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with  approx ima t ive ly  80% lymphocytes .  This  is in 
accordance wi th  the  da t a  of MORSE 7 and wi th  our  own 
findings 13. After  i.v. in ject ion of PO the  blood leukocyte  
counts  increased rapidly,  and reached a peak  on the  days 
4 and 5. This  was found to be due to a mul t ip l ica t ion  of 
bo th  lymphocy tes  and granulocytes  (Table II) .  15 days 
after  t r ea tment ,  normal  leukocyte  counts  were de termined  
again. Pronounced  leukocytosis  became also detec table  
af ter  s.c. in ject ion of PO. B u t  in compar ison wi th  the  i.v. 
route,  the  deve lopment  of leukocytosis  appeared to be 
considerably delayed (Table II) .  This  m a y  expla in  why  
MORSE 7 did no t  demons t ra te  blood leukocytosis  af ter  the  
s.c. in ject ion of PO, since he measured the  response 1, 4 
and 7 days after  t r ea tmen t .  

On the  basis of hematocr i t s  and re t iculocyte  counts  
de termined  in the  per ipheral  blood of NCS mice, the  
in ject ion of PO was not  found to be followed by  a signi- 
f icant  change in ceils of the  e ry th rocy te  series 7. This is 
no t  in full accordance wi th  the  findings o f  FEU~IMAN 14 
who demons t ra ted  a doubl ing in re t iculocyte  percentages  
7 days af ter  the  in ject ion of PO into CF No. 1 mice, 
a l though t i le concentra t ions  of c i rculat ing e ry throcytes  
at  this  t ime  were in the  normal  range. On the  basis of 
fur ther  cytologic and ferrokinet ic  studies, the  conclusion 
was drawn t h a t  the  in ject ion of B. pertussis leads to 
marked  increase in splenic erythropoiesis  accompanied  
by  a decrease in bone mar row erythropoiesis  ~. Our da ta  
show t h a t  bo th  the  i.v. and the  s.c. in ject ion of PO results 
in marked  decrease in the  e ry th rocy te  concentrat ions,  

whereby  the  lowest  values  were obta ined  a t  the  5th day  
re turn ing  to normal  wi th in  the  fol lowing 5 days  (Table II) .  
The  decrease in the  e ry th rocy te  counts  is appa ren t ly  due 
to the  damage  of erythrocytes ,  and is a t t r ibu ted  to the  
tox ic i ty  of B. pertussis 1, ~, 7, la 

Zusammen[assung. Sowohl die i.v. als auch die s.c. In-  
jek t ion  abgetSte ter  Zellen yon  Bordetella pertussis ftihrt  
bei M~usen zu Splenomegal ie  und ausgepr~igter Blut -  
Leukozytose,  an der L y m p h o z y t e n  und Granulozy ten  be- 
te i l igt  sind. Zudem bewirk te  die In jek t ion  yon B. pertus- 
sis eine deut l iche Verminderung  der E r y t h r o c y t e n  mi t  
Minimalwer ten  am 5. Tag. A m  10. Tag  und danach  wur-  
den wieder  Normalwer t e  gefunden. 
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T h e  F a t e  of P o l y m o r p h o n u c l e a r  N e u t r o p h i l s  and  M o n o n u c l e a r  C e l l s  D u r i n g  A l l o g r a f t  R e j e c t i o n  in  t h e  
U r o d e l e  Pleurodeles ,valtlii M i c h a h .  

Allograf t  re ject ion in Urodeles is ac tua l ly  a wel lknown 
phenomenon  and has beeI1 s tudied in var ious  genus and 
species. Chronic re ject ion of skin grafts described by  
COHEN 1-3 in Triturus viridescens and in o ther  species 4, is 
a general  phenomenon.  Acute  re ject ion remains  possible 
in some cases. Second set grafts are re jected in an accel- 
era ted fashion. I n  the  Urodele,  Pleurodeles waltlii 5, 
surviva l  t imes  of skin allografts are var iables :  re ject ion 
occurs ill 50% Of the  grafts 15 to 20 days af ter  graf t ing in 
a ' sub-acute '  manner  and is chronic for the  o ther  grafts 

(20-130 days af ter  grafting).  In  genet ical ly  re la ted newts, 
some cases of def in i t ive  to lerance somet imes  occur. 

I n  Urodeles,  the  hematopoie t i c  sys tem is pr imi t ive .  
Bone mar row and l y m p h  nodes are absent.  Ery thropoies i s  
and thrombocytopoies i s  occur exclusively  in the  spleen , 
lymphocytopoies i s  in the  t h y m u s  and in the  spleen and 
granulocytopoiesis  in the  capsular  layer  of the  l iver  6, 7. 

I n  Pleurodeles, t h y m e c t o m y  per formed  at  the  la rva l  
stages 51-52 s, 1 m o n t h  before metamorphosis ,  produces 
def ini t ive  tolerance to al lografts  in adults  9. I r regulars  and 
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Fig. 1. The changes in the absolute numbers 
per mm 3 of blood mononuclear cells (o) and 
polymorphonuelear neutrophils (+) during 
allograit rejection in Pleurodeles waltlii (12 
animals). 
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Fig. 2. The changes in the abohte numbers per mm s of blood polymorphonuclear eosinophils (O) and basophiIs (E) during allograft rejection 
in Pleurodeles wcdtlii (12 animals). 

d iscre te  was t i ng  diseases s o m e t i m e s  occur ;  females  are 
more  o f t en  a t t a c k e d  t h a n  males.  

The  p r e s e n t  s tud ies  descr ibes  in  a d u l t  Pleurodeles t h e  
n u m e r i c a l  changes  of c i rcu la t ing  wh i t e  b lood  cells (WBC) 
d u r i n g  a l lograf t  re jec t ion .  

Materials and methods. Two-year -o ld  a d u l t  Pleurodeles, 
6 males  and  6 females,  were used. All  these  a n i m a l s  were 
b r ed  f rom one s ingle  of f spr ing  in our  L a b o r a t o r y .  T h e y  
were b r e d  in i nd iv idua l s  p las t i c  con ta iners ,  each  w i t h  a 
sma l l  v o l u m e  of t a p  w a t e r  (20 • 2~ a n d  fed w i t h  
Chironomus l a rvae  a n d  h a s h e d  mea t .  E a c h  a n i m a l  was  
a n e s t h e t i z e d  w i t h  M~S 222 (Sandoz)  a n d  b lood  p u n c t u r e d  
f rom a f emora l  a r t e r y  w i t h  hepa r i n i zed  glass p ipe t tes .  
Abso lu t e  n u m b e r s  b y  m m  a of e ry th rocy te s ,  t h r o m b o c y t e s  
a n d  l eukocy tes  were d e t e r m i n e d  in a h e m o c y t o m e t e r .  
Blood  smears  were s t a ined  w i t h  M a y - G r u n w a l d - G i e m s a  
buf fe red  a t  p H  67 .  Microscopical  o b s e r v a t i o n  of smears  
gives t h e  r e l a t i ve  p e r c e n t  of m o n o n u c l e a r  cells ( lympho-  
cytes  and  p l a s m o c y t o i d s  cells) a n d  p o l y m o r p h o n u c l e a r  
cells (neut rophi l s ,  eos inophi ls  a n d  basophi ls ) .  A t  l eas t  
500 cells were c o u n t e d  on  each  smear .  Abso lu t e  n u m b e r  
b y  m m  3 for e ach  t y p e  of W B C  was de t e r m i ned .  3 m o n t h s  
later ,  each  Pleurodeles rece ived  3 a l lograf ts  f rom 3 diffe- 
r e n t s  donors .  D u r i n g  t h e  r e j ec t ion  phase  of these  allo- 
grafts ,  t i le a n i m a l s  were b led  5 more  t i m e s  (20-45 ; 50-70 ; 
80; 100 a n d  145 days  a f t e r  g ra f t ing )  a n d  W B C  coun t s  were 
made .  

Controls. 6 Pleurodeles rece ived  s h a m  graf t s :  g raf t s  
beds  were  m a d e  b u t  w i t h o u t  graf t ing .  Comple te  hea l ing  
occurs  8 to  10 days  later .  A n i m a l s  were b led  40 days  l a t e r  
for  W B C  counts .  6 Pleurodeles w e r e  bled  2 or more  t i m e s  
a t  a p p r o p r i a t e  i n t e r v a l s  (20 to 40 days) .  A t  each  bleeding,  
W B C  c o u n t s  were  made .  6 Pleurodeles rece ived  au tog ra f t s .  
W B C  c o u n t s  were  m a d e  40,80 a n d  145 days  a f t e r  graf t ing .  

Results. Two g r o u p s  of cells unde rgo  q u a n t i t a t i v e  
mod i f i ca t ions  d u r i n g  t i le  r e j ec t ion  p h e n o m e n o n :  poly-  
m o r p h o n u c l e a r  neu t roph i l s ,  a n d  a g roup  of cells we cal l  
' m o n o n u c l e a r  cells '  i nc lud ing  l i t t le ,  m idd le  a n d  large 
l ymphocy t e s ,  b l a s t  cells a n d  p l a s m o c y t o i d  cells. Before  
graf t ing,  t he  abso lu t e  n u m b e r  of n e u t r o p h i l s  va r ies  f rom 
50 to 850 cells b y  m m  3 a n d  t he  abso lu t e  n u m b e r  of 
m o n o n u c l e a r  ceils f r om 650 to 3000 cells b y  m i n k  

D u r i n g  t he  r e j ec t ion  p h a s e  of t he  grafts ,  20 to  45 days  
a f t e r  graf t ing ,  a pe rcep t ib l e  increase  of m o n o n u c l e a r  cells 
a n d  a n  i m p o r t a n t  increase  of n e u t r o p h i l s  are  observed .  
These  2 g roups  of ceils r e a c h  m a x i m u m  va lues  50 to  70 
days  a f t e r  graf t ing .  F r o m  70 to  145 days,  t h e  abso lu t e  
n u m b e r s  p rogress ive ly  decrease  a n d  s t a t i s t i ca l ly  r e t u r n  
to  t h e  in i t i a l  va lues  (Figure  1). Basoph i l s  do no t  unde rgo  
q u a n t i t a t i v e  modi f ica t ions .  A s l igh t ly  increase  of eosino- 
phi l s  is poss ible  (Figure  2). 

I n  t he  t h r ee  groups  of controls ,  no  s ign i f i can t  d i f feren-  
ces in  t h e  abso lu t e  a n d  r e l a t i ve  n u m b e r s  of W B C  were 
obse rved  w i t h  respec t  to  i n t a c t s  an ima l s  : heal ing,  succes- 
s ive b leed ings  or a u t o g r a f t s  do no t  induce  a n y  changes  in  
t he  W B C  counts .  

Discussion. I n  Pleurodeles, d u r i n g  t he  re jec t ion  of sk in  
al lograf ts ,  i m p o r t a n t  mod i f i ca t ions  of t he  n u m b e r  of W B C  
occurs.  The  n u m b e r  of n e u t r o p h i l s  increases  a t  t he  t i m e  
of t h e  f i r s t  r e j ec t ion  s y m p t o m s  (vasod i la ta t ion ,  eodema)  
alad r each  i m p o r t a n t  va lues  d u r i n g  t h e  r e j ec t ion  phase  
(hemostas is ,  h emor rhage ,  necrosis) .  70 to 100 days  a f t e r  
graf t ing,  w h e n  comple te  de s t ruc t i on  of t h e  g r a f t s  a n d  
hea l ing  of t he  g ra f t  beds  are accompl i shed ,  t h e  n u m b e r  
of n e u t r o p h i l s  r ema ins  high.  5 m o n t h s  a f te r  graf t ing,  t he  
n u m b e r  of n e u t r o p h i l s  falls to  n o r m a l  values.  

I n  m a m m a l s ,  d u r i n g  a l lograf t  re jec t ion,  p o l y m o r p h o -  
nuc lea r  cell p ro l i f e ra t ion  in pe r iphe ra l  b lood  is no t  a usua l  
p h e n o m e n o n .  The  role of neu t roph i l s  in cel lular  i m m u n i t y  
is st i l l  h y p o t h e t i c a l .  N e u t r o p h i l s  possess va r ious  pro teo-  
ly t ic  enzymes  a n d  h a v e  phagocy t i c  a n d  p y n o c y t i  9 
proper t ies .  T h e y  h a v e  m e m b r a n e  receptors  for C3 comple-  
m e n t  c o m p o n e n t ,  IgA a n d  IgG i m m u n o g l o b u l i n s  1~ and  
the  s t i m u l a t i o n  of these  recep tors  b y  adhe rence  to  
aggrega ted  i m m u n o g l o b u l i n s  i nduced  t h e  d e g r a n u l a t i o n  
a n d  release processes  1~. I n  Pleurodeles, t h y m e c t o m y  
pe r fo rmed  a t  a l a rva l  stage,  some t imes  induced  w a s t i n g  
disease.  I n  was t i ng  animals ,  t h e  g ranu locy topo ie t i c  capsu-  
lar  l ayer  of t h e  l iver  and  also all  c i rcu la t ing  n e u t r o p h i l s  
c o m p l e t l y  d isapeared .  S imi la r  obse rva t i ons  were m a d e  
b y  D u  P A S Q U I E R  12 in  l a rva l  t h y m e c t o m y z e d  A1ytes 
obstetricans. 

The  q u a n t i t a t i v e  increase  of m o n o n u c l e a r  cells is accom- 
p a n i e d  b y  morpholog ica l  mod i f i ca t ions :  new s t i m u l a t e d  
forms  appear ,  specia l ly  en la rged  lymphocy te s ,  b las t s  
a n d  p l a s m o c y t o i d  cells. 
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T h e  resu l t s  sugges ted  t h a t  in  Urodeles  p o l y m o r p h o -  
nuc lea r  neu t roph i l s  h a v e  a n  i m p o r t a n t  role in  t h e  
i m m u n e  r eac t ion  aga ins t  a l lograf ts .  F u r t h e r  research  m u s t  
be  done  to  specify possible  i n t e r ac t i ons  w i t h  l y m p h o c y t i c  
series a n d  t he  ways  wh ich  in i t i a t e  t he  p ro l i fe ra t ive  
response.  

Rdsums Chez 1 'Amphib ien  Urodgle  Pleurodeles waltlii, 
la fo rmule  sangu ine  s u b i t  d ' i m p o r t a n t e s  va r i t i ons  quan -  
t i t a t i v e s  au  cours  du  r e j e t  d 'a l logreffe.  L ' a b o n d a n c e  
par t icu l i~re  des polynucl6a i res  neu t roph i l e s  dans  la cir- 
cu la t ion  p o u r r a i t  ~tre u n  p h 6 n o m ~ n e  non  sp6cifique 

(61imination des complexes  immuns )  qui  n ' a u r a i t  pas  
d ' 6 q u i v a l e n t  chez les Ver t6br6s  sup4rieurs .  L ' a u g m e n t a -  
t i on  du  n o m b r e  des cellules mononuc166es est  a ccompagn6  
de cer ta ines  modi f i ca t ions  morpho log iques :  on  observe  
une  m u l t i p l i c a t i o n  de formes  st imul6es,  en pa t i cu l i e r  des 
cellules b la s t iques  et  des cellules de la l ign6e p lasmocy-  
t a k e .  

J.  CHARLEMAGNE 

Universitd Paris VI, Laboratoire de Biologie Animale 2, 
J2, rue Cuvier, F-75 Paris 5e (France), 7 June 1972. 

Seasonal Variation of Reserpine Pseudopregnancy in the Rat 

Severa l  au tho r s  h a v e  d e m o n s t r a t e d  t h a t  reserp ine  ~-3, 
as well  as o the r  c a t echo l amine  depletors% induce  pseudo-  
p r e g n a n c y  w h e n  a d m i n i s t e r e d  to  t he  ra t .  VAN MAAN~N 
and  SMELIK 5 h a v e  d e m o n s t r a t e d  t h a t  top ica l  app l i ca t i on  
of reserp ine  to  t he  m e d i a n  eminence  also resul t s  in pseu-  
dopregnancy ,  so imp ly ing  t h a t  t he  ca t echo l amine  f ibers  
and  ceils t h a t  h a v e  been  descr ibed  in t h e  area  6, ~ are re- 
sponsible  for t h e  p h e n o m e n o n .  Whi l e  s t u d y i n g  t he  effects 
of va r ious  t r e a t m e n t s  on  t he  a p p e a r a n c e  of reserpine-  
induced  pseudopregnancy ,  we found  a v a r i a b i l i t y  in t h e  
d u r a t i o n  of t h e  d ies t rus  fol lowing reserp ine  in a n i m a l s  
t r e a t e d  a t  d i f fe ren t  t i m e s  of t he  yea r  t h a t  suggested  a 
s p o n t a n e o u s  seasonal  va r ia t ion .  To c lar i fy  th i s  poin t ,  we 
devised  t he  fol lowing expe r imen t .  

Material and methods. 139 female  a lb ino  rats ,  6 m o n t h s  
old a t  t he  da t e  of t r e a t m e n t ,  were used. T he  an ima l s  were 
i nd iv idua l ly  caged a n d  k e p t  in  a n  a n i m a l  house  w i t h  
t e m p e r a t u r e  m a i n t a i n e d  > 24~ w i t h  n a t u r a l  i l lumina-  
t ion.  The  vag ina l  cy to logy  was assessed da i ly  b y  lavage  
du r ing  4 weeks pr ior  to  t r e a t m e n t  a n d  an imal s  showing  
i r regular  cycles were discarded.  Reserp ine  (Serpasi l  CIBA) 
was a d m i n i s t e r e d  on  t he  day  of es t rus  a t  the  dose of 
6 m g / k g  b y  t he  i.p. route .  Vag ina l  cy to logy  was assessed 
da i ly  t h e r e a f t e r  to  d e t e r m i n e  t h e  l e n g t h  of t h e  d ies t rus  
per iod  t h a t  fol lowed t h e  reserp ine  t r e a t m e n t .  Th i s  was  
t a k e n  as an  i ndex  of p s e u d o p r e g n a n c y  dura t ion .  The  
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Fig. 1. Mean duration of diestrus following reserpine injection every 
month of the year. Each point represents pooled data from 2 years 
(mean 4- S.E.). The continuous line represents mean day duration 
along the year at the lattitude of the laboratory. Fer t  Coef. -- ferti- 
lity coefficient. 

s t u d y  was pe r fo rmed  for 24 m o n t h s ,  f r om M a r c h  1968 un t i l  
March  1970. D u r i n g  th i s  per iod,  groups  of an ima l s  were  
in jec ted  each  m o n t h  w i t h  reserp ine  as s t a t e d  above .  The  
an ima l s  were t r e a t e d  on ly  once a n d  d iscarded.  I n  order  
to  d e t e r m i n e  t he  possible  inf luence  of a m b i e n t  t e m p e r a -  
ture ,  a n u m b e r  of r a t s  were no t  housed  in  t h e  a n i m a l  
qua r t e r s  d u r i n g  the  m o n t h s  of J a n u a r y - F e b r u a r y  and  
A u g u s t - S e p t e m b e r  of t he  2nd yea r  of t h e  s tudy .  F e r t i l i t y  
was ca lcu la ted  for  340 r a t s  f rom t h e  s ame  co lony  as t h e  

7 n  
e x p e r i m e n t a l  an imals ,  b y  use of t he  coeff icient  FC = d  - 21 

where  ~ = l i t t e r  n u m b e r  a n d  d = days  of pa i r ing  w i t h  
ma le  s. D u r i n g  1971, reserp ine  p s e u d o p r e g n a n c y  was 
induced  in 3 groups  of an ima l s  t he  m o n t h s  of F e b r u a r y -  
March,  J u l y  and  Augus t .  D e c i d u o m a t a  were p roduced  
a n d  m e a s u r e d  accord ing ly  to Dx  FEo 9. 

Results and discussion. The  resu l t s  o b t a i n e d  f rom the  
pe r iod  1968-70 are s u m m a r i z e d  in t h e  Figure.  A p e a k  of 
m i n i m u m  d u r a t i o n  of t he  d ies t rus  was observed  t h a t  
followed t r e a t m e n t  in t he  m o n t h s  of A u g u s t - S e p t e m b e r .  
D u r a t i o n  Of d ies t rus  a f te r  reserp ine  in A u g u s t  (3.90 4- 0.13) 
was  s ign i f i can t ly  longer  t h a n  p r e t r e a t m e n t  d ies t rus  du r ing  
t he  same  m o n t h  (2.17 4- 0.08). The re  were no  di f ferences  
in  t h e  p r e t r e a t m e n t  d ies t rus  l e n g t h  t h r o u g h o u t  t h e  y e a r  
nor  in  t he  f e r t i l i t y  coeff ic ient  as is shown  in t h e  Figure .  
Since t h e  seasonal  v a r i a t i o n  in r e se rp ine - induced  pseudo-  
p r e g n a n c y  was seen in an ima l s  w i t h i n  a n d  ou t  of a t e m p e r -  
a tu re -con t ro l l ed  e n v i r o n n e n t  b u t  w i t h  n a t u r a l i l l u m i n a t i o n  
(Table  I), t h i s  p h e n o m e n o n  m i g h t  be  r e l a t ed  to  t he  
d u r a t i o n  of day l i gh t  periods.  I n  fact ,  t h e  p e a k  of m i n i m u m  
response  fol lowed t he  w i n t e r  solst ice (Figure).  

The  resul t s  of t h e  e x p e r i m e n t s  pe r fo rmed  d u r i n g  1971 
conf i rmed  t he  seasonal  v a r i a t i o n  showing  a s ign i f i can t ly  
lower we igh t  of d e c i d u o m a t a  in A u g u s t  w h e n  c o m p a r e d  
to d e c i d u o m a t a  induced  in F e b r u a r y - M a r c h  (Table  I I ,  
p < 0.02) 

The  s tep  in  r e se rp ine - induced  p s e u d o p r e g n a n c y  w h i c h  
is seasona l ly  m o d u l a t e d  m i g h t  be  loca ted  a n y w h e r e  in  t h e  
cha in  of even t s  t h a t  l ead  to  c a t e c h o l a m i n e  dep le t ion  or 
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