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Feeding animals  with thyroid  is  followed by profound changes in lipid me tabo l i sm  in the l ive r ,  
depending on the durat ion of thyroid adminis t ra t ion  or  the s eve r i t y  of the thyro toxicos is .  
These  changes a re  r e v e r s i b l e  in cha rac t e r .  

P rev ious  invest igat ions [1, 3] have shown that animals  with expe r imen ta l  thyroid  toxicos is  develop a 
s e r i e s  of pathological  changes  in lipid metabol i sm.  These  changes a re  e x p r e s s e d  p r i m a r i l y  as an i n c r ea se  
in the total  lipid content  in the l iver .  Lipids accumula te  in the l i v e r  through d i s tu rbances  of the fo rmat ion  
of f l - l ipopro te ins  and phospholipids by the l i ve r  and the i r  l ibera t ion  f r o m  it and through a dec r ea se  in the 
glycogen content of the l iver .  This l as t  fac tor  is accompanied  by i nc rea sed  mobi l izat ion of fat  f r o m  the 
fat  depots,  i .e . ,  by an i nc rea se  in l ipolytic act ivi ty  of  the adipose t i s sue  and by an i nc r ea se  in the concen-  
t ra t ion  of f ree  nones te r i f ied  fat ty acids in t h e b l o o d  s e r u m  [2]. A def ic iency of lipid breakdown may also 
play a role  of some impor tance  in the accumulat ion of fat  in the l iver .  The changes in l ipid me tabo l i sm 
d i scovered  in thyroid  toxicosis  a r e  r e v e r s i b l e  in cha rac t e r .  

The object  of this invest igat ion was to make a h i s tochemica l  study of the content and c h a r a c t e r  of d i s -  
t r ibut ion of l ipids  in the l i ve r  of an imals  with thyroid tox icos is  at d i f ferent  s tages  of i ts  development ,  and 
also in the r e p a i r  per iod.  

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on male  r a t s  weighing 200-240 g kept under  the s a m e  conditions and 
rece iv ing  the same  diet. The an imals  were  divided into four groups:  group 1 - t h e  control ,  group 2 - a n i -  
ma l s  fed with thyroid for 15 days,  group 3 - a n i m a l s  rece iv ing  thyroid  for  30 days,  and group 4 - a n i m a l s  in 
the r e p a i r  per iod,  i .e . ,  1 month a f te r  the end of thyroid  adminis t ra t ion ,  Each group contained 10 animals .  
Thyroid  was given daily by mouth, with an initial  dose of 0.2 g and a final dose of 0.7 g. The development  of 
of thyro toxicos i s  was a s s e s s e d  by the cha r ac t e r i s t i c  appearance  of the animals, ,  the changes in the i r  body 
weight, and the i r  s e r u m  pro te in-bound iodine (PB1) concentrat ion.  To detec t  l ipids,  the l i v e r  of  the control  
and expe r imen ta l  an imals  was fixed in 10-12% neut ra l  fo rmal in  solution. The t i s sue  was cut into sect ions 
10-15 ~t thick on a f reez ing  mic ro tome .  The sec t ions  were  s ta ined with a solution of Sudan I I I+Sudan IV in 
alcohol and acetone and with an alcoholic solution of Sudan b lack  B. 

To conf i rm the lipid na ture  of the subs tances  d i scovered ,  control  sec t ions  were  t r ea t ed  with cold 
acetone (in a r e f r i g e r a t o r  at 4~ for  24 h. The sec t ions  were  then r insed  in dis t i l led wa te r  and s tained in 
the s a m e  way. 
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Fig.  1. L iver  of animal  f r o m  control  group: 
mos t  l iver  cel ls  f ree  f r o m  lipids; smal l  lipid 
drople ts  diffusely s ca t t e r ed  throughout cy to-  
p l a smof ind iv idua l  l ive r  cel ls .  Sudan III-IV, 200 x. 

Fig. 2. L ive r  of animal  with 15-day thyroid toxi-  
cosis., p rac t i ca l ly  all l i ve r  cel ls  contain lipid 
drople ts  of different  s izes  in the i r  cy toplasm.  
Sudan b lack  B, 200 x. 

Fig. 3. L iver  of r a t  in r e p a i r  per iod,  many 
l ive r  cel ls  contain var ious  number s  of r e l a t ive -  
ly la rge  lipid drople ts .  Sudan black B, 200 x. 

E X P E R I M E N T A L  R E S U L T S  

Control  Animals  (Group 1). Most of the l i ve r  
ce l l s  of the intact  ra t s  as a rule  contained no h i s to -  
chemical ly-de tec table  lipids.  Somet imes  individual 
cel ls  contained smal l  single drops,  stained with Sudan 
III-IV and Sudan black B, in the i r  cytoplasm.  Very  
r a r e ly ,  smal l  lipid drople ts  diffusely filled the whole 
cy top la sm of groups  of two or  th ree  cel ls  (Fig. 1). 
A v e r y  smal l  quantity of fat was found also in the 
in te r lobular  connective t i ssue.  

Animals  Receiving Thyroid  for  15 JDays (Group 
2}= P rac t i c a l l y  all the l ive r  cel ls  of these  animals ,  
unlike the controls ,  contained a ce r ta in  quantity 
(usually average} of fat  which was uni formly  d i s t r i -  
buted throughout the cytoplasm.  The f a t  drople ts  
were  most ly  c i r cu l a r  in shape and of di f ferent  

s izes  (Fig. 2). Occasional ly  individual cel ls  appeared  over loaded with fat. La rge  lipid drople ts  also 
appeared  in the l ive r  s t roma ,  mainly beneath the capsule.  

Animals  Receiving Thyroid  for  30 Days (Group 3). In the animals  of this group, f a r  fewer  cel ls  con-  
tained fat  than in the animals  of group 2, although the total  number  of cel ls  with lipid inclusions was stil l  
much higher  in the  l i ve r  of these  an imals  than in those of the control  group. Usual ly  single o r  smal l  groups 
of cel ls  in a lobule contained a va r i ab le  number  of lipid drople ts .  As a rule  these  drople ts  were  s m a l l e r  
than in the an imals  with a 15-day toxicosis ,  but there  could be many more  of them in the cell.  

Animals  in the Repa i r  Pe r iod  (Group 4). Many of the l i ve r  ce l l s  in the animals  of this group contained 
lipid drople ts  (Fig. 3). The cy top lasm of these  cel ls  contained e i the r  sol i tary ,  re la t ive ly  l a rge  lipid d rop-  
lets  o r  a few tiny lipid granules  sca t t e red  throughout i t s  a rea .  In some lobules,  smal l  groups of cel ls  were  
so loaded with fat  that the cell  b o r d e r s  cou ldno t  be distinguished. The lipid drople ts  were  cons iderably  in-  
c r ea sed  in s ize and a l tered  in shape: ins tead of c i rcu la r ,  they were  shapeless .  

The resu l t s  of these  h i s tochemica l  invest igat ions show that nea r ly  all the fat detected in the l i ve r  of 
intact  ra t s  and of r a t s  with thyro tox icos i s  is  bound with the cy top lasm of the l i ve r  cells .  They also demon-  
s t r a t e  a definite co r re la t ion  between the lipid content in the l i ve r  and the s eve r i t y  of the thyrotoxicos is .  
On the 15th day of development  of thyrotoxicos is ,  for  example ,  the total  l ipid content in the l i ve r  of the ex-  
pe r imen ta l  an imals  was sharp ly  increased.  Whereas  the total  lipid content in the l i ve r  of the intact  ra t s ,  
as previous  expe r imen t s  showed [1], is  14.07 4-0.717 g%, in the animals  of group 2 it  was 20.82 • 1.48 g%. 
This inc rease  in content occu r r ed  both through an i nc rea se  in the number  of cel ls  containing l ipids and an 
i nc rea se  in the number  of lipid droplets  in the individual l i ve r  cel ls ,  as well as through an i nc r ea se  in the 

118 



size of the lipid droplets  themselves .  However,  on the 30th day of thyroid administrat ion,  when the thyro-  
toxicosis  reached its g rea tes t  sever i ty ,  the quantity of h is tochemical ly  detectable fat was considerably r e -  
duced. Similar  resu l t s  were  obtained previously  in a b iochemical  invest igat ion of the l iver  [1]. The total 
content of lipids in the l iver  of the animals of group 3 fell  to 16.95 =~0.695 g% compared  with the lipid con-  
tent in the l iver  of the animals of group 2. The number  of cel ls  in which l ipids were  detected and the size 
of the cytoplasmic lipid droplets  were  reduced.  Despite the dec rease  in the lipid content in the l iver  of 
these animals,  it  was still  h igher  than in the l ive r  of the intact  ra t s .  In thyrotoxicos is ,  the change in the 
lipid content In the l iver  is thus fluctuating in charac te r .  Stopping thyroid adminis t ra t ion (the r epa i r  
period) was accompanied by fur ther  accumulation of fat, but in the per iod  invest igated it  did not reach  the 
level  cha rac te r i s t i c  of the animals of group 2. The lipid droplets  also were  inc reased  in s ize,  and some 
cel ls  appeared to be overloaded with lipids, which was never  observed  in the animals of the other  groups.  
Biochemical  t es t s  showed that the lipid content in the l iver  during the r ep a i r  per iod  is 15.4 :~ 0.49 g%. 

It is c lea r  f rom these resu l t s  that feeding animals with thyroid produces  profound changes in lipid 
metabol ism in the l iver .  These  changes depend on the durat ion of thyroid  admInistrat ion and, consequently, 
on the sever i ty  of the exper imenta l  thyrotoxieosis .  They can be c l ea r ly  demons t ra ted  both by biochemical  
and by his tochemieal  studies of the l iver  of these animals. However,  as the resu l t s  of the p resen t  inves t i -  
gations showed, changes in the lipid content observed at d i f ferent  t imes  of exper imenta l  thyroid toxicosis  
are  r eve r s ib le  in charac te r .  
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