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During the f i r s t  24 h a f te r  bir th ,  CBA mice rece ived  an in t raper i tonea l  injection of 1.92-2.38 • 
10 ~ spleen cel ls  of adult male  mice  of l ines  C57BL. All these  rec ip ien ts  developed an acute 
fo rm of runt d i sease ,  f rom which they died 18-22 days af ter  t ransplantat ion.  On the 7th-Sth 
day of the exper iment  we noted a dec rea se  in the act ivi ty of lac ta te ,  suecinate,  g lucose-  6-phosphate,  
a -g lyce rophospha te ,  malate ,  and glutamate  dehydrogenases ,  N A D - a n d  NADP-diaphorases ,  
and cy tochrome oxidase  in the center  of the newly fo rmed  p r i m a r y  fol l icles.  C lus te r s  of 
highly act ive re t icu lum cel ls  we re  found in the red pulp of the spleen along the course  of the 
blood v e s s e l s  and s inuses ,  where  they a l te rnated  with a r e a s  of a t rophy of the lymphoid e l e -  
ments .  In the thymus of the mice  with runt d isease ,  act ivi ty of the enzymes  in the cor t ica l  
ce l l s  was  sharply  increased .  Starting f rom the 7th day af ter  t ransplantat ion,  a r e a s  of cell  
degenerat ion w e r e  found in the medulla,  in which d i formazan  was  deposi ted as la rge ,  po ly-  
morphic  granules  or  as c lus t e r s  r e sembl ing  bunches of g rapes .  

The "graf t  v e r s u s  host" reac t ion  is  used now days to invest igate  many of the p r o b l e m s  in t r ansp lan ta -  
tion immunity.  

This p a p e r  desc r ibes  an invest igat ion of the distr ibution of act ivi ty of  ox ido- reduc tases  in the spleen 
and thymus of mice  at different t imes  af ter  t ransplanta t ion  of al logeneic lymphoid cells .  

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

During the f i r s t  24 h a f t e r  bir th ,  32 CBA mice (H-2 k his tocompat ibi l i ty  locus) rece ived  an in t r ape r i t o -  
neal  injection of 1.92-2.38 • 107 spleen cel ls  f rom male  C57BL mice (H-2 b his tocompat ibi l i ty  locus) aged 
12-14 weeks.  The technique of p repa r ing  and a s se s s ing  the viabi l i ty  of the cell  suspension was  descr ibed  
p rev ious ly  [2]. In the control  s e r i e s  the s ame  doses  of syngeneic spleen ce l l s  (14 mice) and al logeneic 
spleen cells,  d is in tegra ted  by rapid f reezing and thawing five t imes ,  together  with homogenizat ion at 2000 
rpm for  3 min in the cold (12 mice) we re  injected. The rec ip ien ts  w e r e  sac r i f i ced  on the 3rd-4th ,  7th-8th,  
12th-15th, and 18th-22nd days a f t e r  t ransplantat ion.  The development  of runt d i sease  was  judged f rom an 
i nc r ea se  in the splenic index over  1.0 [7], ap las ia  of the thymus,  hepatomegaly,  and p e r i p h e r a l  n e c r o s i s  of 
the l ive r  [5]. The h is tochemical  t e s t s  w e r e  ca r r i ed  out on f rozen sect ions of the spleen and thymus 10 
in thickness.  Activity of the following enzymes  was de te rmined  s imultaneously:  succinate dehydrogenase 
~SDI-1), lac ta te  dehydrogenase (LDH), mala te  dehydrogenase (MDH), ~-g lycerophosphate  dehydrogenase 
(e~-GDH), NAD- and NADP-diaphorases ,  g lucose-6-phospha te  dehydrogenase  (G6PDH), g lutamate  dehydro-  
genase  (GLDH), and cy tochrome oxidase (CCO) [3]. Some sect ions in pa ra l l e l  t e s t s  were  stained with 
hematoxyl in  and eosin. 

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

High act ivi ty  of the ox ido- reduc tases  was  detected in the cel ls  of the p r imi t ive  fol l ic les  in the spleens 
of the intact  mice  and also of the rec ip ients  of syngeneic and dis in tegra ted  al logeneic lymphoid cel ls  on the 

Depar tment  of Pathological  Physiology and Centra l  Resea r ch  Labora tory ,  Kazan '  Medical Institute. 
(Presen ted  by Academic ian  of the Academy of Medical Sciences of the USSR A. I. Strukov.) Trans la ted  f rom 
Byulleten'  ]~ksperimental 'noi  Biologii i Meditsiny, Vol. 74, No. 9, pp. 108-111, September ,  1972. Original 
a r t i c l e  submit ted  December  29, 1971. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1104 



Fig. 1. Sections through spleen of 7-day  CBA mice (160 • 
a) control; high LDH activity in lymphocytes of pr imit ive 
follicle; 2.38 • 107 disintegrated spleen cells of a C57BL 
mouse were injected; b) experiment;  sharp decrease  in 
G6PDH activity in lymphocytes of follicle, collection of 
highly active ret iculum cells at per iphery  of follicle, 
2.38 • 10 T spleen cells of a C57BL mouse injected. 

Fig. 2. Sections through spleen of CBA mice during graft  v e r -  
sus host reaction; 2.2 • spleen cells of a C57BL mouse were 
injected: a) 14 days; accumulation of ret iculum cells along the 
course  of blood vesse ls  and sinuses of the red pulp; react ion for 
G6PDH (160 • b) 12 days; high CCO activity in megakaryocytes  
and in cells of hematopoietic loci of red pulp (350 • c) 18 days; 
zone of sharp decrease  in NADP-diaphorase activity (350 • 

3rd-5th  day af ter  birth.  The tests  for  LDH and NAD-diaphorase showed higher activity at the per iphery  of 
the follicle (Fig. la), while those for NADP-diaphorase,  SDH, o~-GDH, GLDH, and CCO charac te r i s t ica l ly  
showed a uniform distribution of diformazan throughout the section through the follicle. In the walls of the 
centra l  a r te r ies  and in the endothelium of the sinuses, high LDH, NAD- and NADP-diaphorase,  and CCO 
activity was detected. As the animals grew older the number of follicles in the spleen increased.  

On the 3rd-5th day af ter  transplantation of the spleen cells of the C57BL mice, activity of the above- 
mentioned enzyme decreased  at the sights of formation of the primit ive follicles in the spleen of the CBA 
recipients.  On the 7th-8th day of the experiment this tendency was more  marked still, especial ly in the 
center  of the follicle, where a zone of complete disappearance of enzyme activity had appeared, or  cells 
containing ve ry  few granules of average size were detected. Some such foll icles were surrounded by a 
b a r r i e r  of active stellate ret iculum cells. This p roce s s  was seen  most  c lear ly in the test for  G6PDH 
(Fig. lb). On the 12th-15th day of the experiment and later ,  ret iculum cells giving off p roces se s  and 
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Fig. 3. Sections through thymus of CBA mice:  a) control ,  7 
days; 2.38 x 107 dis in tegra ted  spleen cel ls  of a C57BL mouse 
were  injected; reac t ion  for  NAD-diaphorase;  th ree  zones a re  
c l ea r ly  vis ible:  a nar row subcapsular ,  cor t ical ,  and medul -  
l a ry  zone (explanation in text,  63 x); b) exper iment ,  7 days; 
2.38 x 10 ~ spleen cel ls  of a C57BL mouse injected; sharp  in-  
c r e a s e  in G6PDH act ivi ty in cor t ica l  ce l l s  (140 x); c) expe r i -  
ment,  12 days; accumulat ion of "pathological" granules  in 
medulla  of thymus;  react ion  for  oL-GDH (140 x). 

containing e x t r e m e l y  high finely g ranu la r  and diffuse act ivi ty were  c lus te red  along the s inuses  (Fig. 2a). 
In termingled with these  cel ls  with p r o c e s s e s  there  we re  la rge  round cel ls  containing deep blue granules  
at the pe r iphe ry  of the cytoplasm.  In many of the sect ions,  act ivat ion of hematopo ies i s  could be  seen 
(Fig. 2b). In all the an imals  at the height of the graf t  v e r s u s  host reac t ion  (18th-22nd day of the expe r i -  
ment) zones of atrophy,  f rom which all  enzyme  act ivi ty had comple te ly  d isappeared ,  w e r e  found in the spleen 
(Fig. 2c). Near  the zones of a t rophy of the lymphocytes  there  we re  highly act ive re t icu lum cells,  and also 
zones in which la rge ,  deep blue granules  of d i formazan  were  i r r egu l a r l y  c lus tered.  

In the thymus of the intact and control  mice,  th ree  zones could be distinguished: a na r row subcapsu-  
l a r  zone containing cel ls  with numerous  la rge  d i formazan  granules;  a l e s s  act ive cor t ica l  zone, consis t ing 
mainly  of thymocytes ,  in which activity of the dehydrogenases  was  dis t r ibuted as smal l ,  dark  granules ,  
fo rming  a na r row r i m  around the nucleus; f ina l ly ,a  medul la ry  zone in which the total enzyme act ivi ty was  
higher  than in the cor tex  (Fig. 3a). Together  with the thymocytes ,  the medul la ry  zone also contained a high 
propor t ion  of re t icu lum cells .  In the c h a r a c t e r  of the i r  d i formazan  deposi ts  they showed cons iderable  
po lymorphism.  Of the enzymes  studied in the re t icu lum cells ,  those with highest  act ivi ty we re  LDH and 
NAD- and NADP-diaphorases .  

In the graf t  v e r s u s  host reac t ion  the h is tochemical  p ic ture  differed sharp ly  f rom the control.  In the 
cor t ica l  zones the re  we re  la rge  a r e a s  which consis ted  of cel ls  in which d i fo rmazan  was  deposi ted as nu-  
merous  dark  blue m e d i u m - s i z e d  granules  (Fig. 3b). Sol i tary ce l l s  and groups  of cells ,  packed with dark  
blue granules ,  showing a tendency toward agglomerat ion,  appeared  in the medul la  of the thymus.  In the 
t es t  for  G6PDH and for o~-GDH, a r e a s  of cel ls  in which d i formazan  was  deposited as po lymorphic  "patho-  
logical" granules ,  which can be r ega rded  as an indication of the ea r ly  s tages  of ce l lu lar  degenerat ion,  
we re  c lea r ly  v is ib le  both in the cor tex  and in the medul la  of the thymus (Fig. 3c). The zone of migra t ion 
of the act ive re t icu lum cel ls  was  widened, so that the boundar ies  between the cor tex  and medul la  were  
obl i terated.  The highest enzyme act ivi ty was  observed  in the re t icu lum cel ls  along the line of t rans i t ion  
f rom cor tex  to medulla.  Meanwhile the number  of act ive re t icu lum cel ls  in the cen t ra l  regions  of the 
medulla  was reduced.  

Af ter  t ransplanta t ion  of al logeneic spleen cel ls  in the s y s t e m  C57BL-CBA,  a c h a r a c t e r i s t i c  r e d i s t r i -  
bution of act ivi ty of the ox ido- reduc ta ses  was  thus found in the spleen and thymus.  The sharp  d e c r e a s e  in 
LDH and NAD- and NADP-diaphorase  act ivi ty as well  as that of o ther  enzymes  in the center  of the newly 
fo rmed  fol l icles  and the format ion  of a r e a s  with total  d i sappearance  of enzyme activi ty can be r ega rded  as 
functional and morphological  evidence of different s tages  of lymphoid ap las ia  in the an imals  with runt 
d i sease  [1]. Two opposite p r o c e s s e s  took place  s imul taneously  in the thymus. On the one hand, there  was  
functional act ivat ion of the cells ,  as  shown by the accumulat ion of uniformly enlarged d i fo rmazan  granules  
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in the i r  cytoplasm.  These changes in the in t r ace l lu la r  enzyme pa t t e rn  may a r i se  as the resul t  of an in-  
c r e a s e  in the pe rmeab i l i t y  of the mi tochondr ia l  m e m b r a n e s  to subs t r a t e s  or  an i nc rea se  in the number  of 
functioning mitochondr ia  [4]. On the o ther  hand, death of the cel ls  and rep lacement  of lymphoid s t ruc tu r e s  
by re t icu lum cel ls  we re  obse rved  in the thymus.  The changes in the cell  composi t ion of the thymus evi -  
dently do not depend on the d i rec t  cytopathogenic action of the donor ' s  lymphocytes  on the hos t ' s  t hymo-  
cytes,  but a re  s t r e s s o r  in cha rac t e r .  This hypothesis  is  conf i rmed by the fact that a l logeneic spleen and 
lymph gland cel ls  do not pene t ra te  into the thymus [8], unlike bone m a r r o w  cel ls  which nfiltern through 
the thymus before  spreading into the lymphoid organs  [6]. 
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