematein and eosin, snd mounted in green euparal.
Mezsurement of the Height of the Epithelisl Cells

In histological studies of the thyroid gland by Rawson
and Starr (1938), Rawson and Salter (1940, and Hertz znd Roberts
(1941), tae degree of hyperplasia of the thyroid epitahelium was
measured by the height of the epithelial cells of the acini.

The method involved tne measuring of cells of average size of
either 100 or 200 successive distinct acini. This method was
criticised by Turner and Turner (1945) in that a possible error
was introduced in determining by eye alone wnat cell or cells were
of average height. To overcome this error, the lattervworkers
used a photographic-planimetric method by which acinar cell area
and colloid area were determined, and cell height was derived
from these data. '

Cognizance of the criticism of Turner and Turner was
taken in the project here recorded, but as the equiﬁment for such
a photographic-planimetric method was not availabj)e an alternative

technique was developed to overcome the difficulty of deciding an

average cell height by eye observation alone.



= k8 -

The first step was to calculate the number of cells
required to provide a sample with a mean acinar cell height
reasonably representative of that of ell the acinar cells in
the gland,

Samples of glands from two normal cows and one coOw
treated with thiourea znd one cow treated with %hyroprotein, were
sectioned, Ten acini from each gland were randomly selected.
The height of each of the epithelial cells in each of these ten
acini was then measured, using an ocular micrometer calibrsted
from a stage micrometer. One division or unit of the ocular
micrometer was egual to 145/4. For convenience in the developn-
ment of the sampling method, the measurements of acinar cell
height were retzined in units of the ocular micrometer, conversion
to terms of microns being left until the final stsges.

The observations on the height of the epitheliel cells
of the above four glsnds are recorded in Appendices VI to IX.

The mean acinar height for each of the ten acini of
each glend is shown in Table XI.

An analysis of variance wes applied to the mean acinar
cell heights of the ten follicles of each of the glands and a
standard deviation derived from the "within follicles" term of
this analysis. These analyses are shown in Table XII.

With this knowledge of the mean cell height of ten ran-
domly selected follicles of each of the four glands, and the
standard deviation of the cell heights of the follicles within
each gland, the size of the sample necessary to provide an accurate

representation of the average cell height of each acinus could be



Mean Acinar Cell Heights of Glends Used as the Basis for Sampling Technique

Name Treatment Mean Acirar Cell Height (in units) 1 unit = 2:5m Mean for
SR Gland
Follicles
1 IE 4 5 1 6 71 81 91 10
Baronia | Normal T 7 0 T 5.91 Guhl B.91 8,71 4,51 9.01 .81 7.4 8.7
| [ [
Unmask Thiourea 2791 21.4125.8123.511.7127.1123.0125.2118.8121.0 23.9
f |
Quiver Thyroprotein 5.0 2.8} 4.7 5.1) 4.7 5.57 5.1F 5.2 446] 5.1 4.9
] i { 5 }
‘l_ 1 L ____1 1 1
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Analyses of Variance of Acirar Cell Height

= 3 _

TABLE XI1

Animal 1 Spurce Degrees of Sum of Scuares Mean Stendard
Freedon 8cuare [Deviation
Normal cow| Total 1211 2743
"Baronia "|Between
Follicles 9 1055.21 117.26
Within
Follicles 1202 687.69 o, 5923 0.76
- —ﬂ ________ g
Normal cow| Total 995 3563
"Qualify" Between
IFollicles 9 2496 277.23
;Within
}Folljcles 986 1067 1.082 1.04
!
Cow fed Total 840 21403
thiourea Between
"Unrask" Follicles 9 788 976,44 ;
Within I
Follicles 831 12615 15.18 | 3.90
B —
Cow fed Total 1020 1539
Thyropro- !Between
tein Follicles 9 160 7,78
"Quiver" Within
Yollides 1021 1379 1.351 1.46
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calculated.

The formula used was

2 2
= _Wres-
. (X - m)2

where n = the required number of observations; X = the mean cell
height, and s = the standard deviation in cell height, of the
sample of cells measured; m = population parameter cell height of
the whole of epitheliel cells within the glend; and t = 3, this
value being srbitrarily chosen es being larger than the 1% level
of the likely sample size \Snedecor, 1940 p.390).

The nooled standard deviation of the height of the
acinar cells in the tvo normal glsnds is 0.9 units, and the aver-
age of the meen cell heights of those cells meesured is 9.7 units.
It is reasonableto zssume, then, that the population psremeter is
about 10.1 units, as the best available messure of the meen acinar
cell height of all the epithelicl cells in the glend ig the meen
cell height of the sample of cells measured, On applying the
above formula

n = __Llla_g_ﬁQ,ﬂQLE__ = 7.29 or 8 observations

Thus a sample of eight cells will be sufficient to show
significance at the 1% level of a difference of 1 unit in mean
acinar cell height between follicles. A table showing the differ-
ence in mean aciner cell height between follicles required to give
significamace at the 1% level for a varying number of observations
in normal glands is shown below. The data shown in this table
is presented in grzph form in Figure 1IV.

In the thyroid gland of the cow treated with thiourea,
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TABLE X111

Difference in Mean Acirar Height Between Follicles Reguired
to Give Significance at the 1% Level for a Varying Number
of Observations in Normal Glands

Number of Observations ! Required Difference in Mears
Units Microns
5 1.46 n
6 1.21 3
4 1.04 3
8 0.91 2
b/ 0.81 2
10 0.73 2
11 0.66 ! 2
2 0.60 | 2
15 0.49 1
20 0.2 1
25 0.29 1
30 0.24 1
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fhe variation in cell height was much greater than than found in
normal glands. Horeover, the meen cell height of the ten
follicles (23.9 units) was greater than that obtained for the

two normal glands (8.7 and 9.5 units respectively). For the
acinar cell heights of this gland from the thiourea-treated cow,

a standard deviation of 3.9@ units wes found. In this case the
number of observations necessary to show significance at the 1%
level of a difference in mean acirar cell height between follicles

of 7 units is

(3)2 x (3,90)%
7

A table for such stimulated glends, snalagous to thet given above

- = 19.54 or 20 observations

for normel glands, is as follows:- |

TABLE_X1V
Difference in Measn Acinar Cell Height Between Follicles Recuired
to Give Significance zt the 1% Level for a Varying Numter of
Observations in Stimulsted Glands

Number of Observations Reguired Difference in Meens(Unity

|
{
|
i_____ Upnits ' Microuns
|
9 3 15 ! 38
14 | 10 { 25
15 : 9 } 23
14 i 8 | 20
EY ! 7 % 18
23 | 6 ,' 15
27 g 5 ; B
{ L

As the difference in means between follicles for such
depressed glands as those from cows treated with thyroprotein is
about 1.5 units, as compared with about 1 unit for normal glands,
the table compiled for the latter glands may be utilised for
depressed thyroids.
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In order to determine the number of follicles that re-
guire to be measured from each gland to provide a reoporesentative
sample, an analysis of variance covering gll four glands was
carried out in order to provide an "over-sll" standard deviation

in cell height.
TABLE XV

Analysis of Variance of Cell Height Between Glands from Two Normal
Cows, from One Fed Thiourea, and From One Fed Thyroprotein

4 " fries ..
1
Source Degrees of Sum of squares } Mean scueare
| __freedom i 3 N .
| [
Total | 4079 215,354 E
{
Between glands 3 ' 186,104 i 62035.00
I
?¥ithin glands 4076 29,250 { 7.176
—" - f 7 l -
Standard Deviation = 2.68
Anplying the formula to this dats,
; ) . 2
n = __Ll;Qlf-%-ﬁé;Qﬁl__ = 9.23, or 10 observations

Hence, by measuring cells from ten follicles, a difference of 6
units in mean values of glands shduld be significant at the 1%
level for a stimulated gland. Because there is less variation
in cell height within normel and depressed glands, and because
the mean cell height of these glands is smaller than that in a
thiourea-treated gland, in these cases i - m = 35 thus for such
glands a difference of 3 units in mean values of glands should
be significant at the 1% level when cells from the follicles are
measured.

From the above calculations it was thus found that to
obtain a sample of cells with a mean acinar cell height reason-

ably representative of that of all of acinar cells in the thyroid
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gland, eight randomly selected.cells from each of ten'. randomly
selected follicles were all that were needed to be measured in a
normal or depressed tkyroid gland, (For the sake of convenience
in calculation, ten cells from each of ten follicles were measured
in these types of glands in this thesis). In a stimulated gland
it was necessary to measure twenty cells from each of ten follicles.
This sampling method was used in the histological examiration of

the thyroid glands in this thesis.

Effects of Thyroprotein

(2) _Generczl_ Effects. The trends in body weight and in
pulse rate, where available, of the animels fed thyroprotein are
shown in Figure V. In the case of the cows on the short-term ‘
feedirg periods it will bpe seen that there was a marked increzse
ir pulse rate accompanied by a gradugsl decline in body weight as ‘
the feeding pericd continued. There was no marked effect on the
body weight of the two animals fed 10 gm. thyroprotein daily over
56 days, and the pulse rate, after an initial rise, declined again
to only a slightly abnormal level and remained there for the re-
mainder of the feeding period.

\b) _Effects on Acinar Cell Height and Thyroid Gland Weidt

(i) Thyroids of Animals Killed at the Ehd of the
Feeding Period. To study the effect of thyroprotein on the
thyroid gland of cows being fed thyroprotein, eight cows were
slaughtered the day following the conclusion of their respective
feeding periods. The thyroid glands were weighed, and then
examined histologically, and the mean acinar cell height for each

gland measured. These results are shown in Table XVI, together
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with the mean thyroid weight and mean acinar cell height of

thyroids of normal cows of different breeds. Full data on the

measurements of acinar cell height are given for normal glands

in Appendiees X to XXII , and for glands from cows killed at the

end of the thyroprotein feeding period in Appendices XX11I to xXIX
TABLE_XVI

Mean Acinar Cell Height and Gland Weight of Thyroids

| [ |
[ l
Cow Breed } Treatment ? Mean acinar | Mean gland
{ { cell height | weight
t i { (microns§ ' (gm.)
i H 1
Jerseys ! Normal ! &5 | vBI95
Friesians | Nermzl [ %9: : 42.0
i Ayrshires } Normal { 7.5 L 34.2
Mona ! Jerseyg ' 10 gm. daily, - | 38.2
Nell | Jersey | over 14 days &0 L 39.5
Cuiver Jersey | 20 gm. daily! i | 48.0
Mandolin | Friesien) | over 14 days| B [ 36.0
Sophie | Jersey 3 | 30 gm. daily b 42.0
Lilac ! Friesian | over 14 days: { 17.0
Nors | Friesiang | 10 gm. daily| | 45.4
Ulex ! Friesian | over 56 days; 3 ! 87.1
- - -+ + b~

There were insufficient numbers of animals in each
treatment to establish significant differences in acinar cell
héight between the various treatments. When, however, the glands
from cows treated with thyroprotein are compared with those from
normal animals, a highly significant difference was found between
the mean acinar cell heights of each group (t=7.403), the acinar
cellshof ‘the thyroprotein-treated thyroids being abnormally low.

The effect of thyroprotein on the weight of the thyroid
gland was analysed by testing the significance of the difference

in mean thyroid weight between glands from the treated Jersey cows
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and the treated Friesian cows, and the mean thyroid weight found
for the two respective breeds. The difference was non-significant
both in respect to glands of the Jerseys (t=0.202) and the Friesiars
(t=1.418).

(ii) Thyroids of Animals Killed at Least 76 Days
After End of Feeding Period. In view of the marked depression
in acinar cell height found in the thyroids from cows slaughtered
the day after the end of a thyroprotein feeding period, it was of
interest to know whether such depressed glands would subsequently
return to a normal condition, if no further thyroprotein were fed.
To this end, the thyroid glands of five cows which had been on a
thyroprotein feeding experiment concerned with a project outside
the scope of this thesis, were also examined histologically, and
the mean acinar cell height mezsured. Details of these animals
have been given in Table X. The mean acinar cell heights and
thyroid gland weights are shown in Table XVII, and full data from

the histological examination are presented in Appendiges 2XAX t3 XXV

TABLE XVII

Mean Acinar Cell Height and Gland Weight of Thyroids

- . e
i
Cow Breed Mean Acinar |  Thyroid Gland
Cell Hei§ht { Weight
(hicrons : (em.)
| | N
Robbie Friesian 22 11-0 ! 51.5
Raupo Jersey an 109 .' 24.0
Upstart Jersey aB r0-0 | 33.0
Tinder Jersey 9 713y l 18.0
Quire | Jersey N 60 ‘L 43.0

A test of significance showed that the mean acinar cell



height of these glands did not differ significantly from that of
normal glands (t=1.570). It is thus presumed that the experiment-
al glands had returned to a normal condition at the time of

slaughter, 76 days after the end of the thyroprotein feeding period.

REVIEW OF LITERATURE ON GOITROGENIC SUBSTANCES

Nature of Goltrogenic Substances

For many years the existence has been know of substances,
both naturally-occurring and artificial, which are capable of in-
ducing enlargement of the thyroid gland on being administered to
animals and until recently it has been believed that the goitro-
genic action of such substances: was naturalised by the addition of
iodine to the diet.

In 1941, MacKenzie, MacKenzie and McCollum reported that
sulphaguznidine, used to combat intestinal infection, produced a
remerkable enlargement of the thyroid gland in the rat. Histo-
logically, the thyroids showed marked hyperplasia, the epithelium
was distinctly columnar and was so increased and invaginasted as
nearly to extinguish the luminas of the follicles, MacKenzie and
MacKenzie (1943) showed that a similar goitrogenic activity could
be obtained with a seriés of sulphonamides and thioureas. The
thyroid hypertrophy, which was accompanied by a fall in basal
metabolic rate, was not prevented by the administration of iodine,
but was inhibited by the injection of tayroxine. These findings
were guickly confirmed (Astwood et al., 1943; Astwood, 1943a;
Dempsey and Astwood, 1944), and similar results with substitd?d
thioureas (Astwood et al. 1943; Richter and Clisby, 1942} Kennedy,
1942) and natural goitrogens (Griesbach and Purves, 1943) reported.
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The tayroid hyperplasia induced by these goitrogens was accompanied
by signs of increased activity of the anterior pituitary gland,
but tane thyroid hyperplasia could not be obtained in hypophysectom-
ised animals (Griesbach and Purves, 1943). It was then thought
that these substances depressed thyroid hormone production, and
that the tayroid hyperplasia was caused by increased pituitary
activity evoked by the reduced tayroid hormone output (MacKenzie
and Macfenzie, 1943; Astwood et al., 1943). At about the same
time it was observed that the prolonged administration of potassium
thiocyanate to humans could induce the appearance of thyroid
goitres, associated with a fall in basal metabolic rate, though
the development of this type of goitre could be prevented by the
administration of dietary iodine (Rawson, Hertz and Means, 1942).
Basing his therapy on the assumption that thiourea pre-
vented the production of thyroid hormone, Astwood (1943b) success-
fully trezted clinical hyperthyroidism by the daily administration
of thiourea and showed that 2-thiouracil was also effective. The
possibilities of this new treatment were soon widely explored
(Rawson et al., 1944a; Paschkis et al., 1944; Astwood, 1944a;
McGavick at al., 1944; Astwood, 1944a) and it was also shown that
the administration of thiourea and thiouracil to experimental
animals had effects similar to those of tnyroidectomy with res-
pect to growth (Hughes, 1944; Williams et al., 1944), organ morpho-
logy (Leblond and Hoff, 1944), thyrotrophin-induced metamorphosis
of tadpoles (Hughes and Astwood, 1944), development of fish (Gold-
smith at al., 1944a), and pigmentation of.bird plumage (Juhn,1944).

Thiouracil, as mentioned previously, has been used to estimate
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tnhe amount of thyroxine secreted under various conditions
(Astwood et al., 1943; Astwood, 1943a; Dempsey and Astwood, 1944).

These results support the view that tniouress and
thiouracil inhibit the formation of the thyroid gland hormone, but
do not interfere with the action of the hormone once it has been
liberated into the bloodstream.

Mode of Action of Gojtrogenic Substances

It hes been shown by Astwood and Bissell (1944) thst
the daily administration of thiouracil to young rats fer eight
days reduces the iodine content of the thyroid gland to a very
low level although the weight of the gland may be increased near-
ly threefold. If daily administration of thyroxine is then com-
menced, with the continuation of the thiouracil treatment, the
iodine content of the gland remeins low but the follicles fill with
densely staining colloid material (Astwood and Bissell, 1044;
Dempsey, 1944). A similar result is obtained by hypophysectomy
during thiouracil administration (Astwood and Bissell, 1944).

It appears that under these conditions the secreted
colloid material contains little or no thyroxine, due to the
inhibition by thiouracil of thyroxine formation.

On the injection of radio-active iodine into rats pre-
viously made:z;athe administration of thiouracil, the power of
the thyroid gland to collect the administered.iodine may be only 10
to 20% of normal (Rawson et al., 1944b, 1944c, 1944d; Franklin et
al., 1944a; Baumann, Metzger and Marine, 1944; Goldsmith et al.,
1944b) and the formation of di-iodotyrosine and of thyroxine is
also inhibited (Franklin et al., 1944a). The capacity of thio-
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cyanate-induced goitres to collect administered radio-active iodine
may be abnormally high (Rawson et al., 1944d) - a finding which is,
significant in view of the fact that thiocyanate is zn iodine-
inhibited goitrogen.

Franklin et al., (1944b), working with surviving slices
of thyroid tissue, found that the addition of thiouracil, of
thiourea or of potassium thiocyanate reduced the ability of the
tissue to convert added radio-active iodine into di-iodotyrosine
and thyroxine.

Young (1944) has suggested that

"The simplest hypothesis regarding the special function of

| t:e thyroid igtiais gland possesses
the special ability to collect iodine from circulation.
Since free iodine 1s presumebly the iodinating sgent in the
formation.of di-iodotyrosine from tyrosine, snd since iodide
ions constituted the form in which this element is collected
from the bloodstrezm, it seems probable that the first pro-
cess which the collected iodide ions unaergo is enzymic
oxidation to free iodine. Inhibition of this process might
not only inhibit the formation of di-iodotyrosine and there-
fore that of thyroxine but also depress the power of the
gland to collect more iodide™,

Werner (1912) observed that free iodine can oxidise
thiourea to formamidine disulphide, being itself reduced to iodide
ions in the process, and Campbell et al. (1944) have suggested that
this may be a mechanism whereby thiourea might interfere with the
synthesis of the thyroid hormone.
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An alternative possibility is that thiourea and other
similar goitrogens inhibit the action of an enzyme which catalyses
the formation of iodine from iodide in the thyroid gland. This
aspect of the problem has been investigated by Dempsey (1944) and
Dempsey and Astwood (1944), and some evidence to support the tneory
has been found.

The present state of knowledge may be summed up» by the
statement that thiourea and thiouracil interfere with the forma-
tion of iodine from iodide ions, either by reducing any iodine
formed back to iodide ions, or by noisoning the enzyme system
catalysing the oxidation of iodide ions to iodine. It is still
possiblgrzﬁese goitrogens mey interfere in some further way with
the formation of thyroxine in the body.

Toxic Effect of Goltrogenic Substances

The freguent occurrence of toxic effects of thiourea
may limit its use for practical exnerimentation. The toxic
effects of thliourea zre usually manifested by digestive disturb-
ances and if treatment is continued, emaciation and death may
follow., Astwood (1943b) and Hinsworth (1944) noted thest sul-
phonamides, thiourea-and thiouracil may cause agranulocytosis in
humans treated with them. Williams et al. (1946) reported that
in humans thiouracil has in some cases caused toxic reesctions.

In the treatment of 247 patients, toxic reactions to the drug
were- encountered in 36, or 14.5% Thiourea was found by Schultze
and Turner (1945) to be much more toxic than thiouracil at similar
dosage levels for the chicken, goat and lactating cow.

Mixner, Reineke and Turner (1944) reported that

thiourea was toxic to young chicks when administered at 0.6 to
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0.8% levels in the drinking water. Schultze end Turner (1945)
found that dosages of 0.15% thiourea or above, in the feed were
toxic to chicks. The same workers found that a dosage of
thiourea of 2.0 grams per day per 100 1lbs. body weight, given
orally was toxic to lambs, and that doseges of 0.75 grams per day
given orally to goats of 50 to 100 1b. body weight were definite-
ly toxic when given over a period of 30 deys. No toxic effects
of thiourea were noted in 150 1lbs. calves when given in amounts
as lzrge as 3 grams per day orslly for 30 days, but in cows even
5 grems thiouree per dey per 1000 1lb. liveweight wes toxic 2s in-
dicated by the fact that cows $o trested went off feed and digest-
ive disturbances were induced. Ldministration of 12 grems
thiouracil oer day to lzctating cows caused no toxic effects.

Some evidence for the development of resistance to
thiourea toxicity hes been renorted by Griesbach, Kennedy znd
Purves (1944) in rats, and by Schultze and Turner (1945) in
lactzting gosats. In both ceses the animals had previously
survived a first dose of thiourea,.

That the toxic effects of thiouresz are independent of
its goitrogenic effects is evident from the work of Schultze and
Turner (1945) since goats receiving thiourez in addition to a
large dosage of thyraxine exhibited toxicity symotoms ss readily
as those receiving thiourea alone.

Griesbach, Kennedy and Purves (1944) found that potassium
iodide acted as a protective agent against thiourea toxicity in

rats when given for a few days prior to thiourea treatment.
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Lo PERIMENTAL

Effedts of Thioureaz on Dairy Cows

(a) _Metnods. The exneriments described in this thesis
were undertaken to study the effect of thioures on the thyroid
glend of the dairy cow.

Detsils of the &nimals used &and dosages given are shown
in Table XIX.

The thioure¢ was dissolved in warm weter and given as
a drench to dry deiry cows. During the exoerimentsl neriod the
enimals were weighed znd their pulse rates determined where noss-
ible, onthree consecutive days weekly. On the day after the
cor.clusion of the feeding veriod the animals vere slaughntered.
Tae dissecting out of the thyroiad, welghing of the zlend, sempling
for nistologicel exrsrmination end histologiczl methods were cerried
out zs outlireda in the exrlier section concerrnirg crimels fed
tayronrotein.

The trends in body weight and in nulse rate, where
gavaileble cre shovwn in Figure VI,

(b)__Geperzl Effects. The trernds in body weight ¢nd
pulse rate where availeble or the cows f{ed thiourea, are shovwn
in Figure VI. It will be observed that during the feeding per-
iod there wes a tendency for the pulse rzt¢ to decline, this being
accomnanied by a slight decline in body weight.

The decline in body weight was nrobably due to toxic
effects of the thiourea, for the animals were observed to lose
their appetites to some degree within a few days of commencing

the thiourea feeding period. The material obviously was dis-



TABLE ALX

Detzils of Cows Fed Thiourea

Age et Bast drs= i Derfe B iPregnancyq Rezson for | T
Name Breed killinu}ing of'f kiilirg stetus cullirg Notes { Trestment in
(yearsg date i when ;preaent experimt
_ ; -l killed. o __ o
Quack Purebred 8 3-6~44 1-3-45 Empty Empty Stilbestrol|10 gm. thiourea
Jersey ‘ injected daily over 7 day
i 5/0/ 44 - followed by 15g@
| ' ’19/9/44 daily over 14
- - . Qeys
Union Puretred } ! 10 gm. thiourea
Jersey 5 9-3-46 P 11-4-46 | bmpty Empty. daily over 7 days
| Low bro- - followed by 15gm
! ! duction daily over 14
! B s— _—_ldays
i T T
Uuright! Grade { ]
Jersey 5 16-3-46 | 11-4-46 | Eupty | Empty. 25 gm. thiourea
; ! Law pTo- } - daily over 21
i e . 4--gduetion. 4 ___________.days
Uumask Jersey X [ { |
Ayrshire 5 Y-2-46 | 11-4-46 | Empty | wmpty. } 25 gm. thiourea
Jersey ! | | Low pro- | - ldzily oéver 21
) s SR I__duction_ | ldays

..64]..
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testeful to the enimals as manifested in refractory behaviour &t
dosing, and coughirg end tossing of the head =fter dosing. On
t-e day anrior to killing, one cow, Union, on & dose level of 10
gm, thiourea ner dey over 7 dcys followed by 15 gm. ner doy over
14 wsys, showed excitebility, ¢s reilected in & mcrked increase
in pulse rete, twitching in muecles oi the lirbs, cnd {lickering
of the eye-lids.

Le) Ef{fect on feiper Cell Heizhi cna Thrroid ieight.
To study the effect of thiourez on the zcircr cell height =nd
thyroid giland welght of daeiry cittle, four Jersey cove vere fed

thioures ornd sleusrntered on the duy cfter the ernd of the feeding
(&) J

perioq. The mean asceinar cell height end zlend weight ol the
thyroids from these znimzls cre shovn in Teble XVIII. Cor>lete
date on the helght of the epithelizl eells of these thyroids zre

given in sfpvendices XKXVI to XOOXVIII

TabLb AVI1T

ilesn Acinar Cell Helights and Thyroid Weights

e - — e e o == e e - -

: |
Cow ' Ereed i Tree tuient Neon ;cirar Thvrnid

{ cell heig -nd
] (micr0D57 ,vlcht

_ 1 | T A _(zme) ]
|

Jerseys | Normal WE-v 29.5

Quack | Jersey 3 10 gm. thiourea daily 2 /19-0 39.0
over 7 gays followed by

Urion Jersey ) 115 gm. caily over 14 DS d4-0 33.8
days
Unmesk (| Jersey 3 25 gm. thiovree daily 68 300 46.
Upright| Jersey over 21 days i &8 J29-§ 37

— —— e —— e —————

A test of significance was applied to the difference in

mean zcinar cell height between the glands from the thiourez-
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Although the data obtained on the weights of the
thyroid glands of various classes of cattle are as yet limited,
they prowvide an indication of the weights of the tayroid glands
of cattle in the Manawatu district. The data are already prov-
ing valuable in that glands from abnormal animsls may be compared
with tahem to reveal possible abnormalities in thyroid weight.

In this way the data are providing a basis for study of the
etiology of abnormal conditions manifested in thyroid dysfunction.
A case in point is that among calves born from dams that have
been running on Manewatu sardy lozm, stony phase for some time,
animals have been found with thyroid glsnds which, on com»harison
with the glands collected from seventy-{ive calves from dams
running on different soil types within the s2me district, are
unusually large. Attention is thus directed towards factors
affecting thyroid function of animals on this soil type.

The collected data on the tayroid weight of dairy cows
has been of use in the experiments with tayroprotein and thiourea
recorded in this taesis in that the average thyroid weight of a
reasonably large number of normal dairy cows was thus made avail-
able for comparison wita the thyroids from the experimental animals

With the accumulation of further thyroid weight data,
particularly in respect to thyroids of dsiry cows, both in full
milk and dry, it will be possible to study the variation in

thyroid weight due to such factors as season of the year, lacta-

tion and district, and to further study the influence of age of

the animal on the thyroid weight. Glands from dairy cows in
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full milk and from daziry heifers of 1 to 2 years of age are,
however, very difficult to obtain, for such animals are rerely
seen in the slaughter-houses. 1t is only over a period of years,
therefore, thst such data will become available.

In the analysis of the tayroid weight data according to
breed, 1t was found that the differences between the mean thyroid
welights of the taree breeds of dairy cattle wes stetisticelly sig-
nificant. These differences in mean thyroid weight were very
similer to those obtzined by Swett et &l. \1937) who collected
data from dairy cattle slsughtered in various perts of the United
States. Moreover, the absolute mesn thyroida weight obtained by
Swett for cows of each of the three dairy breeds, Jersey, Friesian,
and Ayrshire, were very similar to those obtzined for cows of the
same breeds in the Manswatu.

From tahe data presented by Krizenecky (1932), it zppeers
that dairy cattle have lerger erd heavier thyroids than beef
cettle, aversging 32.5 gm. 2s compared with 24.2 gm. for beef
cattle. No data was given, however, showing varistion due to
breed. The cnalysis made in this manuscript confirms the con-
clusion of Krizenecky in that the mean thyroid weight of Friesian
cows of about 1250 1lb. body weight was shown to be significantly
greater than the mean thyroid weight of Aberdeen Angus cows of
approximately 1300 1lb. body weight. Reece and Turner (1937)
have shown that the thyrotrophin content of the pituitary gland
of dairy cattle is higher than that of beef cattle, which may

explain, in part the larger thyroid gland of dairy cattle. i¢
appears, tnerefore, that the weight of the thyroid gland is depen-
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dent upon the physiological function of the animal, i.e. beef
or milk production.

The finding of no'significant difference in thyroid
weight due to sex in the groups compared - male and female Jersey
calves, castrated male and intact femzale Aberdeen Angus vealers,
and cows and steers of the Aberdeen Angus breed - is in conformity
with the results of Mixner, Reineke and Turner (1944) with chicks,
and Goldsmith, Gordon and Charippoer (1945) wita rats.

The technicue that wes developed for measuring the mean
gcinar cell height of the tayroid glends proved to be satisfactory.
That the number of zcimar cells calculsted to be necessary to
establish significance =zt tae 1% level of differences between the
meens of tnae postulsted magnitude was sufficient, wrs proved by
the hizhly significant diference in meen zciner cell height found
bet:eun glands from normal cows and cows fed tihyronrotein, and
normal cows and cows feu tniourea, resnectively.

Tne studies renorted in tahis thesis on the =ffect of
thyroorotein on the tayroid glend of the dairy cow showead that
dose levels of thyroprotein even as low as 10 gm. per day resulted
in an increase in pulse rste and a decrease in height of the
thyroid epithelial cells. The animal was capable of assimilating
sufficient extra nutrients to meet this incresse in metabolism
without loss of body weight, as shown in Figure V. This finding
if it can be confirmed, will be useful in the future use of thyro-
protein in experimental work.

The physiological process by which the thyroid acinar
cell height is depressed on the feeding of thyroprotein involves
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the delicate mechanism regulating the thyrotrophic sctivity of

the pituitary and the activity of the thyroid gland. The in-
creesed concentration.of tayroxine in the bloodstream, as a result
of thyrbprotein saaministrstion, probably retards the outnut of
hyrotrophin by the pituitary gland. This lowered outnut of
thyrotrophic hormone results in a decrezse in the ectivity of the
thyroid gland, anc¢ nence causes & decresse in thvroid hormone out-
put and in the height of the thyroid epitneiisl cells,

An interesting situetion illustrated in this thesis was
that the thyroid glands of cows fed thyronrotein end then mansged
in & normel manner until sleughter, 76 days after the end of the
thyraprotein-feeding period, hed returned to & normal condition
during the »ost-feeding »eriod. There wes no significent aiffer-
ence pbetween meen acinar cell heights of these snimels (JTfA) end
those of normel animals k13,u). This wesz so, even in the case of
Robbieg, a cow thst wes thyroprotein fed at freqguent intervals
over 14 months (see Figure 11). An enalogous situstion hzs been
described in cases where estrogens heve been administered to non-
pregnant desiry cows 2s a means of inducing lactation (Hammond and
Day (1944J), Folley and Malpress (1944), and Hollard and Camnbell
(1946). After the cessation of estrogen treztment, in meny
cases the estrous cycles returned to normal and pregnancy ensued.

The main object of feeding thiourea to dairy cows in
the experiments recorded in this thesis was to determine a dose
level that would have a definite effedt on the thyroid gland with-
out being too toxic to restrict its use in experimental work.

It was found that a dose level of 10 gm. daily for 7 days followed
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by 15 gm. daily for 14 days caused s marked increase in thyroid
aciner cell height. However, even ct this dose level, the lowest
used, one cow showed symptoms of acute toxicity, while others on
the same dose level shored no such acute symptoms. It thus
appears that tne dose levels used were on the border-line of

acute toxicity.

Future experiments mey be »nlznned along two lines.

The effect should be determined of a lover dose rate of thiourea,
say 5 gm. deily, with which the toxic effects of thioures should
not be shown. Secondly, other goitrogenic substances may be used
vithout fesr of toxic efiects on the animel. One such com:ound
is thiouracil. Supplies of this meteriael vere riot availaole for
use in tihe bsrojects renortea in this thesis, but it is enticinated
that it will become cvailable in suificiently large cuantitics for
use with gairy cows. Though not so »notent in its goitrogenic
pronerties as thiourewe, thiouracil is not nesrly es toxic =s
thiourea to humans (Williams, 1946) &nd smaller snimals \Schultze
and Turner (1946), snd so it mey pe even more useful in thyroid
studies with deiry cows then is thiourez.

With a dose level of thiourea or thiouracil established
that is non-toxic yet goitrogenic in its effects on the dairy cow,
it will be possible in conjunction with thyroxine to estimeste the
hormone output of the thyroid of high and low producing cows, ana
of lactating cows at all seasons of the year. Such knowledge
would be of fundamental value in providing further information on

the physiology of milk secretion.
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SUMMARY

1. The general anatomy of the thyroid gland has been described
and the anatomy cf the thyroid glené of czttle was found to

agree with the gerersl descriostion.

20 Thyroid gleands were collected ¢t the Palmerston North
Municipal Abattoirs, Longburn Freezing Works, and Feilding

Freezing Works from the [ollowing classes of cattle:- male and

femele Jersey calves; dairy cows of the Jersey, Ayrsaire, and

Friesisn breeds; Jersey bulls; Aberdeen ingus veslers, heifers,

cows and steers,

3. The mean thyroid weights of cows of the three dairy breeds
were Jerseys, 29.5 gm.; Ayr8hires, 34.2 gm.; and Friesicrs,

42.0 gm. The differzsnce in mean thyroid weight between each of

the threc breeds was shown o be statistically significant.

e Animals of each of the dairy breeds were shown to have a
heavier thyroid weight per unit of body weight than the

Aberdeen Angus cows.

5. No significant difference in thyroid weight due to sex was
found between mele and female Jersey calves, castrated male

and intact female Aberdeen Angus vealers, and cows and steers of

the Aberdeen Angus breed.

6. No significant increase in thyroid weight was found between
Jersey cows of 3 years of age and those of 6 years of age or

more. There was, however, a tendency towards increasing thyroid

weight with advance in age.

7. The functioning of the thyroid gland has been described,
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with particular referencé to the chemistry of the thyroid hormone,
the relation of iodine to the thyroid gland, and the regulétion
of thyroid activity.
g. The physiological activity of iodinated proteins has been
discussed.
o8 Experiments were undertaken to obtazin: some measure of the
potency of the thyroprotein that was prepared at the Dairy
Research Institute (N.Z.), It is estimated that this material
was slightly less potent then the "Protamone" used by United
States workers, but of approximately the same potency as the
iodinated casein preparations used in investigstions in England.
10. A method that conforumed with statistical reguirements was
developed to select a sample of acinar cells with a mean
cell hesight reasonzbly representative of all the acinar cells
of a thyroid gland.
11, Using this method, the mean zcinar cell heights of the
thayroid glands of 13 normal dairy cows were estimated.
12. To study the effect of thyroprotein on the thyroid gland
of the dairy cow, dosages ranging from 10 gm. to 30 gm.
daily over 14 days were administered to eight dairy cows. These
animels were slaughtered at the end of the thyroprotein-feeding
period. The trends in body weight and pulse rate of these
animals during the feeding period are presented.
13. The mean acinar cell heights of the thyroids of the thyro-
protein-fed animals were measured. The overall mean acinar cell
height of these thyroids (ﬁ@u) was shown to be significantly lower
than that of the overall mean of the thyroids from normal dairy
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cows \ﬂ/u) .
14. The difference in thyroid weight between cows fed thyro-

protein and normal cows of the same breed was shown to be
non-significant.
15. The mean acinar cell height of thyroids of five cows fed
thyroprotein but not slaughtered until 76 days after the
end of the feeding period was measured. There was shown to be
no significant differerice between the mean cell height of these
glands and tazt of glands from normsl dairy cows of the same breed.
16. The nature of goitrogenic substances, their mode of action,
and taeir toxicity have been discussed.
17. To determine a dose rate of thiourea that would stimulate
thyroid activity without being toxic to the animel, this meterisl
was fed to four dry dairy cows a2t dose levels ranging from 10 gm.
daily over 7 days followed by 15 gm. deily over 14 days, to 25 gm.
daily over 21 days. The animals were slaughterzd at the end of
the thiourea-feeding period.
18. The mean acinar cell height of thyroids from cows fed

Thighly significantly greater

thiourea (;6,4) was sho'n to
than that of normal cows \17/¢).
19. The mean thyroid weight of cows fed thiourea was significant-
ly greater than that of normal dairy cows.
20. The effect of thyroprotein on the thyroid gland of dairy cows
has been discussed.

21. The effect of thiourea in relation to its toxic reactions as

a means of inducing hypothyroidism in dairy cows has been

discussed.
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PLATE 1.

TEYRCID OLAID OF A NORMAL DAIRY oW (X90).
SEGTION COF ™H3 THYRCID GLAKD OF “BARONTA".

(See p.25).

PLATE 1.

THYROID GLATD 2F A DATRY COW F&ED THYROPROTEIN

(X90).,  SEOTICK OF THX THYRCID ALAND OF "LILAC!,

F=D 30gm. TIYROPROTEIX DAILY OVER 1L days.

- N
5ee De25) .

(-

)

PLAEH 1141.

TIHYROID GLAYD OF A DATRY COW FED THIOURIA..

SECTTCI OF THE TIVROID GLAND OF "UNMASK", fed

~

25 pm. TEIOUREA DAILY OVER 21 days.

(see ».48).



PLATE I

PLATE I




LLTE 1V

THYROID GLAID OF NCORAL DAIRY cow (X375).

SECTION OF TH= TINROID GLAYD OF "BARONIA".

[ IPON - 22y
( 3‘ =e :?o L)) .

DY AMmT

ot SV ‘J‘o
THYROID ALAITD OF A DAIRY CO1 FtD THYROFPRCTEIN
! \ o - e f e A
9 i g SRCTION OF THE THYROID CGLAYD OF “LILACY,
V“T:‘:D 30 ’:'!.m 5 r\tr\f’v‘)(\ D(\m*w’r’rv »j\fr‘rxnr 'r-‘:-j- 1[)+ d U—m.

nc T

i 6T ¢ TIIIOLTRA‘.‘EL .

TYROID GLAND OF "UNMASK", FED
25 am. THIOUREA DATLY OVER 21 Dars

Chy, Do



PLATE IV

PLATE V

PLATE VI
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Thyroid Weights of Dairy Cows

Jerseys Friesians Ayrshires
pramsm—. 2
17.6 grams | 15.3 50.5 grams | 20.5 gramsﬂ 56.5 gremsil 32.5grams
22.1 20.0 <5.7 27.9 312 23.8
26.3 30.0 38.0 26.%5 25,1 37.7
28.9 18.2 16.6 23.9 32.1 26.1
27.4 17.5 29.8 24 .2 55.7 32.8
25.6 19.5 44.2 19.3 42.0 37.5
29,2 24,.0 48.7 20.6 p 56.0 42.0
34.7 31.0 33.9 32.5 |\ 37.7 32.3
85 .8 33.0 20.4 41.6 38.5
27.1 49.0 25.2 Salled i 39.1
29.1 43.0 2750 G407 i 25.5
19.1 30.0 36.0 29.8 | 32.8
47.5 37.0 37.2 38.6 Gt T
37.4 30.0 2.5 23 .8 7.7
40.6 28.9 47.3 27.0 37.5
11.9 0.7 27.17 <8.0 34.0
R7.2 28.38 42.5 28.8 31,5
23.7 30.5 35.3 30.5 39.0
8.5 2o 9.0 22l 30.5
B gg.g 2820 38.7
- 31 .O L
Total number of glands = 81 8 20
Mean Weight (grams) = 29.5 42.0 34.2
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Thyroid Weights of Jersey Calves

Massey College

Males

et

Longburn Works

Females

grams

WNNONNNOORNRVO FTO FTNO0O-T-m
¢ 6 o o6 o 2 o 6 B & 0 b 4 s o o 4 O o o o

58585387105828 5/4/.70990

Males

0/09295599/0022/4901

6 o © & 6 5 6 6 6 & 0 6 6 0 o o
65454577478576167

~—

Total number of glands

33

Mean Weight (grams)

9.7

7.6

Te4
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APPENDIX 111

Thyroid Weights of Steers

.
Kairanga District {[ Hunterville and Fordell
h Districts
ey
42.8 grams 24.5 grams !! 24.6 grams 33.0 grams
26.0 21.5 i} 32.5 l 22.0
34.7 37.5 i 43.0 | 39.0
34.5 27.0 ' 33.0 26.0
gg.g 23.3 | 23.0 25.0
. -l} Il 2600 21.0
21.8 26.5 | 34.0 41.0
26.3 29,2 ! 24.0 22.0
?g.g 53.8 : 25.0 34.0
25.0 3@23 b 320 52:0
;2.3 30.% E} 34.0 28,0
22.0 54. | 36.0 24.0
° 4309 l 21-5 2960
33.7 " 31.0 25.0
ﬂ 32.0 23.0
25.0 24.0
30.0 226
| 21.0 22 .0
H 26.0
il B I

Total number of glands

31 41
Mean Weight (grams)

2ok | 28.0
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o .

Thyroid Weights of Vealers

grams

owngs O

T & e L}

- oaE
vt O

Males | Females
- =) ’ = Hu —-
17.0 grams 17.0 grams h 30,0 grams
27.0 14.5 i 19.5
- 18.0 18.5 I A5S
14.5 13.5 { 13.5
13.0 16,0 |
17.0 16.5 i
14.0 17.0 !
14.0 14.5 i
17.0 2
| |
—— { ——=h . N T ——

Total number of glands
17

Mean Weight (grams)
16.4

S v o

17.6

B
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APPENDIX V

Thyroid Weights of Beef Heifers and Beef Cows

— oo

Beef Heifers i Beef Cows
il
i
January - February Late March i[ January - Mardéh
33.3 grams 24.5 grams ll 30.2 grams
26.5 26.0 W 28.0
29 .4 26.7 33.1
34.2 47.7 . 24.3
21.0 29.0 i 30.5
29.4 : 22.4 h 31.4
21.8 37.2 i| 34.9
31.2 ‘ 26,2 36.2
455 23.4 ' 30.4
21.0 43.0 | 23.5
27.6 2.2 33.0
16.1 35 ! 31.4
28.0 38.2 |, 3918
17.4 % 39.8 ) 37.5
18,1 29.0 i 36.3
17.0 26.7 |
23.2 22.6 l
26.5 |
41.8 L
Total number of glands
17 19 15

Mean Weight (grams)
24.1 31.0 31.8
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APPENDIX VI

Follicle number
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565
75
7.5

145
9.8
14050 4275

1520

1157
128
9.0

10537

8.7 units

1189
11385

851
98

e

7435

913
103
3.9
8153

1337
142
12081

177

ean cell heights
oY

1567
14001

77
117
6.7

. 1
ISum of scuares

Mean of mean cell heights of follicles

No. of cells

102

I

ISum
}783
i0044 5279



Thyroid Acinar

APPENDIX VII

= ' -
Cell Heights of a Normal Dairy Cow "Qualify"

Follicle MNumber
1 2 3 4 5 6 i/ 8 9 10
8 78 |10101010/10111110(1010 9 6 |101011 9 '8101010 1013910/ 778 8|99 9 910101010
87 10101010 1011 11 10{1010 910 {101010 9 | 8101010}10131010 [10101010 | 81011 11 {10101010
8 7 10111010/ 1011 1110{10 9 910}101010 9| 81010 {10131010{11 1111 98101111 |99 9 9
8 8 1011 1010[ 1011 1110{10 9 910101010 9| 810 10131010{11 999810111 |9 88 8
8 8 10111010 101110 9|10 9 910({10101010| 810 10131010) 9101010} 81011 |8 8 8 8
8 8 10111010( 1011 10 9{1010 910{10101210{ 810 10121010110101011 {10101 11 |8 6 6 6
78 1011 1010( 1011 10 910101010{10101010] 810 1012101011 101010 1010110 | 6 7 7 7
18 1011 1010| 1011 10 9{10101010{1010100} 810 10111010{10101010 {10101010{ 7 7 7 7
78 10111010/ 1011 10 610101010{10101010} 8 9 9111010(101010 9 {10101010} 7 77 7
8 8 10101010( 1011 10 6| 10101010}10101010{ 8 9 9101010} 9 9 8 8110101010 | 7 71010
78 10101010| 101110 6/10101010{10101010{ 7 9 9101010| 8 8 8 8 {1010 9 9 {10
78 101010 9{ 101110 6/101010 9/10 91010{ 7 9 9101010{ 8 86 8{99 99
78 101010 9| 101110 6(101010 9{101010W} 8 9 9111010 8 6 6 6199 910
78 101010 9| 1011 1010| 10101010{ 10101010} 7 9 9111010| 6 6 1012121
78 101010 9| 1011 1010| 10101010} 1010 910| 7 9 9111010 12101010
78 101010 9| 1011 1010| 10101010| 910 91! 710 9111010 10121212
8 8 101010 9] 10111010/ 10101010; 9 8 91| 71 9111010 12121212
8 8 101010 9| 10111010} 9101010} 9 9 91| 611 10101010 21Pn1n
8 8 1010 9 9[.10111010f 910 910| 910 91| 71 101010 9 12121212
8 8 1010 9 9( 10111010} 9 9 910{ 910 91| 71 1010 910 Prrr
88 1010 9 9/ 10111010{ 9 9 910} 910 91| 71 10 9 910 12101010
78 1010 9 9| 10111010{ 9 9 910, 910 91| 61 10 9 910 10101010
78 1010 9 9/ 10111010} 9 9 910 910 910| 61 n99Y 10101010
78 1010 9 9| 1011 1010 999100 910910 T1 n 910 10101010
78 10101010/ 10111010| 9 9 610 910 9| 71 12 910 10121212
78 10101010| 1011 1010}10 9 610| 910 910{1010 139X 12121313
-_. 10101010] 1011 1010{10 9 610 91 910} 1010 1391 1BBRIR
10101010/ 1011 1010{10 9 610 1011 9X{ 1010 BI9® Punng
10101010 10101010 {10101010f 10101010 nnunn




APFENDIX VII (Cont'd.) - W2 =

FPllicle MNumber

1 2 3 4 5 6 7 8 9 10
101010 [10101010 (9 9 9 9 10101010 nnunn
101010 9 |9 8 8 8|10101010 11 101010
P9 9899 991089 9 9 1010
991010/ 99999999
10101010 | 9 9101010
1010 10101010
Sam
422 1278 1381 1256 1376 559 1076 484 1368 370
No. of Cells
55 129 138 133 il 63 106 54 130 47

Mean Cell heights
1.7 9.9 100 9.4 9.6 8.9 10.2 9.0 10.5 7.9

Sum of squares
3250 12686 13943 11960 13478 5105 11036 4456 14586 3104

Mean of mean cell heights of follicles « 9,5 units.



APPENDIX VIII

7

Thyroid Acinar Cell Heights of a Dairy Cow "Quiver"
Fed Thyroprotein ( 30grams daily over 14days)

Tliicle Number

1 2 3 4 5 6 7 8 9 10
56651 44F |5546]|55 55|65 6:%5555 75 € 555 |5544]|6556
b6 64448 5546455 51515 6 45([f5 58551 7|5 6 585 5 ||B 34 4655 6
5764443 [5546|/5555(5645(5557|56 555 |5544[6556
5763|443 [5545[(5555(5645|5557(56 55 51 |5 51 #4106 515 §
5743443 [5544/5555|5535|(555 7|56 555 (5544|6557
5743|443 |5544|5555|6535|5556|56 555 |5444[6557
5743|443 |5544[(5556|(6535|5556|56 556 |5 44 4]6 557
5 % 493 M43 {555 M55 5164615 555 55 65 5 556 [I545 #6505 7
57331 443 |15 45 4155 5% 1185 3515 5 5 8545 5 556 |5455|6657
5733444 |5454|/555616535|5554(55 55 6 [5 415 5||i6 85 7
5734, 444 |5454|/5556|6434|5554(55 556 |5455]|6657
5734|444 |5454|5556|6434|/5554/|55 556 {5 4551|6165 1
57341444 | 545 4|5556/|6444]1555 455 55 61 [5 45 51|15 65 7
57341444 |5454|5556|6444|/5555|55 585/ 6 |5 45 5||5 6587
5734|444 |5454(5556|6444|5665|55 556 |5455|5657
5734|444 |5454|5556|7444|6665(55 55 6 [B A5 51)5 695 &
5734|444 |5464(5556|(7444|6665/(55 556 |5456[|5656
5834|444 |5464|/5556|7444|(6665/|55 556 (5456|5656
5834444 |5464/5556|7444|/6665(55 515 5456|5656
5834444 |5464/5556[(6445|/6665(55 5 15 5456|5656
5834(444 |546 |5556|6445|6665|55 5 3 5 2mé||'5 55 6
584441444 |546 |5556|6445|666 |55 55 5446|5566
584 (444 [546 |5556|6445|666 |55 GG 5446[55 66
574 |444 [546 [5556|6445]|666 |5 5 5 5446|5566
674 |444 |546 |5556(6445|667 bR5 5446|5566
674 |434 |546 [5556(6445|567 5 5 500 26|55 &
i T AR || B2 IE) 2 B [Ex duleron

: Bl 5B 544 {55606




APPENDIX VIII (Cont'd.) - 74 -

Follicle MNumber

1 2 3 4 5 6 7 8 9 10

5555 6555
56 98 5555
55 55 5555
5555 5555
5555 15555
55 55 5555
55 %5
5555
5555
518 585
5555
518

Sum

532 316 492 810 520 560 242 382 464 751

No. of Cells

106 g2 104 158 110 102 47 14 100 148

Mean Cell Height

5.0 55 ) 4.7 5.1 4.7 5.5 5.1 5.2 4.6 5.1

Sum of Squares .

2920 1228 2870 4980 2566 3126 1252 1622 2196 3701

Mean of mean cell heights of follicles = 4°9 units
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Tyroid Acinar Cell Beights of a Dairy Cow "Unmask", Fed Thiourea
(25 grams daily over 21 days)

®llicle

Number

1

24

3

B

6

8

9

10

BEEDH
RHHF
RHFAF

3BEBD
340D D

j222
3422733
348333
3635352
3624013
3818182
B2
22U
36533
365352
BHAAD
RBBDH

25353
253D
32PDD
RPDP
DRRP
NRRB

A2A55
553D
3D

A2
2222

AA3 3
300D

D778
8 8 810
10101010
XL
25353
5d22
AA2A3
B3B3 D
DTDD
00024

aA2A2A

DDD

DDB A
BB3D
DDDD
22218

1813182
AAD P
PREZ®
AAAA
BIXI
3333
U3
PPRE
PR3

BRaAA
DD

D2Axn2424
200D

BI81819
9191919
BBBIB
BBB >
qq77

BUESE kY

PDDP
DD
30303030
PP
PPN
PP D

PDDB
BBBB

5
eh2n 2424
A 243353

3333
DD

DDDO
0181818
B1B1BXB

Bx3

5333
IBB3B

33

55353

5555
A28
AA 2424
A% B3
Zaaa
2191919
DD
2021919
DA 22
24D 20D
18181818
22325
BB22
D0DD
D

2242424

3BBD
V22

22242
21242 D
DD
222
355
7B
000D
BB
PR
3553
BTRRR
2233
BBBD

35335

qaayg

PRRP
21313

AP

DDID
BBBX

224242

55353
S5A2A
A0DD
DD
DDDD
2181818
DDDD
2222

A 242424
BBBB
BHHD
23355

2222

A28 22
AA5D
%23

55335
23533

3333
2222

222%
T3
BBBD
DA

AenA
24 24 2424
Y- Y- %5

5533
5533
5FFE

55BB
BBBD

raui
Y- Y- ¥

5535

DD0D
D22

BBDD
DDD

BBB B
18181818
18101010
10101212
17121515
15151515
BDDD
20D1818
181831318
BodD
D018

B1B1BB
ISRISPISHIS
17171717

1B1818 18
DDDD

daaa
A2

22202

DD
VDD
DDDD
DIDD
DDA
A222
22242
24243
532D
DDDD
VDB B
1B181818
18191919
19191919
DD

2222
2535
5522

B3B3
2



APPRNDIX IX (Cont'd,)

= THE
Bllicle Number
1 2 3 4 5 6 8 9 10
282727 73 {25252494, 5 2424242 |
2022 2 BEFHD 21 2222
DDD2Y THRP xa2aa |
AADD 23R aa
BI3DD
2003B B
8HHF
36BBH
36334
Saim
3659 1521 2500 1177 1389 2632 1221 2367 2011 1623
Mumber of Cells
131 n 97 50 64 97 53 94 107 17
Mean Cell Height '
21.9 21.4  25.8 23.5 21.7 i 23,0 5.2 18.8 21.0
Sm of Squares
06209 3509 68914 28353 30493 72952 25319 60003 38949 34549

Mean of mean cell heights of follicles

w 239 units.
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APPENDIX X,
OBSERVATIONS ON ACINAR _ CRELL __HEIGHT
(i'fl Units 1 unit =
1 QU & TREATIENT ¢ NCRMAL.
OLLIC ] .
NO. |1 2 3 4 5 6 7 8 9 10,
1 5 5 5 5 6 7 5 " 5 5
2 6 5 5 4 7 6 6 6 4 6
3 5 4 6 4 4 5 (4 3 5 6
4 7 5 5 5 6 6 6 6 6 5
3 6 6 5 5 e A 6 5 5 6
5 5 8 6 5 7 i/ 7 7 5 5
7 5 4 5 4 7 6 5 6 6 5
8 5 4 5 5 6 5 6 5 6 6
TOTAL 44 | 38 42 37 55 46 48 50 42 44
[5‘.‘5 4,8 | 5.8 4.6 6.6 [6.8 | ?T"FT— eS8 | 5.8 | 5.5
Ween Aclinar c¢ell helght of the gland = DeB7Te
APPENDIX NO. XI.
OBSERVATIONS ON ACINAR CENL ITRIOMT,
(in Units 3 1 unit = 5 L )
NAME OF COW 3 L RKSPUR, TREATMENT : NORMAL,
CELL FOLLIOLE "‘mﬁ?ﬁﬁ. S -
NO. 2 5 4 5 6 7 8 9 | 10,
1 10 10 10 9 8 1.0 8 8 8 v
2 8 11 10 9 (4 8 8 9 10 10
5 9 11 10 8 10 8 8 12 i0
4 11 9 8 ) 9 10 7 10 10
5 10 8 10 10 9 4 8 11 4
6 13 11 9 10 8 9 8 9 9
7 11 10 9 9 B 8 9 8 9
8 10 11 8 10 8 9 8 10 9
| 86 | 80 | 72 7w _j 67 |65 | %8 | M
8s4 1046 | 10.0 { 9.0 |90 | 8.8 [Bs4 [8.1 | 946 9.0

Meam Acinar cell height of the gland = 9.09e
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APPENDIX XII.
OBSHERVATIONS ON ACINAR OHLL HEIGHT (in Unita; 1 Unit =/28¢5 p ).
REUATMENT st NORMAL.

NAME t No, 67,
CELL OLLICLE "
NoO.
1] 2131 ¢1 516l 71819 | 10
1 6| 7|6 |6 | 7| 6|86 7] S5 6
2 6| 7| 5|6 |6 |B| 7| 7|6 (
3 6| s |6 |6 |7 | 5| 6| 6|7 7
4 6| 6 |6 |6 | 5| 5| 6| 7|6 8
5 5| 6 |6 | 6| 4| 6| 6| T]| " 6
6 7l 7|86 | 6| 5| 8] 6]6 7
7 5| 716 | 56| 6| 5]6| 7|6 6
8 7| 6 |6 | 5|5 |5 ]| 8| 7|6 6
TOTAL | 46 | 651 146 146 |46 |as 145 |62 |49 | 53
5e8| 6.415.6]5.8 usr.s 5.3 15,6 l6.5 6.1 ! 6.6

lfean acinar cell height of the gland = 5.95.

"APPENDIX NO. yITI.
OBSERVATIONS ON ACINAR CELL HETGHT (in Units; 1 unit = #25..)

NAI’% F COW : No, 84 _;TREA'E@T $ NORMAL,.
FOLL T U o
N

NO, |1 2 3 4 5 6 7 8 9 10
1 7 8 | 10 7 9 7 6 9 10 8
2 4 8 10 6 9 7 6 8 9| 10
3 7 4 7 v 8 6 7 8 9 8
4 8 9 7 8 7 4 8 7 8| %7
5 8 8 11 8 7 5 7 L4 ol 7
6 8 7 8 8 8 6 6 8 7| 8
7 8 9 7 8 6 6 6 7 6] 10
8 4 8 4 7 B 4 6 8 10| 10
392&.%_ %_%%r gg Bi 62

B ¢ - [ o E.Z % feo ﬁ %

Mesn acinar cell height of the glad = V.59
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gﬁ t No, B&e57
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APPENDIX NO, %ﬁ
INAR CELL HEIG In Units; 1 unit = $d45 &),

TREATMERT NORMAL

0 " —
yo, 31 2 3 4 B 6 7 8 2 10,
i 5 5 5 7 6 6 b 8 7 10,
2 6 6 6 6 5] 6 6 7 6 8
3 6 b 5} b 7 5 8 € 6 7
4 5 5 6 K4 6 7 7 6 8 ”
5 6 5 , 6 6 6 7 7 8 4
6 5 5 5 6 7 6 8 4 7 8
4 6 6 6 ” 8 7 7 6 8 7
8 5 5 5 6 9 6 6 6 7 7
TOTAL | 44 | 42 | 45 5O 54 49 |54 53 57 61
5e & 5s8 | Be€l 6431 6.8 6.1 16,81 6.6 ' 7.1 Te6
Mean acinar cell height of the gland = 637
PPENDIX NO .
OBSERVATIONS ON ACINAR CELL HEIGHT (in Units; 1 Unit = 225,.)
N O 164 TREATMENT : NORMAL,
CEL FOLLICLE TUILBAR ,
NO. f: P 2 3 4 5 6 7 B 9 10, )
1 6 6 10 7 8 5 10 7 6 7
2 6 6 6 7 7 7 9 4 6 8
3 6 4 7 6 9 6 10 6 8 9
4 14 7 7 € 6 7 7 7 9 9
b L A N 4 7 7 7 7 8 7 8 8
6 8 6 6 7 6 6 7 7 8 8
7 8 6 6 6 7 6 8 8 8 9
8 6 7 7 6 7 7 7 8 8 8
7 54 |52 |s6 | B2 |87 fi 66 |57 {; 66
6.8 '6,5 '7,0 6s5 | 7.1 I 2 7.L «6 8.2

Mean acinar cell height of the gland = T.14.



OBSERVATIONS ON ACINAR

(in Units

; 1 unit = $J25

)o

_FOLLIGLE NUMEER.

N _PAGAN, TREATMENT 3 NO
No, | 1] g | = 4 5 6 7 8 9 10
y | 10 6 7 4 7 7 8 7 8 10
2 10 7 (4 6 7 8 10 10 ” 10
3 7 7 7 7 8 7 8 8 6 9
4 9 6 7 7 9 7 9 9 6 9
6 8 v 7 7 8 9 8 4 7 8
6 6 ” 6 4 i 10 9 8 7 7
” 10 7 ” ” 9 v ” 6 6 )
8 10 6 7 -7 7 8 8 9 ” 8
TOTAL] 70 63 B5 55 62 63 | 67 | 64 54 70

:§98 7.9 6.9 6.9 7.8 7.8 33.4 8.0 6.8 i 8.8

Mean acinar cell height of the gland = 7.81

APPENDIX NO. XVII. ) .
) ON AGINAR CFLL FRIGH! (dn nite 1 unit = §J5

NARR s ARG | ( PR NORIAR. .
CELL FOLLICLE NU
NO. 1 2 3 | a 5 6 7 | 8 9 10
1 6 P b 7 7 8 6 7 6 6
2 6 7 5 7 7 8 e 7 6 7
3 7 6 6 6 6 7 6 7 6 ”
4 (4 6 6 6 6 8 7 6 (4 7
5] 6 7 5 7 6 6 g 6 7 7
6 6 (4 6 (4 (4 ” 6 6 7 ”
” 6 7 6 6 6 ” 6 1 6 ”
8 7 7 5 5 4 8 7 7 6 ”
IOTALI 61 | B4 | 44 )52 | 62 | 59 51 _| B8 86

641 6.8 | 5.5 6.5 16.5 17.4 | 6.4 16,6 lo.4 |6.9

¥Mean acinar hell height of the gland = 6.84
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KO, XVIII.
OBSERVATIONS ON ACINAR CEL], HSIGHT (1n units; 1 unit = t.la/u).
% TIKI, TREATMERT 3 KO

& .

No. {1 | 2] 3| 4 | 8| 6] 7| 8 fo | 10
1 6| 7| 6| s | 7| 6] 7| 7 |s 7
2. e { 7| 5| 8| 7| s e[ 6 |6 7
2, 6| 6| 5| 6| 6| 7] 7| 5 |6 8
4 |6 | 7| 6| 6| 5| | 6| 6 |7 6
Be 6 { | e| 6 | 6| 6| 7| 5 |7 7
6o |61 6 7! 7' 6] 7| 6| 6 |6 7
7e T 7| 5| 6| 7| 6| 7| 6 5 6
8 6 | 7| 6f{ 6 | 7| 7| 7| 5 |6 6
Torania9 | 60| 46 | 47 | 50| 52 | 53| 46 lag | B4

$s2 |75 5.8 | 5.9 '6,5 | 6.5 |6.6] 5.8 $.0 | 6.8

Mean acinar cell height of the gland = 6433,

APPENDIX NO, XIX.
Sﬁmmmng ON ACINAR CELL [BICGHT (in Units;d unit = $5..).
i :

™ NORMAL, |

FOLLIC”""HBHWLE TUUBER. \
NO, 1 2 3 4 5| 6 7 8 9 10
1 6 9 7 | 10 6 6 B 7 6 10
2e 6 | 10 8 8 7 8 9 7 {10 9
8, 7 7 7 9 5 9 | 10 6 |10 9
4. 6 | 10 9 8 8 7 9 7 9 10
5e 6 8 7 | 10 4 9 7 7 ]10 7
6o 7 7 8 8 6 v 6 9 7 9
7o 8 9 8 8 7 5 7 8 6 9
TOTAL| 63 70 62 70 51 | 59 66 60 67 (ol
6e6 | 8084 7.8 | 8.8 6.4 | 7.4 |8.3] 7B B4 | 8.9

Mean acinar cell height of the gland = 7.89.
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O,

OBSERVATIONS ON ACINAR C HARIGHT ( : aab T
TAE ¢ SQUr, T R (e Undtgy, &)
LRIR.
No. |2 2 3 4 5 6 7 8 9 | 10,
1. 6 5 6 6 7 7 6 7 7 7
- 6 6 5 5 6 7 7 6 5 6
3e 5] 6 4 7 v 6 6 6 6 8
4, 6 S 6 6 6 B 7 5] 5] 7
Be 5 5 4 7 7 4 6 7 7 6
6e 6 6 5 6 b 5 7 4 7 6
7o 5 5 5 7 6 5 6 7 6 8
8e 5 S 4 6 b 6 B 6 5 7
TOTALI:44 | 43 | 38 | 60 | 49 | 45 | 50 | 51 | 48 54
Se51 5,4 4.8 6e3 | 6, Be O 6o Gad €.0 6.8
Mean acinar cell height of the gland = 5.91
APPENDIX NO. XXT.
CBSERVAT IJIIS ON ACIVAR HEIGHT (in
NAME : No. 5le T i ( Un’tﬁmzi‘ T r’%ﬁfxﬂ
OLLICLE CLE NUMBER

No. |1 | 2 3 4 5 6 7 8 9 165
1. 10 v 10 8 10 7 10 8 9 9
26 8 8 10 7 9 6 10 9 9 8
3. 10! 8| 11 7 7 8 8 | 11 8 9
4. 10 9 9 8 6 8 8 11 6 9
Se 10 8 8 9 7 7 10 11 9 8
Ge 8 8 10 8 9 7 8 7 9 7
Te 8 10 11 9 10 8 10 9 7 10
Be 8 9 9 8 6 7 ) 8 8 8
TOTAL|:72 | 67 | 78 | 64 64 | 58 | 73| 74 | &8 68

9.0 MGQQ §.0 800 705 ’ 1 933 M §05

Mean acinar cell height of ths glemd = 8,85,
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APPENDIX NO, XXII.
OBSERVATIONS ON ACINAR CEIL HEIGHT (in Units: 1 unit = $:5)4.
NAME : No. 19, TREATMENT : NORMAY..
FOLLICLE NUMBER.

No. 1T g , 3 4 5 6 W 1.8 10,
1 6 10 7 7 6 9 6 6 8 7
2, 6 10 7 8 |5 8 5 4 7 7
Se 6 7 7 6 6 9 6 4 1/ 6
4, {0 7 8 6 7 4 " 6 5 6
Se 9 1g 6 5 5 8 7 6 8 7
6o 7 7 6 7 7 4 4 6 6 7
7 9 7 8 5 4 6 8 8 7 6
Be 7 6 7 7 6 5 6 6 5 5
TOTAL {60 | 61 5% Bl A9 | 58 52 | 49 | B3 51 "

7e5 7.6 7ol 6.4 Gu. 1666 . GaS 6.1 6.6 6.4
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APPEND 1.
Observations on Acinar Cell Height
(in Unite; 1 unit = !.'3/- ]

NAME OF COW 3 MONA, TREATMENT : Thyroprotein 10 grams dally
over 14 days.

CELL m@
NO. 1 2 3 4 5 6 7 8 9 10
, 5 3 5 B ) B 5B | 6 4 4
2 5 4 3 5 3 3 5 5 4 5
3 5 4 d 4 3 4 4 5 2 5
4 6 5 3 5 4 3 4 4 L 5
5 5 4 3 3 5 3 6 4 3 5
6 6 4 4 5 3 4 4 4 4 4
7 6 5 3 4 4 3 4 4 3 4
8 4 4 4 4 4 3 4 5 3 4
TOTAL |4 3 | 2 35 30 26 35 25 6
§.6 |4, o ¥4 T5.6 15,5 4.4 .1 B.1_ 78

v $

Mean Acinar cell height of the gland = 4.ll.

APPENDIX XXTV.
Observatians on Acinar Cell wieight
(in Units; 1 unit = 845 . ).

NAME OF COW : NELL. TREATMENT : Thyroprotein 10 grams dailly

over 14 4ays.
ORLL Foimﬁmm—“—"‘—w
NO. 1 2 3 4 5 6 8 9 10_
il 5 5 6 5 51 % | 6 5 5 5
2 6 4 6 5 6 6 6 5 5 5
3 5 4 5 7 6 7 5 4 4 4
4 5 5 6 6 5 8 6 5 4 5
5 - 4 5 5 6 6 6 5 4 5 5
6 5 3 5 6 5 8 5 6 5 4
7 5 4 4 6 5 8 6 B 4 3
8 4 4 6 5 6 6 6 4 8 5
] K _
TOTAL| 39 ﬁ % ﬁ 56 5 38 37
9, RELR '.U » _T:é 406_ ___&%

Mean Acinar cell height of the gland = 5.23.
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Obtervat.tona on Ac%ap % 11 Height

(in units; 1 unit = .9!5/4.
NAME OF COW : MANDOLIN, TREATMENT : 20 grams Thyroprotein daily

er 14 days |
CELL FOLLIOLE RUW%, 3 ot
NO., 2 3 4 | B 6 | 7 8 10 )
T % 5 4 3 4 ) 2 5 % 4
2 4 4 3 3 3 4 3 3 6 6
3 5 2 6 2 S 4 2 3 4 4
4 3 3 4 3 2 3 "2 3 5 4
B 2 2 3 4 2 3 3 3 3 4
6 4 3 3 3 3 2 3 3 4 6
7 3 3 3 3 3 3 8 3 3 b
8 3 2 4 3 3 3 3 3 4 4 ‘
TOTAL| 28 24 29 24 23 26 | 23 26 34 36
Eog 005 3.3 5.6 1205 3!5 2.§ 333 4o ] __5
lMeon acinar cell height of t he gland = 3443.
APPENDIX NO, XXVI.
Observations on Acinar Cell Height,
(in units; 1 unit = £45 , ).
NA™Y OF COW : LILAC. TREATIENT : 30 grams Thyroprotein daily
over 14 days.
CELL : OLLICLE NUMBER
No, 1T 3z 4 |7 B 9 10
1 4 6 4 3 4 3 4 4 4 4
2 3 4 3 4 4 3 5 5 4 4
3 4 4 5 S 6 2 3 3 4 b
4 4 4 5 3 4 3 6 2 S 4
B 3 B 6 3 5 6 4 3 6 4
6 4 4 5 4 6 4 ) 2 4 3
7 3 4 4 3 4 4 4 2 4 2
8 4 4 5 3 7 3 3 3 S 2
OTAL |20 | % % 39 | 8 | 31 |24 31 E&
I%_._, 4, B 14 3.5 8 . 5.8 o5

Mean aecinar cell height of the gland = 3.83.
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APPENDTX 110i XXVII.
Observations on Acinapr 11 Helght,

(in units; 1 unit = l.ﬁ/u).

NAMZ OF COW : SOPHIE. TREATMENT : 30 grams Thyroprotein daily
- over 14 4ays. .
: OLLICLE NUMBER |
NO. 1 B 42 |5 1 7 g ) 10
i 4 5 5 8 5 3 3 2 4
2 4 4 3 5] 4 3 3 3 4
3 3 4 2 4 3 5 4 2 3 3
4 4 3 2 4 5 4 3 2 3
5 5 4 2 3 2 4 5 3 4 3
6 3 3 3 2 3 2 3 3 3 2
7 4 3 3 3 2 4 8 3 4 3
8 4 3 2 2 2 3 4 3 4 2 |
TOT 3 29 22 28 24 32 35| 23 25 24 |
)¢ 2 60—6 uog 300 500 Lo Zo4 209 341_ ggo l
Mean acinar cell height of the gland = Se.42
AP?’ENDI% NO. g.‘qux
Observatians on Aciner Cell pmeight.
(in units; 1 unit = 2.5 /,x)o
NAME OF COW : ULEX, TREATMENT : 10 grams Thyroprotein dsily
over 56 days.
CELL - OLLICLE NUMBER., _
NO. 1 2 3 4 3 & B 9 10
1 4 5 4 5 3 3 5 5} 4 4
2 4 4 5 5 3 3 5 4 5 5
3 3 5 3 b 3 4 4 b 5 5
4 4 5 3 3 2 3 4 5 4 4
b 4 4 4 4 3 2 4 4 4 3
6 4 4 3 4 S 3 3 4 5 3
7 3 5 4 4 2 2 5 4 4 3
8 4 B 4 3 2 4 3 4 3
TOTAL % 7 % % 82 | 34 | 3 3 30
‘e iﬂi . __ﬁéi » §Q§ 403 4-2! 1—-—&9 3:8

Meen acinar ¢6ll height of the gland = 85,88
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APPRNDIX MO, XxIX,
(Obgervations on

cinar Cell Reight,

In units;

NAME OF COW : NORA,

1l unit = ’oﬁ/« )o

TREATMENT : 10 grams ThLyroprotein daily
nver 56 doys.

(] ]

NO. I 1 21— & 1 21 ® 1 Y[ e 9] i0 ;j
1 3 2 3 3 3 3 3 3 5 5
2 3 3 2 3 2 3 4 3 4 4
3 3 3 2 2 2 4 5 4 8 8
4 3 2 3 3 3 4 4 3 4 B
5 3 3 3 2 3 3 4 5 4 3
6 3 4 3 2 4 4 5 4 5 4
7 3 4 3 x 3 4 3 5 5 4

8 3 2 3 2 4 3 4 3 4 3 -
OTAL |24 23 22 20 24 | 28 32 30 34 33

.0 [2.9 | 2.8 |8, B 1 8.0 I B.BE1T 4.0 8l 4.3 2.1 —

Mean aoinar cell height of thre gland = 3,39,

NAME OF COW : TINDER.

APPENDIX KO, .
(ObgervatIions KeT

on Aclinar cell Height,
in unite; 1 unit = 8.5 A Ve

“IATMERT 3 Thyroprctein fed up to

.

76 doys before killing,

CRLL LJICTE NUITERR
NO. 1 2 3 4 51 8 i S 10
1 14 | 11 7 10 10 10 15 13 9 13
2 13 | 11 10 14 10 10 11 8 8 13
3 13 | 11 9 9 13 9 14 10 9 13
4 11 | 12 10 9 9 10 12 8 ) 12
5 13 | 15 7 10 10 9 ) 9 11 15
6 13 | 15 9 L, 9 11 13 9 1.5 11
4 12 {11 9 13 11 12 13 K 12 12
8 13 | 10 10 9 9 11 10 9 9 18
TOTAL [102 | 96 gl 86 81 82 o7 82 81 101
Y ';gg 7 12. O 809 0 100 1 iozg | 12. 1 100 3 ‘ 100 1 ‘4216

Mean acinar cell height of the glund = 10.98.
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(Cbservations on]% %Ear% Height,

in unita; 1 wit = "; /u

NAME OF COW : UPSTART, TREATHMENT : Thyroproteln fed up to 76
d before killing,
CELL 3 Fomm—‘wmr——m- -
NO, T 2 B4 431 5 ¥ |86 9 10, e
1 9 9 8 9 8 10 7 6 6 v
2 8 9 9 8 7 9 5} 7 6 7
3 9 9 9 9 7 9 8 7 7 8
4 9 9 8 9 8 8 8 6 8 7
5 7 & 9 8 7 10 8 7 7 9
6 9 i0 8 9 10 7 9 7 7 8
7 9 10 9 7 9 8 | 7 7 6 9
8 9 9 9 7 8 7 7 6 6 9
TOTAL 6 73 69 66 64 68| 60 58 53 64
""ﬂ*’i_;ﬁ Vel |8.6 | BeB (B0 |BeB | Web 86 Bsb 4.0
Mean acinar cell height of t hc gland = 8,00
APPENDIX NG. XXXI1.
(Observations on Acinar cell height,
ir. units; 1 unit = 2.6 Yo
NAME CF COW : QUIRE TREATMENT : Thyroprotein fed up to 76

days before killing,

CELL FOLLICLE NUMBER
No., | T 2 [ 8 s ¢ T.6 7 1 8 ) 10
1 6 6 5 4 5 B 6 5 4 5
2 6 7 4 4 5 4 7 4 3 5
3 7 7 4 3 B 4 7 3 4 4 |
4 6 5 4 4 4 5 7 4 7 5
B 5 6 5 4 B B 5 4 7 4
6 5 5 5 B 8 B 5 5 4 4
7 6 6 5 6 5 4 4 5 3 B
8 6 6 4 5 8 | 6 6 5 B 4
TOTAI| 52 % 36 ag 39 gg 47 37 36
e ® 1 ZOB - Eoz L !o! . = ; E

Mesn acinar e¢ell height of the zland = 4,96
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g_;@gg Hoi mn ’
(Observations on acinayr cell height,

In mits; 1 unit = g45 /4)

NAME OF COW : RAUPO.. TREATMENT : Thyroprotein fed up to 76
days befo llinge.

ORLL OLLICGLE .
No, | X 2 2 7 __ 8 5 {10
1 8 10 10 p 5 A 10 10 10 10 10 8
2 8 8 a i | 10 7 9 9 14 8 7
3 9 10 9 9 8 7 7 7 7 6
4 7 8 10 8 8 10 7 11 8 8
) 10 9 8 9 10 10 10 8 7 8
6 10 10 9 8 8 8 8 9 7 4
" 8 11 8 7 7 i 4 7 10 8 9
8 7 9 8 10 8 9 8 8 9 8
TOTAY, 67 75 73 3 66 70 66 64 64 61

E.z goz 5.'_'[ 506 gﬁs ﬁog 3.3 ?:_0 8.0 m

Mean acinar cell height of the gland = 8.49.
APTVENDIX NO
(0bsepvations on acinar cell height,
in units; 1 unit = 2, ﬁ5/u_ i
NAME OF COW : ROBRIE. TREATMENT : Thyroprctein fed up to 75
_— days before killing,

CELL - ?OLLIQHE N U/BER }
NO, 1 2 3 4 T 8 9 10
1 12 10 10 7 7 7 9 8 7 7
2 13 7 10 8 9 9 8 6 4 8
3 8 9 12 7 8 9 7 8 10 9
4 7 9 10 10 8 8 8 10 10 8
) 8 8 9 8 9 9 8 8 10 12
6 9 7 9 7 8 (4 7 9 7 9
7 11 10 9 9 10 9 8 7 9 10
-1 o| o 0] o9 110 | 7] 8 | 6 8
TOTAR 7 69 78 86 68 68 62 64 66 71

Mean acinar cell height of the gland = 8,63.



AP{?QE NO. F;,
(Observations on acinar call height,

in units; 1 unit = 2,5 M )e

NAME : QUACK. 'élleATMENT t(Thiourea 10 grams 74daya.
da 18 grams 14 dayse

GE“’; . J \ isH

NO, g , 5 g 7 8, O 10 |

1 15 | 156 18 18 15 15 12 18 15 16

2 16 | 16 14 19 156 16 12 17| 156 16

3 1% | 16 10 17 14 16 13 18| 18 20

4 15 | 16 9 18 15 17 13 20 18 v

5] 17 | 156 10 16 14 15 12 20 20 22

6 16 | 16 10 10 13 14 12 17| 22 17

7 14 | 17 12 12 10 13 12 18 20 16

8 16 | 17 12 12 11 13 13 i6}| 18 17

9 16 | 18 15 12 12 14 14 i7|{ 16 20

10 16 | 16 14 13 156 14 11 18 17 20

11 15 19 12 18 12 13 11 18 18 21

12 13 7 14 16 13 i0 ie 16} 18 19

13 156 ] 20 13 13 15 11 11 171 22 17

i4 14 | 17 is 16 16 ib6 15 16 16 17

156 16| 16 13 26 13 12 16 16 20 i8

16 16 17 156 20 10 16 16 17( 19 21

17 14 15 14 15 12 15 156 17, 20 168

18 13 156 12 16 i6 156 16 18 16 19

19 14! 15 13 156 12 ib 16 17 1% i8

20 15 16 alo] 156 13 10 17 156 17 22

TOTAIY 301 | 328 252 311 265 2178 267 | 345} 367 367
1601 [L6e4 [LRe6 [1546 1363 (3.9 1364 {17.3|17.9 18.4

Mean acinar cell height of the gland = 15.39.



(Observatians on acinar cell height,

- 91 -

APPENDIX WO, XXXVII

in units; 1 unit = !d5/¢ )

(Thiourea 10 gramas, 7 days,
15 grams , 14 days.

NO. 9 2 S 4 5 6 7, 8 9 e
1 20 15 15 17 1% 17 25 14 28 P
2 20 18 15 19 17 17 24 14 21 20
3 20 18 16 20 20 19 20 17 20 22
4 22 15 18 21 22 1% 20 1 20 18
5 22 18 18 21 22 18 24 20 20 18
6 22 9 18 18 20 20 23 15 20 18
7 23 15 20 21 22 21 |- 19 15 24 19
8 22 18 30 19 17 21 24 14 24 16
9 22 17 18 22 18 21, 19 13 20 20
10 £2 20 2 20 23 23 20 i 17 21
11 23 20 18 20 21 17 24 17 18 17
12 22 17 19 20 20 18 24 13 20 15
13 24 18 19 19 17 18 20 2 22 g
14 26 20 19 20 16 18 19 17 20 18
15 22 20 20 20 16 17 20 11 16 23
16 23 18 20 20 1 20 17 17 17 20
17 24 18 19 22 19 o1 17 20 17 19
18 25 20 18 22 19 ) 18 20 17 19
19 24 19 18 24 21 21 292 15 18 20
20 24 16 19 19 21 21 20 16 20 23
TOTAL | 452 | 349 | 367 | 404! 5384 | 386 | 419| 313 | 393 385
226 [17e5 | 1844 [20.2] 19¢2-(19.5 L0.9 | 16.6 |19.,6 |19.2

Mean acinar cell height of the gland = 19.25.



NAME : UPRIGHT.

- 02 -

APPENDIX NO, JXXXVIII,

(Observations on acinar cell height,
in units; 1 wit = 2.6 . ).

(Thiourea 25 gramg over

TREATMENT ;

221 days, .

O TEER —~

NOo, [~ % g1 8 4 T BT 6 71 _¢© 9 10 —
e 20| 25 20 19 20 20 24 | 21 5 22
2 21| 26 27 20 21 22 21 25 26 23
3 22| 26 26 25 27 24 26 24 22 21
4 22 | 26 23 25 24 25 26 27 27 28
5 21| 25 24 26 27 | 28 26 27 29 30
6 20 | 26 31 24 23 22 21 23 26 24
7 20 | 25 26 27 28 29 30 23 24 21
s 19 | 2% 24 26 26 25 29 23 25 on
9 20 { 27 2t 28 24 22 25 24 21 28
10 20 | 26 27 04 23 22 24 25 24 23
ul 24 | 24 26 22 23 22 26 20 26 29
12 24 | 25 26 27 21 23 27 | 26 24 23
13 21 | 24 21 20 23 22 24 | 24 25 24
14 23| ° 2 23 23 22 25 27 24 26
15 28 I 2F 23 26 28 25 28 26 27 26
16 20 | 26 23 27 26 21 24 | 20 19 24
17 21| 22 22 24 25 2 22 21 | 24 25
18 23 1 25 26 24 25 20 22 24 ¢ 128 26
19 23| 24 27 22 23 26 25 24 | 22 21
20 24| 25 26 2 28 27 24 25 | 30 23
TOTAL| 431 | 607 | 500 | 486 |487 | 474| 499 | 479 | 496 490
P1.6 5.4 | 25.0 (24,3 P4.4 | 23.7lc4.9 [23.9 [24.8 | 24,5

Mean acinar cell height of the gland = 24.25.
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