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T h e  w i d t h  of t h e  fon tane l s  sh i f t ed  f rom i n t e r m e d i a t e  to  
na r row,  b u t  t h i s  s eemed  more  r e l a t ed  to  the  more  f avour -  
able  cond i t ions  for d e v e l o p m e n t  in  t h e  smal le r  l i t t e r s  t h a n  
to  t h a l i d o m i d e  doses. 

Fo r  the  pecul ia r  p a t t e r n  d e m o n s t r a t e d  b y  t he  cerv ica l  
v e r t e b r a e  a n o t h e r  e x p l a n a t i o n  shou ld  be  t a k e n  i n to  con-  
s idera t ion .  Since t h e  n u m b e r  of m a t u r e  y o u n g  dec reased  
def in i te ly  w i t h  inc reas ing  doses  of t h a l i d o m i d e  i t  is con-  
ce ivable  t h a t  w i t h  c e r t a i n  doses m i n o r  anoma l i e s  occur  
t h a t  do no t  cause  d e a t h  in ea r ly  foeta l  life. L a r g e r  doses 
i nduc ing  a d d i t i o n a l  d a m a g e  m i g h t  cause  more  a n i m a l s  to  
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Relation between anomalies of the cervical vertebrae in new-born 
rats and the dosage of thalidomide in the mother-animals during 

pregnancy. 

die t h a t  would  h a v e  been  suscep t ib le  a l r e a d y  to  smal l e r  
doses a n d  a n u m b e r  of fa i r ly  n o r m a l  a n i m a l s  to  su rv ive  
in  t he  h i g h e s t  dosage  groups .  I t  m i g h t  be  i m p o r t a n t  t h a t  
t h e  v e r t e b r a l  anoma l i e s  are  in  the  reg ion  whe re  a d i s t u r b -  
ance  of t he  n e r v e  s u p p l y  of t h e  u p p e r  e x t r e m i t i e s  m i g h t  
be  poss ible  as well, b u t  t h i s  c a n n o t  be  i n v e s t i g a t e d  a t  t h e  
s a m e  t i m e  as  t h e  ske l e ton  s t a in ing .  

Conclusion. I t  h a s  to  be  c o n c l u d e d  t h a t  n o t  on ly  
anoma l i e s  are  i n d u c e d  b y  t he  d r u g  g i v e n  b u t  t h a t  also 
fa i r ly  wide  v a r i a t i o n s  a r o u n d  t he  n o r m a l  or  aver£ge  occur  
t h a t  a re  n o t  r e l a t ed  to  t he  d r u g  given.  F r o m  the  d a t a  of 
t h e  con t ro l  a n i m a l s  i t  a p p e a r s  t h a t  those  bones  t h a t  show 
a l r eady  m a n y  v a r i a t i o n s  u n d e r  n o r m a l  c i r c u m s t a n c e s  a re  
t h e  m o s t  su scep t i b l e  to  t h i s  drug .  F o r  f u t u r e  i n v e s t i g a -  
t ions  i t  is i m p o r t a n t  to  k n o w  t h a t  m o r e  a b n o r m a l i t i e s  
m i g h t  be  found  w h e n  g iv ing  smal l  doses  t h a n  g iv ing  large 
doses, s ince in  t h e  l a t t e r  too  m a n y  y o u n g  will n o t  su rv ive  
u n t i l  b i r th* .  

Zusammen/assung. N a c h  T h a l i d o m i d v e r a b r e i c h u n g  a n  
t r~icht igen Rat- ten  f a n d e n  wir  F r u c h t r e s o r p t i o n  u n d  Ano-  
m a l i e n  a m  f t in f ten  B r u s t b e i n k e r n  d e r  F 6 t e n ,  W e i t e r e  
ergAnzende S k e l e t t u n t e r s u c h u n g e n  e rgaben ,  besonde r s  
be i  m i t t e l g r o s s e n  T h a l i d o m i d g a b e n ,  V e r k n 6 c h e r u n g s -  
s tS rungen  a n  den  Halswirbelk~Srpern,  Ande re  Ske le t te i l e  
ze ig ten  he ine  T h a l i d o m i d - a b h i i n g i g e n  E n t w i c k l u n g s -  
v a r i a t i o n e n .  
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Effec t  o f  H i s t a m i n e  o n  t h e  D i a m e t e r  o f  S k e l e t a l  

M u s c l e  F i b e r s  in  M i c e  1 

The  occur rence  of a b n o r m a l l y  large n u m b e r s  of t i ssue  
m a s t  cells in  sk in  of mice  w i t h  h e r e d i t a r y  m u s c u l a r  
d y s t r o p h y  ~ a n d  t h e  a s soc ia t ion  of these  cells w i t h  t i ssue  
c o n t e n t  of h i s t a m i n e  8 ~nd  5 - h y d r o x y t r y p t a m i n e  4 sug-  
gests  a possible  i n t e r r e l a t i o n s h i p  b e t w e e n  t h e s e  two sub-  
s tances  a n d  t he  muscle  a b n o r m a l i t y .  R e p o r t s  in  t he  l i t e ra -  
t u r e  do n o t  i n d i c a t e  t h a t  e i t he r  c o m p o u n d  affects  ske le ta l  
musc le  of a n y  species. Th i s  s t u d y  was u n d e r t a k e n  to  de-  
t e r m i n e  if r epea t ed  in jec t ions  of d i f fe ren t  c o n c e n t r a t i o n s  
of h i s t a m i n e  would  m o d i f y  t h e  ske le ta l  musc le  f ibers  of 
mice.  Selec t ion of specific doses of t h e  d r u g  h a s  b e e n  
based  on  biological  assays  of h i s t a m i n e  in  n o r m a l  mouse  
sk in  a n d  in  skin  f rom mice  w i t h  h e r e d i t a r y  m u s c u l a r  
d y s t r o p h y  5. I n  add i t ion ,  t he  effect  of i n j ec t i ng  a n  ex- 
t r e m e l y  h i g h  c o n c e n t r a t i o n  of h i s t a m i n e  h a s  been  in-  
c luded.  

blaterials and Methods. E x p e r i m e n t a l  g roups  of mice  
were g iven  i n t r a p e r i t o n e a l  in j ec t ions  of h i s t a m i n e  d ihy-  

d roch lor ide  (Calbiochem.)  in  0,25 m l  phys io log ica l  sa l ine  
twice  da i ly  for  21 days .  Con t ro l  a n i m a l s  were  i n j ec t ed  
w i t h  equa l  vo lumes  of sa l ine  on  t h e  s ame  schedule .  All 
mice were weighed  dai ly .  A t  28 days  a f t e r  t he  in i t i a l  in-  
j ec t ion  t h e  mice were a n e s t h e t i z e d  w i t h  e t h e r  a n d  fixed 
in toto in  He l ly ' s  or B o u i n ' s  so lu t ion  for 24 h.  F i x a t i o n  b y  
t h i s  m e t h o d  con t ro l l ed  t h e  degree  of musc le  c o n t r a c t i o n  
in e a c h  an imal .  Af te r  f i xa t i on  t h e  t i ssues  were  washed ,  
a n d  t h e  g a s t r o c n e m i u s  a n d  gracit is  m a j o r  musc les  were 
r emoved ,  e m b c d d e d ,  a n d  sec t ioned  a t  7 ~z. Sect ions  were 
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s t a ined  w i t h  e i t h e r  H a r r i s '  h e m a t o x y l i n  a n d  eosin or  
Mal lo ry ' s  p h o s p h o t u n g s t i c  ac id  h e m a t o x y l i n .  

The  mice  were  d iv ided  in to  t h r e e  g roups :  (A) 22 n o r m a l  
mice f rom th ree  l i t t e rs  of i n b r e d  s t r a i n  129 mice  (Roscoe 
]3. J a c k s o n  Labora to r i e s )  (9 controls ,  13 e x p e r i m e n t a l  
mice). Ages r a n g e d  f rom 63 to  95 days  a t  t h e  end  of t h e  
e x p e r i m e n t  (Table  I). E x p e r i m e n t a l  a n i m a l s  were  i n j ec t ed  
w i th  200 m g  h i s t a m i n e  pe r  kg  b o d y  we igh t  a t  9.00 a .m,  
and  a t  4.00 p ,m,  da i ly ;  (B) 10 n o r m a l  Swiss Yale  a lb ino  
mice. F i v e  e x p e r i m e n t a l  mice  were i n j ec t ed  w i t h  25 m g  
pe r  kg h i s t a m i n e  twice  da i ly ;  (C) 10 n o r m a l  Swiss Yale  
a lb ino  mice.  F i v e  e x p e r i m e n t a l  mice  rece ived  50 m g  per  
kg  h i s t a m i n e  twice  dai ly .  Mice in  g roups  (B) a n d  (C) 
were 70 d a y s  old  a t  a u t o p s y .  

M e a s u r e m e n t s  of musc le  f iber  d i a m e t e r  were  m a d e  w i t h  
a n  ocu la r  m i c r o m e t e r  a t  400 × m a g n i f i c a t i o n  on  cross- 
sec t ions  of t h e  muscle ,  C o u n t s  were  b e g u n  on  t h e  pe r iph -  
e ry  of t h e  sec t ion  a n d  c o n t i n u e d  t o w a r d  t h e  i n t e r io r  of 
the  muscle  un t i l  a t  l eas t  25 f ibers  were m e a s u r e d  on  each  
section.  A t  leas t  four  sec t ions  f rom d i f fe ren t  levels  of each  

Table I. Effect of intraperitoneal injections of histamine (400 mg per 
kg) on the diameter of skeletal muscle fibers (gastrocnemius m.) of 
Strain 129 mice. Each average fiber diameter (Ix) is based on measure- 

ments of 25 fibers 

Saline Controls Histamine-treated 

Sex Age Fiber Sex Age 
(days) diameter (days) 

average [z 

Fiber 
diameter 
average 

F 63 99,68 4- 1.85 F 63 
F 63 30.88 =[= 1.93 F 63 
IV[ 63 28,72 4- 1.55 M 63 

Group Mean 4- S.E. 29.76 4- 1.02 
P Valuc <~ 0.001 

F 75 IZ3.70 ~= 1.08 F 75 
M 75 30.60 =t= 1.97 F 75 
M 75 28.42 :[: t.74 M 75 

Group Mean -t- S,E. 27.57 4- 0.99 
P Value <: 0.001 

~ 95 34.30 4- 1.60 F 95 
M 95 30.63 4- 2.01 F 95 
M 95 28.48 =1= 1.68 M 95 

F 95 

Group Mean 4- S.E. 31.14 4- 1.04 
/) Value <:2 0,001 

20.30 4- 0.88 
22.78 :t: 0.99 
20,60 4- 1,02 

21.23 4- 0.57 

21.50 4- 1.06 
22.92 ::]: 1.33 
18.38 ~ 0.81 

20.94 -~ 0.66 

24.50 4- 1.00 
21.80 4- 1.19 
28.20 4- 1.18 
~2.90 4- 1.02 

23.10 4- 0.55 

Table II. Effect of histamine dihydrochloride (i.p.) on the diameter 
of skeletal muscle fibers of male Swiss Yale albino mice. Each aver- 
age fiber diameter is based on measurements of 25 muscle fibers from 

each animal or a total of 125 fibers in each group of 5 mice. 

Treatment No. of Fiber diam- P value 
mice eter 4- S.E. (~) 

Saline control 5 ~6.74 =~= 5.77 
Histamine (50 mg/kg) 5 23.58 ± 5.19 <~ 0.001 

Saline control 5 28.49 4- 7.54 
Histamine (100 mg/kg) 5 23.81 4- 5.68 <2 0,001 

musc le  were  e x a m i n e d  in  t h i s  m a n n e r  to  a s c e r t a i n  i f  a 
s t a t i s t i ca l  d i f ference  in  f iber  d i a m e t e r  occu r red  in  t h e  
s ame  muscle.  

The  s t a t i s t i c a l  s igni f icance  of d i f ferences  b e t w e e n  t h e  
m e a n s  was e v a l u a t e d  b y  use of t h e  S t u d e n t  t tes t .  

Results.  The  e x t e r n a l l y  v is ib le  effects  of t h e  h ighes t  con-  
c e n t r a t i o n  of h i s t a m i n e  (400 m g / k g  dai ly) ,  such  as deeper  
b r e a t h i n g ,  genera l  i nac t i v i t y ,  a n d  d i l a t ed  b lood  vessels  in  
t h e  ears,  d i s appea red  a p p r o x i m a t e l y  1 to  2 h a f t e r  e a c h  
in jec t ion .  These  s y m p t o m s  were  o b s e r v e d  a f t e r  e ach  in-  
j ec t ion  t h r o u g h o u t  t he  21-day  t r e a t m e n t  per iod,  a n d  t he  
a n i m a l s  d id  n o t  a p p e a r  to  deve lop  a t a c h y p h y l a x i s .  D u r i n g  
t h e  i n j ec t i on  pe r iod  t h e  con t ro l  g r o u p  h a d  a 14 .4% 
a v e r a g e  w e i g h t  ga in  as c o m p a r e d  w i t h  5 .8% for  t h e  ex-  
p e r i m e n t a l  g roup  (ca lcula ted  a t  21 days) .  Howeve r ,  
d u r i n g  t he  week  fol lowing cessa t ion  of  h i s t a m i n e  in jec-  
t ions ,  or  t h e  ' r ecove ry  per iod ' ,  t h e  e x p e r i m e n t a l  g r o u p  
h a d  w e i g h t  ga ins  wh ich  r e su l t ed  in s t a t i s t i c a l l y  com-  
pa r ab l e  b o d y  we igh t s  in  b o t h  g roups  b y  t he  t i m e  of 
a u t o p s y  (28 days) .  Th ree  mice in t he  e x p e r i m e n t a l  g r o u p  
died  (a t  8, 13, a n d  18 days  a f te r  t h e  in i t i a l  in jec t ion) .  
Sys t emic  effects a n d  t he  b o d y  weigl l t  c h a n g e  were  n o t  
obse rved  in the  o t h e r  two  e x p e r i m e n t a l  g roups  (50 m g / k g  
a n d  100 m g / k g  h i s t a m i n e  daily),  

A s t u d y  of sect ions  of muscle  f rom these  mice i n d i c a t e d  
t h a t  in  each  h i s t a m i n e - t r e a t e d  a n i m a l  t h e  d i a m e t e r  of 
muscle  f ibers  was  s ign i f i can t ly  smal le r  ( P  (0 .001)  t h a n  in  
con t ro l  mice  (Tables  I a n d  II) .  D i a m e t e r s  of muscle  f ibers  
in  all  g roups ,  b o t h  e x p e r i m e n t a l  a n d  cont ro l ,  r a n g e d  f rom 
10-50  ~, b u t  e x p e r i m e n t a l  mice  h a d  a g r e a t e r  n u m b e r  of 
smal le r  fibers.  T h e  smal l e s t  f ibers  (10-15 ~z d i ame te r )  
were  composed  of nucle i  w i t h  v e r y  l i t t l e  s u r r o u n d i n g  sar-  
coplasm.  Large  muscle  f ibers  s o m e t i m e s  a p p e a r e d  to  b e  
sp l i t t i ng  a long  t h e i r  l eng th ,  t h e r e b y  fo rming  2 or  3 sma l l e r  
fibers.  The  smal le r  f ibers  t h u s  fo rmed  were  m o r p h o -  
logical ly no rma l ,  b u t  t he i r  s a r cop la sm seemed  to  be  con-  
t i n u o u s  w i t h  t h a t  of t h e  la rger  ' p a r e n t  f iber ' .  T h e  ef fec t  
of h i s t a m i n e  on  muscle  f iber  d i a m e t e r  a p p a r e n t l y  was 
n o t  in f luenced  b y  sex or b y  th i s  p a r t i c u l a r  r a n g e  in age  
a n d  was obse rved  in b o t h  s t r a in s  of mice  (Tables  I a n d  II) .  

A l t h o u g h  o t h e r  h is to logical  changes  were  o b s e r v e d  in 
the  muscles  of h i s t a m i n e - t r e a t e d  mice, t h e y  were  n o t  as  
d r a m a t i c  as t he  d i a m e t e r  va r i ance ,  a n d  t h e i r  occu r rence  
was rare .  I n  muscIe of t r e a t e d  a n i m a l s  t he  nucle i  w i t h i n  
t he  f ibers  were f r e q u e n t l y  en l a rged  a n d  sphe r i ca l  or  ova l  
w i t h  one  to two  masses  of c h r o m a t i n  a n d  a s ingle en-  
l a rged  nucleolus  as c o m p a r e d  w i t h  t y p i c M  normM,  elon-  
ga te  musc le  nucle i  w i t h  2 to  4 c h r o m a t i n  masses .  Rows  of  
c e n t r a l l y  a r r a n g e d  nucle i  were  f o u n d  in  some  musc le  
f ibers  w h i c h  were cu t  l ong i tud ina l ly .  I n  o t h e r  f ibers,  
g roups  of as  m a n y  as 8 to  10 nucle i  were c lus te red  in to  a 
local ized a rea  of t he  f iber  a n d  were s u r r o u n d e d  w i t h  baso-  
phi l ic  s a r c o p l a s m a  (Figure) .  Smal l  b l i s ter - l ike  a reas  con-  
t a i n i n g  severa l  nucle i  s u r r o u n d e d  b y  d a r k l y  basoph i l i e  
s a rcop la sm a p p e a r e d  to  be  e v a g i n a t i n g  f rom the  surface  
of some ske le ta l  musc le  f ibers  (Figure) .  

Discussion.  T h e  p h a r m a c o l o g i c  effects  of h i s t a m i n e  on  
s m o o t h  muscle  of t he  i n t e s t i ne  a n d  u t e r u s  ha s  rece ived  
m u c h  a t t e n t i o n  for  seve ra l  years  a n d  h a s  led to  t he  de-  
v e l o p m e n t  of a b iological  a s say  m e t h o d  for  t i s sue  h i s t a -  
m i n e  6. However ,  a sea rch  of t h e  l i t e r a t u r e  d id  n o t  i nd i ca t e  
t h a t  th i s  d r u g  a f fec ted  ske le t a l  muscle .  T h e  o b s e r v a t i o n  of 
inc reased  n u m b e r s  of  m a s t  cells in mice  w i t h  m u s c u l a r  
d y s t r o p h y  2 a n d  t h e  d i rec t  co r r e l a t i on  of m a s t  cells w i t h  

11 G. ]~. ~¥. YVOLSTENHOLME and C. M, 0'Coupon, Histamine (Little, 
Brown and Co., Boston 1956). 
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t issue h i s tamine  a led to this  inves t iga t ion  of the  effects of 
the  d rug  on skeletal  muscle. 

These  exper iments  have  demons t r a t ed  t h a t  skeleta l  
muscle fibers f rom mice t r ea ted  wi th  h i s t amine  are  con-  
s i s ten t ly  smaller  in d iamete r  t h a n  those  f rom cont ro l  
animals  (Tables I and II) .  Basophi l ic  sarcoplasm in fibers 
and blister-like evagina t ions  conta in ing  groups of nucle i  
which were present  in t rea ted  mice were neve r  seen in con- 
t ro l  animals.  Some of t he  his tological  changes  which  were  
seen in h i s t amine- t rea ted  mice h a v e  been  described in 

mice of the  same s t ra in  (s train 129) w i t h  he red i t a ry  mus-  
cu la r  dys t rophy .  Mice wi th  th is  genet ic  a f fec ta t ion  have  
skeleta l  muscle  defects  such  as reduced  f iber  size, de- 
genera t ing  muscle fibers, and  cent ra l  rowing of nuclei  in 
t h e  f iberL Regenera t ing  muscle  fibers, which  are  also 
present  and are  charac te r ized  b y  basophil ic  sarcoplasm, 
h a v e  been  descr ibed in rad ioau tographs  8 and in  diffusion 
c h a m b e r  implan t s  of dys t roph ic  muscleL I t  should be 
emphas ized  t h a t  t he  mice  used in these  exper iments  were  
f rom l i t ters  of  homozygous  normal  mice and t h a t  t h e y  did 
no t  ca r ry  t he  gene for muscu la r  dys t rophy .  

Therefore,  these  drug- induced  changes canno t  be a t t r ib -  
u t ed  to  genet ic  factors.  The  occurrence of muscle  fibers 
w i t h  smal ler  m e a n  d iamete rs  in h i s t amine - t r ea t ed  Swiss 
Yale  albino mice,  which be long  to  a d i f ferent  s train,  unre-  
la ted  to  s t ra in  129, fu r the r  accen tua tes  t h a t  these  var ia -  
t ions f rom the  cont ro l  f indings are the  resul t  of h i s t amine  
adminis t ra t ion .  

Rdsumd. Des souris regurent  des inject ions  in t rapdr i -  
tondales de bichlorure  d 'h i s tamine .  Le diam~tre  m o y e n  
des fibres muscula i res  s 'en  t r o u v a  n e t t e m e n t  r6dui t  e t  des 
modif ica t ions  his tologiques furen t  not6es chez les souris 
trai tdes.  

W. K. O 'ST~ES 

Department of Anatomy, University o/ Texas Medical 
Branch, Galveston (USA),  December 16, 1963. 

Blister-like evagination of basophilic sarcoplasm containing several 
nuclei {A). Basophilic sarcoplasm (B) in lower fiber contains several 

nuclei not in focus at this level. × 1000. 
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Esterases in Avian Sera: Species Specific 
Pattern and Individual Variations 

This  repor t  summar izes  p re l iminary  resul ts  concerning 
esterase act iv i t ies  in bi rd  sera. The  purpose  of  this  inves t i -  
ga t ion  was  t o  de te rmine  whe the r  species differences 
could be  observed  in z y m o g r a m s  of birds, as t h e y  h a v e  
been  descr ibed for m a m m a l s  1. 

Ind iv idua l  samples of se rum were col lected f rom adu l t  
specimens of b o t h  sexes. Af te r  agar  gel electrophoresis ,  
the  esterases were revea led  by  incuba t ion  in one of t he  
media  described b y  URIXL~: (1) i ndoxy l  ace ta te ,  ba rb i ta l  
buffer  p H  8.2; w i th  Cu ace ta te  as ac t iva tor ,  (2) 1-(a) or  
2-(fi)-naphthyl ace ta te  or  f l -carbonaphthoxychol ine  as 
subs t ra tes  in phospha te  buffer  p H  7 and Diazo Blue B as 
dye-coupler ,  (3) bu tyry l th iochol ine  as subs t ra te  w i th  
t e t r azo l ium sal t  Ni t ro  BT,  (4) inhib i tors :  p ros t igmin  
(eserin) M 10 -4 and  D F P  M 10 -6. 

The  resul ts  wi th  indoxy l  as well  as w i th  u- or  f l -naphthyl  
ace ta tes  were the  same,  unl ike w h a t  was seen in m a m -  
mals  ~-s  The  first  reac t ion  was hence mos t  of ten  used;  its 
a d v a n t a g e  is a good colour  con t ras t  be tween  the  indigo 
blue and the  red of  Ponceau S, the  s ta in  used for reveal ing  
prote ins  s. W h e n  b o t h  react ions  are  appl ied on the  same 

plate ,  a d i rec t  and  easy  local izat ion of esterases wi th  
respect  to  pro te ins  is realized.  

The  sera  s tud ied  were:  

L GaUinaceae: 
(1) Hens (a) Rhode Island Red, strain M44 16 

(b) White Leghorn, without pedigree 12 
(c) without specification of race 12 

(2) Guinea-fowls (blue) 16 
(3) Pheasants, Ph. cotvhicus 12 

Pheasants, Ph. colchicus vat. obscurus 4 
(4) Turkeys, black 8 

Turkeys, white 2 
(5) Quails of different origins but mainly from families with 

pedigree 80 

II. Anatidae: 
(1) Ducks (a) Pekin, mainly from an inbred strain 200 

(b) Khaki without specification 200 
(c) hybrids 200 

(2) Barbary ducks 6 
(3) Goose 1 

III. Columbidae: 
Pigeons (a) White Peacock 8 

(b) grey (Paris} 4 
(C) Cauchois (hybridized) 12 


