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Since th e  f ir s t  ap p lica tio n  o f effec tive  go itrogens, n u m ero u s  a u th o rs  
h av e  been  engaged  in  th e  ex p erim en ta l in d u c tio n  of th y ro id  tu m o u rs . B i e l - 

s c h o w s k y  [4],  la te r  H a l l  [13] an d  P a s c h k is  e t  al. [21] ad m in is te red  in  a d d i
tio n  to  th e  go itrogens ace ty lam in o flu o ren e  fo r th a t  purpose and  su cceed ed  in 
acce lera tin g  th y ro id  tu m o u r deve lopm en t in  ra ts .  A ccording to  G o r b m a n  [11],  
no su ch  effect o f  ace ty lam in o flu o ren e  can  be  seen in  mice.

T he view  has been genera lly  accep ted  th a t  a low iodine d ie t  a n d  th e  
a d m in is tra tio n  o f  go itrogens cause tu m o u r  fo rm a tio n  b y  red u c in g  th e  level 
of th y ro id  horm ones in  th e  blood an d  th e re b y  increasing  th e  th y ro tro p h ic  
ho rm one  p ro d u c tio n  o f th e  an te rio r  p i tu i ta ry  [5, 24, 15, 19].

T h e  ac tio n  m echan ism  of th e  carc inogen  used sim u ltan eo u sly  w ith  the 
go itrogens has n o t been sa tis fac to rily  ex p la in ed  (N a p a l k o v , 20). E s m a r c h  
[7] in d u ced  th y ro id  tu m o u r b y  in jec tin g  m e th y lch o lan th ren e  d ire c tly  in to  
th e  th y ro id . 9-10 d im eth y l 1-2 b e n z a n th ra ce n e  used in c o m b in a tio n  w ith  
go itrogens also p ro d u ced  th y ro id  tu m o u rs  (G n a t i s h a k , 10).

In  th e  p re se n t s tu d ies  th e  various phases o f  th y ro id  tu m o u r d e v e lo p m en t 
h av e  been  ex am in ed  b y  m orphological a n d  biochem ical m e th o d s . A low 
iod ine d ie t, a go itrogenic  su b stan ce  a n d  2 -ace ty lam in o flu o ren e  (2-A A F) 
w ere ap p lied  s im u ltan eo u sly  to  ind u ce  can cer, an d  th e  in d iv id u a l effec ts  of 
th e  ab o v e-m en tio n ed  fac to rs  have  been ex am in ed  separa te ly .

Methods

In  the course o f the experim ents 185 inbred albino rats o f the Debrecen and CB strains, 
of both  sexes, each w eighing 130 g on the average, w ere used. Their age ranged betw een  2%  
and 4 m onths. T hey were divided in 5 groups. Group 1 served as a control. Group 2 w as m ain
tained on a low  iodine diet as described by H a ll  [13]. Group 3, in addition to th e  d ie t , received  
drinking water containing 0.01 per cen t4-m ethyl-2-th iouracil (MT) and food m ade up w ith  such 
w ater throughout the experim ental period. Group 4 received, in addition to the low  iod ine diet, 
2.5 mg 2-A A F suspended in water through a stom ach tu b e  three tim es weekly during the first 6 
w eeks o f the experim ental period. After the in itial 6 w eeks only the diet was m ain ta ined . Group 
5, the largest o f the lo t, was m aintained on a low  iod ine d iet following the in itia l 6 -w eek  2-AAF  
treatm ent and was in  addition treated on the sam e lines as Group 3 (see T ab le  1)

Starting three m onths after beginning the experim ents, rats belonging to  th e  various 
groups were killed at intervals o f 4 to 6 weeks. Their thyroid  glands were w eighed and worked  
up partly  for b iochem ical, partly for h istological exam ination . One hour before killing  the
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Table I

Group Type of Treatment No. of Animals

l C o n tr o ls ................................................................ 20

2 low  iodine d i e t .................................................. 10

3 low  iodine diet -f- M T .................................. 25

4 low  iodine diet - f  2-AAF (for 6 weeks) 30

5 2-A A F (for 6 weeks) +  low  iodine  
diet -f- M T .................................................... 100

anim als, 50 [J,c 131I w as in jected  in to  the tail vein. In  th e  course o f the histological preparation  
th e  th yro id  glands were f ix ed  for 48 hours in 4 per cent n eu tra l form alin or ice-cold aceton e and  
su bseq uently  em bedded in  paraffin . Sections 7 — 8 [i th ic k  w ere made and autoradiographic  
pictures taken  of the un sta in ed  specim ens. Subsequently th e  specim ens were stained w ith  hae- 
m atoxylin -eosin . S im ultan eou sly  the periodic acid — S c h iff  (PA S) reaction and in som e cases

C pm ..
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Fig. 1. R adiochrom atogram  o f  bu tanol extract o f rat th y ro id . Colums represent the radio
a c t iv ity  o f  different parts o f  the chrom atogram  (cutting 1 cm . in  w idth). TG — thyreoglobulin , 

I -  — inorganic iodine and iodide, JT  — iodthyronines
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G om ori’s alkaline phosphatase reaction , K ossa’s calcium  reaction  and Gomori’s silver  im preg
nation  were applied.

H istological work usually  la sted  a week. It was found th a t the correct exposure tim e for 
autoradiographs of the section w as 24 hours. It was noted during the autoradiographic proc
ess th at in  the course of h isto logical preparation (alcoholic-aqueous treatm ent) all the  
active  m aterials contained in  th e  thyroid sections were dissolved w ith the ex cep tio n  
o f those bound to protein. The radioactiv ity  traces show n in the autoradiographs m ark the  
131I built into  the thyroglobulin.

For biochem ical work a m inim um  of 3 0 —40 m g o f  thyroid  tissue is required. Such  a 
q u a n tity  was not usually availab le from  a single rat, so the thyroid  glands of 2 — 3 anim als  
belonging to the same group were w orked up sim ultaneously. T he thyroid glands were hom oge
nized in 0.5 m l o f distilled w ater to  w hich was added one drop o f saturated N a2S20 3. The pH  
o f th is m ixture was set to 3 by adding HC1. Subsequently the m ixture was extracted three tim es  
each w ith  5 m l of butanol. The com bined extracts were evaporated , paying a tten tion  all the  
tim e to prevent the tem perature rising over 40°C. The residue was taken up in  0.2 m l o f 
ethanol.

The m aterial obtained was subjected  to chrom atography according to G r o s s  and P i t t - 
R iv e r s  [12], T a u r o g , Ch a ik o f f  and T o n g  [27] and T o n g , T a u r o g  and C i ia ik o f f  [28].

0.1 m l o f the residue d issolved in  ethanol was chrom atographed on Schleicher and Schiill 
paper No. 2043/b in n bu tanol—dioxan — 2n am m onium  hydroxide, 4 : 1 : 1, at 19° — 20° C. 
The chrom atogram s were stained w ith  ninhydrin and cut up in to  rectangles m easuring 1 cm  
by 4 cm. The radioactivity o f each o f these rectangles was determ ined by an end-w indow  GM 
tube w ith  the positions kept constan t throughout. The num ber o f  transm utations per rectangle  
per m inute (Cpin) was expressed in th e  percentage of th e  Cpm for the whole chrom atogram .

The chromatogram can be d iv ided  into three characteristic  areas from the p o in t o f v iew  
o f  rad ioactiv ity . These are:

(1) A t the spot where the m aterial had been applied , the portion betw een R f —0.05  
and -fÔ.05 corresponds to the thyroid  protein remaining at th e  start line (TG).

(2) The a ctiv ity  at R f 0.4 constitu tes the area o f the inorganic iodide and iodine.
(3) The activ ity  at the area betw een R f 0.45 and 1 contains the iodine com pounds w ith  

thyronine structure and various other non-determined iodine com pounds. As characteristic  of 
t hyroid function has been considered the ratio o f the a c tiv ities  o f areas No 1 and N o  2 [18] 
(F igs. 1 and 2). F ig. 2 indicates th a t in  spite of the wide scattering , in m ost control anim als the  
am ount o f inorganic 131I did not sign ificantly  exceed th at o f  131I built into TG. A fun ctiona l 
alteration  was inferred to in case o f  a significant change in  the relation TG/I.

P ercen tual d istribu tion  o f  I 13' ac tiv ity  in b u tban o tic  
u n tr e a te d  r a t  th yro id s

e x ra c f  o f

Percentual d istribu tion o f / 131 a c tiv ity

4 3 1 1 9 * № TG Ü ' J T № TG J ' J T
1 2 6 4 7 15 11 3 9 3 3 17

2 7 8 7 7 12 2 2 4 5 2 5
3 4 9 2 5 12 13 5 2 2 5 2 1

2 7 1 1 3 ’ 4 2 9 3 6 19 14 5 4 1 8 2 2
2 2 H 2 ' 5 3 8 3 0 2 2 15 3 8 10 4 3

6 4 8 2 5 1 2 16 3 5 14 4 1
7 4 0 2 6 2 0 17 2 0 3 3 3 9
8 8 6 3 2 18 21 3 6 4 5
9 6 2 2 6 12 19 15 3 7 3 3

T G J J T 10 3 4 5 1 1 8 2 0 5 4 8 2 4

*SD = S ta n d a rd  Dev i  a t  i о 
—

n__

Fig.  2. Characterisation of thyroid  function by the ratio o f activ ities of the three areas
(TG, J - ,  JT)
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R esu lts

T he th y ro id  g lan d s  o f  th e  contro l r a t s  m a in ta in e d  on a n o rm a l d iet 
w e ig h ed  10 to  18 m g, a n d  w ere  com posed o f  w ide  follicles filled w ith  hom ogeneous 
eosinoph ilic  colloid a n d  lin ed  w ith  low c u b o id a l ep ithe lium . T h e  a u to ra d io 
g ra p h  showed in ten s iv e  fo ca l 131I  u p tak e  co rresp o n d in g  to  th e  fo llicu la r areas 
(F ig s . 3a, b). The r a t io  be tw een  the  re sp e c tiv e  ac tiv ities of th y ro g lo b u lin , 
io d id e , and  iodine co m p o u n d s  w ith  th y ro n in e  s tru c tu re  is show n in  Figs. 
1 a n d  2. Specially  c h a ra c te r is tic  of th y ro id  fu n c tio n  is th e  ra t io  betw een  
th e  iod ide bu ilt in to  T G  a n d  th e  u n b o u n d  in o rg an ic  iodide. U n d e r norm al 
co n d itio n s  the  r a d io a c tiv i ty  o f  unbound  131I  does n o t exceed th e  ra d io a c tiv ity  
o f  th e  131I bu ilt in to  th e  th y ro id  p ro te in s.

As a re su lt of th e  low  iodine d iet th e  w e ig h t o f  th e  th y ro id  g lan d  increased  
m o d e ra te ly , to  12— 56 m g, show ed diffuse h y p e rp la s ia , w ith  acin i lin ed  w ith  high 
cu b o id a l ep ithe lium  a n d  con ta in ing  l i t t le  o r  n o  colloid. A ccord ing  to  the  
a u to ra d io g ra p h , 131I u p ta k e  sligh tly  decreased  b u t  co rresponding  to  th e  re ta in ed  
fo llic u la r  s tru c tu re  th e  d is tr ib u tio n  of ra d io a c t iv i ty  was of focal ch a ra c te r  
(F ig s . 3c, d). The p a p e r  ch ro m a to g ram  in d ic a te d  a s ligh t decrease in  th e  am o u n t 
o f  131I  b u ilt in to  th y ro g lo b u lin .

U nder th e  e ffec t o f  M T th e  w eight o f  th e  th y ro id  g rad u a lly  increased  
(70— 400 mg) an d  p ro n o u n c e d  diffuse h y p e rp la s ia  occurred . T h e  fo llicular 
e p ith e liu m  becam e h ig h  cu b o id a l and th e n  v a c u o la te d  cy lindrica l. T h e  follicles 
w ere  con stric ted  an d  p ra c tic a l ly  free of collo id . I n  th e  en larged g lands ex tensive  
v asc u la risa tio n  o ccu rred . D urin g  the  o b se rv a tio n  period o f m ore  th a n  400 
d a y s  a c ircum scribed  m ic ro ad en o m a was d e te c te d  in  one r a t  of th e  22 belonging 
to  th is  group.

T he a u to ra d io g ra p h s  show ed decreased  a n d  ra th e r  diffuse ra d io a c tiv ity  
w h ic h  h ad  lost its  fo llic u la r  ch a rac ter (F igs. 4 a , b). A ccording to  th e  ch ro m a to 
g ra m , no 131I w as b u i l t  in to  TG  (Fig. 5a), th e  q u a n tity  of in o rg an ic  iodine 
w as severa l tim es t h a t  o f  131I b u ilt in to  T G .

O n tre a tm e n t b y  2 -A A F  in co m b in a tio n  w ith  a low io d ine  d ie t the  
w e ig h t of the  th y ro id  m o d e ra te ly  in c reased  (16— 80 m g; m ean , 48 mg). 
T h e  fo llicular s tru c tu re  d is in teg ra ted  in  som e areas, th e  e p ith e liu m  of the 
p e rs is tin g  follicles w as h ig h  an d  cuboidal, as in  G roup 3, b u t  c o n ta in e d  some 
co llo id . 131I in co rp o ra tio n  w as intense. L a te r  on  th e  ep ithe lium  u n d e rw en t 
d e sq u a m a tio n  in  m a n y  p laces  and  a n u m b er o f  ac in i becam e po o r in  colloid. 
I n  o th e r  places, b a so p h ilic  concrem ents o f  co n cen tric  s tru c tu re  ap p ea red  in 
th e  d ila ted  follicles; th e se  concrem ents g av e  a p ositive  K ossa’s re a c tio n  and  
a n eg a tiv e  one a f te r  d eca lc ination . T he r a te  o f  131I in co rp o ra tio n  h a rd ly  
d ec rea sed  in  sp ite  o f  th e  m orphological ch an g es  (F igs. 4c, d).

P a p e r c h ro m a to g ra p h y  showed a s lig h t decrease in  131I  in co rp o ra tio n , 
a n d  a slight increase in  in o rg an ic  131I u p ta k e  (F ig . 5h).
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Figs. 3a and b. Thyroid of control rat: a — histological picture: w ide follicles filled  w ith  hom o
geneous eosinophilic colloid and lined w ith  low  cuboidal epithelium . H. E . 85 X  b — auto

radiograph: intensive focal 131I uptake corresponding to the focal areas
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F igs .  3c  and d. Thyroid o f rat k ep t on low iodine diet (N o. 9, duration o f experim ent: 118 
d a y s), c — histological p icture: d iffuse hyperplasia, w ith  acin i lined w ith  high cuboidal epi
th e liu m  containing little  or no collo id . H. E. 85 X d  — autoradiograph: sligh tly  decreased 

131I u p ta k e  show ing normal fo llicular distribution
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Figs. 4a  and b. Thyroid of rat treated w ith MT (N o. 28, duration of experim ent: 258 days) 
a  — H istological picture: pronounced diffuse hyperplasia. Constricted follicles lin ed  w ith  
high cuboidal epithelium  and free of colloid. H. E . 85 X b — autoradiograph: decreased

diffuse 131I uptake
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Figs.  4c  and d. Thyroid of rat treated  with 2-AAF. (N o . 16, duration of experim ent: 258 days). 
a — H istological picture: disin tegrated follicular stru ctu re. The epithelium  of persisting fo lli
c les is  high cuboidal. In som e areas the epithelium  is desquam ated  or shows a fibrous sw elling. 
In  oth er  places concrem ents o f concentric structure conta in ing  calcium are seen in  colloid- 
free d ila ted  acini. H. E . 85 X d — autoradiogram : hardly  decreased 131I up take showing

som e loss o f follicular character
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F ig . 5. Percentual distribution o f to ta l activ ity  in areas TG, J" and JT of radiochrom atogram s, 
after treatm ent w ith a — MT, 6 — 2-A A F, c — MT and 2-A A F, d  — MT, 2-AA F and thyroxin

U n d er th e  com bined  effect of 2-A A F, MT, a n d  a low iod ine d ie t th e  
w e ig h t o f th e  th y ro id  in creased  w ith  the  d u ra tio n  o f  tre a tm e n t (44 to  720 m g; 
m ean  232 mg). As early  as 200 days a fte r th e  b eg in n in g  o f tre a tm e n t, m ic ro 
ad e n o m a ta , o ften  a n u m b e r o f  th e m , appeared  in  th e  h y p erp lasie  e n v iro n m e n t. 
T h e  en v iro n m en t often  show ed ex tensive  rou n d -ce ll in f iltra tio n , in d ic a tin g  
p rev io u s tissue dam age. T h e  m icro ad en o m ata  w ere com posed o f follicles of 
v a ry in g  size, lined b y  h igh  cu b o id a l or cy lindrical ep ith e liu m  w ith  n u c lea r  h y p er- 
ch ro m asia  and  a hom ogeneous eosinophil cy to p la sm , an d  som e o f th e m  co n 
ta in e d  a fa in tly  eosinophilic  P A S -positive colloid an d  d esq u am ated  ep ith e lia l 
cells, w hile som e o th e rs  w ere e m p ty  (Fig. 6a).

L a te r  on some follicles o f  th e  ad en o m ata  becam e cystica lly  d ila te d  an d  
th e  lin ing  show ed p a p illa ry  p ro life ra tion . Such follicles w ere g enera lly  e m p ty  
th o u g h  som e co n ta ined  pale  colloid.
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Figs.  6a  and b. Thyroid o f  ra t treated  w ith 2-AA F and MT (N o. 61, duration o f  experim ent: 
258 days), a — histo logical p icture: diffuse hyp erp lastic  environm ent w ith  adenom atous 
n od e com posed of in ten se ly  s ta in ed  wide follicles w ith  h igh cuboidal or cy lind ric  epithelium . 
Som e fo llic les contain fa in tly  sta in ed  eosinophilic collo id . H. E . 85 X b — autoradiograph: 
in te n se  diffuse 131I uptake in  th e  hyperplastic thyroid  tissu e due to the unusual long  exposure.

N o  u p tak e  in  the adenom atous area
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Figs. 6c and d. Thyroid of rat treated  with 2-AAF, MT, and w ith  thyroxin — 4 (1 0 //g  s. c. daily  
for 35 days and 100 //g s. c. daily  for 10 days before k illing). (N o. 76, duration of experim ent: 
301 days), c — papillary cystadenom a w ith hyperchrom ie high cuboidal epithelium . The 
surrounding thyroid tissue is com posed of follicles w ith  low  cuboidal epithelium  and PAS- 
positive colloid. T-4 treatm ent induced the formation o f m ultilayered epithelium  and hyper- 

chrom atic staining of nuclei in the adenom a. P A S-sta in , d 85 X — c 190 X
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R a d io a u to g ra p h y  show ed  p ra c tic a lly  n o  in d ica tio n  of 131I u p ta k e  in  the  
a d e n o m a ta ,  cysts, or c y s ta d e n o m a ta , even  i f  th e  exposure w as s ig n if ican tly  
p ro lo n g e d , in o rder to  in te n s ify  th e  c o n tra s t  betw een th e  a d e n o m a ta  and  
th e i r  e n v iro n m e n t (F ig. 6b).

A fte r  th e  lapse of 400— 500 days th e  a d e n o m a ta  were g re a tly  en la rged  
a n d  in  som e places coalescing. T h ey  w ere com posed of ir re g u la r ly  shaped , 
d is to r te d  g lan d u la r d u c ts  o f  v a ry in g  w id th , lin ed  b y  single or m u ltip le -la y e re d  
c y lin d r ic a l  ep ithe lium  w ith  n u c lea r h y p e rch ro m asia . Some w ere e m p ty  while 
so m e  c o n ta in e d  colloid. I n  num ero u s follicles th e  ep ithelia l lin in g  fo rm ed  r a 
m ify in g  pap illas  p ro life ra tin g  in to  th e  g la n d u la r  d u c ts . In  som e p laces , how ever, 
th e  e p ith e liu m  p ro life ra ted  in  th e  form  o f so lid  bundles. N e ith e r  a ty p ia , nor 
p o ly m o rp h ism , v ascu la r in v as io n  or in v a s io n  th ro u g h  th e  cap su le  o f the  
th y r o id  w ere observed. T h e  a rea  o f a d e n o m a to u s  foci was in te n s iv e ly  a lkaline  
p h o s p h a ta s e  positive, in  c o n tra s t  to  th e  su rro u n d in g  h y p erp lasie  tissu e  and  
to  th e  in ta c t  th y ro id  of th e  con tro l su b je c ts .

A u to rad io g rap h y  d id  n o t  show  131I accu m u la tio n  in  th is  p h ase .
P a p e r  c h ro m a to g rap h y  in d ica ted  a co n siderab le  decrease in  a ll phases 

o f  131I  in co rp o ra tio n , w ith  a sim u ltan eo u s in crease  in inorgan ic  131I a c tiv ity  
(F ig . 5c). In  th e  cases w h ere  th e  ad en o m a occupied  th e  m a jo r p a r t  o f  the  
g la n d , th e  131I co n ten t w as considerab ly  red u ced .

I n  th e  course o f p a p illa ry  adenom a fo rm a tio n  we ex am in ed  th e  effects 
o f  su sp e n d in g  MT tre a tm e n t an d  th y ro x in  a d m in is tra tio n . W hen MT h a d  been 
d is c o n tin u e d  for a p ro tra c te d  period , th e  w e ig h t o f  th e  th y ro id  d ec reased  consid
e r a b ly  (30— 60 mg) an d  in  th e  areas u n a ffe c ted  b y  ad en o m ata  th e  h y p erp las ia  
c e a se d , th e  follicles were ag a in  lined by  sing le-layered  cuboidal ep ith e liu m  and 
c o n ta in e d  ap p ro x im ate ly  n o rm a l am o u n ts  o f  colloid. The a d en o m a ta  them selves 
w e re  re d u c e d  in size b u t  re ta in e d  th e ir  c h a ra c te r is tic  s tru c tu re .

O n th e  prolonged a d m in is tra tio n  o f th y ro x in  in doses of fro m  10 m g to  
100 m g  d a ily  for 160 days, th e  follicles in  th e  adenom a-free areas d ila te d , th e ir  
e p ith e liu m  was low cu b o id a l, an d  th e  lu m in a  con ta ined  s tro n g ly  P A S -positive  
co llo id . T h e  ad en o m ata  becam e  reduced  in  size. Follow ing m assive  doses of 
th y r o x in ,  th e  p ap illa ry  cy lin d rica l ep ith e lia l lin in g  of th e  a d e n o m a ta  becam e 
m u ltip le -la y e re d , w ith  an  in crease  o f nu c lea r h y p erch ro m asia . T h ere  w as m ark ed  
a lk a lin e  p h o sp h a tase  p o s it iv ity  in  th e  ad en o m a to u s  areas. O u t o f  sev en  cases 
in  n o n e  w as a regression o r d isap p earan ce  o f  th e  adenom ata  n o te d  follow ing 
th e  p ro lo n g ed  a d m in is tra tio n  of th y ro x in  (F ig . 6c, d).

T h e  a d m in is tra tio n  o f  th y ro x in  g re a tly  red u ced  the  131I u p ta k e . In  acco rd 
a n c e  w ith  th e  w ell-know n effec t o f th y ro x in , p a p e r c h ro m a to g ra p h y  show ed 
a g r e a t  decrease of 1!1I in co rp o ra tio n . T h e  in o rg an ic  131I u p ta k e  w as s lig h t so 
t h a t  th e  g land  as a w hole becam e  poor in  io d in e  (Fig. 5d).
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D iscu ssion

T he fo rm atio n  o f  ex p e rim en ta lly  induced  th y ro id  tu m o u rs  is generally 
a t t r ib u te d  to  th e  p ro longed  T S H  o v erp ro d u c tio n  b y  th e  a n te r io r  p itu ita ry , 
irre sp ec tiv e  of th e  m ode o f in d u c tio n  [13, 24, 15, 8]. T he T S H  overp ro d u c tio n  
is b ro u g h t ab o u t b y  th e  re d u c tio n  of th e  serum  th y ro x in  level in  a ll th e  carcino
genic m ethods used . O n sim ila r lines, regression o f  th y ro id  tu m o u rs  w as achieved 
b y  th e  ad m in is tra tio n  o f th y ro id  horm ones. F u r th e r , P u r v e s  e t  a l. [22, 23] 
described  th e  in v o lu tio n  o f  a p u lm o n a ry  m etas tas is  o f th y ro id  tu m o u r  following 
th e  ad m in is tra tio n  o f  d esicca ted  th y ro id  g land . B ie l s c h o w s k y  a n d  G r ie s b a c h  
[6] ad m in is te red  5 /ig  o f  d ,1 -th y ro x in  p e r 100 g o f b o d y  w eig h t d u rin g  th e  last 
th re e  weeks of th e  e x p e rim e n ta l period  an d  observed  a co m p le te  regression 
o f th e  M T-induced th y ro id  h y p erp lasia  an d  th e  p ro life ra tio n  o f  b aso p h ilic  cells 
in  th e  p itu ita ry . T h e  response  was d iffe ren t to  2 %  fig  o f  d ,1 - th y ro x in  daily, 
w hich  am o u n t c o n s titu te s  th e  no rm al d a ily  re q u ire m e n t o f h e a l th y  anim als. 
T his caused a reg ressio n  o f th e  th y ro id  changes w hile i f  2 -A A F  w as adm in is
te re d  in add ition , such  regression  did n o t occur. I t  th ere fo re  seem s th a t  2-AAF 
causes a k ind o f ch an g e  in  th e  th y ro id , w hich  can n o t be rev e rsed  b y  th e  low 
th y ro x in  dose co rresp o n d in g  to  th e  no rm al d a ily  re q u ire m e n t. T h e  n a tu re  of 
th is  change has n o t been  clarified .

Some au th o rs  h o ld  th e  co n tra s tin g  view  th a t  th e  a d m in is tra tio n  of th y 
ro x in  or th y ro id  tissu e  is n o t on ly  in ad eq u a te  for cau sin g  th e  regression  of 
ex is tin g  aden o m ata , b u t  in  som e cases can even lead  to  th e ir  m a lig n a n t tra n s 
fo rm a tio n  [16, 10].

In  the  course o f o u r ow n ex p erim en ts  th e  p ro longed  a d m in is tra tio n  of 
th y ro x in  causing th e  in h ib itio n  o f excessive TSH . sec re tio n  fa iled  to  bring 
a b o u t th e  regression o f th e  ad en o m a ta  an d , in  fa c t, led  to  th e ir  in c reased  pro
life ra tio n . As a re su lt o f th is  t re a tm e n t th e  h y p erch ro m asia  o f  th e  cells increased, 
th e  ep ithe lia l lin ing  becam e m u ltip le  layered  an d  en te re d  p a p illa ry  p ro lifera
tio n  an d  th e  a lka line  p h o sp h a ta se  p o s itiv ity  increased , in  th e  a d en o m a ta .

A t th e  sam e tim e  th e  effect o f th y ro x in  was c learly  o b se rv ab le  in  th e  areas 
u n affec ted  b y  a d e n o m a ta . In  these  areas th e  ep ith e lia l lin ing  assu m ed  a cuboidal 
fo rm  an d  the  d ila ted  follicles becam e filled  w ith  P A S -positive  colloid.

M ost au th o rs  o b serv ed  a h igh  ra te  o f adenom a fo rm a tio n  in  th e  anim als 
tr e a te d  w ith  th io u rac il d e riv a tiv e s  [22, 23, 20 , 17]. F o r in s ta n c e , M o n e y  
e t al. [16] found  100 p e r  cen t ad en o m a ta  a fte r  500 d ay s  o f th io u rac il t r e a t 
m en t.

W e, on th e  o th e r  h a n d ,  found  in  th e  500-day  o b se rv a tio n  p e rio d  a single 
case o f m icroadenom a fo rm a tio n  am ong th e  su rv iv in g  25 an im als  m ain ta ined  
on a low  iodine d ie t c o n ta in in g  MT.

F o r increasing  th e  carcinogenic  p o ten cy  o f MT B ie l s c h o w s k y  [4] 
ap p lied  2-A A F. T he re su lt  w as a fre q u e n t an d  ea rly  ad en o m a fo rm a tio n . His

о Acta Morphologica XI/2.
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re s u lts  h a v e  been confirm ed b y  n u m e ro u s  au th o rs  [13, 21, 26, 1, 20]. A ccording 
to  H a l l  [13], under th e  e ffec t o f  2-A A F la te n t n e o p la s tic  cells a re  form ed in  
th e  th y r o id  and  it  is from  th e s e  cells th a t  tu m o u r fo rm a tio n  la te r  s ta r ts  u n d er 
T S H  s tim u la tio n  evoked b y  g o itro g en s  [13, 14]. B e r e n b l u m  [3, 6] regards 
th e s e  r e s u l ts  as y e t a n o th e r p r o o f  o f  his tw o-phase  th e o ry  o f  carcinogenesis. 
N a p a l k o v  contests th is  v iew  [2 0 ], on  th e  basis t h a t  such  a co rre la tio n  can n o t 
p o s s ib ly  e x is t betw een th e  tw o  d ru g s  because e ith e r a c t  as carcinogenic  ag en t 
in  t h e  c o n te x t  of the  th y ro id .

I n  th e  course of th e  p re s e n t  experim en ts th e  a d m in is tra tio n  of 2-A A F in  
i t s e l f  h a s  been  found n o t to  im p a ir  th y ro id  fu n c tio n  co n sid e rab ly  a lth o u g h  
i t  c a u s e d  ex tensive m o rp h o lo g ica l changes. This f in d in g  co rresponds to  B i e l - 
s c h o w s k y ’s observation  a c c o rd in g  to  w hich fo llow ing 2 -A A F tre a tm e n t con
s id e ra b ly  h ig h er th y ro x in  doses a re  req u ired  for th e  in h ib itio n  o f T S H  secretion . 
T h is  w o u ld  m ean th a t  2 -A A F  tr e a tm e n t  does n o t d im in ish  th y ro id  fu n c tio n  
a n d , in  f a c t ,  would in  som e cases  increase 131I  in c o rp o ra tio n .

I n  th e  p resen t m a te r ia l  exclusive  2-A A F tr e a tm e n t  d id  n o t p roduce 
tu m o u r  fo rm a tio n  in  an y  one o f  30 an im als, on com bined  tr e a tm e n t  (2-A A F M T), 
h o w e v e r , adenom a fo rm a tio n  o c c u rre d  in  all an im als su rv iv in g  fo r 5 m o n th s. 
T h is  m e a n s  th a t  under th e  e ffe c t of th is  com bined  tr e a tm e n t  ad en o m a ta  
h a d  d ev e lo p ed  a t  an  earlie r d a te ,  in  g rea ter n u m b ers  a n d  in  all th e  tre a te d  
a n im a ls .

T h e re  is a fu n d am en ta l d iffe ren ce  betw een th e  a c tio n  m echan ism s o f th e  
tw o  a g e n ts . 2-AAF, a lth o u g h  cau s in g  considerab le tissu e  d am ag e , does n o t 
s ig n if ic a n tly  influence th y ro id  fu n c tio n . MT, on th e  o th e r  h a n d , deep ly  in f lu 
ences th y ro id  function  w i th o u t  causing serious a n a to m ic a l changes. T he 
in te n s if ic a t io n  and  a c c e le ra tio n  o f  tu m o u r fo rm a tio n  is th e  sum  o f th e  tw o 
e ffe c ts .

T h e  ad m in is tra tio n  o f  2 -A A F  in  sm all doses a n d  fo r sh o r t  periods is on ly  
fo llo w e d  b y  tu m o u r fo rm a tio n  i f  i t  is accom panied  b y  som e o th e r  chem ical or 
h o rm o n a l  carcinogenic e ffec t o v e r  a prolonged p e rio d . T h is  is th e  ex p lan a tio n  
w h ic h  c a n  be offered co n c e rn in g  th e  tum our-like  s tru c tu re s  in  th e  ovaries of 
so m e an im a ls  which h ad  re c e iv e d  com bined tre a tm e n t. I t  is w ell know n th a t  
M T d o es n o t only cause T S H  o v erp ro d u c tio n  b u t  F S H  o v e rp ro d u c tio n , too , 
on  a  sm a lle r  scale. This a s so c ia te d  F S H  o v erp ro d u c tio n  in  co m b in a tio n  w ith  
th e  e ffe c t o f 2-AAF p ro v id es  th e  ex p lan a tio n  fo r th e  focal p ro life ra tio n s an d  
tu m o u r - l ik e  stru c tu res  in  th e  ov arie s .

S im ila rly  can be in te rp re te d  th e  observation  t h a t  i f  th e  a d m in is tra tio n  
o f  2 -A A F  is followed b y  p a ra d im e th y la m in o az o b e n z e n e  t r e a tm e n t, liv e r t u 
m o u rs  o ccu r, while if  th e  a d m in is tra tio n  of 2 -A A F is fo llow ed b y  c ro to n  oil 
p a in t in g  o f th e  skin, th e  d e v e lo p m e n t of skin tu m o u rs  a n d  th e  acce lera tio n  of 
th e  d e v e lo p m en t of such  tu m o u r s ,  respective ly , ensues as a re su lt.
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Summary

M orphological, h istochem ical, autoradiographic and biochem ical exam in ation s  
have been carried out in various stages o f experim ental thyroid  cancer induced in rats kep t on 
a low iodine diet by the adm inistration o f 2-acetylam inofluorene and 4-m ethyl-2-th iouracil.

The low  iodine diet alone caused m oderate hyperplasia. Low iodine diet and m eth y l 
thiouracil resulted in exten sive  diffuse hyperplasia. Thyroid a c tiv ity  was greatly reduced in 
both these groups and more diffuse than focal in character.

Acetylam inofluorene produced tissue damage but hardly influenced thyroid function .
None of the factors by itse lf  induced tum our during the 400 days of observation . 

Combined treatm ent (low iodine diet +  acetylam inofluorene -f- m ethylthiouracil), brought 
about adenom ata in  all anim als in about 250 days. A ccording to the autoradiographs there was 
practically no 131I uptake in the area of the adenom ata.

The follow ing m orphological stages could be d istinguished in the induced tum ours (i) 
A specific tissue dam age (due to acetylam inofluorene). (ii) D iffuse hyparplasia (due to prolonged  
TSH overproduction caused be m ethylthiouracil). (iii) M ultiple m icroadenom ata, (iv) Papillary  
adenom ata and cystadenom ata.

Follow ing the intravenous injection of 50 fie o f 131I, the am ounts built into the thyroid  
proteins and inorganic iodine were separated by paper chrom atography. The ratio o f the tw o  
fractions seemed to be characteristic o f thyroid function . A cetylam inofluorene brought about 
marked m orphological changes but did not considerably influence the ratio o f the tw o 131I 
fractions. M ethylthiouracil dim inished the incorporation o f 131I w ith  the parallel increase of 
the inorganic fraction. L ittle , if  any, 131I was incorporated by the adenoma develop ing as a 
result o f the com bined treatm ent.

None o f the anim als receiving com bined treatm ent developed a m alignant tum our  
within 500 days. On the other hand, the adenom ata lost their horm one dependence as seen  from  
the fact that regression could be achieved neither by d iscontinuing m ethylthiouracil treatm ent  
nor by the adm inistration of high thyroxin doses. No 131I was incorporated by the adenom ata  
although they  contained colloid. This colloid was obviou sly  different from that present in nor
mal thyroids.
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ПАРАЛЛЕЛЬНЫЕ ГИСТОЛОГИЧЕСКИЕ, АВТОРАДИОГРАФИЧЕСКИЕ И БИО
ХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ КАРЦИНОГЕНЕЗА ЩИТОВИДНОЙ

Ж Е Л Е З Ы

К. ЛАПИШ и Л. ВЕКЕРДИ

1. Проводились сравнительные гистологические, авторадиографические и био
химические исследования на крысах в различных стадиях карциогенеза щитовидной 
железы.

Опухоли вызывались у крыс при режиме питания с недостатком иода и одновпе- 
менным введением 2-ацетил-аминофлюорена (2— ААФ) и 4-метил-2-тиоурацила (МТ). 
Эффект отдельных воздействий исследовался также обособлено.

2. Введение 2—ААФ само по себе ни в одном случае не вызывало образования 
опухоли. Среди животных, содержанных при режиме питания с недостатком иода и 
получивших МТ в течение 500 дневного периода, всего лишь в одном случае наблюдалось 
образование микроаденомы.

В случае комбинированного воздействия уже начиная с 5 месяца у всех животных 
образовались аденомы.

3. 2—ААФ, несмотря на поражение тканей, не оказал существенного влияния 
на функцию щитовидной железы. МТ, в значительной мере изменяет функцию 
щитовидной железы без тяжелых морфологических изменений. Образование опухоли 
является результатом совместного эффекта двух воздействий различного типа.

4. Продолжительное введение больших доз тироксина не вызывало обратного 
развития аденом.

P A R A L L E L E  HISTOLOGISCHE AU T O R A D IO G R A PH ISC H E  U N D  BIOCHEM ISCHE  
U N T E R SU C H U N G  D E R  SC H IL D D R Ü SE N K A R Z IN O G E N E SE

K. LAPIS und L. VEKERDI

1. Vergleichende h isto logische, autoradiographische und biochem ische U ntersuchungen  
w u rd en  an R atten in  versch iedenen  Stadien der K arzinogenese der Schilddrüse vorgenom m en.

D ie  Geschwülste w urden bei an jodarm er D iä t gehaltenen R atten  m ittels V erabreichung  
v o n  2-A cetylam inofluor (2-А А Г ) und 4-M ethyl-2-th iouracil (MT) hervorgerufen.

2. D ie Behandlung m it 2-A A F allein führte in  keinem  einzigen F all zu G eschw ulst
b ild u n g . U nter den an jodarm er D iät gehaltenen und m it MT allein behandelten  T ieren würde
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während der 500tägigen B eobachtungszeit nur in  einem  einzigen Fall die Bildung v o n  M ikro
adenom en festgestellt.

B ei kom binierter B ehandlung hingegen traten  A denom e bereits nach 5 M onaten bei 
säm tlichen Versuchstieren auf.

3. D ie Behandlung m it 2-AA F hat trotz der G ew ebsschädigung die Schilddrüsenfunk
tion  n icht w esentlich  beeinträchtigt. Die B ehandlung m it MT rief jedoch eine tiefgehende V er
änderung der Schilddrüsenfunktion hervor, ohne schwere m orphologische Schädigungen zu  
verursachen. D ie G eschwulstbildung war das Ergebnis der Sum m ation der zwei versch iedenen  
W irkungsarten.

4. Chronische Verabreichung hoher T hyroxindosen bewirkte keine R ückbildung der 
entstandenen Adenom e.

D r. K á ro ly  L a p i s  

D r. L ászló  Y e k e r d y
B u d ap est X II . R á th  G y. u. 5., H u ngary
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