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Lithitm~ preparations are nowadays being used on an ever-increasing scale in the treatment of various 
diseases.  Lithium was originally used in psychiatry in the treatment of manic states [4, 8], but its range of 
application is by no means confined to this,  A number of recent investigations have demonstrated the new 
fact that lithium acts on the tissue complexes of the thyroid gland [3, 6], but the mechanism of this action is 
variously explained. Some workers [11, 12] consider that lithium prevents the accumulation of iodine and 
secretion of thyroid hormones, whereas others consider that lithium has a direct inhibitory action on libera- 
tion of hormones from the tissue of the gland and the elimination of thyroxine from the body [5, 10]. There 
is also evidence that lithium inhibits the breakdown of thyroglobulin and the stimulating effect of thyrotrophic 
hormone [9]. 

Because of the ambiguous and, in some cases, the contradictory data on the effect of lithium salts on 
the thyroid gland it was decided to study the dynamics of morphological and functional changes in the thyroid 
gland under the influence of various doses of lithium chloride. No such investigations could be found in the 
accessible l i terature.  

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

Experiments were carried out on 96 male albino rats divided into four groups: one control and three 
experimental groups, with 24 animals in each. Lithium chloride was given per os to the experimental rats 
daily for 6 weeks in the following doses: 0.5 meq/kg to group 1, 1.0 meq/kg to group 2, 2.0 meq/kg to group 
3. Intravital function testing of the thyroid gland was then carried out by the radioindication method. For 
this purpose a subcutaneous injection of 131I was given to 12 animals of each group in a dose of 740 Bq/kg body 
weight, and the iodine-accumulating function of the gland was tested by means of the DSU-61 apparatus 2, 4, 
6, 12, 24, 48, and 72 h after injection of the isotope. After radiometry of the thyroid glands the animals were 
decapitated and the protein-bound 13iI (PBI-131), thyroid hormones (T 3 and T4) , the coefficient of effective 
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TABLE 1. Changes in Relative Propor t ions  of S t ruc tura l  Components of  Thyroid  T issue  under 
the Influence of Lithium Chloride (M �9 m) 

Structural component of 
thyroid tissue 

Colloid 
Follicular epithelium 
Connective tissue 
InteMollicular 

epithelium 

control 

27,7+0,53 
29,4-?-0,46 
24,5+_--0,55 

18,4~0,51 

group 1 

24,3+0,36 
25,8~0,35 
28,1 • 

21,8~0,43 

<0,05 
<0,05 
<0,05 

<0,05 

Bulk density, 9o 
group 2 

35,1 +0,33 
31,0.-'~--0,25 
18,2~0,35 

16,7• 

<0,05 
<0,05 
<0,05 

<0,05 

group 8 

40,3~0,38 
33,7~0,33 
14,6+_0,28 

11,4~0,31 

<0,005 
<0,005 
<0205 

dO 205 

TABLE 2. Changes in Diamete r  of Fol l ic les  and Height of  Thyro id  Epi thel ium under the In- 
fluence of Lithium Chloride (M �9 m) 

Index Control Group 1 p Group 2 p Group 3 

Diameter of follicles, ~m 
Height of thyroid 

eplthelium, ~m 

55,15=2,0 

5,4::k:O, 12 

57,3+__2,2 

5, 1 +0, 10 

>0,25 

<0, I0 

64,25=2,7 

4,8/=0,09 

<0,025 

<0,005 

73,6=1:3,3 

4,4• 

<0,005 

<0,005 

thyroxine (CET), and the level  of p i tu i tary  thyrot rophic  hormone (TTH) were  de termined  in blood col lected 
separa te ly  f rom each r a t  by means  of commerc i a l  radioimmunologic kits f rom the f i rms  CEA-IRE-Sor in  
(France) ,  Radiochemical  C en t re ,  A m e r s h a m  (England), and Byk-Mall inckrodt  (West Germany).  Radioactivity 
of  the biological specimens  was m e a s u r e d  in a NZ-138 well- type counter ,  connected to an ene rgy-se lec t ive  
type NK-350 counter  f rom the f i rm Gamma (Hungary). F o r  histological  analysis  the thyroid  glands were  
fixed in ea lc ium-formol ,  neutra l  f ixative,  and Bouin 's  fluid. Sections 5-12 #m thick were  cut f rom paraff in  
blocks and on a c ryos ta t .  T i s sue  for  o rd inary  morphological  examination was stained with hematoxylin and 
eosin and subjected to s tereologie  analysis  [1]. An ocular  m i c r o m e t e r  was used for  morphomct ry .  Neutral  
and acid glycoproteins  were  demonst ra ted  his tochamical ly  by the combined R i t t e r - O l e s o n  method, acid and 
alkaline phosphatases by GomoriTs method,  DNA by Feulgen 's  method,  and RNA by Brache t ' s  method.  
Gr imel ins '  impregnat ion method was used to demonst ra te  C ce l l s .  The  C cel ls  were  counted in one conventional 
unit of a r e a  with a 10 • ocu la r  and 40 • object ive.  The exper imenta l  resu l t s  were  subjected to s ta t i s t ica l  
analys is .  

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

A study of the morphofunctional  cha rac t e r i s t i c s  of the thyro id  gland of the albino ra t s  showed that l i thium 
chlor ide di f fers  in its action depending on the dose. In the thyroid  t i s sues  of animals  of group 1 a m orpho -  
logical  p ic ture  cha rac t e r i s t i c  of the gland with ce r t a in  fea tures  of hyperfunction was observed.  These  fea tures  
were  l iquefaction of colloid, an increase  in the d iamete r  of the in terfolUcular  capi l la r ies ,  and a change in 
the ra t io  between s t ruc tura l  components of the thyroid t i s sue  toward an increase  in the quantity of connect ive-  
t i s sue  cel ls  and in terfol l icular  epithelium and a cor responding  dec rease  in the bulk density of the colloid and 
fol l icular  epithelium (Table I).  No significant changes inthe his tochemical  p a r am e te r s  of the thyroid gland 
were  observed  in the animals  of  this group compared  with the control .  As Table  3 shows, the iodine-accumu-  
lating power  of the organ was increased  somewhat,  but the ra te  of excre t ion  of the isotope f rom the organ 
was reduced.  The data in Table 4 indicate some dec rease  in the indices of the hormone- forming  function of 
the thyroid  (PBI-131, T3, T4, CET).  However,  in this group the changes in the var ious indices were not s t a -  
t i s t ica l ly  significant except  the blood TTH level  of the animals .  

When higher  concentra t ions  of  lithium chlor ide  were  adminis te red  to the animals  of groups 2 and 3 
cons iderable  changes were  obse rved  in all morphological  and functional indices of  the thyroid  gland, c o r r e -  
sponding to a hypofunetional s ta te  of the organ.  These  changes were  mos t  marked  in the animals of group 3. 
Morphological ly ,  the  thyroid  glands were  r ep re sen t ed  by l a rge  and med ium-s ized  fol l ic les ,  usually polygonal 
in shape,  and filled with homogeneous colloid with no s ~ n s  of  resorp t ion .  The thyroid  epithelium was flattened 
(Table 2). The connec t ive- t i s sue  s t roma  of the gland was dist inctly visible and contained single lymphoid cel ls .  
The  resu l t s  of  s te reologic  analysis  conf i rmed that  fo l l icular  epi thel iam and colloid predominated  in the sect ions 
through the gland.  The content  of neutra l  g lycoproteins  was reduced  in t h e  cytoplasm of the fol l icular  ce l ls  
compared  with the  control  and they were  local ized mainly in the apical par t s  of the thyrocy tes .  A wel l -marked  
PAS-posi t ive reac t ion  was observed  in the basement  membranes  of  the fol l icles and in the colloid, which was 
uni formly  and modera te ly  s ta ined.  The  intensity of staining of nuclei  of  the fol l icular  epithelium for  DNA and 
of  staining of the cytoplasm for  RNA was low. Acid phosphatase was detected mainly i n th e  nuclei  of the t hy ro -  

840 



TABLE 3. 
(M • 

Indices of 131I Uptake by Thyroid Gland of Albino Rats during Lithium Therapy 

Accumulation of lSlI in thyroid gland, Time after in- 
jection o I  group 2 group 3 control [group2)l p # ;~ 
isotope, h (n= ~ z) (n= 1 ~1 (n = 12) 

2 
4 
6 

12 
24 
48 
72 

27,7+1,7 
32,9+~2,1 
38,8• 
44,2~2,5 
58,8• 
46,4~3,5 
40,2~3,4 

30,9___1,6 
35,7~2,3 
42,6~2,9 
48,9• 
63,5+5,1 
5o,3~4,3 
41,74=_4,1 

<0,25 
>0,50 
>0,25 
>0,25 
>0,50 
>0,25 
>0,50 

18,9• 
21,6~1,I 
24,7~2,4 
30,6~3,0 
40,0~3,4 
32,1+3,0 
23,6~2,3 

<0,025 
<0,005 
<0,005 
<0,005 
<0205 
<0,01 
<0,005 

13,5-_t-_1,0 
15,1+1,3 
19 5+_-1,8 
22,4~1,6 
30,7++_2,3 
25,4++_3,7 
20,1~2,5 

<0005 
<0,005 
<0,0o5 
<0,005 
<0,0o5 
<0,005 
<o,ooh 

TABLE 4. Indices of Hormone-Forming Function of Thyroid under the Influence of Lithium 
Chloride (M • m) 

Control Group 1 Group 2 Group 3 
Index (n= 12) (n =12) P (n= 12) P (n= 12) P 

/ 
PBI- 131 | 0,27+0,03 
Tri-iodothyronine convert, un] 0,7350,07 
Thyroxine, mg % ' 3,2550,54 
CET, convert, units 1,0650,07 
TTH, ng/ml 0,56~0,05 

0 25• 
0,75~0,11 
2,75~0,37 
1,04--+0,03 
0,25~0,10 

>0,25 
>0,5 
~0,5 
>0,5 
<0,005 

0,21 +_0,02 
0,63~0,04 
2,45+_0,12 
0,88~0,o8 
0,19~0,03 

<0,1 
<0,05 
<0,05 
<0,05 
<0,005 

0,17~0,01 
0.54• 
2,0~0,09 

0,66• 
0,11 ~0,01 

<0,05 
<0,05 
<0,005 
<0,005 
<0,005 

Fig. 1 Fig. 2 

Fig. i. Thyroid gland of intact albino rats. Localization of C cells in follicle wall (arrow). 
Here and in Fig. 2, magnification: ocular i0, objective 20. Impregnation by Grimelius' 
method. 

Fig. 2. Degranulation of cytoplasm of C cells in thyroid gland of animals of group 3 (arrow). 

cytes in the form of pale to da rkbrown granules .  Sirgle,  smal l ,  pale brown granules of lead sulfide were f r e -  
quently found in the cytoplasm of the epithelial cel ls .  Alkaline phosphatase was detected in the foll icular  
epithelium as diffuse pale g ray  staining, evidence of low activity of the enzyme.  Higher alkaline phosphatase 
activi ty was observed  in the capi l lary  epithelium and also in the f ibrocytes .  The low activity of the enzyme 
react ions  ref lects  the low l eve l  of ox ida t ion- reduc t ion  p rocesses  in the thyrocy tes .  The morphological  changes 
in the thyroid  gland descr ibed above were confirmed also by function tes t s .  The absolute quantity of i3iI taken 
up by the thyroid gland in the inorganic phase of  iodine metabol ism (during the f i rs t  day) was significantly lower 
than in the control  group and also in groups 1 and 2, and the ra te  of elimination of the isotope f rom the t issue 
also was re ta rded .  This fact  indicates delay of  hormone formation and depress ion of the concentrat ion function 
of the thyroid gland under the influence of  lithium salts both in the inorganic phase and in the organic t ranspor t  
phase of the iodine cycle .  This conclusion is also supported by rel iable data showing a decrease  in the PBI 
level in the p lasma and in the thyroxine and t r i - iodothyronine  levels .  The blood TTH concentrat ion was r e -  
duced by m o r e  than 80% compared  with the control ,  suggesting not only that lithiuxn has a di rect  influence on 
thyroid t issue,  but also that the pituitary is involved. 
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The r e su l t s  of the s tudy of the reac t ion  of the pa ra fo l l i cu la r  ce l l s ,  o r  C ce l l s ,  of  the  thyroid  gland to 
admin is t ra t ion  of l i thium sa l t s  a r e  in teres t ing f rom the point of view of this invest igat ion.  The C cel ls  were  
found to be unevenly dis t r ibuted in the gland, as o ther  w o r k e r s  also have found [2, 7]. P r ac t i c a l l y  none a r e  
found at  the pe r iphe ry  of the thyroid  gland, m o s t  of  them a re  in the cen t ra l  pa r t ,  where  on ave rage  they num-  
be red  5-7  for  eve ry  50 cel ls  of the fo l l icular  epi thel ium.  C ce l l s  a r e  d is t r ibuted singly in the foll icle walls 
between o rd ina ry  thyroid  ce i l s  and a r e  s epa ra t ed  f rom the lumen of the fol l ic les  by a na r row s t r ip  of  the 
apica l  pa r t  of the thy rocy tes  (Fig. 1). P a r a fo l l i cu l a r  ce l l s  a r e  found m o r e  often in the wall between fol l ic les ,  
o r  they form smal l  groups of  two o r  t h r e e  ce l l s  between fo l l ic les .  These  ce l l s  a r e  usual ly  round or  sl ightly 
oval in shape and l a r g e r  than the t hy rocy te s ,  with w e l l - d e f i n e d b o r d e r s .  The nuclei  of  these  cel ls  a r e  l a rge  
and poor  in ch romat in .  F ine  granules  a r e  unevenly d is t r ibuted  in the cy top lasm of individual ce l l s .  Degranu-  
lat ion of the cy top lasm was o b s e r v e d  in the t i s sue  of the exper imen ta l  an imals  m o r e  frequent ly  than in the 
control  (Fig. 2). Significant changes in s ize  of the C cel ls  were  not seen under  the influence of l i thium, but 
t he i r  number  pe r  conventional  unit of a r e a  of  sect ion through the thyroid  gland was 29.2% less  in the r a t s  of  
group 3 than in the contro l .  Consequently,  l i thium affects  not on ly t rue  thyroid  t i s sue  but also the population 
of C cel ls ,  although the mechan i sm of this action r equ i re s  fu r the r  study. 

Analys i s  of the r e su l t s  of this expe r imen t  thus demons t r a t e s  an inhibi tory act ion of l i thium chloride both 
on the phase  of hormone  format ion  in the thyrocy tes  and on the phase  of l ibera t ion  of thyroid  hormones  into 
the blood s t r e a m ,  and this effect  is d i rec t ly  dependent on the dose of l i thium. The significant  fall in the p l a s m a  
TTH level  in the an imals  of all  expe r imen ta l  groups  sugges ts  that  l i thium not only has a d i rec t  inhibitory 
action on thyroid  t i ssue ,  but also an indi rec t  influence on the thyroid  gland through the adenohypophysis .  
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