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Das  H o m o g e n a t  wird  d a n n  in b e k a n n t e r  Weise  d u r c h  
different iel les  Zent r i fug ieren*  f r ak t i on i e r t  (10 ra in  bei  
800 g: K e r n f r a k t i o n  als Sed iment ,  10 m i n  bei  25000 g: 

~ ?--- R~hrmotor 

Homogsnisier~-")2f 
gerds$ ~1, (festa-'tehenct} ~] 

pumpe ~ 
Vorratsc 8lass 

Anordnung fiir kontinuierliches Homogenisieren. Der Homogeni- 
satorteiI ist im Mat3stab 1:2,4 abgebildet, die tibrige Anordnung im 
Mai~stab 1 : 10. Die suspendierten Gewebeteilehen werden durch eine 
Sehlauehquetschpumpe (Typ m P2, Bfihler, Ttibingen) aus dem Vor- 
ratsbeh~ilter dem Homogenisator yon untcn zugeftihrt. Bei der 
Homogcnisierapparatur nach Pottcr-Elvehjern der Firrna Braun, 
Melsungen (Rfihrmotor RM26, yon Janke lind KunkeI, 60 ml- 
Homogenisiergef~iss mit Teflonpistill) wird das 60 ml-Homogenisier- 
gef~iss dutch ein ftir kontinuierliches Homogenisieren modifiziertes 
ersetzt. Dieses GefAss aus Pyrexglfis tr~igt zus~itzlieh Oliven ffir 
Ztl- rind Abfluss des Homogenates und wird yon 2 Gummiwfilsten 
getragen, die in eine Metallhalterung eingespannt sind. Die Halterung 
kann gl iehzeitig als Kiihlmantel bentitzt werden. Die Spaltbreite 
zwischen Pistill und Glaswand betr~gt 0,1 ram. Bei der ersten Pas- 
sage wird ein konisches Pistill verwendet, das am unteren Tell eine 
Spaltbreite yon 0,2 mm bildet. Das in einem Latexschlauch (~  0,5 
cm) gefSrderte Homogenat wird nut im Bereieh der Schlauch- 

quetschpumpe dutch 2 Siliconschl~iuche (~  0,3 em) gefiihrt. 

l y sosomenha l t l ge  M i t o c h o n d r i e n f r a k t i o n  als Sediment ,  
sowie Mik rosomen  u n d  C y t o p l a s m a  als ~3berstand).  Nach 
de r  K e r n a b t r e n n u n g  wird  die M i t o c h o n d f i e n f r a k t i o n  
d u r c h  Zen t r i fug ie ren  im D u r c h l a u f v e r f a h r e n  (RC-2 Kfihl- 
zen t r i fuge  de r  Fa.  Serva l l  m i t  d e m  , c o n t i n u o u s  flow 
sys tem~ n a c h  SZENT-GV6RGYI und  BLUM) gewonnen .  

Die Le is tungsfAhigke i t  des  Homogen i sa to r s ,  besonders  
in  bezug  au f  Gchonung  labi ler  Zel torganel len  (z. B, Lyso- 
somen) ,  k a n n  d u r c h  B e s t i m m u n g  d e r  s a u r e n  P h o s p h a t a s e  5 
in  d e n  e r h a l t e n e n  F r a k t i o n e n  e r m i t t e l t  werden ,  d a  diese 
ein c h a r a k t e r i s t i s c h e s  E n z y m  der  L y s o s o m e n  s ist.  I n  der  
K e r n f r a k t i o n  w u r d e n  14% der  G e s a m t a k t i v i t / i t  ge funden  
(unze rk le ine r t e  Zellen),  im  ~ b e r s t a n d  7 %  (zerpla tz te  
L y s o s o m e n  ?), so dass  n a c h  d iesem V e r f a h r e n  e twa  80% 
der  l ab i len  Organe l t en  g e w o n n e n  w e r d e n  k6nnen ,  Die 
be sch r i ebene  A n o r d n u n g  z u m  k o n t i n u i e r l i c h e n  schonen-  
den  Homogen i s i e r en  is t  a l l geme in  ffir Gewebe  geeignet,  
die eine Xhnliche Kons i s t enz  wie Nie rengewebe  h a b e n  und  
schaf f t  die M6gl ichkei t ,  gr6ssere Mengen  v o n  Zellorganel-  
len zu gewinnen ,  u m  de ren  K o m p o n e n t e n  nXher zu 
un t e r suchen .  

Summary. Large-scale  p r e p a r a t i o n s  of t i ssue  homo-  
gena tes  are no t  c o n v e n i e n t l y  o b t a i n e d  w i t h  t he  conven-  
t iona l  P o t t e r - E l v e h j e m  homogen ize r .  Therefore  th is  
h o m o g e n i z e r  was  modi f ied  to  p e r m i t  a c o n t i n u o u s  p u m p -  
d r i v e n  passage  of m a t e r i a l  t h r o u g h  t he  homogenize r  
w i t h o u t  u n d u e  d a m a g e  to p a r t i c u l a t e  f r ac t ions  of cells. 

E.  MEHL 

Biochemische A bteilung der Deutschen Forschungsanstalt 
[iir Psychiatrie, Max-Planch-Institut, ~l{iinchen 
(Deutschland). 9. Juni  7965. 

4 W. C. SCHNEIDER, J. biol. Chem. 176, 259 (1948). 
5 U. BEAOFAY, P. JACQUES, P. BAUDHOIN, O. Z. SELLINGER, 

J. BERTHE2 und C. DE DOVE, Bioehem. J. 92, 184 (1964). 

S T U D I O R U M  P R O G R E S S U S  

T h a l i d o m i d e  M a l f o r m a t i o n s  and Genet i c  B a c k -  
g r o u n d  in the  Rabbi t  

Introduction. The  va lue  of t h a l i d o m i d e  as a t r anqu i l i z e r  
a n d  i ts  iden t i f i ca t ion  as a t e r a t o g e n i c  a g e n t  respons ib le  
for  a widely  publ ic ized  increase  in e x t e r n a l  a n d  i n t e r n a l  
m a l f o r m a t i o n s  in  h u m a n  fetuses  h a v e  posed  cha l l eng ing  
p rob lems  to  b o t h  t h e  chem i s t  a n d  t h e  biologist .  To t h e  
chemis t ,  who  is aware  of t he  close r e l a t i o n s h i p  b e t w e e n  
t ha l i domide  and  n u m e r o u s  s u b s t a n c e s  of e v e r y d a y  h u m a n  
use wh ich  no rma l ly  are harmless ,  t he  major question con-  
cerns t he  cha in  of r eac t ions  b y  w h i c h  i t  or  i t s  m e t a b o l i t e s  
can  become  te ra togenic .  To t he  biologist ,  one  pe rp l ex ing  
ques t ion  concerns  t he  seeming ly  l imi ted  v u l n e r a b i l i t y  to  
th i s  d rug  d i sp layed  b y  those  m a m m a l i a n  species m o s t  of- 
t en  used in t e s t ing  t e ra togens ,  whereas  t he  r abb i t ,  w h i c h  
ha s  ra re ly  been  used in such  s tudies ,  appea r s  to  com pa r e  
f avorab ly  w i th  t he  h u m a n  in t h a t  respect .  Th i s  r e p o r t  

conce rns  (a) a p r e l i m i n a r y  s t u d y  of t h e  r a b b i t ' s  response 
to  t h a l i d o m i d e  a n d  (b) a t e s t  for  gene t ic  differences in 
vu lne rab i l i t y .  

Materials and methods. Three  s t r a i n s  (III, New Zealand 
W h i t e ,  3.9 kg ;  M, m i x e d  New Z e a l a n d  W h i t e  breeding,  
3.6 kg;  a n d  OS, D u t c h  origin,  3.3 kg) m a i n t a i n e d  a t  The  
J a c k s o n  L a b o r a t o r y  are invo lved .  A t o t a l  of 25 control  
a n d  18 e x p e r i m e n t a l  l i t t e r s  were  p roduced .  T h e  repor ted  
inc idence  of s p o n t a n e o u s  d e f o r m i t y  of I I I  a n d  OS is 
4 a n d  5 %  respec t ive ly  1. 

T h a l i d o m i d e  was  a d m i n i s t e r e d  ora l ly  in  ge la t in  cap- 
sules a t  t h e  r a t e  of 500 m g / d a y / d o e  on  d a y s  6-11 post  
coi tus  (pc) (one l i t t e r  was  t r e a t e d  days  4-11).  Capsules 
were so p laced  b y  a ba l l ing  gun  t h a t  swal lowing was im- 
m e d i a t e  w i t h  negl igible  t r a u m a ;  hence  p laceboes  were not  

x p. SAWlN and D. CRARY, Clin. Orthopaedics 33, 71 (1964). 
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given to controls .  T rea ted  (T) and  contro l  (C) an imals  
were o therwise  t r ea t ed  alike. All were weighed three  t imes  
and  p a l p a t e d  for p r e g n a n c y  a t  10-14 days  pc. Pa r tu r i t i on  
was induced  b y  h o r m o n e  (Armour ' s  pos te r io r  p i t u i t a ry  
ex t rac t )  admin i s t r a t i on  on d a y  31 pc in all b u t  two  cases 
where  the  does were sacrificed. E x t e r n a l  e x a m i n a t i o n  was 
made  immedia te ly ,  followed by  in te rna l  examina t i on  of 
the  soft  t issues and  subsequen t ly  by  al izarin s ta in ing  of 
the  skele ton  2. Bo th  cont ro l  and  t r e a t ed  l i t ters  were ob- 
ta ined  f rom 10 of the  mothers .  In  14 cases the  cont ro l  
ges ta t ion  followed a p rev ious ly  t r e a t e d  ma t ing ;  in l l 
cases it p receded  it. 

Resu l t s .  R e p r o d u c t i o n  was  reduced  in all t r ea t ed  groups  
and  var ied  wi th  s t ra in  (Table I). In  race I I I a  sl ight  re- 
duc t ion  in l i t te r  size and  a s ignif icant  r educ t ion  in per-  
centage  of live young  were observed.  The h igh  p ropor t ions  
of dead,  s t i l lborn,  and pa r t i cu la r ly  resorbed young  indi- 
ca tes  a b road  s p e c t r u m  of abno rmaI i t y  wi th  va ry ing  
degrees of compa t ib i l i t y  w i t h  life. The  OS had  smal l  lit- 
t e rs  b u t  t he  h ighes t  p ropo r t i on  of  live young,  b o t h  in 
t r e a t e d  and  cont ro l  groups.  Ef fec t s  upon  r ep roduc t ion  
a p p a r e n t l y  were much  less in the  t r ea t ed  M groups,  b u t  
there  was a h igh  p ropor t ion  of s t i l lborn young.  The high 
pa r tu r i t i ona l  mor t a l i t y  in the  controls  of th is  g roup  
could no t  be due  to tha l idomide .  

There  was a m u c h  h igher  incidence of s p o n t a n e o u s  
ma l fo rma t ion  a m o n g  the  cont ro ls  (Table II)  t h a n  o the r  
inves t iga to rs  r epo r t  3-8. This  m a y  be due  to  more  ex t en -  
sive examina t ion ,  b u t  is also due in pa r t  to  the  racial  
background .  Abnormal i t i e s  of su tura l  bones,  s t e rnebrae ,  
and  tai l  are no rma l  va r i a t ions  ~,~. In  analysis ,  the i r  omis-  
s ion increases the  p ropor t ion  of normal  offspr ing in b o t h  
t r e a t e d  and  contro l  groups  (see we igh ted  da ta ,  Tables  I 
and  I I I ) ,  The increase in t r e a t e d  groups  is min imal  excep t  
in t h e  M group where  nea r ly  40% are normal  by  weight -  
ing. Such decrease  in a b n o r m a l i t y  m a y  be a t t r i b u t e d  to  
h y b r i d  vigor.  T rea ted  and  contro l  popu la t ions  differ  sig- 
n i f icant ly  ( P  < 0.01) in b o t h  we igh ted  and  unwe igh ted  
I I I  and  M groups,  b u t  only  in the  weighted  OS group  
(Table I I I ) .  

S t r a i n  d i f ferences  i n  vu lnerab i l i t y  to m a l f o r m a t i o n .  Mal- 
o rmat ions ,  b o t h  spon t aneous  and  induced,  are g rouped  

u n d e r  seven  categor ies  (Table II) .  Some ex te rna l  var ia-  
t 'ons ,  for  example  shor t  and  k inky  tai ls  in ca tegory  1, are 

observed  as a s y m m e t r i e s  and  a b n o r ma l  fusions of cen t ra  
and  hemi -cen t ra  in ca tegory  2. Similar ly  r epe t i t i on  occurs 
in categor ies  3 and  4. 

(1) E x t e r n a l  b o d y  ma l fo rma t ions :  The  s y n d r o m e  of 
anomal ies  induced  ex te rna l ly  in these  th ree  geno types  
appears  to  have  a cer ta in  degree of regional  specif ici ty.  
These ma l fo rma t ions  are localized a t  oppos i te  e x t r e me s  
of the  animal ,  i.e. head  vs tail  and dorsal  vs vent ra l .  
Specifically, race I I I  shows ear deficiency,  whereas  OS 
shows deficiencies of the  eyes and  nose. The  M group  t ends  
to show schisis b o t h  dorsa l ly  (Figure 4) and vent ra l ly ,  and  
o tocephaly .  All groups  show tail  ma l fo rma t ions  in con- 
trols as well as t r ea ted ,  ind ica t ing  t h a t  in these cases 
t ha l idomide  m a y  be aggrava t ing  an ex is t ing  vulnerabi l i ty .  

(2) I n t e r n a l  axial  ske le ton:  Malformat ions ,  some of 
which are s t ra in  specific, are localized in head  and  tail  and 
ven t ra l ly  in the  s t e rnum.  Trea ted  young  of races I I I  and 
OS have  a high p ropor t ion  of su tura l  bones  in the  skull 
and  of m a l f o r m a t i o n  of tai l  ve r tebrae .  These  are also 
found  to  some e x t e n t  in the  controls .  S te rnebra t  var ia-  
t ions  likewise occur  in b o t h  t r e a t e d  and  contro l  popula-  
t ions,  bu t  whereas  skull and  tail  abnormal i t i e s  increase 
wi th  t r e a t m e n t ,  the  s te rna l  var ia t ions  decrease in inci- 
dence  ( I I i ,  27% in C, 21% in T;  OS, 72% C, 47% T; 
M, 23% C, 15% T). I r regular  no tches  in the  neura l  arches 
of the  axis  in M and  OS and  fusions in neural  arches  of I I I  
are minor  add i t iona l  var ia t ions  of t r e a t e d  an imal s  no t  
found  in controls .  The  high incidence of su tu ra l  bones  in 
t r ea ted  an imals  was an te r io r  be tween  nasals  or f ronta ls ,  
whereas  in the  race I I I  cont ro ls  i t  was  pos te r io r  be tween  
the  parietals .  This,  t oge the r  wi th  a t e n d e n c y  to displace 
the  an te r ior  fonticulus,  indica tes  a shi f t ing  effect  of the  

D. CRARY, Stain Technol. 37, 124 (1962). 
a G. SOMERS, Lancet 1962 i, 912. 
4 G. SOMERS, Orvosi Hetilap 103, 2456 (1962). 

D. FELISATI, Lancet 1962 ii, 724. 
6 E. TrussER, Miinch. med. Wschr. 47, 2282 (1962). 
7 T. INGALLS, F. CURLEY, and P. ZAPPASODI, New England J. Med. 

271,441 (1964). 
s A. DEKKE~ and A. MEHRtZI, Bull. Johns Hopkins Hosp. 115, 223 

(1964). 
9 E. PECK and P. SAWlY, J. exp. Zool. l id ,  335 (1950). 

Table I. Effects on reproduction 

Number III OS M Totals 

T C T C T C T 

No. % No. % No. % No. % No, % No. % No. % 

C 

No. % 

Mothers 11 14 12 9 
Litters 8 (50) 18 (69) 5 (29) 4 (31) 
Mating failures 7 (44) 8 (31) 10 (59) 9 (69) 
Total litter resorbed 1 (6) 0 2 (12) 0 
Viable young 24 (44) 121 (86) 16 (62) 16 (89) 
Dead 9 (16) 12 (9) 0 2 (11) 
Stillborn 10 (18) 6 (4} 3 (12) 0 
Total classifiable young 43 139 19 18 
Resorbed in viable litters (unclass.) 12 (22) 1 (1) 7 (27) 0 
Total young 55 140 26 18 
Litter size (total pop.) 6.7 7.8 5.2 4.5 
Litter size (~? T & C) ~ 7.1 8.1 5.2 4.7 
Normals 1 (3) 85 (61} 0 2 (I1) 
Weightednormals 2 (5) 138 (99) 2 (11 )  18(100) 

7 4 
5 (45) 3 (43) 
6 (55) 4 (57) 
0 0 

37 (77) 14 (41) 
0 11 (32) 

lO (21~ 4 (12) 
47 29 

1 (2) 5 (1.5) 
48 34 
9.6 11.3 

11.0 12.5 
3 (6) 21 (72) 

18 (38) 29 (i00) 

3O 
18 (41) 
23 (52) 

3 (7) 
77 (60) 
9 (7) 

23 (18) 
109 
20 (IO) 

123 
7.1 
7.1 
4 (4) 

22 (21) 

27 
25 (54) 
21 (46) 

0 
151 (79) 
25 (13) 
10 (5) 

186 
6 (3) 

192 
7.7 
8.0 

108 {58) 
185 (99) 

a Includes only those females that had both treated and control litters. 
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Table  I1. Numerical  incidence of mal format ions  l is ted b y  s t ra in  and  
t r e a t m e n t  

Abnormal i  ties I I I  OS M TotM 

T C T C T C T C 

(1) Ex te rna l  body  mal format ions  

Otocepkaly 
Ears smal l  or notched 2 
Coloboma of the iris 
Microphthalmia 
Nares - closed 
Spina  bilida 
Thoracoschisis 
Lateral hernia 1 
T a i l -  k i n k y  5 
Tail  short  9 

(2) In te rna l  axial  skeleton 

Na=albones asymmetr ica l  1 
Frontals bossed 2 
Suture bones 

nasofronta l  24 
par ie ta l  3 

Atlas - anter ior  arch 
b ipar t i t e  1 

Axis  neural arch notched 
Ventral spinous pro- 

cesses asym.  1 
Sternebrae 

reduced or absent  2 
b ipar t i t e  - b i l a t e ra l ly  1 
b i p a r t i t e -  dorsoventr .  6 
fused 
a symmet r i ca l  1 

Xiphis ternum abnormal  
Ribs 

i r regular  3 
on v. 7 
poor car t i lage  
connect ion 1 

Tail  centra 
asymmet r i ca l  8 
hemi  
b ipa r t i t e  
fused 20 

Tail neural arches 
asymmet r i ca l  I 
fused 1 

(3) E x t e r n a l  l imbs  

Foreleet - clubbed 3 
Thumbs 

reduced or absent  12 
a t  r igh t  angles 10 
fingerlike 3 

Filth linger - absent  1 
Hind lea  - clubbed 5 
Phocomelia 

1 1 
4 6 

2 2 
3 3 
1 1 

1 1 
1 1 

1 
5 19 2 29 

14 8 3 26 

3 10 5 8 42 
7 3 6 

1 
4 6 10 

29 1 6 5 
8 3 2 2 

4 
5 
I 

2 l 6 
1 1 

2 4 I2  24 
6 3 1 4 7 

6 6 
5 2 11 33 

4 10 

7 11 
1 8 

3 8 
1 

17 

30 
19 

3 
1 

16 
1 

3 40 
3 13 
6 
8 4 
6 
1 

{5) In t e rna l  G.I.  

Stomach 
displaced 11 
smal l  5 

Lelt  post. lobe 
liver absent 1 

Gall bladder double  
Colon 

with  d iver t icu la  7 
saccula te  15 
rup tu red  

Cloaca 

(6) In te rna l  U.G. 

Kidney  
reduced or absent  11 
a t  r igh t  angles 1 

Ureter - behind  v e n a  cava  2 
Bladder - smal l  1 

(7) Vascular  and  p u l m o n a r y  

Aortic arch 
broad  3 
fused wi th  pul- 
mortary  arch  
turns  r igh t  then  left  

Pulmonary  artery 
behind  aor ta  
absent  

Heart  
smal l  4 
auricle  - s m a l l  1 

Lungs - small  3 
J u g u l a r -  absent  1 
Vena cave 

displaced 1 
double  

Renal  vein - double  

11 
5 

1 
3 3 

7 
15 

1 
1 

14 
1 
2 
1 

1 4 

2 2 
1 1 

1 1 
1 1 

1 
1 1 
1 1 

Numera l s  in co lumns  refer to the to ta l  number  of classif iable young 
exh ib i t ing  a specific abnormal i ty .  I t  should  be no ted  t h a t  a single 
an ima l  m a y  have  more than  one anmna ly  and therefore will occur 
more than  once in the Table.  

Table  I I l .  Chi square  tes t  of the proport ion of abnorma l  animals  

Tes t  g roup  

Unweigh ted  W e i g h t e d  

Col. I Col. 1I 

Z 2 d.f .  P Z z d.f .  P 

I I I  (T vs C) 40.05 1 < 0.01 157.54 1 < 0.01 
OS (T vs  C) 2.11 1 > 0.05 (N.S.) 30.01 1 < 0.01 
M (T vs C) 35.90 1 < 0.01 29.10 1 < 0.01 
Trea ted  ( I I I  vs 1.69 2 > 0.05 (N.S.) 15.10 2 < 0,01 
O S v s M )  
Control  ( I I I  vs 19.56 2 < 0.01 0.431 2 > 0.05 
OS vs M) (N,S.) 

(4) I n t e r n a l l i m b s  

Scapular 
spine - crumpled 

Radius - short  
1st metacarpal-  absent  

or reduced 9 
1st prox. phalanx - re- 

duced or absent  7 
lst medial phalanx present  3 
Phalanges bipa r t i t e  
Tibia - reduced or absent  
2nd Meta tarsa l -  reduced 

1 1 
2 2 

7 21 

3 11 
3 

1 1 
4 5 
1 1 

v a r i a t i o n s  u n d e r  d r u g  i n f l u e n c e ,  e v e n  t h o u g h  t h e r e  i s  n o  
d i s c e r n a b l e  c h a n g e  i n  i n c i d e n c e  o f  s u t u r a l  b o n e s  of  
t r e a t e d  v s  c o n t r o l s  i n  t h e  p a r i e t a l  r e g i o n .  

(3) a n d  (4) E x t e r n a l  a n d  i n t e r n a l  m a l f o r m a t i o r ~ s  o f  t h e  

l i m b s :  I n  t h e s e  t w o  g r o u p s  n o  c o m p a r a b l e  v a r i a t i o n  i s  
f o u n d  i n  t h e  c o n t r o l s .  T h e  a b n o r m a l i t i e s  a r e  r e d u c t i o n  o r  
d i s p l a c e m e n t  o f  d i s t a l  p a r t s  ( F i g u r e  1) o f  e i t h e r  a v a r u s  
o r  h e m i m e l i c  t y p e  ( F i g u r e  4) i n  b o t h  f o r e  a n d  h i n d  l i m b s .  
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A c c e s s o r y  o s s i f i c a t i o n  c e n t e r s  a p p e a r  twice ,  o n e  of  w h i c h  
is b i p a r t e d  l a t e r a l l y .  

(5) a n d  (6) M a l f o r m a t i o n s  of  t h e  G. I .  a n d  U .G.  t r a c t s :  
M a l f o r m a t i o n s  w e r e  f o u n d  o n l y  in  t r e a t e d  a n i m a l s ,  a n d  of  
t h e  g r o u p s  r a c e  I I I  is s i g n i f i c a n t l y  t h e  m o r e  v u l n e r a b l e  
( F i g u r e s  2, 3, 6, 7, 10). A b n o r m a l i t i e s  w e r e  o f  I o u r  t y p e s :  
(a) d i s p l a c e m e n t  of  o r g a n s  ( s t o m a c h ,  F i g u r e s  3, 6, 7): (b) 
m i n i a t u r i z a t i o n  o r  c o m p l e t e  a b s e n c e  o f  o r g a n s  ( s t o m a c h ,  
F i g u r e s  3, 6, 8; k i d n e y ,  F i g u r e s  6, 8); (c) d u p l i c a t i o n  or  
a d d i t i o n a l  s t r u c t u r e s  (doub le  g a l l b l a d d e r ,  saccu l i  a n d  di-  

v e r t i c u l a  of  c o h m ,  F i g u r e  10); a n d  (d) fa i lure  of  a n  e a r l y  
d e v e l o p m e n t a l  s t a g e  ( p e r s i s t e n t  c loaca ,  F i g u r e  10). 

(7) V a s c u l a r  a n d  p u l m o n a r y  m a l f o r m a t i o n s :  R a c e  I I I  
a n d  O S  a re  b o t h  s e r i o u s l y  a f f e c t e d  in  t h i s  r e g i o n ;  I I I  b y  
m i n i a t u r i z a t i o n  o f  h e a r t  a n d  lungs  ( F igu r e s  2, 6 -8 )  a n d  
O S  b y  c h a n g e s  in v a s c u l a r  t y p e  ( F igu r e s  2, 9). T h e  o n e  
c o n t r o l  a n o m a l y  ( p u l m o n a r y  a r t e r y  ab:~ent) s u g g e s t s  a 
loca l ized  i n h e r e n t  w e a k n e s s  in r ace  I I I  a c c o u n t i n g  for,  in 
p a r t  a t  leas t ,  t h e  h i g h  i n c i d e n c e  of  a b n o r m a l i t i e s  in t h i s  
a r e a  in t h e  t r e a t e d  an ima l s .  

4 

Fig. 1. Note bulbous thumbs of first two rabbits which project at 
right angles from hand. Note also vestigial thumb (rabbit at right) 

(T1, 2, and 3, M group). 
Fig. 2. Note small size of auricles (a) and lungs (l), also broad aortic 

arch {aa), and absence of left jugular vein (T175, race II1). 
Fig. 3. Note small stomach (s) in thoracic cavity just below heart and 

separated from the liver by the diaphragm (T182, race III). 
Fig. 4. Phoeomelie. Dorsal view. Note also otocephaly with en- 
cephalocele (e), large protruding tongue (t), wavy ribs, and spina 

bifida (sb) (T70, M). 

Fig. 5. Normal control (865X, race III). Note relative size of heart (h), 
stomach (s), and kidney (k), and compare with Figs. 2, 3, 6-7. 

Fig. 6. Note absence of left kidney (k), small heart (h), and small 
stomach (s) partially in thoracic cavity (T91, race 1ti). 

Fig. 7. Note small heart (h), large stomach (s) in thoracic cavity and 
behind anterior vena cava (vc) (T93, race Ill) .  

Fig. 8. Note relatively large heart, but snlatl luugs (1), stomach (s), 
and kidney (k) (T94, race III). 

Symbols 

Symbols: a - auricle, 1 = hmg, aa = aortic arch, s = stomach, 
k = kidney, h - heart, ve - vena cava, t - tongue, e = encepha- 

locelc, sb - spina bifida. 
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The sigifificance of the differences be tween t r ea ted  and  
control  groups is sl~own in Table  I I I .  In  the  we igh ted  
data ,  all animals  having  mal fo rmat ions  only in dorsal  
skull, s te rnum,  or tail  are considered normal  since these  
regions are vulnerable  to spon taneous  abnormal i ty .  There  
are no s ignif icant  differences be tween  t rea ted  and  control  
popula t ions  in the  OS race and  no s t r a in  difference in un-  
weighted t r ea ted  groups.  However ,  when  al lowance is 
made  for the  spon taneous  s t ra in  specific vulnerabi l i ty ,  
there  is left  a defini te  and  s ignif icant  racial  effect  in 
response to  thal idomide,  due poss ibly  to  increased genet ic  
variabi l i ty  in the  M group. There  are, however ,  also ob-  
vious differences in types  of anomal ies  (Table II)+ 

Aortic arch anomalies 

TG5 TL,3 
05 OS 

T57 T44 
]~ OS 

D i s c u s s i o n .  Our observa t ions  conf i rm previous re- 
por t s  a-~,l°-12 which  indica te  t h a t  the  l imbs are generally 
the  mos t  affected par t .  The h igher  incidence and  greater 
range of ma l fo rma t ion  in our s tudy ,  including racial dif- 
ferences in kind, localization,  and  in te r re la t ion  with 
g rowth  processes,  are of special  s ignificance.  In  several 
cases inves t iga tors  gave no evidence  t h a t  in te rna l  organs 
had  been  examined .  However ,  we found a subs tant ia l  
n u m b e r  of in te rna l  var ia t ions ,  even  in our  cont ro l  litters, 
involv ing  tail  ver tebrae ,  su tura l  bones,  and  s te rnebrae  (of 
minor  clinical impor tance) .  This  sugges ts  t h a t  wi thou t  a 
tho rough  e x a m i n a t i o n  m a n y  tha l idomide  effects  of imIg~r- 
t a n t  et iological  or clinical s ignif icance m a y  be overlooked. 
This  conclusion is s u p p o r t e d  by  a r ecen t  r epo r t  meticu- 
lously descr ib ing  the  effects  of t ha l idomide  in a 13-month- 
old chi ld  13. A b road  s p e c t r u m  of h ighly  localized malfor- 
ma t ions  is shown involv ing  bone,  car t i lage,  and  associated 
muscles,  nerves,  and  b lood  vessels,  and  d i sp lacement  of 
the  kidneys.  Most  serious, f rom the  clinical v iewpoint ,  is 
t he  f inding of tha l idomide  defects  in t he  v i ta l  internal 
organs.  Some of these  are u n d o u b t e d l y  lethal ,  and  undis- 
covered min ia tu r i za t ion  or d i sp l acemen t  of organs could 
be a source of severe phys ica l  h a n d i c a p p i n g  in later  life. 
The t e n d e n c y  for (a) a sh i f t  in the  racial  pos i t ions  of the 
an te r io r  font iculus  and  su tura l  bones  of the  skull, (b) for 
decreased  incidence of s te rna l  anomal ies ,  and  (c) for in- 
creased incidence of ta i l  anomal ies  as tha l idomide  effects 
are i m p o r t a n t  in reveal ing  the  mode  of ac t ion  of the  drug 
b y  w a y  of the  species, s t ra in ,  or ind iv idua l  differences in 
g rowth  processes.  I t  is of s ignif icance w i t h  reference to 
t ime  of d rug  a d mi n i s t r a t i o n  t h a t  anomal ies  t end  to fall at  
e i the r  end  of t he  p r i m a r y  an te ropos te r io r  g rad ien t  or at  
the  d i s t a l  ends  of the  t r ansve r se  gradients .  T h a t  t ime is a 
fac tor  in  d e t e r m i n i n g  m a l f o r m a t i o n  is well es tabl ished in 
man ,  and  also has  been  shown  for t he  r a b b i t  7,8. The 

Fig. 9. Aortic arch anomalies. Note broad aortic arch of T45, aortic 
arch fused to pulmonary artery (T43), very reduced aortic arch and 
persistence of ductus arteriosus (T57), and aortic arch of T44 which 
turns right instead of left and then loops back to the left side under 
the heart, joining the descending aorta below the pulmonary artery. 
In this case, the left subclavian arises from the pulmonary artery 

instead of the aortic arch. 

x0 K. SPENCER, Lancet 1962 if, 100. 
n M. SELLERS, Lancet 1962 if, 249. 
12 A. GIROUD, H. TUGHMANN-DUPLESSIS, and L. ~([ERCIER-}~AROT: 

C. r. Soc. Biol. 156, 765 (1962). 
la E. HAGEN, Can. reed. Assoc. J. 92, 283 (1965). 
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Fig. 10. Anomalies of the gastrointestinal 
tract. Note in upper row the double gall- 
bladder and variations of saeculate colons. 
Lower row shows divertictfla as well as 
sacculi of the colon and at the left a persi- 
stent cloaca, a result of the failure of 
the formation of the urorectal septum. 
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cr i t ica l  pe r iod  in  t he  r a b b i t  d u r i n g  which  a d m i n i s t r a t i o n  
of t h a l i d o m i d e  is ef fec t ive  is no t  ye t  def ined.  I t  m u s t  be, 
however ,  v e r y  close to  t h e  t i m e s  a t  wh ich  i m p l a n t a t i o n ,  
m e t a m e r i s m ,  a n d  d i f f e r en t i a t i on  of t h e  h e a r t  a n d  a d j a c e n t  
vessels a re  nea r i ng  comple t i on  (8 9 days  pc). Th i s  could  
a c c o u n t  for  the  i n t e r e s t i ng  s y n d r o m e  of effects.  I t  would  
also a c c o u n t  for t he  i n t e r r ac i a l  d i f ferences  in  s y n d r o m e  
a n d  in n u m b e r  of defects ,  s ince t he re  are fewer sof t  t i ssue  
anomal i e s  in t he  OS a n d  M s t r a in s  t h a n  in I I I .  Th i s  indi-  
ca tes  the  i m p o r t a n c e  of knowledge  of r e l a t i ve  res idua l  
v u l n e r a b i l i t y  to  s p o n t a n e o u s  m a l f o r m a t i o n  w i t h  re ference  
to  t i m e  a n d  loca l iza t ion  in s t r a i n s  used in d r u g  tes t ing .  
W i t h  one  excep t ion  all of these  an i m a l s  were t r e a t e d  a t  
t he  same  e m b r y o n i c  age. The  obse rved  s t r a i n  di f ferences  
m a y  ind ica t e  d i f fe ren t i a l  m a t u r a t i o n  of o rgans  a n d  t issues  
as t he  cr i t ica l  e l e m e n t  d e t e r m i n i n g  local ized vu lne rab i l i t y .  
T a b u l a t i o n  and  ana lys i s  of con t ro l  l i t t e rs  shows  t h a t  t r ea t -  
m e n t  p rev ious  to c u r r e n t  p r e g n a n c y  ha s  no  s ign i f i can t  
r e s idua l  ef fec t  on  succeed ing  l i t t e r s  in  all  e x c e p t  t he  
s t e r n e b r a l  v a r i a t i o n  ( reduced or  a b s e n t  5 th  or  6 t h  s t e rne -  
brae)  in  s t r a i n  I I I .  A ce r t a i n  p r o p o r t i o n  of  t he  a b n o r -  
mal i t i e s  found  in con t ro l  popu l a t i ons ,  w i t h  one  excep t ion ,  
fall  in a reas  k n o w n  f rom p rev ious  g r o w t h  s tud ies  9 to  be 
vuh~erable  to  r e t a r d a t i o n  a n d  t h u s  h a v e  gene t ic  origin.  
W h e n  t h e  t r e a t e d  d a t a  a re  we igh ted  for s t r a in  specific dif- 
ferences in v u l n e r a b i l i t y  wh ich  c a n n o t  be due  to tha l ido-  

mide  t he re  r e m a i n  h igh ly  s ign i f i can t  s t r a i n  di f ferences  in 
response  to t he  d r u g  ~4. 

Zusammen]assung. T h a l i d o m i d  w u r d e  in G e l a t i n k a p s e l n  
perora l  (500 m g / T a g / K a n i n c h e n )  an  30 g rav ide  K a n i n -  
chen  v o m  6. bis  11. Tag  n a c h  K o n z e p t i o n  v e r a b r e i c h t .  
Von 109 k lass i f iz ie rbaren  J u n g e n  waren  n u r  4 %  n o r m a l :  
77 t iber leb ten ,  9 wa ren  t o t  u n d  23 w u r d e n  a b o r t i e r t ;  20 
wei tere  waren  tei lweise r e so rb ie r t  und  d e s h a l b  unk lass i -  
f iz ierbar .  Die drei  gene t i sch  ve r sch iedenen  K a n i n c h e n -  
s t i imme  des  Versuchs  wiesen s ign i f ikan te  U n t e r s c h i e d e  
au f  in  Typus ,  r e l a t i v e r  Zahl  u n d  V e r t e i h m g  de r  Miss-  
b i ldungen .  

P. B. SAWIN, [), CRARY, 
R. R. Fox ,  a n d  H. M. WUEST 

Jackson Laboratory, Bar Harbor (Maine) and 
Sloan-Kettering Institute/or Cancer Research, 
New York City (USA), June 17, 1965. 
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Antibody Production by Blood Leucocytes 

Introduction. Li t t l e  is st i l l  k n o w n  of t h e  i n t e r n a l  
m e c h a n i s m s  of t he  cell w h i c h  re su l t  in  a n t i b o d y  fo rma-  
t ion,  b u t  t he re  is cons iderab le  ev idence  for  t h e  presence  
of a n t i b o d y - f o r m i n g  cells w i t h i n  t he  a r c h i t e c t u r e  of 
l y m p h o i d  organs ,  such  as  splcen a n d  l y m p h  nodes  
(GOWANS a n d  McGREGOR 1) HUMPHREY a n d  \¥HITE~). 
P r o d u c t i o n  of a n t i b o d y  can  also occur  local ly in a l m o s t  
a n y  t i ssue  p r o v i d e d  a n t i g e n  is p resen t .  These  fac ts  h a v e  
been  e s t ab l i shed  b y  a b l a t i o n  of organs ,  b y  i r r ad ia t ion ,  b y  
d a m a g e  of l y m p h o i d  o rgans  a n d  b y  t h e  e x t r a c t i o n  of 
a n t i b o d y  f rom t issues ;  m u c h  a d d i t i o n a l  i n f o r m a t i o n  was 
also o b t a i n e d  b y  t r a n s p l a n t a t i o n  of t i ssues  f rom i m m u -  
n ized  a n i m a l s  to  n o r m a l  i n b r e d  or  i r r a d i a t e d  rec ip ients .  

I t  is t he  pu rpose  of t h i s  c o m m u n i c a t i o n  to  cons ide r  
r e c e n t  ev idence  for  a n t i b o d y - p r o d u c i n g  cells in  ye t  
a n o t h e r  locat ion,  n a m e l y  in l y m p h  a n d  blood.  GOWANS 
a n d  McGREGOR ~ h a v e  s u m m a r i z e d  the  d a t a  which  leave 
no  d o u b t  t h a t  a n t i b o d y - p r o d u c i n g  ceils ~an be  found  in 
t he  c i rcu la t ion .  Some of t h e  r e c e n t  s tud ies  in ou r  l abora -  
tor ies  (HULLIGF.R a n d  SORKm3,L LANDY e t  al.S) a t t e s t  
b y  qu i t e  s e p a r a t e  m e a n s  to  t h e  a n t i b o d y - p r o d u c i n g  
c a p a c i t y  of p e r i p h e r a l  b lood  leucocytes .  Some  impl ica-  
t ions  of these  f ind ings  a n d  t he  poss ib i l i t ies  t h e y  raise  for  
f u t u r e  work  will be  cons idered .  

Methods. The  e x p e r i m e n t a l  s i t u a t i o n s  we i n v e s t i g a t e d  
were (a) r a b b i t s  h y p e r i m m u n i z e d  w i t h  h u m a n  s e r u m  in- 
j ec ted  i n t r a v e n o u s l y ,  b lood  leucocytes  be ing  o b t a i n e d  for  
t e s t  4 d a y s  a f t e r  a boos t e r  in jec t ion ,  a n d  (b) r a b b i t s  g iven  
a s ingle  i n t r a v e n o u s  in j ec t ion  of 5 t*g of Salmonella 
enteritidis soma t i c  po lysacchar ide ,  b lood  leucocytes  b e i n g  
t a k e n  for  t e s t  a t  da i ly  i n t e r v a l s  t he rea f t e r .  I n  (a) de  n o v o  
syn thes i s  of a n t i b o d y  in v i t r o  was  d e m o n s t r a t e d  b y  incu-  
b a t i o n  of 40 80 • 106 nuc l ea t ed  b lood  leucocytes  w i th  

C14-amino ac ids  for 3 h a n d  t he  i n c o r p o r a t i o n  in to  specif ic  
a n t i b o d y  was  m e a s u r e d  b y  t h e  r a d i o a c t i v i t y  p r e sen t  in 
t i le  a n t i g e n - a n t i b o d y  p rec ip i t a t e  p roduced  by  ca r r i e r  
h u m a n  se rum a l b u m i n - r a b b i t  a n t i - H S A .  In  (b) t he  pro-  
d u c t i o n  of specific a n t i b o d y  was s h o w n  b y  a mod i f i ca t i on  
of t he  t e c h n i q u e  of localized hemolys i s  in  gel (JERNE et  
al .  8) in  which  5-20  • 108 washed  b lood leucocytes  in  
Eag le ' s  m e d i u m  p lus  a g a r  were mixed  w i t h  sheep  e r y t h r o -  
cy tes  t h a t  h a d  b e e n  coa t ed  w i t h  S. enteritidis polysac-  
char ide ,  the  m i x t u r e  poured  i n to  pe t r i  p l a t e s  a n d  al lowed 
to solidify, i n c u b a t e d ,  a n d  t he  p la t e s  over la id  w i t h  
gu inea -p ig  c o m p l e m e n t .  The  r e s u l t a n t  zones of hemolys i s  
(plaques)  a r o u n d  i n d i v i d u a l  leucocytes  were specific for 
S. enteritidis po lysaccha r ide  in t h a t  p l a t i n g  t he  s ame  
leucocytes  on  n o r m a l  sheep  red  cells, or  on  red  cells 
c o a t e d  w i t h  a n  immuno log i ca l l y  u n r e l a t e d  s o m a t i c  poly-  
s accha r ide  y ie lded no  p l a q u e  fo rma t ion .  

Results. T w e n t y  h y p e r i m m u n i z e d  r a b b i t s  were ex- 
a m i n e d  for  a n t i b o d y  p r o d u c t i o n  b y  splenic  a n d  p e r i p h e r a l  
b lood  cells and  apprec i ab le  a n t i b o d y  s y n t h e s i s  b y  b lood 
leucocytes  was d e m o n s t r a t e d  in 12 of t he  a n i m a l s  (HuL- 
LIGER and  SORKIN3,4). Some i l lus t r a t ive  d a t a  are g iven  
in F igure  1. 
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