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INTROD[CTION 

The health and p rodu c ti on o f  the dai ry cow i s dependent 

upon the effi.�nt fun cti-o ni n g  of many in ter related phy s i ologi cal 

pro c·e s se s. Fo r many yea r s  considerable atten ti on has been paid 

to d i ge s ti on ,  ab so rption of nu trien t s ,  ci rculation o f  the b lood, 

u ti li sati on of metaboli c produ c t s ,  and exc retion. It is only i n  

recen t years ,  however ,  that the impo r tan ce o f  the endo c ri ne sy s­

tem has been a ppre ciated, and there s ti ll remai ns a large amo unt 

of fundamental r:e search to be car ri ed ou t before a comple te under­

s tanding of the rol·e of hormone s wi ll b e  obtai ned. 

In the endo crine sy s tem ,  the thyroid gland i s  a mo s t  

i mpo r tan t uni t in that i ts effi cien t  fun c ti oni n g  i s  e ssenti al to 

normal g rowth, me taboli sm and lac t a ti on .  Thy roi dectomy and hypo-

thyroi di sm have been shown to depre s s  b ody g rowth and to lower ba s 

metabolic rate. Hyper thyroi di sm on the othe r hand , cau ses an 

i n c rease i n  hea r t  rate and oxygen up take, a lo s s  of ni t rogen, 

emaci ation and hyperi rri tabili ty. Tha t the thy roi d play s an 

i mpor tan t role in the lac tati ng dai ry c ow has been demon s trated 

by experi men tal wo rk - hypothy roi d i sm has been shown by Graham 

(1934) and Spi elman , Pe ter sen and Fi t ch (1943) to cau se a de­

c rease i n  milk and fat p rodu c ti on ,  whi le Graham (�934) and many 

late r  wo rkers have shown that mi ld hype r thy ro i di sm may cau s e  an 

i n crease in b o th the mi lk yield and the bu t te r fat content o f  

the milk. 

In the pa s t  seven yea r s, there have been two develop­

ment s  whi ch a re fac i l i tating s tudi e s  of thyroi d  func ti on. 

Fi r s tly , Ludwi g and von Mutzenbecher (1939) have p rovi ded a 
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me thod fo r the prepa ra tion of cheap ,  thy ro id-active iodina ted 

p ro tein s. With s u ch m a teri al s it i s  po ssib l e  to supplement 

the ho rmone ou tpu t of the thy ro i d  gland of the animal at wil l . 

Se condly ,  a mean s o f  p rodu cing hypo thyroidism wi thou t thy roi d ­

ec tomy ha s b een developed f rom the wo rk of Mackenzi e ,  Mackenzie 

and M cCollum (1941) and Kennedy l1942) who dis cove red the goi tro­

genic na tu re of sulphonamides and thio u reas. 

Tnese two expe rimental aid s we r e  u s ed in the proje c t s  

reported in tni s the s i s ,  where the fol l owing probl em s  we re s tu died. 

A s  iodina ted pro tein s may soon b e  u sed i n  farm i n g  practi ce 

to s timul a te milk and bu t te rfa t produ c tion, it is impo r tan t to 

know the effec t s  of such mat e rial s on all the organs of the dairy 

cow . In thi s the s i s are r e co rded pr el imi nary expe rimen t s  whi ch 

were unde r taken to study the effect of thy roid-ac ti v e  i odi na ted 

ca sein (thyroprotein) on the thyroid gland . 

Goitrogenic sub s tan ces , su c h  a s  thi o u r e a  and thiou ra cil , 

are u s e ful in s tudyin g the pa r t  play ed by the thy roid gland in 

the l a c tq tion proce s s  in that they p ro vide a means of observing, 

withou t su rgi c al in te rven tion , the e ffec t  of thy roid de ficiency 

on lactation . One o f  the fir s t  p roblems in applying this tech­

nique to dairy ca t tle is the determ ina tion o f  a do s a ge of a go itro ­

gen which will defini tely a f fe c t  thy roid a c tivi ty in the se animal s 

wi thou t being too toxi c fo r pra c ti c al u se. To de te rmine su ch as 

e ffe c tive do se rate ,  a s tudy has been made of the effe c t  o f vari ous 

d o sages of thi o u rea upon the thyroid gland of dai ry cow s , and the 

resu l t s  o f  the proje c t  are reco rded i n  thi s manu s c ri p t. 

Goi tro gen s have the effe c t  o f  i nhi bi ti ng the fo rmati on 

of thyroxi ne by the thyro i d  gland. Thi s re sul t s  in a compen s a to ry 
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hypertrophy and h yperpl a si a  of the thyroid du� to an i n creased 

outpu t of the thyrotrophi c hormone b y  the an t·eri or pi tu i tary gl and 

in response to the induced thyroid de fici en c y. By the a dmi ni s tra-

ti on of thyroxi n e, des s i cated thyroid gland, or artifi cial thyro-
' 

protein, the pi tuitary hormone c an he hel d in check and the e ffec t 

on the thyroi d of goi trogen-trea ted ani ma l s redu c e d  i n  proportion 

to the dosage of·thyroidal sub s tan ce. The normal thyroid hormone 

outpu t c an b e  es tima t ed by de termi ni :gg th-e amoun t of thyroxi n e  

re.qui red to return the thyroid glands o f  goitrogen-treated ani:nal s 

to normal .  The work reported i n  thi s thesi s is fundament a l  in 

the appl ication of this technique to dairy ca t tl e  where i t  possi bly 

may b e  used to determi ne whether the thy roid a c tivity of high pro-

du cing cow s differs markedl y  from that of low pro�uc ers. 

Becau se v ery li ttle data are available at the presen t 

time concerning the si ze of tne thyroid gl and in New Zeal and cattl e ,  

the weigh t s  of thy roid glands obtai ned from cattl e slau g h te r ed at 

freezing works and aba ttoirs i n  the Mana wa. tu are presented.. It 

i s  realised that these data are i nadequ ate to give a comprehensive 

pic tu re of the thyroid weigh t s  of New Zeal and c a t tl e; the data 

shown mus t  be regarde d as tho s e  of a prel i minary study onl y. 

�. 
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I�-�A�QMX_QE_Tff�_TtlYRQ�Q-�kANQ 

B�����-QE_kli�h�T�R� 

��n�Kal_An�tqmy_�!_tfra_!h��Qid_Gland 

The thy ro id gland of most animals is composed of two 

lateral lobes connect-ed by an isthmus and is located in close 

association with the an terio r  a nd lateral parts of the trachea, 

at the base of the l arynx . It is a very vascular ductless gl and , 

firm in texture and pale red ih colou r. The two lateral lobes 

a re i rregula r  i n  outline, and extend along either side of the 

larynx as conic al or pyramidal proje c ti ons. Accessory thyroid 

tissue i s  reported a s  occurring f req uently (Wohl, 1917; Crotti, 

19 38) ma ki ng tolfli thy roidec tomy di ffi cult to perform. 

The gl a nd is enclosed by a thin connective tissue cap­

sule which is conne ct ed with the sur rou nding c e rvi cal fa s cia , and 

which al so projects inwards to divide the gland i n to lobules . 

The tissue of the gland is compact, and consists of 

lobules which are embedded in a s troma of fibrous tissue. The 

stroma con ta i n s  numerou s blood and lymph vessels. The lobules 

consist of non-communicating alveoli o r  follicles of varying size 

and form. The fol l i cl e  are l ined by cuboi dal o r  columnar epithel­

i u m, and the lumina usually contain a characteristic viscid 

material, called colloid. Some follicles may be without lumen, 

and consequently do not contain colloid. 

The amount of colloid found in a gland is by no means 

a true index of the functional activit,r of the thyroid; the 

amount present depends upon the two processes of secretion into 

t he lumina and absorption from the lumina into the bloodstream, 
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and the i n fl u en c e  of the thyro i d  on me tab o l i sm depends l a rgely 

upon the equ i l i b ri um b e tween the pro cess e s .  Fo r example, if 

the r e  is a rapi d ab sorpti on of thy ro id pro du c ts f rom an ext r emely 

a c ti ve gl and, l i ttle o r  no· col lo :. d 1dll be found. On the o ther 

han d ,  the qu an ti ty o f  col loid may b e  found to be mate ria l ly i n­

creased in cases in which secretion and ab s o rpti on are dimi ni shed. 

In these two i n s tan ce s fal s e  concl u si on s  a s  to the functional 

a c ti vi ty of the gland would be d rawn i f  one were to assume tha.t 

a c tivi ty is direc tly p ropo r tional to th e amou n t  o f  col loi d presen t . 

The folli cl e epi thel i um of the gl and shows g re a t vari­

a ti o n s  i n  s i ze and a rr ang em en t of cells , influencing f�cto r s  b eing 

ag e, sex, se&son of the year , �nd Jie t . In g e n e ral, i t  i s  be-

l i eved tha t the epi theli um becomes ve ry l o w  when the secretory 

a c t ivity o f the gland is depressed , and very tall and folded when 

the g land i s  hyp e ract i ve . 

The anatomy of the thyroid gland i n  cat tle agrees w ell 

wi th the ou tl i n e  o f  g ene ral anatomy o f  the thyroid gi v en above. 

:r.:ua_!�i�b.t_Q.f._tb.�lu.r.Q.id_Glao.d_in_C.attl� 

The wei gh t ,  s i ze and a c t i v i ty o f  the thyroi d  gland ha s 

b een shown to be a f f e c ted b y  many fac to r s. Kea ti n g  and o the rs 

(1 9 35 )  have shown tha t  thy rmi d  wei ght i s  i n c r ea s ed by bo th collo id 

a c cumul a ti o n  and i n c reas e s  i n  epithel i al con s ti tu en t s . Thy ro i d 

wei gh t a s  an i ndex o f  thy roi d a ctivity is fu r ther complicated by 

the f a c t  tha t vari a ti on in the wei ght of the gl and may be due to 

va s cul ari ty and s troma apa r t  f rom chan ges i n  the amoun t of c o l l o i d  

and nu�b e r  o f  a c i n a r  cell s .  A ma rked i n cre a s e  i n  the wei ght o f  

the gland , howev e r ,  may b e  taken a s  i nd i c a ti ve o f  thy ro i d  dys­

fun c ti on .  
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Krizenecky (1932) has tabulated data from the work of 

Trautman \Drusen mi t innerer Secketion-Joasts Spegille patholog-

ische anatome der Ha u stier \1917). These data present a compari-

son of thyroid gland measurements between dairy c2ttle and other 

domestic animals, but no account was taken of differences due to 

breed. 

Comparative Measurements of Thyroid Glands 
of Domestic Animals (Trautman, 1917) 

------------,---------- ,------------,-- -----------,-----------------

! Thyroid ! Th��oid I T�yroid I Th�roid 
1 length 1 V'l d. th I thl ckn es s l v,'el gh t ! ( cm • ) I ( cm • ) I ( cm . ) I ( gm • 

) 
I I r I 

--------------t---------'"1-----------T----------- ----, - ----------------
1 I I I 

D2 i ry c::.ttle I 6.5-7.5 l 4.00-5.0 I 0.85-1 .50 I 23-41 
I I I I 

Seef cc;.ttle I b.0-7.0 I 4.00-5.0 I 0.75-1.50 I /1-36 I I I I I I I I Horses 1 3.5-4.0 1 2.3 1 1. 50 1 :?0-35 
I I I I 

Swine '! 4.0-4.5 I ?.·J0-2.5 l 0.50-0.75 ! 12-30 
I I I I I I I Sheep 1 3.0-4.0 1 1.25-1.5 1 0.50-0.75 1 4-7 I I I I I I I I 

Goats I 2.5-5.0 I 1.00-1.5 I 0.50-0.80 I 8-11 I I I I 
------------1 _________ j ____________ l-------------�-----------------

Krupski (1921) reported on the size of the thyroid in 

dairy c.nd beef cattle of various ages and conditions from which 

Krizenecky (1932) tabulated the data shown in Table 11. In 

thi s work, too, no data was presented to show differences between 

br·eeds. 

Swett, Matthews, Millar and Graves (1937) have presented 

data showing a difference in·weight of thyroid between breeds of 

dairy· ea ttle. A summary of tnese data is given in Table Ill. 

·" 
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Thyroi d Weights in Cattle (Krupski, 1921) 
------------------'"1-------------r ---------------- . -----------------

l I I 
Type of Animal I Number I Age j Absolute 1 _of 1 (years) 1 we.ight 

�em1mals 1 1 (r-m.) 
I I I -

----------------�-----------4-------------------f--------------- ---

/ I I I I I 
Beef c;;.ttle 1 .40 1 1-5 1 21.49 I I I I I I 
Beef cows (pregnant:) 21 1 1-4 ! .21. 76 

I I I 
Steers 6 7 I 1 -5 I ·'r 2 • 0 8 

I I I I �;!ilk COWS 1 71 I 2- 13 I 32.59 I I 
Milk cows \;_Jre[n2nt,) 69 ! 3-11 I 31.80 
--------------�----...! ____________ 1 __________________ _) ________________ _ 

Avere:.£E Th_;'roid Teights of Dc.ir;�' Cor:s C·.;:;:. 1rreJ. ··:it:: !::-;J�- '.''1"':5.�)-;.ts (G1�tt, Katt�e�s, �illar and Grbves, 1�3?) 
-

----------,---------------------------------·-------------------------

1 ,I:ur.ber Li vr.: Err.) ty bouy T:'1yroi d I of �eight �eight �eight IEtn�t::::�s 1 (Jb.) 1 (lb.) 1 (gm.) --- -------�--· -·- ---:...:.----t------------1----- -·- ----------+---- ---·--·-------

1 I l I Ayrshires 1 /+4 1 1083 1 931.98 1 33.4 
I I I I 

Guernseys l 6? I '1<:J 1 ! 859.62 l 31.6 
I I I I I I I I Holsteins 1 198 1 1265 1 1089.59 1 38.1 I I I I I I I I 

Jerseys I 218 ! 91 0 1 78 8 • 5 6 1 2 7. 9 
_________ l ___________ j ___________ J _________________ j _______________ _ 

I ,. 



- 8 -

In order to collect detE corcerning the size of the 

thyroid gland in cc.= ttle in Nei\' Zec.lr.::r:.d, reriodi c visits �,:ere 

rr.<.;_de to the frReziD t, �··orks D. t Longt urn and Fei ldin e;, end to the 

?&lffierston North Munici�el tbattoirs. As much inior��tion as 

possible about the previous history of the ani�als R�s obtained 

from the butchers coLcerned. 

It 't'C:S plLr..ned i-o study )Ossible differer�ces in thyroid 

weigtt due to age, weigtt, sex, ond breed of the animel, function, 

i.e. beef &nd dair) breeds, locality ond sea s on of the year. 

The number of �nim�ls of C2iry breed� fro� whic� glcrd: c��ld be 

obtc;ined V>OS com�;<:ratively �r:.Ell, e.nd :so it is not ··1ossible at 

this intermediate staEe of t�e survfy to cnDlyse the effects of 

f&ctor� such as �ge, sex, locslity Lnd sec.son ln the case of 

da i ry cc: t tl e. These factors, however, have beer analysed in the 

cnse of beef co.ttle, c.r:cd v·i th t�1c contir..uction of the proje ct it 

is ho;_"'�ed to accur:mlate sufficient datE.! for d2.iry cattle. Carcc:..ss 

weights were lereely unobtain�ble in the survey on &ccount of the 

orga.niss.tion of freezing works. Those dciry cows from which 

thyroid gl2nds were obt�ined were in all cases either dry animals 

or stri p_;:>-ers . 

A major difficulty was to obtain the glands intact, for 

unfortuna tely i t  is a common practice of the butcher s to sever 

the gland when the head of the animal is being removed. A certain 

perc�:mtage of the glands were not severed however·, and by obtain­

ing co-operation on the par t  of some of the butchers, the diffi-

cul ty was overcome to some exten t. Only i n ta.c t gland s are 

. , . . -



- 9 -

included in  the data presented. 

The gl&r:ds v.·t:re dissected from the tracheas of tr.e 
animc:-ls imrr.edie:. tely after thE! heuds had been ren:.oved from the 

cerca��ses and the thyroid s were then trJn:rr:eci of c.ll adhering fat 
} 

c:Jr.d con_r.ective tissue nnd imrnedictely_ ·.veie;hed. 

A summ�ry of the mean thyroid weights ob tain ed to date 

for the various clas�es of cattle is given in Table IV. Full 

inform�tion on the �eights of the indiviauLl thyroids is given 

in bppendices I to V. 

-------------·---------------, ---------, --------- -----r---------------·--

Tyoe of e.nimc.l I No. of 1 r:ean thyroiol Notes 
1.., D i ffi.., 1 c· t V e :i · h + c (-rr. ) I 

--------- -------------rv: &ie�- -1��- i}- �l -� � 4����9-i���coiiect�C3-rJ:;;--
n8iry calves \Jersey ) I . l l t11Boi..by11 cc.lves &t 

Fema.ls:: 1 42 I 7.6±2.45 l�ongburn �orks 

Dairy Calves (Jersey) M2lf.S I 7 : C). 7i.1.19 I Cclves villed at 
1 I 1JCollected from 

D&i ry COY!S 

Dairy bulls 

Jersey 
Ayrshire 
Friesian 

Jersey 
Friesi&n 

Vealers ( i:be rd een Angus) 
Castrated males 
Females 

I I 11··rt'1 "t • r.., Q � ev 1 I I u- 1 c:.. lV.v � � , • 

1 1 Call ege 
l 81 129. 5±8. 64 1 1 2o 134.2±5.69 1 I 8 I 42. 0+12. 60 I I I - I 
1 2 : 34.9±23.7 1 I 2 ll*-5.3+j. 1 I I I - I 
I I I I I I : 17 (16. 4:!). 20 l 
1 7 : 1 7 .  6!5. 32 1 I I I 

Beef hei fers (Aberdeen Angu 4) 36 \2 7. 7'.2, 7. 56 1 
Beef cows (AberdeenAngu s) I I I 1 1 s 1 31 • 8±4. s1 l I I I 
Steers (Ab€rdeen Angus and � I I A.A. x Hereford) I 87 129.a-!_7.29 1 
___________________________ l _______ L_ ___________ J_ ________________ _ 

(� 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 cattle shown above 

an a nalysi s of vari ance (Snedecor, 1940, p.179) was applied to the 

data. The results are sho�n in Tables V and VI. 

Ana ly sis of Varian ce of Thyroid Weights Bet':,,een Dairy Breeds 

--------- -- ----------- ---, -- ---- ----, -----------------,--------------
Source I d.f $ l Sum of squares l Hean sc�uare 

----- - - - ---- --- ----- - - --+ -- - - ----- - 4------------ - ---- +------- - - - ---� 
I I � I Total I 108 I 9604.87 l 
I I I 

Vari&nce between breeds I 2 l 1341.70 I 670.86 
I I l 

V . . th. b , I 106 I 8263 1 7 I ar1 an ce vn . 1n ree as 1 1 . • � I I I 77.95 
----------------------- -.!------- - ---- 4----- ------------ ---.!--------------

F = 8.60 highly significant 

The analysis shows a highly significant variation in 

thyroid weight betv:een breeds of dairy co',"S. To test the signi-
fi cance of the difference in mee.n thyroid viei gh t between breeds, 

"t" tests were applied lSnedecor, 1940, p.57) and the results 

shovm in Table VI. 

Tests of Significance of Dif f e r er..ce in Mean Thyroid Wei ght 
Between Dairy Breeds 

I 

Groups compared l "t" 1 Significance 
I I 

------------------------------ � ----------+ ------- - -------- - ---- - ----1 I 
Jerseys and Friesians l 3.8·3 I Highly significant 

I I 
I I 

Jerseys and Ayrshires 1 2.14 1 Significant 
· I I I I 

Friesians and Ayrshires 1 2.11"'3 l Significant 
---- ---------- -�--- ------- ---------------- - ---------

Th� analysis shows that the difference in mean thyroid 

weight between the Jersey, .Ayrshire and Fnasian cows was statistic-

' V , 
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ally signi �ican t . This probably was a reflec tion of differen t 

body wed gh ts. Thes e results are :ln a gr eement with the findi ng s  

of Swett et &1. (1937) in dairy cattle i n  the United States. 

The -effect of sex on the thyroid weight was examined 

bet·ween the means of va rious groups of animals, as shown in 

Tab l e  VII , u sing the 11f11 test of significance. 

The Effect of Sex on the vVei gh t of the Thyroid GlEmd 
I 

Grounw com-;:>ared / "t" Significance - - I I 
---------------------- --------------+--------- + ---------------------

: I 
J I I 

Male and female ersey calves 1 0 .112 1 Non-significant I I l I 
Castrated male and intact female I I 

Aberdeen Angus vealers I 0. 750 : Non-significa.nt , 

:be�=���-��=��-�:=����-::�:-����1--��=�J-�:����=��������---� 
These results su�>:_.ort the concll.:sion that sex hE's no 

effect on the weight of the thyroid glEnd of male and female 

Jersey calves. No si gnifi cant difference was found between the 

thyroid v;eights of castre.ted mele and intc:ct fen:ale Aberdeen Angus 

vealers, and cows &.nd steers of the Aberdeen Angus breed. 

The number of thyroid glands collected from dairy bull s 

was too small to permi t an analy si s of difference in thyroi d wei gh t 

due to sex in mature dairy cattle . 

To examine the effect of age on the thyroid weigh t of 

Jersey cattle, the data wa s divided in to age group s which included 

gland s  from bobby calve s , and from cow s of 3 ,  4, 5 and 6 or more 

. year s of age . The mean of each group wa s plo tted on a graph a s  

shown in Fig ure I� The difference between the mean of the group 

.· . ....... _.,. ... 
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con si sting of 3 year old animal s and that of the group of animal s 

of 6 or more year s of age wa s found to be sta.ti sti cally non- signi­

fi cant (t=1..768 ) , and so further analy sis of the data in thi s 

re spe ct wa s not pur sued in the meantime. 

The diff e r en c e between the mean s of the thyroid weight s 

of b eef hei f e r s  and b ee f  cows was si gn i fi cant (t=2.32 ) , and an in­

c r ease in thyroi d  weight with age was thu s shmvn. 

To inve stigate a po s si ble di ffe rence in thy roid wei ght 

due to fun c t ion of the an imal, i.er whethe r use d  fo r beef or for 

dai ry produ c ti on, a "t" te st wa s appl i ed to the diffe ren ce betwe en 

the mean thy roid wei ght of Abe rdeen Angus co'l:s on the o ne hand, 

and that o f  Je rsey , Ayrshi re r.:�.nd Fri esi a.n thy r o i d  w e ights r e s pe c tive 

ly, on the othe r. The r e sult s of these cmalyses are s hO\m in 

Tabl e  VIII. 

Eff e c t  o f  Fun ction of the Animal on th e Wei ght of the Thyro i d  Gle.nd 

I 
I 

G roups compa r ed 11t11 1 Si gni fi can ce I I 
----------------------------------4----------- +------------ ------- ---

l I 
Aberdeen Angu s and Jersey cows 1 0.317 1 Non- signifi cant I I I I 
A berdeen Angus and Friesian cows 1 2. 821 t Significant I I I I 
Aberdeen Angu s and Ayr shire cow s I 1.347 I Non- signifi cant 

I I 
------------------------------ ---------------------------------------

The average
' 

body weight of th� beef cow s from whi ch the 

thyroids were obtained wa s about �300 lb., and the average body 

weight of the Frie sian cow s wa s about 1250 lb., the Jer sey cows, 

950 lb., and the Ayr shi re s, � 1100 1 b • • In view of the result s 

shown in Table VIII, therefore, the Aberdeen Angu s cow s had a 

l .. · ,. ' 

. · ' 

. . 
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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 fa et that the majority of the animals came from the Kai rE.nga. 

district. In two cases, however, a compa.rjson between animals 

from different districts could be made. Forty-one of the steers 

came from Hunterville, and when the mean of the thyroid weights of 

these animals was compared vd th that of steers from the Kai ranga, 

the difference between the means was found to be statistically non­

significant ( t=0.270 ) . The calves that were killed at birth at 

Massey College had ttyroids with a mean weight 2. 3 grams he a vi er 

than those of male calf thyroids from anirr:als off the Kair&nga 

plains. This diffE::rence between the means was f·ound 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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fi�VIEW_QE_kl��fi���fig 

GU�i��-Q(_th�_Thy�Qid_HQ�QU� 

The thyroid provides, through its specific hormone, a 

meaLs for varying the rate of metabolism to meet changing physio-

logical needs. 

A voluminous literature on th e chemistry of the thyroid 

secretion has 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 

Harington and Barger (1927) to determine the correct chemical 

formula for the active principle thyroxine, as shovm below:-

I � J'' Mf'� 

0-< 1- I ,_ t}-
14 0· e l� / I ( 

I H I fl H H ·c. 
Thyroxine 

Kendall (1929) showed that upon alkaline hydrolysis 

thyroid tissue is divided into an acid-soluble and acid-insoluble 

fraction. The acid-insoluble fraction contains thyroxine and 

possibly other iodine-containing compounds. Ha ring ton and Ra.ndall 

(1929) isolated di-iodotyrosine from the thyroid, and Harington 

(1944) produces :i,mpressive evidence, both chemical and biochemical, 

for the assumption that thyroxine is in fact formed in the body 

from tyrosine .and iodide through the inte rmediate stage of di-iodo-

tyrosine . Schachner, Franklin and Chaikoff (�943) showed that 

the biological process is in part controlled by an oxidising en-

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

" ,...(' .. ( 
�. 
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in the thyroid v arie s quite markedly with the sea son of the 

year (Harington,  �933). 

�b&-R�lat1�n_Qf_lQ�iu�_iQ_t�-Th��Qid_Qland 
It is establi shed tha t iodine is a normal constituen t 

of the thy roid gland and must be supplied to an animal for normal 

activity of the gla nd. The thyroid has a marked affinity for 

iodine as shown by the hi gh proportion of dietary i odine found in 

the thyroid glands of ani mals on diets which contain very small 

traces of iodine. Burk and Grurnmitt (1945) review experiments 

in v.'hi eh the passage of re.dio-acti ve io din e was traced f rom the 

diet to the thyroid gland where the i odine was qu:.ckly concen-

trated in large quantities relati ve to the amount fed. Marine 

and Rogoff (1916) reported that the iodine content of the thyroid 

of the dog may be increased several hundred per cent within five 

minutes following an injection of 50 mg . of pota s sium iodid e  intra-

venou sly . Eighteen per cent of the iodine con 't(air:ed in a dose 

of 38 mg. of potas s ium iodide was recovered by the thyroid. Van 

Dyke (1925) showed that free iodine and sodium iodide is much 

more readily taken up, Thyroxine has bu t lit tle effect on the 

iodine content of the gland (Ral ston et al. , 1940). 

Koch (H913) 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 ("n 940) 
presents evidence for a grea ter 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 decrea sed iodine content ,  

i n wi nter . 

��l£i�QU_Qf_TayLQig_ActtYi1� 

I t  has l o n g  b een su spe c ted that a very efficient 

mechani sm exi s t s  for �gulatin g thyroid ac tivi ty by way of the 

blood stream. Fir st proof o f  a pi tui tary hormone being  the re­

gulating factor , however,  fol�'ed the d emo nstration by Smi th 

( 1 9 1 7) and by Allen ( 1 9 1 9) that hypophy s ec tomy cau s ed atro phy o f  

the thyro id , and Smith ' s  la ter demo n stration ( 1 926,  1 930) that 

i mplan t s  of fresh pituitary restored such atrophic thyroids to 

normal and even i ncrea sed activity. These results h ave sinc e  

been confi rmed by many workers . The p i tuitary fac tor concerned 

ha s been cal l ed the thyrotrophic hormone , or thyrotrophin. 
-- � 

Whil e  the thy rotrophic hormone o f  th e ante rior pi tui tary 

a ppea r s  to be  the mean s of stimul ating the thyroid , however , there 

is ample evi dence al so that th e thyroid secretion exerci se s an in­

fluence on the anterior pituitary , particu larly in res pect to 

con trol of the produc ti on and relea s e  of the thyrotro phic  ho rmone. 

The a cti vi ty of th e  thyroi d and that  of the pituitary 

gl and are i nterdependent , the one regul ating the other · • Any de-

� ficiency in the thyroid secretion quickl y  s timulates  the
. pi tui tary, 

ei ther di re ctl y or i ndire ctl y, to produ ce more thyrotrophi c ho rmone ; 

and conve rsely, an exce s s  o f  thyroid secretion tend s to redu ce the 

se creti on o f  thy rotrophin < :::r, _ ;.,.{ .. �:y· b y the anteri or pi tu i tary gl and . 

�siQlQ�i�ally Act�!Qdinat���na 
hl_ Di s cov� .  O swald (1 91 0) found tha t i odina ti on of 

al bumin, gli adin and casein i n  alkali ne solu ti on gave produ cts 

• '  
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f rom whi ch he w a s  abl e to i sol a te 3 : 5 di -i odo ty ro s i ne ; thi s d re w  

a t tenti on to the i mpo r tan ce o f  ty ro s ine a s  an i odin e - con tai ni n g  

con s ti tu€n t o f  the i o di na ted p ro t ei n mo le cul e . Ab el i n  ( 1 933 , 
1 934, 1 936  and 1 938 )  cl a imed to have ob tai ned phy s i olo g i c al l y  

a c ti ve i odi nated p r o tei n s  from whi ch , b y  alkal i ne hydroly s i s , he 

could sep a r a te f ra c ti on s  hav i n g  the gen e ral phy si cal and chemi c al 

p rope r ti e s  o f thy roxi n e ; in onl y one i n s tan c e , ho weve r ,  wa s a 

c ry s tall i ne su b s tan c e  havi n g  phy s i olo gi cal a c ti vi ty i sola ted and 

thi s wa s no t sa ti s fa c to ri ly chara c te ri s ed .  

Ludwi g and von Mu t z enb e che r ( 1 939 ) publ i shed a d e ta i l ed 

d e s c ri p ti on o f  a me thod fo r the i odina ti on o f  ca sei n and o ther 

p ro tei n s  to g i v e  produ c t s whi ch we r e  n o t only phy s i ol o gi cally 

a c ti v e  them s elve s bu t from whi ch i t  w<:� s p o s si bl e  to i s o l a te thy ro-

xine . Thi s wo rk wa s confi rm ed b y  Hari n g ton and P i t t-Ri ve r s  ( 1 939) . 
Th e .abov e  wo rk wa s i mpo rtan t in tha t i t  o ff e red the 

po s si lll l i ty of cheap and ea s y  p rep a ra ti on in l a r g e  quan ti t i e s  o f  

p r o du c t s  hav i n g  the spe ci fi c phy si olo gi c al produ c t s o f  the thy ro i d 

gl and . Thi s po s s i bi l i ty wa s real i sed by Rei r. eke and Tu rn e r  ( 1 9 42a) 
who con fi rmed the o ri g i n al o b s e rva ti on ,  extended the work t o  o ther 

p ro t ein s , and defi n·ed mo re sharply the condi ti o n s to be o b s e rved 

i f  o p timal y i eld s o f  a c ti ve ma teri al a r e  to be ob tained .  

The thyroxi ne fo rmed from di -i odo ty ro si ne (i tsel f p re­

pared f rom natu ral 1 -thy roxi ne) i s  l aevo-ro ta to ry ,  and the r efo r e  

iden ti cal wi th na tu r al thyroxi ne i sola ted from the thyroid by 

en zymi c hydroly si s .  

(b) Phy�iol�&!cal lffects �r Arti�l Tbyro�rQt�. 
The e f fe c ts of hypo thyroi di sm are analogou s in all mammal s and in · 

1 .. ..... 
... ' 

t ' 
· .  , ) 
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gene ral a re more s e ve re the e a rl i e r  i n  l i fe the thy roid fun ction 

is impaired . The e f fe c ts i n clude dep r es s ed b o dy growth ;  l owered 

b a sal m e tabol i e rate ; d e c rea sed nitro gen re tenti on ; ca rb ohy d rate 

ab sorrJtion from the i n t e s ti n e  i s  l o we re d ; and fa t tend s to he 

s to red . Goo d  r ev i ews are gi ven by Ko j i mi ( 1 91 7) ,  Ho skins ( 1 92 7) 
and Salmon ( 1 938 ) . 

I t  i s  wi d ely re co gni sed tha t the sy.m� tom s o f  hypo­

thy ro i di sm can be all evi a ted by the admi ni s t ra ti on of de s s i c a ted 

thy ro i d glan d ,  thy ro xi n e ,  o r  v ar i ou s thy roi d-a c ti ve p repa ra ti on s . 
Thi s ha s b e en sho�m b y  Pi ck and P i n·el e s  ( 1 906) , Ba singer (1 9 1 6) , 

Smi th e t  al . ( 1 92 7) , Salmon ( 1 938) , Evan s et al . ( 1 939) , and 

L e rman and Sal t e r  ( 1 939) . I t  ha s b-een demon s trated by Reineke 

and Tu rn e r  ( 1 9 42a) tha t a r ti fi c i al thy ropro tein s may al so b� u s ed 

su c c e s s fully to all evi a te the effe c t s  of hypo thyro i di sm .  

I t  wa s fi r s t  shown by Rei nek e  and Tu rne r ( 1 9 42a ,  1 942b ) 

tha t a r ti fi c i al thy rop rotein , when fed to cows and go a ts i n  de c l i n­

in g la c ta ti on, has an eff e c t  s imil ar to th <:· t o f  thy ro i d mate ri al 

o r  thyroxine , in s ti mu l a ti n g  i n c rea sed y i eld s o f  milk and butterfat . 

This wo rk h a s  been con f i rmed and extend ed  with cows l acta tin g nor­

m ally by Reineke '( 1 9 43 ) , Van L andringham et al . ( 1 944) , Reec� 

( 1 9 44) , Seath et al . ( 1 944) , and Blaxter ( 1 9 43 , 1945a , 1 945b, 1 946) , 

and with cows b rou ght into l a ctation with diethylstilb estrol by 

Holl a rd and Camphell ( 1 946) . 

It has b een shown by seve ral o f  the above workers that 

the i n c reases in milk yield and butte rfat obtained by the admini ­

strati on o f  i odina ted proteins to dai ry cows i s  accompan ied by an 

i n c rease in heart r ate and a co rre sponding de c re a se i n  body wei ght . 

: .. . 
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More info rmation i s  requi red, howev.er, on further phy siologi cal 
effects o f  feeding i odinated pro teins . Fo r  example ,  wha t  i s  the 
effect on the cow of feeding thy roprote in over a peri od of several 
mon ths? Wh a t  i s  the effect on longevi ty of the ani mal i f  the 

feeding i s  conti nued over several lacta tions? What i s  the effect 

of the thyrop-rotein on the organs concerned wi th the secreti on of 
mi lk? Wha t  i s  the effect o f  feeding thyroprot€in on the thyroi d 
gl and o f  the animal ? 

Ve ry li t tl e  inves ti ga ti on has apparently been carri ed ou t I 
on the �ffect o f  thyroid ma teri al o r  thyroxine on the thyroid gland . 
However, the fact tha t  r a t s  fed d-e s si ca ted thyroid gland show si gns 
of ma rked fun c t i onal depre ssi on of thei r o �n thy ro i d : glands ha s �een 

demonstrated by Ab el e t  al . ( 1 9.25) , Cordonnier ( 1 i 29 ) , Refo rzo­

Membri ves ( 1 938) , Oo tila ( 1 940) , Belasco and Mu rlin ( 1 941 ) ,  Galli­
Mainini ( 1 941 ) ,  and Ko ger and Turner ( 1 943 ) . Reforzo=Membrives 
( 1 93 8 )  repo r ted tha t the pi tu i tary glands of su ch rats have a 

thyroid-inhibi ting acti on when extra c t s  are inj ected into guinea 
pi gs . An excess o f thyroid hormone in the ci rculation as a result 
of the admini s trati on of dri ed thyroid •ay act upon the mechani sm 
i n  three ways - (1 ) di rectly causing an inhibi tion of the thyroid 
(U o ti l a  (1 940) ; Gal l i -Mai nini ( 1 941 ) ) ; (2) inhi bi tin g the thyroi d ­

s ti mulating a c tion o f  the an teri o r  pi tu i tary gl and ( Refo rzo-M·embri ve: 

( 1 938) ) ; o r  (3) o ri gina tin g  o r  developi n g  an acti ve thyroid-inhibi t­
ing a c ti on i n  the an t e ri o r  pi tu i ta ry gl and (Reforzo-Membrives (1 943) 
EXPERIMENTAL 

The experimen t s  re corded· in thi s manu s c ri p t  were under­

taken in orde r to s tudy the effe c t  of thyropro tein on the thyroid 

. . · ,., .. • ,. . I .. 
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g land o f  the dai ry c o w .  

The thyr o p ro tBin u s-ed wa s prepa red , u si n g  dai ry f a c to ry 

e q u i pmen t , b y  Mr . I .  D .  Mo rton and Dr . I .  1 .  Campb el l  o f  the Dai ry 

Re s e a r ch In s ti tu te (N . z . ) ,  a c c o rd i n g  to the m e thod o f  Rei n-eke and 

�u rn e r  (1 942) , wi th mino r modi fi c a ti on s . 

EQt�u�_Q!_�����Qt�tu 
To ob tain some me a su r e  o f  the p o tency o f  the thyro ­

pro tei n ,  the m a teri al wa s fed to two d a i ry cows in de cl i ni n g  

l a c ta ti on , and the e f f e c t s  no ted o n  the yi eld and compo si ti on o f  

the mi lk, and the b ody wei g h t s  and pul s e  ra te s o f  the ani m al s 

re co rded . De ta i l s o f  the cows u s ed a r e  sho�n in Tab l e  I X .  

The thy ro p ro tei n  wa s fed to the Fri e s i an c o w ,  Robb.i e ,  

a t  do sage s v a ry i ng f rom .20 to 4 5  g ram s dai ly over p e ri o d s  ran gi n g  

f rom 8 t o  56  day s . The Ayr shi re c o w ,  Sulu , re cei v ed thy ropro tei n  

o v e r  only one experi men tal p e ri o d ,  when s he recei v ed 30 gram s  dai ly 

o v e r  1 4  d ay s .  The me thod o f  admi ni s te ri n g  the ma teri al wa s to 

su s p end the thy ro p ro t e i n  in a p i n t  of wa rm wa t e r  wi th ap9 roximate­

l y  one g ram sodium b i c a rb ona t e ,  and the su spen s i on wa s gi ven to 

the animal s a s  a drench . A defini te i n c re a s e  i n  mi lk yield w a s  

o b s e rved abou t thre e d ay s  a f te r  the b e g i nning o f  the feedi n g  peri o d ,  

and an increa se in the bu tte rfa t t� s t  f rom abou t the seven th day . 

The s e  effe c ts on mi 1k yi eld and compo si ti on were a c c ompani ed by a 

m arked ri se in the hea r t  rate s and a rapid de c re a s e  in the b ody 

wei ght o f  the animal s .  The re sul ts o f  the se t ri a l s are shown 

g ra phi cal l y in Fi g s . II and I I I . 

The re sul t s  i ndi c a te tha t · the thy ropro t ein u sed wa s 

sli ghLy l e s s  po ten t than the syn the ti c thyropro tein mpro tamone" ,  

·' . � � • ' 11. !. . . 
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De tai l s  of Cows U sed to E s ti m a t e  th e Po ten cy o f  the Thy rop r o t ein 

-----+-
r--:----------r --------- --- - �----- - - --- --- --r------------�------ - --- -r---------

Name I Bre ed I Age a t  begi nni ng i Date d r i e d  o ff i D� t e  commen ci ng j Days i n  mi lk rregnancy l No te s 

1 1 of  expe ri m en t a l  1 f rom l a s t  J p re s en t l a c tn- 1 a t  b e gi nn i n g  1 s ta tu s  1 1 1 peri od (y ea r s ) l l a c ta ti ::m  1 ti on 1 o f  eXIl � r i m en � 1 
1 I 1 1 1 a l  p e r1 o d I I -------t--------�---------------!l----------�--��--------------�------------�:--------r----------

Robbi e 11 Pu rebred l  6 \ 2 7- 7-42 I 2 8- 1 2-43 l 60 I Ern o ty ! B rou gh t i n-

1 Fr e s J. an 1 1 1 1 1 to acta i.A.&J 

- 1 . I I I I I - I 1 -'-'� 

I I I l I I wi th I I I I 1 1 1 1 1 I di e thy 1 -j I I I I l I s ti lb e s t roJ 
Sulu Pu rebred! I I _ I I I ! Ayrshi re� 10 I 26- 5 - 1._5  I 1 4-9- 4 5  I 244 I Em o ty I I I I I - I I I l I I I I I I I I I ---+- t---------------i--------- ---- - -f------- - ·- - -- -----+ ------ - - - - - --1- - - - ---- - -1-----------
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FIGURE 1 1. 

Eff ec t  of Thy r o pr o t e i n  on Y i eld and C ompo s i t i on of Mi lk 

Lac ta t i on cur v e s  of the .F'r i e s i an c ow •Robb i e" • whi ch was f ed � y r o ­
pro t ei n  a t  i n t ervals thro ughout lac t a t i o n .  

~ 
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Ef f e c t  of Thyrop r o t ein on Y i eld and Fat Con t en t  o f  Mi lk t  

� s e  Rat e  an d  Bo dy Weigh t .  

R e su l t s  from Ayr shi r e  cow •SULu• . f ed 30� thyropro t e i n  
daily over �4 days .  
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m ade by Cero phyl L ab ora to ri � s , Kan s a s  C i ty , Mi s s ou ri ,  and u s�d by 

Reece ( 1 9 4�, Seath e t  al . ( 1 944) , and Van Landri n gham e t  al . ( 1 94�, 

and tha t i t  wa s ve r y  s i mi la r in p o ten cy to the mi x tu re o f  a l a r g e  

numbe r o f preparati on s o f  i odinated casein u s ed b y  Bl a xte r (1 946) . 

In o rder to s tudy the effect of thyrop ro tein on the 

thy roi d gland of dai ry co ws , the ma teri al wa s fed in the above 

manne r a t  va ry i n g  do sag e s  to d ry dai ry cows . De tai l s  o f  the 

ani mal s and do s e rates u sed are shown i n Table 4 .  I n  o rde r to 

p rovide a compari son wi th th e thyro i d s o f  ani mal s trBated wi th 

thyropro tein ,  thy roids  of  el even no rmal c o w s  we r e  exami ned hi s to -

l o gi call y .  De te.i l s  o f  the s e  ani mal s a re sho �m in Tab le X .  

Du ring the exp e r i me n t al pe ri o d the an i m al s wer e we i ghed · 

and the i r pul s e  ra tes d e t e rmi ned on thr e � con s e cu ti ve day s weekly . 

Hea r t  ra tes we re re co rded by p al 9a ti n g  the s a;>henou s  a r te ry on 

th e medi o -l a te ral su rfa c e  of the hind l e g .  The animal s we re 

all owed to s tand qu i e tly for fi v e  minu t e s  pri o r to the ob se rva ti on , 

and then re co rdi n g s wer e  made un ti l  a co n s tan t fi gure wa s ob tained . 

Heart  ra te s  we re no t reco rded i n  all c a s e s  be cau s e  the refra c to ry 

n a tu re o f  some o f  the animal s u sed made accurate de terminati ons 

i mpo s si ble . 

On the day after the con clu si on o f  the fe edin g  pe ri od 

the animal s were slau gh tered . The thy roids were di s s e c ted ou t 

i mmedi ately after s l au gh ter, trimmed o f  fa t and conne c ti ve ti s su e ,  

and were wei ghed . A s ample o f  ti s sue wa s taken from each gland 

fo r hi s tolo gi cal examin a ti on by sni pping ou t a small po r ti on o f  

. ... ., . 
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the ti s sue from the mi ddle o f  the ri ght thyroi d lobe . 

The techni qu e  u sed fo r the hi s to l o gi c al examinati on of  

samples  of the thy roid s  wa s a s  fo l l ows . The ti s sue  sample s  were 

fi xed in  Bouin ' s  pi cro fo rmol immedi ately after being tRken . 

After a peri od o f  fixa ti on,  they we re embedded u sing the paraffin 

infi l tra tion method . Cedarwood o i l  wa s the clearing a gent empl oyee 

Prior  to sec ti oning,  the sampl·e s  were s o ak ed in l i thi um carbona te 

to s o f t en the ti s su e . The s e c ti on s  we r e  cu t a t  6 J-1-, s tai ned wi th 

Mo.nn ' s  ha ema tein and eo s i n ,  a nd mounted in green euparal . 

In hi s to l o gi c a l  s tudi e s  o f  th e thyro i d  gl Rnd by Ra wson 

and Starr ( 1 938 ) , Rawson and Sal ter ( 1 9 40 ,  and He r tz and Roberts  

( 1 941) , the d e gr ee o f  hyperplasi a of  the thy ro i d  epi t:-1el i um was 

mea su red by the hei ght o f  the epi thel i al cell s of  the acini . 

The m e thod i nvolved the mea su ring of cel l s  o f  average si ze of 

ei �her l OO o r  200 s u c ce s s i v e  di s ti n c t  a ci ni . Thi s me thod was 

c ri ti ci sed b y  Tu rner and Tu rner ( 1 945) in  that  a p o s si ble error 

wa s introdu ced in  determining by eye alone wha t  c ell  o r  c el l s we re 

o f  ave r a ge hei ght . To overcome thi s e rror ,  the la tt:er  workers 

u sed a pho to graphi c-pl anime tri c me thod b y  whi ch a ci n a r  cell area 

and colloid  area were determined, and cell hei ght wa s derived 

from the se da ta . 

Co gni zance of  the cri ti ci sm of  Turner and Turner was 

taken in  the pro ject  here reco rded, bu t a s  the equipment  fo r su ch 

a pho to gr-aphi c-planimetri c method was no t avai labje, an al ternative 

technique was developed to overcome the di ffi cul ty of deciding an 

average cell hei ght by eye ob servation alone . 

. . 
• 
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The fi r s t  s t ep wa s to cal cul a t e  the numb e r  of c el l s  

r equ i r ed to p rovide a s ampl e wi th a mean a ci n a r  c:ell hei g h t  

rea sonably rep r e s en ta ti v e  of tha t of a l l  the a ci na r  c el l s i n  

t h e  gl and ,. 

Sample s  o f  g l and s from two no rmal cows and one cow 

t re a t ed wi th thi ou r e a  and one co-.v t re a t ed wi th Jthyrop ro tBin ,. we re 

s e c ti oned . Ten a c i n i  from e ach gl an d  we r e  randomly s e l e c ted . 

The h ei ght o f  e a ch o f  the epi thel i al c e l l s i n  e a ch o f  the s e  t en 

a c i ni wa s then mea su re d ,  u si n g  an o cu l a r  m i c rome t e r cal i b ra ted 

from a s ta g e  mi c rome te r . One di vi s i on o r  u n i t o f  the o cul a r  

m i c rometer wa s e q u al to '1·15 � ·  Fo r conven i en ce i n  t�e develop-

men t o f  the sampl i n g  m e thod, th e me a s u r emen ts of acinar cell 
h ei g h t  we r e  r e t a i n e d  i n  u n i t s  o f  the o cu l a r  mi c rome t e r ,  conv e r s i on 

to t e rm s  of mi c ron s b e i n g  l e ft un t i l th e f i nal s ta g e s .  

The o b s e rv a ti on s on the h e i gh t o f  the epi theli al cell s 

o f  the above fou r g l P. n d s  a r e  r e co rded i n  App endi ce s VI to I X .  

The mean a ci na r  h e i gh t  fo r each of the t en a c i n i  of 
e a ch gl and i s  shown i n  Table XI . 

An analy s i s of vari ance wa s appli ed to th e mean acinar 
cell h ei gh t s  of the ten foll i cles of each of the glands a n d  a 
standard devi ation der i ved from the " wi thi n folli cles', te rm of 
thi s analy si s .  The se analyse s a r e  sho �n in Table XI I .  

Wi th thi s knowledge of the me an cell hei gh t of ten ran­
domly s-elect·ed folli cles of each o f  the four glands , and the 
standard deviation of the cell hei ghts of the folli cles wi thin 
each gland, the si ze o f the sample neces sary to provide an accurate 
representati on of the average cell hei ght of each acinu s  could be 
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Mean Acinar Cell Hei gh t s o f  Gl c.nd s U s ed a s  the B a si s fo r Sampling  Techni que 

Name Treatmen t 1 M e a n  Acin a r  Cell Hei t;ht ( in  uni ts)  1 uni t = l-23 JA- r Me an f o r  
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Analy se s of  Variance of  Acir:a.r  C ell  Hei ght 

- - - - - -- - - -T---------T-----------� ----------- - - - -l--------l- - - - ------

1 I I 
Animal l Spurce I Degrees of  I Sum o f  Sc;u a r e s  1 Mean j Standard 

\ l Freedon I I Aquare 1Devi ati on ----------t I I --------------1--------i----------
N o rmal cow l To tal 

I
' 1 2 1 1  I 2743 I I 

1tBaronia " Between 1 1 1 
! Folli cle s ! 9 I 1 0 5 5 . 3 1  I 1 1 7  • . 26 I 
j Wi thin 1 1 I j Foll i cl e s l 1 202 1 68 7. 69 1 0 . 5 72 1  0 . 76 

----------+---------l __________ _J _______________ J _ _ _ _ __ _ _  j _ _ _ _ _ _ _ ___ I I I I I I I I I I Normal cow l To tal 1 9'1 5 1 3 5 63 1 1 
11 Cu a li fy " , Between I j ·I I 

· l Foll i cl es 11 9 1 249 6 I 2 77 . 33 I 
I Wi thin  I I I 
I FolJ j cl e s  1 9 8 6  1' 1 0 67  l 1 . 082 1 1 .. 04 I I I I ----------+---------+----------�---------------4--------4----------
l I I I I I 

Cow fed I Total I 840 I 21 403 I l I 
thi ourea I Between I 1 I 1 
"Unmask" ! Folli cle s ! 9 I 8 788 I 9 76 . 44 I 

I Wi thi n  I l I I I Folli cle� 831 I' 1 26 1 5 I 1 5 . 1 8  I I I I I 
3 . 90 

----------T---------T-----------;--------- -- - - --�-------- �- ---------

Cow fed 
Thyropro­
tein 
·n Qui ve r "' 

1 I I I I l To tal I 1 030 1 1 539 I I 
' Be tween I I 1 1 
I Folli cl·es l

' 9 l 1 60 l ·1 7 . 78 I l Wi thin 1 1 \ I 
' Folli des  I 1 021  I 1 3  79 I 1 .  3 5 1  I 1 .  � 6 I I I I I 

_____ _.____ I I 
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cal cula  t�d . 

The fo rmu l a  u sed ·�:a s 

n = 
2 2 

_:t __ �---z-(x - m) 
where n = the requi red number  of observati on s ;  X = the mean cell 

hei ght ,  and s = the s tanda rd devi ati on in  cell hei ght ,  of the 

s ample o f  cell s mea sured ;  m = populati on parameter cell hei ght o f  

the who l e  o f  epi thel i e l  cel l s  wi thin  the gl a nd ;  and t = 3 ,  thi s 

value being  a rbi tra ri ly cho sen 2 s  b e i n g  l a rg e r  than the 1 %  l evel 

of the l ikely s ampl e si ze � Snedecor,  1 940 p . 390) . 

The pooled s tanda rd devi ati on of  the hei ght of  the 

a cir..&. r  c ell s in the bm normal glands i s  0 .  9 uni t s ,  and the aver-

a g e  of  th e m e a n  cell hei ght s  of  tho se cell s mee su red i s  9 . 1 uni ts . 

I t  i s  rea sonable to a s sume ,  then , tha t the popula ti on � a ra m e te r  i s  

abou t 10 . 1  uni t s ,  a s  the b e s t avai lable mea sure o f  the mean acinar 

cell hei ght of all the epi thel i �l cell s i m  the gl �nd iS the mean 

cell hei ght of the sample of cell s measured .  O n  applying  the 

abo v e  fo rmula 

= 7. 29 o r  8 ob servation s  

Thus a sample of  ei gh t  cell s wi ll b e  suffi cien t  t o  show 

si gni fi cance at the �% l evel of a di fference of 1 uni t in mean 

acinar cell hei ght between folli cles . A table showing the di ffer-

ence in mean acinar cell hei ght b€tween folli cles  requi red to give 

si gni fi caace at the 11% level for a vary ing ngmber of ob servations 
in normal glands i s  shown below.  The data shown i n  thi s table 
i s  presented in graph fo rm in Fi gu re I V .  

In the thyroid gland of the cow treated wi th thi ourea , 

I ' 
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TABLE XI I I  

Di ffe r en c e  i n  Mea n  Acinar Hei ght B e tw een Fol l i c l e s  Requ i r ed 
to Gi ve Si gni fi c a n c e  at the 1% L evel fo r a V a ry i n g  Numb e r  

o f  Ob se rva ti o n s  i n  No rmal Gl and s 

---------------------------r------------------ ----------------------

1 

I Numb € r  o f  Ob s e rv a t i o n s  Re qui red Di ffe r€n c e  i n  M e a n s  
Uni t s  Mi c ro n s  I 

---------------------------t----- - - - - - - ----------r ---- - - - - - - --------

1 I I 5 1 1 . 46 1 4 6 I 1 . 2. 1  I 3 
7 1 1 . 04 1 3 
5 I 0 . 9 1  I 2 
9 I o . s 1 

,1 
2 

l O  0 . 73 2 1 1  ,, 0 .  66 ,1
1 2 

1 2  0 . 60 2 1 5 I o . 1+9 I 1 
20 1 o .36 1 1 2 5  1 o .  29 1 1 
30 I 0 .24 I 1 I ----- - - - - - - - - - - - - - - - - -+-------------------L-----------------
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the variati on in cell hei ght was mu ch g reater than than found in  

normal gl and s .  Ho reover, the mean cell hei gh t o f  the ten 

folli cles  (23 . 9 uni ts )  was greater than that ob tained fo r the 

two no rmal glands ( 8 . 7  and 9 . 5  uni ts  re specti vely) . For the 

acinar cell hei ghts of thi s gland from the thi ou rea-trea ted cow, 

a standard devi ati on of 3 . 90 uni ts wa s found . In  thi s case the 

number of  observati on s necessary to show si gni fi c an ce a t  the 1 %  

lev el of  a di fference in  mean acinar cell hei ght batween folli cle s  

of  7 uni ts  i s 
n -- - - '  '2 '\ 2  v_(.-:2 ou'\ ;.:;  �L�-A �� � = 1 9 . 54 o r  20 observati ons 7 

A table fo r su ch s timulated gland s ,  analagou s to tha t given above 

fo r normal glands ,  i s  as follows : -

Di fferen ce in  Mean A c i rw r  Cell Hei ght Between Foll i cle s  R e c.;_u i  red 
to Gi ve Si gni fi can ce at  the 1 %  Level fo r a Va ry i n g  Numb e r  of 

Ob servati ons  i n  Stimulated Gl and s  
------------ -- - - - - ------------� ------------ - - - - - - -- - - - - - - -----------

Number  of  Observati ons l Requ i red Di fferen ce in  Means  (Uni� 1 
______________________ _______ J _ _ _ __ _ _ un��----------Mi�rQns _______ _ 

9 
1 4 
1 5  
� 4  
20 
23 
27 

I I 
l 1 5 I 
1 1 0  I I 9 I I B I I I I I I 7 I I 6 I I I I 5 I I I -----------------------------�-----------------L-

38  
2 5  
23 
20 
1 8  
1 5  1 3 

As the di fference  in  mean s be tween folli cles  fo r such 

depres sed glands a s  tho se from cows tre ated wi th thy rop�o tein i s  

about 1 . 5 uni ts , as  compar�d wi th abou t � uni t for normal glands ,  

the table compiled for the latter glands may be u ti li sed for 

depressed thyroids . 
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In o rd e r  to de te rmin e  the numb e r  o f  foll i cles tha t re-

qui re to b e  measu red from e a ch gland to provi d e  a repre s en ta ti ve 

s ampl e ,  an analy si s of va ri anc e  coveri n g  all fou r gland s  •tm s 

carri ed ou t i n  o rd e r  to p rovi de an ·nove r-all " s ta nda rd devi a ti on 

i n  c ell hei ght . 

Analy si s o f  Vari an c e  o f  Cell Hei ght Be tween Gl and s from Two No rmal 
Cows , from· One Fed Thi ou rea , and From One Fed T�yrop ro tein 

------- ---------r- --------. - - - --------- - ----
1 I I 

Sou r c e  I De g r e e s  o f  I Sum o f  square s I Mean s q u are 
--------·--l-fr.gedQID. _____ t-------------�----·------------

To tal 
1 I I 

1 I 40 79 I 2 1  5 , 3 5 4  l I I I I I I 
B e tween glands I 3 I 1 86 , 1 04 1 6203 5 . 00 I I I 
�:i thin gl ands I 40 76 1 29 , 2 50 1 

I I I 
7 . 1 76 

---- ---------�--- -----. --------- - --- - ------ ----- - -------- - - - -

n = 

Standa rd Devi a ti on = 2 . 68 
A]plyi n g  the fo rmu l a  to thi s data,  

. \ 2  { 6 \ .2  -Ua.Q.L.-K-.l..2&.�.L-- = 9 . 23 ,  o r  1 0  o b s e rva ti on s  
6 

Hen c e ,  by measu rin g  c el l s  from ten foll i cl e s ,  a di ffe r en c e  o f  6 
uni t s  i n  mean valu e s  o f  gl and s shO u ld b e  s i gni fi can t  a t  the 1%  
l evel fo r a sti mu l a ted gland . Be cau s e  ther e  i s  l e s s  vari a ti on 

in cell hei ght wi thin no rmal and depre s sed gland s ,  and b e c au se 

the mean cell hei ght of the s e  gl ands i s  small e r  than tha t  i n  a 

thiou rea-trea ted gland, i n  the s e  c a s e s  x - m = 3 ;  thus fo r su ch 

gl ands a di ffe ren c e  of 3 uni ts in mean value s o f  glands should 

be si gni fi cant a t  the � %  l ev·el when cell s from the folli cle s a re 

measu red . 

From the above cal cula ti ons i t  wa s thu s found tha t to 

ob tain a s ample o f  cell s wi th a msan a c i nar cell hei ght rea son­

ably representati ve of that o f  all of a cinar cell s in the thyroid 
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gl and , e i gh t randoml y  s e l e c ted cell s from e a ch o f  tem .  randoml y 

sele c ted fol l i cl e s  were all tha t were n eeded to b e  mea su red i n  a 

n o rmal o r d ep re s s ed tLy ro i4 gl and . ( F o r  the sake o f  conveni en ce 

i n  cal cu l a ti on ,  t en cel l s f rom ea ch o f  ten fol l i c l e s  we re mea su red 

i n  the s e  type s  of gland s  i n thi s the si s ) . I n  a s ti mu l a ted gland 

i t  wa s ne c e s s a ry to mea su r e  twen ty c ell s from e a ch o f  ten foll i cl e s . 

Thi s sampl i ng me thod wa s u s ed i n the hi s tologi cal exami na ti on o f  

the thyro i d glands i n  thi s the s i s . 

-�£ fe £.1§._Q.£_If2L!.:QQ!:.Q.1g�n 

{al__G�n�r�l-Ef��t�. The t rends i n  body wei ght and i n  

pul s e  ra te ,  wh e r e  avai l abl e ,  o f  the ani ffial s fed thy ropro t e i n  a re 

shown i n Fi gu re V .  In the ca se o f  the c o w s  o n  the sho r t-te rm 

fe edi r.g p e ri od s  i t  wi l l  b e  se en tha t  th e r e  wa s a ma rked i n c re a se 

i n  pul s e  r a te ac comp ani ed by a g radu al d e cl i ne i n  body wei gh t a s  

the fee di n g p e ri o d continu ed . The r e  � a s  no marked effe c t on the 

body wei ght o f  the two anima l s f ed 1 0  gm .. thy ro p ro tein dai l y over 

56 d ay s ,  and the pu l se ra te , a f te r  an i n i t i al ri se , de cl i ned again 

to only a sli gh tl y abn o rmal l evel and r emained the r e  fo r the re­

mainder o f  the feedin g p e ri o d . 

����-�u_A&inax_Q�l-figtght_ang_�����d-�land_ieijbt 

(i ) Thy roi d s  o f  Ani mal s Ki lled a t  the Ehd o f  the 

Feedin g  Peri od . To s tudy the effe c t  o f  thyropro tein on the 

thyro i d  gland of cows being f ed thy ropro tein , e i gh t cows we re 

slau ghtered the day fol lowi n g  the concl u si on o f  thei r re spe c ti ve 

feedi n g  peri od s . The thy r o i d  gl ands were wei ghed , and then 

examined hi s tolo gi c all y ,  and the mean a cinar cell hei gh t  fo r e a ch 

gland measu red . These re sul t s  are shown in Table XVI , to ge ther 
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wi th the mean thyroid wei ght and mean acinar cell hei gh t  of 

thyroids of normal cows of di fferent breeds .  Full data on the 

measuremen ts of  acinar cell hei ght are gi ven for normal glands  

in Appendi«e s X to Y�l l , and for glands from cows killed a t  the 

end of  the thy ro p ro tei n feeding period in Appendi ces XXI I I  to AXIX 

Mean Acinar Cell Hei ght and Gl and W�i ght of Thy roids 
----------, -----------,-------------,--------- --------, --------------

1 1 I I Cow Breed I Trea tmen t f. Mean acinar l Mean gland 
I I 1 cell hei �ht 1 wei gh t  
I \ I (mi crons)  I (gm . )  ---------t-----------�-------------r---------------�----------------

Mona 
Nell 

1 Jersey s  I No rmal I f' · :,� l 29 . 5 
1 F rie si ans 1 Normc;.l 1 'I· t' 42 . 0  
\ Ayr shi re s l No rmal \ 1 :'-'' 34 . 2 
I Jersey ) 1 1 0  gm . daily i :. · o  3 8 . 2  I Jer sey) over  1 4  day s 1 ,. , 39 . 5  

qui ver  i Jersey ) 20 gm . daily l 6 · c 48 . 0  
Mandolin  11 Fri esi an) o v e r  1 4  day s 11 '1 7 36 . 0  

'{}'· tJ Sophie l Jerssy ) 30 gm .  daily l .. 42 . 0  
Lil a c  · l  Fri esi an)  over  1 4  days 1 •· 1 7 . 0  
No rB l Fri e sian ) 3 0 gm .  daily  1 45 . 4  
U l ex 1 F r i e s i an ) 1 over 5 6  day s 1 ., 1 8 7 . 1 I I I I --------+-----------t------------+--------------1 ·-- - ·- · --- ·-- - -· --

There were insuffi ci ent  nmnbe r s  of  animal s i n  each 

treE�. tment  to e s tabl i sh si gni fi cant  di fferences in a cinar cell 

hei ght b e tween the variou s tr eatmen ts . When, however, the glands 
from cows treated wi th thyropro tein are compared wi th tho se from 

no rmal animal s , a hi ghly si gni fi cant di fference was found between 

the mean a cinar cell hei ghts of  each group ( t= 7 . 403 ) ,  thB acinar 

cel l shef�· :tl!J:e tfiyt-op.ino tein-treated thyroids b eing abnormally low. 
The effec t of thyropro tein on the wei ght of the thyroid 

gl and was analy s ed by tes ting the signi fi cance of the di fference 
in mean thyroid wei ght between glands from the treated Jersey cows 



and the t re a ted Fri e s i an cows , and the mean thy ro i d  wei gh t  foand 

fo r the two re s p e c ti ve b re ed s .  Th e di fferen ce wa s non - s i gni fi cant 

b o th i n  re s pe c t  to glands of the J e r s ey s  ( t=0 . 202) and the Fri e s i ans 

( t= 1 . 41 8) . 
( i i ) Thy ro i d s o f  Ani mal s Ki l l e d  a t  L e a s t  76 Day s 

A f t-er End o f  Fe edin g P e ri od .  In view o f  the ma rked dep re s si on 

i n  a c inar cell hei ght found i n  the thy r o i d s  fro� cows s l au ghtered 

the day a f t e r  the end of a thy ro p ro tein f e edi n g  p e ri o d ,  i t  wa s o f  

i n te re s t  t o  kno w whe th e r  su ch dep r e s sed g l and s wou l d  sub sequ en tly 

r e tu rn to a no rmal condi tion , i f  no fu r ther thy ro p ro tei n  we re fed . 

To thi s end ,  the thy ro i d  g l an d s  o f  fi v e  c o ws whi ch had b e en on a 

thy ro p ro t ein f e edi n g  experi men t c o n c e rn ed wi th a p ro j e c t  ou t s ide 

the s cope o f  thi s the s i s ,  we re al s o  examin ed hi s tol o g i c al l y ,  and 

the m e an a ci na r  cel l hei g h t  mea su red .  De tai l s  o f  the s e  ani m al s 

have b een g i ven i n  Tabl e X .  The m e an a cinar c e l l  hei gh t s  and 

thy ro i d  gl and wei gh t s  are shown in Tab l e  XVI I , and ful l  d a ta from 

the hi s to l o g i c al exami nati on a r e  p res-en ted in Appendi � s  } .. XX td AI.XlV 

Mean Aci na r Cel l Hei ght and Gl and Wei ght o f  Thy ro i d s  
----t -- -, ---

-
---r-- -------- - - - - - - - - - - -- - -

Cow I B re ed I 
I I 
I I 
I I 
I I 

Mean A c i n a r  
Cell Hei gh t (mi c ron s) -- t ----r--- -- --

Robb i e  1' Fri e s i an I � lf·b 
Rau po 1 Jers ey I a1 ,,..,, 
Up s ta r t  l Je r sey I as 10·0 
Tinder 1 Jersey 1 'i!S I� • .,. 

Qui �-1 J er s ey
-

- j � 6 ·o 

1 I I I I 
TI!Iy r o i d  Gland 

Wei gh t  ( gm . )  
--�---------------------------' I r 5·� . 5  I 24 . 0  

1 33 . o  , ·a s .o  
�l--�:�.--

A te s t  of si gni fi cance showed that the mean a cinar cell 

"' . 
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hei ght of these glands did no t di ffer si gnifi cantly from that of 

no rmal gl an ds ( t=1 . 5 70) . I t  i s  thu s p resumed that the experiment­

al glands had returned to a no rmal condi ti on at the time of  

slau ghter,  76  day s afte r  th e end o f  the thy ropro tein feedi n g  period .  

fi�Vl �� -OF _��TEh�TU t�_ON_�Oi rRQ��NlQ_SU&�IAN �ES 

natu��-Qf_QQ�t��aui�-���tan��� 
Fo r many years  the exi s t en c e  ha s b een know o f  sub s tan ce s ,  

bo th na tu ral ly- o c cu rri ng and ar ti fi c i al , whi ch a re cap�b l e  o f  in­

du ci n g  Bnl ar gem en t of th e thyro i d  gl a..."1d on b e i n g  admi ni s te red to 

ani mal s and until rec€n tly i t  has b e en bel i eved tha t  the goi tro­

geni c a c ti on of s u c h sub s tan c e s , .  wa s na tu r al i sed by the addi tion o f  

i odine to the di e t .  

In 1 9 41 , M a cKen zi e , Ma cKenzi e and McCollum repo rted tha t  

sul pha gu ani di n e , u s ed to comb a t  i n te s ti nal infec ti on , pro du ced a 

remarkable enla rgem en t � f  th e thy ro i d  gl and i n  the ra t .  Hi s to-

logi cally , the t�yro i d s showed mark ed hyp e rpl a s i a ,  the epi thel i um 

was di s ti n c tly columnar and was so i ncre a s ed and i nva g i na te d a s  

nea rly to e x ti n gu i s h  the lum i na of  the foll i cl e s . MacKenzi e and 

MacKen z i e  ( � 9 43 )  showed that a simi la r  goi trogeni c a c ti vi ty could 

be ob tai ned wi th a seri e s  of sulphonami de s and thi ou reas . The 

thyroid hypertrophy , whi ch was accompani ed by a fall in basal 

metaboli c rate, was no t p reven ted by the admini s trati on of i odine , 

bu t was inhibi ted by the inj ecti on of  thyroxine . These findings 

w·e re  qui ckly confi rmed (As twood e t  al . ,  1 943 ; As twood ,  ':1 943a ; 

Demp sey and As twood, 1 944) , and similar resul t s  wi th su b sti t�d 

thi ou rea s (As twood e t  al . 1 943 ; Ri chter and Cli sby, l 942i Kennedy , 

1 942 )  and natu ral goi tro gens ( Grie sbach and Purves,  tt 943) repo r ted . 
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The thyroid hyperpla sia indu c ed by thes e goi tro gen s wa s a c c ompani ed 

by si gns of incr�as ed acti vi ty of the anteri o r pi tui tary gl and, 

bu t the thyroid hyp e rplasi a could not be obtained in hypophysectom­
i sed animal s ( Gri e sbach and Pu rve s ,  1 943) . I t  wa s then tho u gh"t 

t h a t  the s e  sub s tances depressed thyroid hormone produ ction , and 
tha t  the t�y ro i d  hy perplasi a  was c au sed b y  i n c r�ased pi tui tary 

a c tivi ty evoked by the redu c ed thy ro i d  ho rmone ou tpu t (Ma cKen zi e 

and Ma cKenzi e , 1 9 43 ;  A s twood e t  al . ,  1 9 43 ) . At abou t the same 
ti me i t  wa s o b served that the pro longed admi ni s tra ti on of potas sium 
thi o cyanate to human s could i ndu ce the app ea ran c e  o f  thy ro i d  

goi tre s ,  a s so ci a ted wi th a fall i n  basal me tabo li c  ra t e ,  thou gh 

the developm en t o f  thi s typ e o f  go i t re could b e  p r evente d by the 

admi ni s tra ti on of di e tary i o dine ( Rawson , He r t z  and M-ean s ,  1 942) . 
Ba s i n g  hi s therapy on the a s sumpti on tha t thiou rea p r e­

v en ted the produ cti on of thy ro i d ho rmone ,  Astwood ( 1 943b) su c ce s s­
ful l y  trea ted cl i ni cal hy) e r thy roi di sm by the d a i l y  admi n i s tra ti on 

o f thi ou rea and sho wed tha t 2-thi o u r a c i l  wa s al s o  e f f e ctive . The 

1Jo s si b i l i  ti e s  of thi s new trea tmen t wer e soon wi dely expl o red 

( Rawson et al . ,  1 944a ; Pasdlki s e t  al . ,  1 944 ; Astwood, 1 944a ; 
M c Gavi ck a t  al . ,  1 944; Astwood , 1 9 44a) and i t  was al so shown that 
the admini s tration of thiourea and thiou racil to experimental 
animal s had effects similar to tho se of thyroidectomy wi th res­
pec t  to growth (Hughe s ,  1 944 ; Williams et al . ,  1 944) , organ morpho­
logy (Leblond and Hoff, n 944) , thyro trophin-induced metamorphosi s 
of tadpoles (Hughes and Astwood, -� 944) , development of fi sh (Gold­
smi th at al . ,  a 944a) , and pi gmentation of bi rd plumage (Juhn, a 944) . 
Thi ouracil ,  as mentioned previously , has been u sed to estimate 
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the amoun t o f thy ro xi ne se c re ted under va ri ou s  condi ti o n s  

( A s twood e t  al . ,  1 9 43 ;  As two od , 1 943a ;  Demp sey and A s twood , 1 944) . 
The s·e r e sul ts suppo r t  the view tha t thi ou r ea s and 

thi ou ra c i l  i nhi bi t  the fo rmation o f  the thy roi d gland ho rmone , bu t 

do no t i n t e rf e re wi th the a c ti on o f  the ho rmone on c e  i t  ha s b een 

l i berated i n to the bloo d s tream . 

Mo..dJLQ.f_A.tliQD._Qf_Qo.ill:Q.�j&_au.�.tanc.�.s. 
I t  hc: s b een shown by A s two od and Bi s s ell ( 1 944) tha t 

the dai ly admini s tra ti on o f  thi ou r a ci l  to young ra t s  fo r ei g�t 
day s r edu c e s  the i odine con ten t of the thyroi d gland to a v e ry 

low l evel al thou gh the wei ght o f  the gl and may b e  i n c re a s ed near­

ly threefold . . I f  dai ly admini s tra t i on o f  thyroxi n e  i s  then corn-

men ced , 'Ni th the con tinu a ti on o f  the thi ou ra c i l  t rea tmen t ,  the 

i odine cont ent o f  th e gla n d  r ema i n s l o w  bu t the foll i cl e s  f i l l  wi th 

d en s ely s taining col lo i d  materi al (Astwoo d  and Bi s s ell , 1 144 ; 

Demp s ey , 1 944) . A simi la r re sul t i s  o b ta in ed by hypophy s e c tomy 

du rin g th i ou ra ci l admini s t ra ti on (As two od and Bi s s ell , 1 944) . 

I t  appear s  tha t  under the s e  condi ti on s the s e c reted 

colloid materi al contain s  li t tl e  o r  n o  thy roxi n e ,  du e to the 

i nhi bi tion b y  thi ou ra ci l  of thy roxin e fo rmati on . 

On the inj e c ti on o f  radi o -a c ti ve i o dine i n to r a t s  p re­
goifw.ovs 

vi ou sly made by the admini s tra ti on o f  thi ou raci l ,  the po we r  o f  " 
the thy ro i d  gland to coll e c t  the admini s tered-� iodin e  may be only 1 0  

to 20% o f  no rmal ( Rawson e t  al . ,  1 944b , 1 9 44c , 1 9 44d ; Frankl i n  e t  

al . ,  1 944a ; Baumann , Me tzger and Ma rine , 1 944 ; Gold smi th e t  al . ,  

� 9 44b) and the forma ti on o f  d i -i odo tyro sine and o f  thy ro xine i s  

al so i nhi bi ted ( Frankl in e t  a+ . ,  1 944a) . The capa ci ty o f  thi o-
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c yana te-i ndu ced goi tre s to col l e c t  admi ni s te red radi o -a c ti v e  iodine 

may be abnormally hi gh ( Rawson ·et a l . ,  1 9 44d) - a  fi nd i n g  whi ch i s , 

s i gni fi c an t  i n  vi ew of the fa c t  tha t thi o cyan a t e  i s  an i odine-

i nhi bi ted g o i tro gen . 

Frankl i n  e t  al . ,  ( 1 944b) , wo rki n g  wi th su rvi v i n g  sl i c e s  

of thy ro i d  ti s su e ,  found tha t the addi t i on o f  thi ou ra c i l ,  of 
thi ou rea o r  o f  po ta s si um thi o cy an a tB r·edu c ed the a b i l i ty o f  the 

ti s su e  to conv e r t  add e d  radi o -a c ti v e  i o di n e  i n to di -i odo tyr o s i ne 

and thy ro xi ne . 

Young ( 1 944) h a s  su g g e s ted tha t  

" Th e  s i mp l e s t  hypo the si s reg a rding the s p e ci al fun c ti on o f  
t hat 

t:1e thyro i d i s
,.,

thi s g l an d  po s s e s s e s  

th e sp e ci al ab i l i ty to coll e c t  i o d i ne from c i r c ul a ti on . 

Si n c e  f r e e  i od i n e  i s  p re suma bly th e i odina t i n E a g en t  in the 

fo rm a t i on ;. o f  di -i :>do ty ro s i n e  f rom tyro s i ne , a nd s i n ce i odi de 

i on s  c on s ti tu ted the fo rm in whi ch thi s e l ement i s  col l e c ted 

from the blood s tream,  i t  s eem s  p rob abl e th a t  the fi r s t  p ro-

c e s s  whi ch the col l e c ted i odi d e  i o n s  unuergo i s en zymi c 

oxi d a ti on to free i odi n e . I nhi bi ti on o f  thi s p ro c e s s  mi ght 

n o t  only i nhi b i t  the fo rma t i o n  o f  di -iodo tyro s i ne and there­
fo r e  tha t of thyro xi n e bu t al so dep re s s  the power of the 

gl and to coll e c t  more iodiden . 
Werner ( j 9 1 2) observed that f ree i o di ne c an  oxidi se 

thiourea to formamidine di sulphide ,  bei n g  i tself redu c ed to iodide 
ions in the pro ces s ,  and Campbell et al . ( 1 944) have · sugge sted that 
thi s may be a mechani sm whereby thiourea mi ght interfe re wi th the 
synthesi s of the thyroi d hormone . � 

. .  ., 
• .-t - J'd: • ' . 
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An al terna tive po s s i b i l i ty i s  tha t thi ou r€a and o th e r  

s imilar go i tro gens i nhi bi t  the a c ti on o f  a n  en zyme whi ch catalys€s 
the formati on of i o d i n e  from i odi d e  i n  the thy ro i d  g l B.nd . Thi s 
a sp e c t o f  th e p roblem has been i nve s ti g a t ed by Demp s ey ( 1 944) and 

D emp s ey and A s twood ( 1 944) , and s ome evi den c e  to supp o r t  the the o ry 

has b e en found . 
The p r e sent s ta te o f  knowled g e  may be summ e d  up b y  the 

s ta temen t tha t thi o u re a  and thi o u ra c i l  i n te r f e re wi th the fo rma-
ti on of i od i n e from i odi de io n s , e i t�e r  by redu c i n g  any i o dine 

f o rmed b a ck to i odi de i ons , or by p o i soni n g  the enzyme sy s tem 
c a taly s i n g  the oxi d a ti on o f  i od i de i on s  to i odine . I t  i s  s ti l l  

t:h.,.t 
p o s si bl e

� 
the s e  goi t ro g en s may i n t e rfe r e  i n some fu r th e r  w� y wi th 

the fo rma ti on o f  thyro xin e  in the body . 

The f r equ en t  o c c u r r en c e o f  to xi c e f f e c t s  o f  thi ou rea 

may l i mi t i t s u s e for p ra c ti c a l  e x p e ri m en ta ti on . The toxi c 

effe c t s  o f  thi ou rea a re u sually mani fe s t ed by di ge s ti v e  d i s tu rb -

an c e s  and i f  trea t�n ent i s  con ti nued , em a c i a ti on and d e 2. t h  may 

foll o w . Ast�ood ( 1 943b) and Hin sworth ( 1 944) no ted tha t sul-
phonami de s ,  thiou rea - and thi ourac il may cause agranulo cy to si s in 
humans treated wi th them . Williams et al . ( 1 946) repor ted tha t 

in humans thi ouracil ha s in some cases cau sed toxi c reactions . 
In the treatment of .247 pati ents , toxi c reacti ons to the drug 
were- encountered in 36, or 1 4 . 5% Thi ourea was found b y  Schul tze 
and Tu rner (1 945) to be much more toxi c than thiou ra cil at similar 
do sage levels for the chi cken , goat and lactating cow . 

Mi xner ,  Reineke and TUrner (1 944) reported that 
thiourea was toxi c to young chi cks when admini stered at 0 . 6  to 
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0 . 8% level s  i n  the drinki n g wate r .  S c hul t ze and Tu rner ( 1 945)  

found tha t  do s a g e s  of  0 . 1 5% thi o u rea o r  abov e , i n  the feed we r e  

toxic to chi ck s . The same wo rke r s  found tha t a do sa ge of 
thi o u rea of 2 . 0  grams p e r  day pe r 1 00 lb s .  body wei gh t ,  gi ven 

o r ally was to xic to lamb s ,  and that do s a g e s  of 0 .  75 grams p e r day 

gi ven o rally to goat s  o f  50 to 1 00 lb . body wei gh t  were defini te­

ly toxi c when g i v en over a period of 30 day s . No t o xi c e f f e c t s 

o f  thi o u r e a  were  no ted i n  1 50 l b s . c a l ves wh en gi ven i n amounts 

a s  l a r ge as 3 g ram s p e r  day o ra lly fo r 30 days , bu t i n  co ws even 

5 g ram s thi o u r e a per d a y  p e r  1 000 lb . l i vewei gh t � a s toxic a s  i n ­

d i c a t ed b y  the fe et  tha t cow s  to t r ea ted went o ff fe ed and d i g e s t-

i v e d i s tu rban c e s  we r e  i ndu c e d . Admi n i s t ra ti on o f  1 2  g r e m s  

thi ou ra c i l  o e r  day to l 8 c ta ti n [  co w s  c au s ed n o  to xi c e f f e c t s . 

Some evi den c e  fo r th e d e v el op m en t  o f  r e s i s t8n ce to 

thi o u r e a  toxi ci ty h a s b e en r e J o r t e d  by G r i e sb a ch , Kenn edy a nd 

?u rve s  ( 1 944) i n  ra t s ,  and by Schu l t z e  and Tu rner ( 1 94 5 ) i n  

lR c ta t i n g  go a t s . In bo th c a s e s  the an i mal s had p r evi ou sly 

su rvi ved a fi r s t  do se of thi ou r ea . 

That the toxi c e ff e c t s  o f  thi ou re& a r e  i nd ep enden t  o f  

i t s go i tro geni c effects  is  evi d en t  f roQ the wo rk o f  Schul t ze and 
Tu rne r  ( 1 945 )  since goats recei vi n g thi ou rea i n  addi t i on to a 

large  do sage o f  thyroxi ne e�hibi ted to xi ci ty symptom s a s  read i ly 

as  tho se receivin g  thi ou rea alone . 

Gri e sbach ,  Kennedy and Purve s ( g 944) found that po tas s ium 

iodide acted as a protective agen t  agai n s t thiou rea toxici ty in 

rats when gi ven for a few day s pri or to thiou rea trea tmen t • 

·· · �  . , .  · ,  ' 



· - 48 -

�L;?EfiiM.BN Thb_ 

Erf�dta_Qf-�iQULaa�Qai�_CQwa 
taL-��ihQda· The ex� e r i men t s de s c ri b ed i n  thi s the s i s 

we r e  unde r tak en to s tu dy the e ffe c t o f  thi ou r e B on the thy ro i d 

g l a n d  o f  the d a i ry cow . 

De t&. i l  s o f  the o. n i :n t:-;.1 s u s ed and do S ?.. g e  s gi v en a r e  shoV'm 

i n  Tabl e XI X .  

The thi ou r ea wc.. s d i s s o l v e d  i n  wa rm �·-c; t e r  £:.nd gi v en a s  

a d r en ch to d r y  d a i ry cows . Du ri n g  t h e  e x � e rl � en ta l  p e ri o d  th e 

a n i mal s we r e  � ei gh ed and thei r pul s e  r a t e s  d e t � rmi ned wh e r e  p o s s -

i bl e , o n th r e e  c on s e cu t i ve day s we e kl y . On th e  d a y  a f t e r  the 

c o � clu s i �n of the f e edi n g  � e ri o d the a n i mal s � e r e sl au gh t e r ed . 

Ti e d i s s e c t i n g  o u t  o f  th e thy ro i d ,  wei ghi n g  o f  th e g l a n d , s amp l i n g  

fo r hi s to l � g i c a l  e x F mi n a ti on a nd h i s to l o gi cal � e tho d s  we r e  c2 r r i ed 

ou t as ou tl i n ea in th e e2 rl i e r  s e c ti on con c e rn i r t  or i � 2l s f e d  

thy ro ) ro t e i n . 

The trend s i n  b o dy ''iei e:h t &nd i n  • u l  s e  r E t e , \''�e r e 

avai l a b l e  c: r e � ho v  .. n i n  F'i ,t_:u r e  VI . 

Th e t r end s i n  b o dy w e i gh t [ nd 

pul s e  r a t e wh e r e  avai l c.b l e  o f  th e c o v: s  fed thi o u r ea , a r e s h o ,_�'Yl 

i n Fi gu re V I . I t  w i l l  b e  ob s e rv e d  tha t du r i n g  the fee di n g  p e r-

i od the r e  wa s a ten d en cy fo r th e pul s e  ra t 0  to d e cl i � e , thi s b ei n g  

a c com)ani ed b y  a s l i gh t d e cl i n e i n  b o dy wei gh t . 

Th e d e cl i ne i n  b o d y  wei g h t  wa s p ro b ably du e to t o xi c 

effe c t s  o f  the thi o u rea , fo r the ani ma l s were ob s e rved to l o s e  

thei r app eti t e s  to some d e g r e e  wi thi n  a few day s o f  commen c i n g  

th e thi ou rea f e e di n g  p e ri od . Th e ma t e ri al obvi ou sly wa s di s -
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De tai l s  of Cows Fed Thi ou r e a  

-------,.------l-:Ag€-;t-n:�s-t-<Ir·y=--r-nat.e--0 r-i?regnancy-rReason-rarl-----------r----------------

Na�e 11 B r e ed I killin� l in g o ff I kil l ir. g I s tc:o tu s  j culli n g  I No tes  I Trea tmen t i n  l ( yea r s ) I d a t e  l I ·:-.·�en 1 1 ! p resent expe ri m t 

. _______ 1---------i--------t---------�---------r-k�ll�d--�-----------f-----------L---------------� 
I I I I I ! ' I 

Qu a ck 1 Pureb red I 8 I 3 - 6- 44 1 1 -3- 4 5 I Empty 1 Em p ty ! S tilbes trol I 1 0  gm . thiou rea 

I Jersey 1 1 r 1 1 1 i nj e c  tBd I dai l y  ov er 7 day: 

. I I 1 I I I 1 5/b/44 - ! foll owed by � 5� 
I I I I l I 1 1 9/9/44 l dai ly over U 4  

- - -----t---------4- - - - - - - -�- - - - -----�------ - -�-- - - - - - - -i- - - ---- - - - -+- - - - - - - - - - -+���------------

U n i o n  I Pu r eb red I I I . I I I 1 1 0 gm . thiou rea 
1 J e r sey 1 5 I 9-3-46 l 1 1 -4-46 1 1m pty 1 Empty . 1 1 d a i ly over 7 day s 

11 1 1 1 1 1 Low p ro - 1 - l fol lowed by 1 5 gm I I I I I du c ti on I ! daily over ·1 4  . � I �---------1---- --
--- �-------+--------- -+----------td��-----------

u l. ri ght I Grade I I I I I I I lJ e r sey I 5 I 1 6-.3-46 1 1 1 -4:.. 46 I Emp ty l Emp ty . l 1 2 5  gm . thiourea 

_ ______ _ ______ _l_ ______ L ________ j _________ L ______ �--1--���ti�=-1---=-------l����-�:��_:�---
1 I I I I I I 1 

U .uma sk I J e r sey X I I I I I 1 1 
I Ay r shi r e� 5 / 9 - 2- 46 / 1 1- 4- 46 I Emp ty / J2.mp ty . I / 2 5 gm . thi ou rea 
I J e r sey I I I I I Low p ro - 1 - l dai l y - o v e r  2 1 
I ��- -+-------�--------�---------L. _ _ _ _ _ _ _ _ _  J __ Q.u.£tiQ.U __ L ___________ Lda;:s ___________ _ 
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t a s t e ful to the a ni mal s a s  m ani fes t ed i n  re fra c to ry b eh a vi ou r  a t  

d o s i n g ,  and c o u ghi n g and to s s i n g  o f  th e h e a d  a f t e r  do s i n g . On 

t� e day o r i o r  to ki l l i n g , one co w, Un i on ,  an a do s e  l ev el o f  1 0  
gm . thi ou rea v e r  d � y  o v e r  7 dc y s  fo l l owed b y  1 5  g� . � e r  d � y  o v e r  

1 4  a s ys ,  s ho �ed e x c i t a b i l i ty ,  � s  r e ;l e c t ed 1 n  a �c rked i n c r e a s e  

in  pu l s e r a t e , t�� t c� i n [  i n  mu s c l e s  o f  th e li � b s ,  o nd fl i cke ri ng 

o f  th e eye- l i d s . 

l.u __ f.!.LI�.c.t_Q.n_l..J�.i.ru;_r.:_c_el.l_UaL:.tt_c.n.ri_'Ih:.:.rQi.�-L�iehi . 

To s tu d y  t h e  e f .t e c t  o f  thi ou r e G  on tb c e;. c i r:cr c el l  h e i gh t r.n d 

thy r·o i d r;l and \·. ei gh t o f  da i ry C< t t l e ,  fl)u r J e r s e y  cov·s Tere fed 

t.h i o u  r e &  c.nd slc.u ch tc: r e d  on the day c:. f t E:: r t:·1 e en d of the feeoi ng 

p e ri oa .  

b .l v E T  i n  ; , ) j e ! . -....:. i c e s XXXVI t o 1::.xJ0TI I I 

- --- -- - , - - -- - - - - --- - - ·- - - - - - - - - - - - - - - -- - - -- - -- - - - - - - - ·- . - - ---:- - - - - - - - - - -

1 E d T t t 
1 . .  • 1 T' . d C o w  l r e e  1 r s:- mon 1 ;·!. e u ;. t-. c :J.. r� c. r 1 :-.y rc n  I I 1 c el l  h e i  ah t 1 g·L · n ct  

I I 1 �mi c ron s) 1 \': e i [:h t 
-------i----------t-----------------------t------------1--L��t-___ _ 

I I I I I J e r s ey s  l No r:nal 1 lN f ·-:,' 1 29 . 5  
Qu a ck l J e r sey ) 1 ·1 o  gm .. thi ou rea dai l y  l )a 19-o 1 39 .o  1 )

) 
l over 7· �ays fol l o wed by 1 1 

U r"i on 1 Je rs ey 1 1 5  gm . oai l y  o v e r  1 4  I � �J�·o I 33 . 8 I ) I days I I 
Unma sk 1' J e r s e y  ) 1' 2 5  gm . thi ou r e a  d a i ly I 6S � '0  j 46 . 8 
U p ri gh t  J e rs ey ) o v e r  2�  day s I � �'1-8 1 3 7 . 4 

I I I I ---- -------------- r-- - - - -- - - - - - - - - - - - - - - -- - - - - - - - - - - - -- - - - - - - - - - - - - -

A t e s t  o f  si gni fi can c e wa s appl i ed to the di f f e r en c e  i n  

mean a ci n a r  cell hei gh t b e tween the gl an d s from th e thi o u rea-



- 52 -

treuted ani M�l s e s  a grou p �nd th e gl &n d s  f rom no r� a l  c ow s . 

Th e m e an a ci n a r  c ell hei gb t o f  th e gl and s from t h e  th i o u r ea -

, --lot�.,.J. . . . � . . tre�tea c o � s  � a � � to b e  hl ghly S l £r l l l c an tly g r s � t c r  t � a n  t G c t 

o f  no r� � l c o v s ( t=9 . 070) . Th e n u mb e r  o f  c o w s  i n  e a c h  g ro u p  

�b S t o o  small to all o rr o f  Es t c-· t i ::. ti c a l  a:r: a l;, s i �; 

th e thy ro j C. c::l c: r u s  

c i ffE r E:n c e s  

o f  t h i ou r e c. -

t r e a t ed ani m Ql s � � s fa�nd t o t e  � i gn i fi c a n tl �  g re a t e r t � : n  t�c t 

'i f ., .,.., r m · l  J e r· ,·: r u  r· o v: <� ( t::: ? 1 9v") '-· J. ' ·J - )1 . -.  ...o >.• ·� .,;  -.... ._. I I' • , 
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DlSCU QSION 

Al thou gh the data ob ta i n ed on the wei ghts  of the 
thy ro i d  gl and s of v a ri ou s  cl a s se s  o f  cattle a re a s  y e t  l i mi t e d ,  

they provide an i nd i cati on o f  the wei gh t s . o f t h e  t�yroi d  g l and s 

o f  ca t tle in the Manawa tu di s tri c t .  The data are al �e ady p rov­

ing valu able in that glands from abno rmal an i mal s may b e  compared 
wi th them to r eveal po s si b l e  abno rma l i ti e s i n  thy roid wei gh t . 

In thi s way the da ta ars pro vi din g a b a s i s fo r s tu dy of the 

e ti o l o gy o f  abno rmal condi ti on s m an i f e s ted i n  thy ro i d  dy s fu n c ti on . 

A c a s e  in point i s  tha t  among calves bo rn from dam s tha t have 

b e en runn i n g  on Manawatu sandy l o am ,  s tony pha s e  fo r some t i m e , 

ani mal s have b e en found wi th thy ro i d  gl ands whi eh, on com,)a ri" son 

wi th the gl and s col l ec t e d  from seventy-fi v e c al v e s  f rom d am s  

running o n  d i f feren t soil typ e s  wi thi n the s A m e  di s tr i c t ,  a re 

u nu s ual ly l a r g e . A t t en ti on i s  thu s di rected towa rd s fa ctor s  

a f f e c ti n g  thyroid functi on of animal s  on thi s so i l  type . 
Th e coll e c ted da ta on the thyroid wei gh t o f  dai ry cows 

ha s b een of u s e i n  the exp e ri m en t s  wi th thy ro p ro tein and thi o u r e a  

r e c o rded i n  thi s the si s i n  that the average thyroi d wei gh t o f  a 

rea sonably large numb e r  o f  no rmal dai ry cows wa s t�u s made avai l­

abl e  fo r comp a ri son wi th the thy ro i d s  f rom the experimental animals 
Wi th the accumulati on o f  fu r the r thyro id wei ght da ta , 

parti cularly in respect to thyroid s o f  dai ry co w s , b o th in full 

milk and dry ,  i t  will b e  po s s i bl e  to s tudy the vari ation in 
thyroid wei ght due to su ch factors as s e a son o f  the y e a r ,  l ac ta -

ti on and di s tri ct,  and to further s tudy the influen c e  o f  a g e  o f  

the animal on the thyroid wei gh t .  Gl and s from dai ry cows in 
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fu l l  mi lk and from dai ry hei f e r s  o f  1 to 2 y e a r s  o f  a ge a r e ,  

ho wev e r , v e ry di ffi cul t to ob tai n , fo r su ch ani mal s a r e  ra rel y 

s e en i n  the s l au gh t e r-ho u s e s . I t  i s  only o v e r  a p e ri o d o f  y ea r s ,  

the re fo r e ,  tb.a t su ch da ta wi l l  b e come avai l abl e .  

In the analy s i s o f  t�e thy ro i d  wei gh t da ta a c c o rd i n g to 

b re e d ,  i t  wa s found tha t the di ffe r en c e s  b e tween the m e an thy ro i d  

wei gh t s  o f  the t� r e e b r e e d s  o f  da i ry ca t tl e  wa s s ta ti s ti ca l ly s i g­

ni f i can t .  Th e s e  di f f e r en c e s  i n  m ean thy ro i d � e i gh t we r e  v e ry 

s i m i l a r  to tho s e  o b ta i n e d  by Swe t t  e t al . l 1 � 3 7) who c o l l e c t ed 

da t a  from da i ry c a t tl e  s l au gh t e r ed i n  va ri ou s p a r t s of t�e Uni ted 

S t a t e s . Mo r e o v e r ,  the ab s o l u t e  m e an thy r J i d  wei gh t ob tai n ed by 

S w e t t  fo r c o w s  o f  e a c h  o f  t�e th r e e  da i ry b r e ed s ,  J e r s ey ,  F ri e s i an , 

and Ay r s hi re , we r e  v e ry s i mi l a r  to tho s e  o b ta i n ed f o r  c o v,; s  of the 

s ame b r e ed s  i n  th e Mcme wa tu . 

From t�e d a t a  p re s en t ed b y  K r i zene cky ( 1 932) , i t  appe a r s  

tha t  d a i ry c a t tl e  have l a r g e r  a nd h e avi e r  thy r o i d s  than b e e f  

c e t tl e , av e ra gi n g 3 2 . 5  gm . e s  comp a r ed wi th 24 . 2  gm . fo r b ee f  

e a  t tl e . 

b r e ed . 

No d a ta was gi v en , howev e r , s ho wi n g  va ri a ti on du e to 

The ana ly s i s  made in thi s manu s c ri p t  confi rm s the con-

elu si on o f Kri zenecky in tha t the mean thyroi d wei gh t of F r i e s i an 

c o ws o f  abo u t t2 50 l b . body wei gh t wa s shown to b e  si gni fi c an tl y 

g r ea te r  than the m e an thy ro i d  wei gh t o f  Ab e rdeen An gu s cows o f  

approxima tely l 300 lb . b ody wei gh t .  R e e c e  and Tu rn e r  ( 1 93 7) 
have shown tha t the thyro trophin c on ten t  o f  the p i tu i ta ry gl and 

o f  dai ry c a t tl e  i s  hi ghe r than tha t o f  b ee f  c a t tl e ,  whi c h  may 

explain,  i n  p a r t  the l a rger thy ro i d  gland o f  dai ry ca ttl e . I t  

appea r s , th erefor e , . tha t the wei gh t o f  the thy roi d gl and i s  depen-
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d e n t  u pon the phy s i olo gi c al fun c ti on o f  the ani mal , i . e .  b e e f  

o r  m i l k  p ro du c ti on . 

The findi n g of no ' s i gni fi c an t di f feren ce i n thy ro i d 

wei g h t due to s ex i n  th e gro u p s  com � a r ed - mal e  and f emal€ J e r s ey 

c a l v e s ,  c a s t r a t ed mal e and i n ta c t  f ema l e  Ab e rdeen An gu s ve a l er s , 

and co ws and s tee r- s  o f  the Ab e rdeen An g u s b re ed - i s  i n  con fo rmi ty 

wi th the r e su l t s  o f  Mi xn e r ,  Re in eke and Tu rner ( 1 944) wi th chi ck s ,  

and Gol d s�i th , Go rdon and Cha ri pp e r  ( 1 945)  wi th r a t s . 

Th e te chni qu e tha t wa s devel o p ed fo r m e a su r i n g  the m ean 

a c i na r  c ell h ei gh t o f  th e thy ro i d  gl and s p roved to b e  s a ti s fa c to ry . 

Tha t  the numb e r  o f  a cL1 a r  c el l s c al cul a t ed to b e  n e c e s s a ry to 

e s ta bl i s h  s i gn i fi c a n c e  & t  ti e 1 %  l e vel o f  di f f e r en c e s  b e tween the 

m ean s of t�e po s tu l � t ed ma gn i tu d e wa s su f fi ci en t , w 0 s p ro v e d  by 

the hi ghly s i gni fi can t di f e r e n c e  i n  m e an a c i �G r  c el l  h ei ght found 

b e t ·. et-m gl and s f rom no rma l co w s · and co w s f ed t�1y r o _;n·o t e i n ,  a n d  

n o rmal c o w s  an d co w s  f ed thi o u r ea ,  r e s p e c ti v ely . 

The s tu di e s  r eoo r ted i n  thi s th e s i s on the e f f e c t  o f  

thy ro o ro t ein o n  t h e  thy ro i d  gl and o f  th e dai ry c o w  sho vted tha t 

d o s e  l ev el s  o f  thy ro p ro tei n  e v en a s  l o w  a s  1 0  gm . p e r  d a y  r e su l t ed 

i n  an i n c r ea s e  i n  �ul s e  r a te and a d e c r ea s e  i n  h e i gh t  o f th e 

thy r o i d  epi thel i a l  c el l s .  Th e a n i mal wa s c a pabl e o f  a s si mi l a tin g 

su ffi c i en t  e x t ra nu tri en t s to meet thi s i nc r e a se i n  m e ta bo l i sm 

wi thou t l o s s  o f  b ody wei gh t , a s  s ho wn i n Fi gu r e  V .  Thi s fi ndi n g  

i f  i t  c an b e  con fi rmed , wi ll b e  u seful i n  the fu tu r e  u s e  o f  thy ro ­

pro t ei n i n  exp e ri men tal wo rk • 

The phy si ologi c al p ro ce s s  by whi ch the thyroid a ci n a r  

c ell hei ght i s  depr e s s ed o n  the feeding of thyropro tein involves 
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the d el i c a t e  me chan i sm re gul a ti n g  th e thy ro trophi c a c ti vi ty o f  

the pi tu i tary and the a c ti vi ty o f  the thyro i d  gl and . The i n ­

c r ea s ed con c en t r a ti on o f  thy ro xi n e i n  t h e  bl o o d s t r e am ,  a s  a r e su l t 

o f thy rop ro tei n a dmi ni s tr a ti on , p rob abl y r e ta rd s  the o u tpu t o f  

· thy ro t ro p h i n b y  the p i tu i ta ry gland . Thi s l o v;e r ed o u  tnu t o f  

thy r o t ro phi c ho r�on e  r e su l t s  i n  a d e c r e & s e i n  th e a c t i v i ty o f  the 

thyr o i d glan d ,  ana hen c e  cau s e s  & de c r e a s e i n  thy roi d ho rmone o u t­

pu t and i n  the h e i g h t of the thy ro i d  e p i  thel i 2 l  cell s .  

An i n t ·er e s ti n g  s i tu 2 ti on i ll u s tr a t ed i n  thi s t h e s i s wa s 

tha t the thy r o i d gl and s  o f  c o w s  fed thy ro p ro t e i n a nd then mana.ged 

in a n o rmal mann e r until slau ghter ,  76 d a y s a f t e r the e n d  of th e 

thy r o.·p ro t e i n- f s edi n g  p e ri o d ,  h&d r e tu rn ed to a no rr.G.al cond i t i on 

du r i n g  t h e  p o s t-fe edi n g p e ri od .  Th e r e � � s no s i gn i fi c a n t di f fe r -

en c e  b e t w e en m e < m  a ci n a r cell h e i g h t s  o f  the s e ani m& l s ( ;ll f-' )  e n d  

tho s e o f  n o rme.l ani ma l s ( -q fA) . Thi s v-·a s s o , e v en i n  th e c a s e  o f  

Robb i e ,  a c o w  t h a t w a s thy ro p ro t e i n  f e d  a t  f r e q u en t i n te rval s 

over 1 4  m on th s  ( s e e  Fi gu r e  1 1 ) . An e. n a l o gou s s i tu o ti on h 2 s b e en 

d e s c ri bed i n  ca s e s whe r e  e s tro g en s  h a v e  b � en admi ni s t e r ed to non­

p r e gn an t d a i ry co w s  a s  a m ean s o f  i ndu c i n g  l a c t8 ti o n  ( Hammond and 

Day ( 1 944J , Fol l ey and Mal p r e s s  ( 1 944) , and Hol l a rd and Campbell 

l 1 9 46) . A f t e r  the c e s s a ti on o f  e s tro g en t r e a tm en t ,  i n  many 

c a s e s  the e s t r o u s  cy cl e s  r e tu rn ed to no rmal and p r e gn an cy :en su e d .  

The mai n  o b j e c t  o f  feed i n g  thi o u r e a  to dai ry co ws i n  

the exper i m en t s  r e c o rded i n  thi s the s i s  wa s t o  det�rmi n e  a dose 

l evel tha t wou+d have a defi n i te e f fed t on the thy ro i d glan d  wi th­

ou t b ei ng too toxi c to re s tri c t  i t s u se in expe rimental wo rk . 

I t  wa s found tha t a do s e  l evel o f  1 0  gm . dai l y  fo r 7 day s followed 
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b y  1 5 gm .  dai l y  fo r 1 4  day s c au s e d  a ma rked i n c r e a s e  i n  thy ro i d 

a ci n 2 r c el l  h e i g h t . Howev e r ,  e v en a t  thi s do s e  l evel , the l o we s t  

u s ed , on e co� s h o wed symp tom s o f  a cu te toxi ci t y ,  whi l e  o th e r s  on 

the same do s e  l evel sho ':· ed no su ch a cu te symp tom s . I t  thu s 

appe a r s  tha t the do s e  l e v el s u s ed we r e  on the bo rde r- l i n e  o f 

a cu t e  to xi ci ty .  

Fu tu re e xp e ri men t s ma y b e  pl 2.nn ed al one two l i ne s . 

The e f f e c t  sho u l d  b e  d e t e rmi ned o f  a l o v· e r  do s e  r a t e  o f  thi o u rea , 

s ay 5 gm . dai ly , vd th ·hi eh the t o xi c e f fe c t s  o f  thi o u r e a  s hould 

n o t be sho vm . Se c ondl y , o th e r  go i t ro g eni c su b s ta n c e s m ay b e  u s ed 

v·i thou t fea r o f  toxi c e £'1' e c t s  on the anime.l . On e su ch com 1 o un d  

i s  thi ::m ra ci l . Su p pl i e s  o f  thi s m� t e r i al w e r e  Lo t a va i l ab l e  fo r 

u s e  i n  t h e  � ro j e c t s  r e 1o r t ed i n  thi s  th e s i s ,  but i t  i s  a n ti c i �a t ed 

tha t i t  � i l l  b e c o� e  svai l a b l e  i n  s u f f i c i en tly l & r g e  ( U a n t i t i s �  fo r 

u s e wi th aa i ry c o � s .  Tho u gh n o t  s o  ) O t �n t  i n i t s g o i t ro g en i c 

p ro ) e r ti e s  a s  thi o u i' e c.::. ,  thi ou ra ci l i s  � o t  n e r: rly a s  to xi c r-:. s  

thi ou r ea to human s l Wi ll i am s ,  1 946) b n d  smal l e r  an i m a l s  � S chu l t z e  

and Tu rn e r ( 1 9 46) , and so i t  may b e  even �o r e  u s e fu l i n  thy ro i d 

s tu di e s 'l ' i th dc:. i ry c o w s  than i s  th i o u re a . 

Wi th a d o s e  l evel o f  thi ou r ea o r thi ou ra ci l  e s tabl i sh ed 

tha. t i s  non - to xi c y e t  go i tro g en i c in i t s e f f e c t s  o n  the dai ry cow , 

i t  wi l l  be po s s i bl e  i n  con j un c ti on wi th thy ro xine t o  e s ti m a te th e 

ho rmone ou tpu t o f  the thy ro i d  o f  h i gh and l Q w  p rodu c i n g  c ow s ,  and 

o f  l a c ta t i n g  c o w s  a t  al l sea son s o f  the yea r . Su eh kno wl € d g e  

wou l d  b e  o f  fundamen tal valu e i n  provi d i n g  fu r th e r  i n fo rma ti on on 

t he phy s i ol o gy of milk s e c re ti o n . 
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1 .  The gene ral ana tomy o f  the thyro i d  gl and has b·een d e s c ri b ed 

and the an a tomy o f  the thy roi d  gland o f  c :o·. t tl e v,· a s  found to 

a g re e  �i th th e g e� e ral d e s c ri ) ti on . 

2 .  Thy ro i d  �lan 0 s  nere coll e c t e d  a t  the ? alm e r s ton N o r th 

Muni c i pal Aba t to i r s ,  L o n gbu rn Fr ee zi n g  Wo rk s ,  and Fei ldi n g 

Fre e z i n g Wo rk s from the fol l o v·.·i n e;  cl a s s e s  o f  e a  t tl e : - mal e and 

f emal e Jer sey calv.e s ;  dai ry c o ws o f  th e J e r s ey ,  Ay r s�i re, and 

Fri e s i an b re ed s ; J e r s ey bull s ;  Ab e r d e en An gu s v e a l e r s ,  hei fers ,  
co w s and s t e e r s .  

J .  Th e m e an thyro i d  wei gh t s o f  c o ws o f  the thr e e  d ai ry b re e d s  

we r e  J e r s ey s ,  29 . 5 gm . ;  Ay rshi re s , 3 4 . 2  gm . ;  an d Fri e s i ar s ,  

4 2 . 0  €:,'111 .. The di fferen ce i n  e1 e an thy ro i d  wei gh t b e twe en e a ch o f  

the thr e e  breeds ·nas sho\•m �o b e  s t a  t i  s t i  cal ly s i  gni f i  can t .  

4 . .An i mal s o f  ·ea ch o f  th e dai ry b re e d s we re shown to hav e a 

heavi e r  thy ro i d wei ght p€ r u n i t o f  body wei gh t than the 

Ab -e rd e en An gu s cows .. 

5 . No s i gni fi c an t  di fference i n  thy ro i d  wei gh t due to sex wa s 

found b e tween mal e and femal e J e r s ey calv e s ,  c a s tra ted male 

and i n ta c t  femal e Ab erdeen An gu s  veal e r s , and cows and s te e r s  of 

the Ab e rdeen Angu s  b re ed . 

6 .  N o  s i gni fi can t i n c re a s e  i n  thy roi d  wei gh t wa s found b e tween 

J e r sey cows of 3 yea r s  o f  age and thos'e of 6 years of age o r  

more . The re wa s ,  however , a tenden cy towards i n c reasing thyroid 

wei gh t wi th advan ce i n  a ge .  

7 .  The fun c ti onin.g o f  the thy roi d  gland ha s been de s c rib ed ,  
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wi th parti cul ar reference to the chemi s try o f  the thyroid hormone , 
the rel a ti on o f  i o d i n e  to the thyro i d g l and , and the regu l a ti on 

o f thy ro i d  a cti vi ty . 

8 .  The phy s i o l o gi cal activi ty of iodi n a t ed p ro tein s has b een 
di s cu s sed .  

9 . Experiment s  we re under taken to ob te in ·: some measure of the 
potency of the thy ropro t ein tha t  wa s prepared a t the Dai ry 

Re s e a r ch I n s ti tu te (N . Z . ) . I t  i s e s ti m a t-ed tha t  thi s ma teri al 

wa s sli gh tl y  l e s s  p o tent than the " P r o t amone·" u s ed by Uni ted 
State s  worker s , but of app roxi m a tely th e s ame po ten cy a s  the 
i odina ted c a s e i n  p r epa r a ti on s  u sed in i nve s ti ga ti ons in England . 
1 0 .  A method tha t  confo rmed wi th s ta ti s ti cal rBq u i r emen t s  wa s 

deve l oped to s elect a s ample o f  a c i na r  cel l s wi th a me an 

C9ll he&i gh t rea sonably r e p re s en ta ti v e  o f  all the a c i n a r  c e l l s 

o f  a thy roid glan d . 

1 1 .  U s ing thi s method, the mean a ci n a r  C€11 he i gh t s  o f  the 
thyroid gl and s o f  1 3 normal dai ry cows we r e  e s ti ma ted . 

1 2 . To s tudy the effect o f  thy ro p ro te i n  on the thyroi d gl and 

of the dai ry cow, do sage s rangi n g  from 1 0  gm. to 30 gm . 
daily ov·er 1 4  days were admini s tered to ei ght dai ry cows . These 
animal s were slaughtered a t the end o f  th:e thyropro tein-feeding 
period . The trends in body wei ght and pulse rate of these 
animals during the feeding peri od are presented . 
1 3 .  The mean acinar cell hei ghts of the thyroids of the thyro-
protein-fed animals were measured . Th·e overall mean acinar cell 
hei ght of the se thyroids ( "f4) was shown to be si gni fi cantly lower 
than that of the over&n mean of the thyroids from normal dai ry 



- 60 -

c o w s  vqr) . 
1 4 . The d i fferen c e  in thyroi d  wei ght b e tween co w s fed thyro­

pro t ein and no rmal cows of the same b re ed wa s shown to b e  

non-si gni f i  can t .  

1 5 .  The mean acinar cell hei gh t  o f  thy ro i d s o f  five cows fed 

thy rop ro te in bu t no t slau ghte red u n ti l  76 day s afte r the 

end o f  the feeding p e ri o d wa s measu red . Th e r.e wa s sho 'Wil to b e  

n o  s i gn i fi can t di f f e r en c e  b e t we en the m ean cell hei gh t o f  the s e  

gl and s and thH t o f  g l and s from no rmal dai ry cows o f  the same b r e ed . 

1 6 �  The n a tu re o f  goi tro g eni c sub s tan c e s ,  thei r mode o f  a c ti o n ,  

and t�ei r to xi c i ty h a v e  been d i s cu s s ed . 

1 7 . To d e termi ne a do s e  r a t e  of thi ou rea tha t wo u l d  s ti mu l a te 

thy ro i d  a c ti v i ty wi thou t  bei n g  to xi c to t:'1 e  ani ma l , thi s ma t e ri a l  

w& s fed to fou r dry dai ry cows a. t d o s e  l evel s rangi ng from 1 0  gm .  

d a i l y  o v e r  7 day s followed by 1 5  gm . da i ly over 1 4  day s ,  to 2 5  gm . 

dai l y  o ve r 2 1 days . The ani mal s w e re sl au g h t e r ed a t  th e end o f  

the t�i ou rea- fe edi n g  p eri o d . 
1 8 . The mean a c i na r  cell hei ght of thy ro i d s  from cows fed 

thi o u rea <.:J�r) wa s sho : n to�i ghl y si gni fi c an tl y g re a ter 

than tha t o f  no rmal co ws " fl  r) · 

1 9 . The mean thyro i d  wei ght of c o w s  fed thi ou rea wa s s i gn i fi cant­

ly g re a ter than tha t of no rmal dai ry cows . 

20 . The effe c t  of thy ropro tein on the thyro i d  gl and o f  dai ry cows 

ha s been d i s cu s sed . 

2 1 . The effec t  o f  thi o u rea i n  rel a ti on to i t s toxi c r e a c ti on s a s  

a mean s o f  indu c i n g  hypo thy ro i di sm i n  dai ry c ows ha s b een 

d i s cu s sed . 
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APE�NDlX I 

Thy ro i d  Wei ghts o f  Dai ry Co w s  

----,-�:����T-------1=��===������-F���s 

1 7 . 6  grams 1 � 5 . 3  grams 1 50 . 5  grams 20 . 5  grams ll 5 6 . 5 grams � 3 2 . 5graiif 
22 . l I 20 . 0  I 2 5 .  7 I 2 7 .  9 11 3 1 . 2  � 2 3 . 8 26 . 3 11 30 . 0  11 38 . 0  I 26. 5  11 2 5 . 1  � 'J i-1. 7 
2 8 . 9  1 8 . 2  1 6 . 6  1 23 . 9  ll 32 . �  U 26 . 1  
27 . 4 1 1 7 . 5 I 29 . 8  l 24 . 2  � 5 5 . 7  � 32 . 8  
2 5 • 6 I 1 9 • 5 I 44 • 3 I' 1 9 • 3 11 42 • 0 1 3 7. 5 
29 . 2  I 24 .. 0 I 48 . 7  20 . 6  l 56 . 0  . 42 . 0  3 4 . 7 1 3 1 ..0 I 33 . 9  I 32 . 5 11 3 '1�'7 . 32 . 3  
3 3 . 3  I 3 3 . 0  I 20 . 4  I 41 . 6  11 38 . 5  
2 7 . 1 l 49 . 0 25 . 2  3 1 . 4 11 39 . 1  29 . 1  I 43 .o I 2 ':/'lo I 44. 7  11 I 2 5 . 5  1 9 . ,  1 3o . o 1 36 .o ! 29. 8 11 32 . 8  
4 7 .  5 3 7. o 1 3 7 .  2 1 3 8 • 6 11 44 .  7 3 7 .  4 I 3 0 • 0 I 2 7. 5 I 23 • 8 11 2 'l .  7 40 • 6 1 2 8 r 9 I 4 7 • 3 I 2 7 • 0 Jl 3 7 • 5 
1 1 . 9 1 20 . 7  I 27. 7 I 28 . 0  I! 34. 0 
2 7 .  2 I :a 8 . a , 42 . 5 I 28 . 8 1 1 3 1  • 5 
2 3 • 7 I 3 0 • 5 I 3 5 • 3 I 3 b • 5 11 � 3 9 • 0 8 .  5 I 2� . 3 l 1 9 • . o l' :?2 . 7 11 I 30 .  5 I 3 ;(. . 5 40 .:2 33 . 1  fl 38 . 7  ------L- L���---l����----L-------1-------
To tal number o f  gl and s : 8�  8 20 
Mean Wei ght ( grams) : 29 . 5  42 . 0  
--------------------- -----------------------
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APPENDIX I I  

Thyroid Wei gh ts o f Jersey Calve s  
--------------- --------------------------- ---------�---------- - -------

Longburn Works 11 Massey Coll ege 
1 I 

--------- ----------------,-------------------------fl------------------

Males I Femal e s  � Male s 

--6 . 0 g�::-r,
-
8 .2�� . 2 grams r-;.8-�==- ��----���3 gr:::---5 .  6 I 7. 1 I 6 .2 I 8 . 5 ,I 8 .  6 

4 . 9 1 5 .0 I 8 . 3  l 5 . 2  jl 9 . 7  
5 • 2 1 � • o 'I 6 • 9 l 8 • 6 1'

! 
9 • 9 

4 . 9 I 5 .0 I 4 . 8  I 5 . 5  I 1 0 . 6  
5 • 5 I 6 .2 , 3 • 8 , 1 3  . 2  , 1 o .  1 
7 .  5 I 7 • 4 l 5 • 2 I 8 • 5 11 8 • 0 
7 .9 1 7 .o : 1 o .9 1 7. 6 11 4 . 9  1 :1 � . 8 I 7 . 6 1 n . 6 u 
7 . 6 I 5 • 7 I 7 • 6 1 0 • 9 11 s . o 'I 7. 1 1 6 . 1  1l 5 . 8  ll 5 . 2 7.2 1 8 . 5  6 . 8 11 
7 .  2 ! 8 • 2 I 6 • 0 I 1 2 • 4 I' 6 . 4 I 7. 6 1 1 3 . 5  I 8 . 0  I 1 1 . 9  1 0 . 6  I 8 . 4  

I 5 . 4 I 1 6 . 0  8 .4 I 8 . 1  I 4 . 5  ll 7 . 1  I 7 . 6  4 . 6 \1 
I 4 . 2 l 6 .o 11 l 6 .0 I 9 . 7  11 , I 7 . 7 l 9 . 7  11 1 l 1 5 . 8 1 1 0 . 3 11 

------ ------1----------�------------L-----------JL ___ _ _ __________ __ 

To tal number of glands 
33  

Mean Wei ght ( grams) 

--------

7 

7. 6  9 . 7 
-------------- -------- ---------------
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APPENDI X ;tll 

Thyroid Wei ghts of Steers 
------------- -------

Kai ranga Di stri ct l,----�==te�:��=-==� Fordell __ ___ 

U Di stri cts 

-1,2 . s gra::
-r�4. 5  g�:::

- !I -
24�6 g�=ms

-T-
;;��

-
�rams

-

26 .. o 1 21 . 5  n 32 . 5  11 22 . 0 il 34 • 7 I 3 7 • 5 �� 4.3 • 0 I 39 . 0 34. 5 I 2 7 . o  � 33 . o  I 26 . 0  
36 . 6  ; 2 5 . 3 ll 23 . o 1 2 5 .o 
2 5 • 5 I 2 7 . 4 I' 2 6 • 0 I 21 • 0 24. 8 ! 22 . o 11 3 1 . o I 2 1  • o 
21 . 8  � 2 6 . 5  11 34 .o 1 41 . o  26 . 3 I 29 . 2  11 24. 0  I 22 . 0  24 . 3  1 2 8 . 8 � 2 5 . 0 1 34 . 0  1 8 . o ! 30 . 5  11 3 3 . o 1 23 . o 2 5 . 0  I 36 . 8  jj 32 . 0  I 22 .0 1 9 . 9  I 36 • .3 ll 34 . o  I 28 . o  2 8 . 7 I 54 . s 1�1 3 6 . o \ 24 . 0  22 • 0 43 • 9 I 2 1  • 5 I 29 • 0 3 3 • 7 I 11 3 1  • 0 I' 2 5 • 0 

� 32 . 0  23 .0 
11 2 s . o  I 24 . 0  
11 30 . 0  1 22 . 0  
11 2 1 . o  1 22 . o  

I :1 26 . 0  : 
------------L---- ----------!L- - - - - - -- -- -- - . I_ ----- ------- --·--

To tal numb e r  o f  glands 
3 1  

Mean Wei ght (grams) 

' ·  ' . , ·'" · .... 

2 8 .0 
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Thyroid Wei ght s  of Veal ers 
--- - �� - -- --- - -n-- -------- - - - - - --------- - -- --- ----

Males 11 Femal es 
---------------- r ----· -- · - - -it-----------T---------------

1 7 .0 grams 1!1 1 7 . 0 grams I! 30 .. 0 gram s I 1 6 . 5 grams 
27 . 0 1 4 . 5  11 1 9 . 5  1 4 . 0  
'3 8 . 0  ll 1 8 . 5  11 1 5 . 5 1 '.1 5  .. 5 1 4 . 5 1 3 . 5 11 1 3 . 5  , . 1 6 . 5 
1 3 . 0  I 1 6 . 0 ll I "I I 1 7 . 0 I 1 6 • 5 ll I 1 4 • o I 1 7. o 11 1 a 4 . o  1 4 . 5 a 1 1 7 . 0  I �,� I 1 r i l u l ---.1.--------Jl-. __ ____ _____ ...J._ _ _ _ _____ _ _ _ _  _ 

To tal number of glands 
1 7  

Mean Wei ght ( grams) 

\ . 

8 

1 7 . 6 



', �· 
0 ' .. . ... 
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APPENDIX V 

Thyroid Wei gh ts of Beef Hei fers and Beef Cows 
--------·-� 

---

-----
--

-��-
-
-----

-----
-
-

Beef Hei fers 11 Beef Cows 

��::-= Fe��a�-+-=���-M
arc��==t==�=���-� M;�::= 

3� . 3  grams 1 24 . 5 grams jl 30 . 2  grams 
26 . 5 I 26 . o  I 2 8 .o  
29 . 4  I 26 . 7 , 3 3 . 1  
3 4 .2 47. 7 1, 24 . 3  
2 1  .o 29 .o  11 30 . 5 
2 9 • 4 1 22 • 4 j 31 • 4 
21  .. 8 11 3 7 . 2  11 3 1 . 9  3 1 . 2  26 .2  I 3 6 .2 
1 5 .  5 I 23 . 4  ��� 3o . 4  
2 7 . 6 I 22 .2 33 . 0  
2 1 . 0  I 43 . 0 � I 23 . 5  
1 6 . 1  I 3 5 . 7  I' 3 1 . 4  
2 8 . 0  I 3 8 . 2  I 39 . 8  
1 7.4  I 39 . 8 'I 3 7 . 5 1 8 . � I 29 . o  h 3 6 . 3  
� 7 .  0 I 2 6 • 7 ��� 2 3 • 2 : 22 . 6 , 1 

I 41 . 8  I I 26 . 5 l_ _______ _____ ___ j__ _ _ _ ________ __ _ . -
-----------

Total number of glands 
1 7  1 9  1 5 

Mean Weight (grams) 
3 1 . 0 3 1 . 8  

____ ,_, _______ ______ _________ ,__.-___ ----------

. ' 
. .. . . 

'·' , 
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!EJ?�lil2!.�_:ll 
Thyr ::>i d  Acinar Cell Hei ghts (in Uni ts) of a Normal Dai ry Cow "Baronia"' ( 1  uni t = lJ51" ) -------...-----------�---------�-----------------------.----------------

Folli cle number 
-3--r-2--1--3---r----;---r---5--r---6--r--�7---r--s----l---;--·-l--1o--

6-;�t�-;-6i-;-�--�+-;-��-���-�--�-�t�--;-�l��z-����-�-����;-;�i;--7 7  6 7 9 1 s 7 6 I 8 '-j 8 8 1 o 1 o I 8 9 o l s s 9 1  9 1 o 1 1  I 8 9 1 o 1 1  o 11 9 Is 7 7 
6 7 9 'I s 7 '1 I 8 9 8 8 9 1 o 1 8 9 8 I 8 8 9 1  9 9 1 1  a 9 1 o 1 1  o 1 o 9 Is 7 7 5 7 9 5 7 7 I 8 1) 8 8 9 9 I 8 9 8 I 8 8 9 1 9 9 1 0 d 9 1 0 1 1  0 110 9 18 7 s 7 9 \ 5 7 7 I 8 1 o 8 8 e 9 I 8 9 8 \ 8  8 m 9 9 1 o 8 9 1 o 1 1  o 1o 9 18 7 
6 7 9 l 5 7 7 l 8 10 9 8 9 9 1 1 0  9 8 \ 8 8 10l <t 9 1 0  8 9 9 1 1 0 10 9 ,8 7 6 7 9 l 5 7 7 j 8 1 0 9 8 9 9 1 1 0 9 8 ! 8  8 10j 9 9 1 0 8 9  9 j 1 0 10 9 18 7 6 7 9 I 5 6 7 f 8 1 0 9 8 8 9 1 1 0 8 8 I 8 8 10 9 9 1 1  8 9 9 1 1 0 1 0  9 18 7 6 8 : 5 6 7 1  8 10 9 8 8 9 1 1 0  9 8 1 8  8 101 9 9 1 1  8 9 9 1 1 0  1 0  9 IB 7 7 8 I 5 6 7 : 8 1 0  9 8 8 9 ! 1 9  9 9 j 8  8 :1g 9 9 1 1  8 9 9 1 1 0 10 9 18 7 
7 8 i 6 6 7 I 8 1 0  9 f 8 8 9 1 1 0  '"J 9 1 8  8 10 9 9 1 i 8 9 9 1 1 0 9 9 1 8  7 7 8  1 6 6 7 ( 8 1 0 9 ! 8  s 9 l 1 o 9 9 1 8  s \ 9  ') 1 1 , 8 9 9 / 1 0 9 9 l s  7 
6 8 I 6 6 7 I 8 1 0 9 I 8 8 9 I 1 0 9 9 I 8 6 I 9 9 1 1  I 8 9 9 1 1  0 9 10 I 8 7 
6 8 : 6 6 7 1  9 1 e 9 !  9 8 9 1  9 1 o 9 l s s ' 9 9 1 1 ! 8 9 9 1 1  o 9 10  ! 8  7 6 s 1 6  6 8 \  9 1 0  9 1  9 8 9 1 9 1 0  9 l s 8 I 9 9 1 o l 8  9 9 1 1 o  9 � l9 7 6 8  1 6 6 s 1 9 1 0 9 1 9 8 9 1 9 1 0 9 ' 8  8 1 9 9 1 o 1 s 9 9 ' 1 0 9 1 JI9 7 6 8 1 6  6 8 I 9 1 1  9 1' 9 8 9 !  9 1 o 9 1 9 8 I 9 9 1 o 1 9 9 9 .h o 9 10 1 1  o 7 6 8 I 6 6 8 : 9 1 1  8 I 9 9 9 I l; 1 0 9 1 9 8 I 9 9 1 tJ l 8 9 9 1 1 0 9 1 0 l 1  0 7 7 8 1 6  7 8 1 1 0 1 1  8 !  9 l) 1 0 1 9 1 0 9 ! '1  9 1 9 9 \ 8  9 9 1 1 0  9 1 1 1 1 0  7 7 8  1 6 7 8 h 0 1 1 8 1 9 9 1 0 1 9 1 0 1 9 9 1 9 9 1 8 ') 9 1 1 0 9 1 1 1 1 0 7 
8 8 1 6  7 8 1 1 o 1 1  8 1! 9 9 1 o :  9 1 o 1 9  9 I 9 9 I 8 10 1 o j 1 o 9 1 1 ! 1 o 7 8 8 I 6 7 8 , 1  0 1 1  8 1 0  9 1 0  I 9 1 0  1 9 9 I 9 9 l 8 10 1 0  1 1 0  9 1 1 ,1 1 0  7 8 8 6 7 8 1 1 0 1 1 9 1 1 0  9 1 0 1  9 1 0 1 9 9 : <)  9 j 8 19 9 1 1 0  9 1 1 , 1 0  7 8 8 6 7 1 1 0 1 0  9 1 1 0 9 1 0 t 9 1 0 1 9  9 I "J 9 i 8 10 9 11 0  9 10 t 1 0  7 8 8 I 6 7 . 1 0 1 0 9 ' 1 0 9 1 0 9 1 0 I' 9 9 I "'} 9 I 8 10 1 0 1 0 l) 9 1 1  0 7 8 8 I 6 7 I 8 1 0 9 I 1 0 9 ·1 0 9 1 0 9 9 I 9 9 I 8 10 1 0 1 1  0 10 9 1 1  0 7 8 8 I 7 7 I 8 1 o ·. 9 1 1 o 9 � o 9 ·1 o I 9 1 o I 9 9 I 8 1 o 9 1 1  o 10 9 1 1 o 7 8 8 I 7 7 I 8 1 0 9 1 1  0 9 1 0 9 1 0 I 9 1 0 I 9 9 I 8 10 1 0 1 1  0 10 1 1  I 1 0 7 
7 8 1 7 7 I 8 1 0 8 j "1 0 9 "J 0 9 1 0 I 9 1 0 I 8 9 I 8 10 1 0 � 0 10 11 I :1 0 7 
7 8 7 8 I 8 1 0 8 ! 1 o  9 1 0 9 9 1 9 1 o  1 8  9 1 8 1o 1 o  1 o :o 1 1 1 1 o  8 
7 8 I 7 8 1 8 1 o 8 1 o 9 1 o 8 9 9 1 o I 8 9 8 ·m 9 ·1 o 10 11 1 1 o 8 7 8 7 7 I 8 1 0  B l l 0 9 1 0 8 9 9 1 0 I 8 9 I 8 10 :1 0 1 1 0 10 1 :1 1 9 8 
7 9 1 7 7 I 8 � 0 8 1 1 0  9 1 0  8 9 I 9 1 0  I 8 1 0  1 8 10 � 0 1 1 0  10 �01 9 8 
7 9 I 8 6 I 8 1 0  8 j 1 0 1 0  1 0  8 9 I' 9 1 0  I 8 u 0 8 10 1 0  / 1 0  30 9 1  9 8 
7 9 1 8 6 1 9 1 0 8 1 1 0 1 0 � 0  8 9 1 9 1 0 j 8 11 0 1 8 10 1 1 0 �0 9 j 9 8  
7 9 8 6 9 9 8 1 ·1 1  n O  1 0  8 8 9 1 0  I 9 il O  I 8 10  t 1 0  9 9 I 9 8 
7 9 8 6 9 9 8 1 1 1  1 0  11 0  8 8 9 1 0  l 9 11 0  1 8  10 1 "1 0  9 1 1 1 8 8 
7 9 8 6 9 9 8 1 1 1  � o  n o  8 8 1 9 9 1 9 1 0  11 9 ilO 1 1 0  9 i11 1 8 8 
7 9 8 6 9 9 8 1 1  n o 1 o 8 8 1 9 9 1 9 -a o 9 10 1 1 o 9 ., , , 8 8 
7 9 8 6 9 9 9 1  11 n o  1 0  8 8 , 8 9 11 0 1 0  9 1 0  1 1 0  9 n l  8 8 
7 9 8 6 9 9 9 j 1 1  a o 1 o 8 8 1 8 9 �� o 1 o 9 1 o 1 1 o 9 1a� 8 8 
7 9  8 6  9 9 9 1 1 0 1 0 1 0  8 8 1 8 9 1il 0 1 0 9. 1 0  1 1 0 9 1  88 8 
7 9 8 6 9 9 9 j 1 0  a o  a o 1  9 8 8 9 1 0  n 9 11 0  1 1 0 9 9 8 
7 9 8 6 9 8 9 ! 1 0 1 0  1 0  I 9 8 8 9 � 0 1 1  9 11 0 ,- :1 0  9 9 1  8 8 

6 I I I I ' I 8 � 1 : 8 9 8 9 1 a o l o 1 o I 9 8 I 8 9 ,:� o :1 11  1 9 11 o 1 1 o 9 9 l  9 

I · I I . I -· . l I 
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Fol l i cle number  
� ----,------· ------r- -------1------�.------ t----- -----t- ------- � - ---"- ---- - --

1 1 ! 2 I 3 4 I 5 l 6 I 7 I 8 I 9 : 1 0  
1 ----i------+--------t--------,------+------�-------�--------r------�----
' I I I I I I I I I 
1 7 9 'l 7 � 1 9 8 8 1 1 o 1 0 1 o :  9 8 I 8 9 1 1 o 1 1  l 9 1 0  l 1 1 9 1 1 ! 7 8 
I 7 9 7 6 I 9 8 8 I 1 0 1 0 1 0 l 9 8 I 8 9 l 1  0 1 1  I 9 1 0 I 1 1  9 11 \ 7 7 
I I 8 9 9 I 1 0 1 0 I I I I I 1 1  10 9 I I l 8 9 9 j  I l I I \ 1 1 10 9 I 
I I 8 8 ? I \ I I I 11 I 
I I 8 8 ') I I ' I I I I I I 8 8 9 l i t I I I I 
I I 8 8 8 1  I � I : I I 
1 I 8 8 8 1 I I I I I I 
I I 9 8 8 1  I I I I I I 
I I I I I I I I I 
I : 9 8 8 1  l ! I I : l 
I I I 9 8 8 1 I I I I I I 
I I I 9 8 d I I I I I I 11 1 I I o 1 I 1 I I I 
I l I 9 9 8 1  I I I I I I !----j _ _ _ _ _ _  l _ _ ____ _ �- - - - - ---�------1 ______ 1 _ _ ____ _ �----- ---�------�----
lsum 1 7 83 77'1 
I 1No .  o f  c ell s 

1 5 6 7  

1 1 0 2  1 1 7 1 77 
�ean cell  hei ghts  I . ,7 . 7  6 . 7 8 . 9 
I 

1 33 7  9 1 3 

1 42 1 0 3 

c 4 ") .  b . 9 

8 5 1  1 1 89 1 1 5 7 1 42 4  5 6 5  

9 8  1 2 5 1 2 8 1 4 5 75  

'6 . 7 '1 . 5 CJ . O 9 . 8 7 . 5  
!Sum of  s o. uar·es lb044 5 279 1 400 1 1 ;:b8 1  8 1 5 3  743 3 1 1 3 8 5  1 0 53 7 1 40 50 42 7 5  
�----------------------------------------------------------------------

Mean of mean cell hei ght s of folli cle s  = 8 . 7 uni t s  

. . . .  



.APPJ!N DI X VI I - 71  -

�yro i d  Acinar Cell Heights o f a Normal Dairy Cbw 11 �alify • 

Follicle Number 

1 2 3 4 5 6 7 8 9 10  

8 7 8 10101010 lOll ll lO 10 10 9 6 1010 ll 9 8 10 10 10 1013 9 10 7 7 8 8 9 9 9 9 1010 10 10 

8 7 101010 10 lOll ll lO 1010 9 10 1010 10 9 8 1010 10 1013 10 10 10 101010 8 10 ll ll 101010 10 

8 7 10 ]1 1010 10 ll ll l0 10 9 9 10 101010 9 8 10 10 1013 10 10 ll 11 ll 9 8 10 11 11 9 9 9 9 

8 8 10 11 1010 1011 ll l0 10 9 9 10 101010 9 8 10 1013 10 10 ll 9 9 9 8 10ll 11 9 8 8 8 

8 8 10]1 10 10 1011 10 9 10 9 9 10 1010 10 10 8 10 10 13 1010 9 10 1010 8 1011 11 8 8 8 8 

8 8 1011 10 10 10 11 10 9 10 10 9 10 10 1010]0 8 10 1012 10 10 10 101011 1010ll 11 8 6 6 6 
7 8 10U l010 10U l0 9 10101010 101010 10 8 10 10 12 10 10 ll 10 10 10  101011 10 6 7 7 7 

7 8 10 11 1010 1011 10 9 10 10 10 10 1010 10 l0 8 10 1011 10 10 1010 1010 101010 10 7 7 7 7 

7 8 1011 10 10 10 11 10 6 10 10 10 10 li) 10 10 10 8 9 9 ll l010 10 1010 9 1010 1010 7 7 7 7 

8 8 10 101010 1011 10 6 101010 10 10101010 8 9 9 101010 9 9 8 8 1010 10 10 7 7 1010 

7 8 10 1010l0 lOll lO 6 1010 10 10 101010 10 7 9 9 10 1010 8 8 8 8 1010 9 9 10 

7 8 101010 9 1011 10 6 10 1010 9 10 9 10 10 7 9 9 101010 8 8 6 8 9 9 9 9 

7 8 10 10 10 9 1011 10 6 10 10 10 9 10 10 10 lO 8 9 9 11 1010 8 6 6 6 9 9 9 10 

7 8 10 1010 9 lOll 10 JQ 10 10 10 10 1010 10 10 7 9 9 ll l0 10 6 6 . 10 12 12 12 
7 8 101010 9 lOll lOlO 10 10 1010 10 10 9 10  7 9 9 U  10 10 12 1010 10  

7 8 1010li) 9 10 11 1010 10 1010 10 9 10 9 ll  7 10 9 ll l0 l0  1012 12 12  
8 8 10 1010 9 1011 10 10  10 101010 9 8 9 ll  7 ll  9 ll l0li) 12 12 12 12  
8 8 lf) 1010 9 1011 10 10 9 101010 9 9 9 11  6 11  10 1010 10 12 12 11 ll  

8 8 1010 9 9 '. 1011 10 10 9 10 9 10 9 10 9 ll  7 ll  10 10 10 9 12 12 12 12  
8 8 1010 9 9 10U l010 9 9 9 10 9 10 9 11  7 11  1010 9 10  12 12 12 12  
8 8 1010 9 9 1011 10 li) 9 9 9 1.0 9 JQ  9 11  7 ll  10 9 9 10 12 1010 10 
1 8 1010 9 9 lOll 1010 9 9 9 10 9 10 9 ll  6 ll  10 9 9 10 1010 1010 
1 8 1010 9 9 lOll lOlP 9 9 9 10 9 10 9 10  6 ll  ll 9 9 l0  1.010 10 10 
7 8 1010 9 9 10]1 1010 9 9 9 10 9 10 9 10  7 ll  ll 9 10 101010 :10 
7 8 101010 li) 10 11 10 :10  9 9 6 10 9 10 9 l0  7 ll  12 9 :10 1012 12 12 

1 8 10 10 10 l0  10 11 10 l0  10 9 6 l0  9 10 9 l0  10 10 13 9 l0  12 12 13 13 
1. 8 10101010 lOll lOlO 10 9 6 10 9 ll  9 10  10 10 13 9 l0  13 13 12 12  

101010l0 1011 10 10  10 9 6 ].() lO ll 9lP D lO lO  13 9 l0  l2 ll ]l 1J.  
10101010 101010 l0 10 1010 10 101010 l0 ll ll ll ll  

� 
"' . . �  . L 



1 2 3 

101010 1010 1010 

101010 9 

9 9 9 9 

9 9 1010 

10 10 10 10 

10 10 

am 
422 1278 1381 

No .  o f  Cell s 
55 129 138 

Mean Cell height s 

7 . 7 9 . 9 1 0. 0 

Slm of squares 

3250 1 2686 139 43 

APPENDIX VI I ( Cont td. ) 

Follicl e Number 

4 5 6 

9 9 9 9 i 10 10 1010 

9 8 8 8 10101010 

9 9 9 9 10 9 9 9 

9 9 9 9 9 9 9 9 
9 9 10 10 10 

1010 10 10 

125 6 137 6  559 1 07 6 

133 1 41  63 1 06 

9 . 4 9 . 6 8 . 9  1 0. 2  

11960 1 3478 51 05  11 036 

Mean of mean cel l  heigh t s  of folli cl e s  • 9 . 5 uni t s .  

' ,  

- 72 -

7 8 9 10 

ll ll ll ll  
ll l0 1010 

1010 

48 4 1368 370 

54 130 47 

9 . 0 10. 5 7 . 9  

445 6 1 4586 31 04 



1 2 

5 6 6 5 4 4 3 
5 6 6 4 4 4 3 

5 7 6 4 4 4 3 

5 7 6 3 4 4 3 

5 7 4 3 4 4 3 

5 7 4 3 4 4 3 

5 7 4 3 4 4 3 

5 7 4 3 4 4 3 

5 7 3 3 4 4 3 

5 7 3 3 4 4 4 

5 7 3 4 4 4 4 

5 7 3 4 4 4 4 

5 7 3 4 4 4 4 

5 7 3 4 4 4 4 

5 7 3 4 4 4 4 

5 7 3 4 4 4 4 

5 7 3 4 4 4 4 

5 8 3 4 4 4 4 

5 8 3 4 4 4 4 

5 8 3 4 4 4 4 

5 8 3 4 4 4 4 

5 8 444 4 4 4 
5 8 4 4 4 4 
5 7 4 4 4 4  

6 7 4 4 4 4 
6 7 4 4 3 4 
6 7 4 4 3 
6 7 4 4 3 

.APPENDIX VI I I - 73 -

'lhy roid Aci nar Cel l Heights o f  a Dairy Cow "CG.li ver 11 
Fed Thy ropro tein ( J O grams daily o ver 1 4day s) 

Foll i cle  bber 

3 4 5 6 7 8 

5 5 4 6 5 5 5 5 5 6 a 5 5 5 5 7 5 6 5 5 5 

5 5 4 6 5 5 5 5 5 6 4 5 5 5 5 7 5 6 5 5 5 

5 5 4 6 5 5 5 5 5 6 4 5 5 5 5 7 5 6 5 5 5 

5 5 4 5 5 5 5 5 5 6 4 5 5 5 5 7 5 6 5 5 5 

5 5 4 4 5 5 5 5 5 5 3 5 5 5 5 7 5 6 5 5 5 

5 5 4 4 5 5 5 5 6 5 3 5 5 5 5 6 5 6 5 5 5 

5 5  4 4 5 5 5 6 6 5 3 5 5 5 5 6 5 6 5 5 6 

5 5 5 4 5 5 5 6 6 5 3 5 5 5 5 6 5 5 5 5 6 
5 4 5 4 5 5 5 6 6 5 3 5 5 5 5 6 5 5 5 5 6 

5 4 5 4 5 5 5 6 6 5 3 5 5 5 5 4 5 5 5 5 6 

5 4 5 4 5 5 5 6 6 4 3 4 5 5 5 4 5 5 5 5 6 

5 4 5 4 5 5 5 6 6 4 3 4 5 5 5 4 5 5 5 5 6 

5 4 5 4 5 5 5 6 6 4 4 4 5 5 5 4 5 5 5 5 6 

5 4 5 4 5 5 5 6 6 4 4 4 5 5 5 5 5 5 5 5 6 

5 4 5 4 5 5 5 6 6 4 4 4 5 6 6 5 5 5 5 5 6 

5 4 5 4 5 5 5 6 7 4 4 4 6 6 6 5 5 5 5 5 6 

5 4 6 4 5 5 5 6 7 4 4 4 6 6 6 5 5 5 5 5 6 

5 4 6 4 5 5 5 6 7 4 4 4 6 6 6 5 5 5 5 5 6 

5 4 6 4 5 5 5 6 7 4 4 4 6 6 6 5 5 5 5 5 
5 4 6 4 5 5  5 6 6 4 4 5 6 6 6 5 5 5 5 5 

5 4 6 5 5 5 6 6 4 4 5 6 6 6 5 5 5 5 5 
5 4 6 5 5 5 6 6 4 4 5 6 6 6 5 5 5 5 

5 4 6 5 5 5 6 6 4 4 5 6 6 6 5 5 5 5 
5 4 6 5 5  5 6 6 4 4 5 6 6 6 5 5 5 
5 4  6 5 5  5 6 6 4 4 5 6 6 7 5 5 
5 4 6 5 5  5 6 6 4 4 5 5 6 7 5 5 
5 4 6 5 5 5 5 6 4 5 5 5 5  7 5 5 
5 4 6 5 5 5 5 6 4 5 5 5 7 5 5 

9 10 

5 5 4 4 6 5 5 6 

5 5 4 4 6 5 5 6 

5 5 4 4 6 5 5 6 

5 5 4 4 6 5 5 7 

5 5 4 4 6 5 5 7 

5 4 4 4 6 5 5 7 I 

5 4 4 4 6 5 5 7 

5 4 5 4 6 5 5 7 

5 4 5 5 6 6 5 7 

5 4 5 5 6 6 5 7 

5 4 5 5 6 6 5 7 

5 4 5 5 5 6 5 7 

5 4 5 5 5 6 5 7 

5 4 5 5 5 6 5 7 

5 4 5 5 5 6 5 7 

5 4 5 5 5 6 5 6 

5 4 5 6 5 6 5 6 

5 4 5 6 5 6 5 6 

5 4 5 6 5 6 5 6 

5 4 5 6 5 6 5 6 

5 4 4 6 5 5 5 6 

5 4 4 6 5 5 6 6 

5 4 4 6 5 5  6 6 . 

5 4  4 6 5 5 6 6 

5 4 4 6 5 5 6 6 

5 4 4 6 5 5 6 6 , 

5 4 4 5 5 6 6 

5 4  4 5 5 6 6 



1 2 

5.mt 
532 31 6  492 
fu .  of Cell s 
1 06  82 1 04  

Me an  Cel l Heigh t  
5 . 0 3. 9 4. 7 

am of Squares 
2920 1 228 2870 

3 

APPENDI X  VI I I  ( C()nt ' d. ) 

Folli cl e  Number 

4 

5 5 5 5 

5 5 5 5 

5 5 5 5 
5 5 5. 5 
5 5 5 5 

5 5 5 5 

5 5 5 5 

5 5 5 5 

5 5 5 5 
5 5 5 5 

5 5 5 5 

5 5 

81 0 

158 

5 . 1 

4980 

5 

5 20 

110 

4. 7 

6 

560 242 

1 02  47 

5 . 5 5 . 1  

3126 1 25 2 

7 

Mean of m ean cell heights of follicles ... 4 •  9 units 

74 -

8 9 10  

I 6 5 5 5 

5 5 5 5 

5 5 5 5 
5 5 5 5 I i 5 5 5 5 1 5 5 5 5 

! ! 
I 

382 464 751 

74 100 1 48  

5 . 2 4. 6  5 . 1 

1 622 3701 



APPJ!N DI X  IX 
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'lhyro id Acinar Cell Heights o f  a Dairy Cow 11Unmask 11 , Fed Thiourea 

(25 gram s daily over 21 day s) 

1 2 

35 35 35 J) 24 24 25 25 

32 J5 J.5  Jj 25 25 Cb C6 

32 35 24 25 aJ 23 a) aJ 
33 a; 25 25 24 24 24 a+  

34 2J ::D CD :?2 22 22 :?2  

34 :?2 :?2 :?2 :?4 24 2.3 2.3  
34 22 22 2.3 2.3 en ro m 
34 2.3 2.3 2.3 CD 7 7 8 

36 25 25 24 8 8 8 10 

36 24 ctl lB  10 10 10 l0 

38 l8 l8  � J) J) J) J)  
38 22 22 :?2 25 25 25 25  

38 22 24 25 25 25 24 24  

36 2j 2j 2j 24 24 24 2.3 

36 25 � 24 2.3 2.3 2.3 2) 

35 24 24 25  2) Cl) 2) 2)  

32 C8 CB 25 2) 2:) 2) 24  

32 2j 25 2j 24 24 24  

32 25 25 JJ 

32 J) JJ JJ  

32 3) JJ 32  

3) � )2 32 

31 )2 )2  23 

' 

3 

CD CD CD ID  
2J CD 2) 2J 
2) 2_3 2_3 2)  
2) 2) 2) 2)  

� :?2 22 :18  

:18 18 18 24 

24 24 25 3) 

JJ � � �  
34 3t � 34  
34 35 J0 3S  
35 �34 3?  
� 3i 34 34  
J) JJ 3? 3?  
32 32 3) 33  
33 33 24 24  

2J CD 2:l CD  

CD 24 24 24 

24 2J 2) 2) 

J.B lB  lB 19 
19 19 19 19 

lB lB J.B lB  

lB lB 18 25 

2[ 2{ 2{ 2{  

� 

I 

Follicl e  Number 

4 5 6 

:P 303) J) 25 25 25 25 24 24 24 24 

:JJJJ?P :JJ 25 25 25 25 2J 2) 2) CD 

CD 30 30 J)  24 24 24 24 2) 2:) :?2 :?2  

3030 30 30  arat 24 24  :?2 24 242::1. 
J) J) J) JJ 24 2.3 2.3 2.3  24 24 22 CD 
J) JJ J) :JJ 2) 21. 21. 21.  :!) :!) 2) :?2  

JJJ)J) JJ 2L 19 19 19 :?2 :?2 22 2) 

JJ JJ J) 23 2:) 2) 2) 2)  25 05 25 27 

23 23 23 23  2:) 2) 19 19 2{ 2{ 2{ 'J3  
aS ai a:i 24  CD 24 24 al  30 J) J) JJ 
24 24 24 24 24 3) 20 2)  23 CB JJ JJ 
24 24 2.3 2.3 18 18 18 18  32 3? 3? 32  

2.3 2.3 2.3 23  c£22 23 2.3 35 35 35 33  
2) 2) 2) 2) 2) 2_3 22 �  3.3 32 32 32  

2) 2) 2) 2) 2:) 2) 2) :!)  32 >? C13 23 
CD lB lB lB  2) 23 23 'i£ C8  

lB lB lB lB 25 25 25 25  

l8 2J 2j 2j  2[ 2{ 27 2{  
2j 23 C8 23 JJ � >? >?  
23 23 23 23  32 � 31. 31.  
CS CB  31- J) J) J)  

J) JJ J) J)  
CB CB CB a)  

' 
,j�\ • : M 

7 8 9 

24 24 24 24  � � � :?2 CD CD z:l CD  
25 25 25 25  � 24 24 a+ CD CD :?2 :?2  

25 25 24 24 24 24 C6 aS  2) 2) 2J aJ 
24 2:l 2:l CD a) a) a) 2_3  2:) 2) :!) 2:) 

. 

:!) 2) 2:) Cl) 25 25 25 25 J.8 J8 J8 18  

CD CD CD CD  25 25 25 2.3  18 J8 J8 J.8 

2:> 18 18 18  2.3 2.3 2.3 2.3 lB 1010 10 

C0 2) 2) 2)  � 22 22 22 10 l0 12 12  

22 22 22 22  � :?2 :?2 a) 12 12 15 15 

24 24 24 24  a) a) a) a3  15 15 15 15 

23 CB 23 CE a3 23 23 a:i  15 CD CD CD 
cs a:; a; a;  Cb eb :?4 24 2) 2) J.8 18  

aJ Cb 25 25  24 24 24 24 18 lB J.8 J8  

25 24 24 24 24 J8 2) 3) 2)  

a; a; a:; a_;  2) 2) 2') 18 

2j 2j 2j � 18 l8 l8 18  

2j 2j 2j 25 1.6 1.6 l6 l6  

25 aJ aS aS 17 17 17 17 

a:; a:; ca 23  lB lB JB lB  
33 23 23 3) 2) 2) 2) 2) 

JJ 31. 3L 31.  21. 21. 21. 21.  

a; a; a; a; 21. 22 22 :?2  

2j 2j � 25 22 24 24 :?4  
-

" 

-LI ...: ' . ,  

10 

a::> a:> CD CD 
m m  m en  
2) 2) Cl) C0  

4n ::D CD CD  
2) 2) 2) 21.  

21. � :?2 22  

22 22 24 a+ 

24 24 24 �  

25 25 :?2 2) 

2) 2) 2) 2)  

CD CD lB lB 

l8 18 18 lB  

l8 19 19 19 

19 19 19 19 

2) 2:) Cl) 2) 

:?2 :?2 22 �  

:?2 2j 25 2j 

25 25 24 24 

2.3 2.3 2.3 2.3  
:?2 

I;:,_ • . 



1 2 3 

28 Z{ Z{ Z{ Z{ Z{ Z{ C!) 
22 22 22 22 1 2J J5 J5 33  
2) 2) 2) 24 � 35 � � 
?4?42.5 25 � 32  
25 2.3 2J 2) 
20 2J a3  a3 
28 J5 33 J) 
36 33 J3 J) 
36 � �  

fhm 
3659 1521 2500 

Numb er of Cell s 
131 71 97 

Mean Cell Height 
27. 9 21 . 4  25 . 8 

SJm o f  Squares  
06209 35 039 68914 

4 

I 

1177 

50 

23 . 5 

28353 

.APPllNDI X  IX ( Cont 'd. ) 

Folli c1e Number 

5 6 

i , � a5 ?4 ?4 1 
1 24  
I 

1389 2632 

64 97 

21 . 7  27 . 1  

1 221 

53 

23. 0 

30493 7295 2 25319 

7 

Mean of  mean cell heights of  follicles  • 23 • 9 units .  

- 76 -

8 

25 

2367 

94 

25 . 2  

6o003 

9 1 0  

I 
?4 ?4 2422 ! 

l 22 � 22 CE ! 
I 22 21. 21. a i 

a a 

2011 1 623 

1 07 77 

18 . 8  21 . 0  

38949 34549 

- "" '·� . 

i 
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APPENDIX X· 
OBSERVATIONS ON AC INAR 

= fi5 
HE IGHT.t. { 1;n USi ts-1 : 1 uni � 

NJJ.m �F 0-;-:, �rARTZ. l TREAT�llENT 
CELL FOLLICLE lW JYJ.l:11!iJ:( , 
NO. 1 2 3 4 5 6 7 8 
l. 5 5 5 5 6 'f 5 , 
2 6 5 5 4 7 6 6 6 
3 5 4 6 4 7 5 7 8 
4 7 5 5 5 5 6 6 6 
5 6 6 5 5 7 4 6 5 
6 5 5 6 5 7 , 7 7 
7 5 4 5 4 7 6 5 6 
8 6 4 5 5 6 5 6 5 

I I 
TOT AI 44 38 42 37 53 46 48 50 

5. 5 4. 8 5. 3 4.6 6. 6 5. 8 6, 0 �. 3 
Mean Acinar eel: he1gllt ot' tne gJ. m d  m: 5. 57, 

A£:PENDIX_ NO, XI . 

OBSERVATIO-N S  ON ACINAR CELL ITE IORT ,  

NAME C 
(fri Uni�S ; 1 unit = Jf15 1: ) • 

F COW s L ,\RKSPUR. _..!._ TRE A.TMENT 
CELL FOLLICLE NtrMBER . 
NO . t1 2 3 4 5 6 7 8 

1 10 10 10 9 8 10 I 8 8 
2 8 11 10 9 7 8 8 9 
3 � 9 11 10 8 10 8 8 

4 11 9 8 9 9 10 'I 

5 � 10 8 10 10 9 7 8 6 13 11 9 10 8 9 8 
7 � 11 10 9 9 8 8 9 
a 10 11 8 10 8 9 a 

TOTAL� 6'1 85 80 'I! '11 'fO 6'1 65 
8_-_4 0 . 6  10.·0 g . o  lD.Q s. a 8.4 1 •. 1_ 

att __ c!.na.r cell height o-r the gland o .o9. 

t NORMAL . 

9 10. 
5 5 
4 6 
5 6 
6 5 
5 6 
5 I 5 
6 5 
6 6 

42 I 44 

5. 3 5. 5 

t NOBMAL. 
� 

9 10. 

8 7 
10 10 
12 10 
10 10 

11 7 9 9 
8 9 10 9 

78 71 
9. 6 9.0 
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APPliJJDIX XII, 
OBSERVA'i!ONS ON AD mAR CELL HEIGHT ( in  Uni ta ; 1 Unit =l� t  5 JK ) • 

IREA'n1ENT I NORMAL .  

NAME 1 No 67 ' • • 
CELL FOLLICLE NuJVJ .l:il:liR. 
N O .  

1 2 3 4 5 6 7 8 g 10 

1 6 7 6 6 rr 6 5 7 5 6 
2 6 ' 5 6 6 5 7 ' 6 7 
3 5 5 5 6 7 5 6 6 , , 
4 5 6 6 6 5 6 6 7 6 8 
5 5 6 6 6 4 6 5 7 7 6 I 
6 7 7 5 6 6 5 5 6 6 7 
., 5 7 6 5 6 5 6 7 6 6 
8 7 6 6 5 5 5 5 7 6 6 

TOTAL 46 51 45 46 46 42 45 52 49 5 3  

5. 8 6. 4 
-

5 . 6  5. 8 15. 8 5. 3 5. 6 t§_. 5 16. 1 6. 6 

Mean acinar cell height of t he gland = 5. 9 5 .  

· APPEN'DIX NO . :x:III . 
T • ( in Units ,  1 unit c '/. 5,.u ) 

TREA'l!dENT NORMAL • ' 

NO 1 2 3 5 6 7 8 9 10 

1 7 a 10 'I 9 7 6 9 10 8 
2 ' 8 10 6 9 7 5 8 g 10 
3 , 7 , ' 8 6 " 8 9 e 4 s 9 7 a ' 7 8 ' 8 ' 
6 8 a 11 8 , 5 ' , , 
6 e ' a 8 8 6 6 8 ' a " ·e 9 , 8 6 6 6 , 6 10 
8 ' 8 " , 5 ., e 8 10 10 



1 2 
3 
4 
f>. 6 , 
8 

5 
6 
6 
6 
6 
5 
6 
5 

- 79 -

APPENDIX HO. XIV. 
Cfi AC mAR CELL HEIGRT (In 'Units; 1 un1 t = ... 5 

5 5 7 6 6 5 8 6 6 6 5 6 6 ' 
5 5 5 7 5 a e 
5 6 .,., 6 7 7 6 
5 ' 6 6 6 , 7 
5 5 6 7 6 s ' 
6 6 , 8 7 7 6 
5 5 6 9 6 6 5 

Mean ac inar cell height of the gland = 6. 37 

7 6 
6 
8 
8 
7 
a 
7 

APPENDIX N O . �· 
OBSERVATIONS ON AC INAR CELL ImiGH (i_rl Uni t s ;  1 Uni t = f.�5 L' ) 

NO. 16. TREA.TMENT : NORMAL. NAME : 
OKLL FOLLICLE f01JBER 
NO. 1 2 3 4 5 6 7 8 g 

1 6 6 10 7 8 5 0 7 6 2 6 6 6 7 7 7 9 7 6 
3 6 , 7 6 9 6 0 6 8 
4 " 7 7 6 0 7 7 7 9 
6 7 . "l  7 7 7 7 8 7 8 6 8 6 6 7 6 6 7 7 8 , 8 6 6 6 7 6 8 8 8 
8 6 , 7 6 7 7 , 8 8 

!Q'l'AL 54 52 56 52 6'7 51 1>6 5"f 51 
6 • .8 6. 5 'f. O 6� 5 7. 1 6. 4 a. a 7 •. 1 �.6 

an aeinal' cell h ight of the gland • '7.14. 

10. 
8 
7 
7 7 
8 
7 
7 

10 . 
7 
8 
9 
9 
8 
8 
9 
8 

65 

a. a 
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OBSERVATIONS ON Ao'fu�B'� (in Uni'ta J 1 unit • tJS_��- ) .  NAME 1 PAGAN TREATMENT s NORMAL • • 
CELL FOLLICLE NUMBER. 
NO. 1 2 3 4 5 6 7 8 9 
1 10 6 7 7 7 7 8 7 8 2 10 7 7 6 7 8 10 10 7 3 7 'l 7 7 8 ., 8 8 6 4 9 6 7 7 9 7 9 9 6 5 8 , 7 7 B 9 8 ., 7 
6 6 7 6 '1 , 10 9 8 7 7 10 7 7 7 g 7 7 6 6 8 10 6 7 . 7  7 8 8 9 7 

TOTAL 70 63 55 55 62 63 87 64 M 
8. 8 7. 9 6.9 6.9 7. 8 7. 8 8. 4 8. 0 6 . 8 

Mean acin� cell he ight of the gl and = 7. 81 

10 

10 
10 

9 
9 
8 
7 
9 
8 

'70 
e. 8 

APPENDI4 NO . XVII.  OBSERVATIONS ON AC TI!AR Cr�LL I-!F,JGH'f (lin Uni ta l 1 uni t = ,,5 1: ) • NAME • TRAllP TRJ�;\·rMENT • N ORMAL . 
• . . . CELL FOLLICLE NUMBER. 

lfO. 1 2 3 4 5 6 7 8 9 10 

1 6 7 5 7 7 8 6 7 6 6 2 6 7 5 7 7 8 6 7 6 7 3 7 6 6 6 6 7 6 7 6 7 4 7 6 6 6 6 8 7 6 7 ' 5 6 7 5 7 6 6 7 6 7 , 6 6 7 6 , 7 7 6 6 7 , 7 6 7 6 6 6 7 6 ., 6 7 8 7 7 5 6 ., a 7 '1 6 7 

TOTAL 11 M 44 52 52 59 51 .. 51 55 
6.4 6..8 5.5 6. 5  6. 5 1'1.4 6.4 6 . 6  l6.4 6.9 

an ao1.n8.1' hell height Gf the gl and • 6.- M 

I 

I 
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Q'Pllt»II NOs MII. · . OBJ·· .VATIONS ON ACINAR oELt HEIGHT (in unita. ;  1. tmit • I �- t TIXI . TREATMmT a NOR 
o . i FOLtrctE N'u1ll3ER • 

NO . 

1 .  
2. 
3. 

4. 
5. 
6. 
7. 
a. 

TOTAL 

1 2 3 4 5 6 , 8 

6 .,., 6 5 .,., 6 '7 .,., 
6 7 5 5 ., 5 6 6 
6 6 5 6 6 7 , 5 
6 7 6 6 5 8 6 6 
6 r/ 6 6 6 6 7 5 
6 6 .,., 7 5 7 6 6 
., 7 5 6 7 6 7 6 
6 7 6 6 7 7 7 5 

49 60 4(3 47 50 52 53 48 
6. 1 l 7. 5  5. 8 ' 5. 9 6�.3 6 . 5  6. 6 5. 8 . 

. Mean acinar cell he ight of' t he  gl and = 6. 33 . 

APP.mDIX UO. XIX. 

9 

5 
6 
6 
.,., 
7 
6 
5 
6 

48 
�_.o  

10 

'7 
.,., 8 
6 
7 
, 
6 
6 

54 
6. 8 

�l/lfRVATIONS ON AC INAR CELL HEIG.:ffl' ( in Uni te ;*  unit • 'I, 15M ) • 
I : PllLOX. TMATAmT :t NoRMAL� 
CELL F OLT�ICLE l'f'uMBER . 
NO. 1 2 3 4 5 6 7 8 9 10 

1 .  6 9 7 10 6 6 8 7 6 10 
2. 6 10 8 8 7 8 9 7 10 9 
3. 7 "' 7 9 5 9 10 6 10 9 
4. 6 10 9 8 8 7 9 7 9 10 
5. 6 a 7 10 4 '  9 ., 7 10 7 
6.' 7 7 8 8 6 7 6 9 7 9 
7. 8 9 8 8 7 5 7 8 6 9 
e. '1 10 8 9 8 8 10 9 9 8 

'l'OTAL 53 '70 62 '10 .51 59 66 60 6'7 _"i1_ 
6. 6 _a. a 'l 7. 8 S.S_ ·e. 4 '(. 4 8. 3 7 • .5 �.4 8_.9 

Mean acinar cell height o:f t he gland • 'T. at .  

I 



- 82 -

AP:Plim!X NO. 16• O BSERVATION S ON ACINAR CELL HSICHIT ( in  Uni� ll: ��).  N_.AME· SQUm;! ' s • PotL!�t;� NU mER. OELL 
N O .  1 2 :s 4 5 6 , 8 9 10. 
1 .  6 5 6 6 7 7 6 7 7 7 2. 6 6 5 5 6 7 7 6 5 6 3 .  5 6 4 ., , 6 6 6 6 8 4. 6 5 5 6 6 5 , 5 5 7 15. 5 5 4 7 7 

I 
4 6 7 7 6 6 .  6 6 5 6 5 5 't , , 5 '· 5 5 5 7 6 5 6 7 6 8 a. 5 5 4 6 5 6 5 6 5 ., 

TOTAL s 44  43 38 50 49 45 50 5.1 48 54 
5. 5 5. 4 4. a I 6. 3 6. 1 5. 6 6. 2 6. 4 6 . 0  6. 8 

Mean ac inar c ell height of t he  gland = 5.91 

APPENDIX NO ., JgQ: .. 
OBSERVAT IONS ON AC :inAR CELL I-iliiGHT ( in Units: 1 unit = 1.� ���) .  BAKE : N o .  51 . TREA'l1iim!' : !fdiD1'.AL . cEfiL FOLJ..,J CLE NUMBER . 
NO. 1 2 3 4 5 6 7 8 9 �.o. 

1 .  10 7 10 8 10 , 10 8 9 9 2. 8 8 10 rl 9 6 10 9 9 8 3. 10 8 11 7 , 8 8 11 8 9 
4. 10 9 '  9 8 6 a 8 11 6 9 5. 10 a a 9 7 ., 10 11 9 a a. 8 8 10 8 9 7 8 ., 9 ' '· 8 10 11 9 10 8 10 g '1 10 a. 8 9 a 6 7 9 8 8 8 
TOTAL t 7a  6' '78 64 M 18 'T3 '(4 ··· us 68 

19.0 s .... 9.8 8. 0 e.o ,. 3 19.1  t.J 1l.l 8 .. 5 

Mean acinal' cell height ot t ho.  gland • e. ss. 



- 8} -

APPllfDIX NO, XXII ,  
OBSERVATION S ON ACl1lAR OELL HEIGHT ( in  Un!_!�t l uni t • 1.:43� . N� t No. 19. TREATMENT s NO�At: d .. .......,._ 

FOLLICLE NUMB.ER. NO . 1_ B � 4 5 6 7 a 9 10. 
1 6 10 7 7 6 9 6 6 8 7 2. 6 10 7 8 5 8 5 7 7 7 
3.  6 7 7 6 6 9 6 7 7 6 
4. 0 ., 8 6 7 4 •r 6 5 6 5. 9 7 6 5 5 8 7 6 8 :rr 
6. 7 7 6 7 7 4 7 6 6 7 
7. 9 7 8 5 7 6 8 5 7 6 s. 7 6 7 7 6 5 6 6 5 5 

TOTAL 60 61 57 51 - 14.2_ __ _§3 52 ��9 53 51 
Y"/, 5 . '7. 6 '7. 1 6 . 4  6, 1 6. 6 6 . 5 6 . 1 6. 6 6 ._1._ _____ ,. Mean �:tnar ce!! tteJ:gnt or tne gl.31ld c: o.69. 
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APPIDf! �II. 
Observations an Ao-r el H·oight 

( in Unite ; l unit = • '/' ) • 

NAME OF COW 1 MONA, TREATMENT : Thyropr-otein 10 grama 4a1 ly-
over 14 d [B.VS. CELL POL ICLE N IUH�tr.U 

N o .  1 2 3 4 5 6 7 a 9 10 
1 5 3 3 5 4 3 0 5 4 4 
2 5 4 3 5 3 3 5 5 4 5 
3 5 4 4 4 3 4 4 5 2 5 
4 6 5 3 5 4 3 4 4 $ 5 
5 5 4 3 3 5 3 5 4 3 5 
6 6 4 4 5 3 4 4 4 4 4 
'1 6 5 3 4 4 3 4 4 2 4 
8 , 4 4 4 4 3 4 5 3 4 

TOTAL 45 33 27 35 30 26 35 36 25 36 
.e 4.1 3.A_ tt.4_ _3_. 8 3. 3 . 4  4. 5 :i.l •_4_.5 

Mean Acinar cell height o f  the gland = 4.11. 

APPENDIX XXIV. Observatimls on Acinar Cel l  Meight 
( in  Units ; 1 uni t = a 5 I ) • 

NAME OF COW : NELL . TREATMENT : �yroprotein 1 0  grams daily 
ove r 14 d tavs . 

CELL FOLLICLE �  UMH!iiR 
NO . 1 2 3 4 5 6 7 8 9 10 
1 5 5 6 5 5 7 6 5 5 5 
2 6 4 6 5 6 6 6 5 5 5 
3 5 4 5 7 6 ., 5 4 4 4 4 5 5 6 6 5 a 6 5 4 5 
5 ·  4 5 5 6 6 6 5 4 5 5 
6 5 3 5 6 5 a 5 6 5 4 
7 5 4 4 6 5 a 6 i 4 3 
8 4 4 5 5 6 6 6 4 5 5 

TOTAL 3.9 34 42 46 44 66 45 38 3V 36 �_.9_ 4. 3 . 6 • .3 . _15_.8_ 5._5 v.o 11.._6_ i4. 8  4.6 4.(; 
Me an AQ.inar cell height of the gland • 5. 23. 

I 

I I 
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APPINDlX No, XJY• 
O"baenatitm on Aeliial' Oell Height 

( 111 units ; l unit • t r- ) . 
N Al!tE OF COW 2 MANOOLDT • TREATMENT : 20 grams 'l'hyl'oprotEiin daily 
OELL 
NO. 
1 2 
3 
4 5 6 
., 
8 
TOTAL 

over 1 4  d .aY'S. FOLLICLE NUMBER 
1 I 3 4 5 6 7 8 
4 : 4 l5 4 4 2 5 4: 3 3 3 4 3 3 
s 2 5 2 8 4 a 8 
3 3 4 3 2 3 2 3 2 2 3 4 2 I 3 3 4 3 3 3 3 2 3 3 
3 3 3 3 3 3 5 3 
3 2 4 3 3 3 3 :3 

28 24 29 24 23 26 23 26 5.5 5. 0 3. 6 3. 0 2. 9 3�3 2.�9 l3. 3 
Me an acinar cell height of t he gland =- 3. 43. 

APPENDIX NO. XXVI . 
Observations an Acinar Cell He ight , ( in  units ; 1 unit :: t 5 1 ) • 

9 6 
5 
4 5 
I 
4 
3 4 

34 4.a 

10 
4 
5 
4 4 4 
6 

: 
36 

��4. 5 

N.AJ� OF C OW : L ILAC .  TREATr.mNT 2 30 grams Thyroprotein dai ly 
over 14 d l�fh 

CELL FOLLICLE NtmBER NO. 1 2 -� 4_ _5_ 6 '1 � � 10 
1 4 5 4 3 4 3 4 4 4 4 
2 3 4 3 4 4 3 5 5 4 4 
3 4 4 5 I 5 2 3 3 4 6 
4 4 4 5 6 4 3 5 2 I 4 6 3 5 6 3 5 6 4 3 5 4 
6 4 4 5 4 6 4 3 2 4 :!$ 
V 3 4 4 3 4 4 4 ,'1>"'2 4 I 
8 4 . 4 5 3 ., I I 3 3 2 

TOTAL !29 .M 3tt . se 3t 18 3.1 M 3_1_. 18 
- .6 14.3 4.6 3.1 �d 3 . 5  _s. e ��o _1_. 8 (�5 -, 

I 
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Obae:rvati�!tll !��11 rre1ght, (in units ; l unit =: ---15r) • .  

NAl� OF COW 1 SOPIDE. TREATMENT t 30 g rams Thyroprotein 4a.1ly-

CELL 
� 
1 
2 
3 
4 
5 
6 
7 
8 
TOTAL 

over 1 4 d::crs. FOLLICLE NUMBER 
l � 3 4 _6 6 7 8 
4 5 5 5 � 5 5 3 
4 4 3 5 4 5 3 
3 4 2 4 3 5 4 2 
4 3 9 4 3 5 4 3 
5 4 2 3 2 •l 5 3 
3 3 3 2 3 2 3 3 
4 3 3 3 2 4 5 3 
4 3 2 2 g 3 4 3 

31 .39 22 sa 24 32 3 5  23 
3_._9_ 3. 6 2 . 8  3. 5 3._0 ,�. o 4.4 2. 9 

Mean acinar cell height of the gl and = 3. 42 

APPENDif NO . �III 
Ob eerva t i ans on Ac nar de:l Height. ( tn  units ; 1 unit = t.o fA ) . 

9 10 
2 4 
3 4 
3 3 
2 3 
4 I 
3 2 
4 I 
4 2 

25 24 
3.1 3.-0 

NAME OF C(l)W : ULEX. TREATMENT : 10 grams Thyroprotein dailY' 
over 5 6 daYs. 

CELL FOL �IOLE NUMBER. 
NO . 1 2 3 4 5 6 7 8 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 6 3 4 4 5 5 5 
4 4 5 3 3 2 3 4 5 4 4 
5 4 4 4 4 3 2 4 4 4 3 
6 4 4 3 4 a 3 3 4 5 3 
rt 3 5 4 4 2 2 5 4 4 3 
a 4 5 4 3 I 2 4 4 " 3 

TOTAL 30 3'7 30 33 .sa sa M 35_ 3li 30 
.r. B �. 6 �. a 4.1 2., s.s 4. 3 4. 4 4.4 1 3. 8  

Moan aeiD.e:r c ll he1&Ut of the glsntl • 1. 88 
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�PJ!J>.IX NO.�IX, {ObservatiGns on Aca!' . Cell Beigbt, in lmi ts ; 1 uni t a f•J> 1 ) . 

N AME  OF COW : NOM. TREATMENT : 10 grams Thyroprotein daily 0ver 56 d�..:vs . CELL NO . 
1 
2 
3 
4 
5 
6 
7 
8 

TOTAL 

F_OLI ICLE N:l I M� 1 2 3 4 5 1l �. J3 
3 2 3 3 3 3 a 3 3 3 2 3 2 3 4 3 3 3 2 2 2 4 5 4 3 2 3 3 3 4 4 3 3 3 3 2 3 3 4 5 3 4 3 2 4 4 5 4 3 4 3 3 3 4 3 5 3 2 3 2 4 3 4 3 

24 23 22 20 24 28 32 30 ' .. o 12 . 9 2. 8 2. 5 3.Q �. 5 1;. 0 �8 
Mean a.oinar cell he ight of t he gland :: 3. 39 . 

APPENDIX NO . XXX. 
( Observations on Acinar cell He ight , in units ;  1 unit = 1 • .'6 !"-- ) • 

.9_ _:to 
5 5 
4 4 
5 5 
4 5 4 3 
5 4 
3 4 
4 3 

34 33 
4. 3 4. J. 

NAME OF C O� : TmDER. TP..SATI,mt�T : Thyroprotein fed up to 
'/& d b of' kill . f2SS_ e_ ore � J.ng. CELL FOI,L ICJ.� _llli r.&..R NO . 1 2 3 4 5 _§ _7_ 8 9 10 

l 14 1�- 7 10 10 10 16 10 ' 9 13 2 1 3  11 10 14 10 10 11 8 B 1 3  3 13 11 9 9 13 9 14 10 9 13 4 11 12 10 9 9 10 1 2  8 9 12 5 1 3  1 5  7 10 10 9 9 9 1 1  15 6 13 15 9 12 9 11 13 9 l.� 11 7 12 :1.1 9 1Z 11 12 13 11 12 12 8 13 10 10 9 9 11 10 g 11 12 
TOTAL 102 96 '71 86 81 82 9'1 82 81 101 V 119.7 12. 0 8. 9 10-."t  10. 1  '10. 3  12. 1 10. 3 10. 1 12. 6 Mean acinar eQll height o:t t he gland z: 10 .98. 

If 

I I 
I 
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APPENDIX NO, �!. -
( Obeex-vatian.a cm Ae1ilare11 Height, 

. 1n units J l un1 t • I. fA ) • 

B A.ME OF COW : UPS TAR! . TREATJ!PNT t Thyroprotein fed up to '16 
days before kill inP: • 

CELL . FOLLICLE ! .. u MJ:SJ!iH. • 
NO. l 2 3 4 5 6 ,_ 8 9 10. 
1 9 9 8 9 8 10 7 6 6 7 
2 8 9 9 8 7 9 6 7 6 7 
3 9 9 9 9 7 9 8 7 , 8 
4 9 9 8 9 8 8 8 6 8 , 
5 7 8 9 8 7 10 8 7 7 9 
6 9 10 8 9 10 7 9 , 7 a 
7 9 10 9 '1 9 8 7 7 6 9 
8 9 9 9 '1 8 7 'l 6 6 9 

TO 'l'.AI: 69 73 69 I 66 64 68 60 61 53 64 
8.6 9.l. 8. 6 .I 8.3 8.0 LE!•5 '1'·� 6. 6 6.6 � .o 

Me an ao1nar cell height o:f' t he  g lanCJ = a.oo 

APPENDIX NO . XXXI I .  
( Obse rvati on s  on Acinar cell height, 

in u.ni ts ; 1 uni t • �·1> , . ) • 
I 

N AME  OF COW : QU IRE TREATHENT ' Thyroprotein :f'e d up to '76 . 
de. before killin • cEEL 

NO. 2 

1 5 6 5 4 5 5 6 5 4 5 
2 6 7 4 4 5 4 7 4 3 5 
3 7 7 4 3 5 4 7 3 4 4 
4 6 5 ·1- 4 4 5 7 4 ., 5 
5 5 6 5 4 5 5 5 4 7 4 
6 5 5 5 5 15 5 5 5 4 4 
'1 6 6 s 6 5 4 4 5 3 5 
a 6 6 4 6 6 5 6 4 

TOT 

Mean acinar . 11. height o-r t he  �l and • 4. 96 

I 
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ttPBNDIX NO m;a:. , 
( O'bserYa 1<iiiJ 011 acliiair cell height, 

1n unite J 1 uni t = J{J5 r ) . 
NA!m OF COW 1 RAUPO, TREA�l.ENT : Thyroprotein fed up to 76 

OELL 
NO� 

1 
2 
3 
4 
5 
6 , 
a 

.TOTAl 

FOLLIC T,E NUM 
1 2 3 4 5 
8 10 10 11 10 
8 8 11 10 7 
9 10 9 9 a 
7 8 10 8 a 

10 9 8 9 10 
10 10 9 8 a 

8 11 8 7 '1 , 9 a 10 8 

67 75 73 '72 66 
8. 4 ll • .g,_ �._l.. �._g_ 1le3 

6ER. 6 
10 

9 
7 

10 
10 

a 't  
9 

70 
e. s 

clays e ore .sz. . 
b t killin 

7 6 9 10 

1 0  1 0  10 8 
9 11 a 7 , , 7 6 , 11 8 a 

10 8 7 8 
8 9 7 7 
7 10 8 9 
8 8 9 a 

66 64 64 61 
5. 3 8.o a.o '7. 6 

Mean a c ina.r c e ll  height of t he g land = 8. 49 • 

.AP:-"ENDIX NO, XXXV • 

. 

(Obseh'o.tione on acinar c ell he i gh t, 
in un1 t e ;  1 uni t = 1-.15 r- ) . 

NAME OF COW ; ROBBIE . TREATHEN'T : Thyroprotein f'ed up to 76 

CELL !rOLL ICLE N'UMB 
NO. 1 2 3 4 5 

1 12 10 10 7 7 
2 13 7 10 8 9 
3 8 9 12 ' 8 
4 7 9 10 10 8 
5 8 8 9 a 9 
6 9 7 9 , 8 , 1.1 10 9 9 10 
8 9 9 0 10 9 

TOTAl . '17  69 '"' 66 58 
ll'•t) s. () v. u a. � a. t' 

m 
6_ 
7 
g 
9 
8 
9 
' 
9 

10 

68 
u. a 

d b f killtn a :vs e ore .g. 
7 8 9 10 

9 8 7 7 
8 6 7 8 , 8 10 9 
8 10 10 8 
8 s 10 12 
'I 9 ' 9 
a ' 

9 10 
7 8 6 8 

62 64 66 '71 
l"felJ .a.o ,6.3 a.9 



NAME 
·oELL 
NO, 

1 
2 
3 
4 
5 
6 
., 
8 
9 
10 
11 
12 
1 3  

14 
1 5 
16 1'7 
18 
19 
20 

TOTAL 

- �0 -

APeiX lOa �I, 
(Observa�an ac � cell hei Bht , in uni ta .J, 1 un1 t • ' r ) . 

: QUACK. TREATMENT :1'l'hiourea 10 grama '7 days , 
21 da.x.@_ 15 d_� 14 di:crs. FOLLICLE 'NU!l:sER 

1 2 3 4 5 6 ? _§_ J� 1Q_ 

1 5  15 1 5  18 1 5  1 5 1 2  18 1 5 1 5  
16 15 14 19 1 5 1 5  1 2 1 7 1 5  1 5  
1 '1  16 10 1'7 14 16 13 1 8 18 20 
1 5  16 9 18 1 5  1 '7  1 3  20 18 1'7 
17 1 5  10 16 14 1 5 12 20 20 22 
16 16 10 10 13 14 1 2  1, S2 1 '7  
14 17 12 12 10 13 12 18 20 15 
15 1'7 12 12 11 13 13 16 18 17 
1 5 18 1 S  1 2  12 14 14 17 15 20 
16 16 14 13 16 14 11 18 1 7  20 

1 5  19 12 1 5  1 2  13 11 1 8 1 5  21 
15 17 14 1o 15 10 12 1 5  18 19 
1 5 20 13 1 3  1 5  11 11 17 22 1 7  
14 1'7 15 1 5 15 15 15 16 16 17 
1 5  16 1 3  25 13 12 16 16 20 1 8  

:1.6 1 7  1 5  20 10 16 1 5  1 7  1 9  21 
14 1 5  14 1 5  1 2  1 5  1 5  17 20 16 
13 15 12 16 1 5  1 5  15 18 1 5  19 
14 15 13 15 12 1 5  1 6  1 7  1 7  1 8  

1 5  16 10 1 5  13 10 1 7 1 5  1 7 22 

301 328 252 311 26 5 2 78 267 345 357 I 367 

�5. 1  �6. 4 tt2. 6 15. 6  1 3 . 3 �3.9 1 3 . 4  17. 3 1 7. 9  18. 4 

Mean ac inar cell height oi" the glcmd :ra 15. 39. 

I 
: 
I 



HAME CELL 
NO . 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
14 
1 5  
16 
17 
1 8  
19 
20 

TOT AL 

- 91 

APPENDIX NO, XXXVII 
( Obse rvati ons an actnar cell height, 

in 1.m1 t • u  1 uni t = •·1311; ) • · (Thi ourea 10 gramao .  7 days.-
: UNION T�tlT • 15 rzrams 14 da.va • • = • 

FO �LICL1 NUMBER . 
1 2 3 4 5 6 ., 8 9 10. 

20 1 5 1 5  1 7  1\' 17 25 14 2� �0 
20 18 15 19 17 1 7 24 14 21 10 
20 18 16 20 20 19 20 17 20 22 
22 1 5  1 8  21 22 17 20 17 20 18 
2 2  18 18 21 22 18 24 20 20 1 8  
2 2  9 18 18 20 20 23 15 20 1 8  
23 1 5  20 21 22 21 . 19 1 5  24 19 
22 16 so 19 1 '7  21 24 14 24 16 
22 17 18 22 1 8  2:1. 19 13 20 20 
22 20 20 20 23 23 20 17 17 21 
23 20 1 8  20 21 1'7 24 17 18 1 7  
22 17 19 20 20 1 8 24 13 20 1 5  
24 18 19 19 17 1 8 20 11 22 19 
26 20 19 20 16 18 19 1'7 20 1 8  
22 20 20 20 1 5  1 7  20 11 16 23 
23 18 20 20 1 7  20 1 7  17 1'7 20 
24 18 19 22 19 21 1 '7  20 1 '7  19 
2 5  20 18 22 19 21 18 20 1 7  19 
24 19 18 24 21 21 22 15 1 8  20 
24 16 19 19 21 21 20 16 i 20 23 

452 349 367 404 384 386 419 31 3 393 38 5 

22. 6 17. 6 18. 4 20. 2 1 9 . 2>; 19. 3 �W. 9  1 5. 6  19 . 6  19. 2 

Me an ac inar cell he ight of t he  glan d  = 19. 2 5. 
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APPENDIX NO • .XXXVIII.  
(Observations on ac inar oell heiD1t . 

1n un i t s ; 1 uni t = t.Q5 ;- ·  ) • 

NAME UPRIGHT TREATMENT 'Thi 25 l : • . l aurea • 

CELL 
NO . 1 2 3 

1 .  20 25 2(1) 
2 21 26 27 
3 22 26 26 
4 22 26 23 
5 21 25  24 
6 20 26 31 
7 20 25 26 
8 19 2'7 24 
9 20 27 27 

10 20 26 27 
1 1  24 24 26 
12 24 2 5  26 
:L3 21 24 21 

:14 23 26 25 
15 23 2 7  23 

16 20 26 23 

17 21 22 22 
1 8  I 23 2 5  26 

19 23 24 27 
20 24 2 5  26 
-
TOT.4L 431 00 7  500 

FOLLICLE NUJ mER 
4 

19 
20 
25 25 
26 
24 
27 
26 
28 

I 24 
22 
27 
20 
23 
26 

27 
24 
24 
22 27 

4a6 

6 6 
20 20 
21 22 
27 24 
24 25 
27 28 
23 22 
28 29 
25 25 
24 22 
23 22 
23 22 
21 23 
23 22 
23 22 1 
28 2 5  
26 21 
25 27 
2 5  20 
23�26 28 �7 

48 7  474 

21 daYS. 
7 8 

24 21 
21 2 5  
26 24 
26 27 
26 2'T 
21 23 
30 23 
29 23 
25 24 24 25 
26 20 
2'T. 26 
24 24 
25 27 
28 26 
24 20 
22 21 I 22 24 . 
25 24 I 24 25 I I 

499 479 1 

grams 

9 
25  
26 
22 
27 
29 
26 
24 
2 5  
21 
24 
2o 
24 
2� I 
24 
27 
19 
24 
25 22 
30 

496 

21.6  25. 4  25. 0 24.3 e4. 4 23 . 7  24. 9 23 . 9  24. 8 

Mean ac inar ce ll height ot: t he  gland • 24. 25. 

over 

10 
22 
23 
21 
28 
30 
24 
21 I 2 7  
2 5  
2 3  
29 
23 
24 
26 
25 
24 
25 
26 
21 
23 

I 
490 

24.5 
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