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Lymphopoies i s  in the thymus is sens i t ive  to s t a rva t ion  and to quali tat ive d is turbances  of nutri t ion,  in-  
cluding deficiency of vi tamins  of  the B group [8]. In a l imen ta ry  hypovi taminosis  Hi, d i s turbances  due to 
s ta rva t ion  a re  superposed  on the specif ic  v i tamin-dependent  changes .  The f o r m e r  can be reduced to a m i n -  
imum by using a model  of oxythiamine (OT) hypovi taminosis ,  when the ant imetabol i te  OT quickly inhibits the 
m o s t  impor tan t  coenzyme function of thiamine [3, 4]. In this connection the morphologica l  mani fes ta t ions  of 
OT-induced hypovi taminosis  a re  much  l e s s  m a r k e d  than in the a l imen ta ry  form,  even in a t a rge t  organ such 
as the hea r t  [5]. The exception to this ru le  is the thymus.  The p r e sen t  wr i t e r s  have found that  a t rophy of 
the thymus is a constant  and the e a r l i e s t  m a c r o s c o p i c  sign of OT pathology. 

This  paper  desc r ibes  the r e su l t s  of  a study of m o r p h o m e t r i c  changes in OT-involut ion of the thymus 
and some  data on its pathogenesis .  

EXPERIMENTAL METHOD 

OT was injected subcutaneously into noninbred albino ra t s  of both sexes  daily in doses  of  12.5 m g / k g  
fo r  2 weeks and 20 m g / k g  for  3 weeks,  o r  as s ingle o r  double (at an in terva l  of 48 h) doses of 400 m g / k g .  Rats  
rece iv ing  injections of 0.85% sodium chloride solution, balanced as r ega rds  volume, number ,  and t ime,  s e rved  
as  the contro l .  Al together  180 an ima l s  were  used.  The depth of hypovi taminosis  was de te rmined  by m e a -  
sur ing  t r anske to l a se  act ivi ty  in the thymus and l ive r .  The thymus was fixed in CarnoyTs fluid and paraf f in  
sec t ions  were  stained with hematoxyl in  and eosin,  toluidine blue, and SchiffVs reagent .  Lymphopoies i s  was 
e s t ima ted  by studying m i t o s e s  in zones of  m a x i m a l  p ro l i fe ra t ion  (the ou te r  co r t ex  and its cambia l  l ayer ) .  
This  l a t t e r  l aye r  was taken to be a s t r ip  of thymocytes  24-25 p wide, adjacent  to the capsule  of the iobules .  
Mitotic indices (MI) were  calcula ted in p romi l l e  by counting the number  of m i to se s  in 5000 c e l l s .  The h ls to-  
p lan imet r ic  co r t i comedu l l a ry  coeff icent  was de te rmined  by weighing s epa ra t e ly  the outl ines of a project ion 
of the co r t ex  and of the medulla  on paper .  

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

Af te r  injection of 400 m g / k g  OT, the changes of  hypovi taminosis  develop fas t e r  in the thymus than in 
the l ive r .  ~nnereas in the thymus (Table 1) inhibition of t r anske to l a se  act ivi ty  f lat tened out on a plateau a f t e r  
only 18 h, in the l ive r  this  p roce s s  took 72 h (55.1 �9 4.7 compared  with 143.6 + 7.4 # m o l e s  in the control;  P < 
0.001). A signif icant  i nc rea se  in weight of the thymus was found a f t e r  not less  than 2 days,  with a m a x i m u m  
on the 3rd-4th day of the acute exper iment .  Atrophy by one- th i rd  was produced by a single injection of 400 
m g / k g  o r  by a 14-day course  of  12.5 m g / k g  OT daily; a t rophy by 60% was produced by two injections of 400 
m g / k g  each o r  by a 3-week course  of 20 m g / k g  daily.  

The  loss  of weight  was a t t r ibutable  to a dec rea se  in the number  of cel ls  in the co r t ex  of the gland whereas  
the i r  number  in the medul la  r ema ined  s table  (about 16,300/ram 2 c ro s s  section).  With a dec rea se  in the number  
of thymocytes  the th ickness  of  the co r t ex  was reduced  and the co r t i comedu l l a ry  ra t io  fell. During a t rophy 
of the organ  by 60% the cell  density pe r  square  m i l l i m e t e r  c r o s s - s e c t i o n  of the co r t ex  fell  f rom 31,500 to 
23,900 (by 24%; P < 0.001) and the co r t i comedu l l a ry  ra t io  fell f rom 2.79 to 1.50 (by 46%; P < 0.01). Changes 
in these  indices c o r r e l a t e d  with each other  (r = + 0.680 • 0.175; P < 0.01). By co r rec t ing  the density of  the 
thymocytes  for  the dec rea se  in the cor t i comedul la ry  ra t io ,  a t rophy based on cel l  loss  could be made  to coincide 
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TABLE I. Thymus Transketolase Activity ( in#moles/g tissue/h) after Injection of 400 mg/kg 
of OT 

Index studied Control G h 12 h 18 h 24 h 2,6 h 

Activity (M :~ m) 
Inhibition, % 

P 

133,9• 105,9+_6,9 
20,9 

<0,01 

92,2~4,7 
31,2 
<o,ooi 

76,8• 
42,6 

<0,001 

80,9+4,5 
39,6 

<0,001 

82,8• 
38,2 

<0,001 

TABLE 2. Influence of OT on Ef fec t  of Hydroco r t i sone  in Outer  Cor t ex  of Thymus (M �9 m) 

Days 

Control 
i 
2 
3 
4 

Mitostatic effect Thymolytic effect 
No. of mitoses per 0.169 
mm 2 section 

'OT, hydro- 
T cortisone 

74,8+3,7 59,5~4,9 
56,2~3,6 47,3~2,6 
38,7~3,7 29,5~3,1 
53,8~3,8 43,8~2,1 
76,7+2,4 1 70,0~5,9 

inhibition, 
q0 

20,5 
15,8 
23,8 
18,6 
8,7 

<0,05 
<0,1 
<0,1 
<0,05 
<0,5 

pycnotic thymo- 
cytes per 0.0256 
mm 2 cross 
section 

32,0~l,9 
35,2~2,9 
62,7~8,8 

104,3~9,3 
73,1~6,0 

increase in 
disin - 
tegration. 

10 
96 

226 
128 

>0,5 
<0,01 
<0201 
<0,001 

TABLE 3. Changes m MI and Number of Thymocytes in Outer Cortex of Thymus after In- 
jection of 400 mg/kg OT 

Days 

Control 
I 
2 
3 
4 

MI (M • m) 

14,9~0,8 
10,6~0,6 
8,6~0,8 

13,4~I,0 
18,2~0,3 

Inhibition, 
% 

--28,9 
--42,3 
--10,0 
+22,1 

<0,01 
<0,001 
<0,5 
<0,01 

No. of thymo- 
eytes per 0.0169 
mm ~ of section 
(M • m) 

523~3,0 
527~6,0 
449+_7,4 
403_13,4 
421+__10,5 

Loss of cells 

124 
106 

<0,001  
<0201 
<0,001 

with a t rophy by weight .  OT- involu t ion  of the  thymus was thus r educed  to lo s s  of thymocy tes  and a d e c r e a s e  
in s i ze  of the lobules  because  of  co l l apse  of the co r t ex .  I t  was this  co l l apse  which reduced  the t r ue  d e c r e a s e  
in the number  of thymoeytes  by m o r e  than half and which m a s k e d  depopulat ion of the c o r t e x  in the h i s to log ica l  
s ec t i ons .  Because  o f  t h i s ,  i nve r s ion  of the l a y e r s  of the gland was obse rved  e x t r e m e l y  r a r e l y  and was con-  
nec ted  with the w idesp read  pyenos i s  and k a r y o r r h e x i s  of c o r t i c a l  ce l l s  (up to 40 pycnotic  nucle i  in 0.0256 
m m  2 of sect ion) .  In the overwhe lming  m a j o r i t y  of c a s e s ,  however ,  m o r e  m o d e r a t e  d i s in teg ra t ion  of the thy -  
mocy t e s  was found, and with the  p r e s e n c e  of phagocytosed,  and not of f ree ,  nuc l e a r  f r agmen t s ,  aga ins t  the 
background of m a r k e d  ac t iva t ion  of the s y s t e m  of c o r t i c a l  PA S- pos i t i ve  m a c r o p h a g e s  (the " s t a r r y  sky"  
phenomen).  

The r e s u l t s  for  m i t o s i s  were  r a t h e r  unexpected.  MI in the ou te r  c o r t e x  of the r a t s  in the chronic  e x -  
p e r i m e n t s ,  decap i ta ted  at d i f ferent  t i m e s  of day (7 a .m. ,  1 and 6 p.m.) did not d i f fer  f rom the con t ro l .  The 
mean  da i ly  MI was 11.97 c o m p a r e d  with 11.73 in the cont ro l ,  tn the  acute  e x p e r i m e n t  MI was s ign i f ican t ly  
reduced  only 24 and 48 h a f t e r  the f i r s t  in ject ion of 400 m g / k g  of OT, and the second inject ion did not inhibit  
p ro l i f e r a t i on .  Even in the acute expe r imen t ,  involution of the thymus thus depended m o r e  on in tens i f ica t ion  
of thymocyte  d i s in t eg ra t ion  than on inhibi t ion of p ro l i f e r a t i on .  At ten t ion  was drawn to the  c o r t i s o n e - l i k e  type 
of d i s in t eg ra t ion  (kary0r rhexi~  a f t e r  a p r e l i m i n a r y  s tage  of pycnos is ) ,  which is pa radox ica l  for  OT pathology,  
s ince  OT inhibi ts  the product ion  of a d r e n o c o r t t c a l  s t e r o i d s  and d e p r e s s e s  t h e i r  blood level  [1, 2]. The only 
explanat ion  of this  pa radox  was to a s s u m e  that  OT s igni f ican t ly  i n c r e a s e s  the s ens i t i v i t y  of thymoeytes  to 
corticosteroids. 

To test this hypothesis a special experLment was undertaken. Two series of rats received 400 mg/kg 
OT and were decapitated 1-4 days later, but 2 h before sacrifice the animals of one series were given an intra- 
peritoneal injection of hydroeortisone in a dose of 2.5 rag/100 g body weight. This dose and exposure of the 
hormone (Table 2) led to some degree of mitostatic effect, but this extended equally to both experimental and 
control animals. Meanwhile, a strong thymolytic action, clearly dependent on the stage of hypovitaminosis, 
was discovered in the experimental rats (Table 2). Whereas 1 day after injection of OT (Fig. la) disintegra- 

tion of the thymocytes induced by hydroeortisone still remained at the control level (Fig. ib), on the 3rd day 
of the experiment (Fig. ic) it exceeded the control value by 226% and still remained high toward the end of the 

4th day. OT thus had no significant effect on resistance of dividing thymocytes to hydroeortisone, but reduced 
it sharply in mature small thymocytes. 
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Fig. I. Thymoly t ic  ef fec t  of  hydrocor t i sone  (2.5 rag/100 g body weight 2 h before  sac r i f i ce )  
a f t e r  p r e l i m i n a r y  admin is t ra t ion  of OT to r a t s  (40 rag/100 g body weight): a) OT-induced hypo- 
v i taminos is  for  1 day: smal l  foci of pycnosis  and k a r y o r r h e x i s  of  thylnocytes  (capsule of 
lobule on left); b) control  ra t :  dis t r ibut ion of dis integrat ion of thymocytes  comparab le  with OT-  
induced hypovi taminosis  for  1 day; c) OT- induced  hypovi taminosis  for  3 days: mul t ip le  foct of 
pyenosis  and ka ryo r rhex i s  with tendency toward fusion against  the background of a re la t ive  in-  
c r e a s e  in the number  of l a rge  and m e d i u m - s i z e d  thymocytes  (capsule of  lobule above).  H e m a -  
toxylin and eosin,  280 • 

OT inhibited pro l i fe ra t ion  main ly  within the 24-48 h interval .  By the 3rd day (Table 3) the lVlI values 
we re  equal again, and on the 4th day MI was h igher  than in the control .  However ,  tkis  compensa t ion  of division 
did not make  good the deficiency of ce l l s ,  the ma in  c o u r s e  of which, as ca lcula t ions  showed, was the continued 
dis in tegra t ion  of sma l l  thymocy tes .  If  t h e  durat ion of the mitot ic  cycle  is taken to be 8 h [6, 9], the poss ib le  
loss  of ce l l s  on account  of inhibition of mi tos i s  on the 2nd, 3rd, and 4th days would be 33, 46, and 44 thymocytes  
r e spec t ive ly ,  fa r  l e s s  than half the i r  actual  loss  (Table 3). The r e s t  of  the deficit  is accounted for  by d is in te -  
g ra t ion  of thymocytes  which cannot be rep laced  by intensif icat ion of p ro l i f e ra t ive  act ivi ty.  Evidence  of the in-  
t ens i ty  of  compensa t ion  of d is in tegra t ion  is given by the r e su l t s  of compar i son  of MI of the outer  co r t ex  with 
MI of the cambium.  In the contcom MI of the cambium was 30-40% higher  than MI of the outer  cor tex .  The 
s a m e  discontinuity between them p e r s i s t e d  also during hypovi taminos is  in the phase  of inhibition of mi tos i s .  
However ,  on the 4th day p ro l i fe ra t ion  inc reased  to such an extent  (Table 4) that  the  di f ference between the MI 
values  was s ignif icant ly  reduced ,  and a f t e r  an addit ional inject ion of OT the number  of  m i t o s e s  in the ou te r  
co r t ex  ac tual ly  approached  the m a x i m a l  level  for  th is  organ.  

OT thus induces involution of the thymus in r a t s  on account  of  a t rophy of its cor tex .  Morphogenes is  of 
involution can be reduced to two m e c h a n i s m s :  init ial  t e m p o r a r y  inhibition of p ro l i fe ra t ion  and subsequent  
p r o g r e s s i v e  intensif icat ion of d is in tegra t ion  of t hymocy te s .  Dis in tegra t ion  r eaches  a m a x i m u m  in the phase  
of compensat ion  of division, which is not abol ished by a second inject ion of OT. That  is why cel l  d is integrat ion 
a s s u m e s  except ional  impor tance  fo r  involution of the thymus in chronic  expe r imen t s .  

TABLE 4. MI of Cambium 
Thymus  96 h a f t e r  One and 
400 m g / k g  OT (M �9 m) 

and Outer  Co r t ex  of 
Two Inject ions of  

Injection of MI of lviI of ]Difference 
OT cambium cortex outer between MI 

Once 
Control 
P 
Twice 
Control 
P 

20,3+0,9 
21,6~1,1 

16,0~1,2 
17,2~0,8 

18,2~o,3 
14,9+_o,8 

<021 
13,1___1,4 
10,3___+0,7 

<0,2 

-L2,1+_l,1 
+6,7+___1,3 
<0,05 
+2,4+1,2 
+ 6,9-~--1,1 

<0762 
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Disintegration is due to a decrease in the resistance of small thymocytes to hydrocortisone. The bio- 
chemical nature of this phenomenon is not yet clear. It may be associated also with inhibition of enzymes 
which inactivate hydrocortisone and with an increase in binding of the hormone through slowing of catabolism 
of specific protein receptors in the thymocytes. Coincidence of the peak of the cortisone-like action of OT 
with the maximum of hypovitaminosis in the liver (72 h) indicates a contribution of metabolic changes in the 
liver to thymocyte disintegration. Such a contribution is in agreement with the fact that the thymolytic effect 
of hydrocortisone is abolished in hepatectomized rats [7]. 
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Monoamines, as a class of neuromediators,  participate in the regulation of hormonal functions and exert  
their  action through releasing hormones, located in different parts of the CNS and, in particular,  in the hypo- 
thalamus. Recently considerable attention has been paid to the study of the role of adrenergic mediators in 
gonadotrophin secretion.  The noradrenergic and adrenergic systems of the hypothalamus have been shown 
to control processes  such as the rhythinic type of secretion in ovariectomized rats and the preovulatory 
liberation of luteinizing hormone (LH) in intact female rats [5, 15]. 

The wri ters  previously demonstrated correlation between changes in the monoamine content in individu- 
al regions of the hypothalamus and the LH level in female rats in various physiological states [1]. However, 
the results did not give any c lear  idea of the concrete participation of each monoamine in the regulation of 
pituitary gonadotrophin function. 

The object of the present investigation was to study the role of noradrenalin (NA) in the mechanism of 
gonadotrophin secretion, specifically: to determine the LH concentration in the pituitary and blood after in- 
jection of NA into the preoptic region of the hypothalamus, which is functionally connected with the cyclic 
liberation of gonadotrophins in female rats [3], and which, as the wri ters  showed previously, is character ized 
by the greates t  changes in NA concentration in the course of the estrous cycle [1]. 

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

Experiments were car r ied  out on 120 sexually mature female rats weighing 200-250 g with a stable 4-day 
estrous cycle. The animals were kept under standard conditions (daylight from 5 to 19 h, temperature  20-23~ 
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