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served in the  cells of p roximal  convolu ted  tubule  (Figures 
1 and 2). 

The to ta l  n u m b e r  of t he  renal  corpuscles and the  
number  of those  corpuscles conta in ing  the  TLC have  
been counted  in the  sect ions s ta ined  wi th  H. E. The 
results d e m o n s t r a t e d  an average of 97 • 8 renal  corpus- 
cles for each sect ion calculated on 100 kidneys,  28 • 3% 
of which  showed the  TLC. F u r t h e r  s ignif icant  var ia t ions  
of t he  TLC were p resen t  according to the  phase  of the  
sexual cycle. S ta t i s t ica l ly  we counted  31 -k 3% of TLC 
in p roes t rum,  29 ~ 2% in oes t rum,  24 • 2% in meta -  
e s t rum and  finally 25 =k 3% in d ies t rum (Figure 3). 

Discussion. Previous  repor ts  d e m o n s t r a t e d  t h a t  in the  
male mice k idney the  TLC are abou t  38 • 5% 6,7 and a 
par t icu lar  re la t ionship  was descr ibed be tween  the  pres- 
ence of TLC and the  tes tos te rone  secret ion in these  
animalsK The presen t  f indings d e m o n s t r a t e d  1) t h a t  in 
the  female mice k idney  about  28 _i_ 3% of the  renal  cor- 
puscles showed the  TLC and 2) t h a t  these  corpuscles wi th  
these  cells increase of abou t  5% in p roes t rum and  oes- 
t r u m ;  this  increase m a y  be re la ted  to the  increase of the  
oes t rogen secret ion or to  the  fall of the  proges teron  
secretion in t he  above phases.  F u r t h e r  exper imenal  da t a  
are needed  in order  to clarify th is  relat ion.  
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Fig. 3. Percentage of TLC (n%) in the phases of the sexual cycle. 
1. Proestruln; 2. oestruln; 3. metaestrum; 4. diestrum. 
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N e p h r o e o m p e n s a t o r y  G r o w t h  F o l l o w i n g  T h y m e c t o m y  1 
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Summary .  T h y m e c t o m y  per fo rmed  28 days  before uni la tera l  n e p h r e c t o m y  produced  signif icant  inhibi t ion in com- 
pensa to ry  renal  g rowth  (CRG) in 3 6-month-o ld  rats.  Sera f rom t h y m e c t o m i z e d  animals  are no t  depr ived of their  
r eno t roph ic  act iv i ty ,  bu t  t h y m e c t o m y  of serum recipients  a lmos t  abolished the  capabi l i ty  of renot rophic  serum to 
p roduce  CRG. 

Fol lowing t h y m e c t o m y ,  a mul t i face t  physiological  dis- 
t ress  usual ly appears .  Was t ing  disease and impai red  im- 
mune  compe tence  could be considered as mos t  ev iden t  
d rama t i c  outcomeK Body  g rowth  re ta rda t ion ,  being a 
ma jo r  sign of was t ing  disease, could be considered indic- 
a t ive  for a more  general  role of the  t h y m u s  in the  control  
of growth.  

Ano the r  aspec t  of growth,  t he  c o m p e n s a t o r y  enlarge- 
m e n t  of an organ, following r emova l  of its por t ion,  could 
also be t h o u g h t  as being control led by  the  t hymus .  In  the  
p resen t  s tudy,  we inves t iga ted  the  influence of t hymec -  
t o m y  on the  en la rgement  of the  remaining  k idney  af ter  
uni la tera l  nephrec tomy .  In  addi t ion,  the  reno t rophic  
fea tures  of the  se rum f rom uni la tera l ly  nephrec tomized  
animals  a were inves t iga ted  in condi t ions  a l tered by  the  
t h y m e c t o m y  of se rum donor  or se rum recipient .  

Material and methods. In  all exper iments ,  ou tb red  
albino male  ra t s  were used. A t  n e p h r e c t o m y  the  animals  
were grouped  according to  the i r  age as follows: 1-2, 2 3, 
3-4 and  6 m o n t h s  old. Since, according to  our experience,  
age exer t s  a ma jor  influence on the  c o m p e n s a t o r y  renal  
g rowth  (CRG)~, age selection was pe r fo rmed  wi th  par-  
t icular  care. 

Uni la te ra l  n e p h r e c t o m y  was pe r fo rmed  on the  r ight  
side and the  remain ing  left k idney  was  r emoved  48 h 
af terwards .  The wet  and dry  weigh t  increase of the  re- 
main ing  k idney  was expressed in percentage.  Thymec-  
t o m y  was always per fo rmed  28 days  before uni la teral  
nephrec tomy .  

The donors  of serum were 3 .5-month-old  rats.  All were 
uni la tera l ly  nephrec tomized ,  and  some of t h e m  were also 
t h y m e c t o m i z e d  28 days  before uni la tera l  nephrec tomy.  
The sera were ob ta ined  f rom blood t aken  by  abdomina l  
ao r ta  puncture ,  48 h af ter  uni la tera l  nephrec tomy,  and 
were s tored a t  -- 25 ~ 

Serum recipients  were also uni la tera l ly  nephrec tomized ,  
and some of t h e m  were t h y m e c t o m i z e d  1 m o n t h  before 
un inephrec tomy .  The first  2 ml in ject ion of serum was 
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given i .v.  immed ia t e ly  a f te r  nephrec tomy.  5 h la ter  a 
second in jec t ion  of 2 ml se rum was given i .p.  The animals  
were sacrified by  bleeding 48 h af ter  nephrec tomy .  

The s ta t i s t ica l  analysis  of results  was pe r fo rmed  b y  
the  S t u d e n t  t - tes t  5. The s ta t is t ica l  significance was 
calcula ted by  compar ing  the  gain in k idney  we igh t  in rag. 

Zlesul/s. As shown in Figure 1, t he  ra te  of the  compen-  
sa tory  g rowth  in contro l  animals  (kidney d ry  weight)  was  
inf luenced by  the  age of animals.  The max ima l  k idney  
weight  increase was observed in the  3 -4 -month -o ld  rats ,  
d iminish ing  wi th  age gradual ly  thereaf ter .  W h e n  t hymec -  
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Fig. 1. The influence of age and thyrriectomy on the compensatory 
renal growth in rats. Kidney dry weight increase (%) = percentage 
of the dry weight increase of the left kidney over the dry weight of 
the right kidney, 48 h following right nephrectomy. Age (months) = 
age of rats in months at the time of unilateral nephrectomy. N = 
number of animals. 
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Fig. 2. The influence of thymectonly on the compensatory renaI 
growth produced by renotrophic serum. Kidney weight increase 
(%) and N = same as on Figure 1. Abbreviations: Unil. Nx., uni- 
laterally nephreetomized rats; Unil. Nx + serum uniI. Nx, unilater- 
ally nephreetomized rats injected with serum from unilaterally 
nephreetomized donor rats; Unil. Nx + serum Tx unil. Nx, uni- 
laterally nephrectomized rats, injected with serum from thymecto- 
mized and unilaterally nephrectomized donor rats (donor rats were 
thymectomized 28 days before unilateral nephrectomy); Tx + Unil. 
Nx + serum Unil. Nx, thymeetomized rats, unilaterally nephreeto- 
mized 28 days later, injected with serum from unilaterally nephreeto- 
Illized donor rats. 

t o m y  preceded uni la tera l  neph rec tomy ,  the  decrease of 
the  k idney  compensa to ry  en la rgemen t  w i th  age was 
much  more  pronounced .  Maximal  inhibi t ion was no ted  
if t he  t h y m e c t o m y  was pe r fo rmed  at  2-3 mo n t h s  of age, 
and  n e p h r e c t o m y  a t  3-4 months .  Curiously enough,  th is  
depressive effect  of t h y m e c t o m y  on the  compensa to ry  
en la rgement  of the  left  k idney  was absen t  in the  age 
group of 2-3 months .  

Pass ive ly  t r ans fe r red  sera f rom uni la tera l ly  nephrec-  
tomized  animals  s t imula ted  no t  only  normal  k idney  
g rowth  3 bu t  also p roduced  an overcompensa t ion  in the  
uni la tera l ly  nephrec tomized  rec ip ient  ra ts  (Figure 2). The 
percen tage  of th is  c o m p e n s a t o r y  overgrowth  is s ignif icant  
(p < 0.01) for b o t h  wet  and  dry  k idney  weight .  The in- 
f luence of t h y m e c t o m y  on the  compensa to ry  g rowth  was 
tes ted  following t h y m e c t o m y  of se rum donors or following 
t h y m e c t o m y  of se rum recipients.  As shown in Figure 2, 
t h y m e c t o m y  of se rum donors  (group III)  has  no t  signifi- 
can t ly  inf luenced the  capabi l i ty  of t he  serum to produce  
overcompensa t ion  in un inephrec tomized  recipients.  On 
the  contrary ,  t h y m e c t o m y  of the  recipient  a lmost  an-  
n ih i la ted  the  reno t rophic  features  of sera f rom normal ,  
uni la tera l ly  nephrec tomized  ra ts  (p < 0.01, group IV). 

Discussion. The exper imen t s  descr ibed here  offer a 
subs tan t ia l  jus t i f ica t ion  for pos tu la t ing  a role for the  
t h y m u s  in the  mechan i sm of the  renal  compensa to ry  
growth.  T h y m e c t o m y ,  pe r fo rmed  28 days before uni-  
lateral  nephrec tomy ,  produces  a p ronounced  defect  in 
t he  CRG of 3 -6 -month -o ld  rats.  In  1 -2-month-o ld  rats,  
t h y m e c t o m y  did no t  produce  an inh ib i tory  effect. 

The influence of t h y m u s  on the  CRG could be asso- 
c ia ted wi th  its ho rmona l  funct ion.  The hormones  migh t  
have  a direct  effect  on the  growing t issue 6. I t  is also pos- 
sible to pos tu la te  the  influence of t he  t h y mi c  hormones  
on m a t u r a t i o n  and  competence  of l ymphocy te s  which 
migh t  thus  acquire a ' t r ephocy t i c '  funct ion 7. Accordingly,  
l ymphocy te s  should have  i m p o r t a n t  funct ions  o ther  t h a n  
those associated wi th  immunologica l  tasks  s. In  fact  
FaBRIS et  al o have  found t h a t  l y m p h o c y t e s  f rom per iph-  
eral l y m p h  nodes  could p r ev en t  tile aging s y m p t o m s  in 
dwarf  Snell-Bagg mice 1~ According to BuRc~I and BUR- 
W~LL n, the  basic funct ion  of t he  lympha t i c  sys tem is a 
cent ra l  regulat ion of t issue and organ growth.  Tissue 
specific factors  should  have  an inh ib i to ry  act ion upon 
g rowth -p romot ing  funct ions  of lymphocytes .  Thus,  uni-  
la teral  n e p h r e c t o m y  would deple te  t he  n u mb er  of t issue 
factors  and allow the  l y m p h o c y t e s  to pe r fo rm the i r  
g rowth -p romot ing  act ion in the  remain ing  k idney  1~. 

Par t i a l  h e p a t e c t o m y  produced  an increase in t he  
mi to t ic  ac t iv i ty  of the  remain ing  liver t issue s imul ta-  
neously  wi th  t he  deple t ion of t h y m u s  cel lulari ty 12, 
ind ica t ing  again a possible role of t h y m u s  in the  process  
of compensa to ry  growth.  

Our results  ob ta ined  wi th  the  t ransfer  of sera f rom the  
uni la tera l ly  nephrec tomized  animals  would indicate  the  
par t icu lar  impor t ance  of t h y m u s  in CRG. I t  is ev iden t  
t h a t  sera f rom t h y m e c t o m i z e d  animals  are no t  depr ived  
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of the i r  reno t rophic  act iv i ty .  On the  contrary ,  t hymee -  
t o m y  of the  se rum recipient  a lmos t  abolished the  capa-  
bi l i ty of the  reno t rophic  serum to produce  CRG. The 
renot rophic  se rum ac t iv i ty  could be ascribed to  the  
presence of a g rowth  s t imula to r  10, or to  the  def iciency of 
an inhibi tor  ~a-tS. 

According to the  resul ts  descr ibed above, t he  following 
mechan i sm of the  CRG migh t  be pos tu la ted .  The re- 
no t roph ic  ac t iv i ty  of the  se rum appears  af ter  removal  of 
1 k idney  a. Recen t ly  it was c la imed t h a t  also deazot ized  
se rum f rom bi la tera l ly  nephrec tomized  ra ts  migh t  have  
reno t rophic  fea tures  ~6. The reno t rophie  ac t iv i ty  is di- 
rec ted  toward  the  t hymus ,  where f rom a s t imula t ion  of 
the  remain ing  k idney  occurs. This s t imulat ion,  p resum-  
ably  humoral ,  could be direct ,  or indi rec t  t h rough  the  
' t r ephocy t i c '  ac t ion  of lymphocytes .  

The proposed  mechan i sm did no t  t ake  in to  accoun t  
the  two d i s t inc t  processes t h a t  take  p a r t  in the  com-  
p e n s a t o r y  organ en la rgement :  the  h y p e r t r o p h y  and  
hyperplas ia .  According to  F o x  and WAI~MAN ~7, hyper -  
t r o p h y  is an early process  regula ted  humorMly,  and  
hyperp las ia  is a later  one, mos t  p r o b a b l y  med i a t ed  b y  
Iymphocytes .  In  fact  b o t h  processes could be control led 
by  the  thymus .  
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In vitro Culture of Larval Amphibian Erythroblasts 

A. M. DUPRAT a n d  M. FLAVIN 

Laboratoire de Biologic gdndrale, Universitd Paul-Sabatier, 718, route de Narbonne, F-31077 Toulouse Cede& France, 
25 M a y  1976. 

Summary.  A larval  e ry th rob las t  cul ture m e t h o d  is described.  By this  me thod ,  i t  is possible to  cu l t iva te  for several  
weeks a homogeneous  popula t ion  of cells (5.10 s cells/ml med i u m on average af ter  4 or 5 days  of culture),  which are 
re la t ively  synchronous  wi th  regard to  the i r  s ta te  of d i f ferent ia t ion.  

Among  the  numerous  biological sys tems t h a t  allow 
the  s t u d y  of factors  in terfer ing in cell d i f ferent ia t ion,  the  
e ry thropoie t i c  cell line cons t i tu tes  an excel lent  biological 
model.  

The d i f fe ren t ia t ion  of e ry th ro id  ceils can be envisaged 
in several  ways :  the  m a t u r a t i o n  of a cell line, the  evolu- 
t ion of haemoglobins ,  the  role of humora l  factors  in ter-  
vening in th is  ontogenesis  and  so on. The s t u d y  in v i t ro  
of the  swi tch  of syn the t i zed  haemoglobins  in the  course 
of tile d i f ferent  s tages of deve lopment ,  f rom the  embryo  
to the  adul t  ough t  to make  it possible to  tackle  o the r  
aspects  of this  problem.  

Several  au tho r s  1-7 have  descr ibed procedures  for s tudy-  
ing s teps  of erythropoies is  in amph ib i an  or ctlick cultures,  
b u t  in all cases t he  l eng th  of cul ture  t ime is shor t  (few 
hours  or few days).  To s t u d y  these  p h e n o m e n a  in the  
amphib ians ,  i t  was necessary  in the  first  expe r imen ta l  
s tage to  per fec t  a t echn ique  of larval  e ry th rob las t  cul ture  
t h a t  would allow normal  cell life to cont inue for a suf- 
f icient  length  of t ime (several weeks) so t h a t  the  haemo-  
globin swi tch could be followed or induced,  and at  a 
la ter  s tage the  molecular  s t u d y  of th is  switch,  as well as 
o ther  re la ted  problems,  could be under taken .  

Materials. 1. Biological material .  The e ry th ro id  ceils 
are t aken  f rom spleen of tadpoles  of Pleurodeles waltlii 
(Amphibian,  Urodela) recovered a t  d i f ferent  s tages  pre-  
ceding the  me tamorphos i s  (50-53 of the  GALLIEN and  
DUROC~teR s chronological  table).  - 2. Culture medium.  
Many  tes ts  of d i f ferent  cul ture  media  were carr ied out :  

50% LEIBOVlrZ 9, pure ly  mineral  BART~I ~~ B a r t h  en- 
r iched amino acids and vi tamins ,  as well as WOLF and 
QuIMBu n.  This la t te r  med i u m of Wolf  and Qu imby  gives 
t he  bes t  results,  along wi th  enr iched B a r t h  medium,  in 
which  the  absence of heterologous  se rum enables  to  ab- 
sence of exogeneous thy rox ine  to be b e t t e r  controlled.  - 
3. Culture chambers .  Var ious  cul ture chamber s  were also 
t e s t ed :  glass chambers ,  po lys ty rene  flasks (Nunclon or 
Falcon) and  0.5 ml t r a n s p a r e n t  plas t ic  t r ays  (disposo- 
t rays ,  Block, Strasbourg,  France) ,  which  p roved  to  be 
the  mos t  sui table  for our exper iments .  
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Average number of cultured erythroblasts 

Culture duration 20 h 40 h 5 days 9 days 12 days 15 days 27 days 

Average number of erythroblasts (cells]ml) 4 2 5 , 6 0 0  4 7 3 , 3 5 0  4 9 8 , 3 5 0  2 9 1 , 2 0 0  1 8 7 , 2 0 0  165,600 174,400 


