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Relative number of mast cells (MC) in pinna of nude and normal Balb/c mice 

EXPERI E N'I'I A 32/12 

n u / n u  a 
Total count No. of scale 
of MC projected 

Average No. of MC 
per 1 scale 
unit (250 pm~) 

nu/+~ 
Total count No. of scale 
of MC projected 

Average No. of MC 
per ] scale 
unit (250 [~m) 

1115 96.0 11.60 
641 56.2 13.20 
789 52.0 15.17 
638 53.0 12.78 

1263 104.5 12.08 
639 70.5 9.06 
638 64.0 9.96 

864 88.8 9.72 
423 43.7 9.67 
796 69.8 1.1.40 
435 43.0 10.10 
661 71.5 9.24 

�9 Mean 11.9 • 1.92; ~tncan 10.02 _q__ 0.84. 

easier  to per form.  C o n t r a r y  to earlier r epor t s  of e leva ted  
n u m b e r s  of sk in  MC in ' nude '  micelO, 11 we did no t  f ind 
a n y  difference in the  n u m b e r  of in the  p i n n a  of ' nude '  
and  n o r m a l  mice. 

Materials and methods. 11-week-old Balb /c  ' nude '  (nu/ 
nu) an d  l i t t e r -ma te ,  n o r m a l  he t e rozygo te s  (nu/q)  mice 
of b o t h  sexes  were used.  The  lower one - th i rd  of one p i n n a  
was  r emoved ,  f ixed 4-6  h in Bouin  solut ion,  e m b e d d e d  
in pa ra f f in  an d  7 [zm sect ions  were s t a ined  w i th  0.1.% 
a q u e o u s  so lu t ion  of to lu id ine  blue, p H  7.6. U n d e r  40 X 10 
magn i f i ca t ion ,  t h e  to t a l  n u m b e r  of MC on b o t h  sides of 
elast ic  car t i lage  was  c o u n t e d  a longside  t he  p ro jec t ion  of 
t he  Zeiss micropIa te  (1 cm  divided into 100 uni ts)  inse r ted  
in t h e  ocular .  Be tween  10 and  32 l eng th  of scale was  
p ro jec ted  into one sect ion of p i n n a  and,  f r om each  speci- 
men ,  t h e  n u m b e r  of MC was  c o u n t e d  i~n 3-6 sect ions.  
T o t a l  n u m b e r  of ~ C  f rom each  sec t ion  wa.s pooled, 
d iv ided  b y  t h e  n u m b e r  of scale pro jec ted ,  and  t he  va lue  
o b t a i n e d  r ep resen ted  the  ave rage  n u m b e r  of MC per  
l eng th  u n i t  (250 p.m). The  m e a n  va lues  for b o t h  g roups  
of mice  -were coun ted ,  and  d a t a  ob ta ined  were s t a t i s t i ca l ly  
ana lyzed  us ing  S t u d e n t ' s  t - tes t  a t  the  level of p 0.05. 

Results and discussion. The  table  shows  t he  n u m b e r  of 
a n i m a l s  used  an d  the  resu l t s  ob ta ined .  The  m e a n  n u m b e r  
of MC in p i n n a  of n u d e  mice  was  11.98 • 1.97, and,  in 
those  of n o rm a!  he te rozygo tes ,  10.02 • 0.84. Th i s  dif- 
ference is n o t  s ign i f i can t  a t  p > 0.05. The  d i s t r i bu t ion  of 
MC in b o t h  cases  was  similar .  T h e y  were d i s t r i b u t e d  
h o m o g e n o u s l y  in the  sk in  of p inna .  

11 l{. KELLIJ2R, M. W. HESS and J. F. R~I~Y, Experientia 32, 171 
(1976). 

The  resu l t s  are in c o n t r a s t  to those  ob ta ined  by  o th-  
ers a0,x~ in sk in  t a k e n  f rom the  back.  KELLER et  al. u re- 
por ted  ne a r l y  4 t ime s  h ighe r  c o n c e n t r a t i o n  of sk in  MC in 
' nude '  Ba lb /c  mice  t h a n  in n o r m a l  mice. VIKLICKY et  al. ~~ 
found  3 t ime s  more  MC in sk in  of ' nude '  B~0LP t h a n  in 
cont ro l  mice. 

The  h i s to logy  of p i n n a s  in b o t h  ' nude s '  a nd  he te ro-  
zygotes  was  s imilar ,  a nd  the  n u m b e r  of ha i r  follicles a nd  
g lands  is equal .  The  on ly  difference was lack of or re- 
t a r d a t i o n  of ha i r  de ve lopme n t .  The  mi to t i c  a c t i v i t y  in 
the  ep ide rmis  a nd  g l a ndu l a r  follicIes, a l t h o u g h  no t  ex- 
a m i n e d  sy s t e ma t i c a l l y ,  s eemed  to be ident ica l  in b o t h  
c a s e s .  

VVe do no t  h a v e  an  e x p l a n a t i o n  for the  d i s c r e pa nc y  of 
skin MC c o n t e n t  in regard  to t he  si te  (back skin,  p i n n a  
skin). The  preselme or absence  of t he  ' nu '  gene m a y  be 
more  impor t an~  in d e t e r m i n i n g  t he  n u m b e r  of MC t h a n  
skin site. T h e  presence  of th i s  gene in b o t h  ' nude '  and  
control  mice  m a y  be respons ib le  for s imi lar  MC con ten t .  
K~LLER et  al. n used  n o r m a l  Balb /c  ( + / q - )  for the i r  con- 
trois,  while in the p re se n t  s t u d y  ~zu/nu were c o m p a r e d  
to ~eu/+ an imals .  

I t  would  be i n t e r e s t i ng  to f ind w h e t h e r  t he  presence  of 
large a m o u n t s  of car t i lage  in p i n n a  t i s sue  .exer t  some  
n lodi fy ing  effect  on MC con ten t .  Th i s  poss ib i l i ty  will be 
e xa mine d .  A t  present ,  we are incl ined to consider  the  
local factor(s) or ' nu '  gene  in r egu la t i on  of sk in  MC 
n u m b e r s  more  t h a n  the  inf luence  of the  t h y m u s  itself.  
This  a s s u m p t i o n  is based  on the  more  p r o n o u n c e d  his-  
tological  difference of ba c k  ' n u d e '  sk in  a nd  ha i r -covered  
skin in c o n t r a s t  to p innas ,  a nd  on the  lack of dras t ic  dif- 
ferences in the  abso lu te  n u m b e r  of lVIC in l y m p h  nodes .  

Foeta l  B l o o d  A b n o r m a l i t y  A s s o c i a t e d  w i t h  H y p o d a c t y l y  in the  hd  S t r a i n  of  Rat  

C. PETTER 

Laboratoire de Physiolog'ie d~ Ddveloppement du Coll@e de France et de l'Universitd Pierre et Marie Curie, 
4, place Jussieu, F-75 230 Paris-Cedez 05 (France), 1 .June 1976. 

Summary. Th e  h o m o z y g o u s  foe tuses  of h y p o d a c t y l  r a t s  (hd s t ra in)  p r e se n t  an  obv ious  red blood cell m a c r o c y t o s i s  
(day 14 of ges ta t ion) .  This  blood a b n o r m a l i t y  could give rise to t h r o m b o s i s  leading  to  ear ly  necros is  of the  ex t remi t i e s .  

Some m u t a t i o n s  are k n o w n  to affect  the  n u m b e r  of 
d igi ts  in mouse1,  or to lead to l imb a m p u t a t i o n s  in rab-  
bi t  2, ca t  3 an d  m a n  ~. A m o n g  t h e m ,  t he  s t r a in  of br  r a b b i t  
(b rachydac ty l i a ) ,  f i rst  descr ibed by  GREENE and  SAXTON 2 
ha s  been  s tud ied  b y  severa l  au tho r sa  a. 

In t h a t  s t ra in ,  a blood a b n o r m a l i t y  ha s  been s h o w n :  
the  foeta l  p r imord i a l  red cells are especia l ly  large a nd  
n u m e r o u s ,  a n d  could give rise s p o n t a n e o u s l y ,  be tw e en  
d a y s  15 a n d  16 of ges ta t ion ,  to t h rombos i s ,  h a e m o r r h a g e s  
and  necrosis  of t h e  e x t r e m i t i e s L  The  lesions can  be pre-  
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v e n t e d  in u te ro  b y  severa l  t r e a t m e n t s  ac t ing  u p o n  the  
foetal  blood (pheny lhydraz ine ,  h y p e r o x i a  7, foiic acid, 
folinic acid an d  v i t a m i n  B~2 s. The  p r e v e n t i n g  ac t ion  on 
m a c r o c y t o s i s  of t h e  las t  t h ree  t r e a t m e n t s  seems  to indi-  
ca te  a fai lure in the  folate me t abo l i sm ,  v ia  a l t e r a t ions  in 
the  cell division.  Moreover ,  p y r i m e t h a m i n e ,  a d rug  w h ic h  
inh ib i t s  the  a c t i v i t y  of the  d ihydro fo la t e  r educ tase ,  a nd  
t h u s  t h e  f o r m a t i o n  of t e t r ahyd ro fo l a t e ,  w h e n  admin i s -  
te red  to p r e g n a n t  rats ,  i nduces  foetal  m a l f o r m a t i o n s ,  
i nc lud ing  b r a c h y d a c t y l i a  a n d  l imb defec ts :  s y n d a c t y l i a ,  
o l igodac ty l ia  a n d  p hocome l i a  9. i t  h a s  been  s h o w n  9 t h a t  
p y r i m e t h a m i n e  could  induce  b o t h  foeta l  m a c r o c y t o s i s  
a n d  necros is  of t h e  ex t r emi t i e s  in the  foetus.  
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Fig. 1. Distribution of nucleated primordial cell diameters in hd rat 
Ioetus (day 14 of gestation). Two populations are visible. (Mean • 
s. E. M.). 

Thus ,  in m a n y  cases,  t he re  is a p p a r e n t l y  a r e la t ionsh ip  
be tween  t he  ex i s t ence  of a foeta l  blood mac rocy tos i s  a n d  
t he  f o r m a t i o n  of t h r o m b o s i s  followed b y  necrosis  a nd  
a m p u t a t i o n s .  

A s t ra in  of r a t s  exists ,  t h e  hd  s t ra in ,  f i rs t  descr ibed by  
SABOURDY a nd  BozIc  a0, in which  the  h o m o z y g o n s  foe- 
t u ses  p r e s e n t  d igi t  a bno rma l i t i e s  m a n i f e s t e d  b o t h  in 
the i r  n u m b e r  a n d  form. The  hd  gene  is also responsib le  
for s te r i l i ty  observed  in t he  h o m o z y g o u s  male.  H y p o -  
d a c t y l y  is inher i t ed  as a recess ive  c h a r a c t e r  in bo th  sexes.  

In th is  s t u d y ,  we tr ied to f ind ou t  w h e t h e r  a blood ab- 
no rma l i t y ,  s imi lar  to t h a t  obse rved  in the  br  r abb i t  foetus ,  
could be d iscovered  in t he  hd  r a t  s t ra in ,  w h a t  could 
p e r m i t  an  e x p l a n a t i o n  of t hese  abnorma l i t i e s  of t he  
ex t remi t ies .  

H y p o d a c t y l  m u t a t i o n  in t he  hd  r a t  occurred in a 
W'is tar  s t r a i n  of r a t s  in w h ic h  a female  carrier  ha s  been  
m a t e d  w i th  a ma le  of the  L o n g  E v a n s  s t ra in .  All t he  ani-  
ma l s  h a v e  the  b l ack -hooded  pa t t e rn .  H y p o d a c t y l  r a t s  

1 I/. L. GREEN (Ed.), in fliology o/ the Laboratory Mouse, 2nd ed. 
(McGraw-Hill Book Co., New York ] 966). 

s H. S. N. GREENE and J. A. SAXTON, Jr., oT. exp. Ned. 69, 301 
(1939). 

a A. G. SEARLE, l-knl3. Eugen., Lond. 17, 279 (1953). 
A. FREIR~-Ma~A, Ph. D. Thesis, Ribeirao Preto Medicai School 
(1%s). 

5 o. R. Im,~AN, Anat. Rec. 79, 483 (ff941). 
6 A. JOST, J .  ROFFI and M. COURTAT, in Lz:lnb Z)e~,dop~nent and 

De/ormity: Problems o/ Evaluation and RehabiEtation. (Charles C. 
Thomas, Publisher, 1969), p. 187. 

7 C. PETTER, J. I~OURBON, J. P. MALTIER and A. Jos'l ' ,  C. r. Aead.  
Sci. Paris 27.3, 2639 (1971b). 

s C. PETTER, Th~se de Doetorat d'Etat, Paris (1975). 
9 C. PETTEa and J. I~ou~BON, Experientia 31, 369 (1975). 
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A /~ 

Fig. 2. Nucleated primordial cells in hd rat foetuses. (X 1100), (Day 14 of gestation). A Normocytic primordial cells. B Macrocytic 
primordial cells. 
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show a r e d u c t i o n  in t he  n u m b e r  of digi ts  of b o t h  forefeet  
a n d  h indfee t .  The  forefeet  are genera l ly  t r i d a c t y l  and  t he  
h i n d f e e t  t e t r a d a c t y l .  

Material and methods. We used maf ings  be t w een  hypo-  
d a c t y l  females  (hd/hd)  and  n o r m a l  he t e rozygous  males  
( h d / + ) .  I n  t h a t  t y p e  of ma t ing ,  t he  ra t io  of n o r m a l  to  
h y p o d a c t y l  is n o t  s ign i f ican t ly  d i f fe ren t  f rom 1 : 1 ~. 

N o r m a l  he t e rozygous  males  ( h d / + )  were i n t r o d u c e d  
to t he  cage of females  to  ma te ,  and  12 days  later ,  t h e  
p r e g n a n t  females  were recognized b y  pa lpa t ion .  

I n  o rde r  to  s t u d y  t he  foeta l  blood, d a y  14 of ges t a t ion  
was chosen,  since t h e  nuc lea t ed  red  ceils are sti l l  n u m e r o u s  
a t  t h a t  stage.  F ive  p r e g n a n t  h d / h d  r a t s  were ope ra t ed  
and  t he  foetuses  r e m o v e d  on d a y  14, b lood smears  were 
m a d e  and  s t a ined  b y  t h e  p a n o p t i c  m e t hod .  The  micro-  
scopic image  of t he  b lood ceils was  p ro jec ted  on p a p e r  
wi th '  a p ro j ec t ion  microscope.  Fo r  each  foetus,  t he  out -  
l ine  of 200 nuc lea t ed  red cells was d r a w n  and  the  d iam-  
e ters  d i rec t ly  measured .  The  f r equency  of each  d i a m e t e r  
was d e t e r m i n e d  (36 foetuses  f rom 5 mothers ) .  

Results and discussion. A l t h o u g h  i t  seems a h n o s t  im- 
possible  to  d i s t i ngu i sh  the  a b n o r m a l  foetuses  macro-  
scopical ly  a t  t h a t  s tage  ( the abno rma l i t i e s  become  ap-  
p a r e n t  on  d a y  15), t he  s t u d y  of t he  foeta l  b lood cells 
p e r m i t  one  to  observe  two popu l a t i ons  in  t he  ra t io  1 :1  
(Figure 1) : in  17 foetuses,  a v e r y  obv ious  macrocy tos i s  is 
seen:  a b o u t  80% of t he  cells h a v e  a d i a m e t e r  > 12 tzm, 
while  in  19 foetuses,  on ly  36% are > 12 ~zm. The  difference 

be tween  t he  two  pe rcen tages  is s t a t i s t i ca l ly  s igni f icant  
(me thod  of Z2: p < 0.001). Moreover ,  t h e  aspec t  of t he  
nuc l ea t ed  red  b lood cells is v e r y  d i f fe ren t  in t he  macro-  
cyfiie cells to  n o r m a l s ;  t he i r  nuc leus  is genera l ly  large  
and  i r regula r  a n d  pa ler  t h a n  in n o r m o c y t i c  cells (Figure 2). 

The  macrocy tos i s  obse rved  d u r i n g  t h e  ear ly  foeta l  
d e v e l o p m e n t  of h d / h d  r a t  r e sembles  b o t h  t h a t  of b r / b r  
r a b b i t  a n d  t he  macrocy tos i s  due  to p y r i m e t h a m i n e .  I n  
the  l a t t e r  cases an  i m p a i r m e n t  in t he  fo la te  or v i t a m i n  
B~2 m e t a b o l i s m  seems to  b e  impl ica ted .  Moreover ,  in  t he  
h d / h d  s t ra in ,  foeta l  red  cell mac rocy tos i s  is associa ted 
w i th  s t e r i l i ty  in  t he  h o m o z y g o u s  males,  as has  a l r eady  
been  obse rved  in m a n  w i t h  such  a me tabo l i c  fai lure 12. 

The  h d  gene could be respons ib le  for a d i s t u r b a n c e  of 
cell d iv is ion  wh ich  leads to  macrocy tos i s .  The  a b n o r m a l  
nuc lea t ed  red  cells could t h e n  be  de s t royed  too mass ive ly  
and  could b lock  up  t he  smal les t  a r te r ies  of t he  ex t remi t ies ,  
which  could give rise v e r y  soon to necrosis  and  a m p u t a -  
t ion  of t he  digits.  F u r t h e r  work  w i t h  v i t a m i n  t r e a t m e n t  
to  t he  p r e g n a n t  r a t  shou ld  d e t e r m i n e  t h e  t r u t h  of th i s  
hypothes i s .  

11 R, MOUTIER, •. TOYAMA and M. F. CHARRIER, J. Hered. 6~, 99 
(1973). 

12 I. M. D. JACKSON, W. B. Dora and G. Mc DONALD, Lancet 2, 
1159 (1967). 

R o s e t t e  F o r m a t i o n  by  H u m a n  T and B L y m p h o c y t e s  in the  P r e s e n c e  of A d r e n e r g i c  and Chol inerg ic  
D r u g s  1 
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Summary. I t  was shown  t h a t  adrenerg ic  drugs,  wh ich  increase  t h e  in t r ace l lu la r  levels of cAMP, i n h i b i t  t he  rose t t e  
f o r m a t i o n  b y  T- lymphocy tes ,  b u t  s t i m u l a t e  the  rose t tes  p roduced  b y  B- lymphocy te s .  Chol inergic  drugs,  wh ich  in-  
crease t i le levels of cGMP, on  t he  con t ra ry ,  s t imu la t e  t he  f o r m a t i o n  of rose t tes  b y  T - l y m p h o c y t e s  b u t  inh ib i t  those  
p r o d u c e d  b y  B- lymphocy tes .  

I t  was r ecen t ly  d e m o n s t r a t e d  t h a t  E - rose t t e  f o r m a t i o n  
b y  h u m a n  T l y m p h o c y t e s  is e i the r  i n h i b i t e d  b y  drugs  
which  increase  t he  in t r ace t lu l a r  levels of cyclic adenos ine  
m o n o p h o s p h a t e  (cAMP) 2=4, or s t i m u l a t e d  b y  drugs  wh ich  
raise  t he  levels of cyclic guanos ine  m o n o p h o s p h a t e  
(cGMP) 5, 6. I n  th i s  p a p e r  we p r e s en t  ev idence  sugges t ing  
t h a t  h u m a n  T a n d  B l y m p h o c y t e s  bea r  adrenerg ic  and  
chol inergic  recep tors  whose  s t i m u l a t i o n  resu l t s  in an t ag -  
onis t ic  effects on rose t t e  fo rmat ion .  

Material and methods. L y m p h o c y t e s .  L y m p h o c y t e  sus- 
pens ions  o b t a i n e d  f rom pe r iphe ra l  b lood of n o r m a l  sub-  
jec ts  b y  F i co l l -Hypaque  were ad ju s t ed  to con t a i n  2 - 106 
cells/ml. Red blood cells: Unsens i t i zed  (E) sheep red blood 
cells (SRBC) were p r e p a r e d  weekly  in H u n k ' s  solut ion.  
Sensi t ized (EAC) S R B C  were p r e p a r e d  accord ing  to LAY 
a n d  NUSSENZWEIG v, us ing  r a b b i t  a n t i s e r u m  and  h u m a n  
complemen t .  

Drugs.  The  fol lowing drugs  (Sigma Chemica l  Co.) were 
a s sayed :  theoph i l l ine  10 -a M,  p a p a v e r i n e  10 -a M,  iso- 
p ro te renoI  2 �9 10 -4 M,  d i b u t y r y l  c A M P  2 �9 1.0 -4 M,  car-  
b a m y l c h o l i n e  10 -6 M,  p i locarp ine  10 -a M,  d i b u t y r y l  
c G M P  2 �9 10 -4 M,  a t rop ine  sul fa te  10 -G M.  Solut ions  of 
t he  d rugs  were p r e p a r e d  j u s t  before  use in H a n k s '  so lu t ion  
w i t h  f inal  p H  ad ju s t ed  to 7.4. 

Rosette assays. Drug effects on rosette formation were 
assayed by incubation 0.45 ml of the lymphocyte sus- 
pension containing 2 �9 106 viable cells/ml with 0.05 ml of 
the drug dilution, for 60 min at 37~ The mixture was 
separated in two tubes, each receiving, respectively, 
0.5 ml of a 0.25% suspension of unsensitized (E) and 
sensitized (EAC) SRBC. Control tubes received no drugs. 
The tubes were then centrifuged at room temperature 
for 5 rain at 200 g and incubated at 37 ~ for 30 min (for 
B-lymphocyte rosettes) or at 4~ for 60 min (for T-lym- 
phocytes rosettes). The resulting pellets were gently re- 
suspended and counted in a hemocytometer. The viability 
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