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The  s ens i t i v i t y  of u n c o n t a m i n a t e d  r a t  gl ial  cells to  X-  
r ays  is s h o w n  in  F igure  1. T he  s u r v i v a l  c u r v e  of cells i r ra-  
d i a t e d  w i t h  s ingle  doses is c h a r a c t e r i z e d  b y  a D o ( the dose 
i n c r e m e n t  w h i c h  reduces  t he  s u r v i v i n g  f r ac t ion  to  0.37 in 
t he  e x p o n e n t i a l  sec t ion  of t h e  curve)  of 165 rads  a n d  a n  
e x t r a p o l a t i o n  n u m b e r  (N) of 5.3. As s h o w n  in  t h e  s ame  
f igure,  a f t e r  f r a c t i o n a t e d  doses  t h e  va lues  are  175 r ads  a n d  
3.1 respec t ive ly .  These  d a t a  show t h a t  r e cove ry  f rom sub-  
l e t h a l  d a m a g e  a f t e r  a n  in i t i a l  dose of 500 r ads  a p p e a r s  to  be  
c o m p l e t e  b y  t h e  t i m e  t h e  second  i r r a d i a t i o n  was  perfor-  
med.  R e p e t i t i o n  of e x p e r i m e n t s  i n v o l v i n g  s ingle-dose  ir-  
r a d i a t i o n s  gave  N va lues  sma l l e r  t h a n  5.3 t h u s  s howing  
t h a t  t h e  d i f fe rence  b e t w e e n  t h e  2 va lues  of N g iven  he re  is 
n o t  s ign i f ican t .  

T h e  r a d i o s e n s i t i v i t y  of c o n t a m i n e d  cells is s h o w n  in  
F i g u r e  2. T h e  s u r v i v a l  cu rve  a f t e r  s ingle  dose  i r r a d i a t i o n s  
is c h a r a c t e r i z e d  b y  a D o of 164 rads  a n d  a n  e x t r a p o l a t i o n  
n u m b e r  of 3.7. W'hen cells  a re  a l lowed to  r ecove r  f rom sub-  
l e t h a l  damage ,  these  p a r a m e t e r s  a re  f o u n d  to  b e  164 r ads  
a n d  2.8 respec t ive ly .  T h e  p resence  of P P L O  does n o t  af- 
fec t  t he  c a p a c i t y  of t he  cells to  r epa i r  s u b l e t h a l  damage ,  
a t  l eas t  w h e n  t he  ab i l i t y  to  fo rm clones is t h e  end-po in t .  

The  d a t a  r e p o r t e d  in th i s  p a p e r  show t h a t  t h e  p resence  
of M. laidlawii in i r r a d i a t e d  cu l tu res  of r a t  gl ial  cells does  
n o t  m o d i f y  s ign i f i can t ly  t h e  p a r a m e t e r  D o w h e n  c o m p a r e d  
to  n o r m a l  cu l tures .  Th i s  ind ica tes  t h a t  t h e  in t r in s i c  rad io-  
s e n s i t i v i t y  is n o t  a l t e r ed  due  to  t h e  p resence  of P P L O .  
However ,  t h e  va lues  of N o b t a i n e d  a f t e r  s ingle  i r r ad i a t i ons  
of c o n t a m i n a t e d  a n d  n o r m a l  cu l tu res  m i g h t  be  d i f fe rent .  
Th i s  would  m e a n  t h a t  t h e  n u m b e r  of t a r ge t s  w h i c h  m u s t  
be  i n a c t i v a t e d  b y  r a d i a t i o n  in  o rde r  to  ki l l  cells could be  
modi f ied  as a resu l t  of  t he  p resence  of P P L O .  Such  a differ-  
ence  is n o t  l ike ly  to  be  s ign i f i can t  in v iew of t he  fac t  t h a t  
r e p a i r  of r a d i a t i o n  d a m a g e  a p p e a r s  to  be  as e f f ic ien t  in  
c o n t a m i n a t e d  as  wel l  as  in  con t r o l  cells. As a m a t t e r  of 
fact ,  t h i s  d i f fe rence  is s t a t i s t i ca l ly  n o t  s ign i f i can t  (p 0.55) 
w i t h  t h e  d a t a  p r e s e n t l y  ava i lab le .  

T h e  conc lus ion  t h a t  M. laidlawii does  n o t  s i g n i f i c a n t l y  
a f fec t  ce l lu lar  ab i l i t y  to  s u r v i ve  a f t e r  i r r a d i a t i o n  is some-  
w h a t  surpr is ing .  I n  a d d i t i o n  to  m e t a b o l i c  d i s t u r b a n c e s  
w h i c h  h a v e  been  no t i ced  for  p r o t e i n s  n or  nucle ic  ac ids  7 in  
c o n t a m i n a t e d  cells, t h e  f o r m a t i o n  of c h r o m o s o m a l  aber-  
r a t i o n s  h a s  also b e e n  r e p o r t e d  8,12,x~. S ince  one of t h e  
effects  of r a d i a t i o n  is t h e  p r o d u c t i o n  of c h r o m o s o m a l  aber-  

ra t ions ,  one  shou ld  t h e n  expec t  t h a t  t h e  p resence  of P P L O  
would  re su l t  in  a n  increased  n u m b e r  of c h r o m o s o m a l  ab-  
no rma l i t i e s  a n d  ind i rec t ly  in a h ighe r  r ad iosens i t iv i ty .  
However ,  ev idence  of a synerg i s t i c  effect  of P P L O  con-  
ce rn ing  cell  m o r t a l i t y  i nduced  b y  r a d i a t i o n  was  no t  shown.  
I t  is t r u e  t h a t  c o n t r a d i c t o r y  effects  of P P L O  on m a m m a -  
l ian  cells h a v e  been  r e p o r t e d  w i t h  t he  r e su l t  t h a t  a c lear-  
cu t  conc lus ion  c a n n o t  be  r e a c h e d  conce rn ing  t he  m o d e  of  
ac t ion  of t h i s  c o n t a m i n a n t .  A m o n g  o t h e r  t h i n g s  i t  h a s  b e e n  
s h o w n  t h a t  va r i ous  s t r a i n s  of P P L O  can  resu l t  in  differ-  
e n t  ce l lu la r  effects  ~. I t  c a n  be  a s s u m e d  t h a t  one  s t r a i n  of  
P P L O  m a y  p r o b a b l y  a f fec t  d i f f e r en t ly  va r ious  t y p e s  of 
m a m m a l i a n  cells. I t  is of i n t e r e s t  t h a t  M. Ic~idtawii does  
n o t  a l t e r  t h e  r e sponse  of C-6 cells to  i r r a d i a t i o n  because  
t h i s  s t r a i n  is more  l ike ly  to  c o n t a m i n a t e  m a m m a l i a n  cell 
cu l tu re s  due  to  t h e  p resence  of b o v i n e  s e rum in t h e  me-  
d ium.  Howeve r ,  t h i s  f i nd ing  c a n n o t  be  e x t e n d e d  to  eve ry  
m a m m a l i a n  cell l ine as  long  as  t h e r e  is s t i l l  a poss ib i l i ty  
t h a t  t h e  r e sponse  to  P P L O  m i g h t  be  cel l- l ine d e p e n d e n t  14. 

Rdsumd. L 'e f f e t  de  la pr6sence  de M. laidlawii sur  la  
sens ib i l i t6  aux  r a y o n s - X  des cellules p r o v e n a n t  d ' u n  
g l i ob l a s tome  de r a t  a 6t6 6tudi~. A u c u n e  dif f6rence signi-  
f i ca t ive  n ' a  p u  8tre  raise en  6v idence  en t r e  la  rad iosens i -  
bi l i t6  des cellules infect6es  et  c611e des cellules saines.  Ces 
r6 su l t a t s  son t  d iscut6s  en  t e n a n t  c o m p t e  des  donnds  bibl io-  
g raph iques .  
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Abnormal  Yolk Sac Function Induced by Chlorambuci l  

Al te red  yo lk  sac f u n c t i o n  in r o d e n t s  o f t en  ha s  been  im-  
p l i c a t ed  as a poss ib le  m e c h a n i s m  t h r o u g h  w h i c h  va r i ous  
t r e a t m e n t s  m a y  induce  c o n g e n i t a l  a b n o r m a l i t i e s  1-3. T h e  
p r e s e n t  e x p e r i m e n t  was  des igned  to  d e t e r m i n e  if a pos i t i ve  
co r r e l a t i on  b e t w e e n  t e r a togenes i s  a n d  yo lk  sac f u n c t i o n  
cou ld  be  e luc ida t ed  in t h e  p resence  of t h e  k n o w n  t e r a t o -  
gen,  c h l o r a m b u c i l  4, 5, 8 T h e  a m i n o  acid  va l ine ,  u n i f o r m l y  
l abe l ed  w i t h  14carbon, was  chosen  as  t h e  i n d i c a t o r  of yo lk  
sac  f u n c t i o n  s ince  i t  h a s  b e e n  d e m o n s t r a t e d  to  b e  a c t i v e l y  
t r a n s p o r t e d  b y  t h e  r a b b i t  v i sce ra l  y o l k  sacL  

Malerial and methods. O n  d a y  12 of g e s t a t i o n  (day  0 
b e i n g  t h e  d a y  on  w h i c h  s p e r m  were  f o u n d  in t h e  c o n t e n t s  of 
a v a g i n a l  smear) ,  L o n g - E v a n s  b l a c k - h o o d e d  r a t s  were  gi- 
v e n  a single,  i.p. i n j e c t i o n  of c h l o r a m b u c i l  ( d o n a t e d  b y  
B u r r o u g h s  W e l l c o m e  a n d  C o m p a n y )  in  sesame oil a t  a 
dosage  of 6 mg/kg .  T h i s  dose r e su l t s  in  90 % of t h e  su rv -  
i v ing  fe tuses  a t  d a y  20 h a v i n g  a t  l eas t  1 s t r u c t u r a l  ab-  
n o r m a l i t y  s. O t h e r  p r e g n a n t  a n i m a l s  e i t h e r  rece ived  se- 
s ame  oil  a lone  or were lef t  u n t r e a t e d .  

G r a v i d  females  f rom each  of t he  3 g roups  were  k i l led  
b y  ce rv ica l  d i s loca t ion  on  days  12 (cont ro l  only) ,  12.5, 13, 
13.5 a n d  14 of ges ta t ion .  The  e m b r y o s  were  d i s sec ted  free, 
l e av ing  t h e  yo lk  sacs i n t ac t ,  a n d  t h e  u m b i l i c a l  vessels  were  
l iga ted  as t h e y  e n t e r e d  t h e  cho r ioa l l an to i c  p l acen t a .  Af t e r  
t h e  p l a c e n t a s  were  r e m o v e d  a n d  whi l e  s t i l l  s u r r o u n d e d  b y  

1 •. M. I(ERNtS and E. M. JOHNSON, J. Embryol. exp. Morph. 22, 
115 (1969). 

2 F. BECK, J. B. LLOYD and A. GRIFFITItS, Science ]57, 1180 (1967). 
8 E. M. JOHNSO'.~Z and t/, SI'INUzzI, J. Embryol. exp. Morph. t9, 

137 (1968). 
4 M. L. M~JRPH'Z, A. DEL MORO and C. LaeoN, Ann. N. Y. Acad. 

Sci. 68, 762 (1958). 
M. L. MURPHY, Pediatrics (suppl.) 23, 231 (1959). 
I. W. MONIE, Anat. Rec. 139, I45 (1961). 

7 j .  j .  DEREN, H. A. PADVKULa and T. H. WZLSON, Devl. Biol. 13, 
370 (1966). 

s M. M. KEgms, Proc. Soe. exp. Biol. Med. (in press) 



1330 Specialia EXPERIENTIA 27/11 

the i r  yolk  sacs, t he  e m bryos  were  i ncuba t ed  for I h a t  39 °C 
in 5 ml  of a l iquid cul ture  m e d i u m  cons is t ing  of bovine  
serum, chicken e m b r yo  e x t r a c t  u l t ra f i l t ra te  and  a phos-  
p h a t e - R i n g e r  buf fe r  in a ra t io  of 3:1:1 and  con ta in ing  
~4C-valine a t  a concen t r a t ion  of 0.02 ~Ci/ml. (For a more  
comple te  descr ip t ion  of t he  i ncuba t ion  m e d i u m  and  the  
embryo- in -yo lk-sac  p r epa ra t i on  see NETZLOFF et  al. 9 and  
KERNIS and  JOHNSON'.) Af te r  incubat ion ,  t he  yolk  sacs 
were sepa ra ted  f rom the  embryos  and  each was  r insed  
and  ind iv idua l ly  dissolved in 0.25 ml  H N O v  The resul- 
t i ng  solut ions were p laced  on tared,  s ta inless  steel  p lan-  
che ts  t h a t  were  a i r -dr ied ove rn igh t  and  t h e n  a t  120°C 
for  24 h. The p l anche t s  were weighed  and  coun ted  for 
r ad ioac t iv i ty  w i t h  a t h i n - w i n d o w  gas-f low fl-detector.  Re-  
sul ts  were  expressed  as c p m  per  mg  d ry  weigh t  of t issue 
and  as c p m  per  e m b r y o  per  mg  d ry  weigh t  of yolk  sac. The  
s t u d e n t ' s  t - tes t  was  used for s ta t i s t ica l  analys is  and  a _P 
value of less t h a n  0.05 was cons idered  s ignif icant .  

Resul ts .  The d ry  weights  of yolk  sacs and  embryos  are 
shown in t he  Table  and  in Figure  1. Ch lo rambuc i l - t r ea t ed  
yolk  sacs a t  days  13 t h rough  14 and  embryos  a t  days  12.5 
t h r o u g h  14 weighed  s igni f icant ly  less t h a n  the  cor respond-  
ing u n t r e a t e d  and  sesame-o i l - t rea ted  controls .  Thou g h  
d ry  weights  were  decreased,  t he  re la t ive  g rowth  ra tes  as 
ind ica ted  by  t h e  slopes were  s imilar  beg inn ing  on day  13. 
Whi le  t e r a t o g e n - t r e a t e d  embryos  weighed less t h a n  cont ro ls  
a t d a y  12.5, the  weights  of t he  yolk  sacs f rom these  an imals  
were no t  s igni f icant ly  di f ferent .  

Specific act ivi t ies  expressed  in t e r m s  of cpm per  mg  d ry  
weigh t  of t issue are shown in F igure  2. No specific p a t t e r n  
of isotope up take  by  yolk  sacs f rom each of t h e  t h r e e  
groups  could be es tabl i shed.  On day  13 ch lorambucf i -  
t r e a t e d  yolk  sacs abso rbed  s igni f icant ly  more  amino  acid 
t h a n  d id  the  control ,  b u t  on d a y  13.5 the  yolk  sacs ex-  
posed to  sesame oil con ta ined  grea te r  a m o u n t s  of val ine  
t h a n  e i ther  of the  o the r  groups.  E m b r y o n i c  concen t ra -  
t ions  of valine,  however ,  were more  reveal ing.  All  groups  
showed decreas ing  up takes  as a func t ion  of ges ta t ionM age. 
A b n o r m a l l y  developing  e m b r y o s  abso rbed  s igni f icant ly  
g rea te r  a m o u n t s  of i so tope  t h a n  u n t r e a t e d  controls  on 

days  12.5 t h r o u g h  13.5 and  sesame-o i l - t rea ted  an imals  on 
day  13.5 only. 

W h e n  the  resul ts  were ca lcula ted  in t e r m s  of t he  a m o u n t  
of label p re sen t  in each e mb r y o  as a func t ion  of the  d ry  
weigh t  of its yolk  sac, an  ind ica t ion  of t he  t r ans fe r  capa-  
c i ty  of the  m e m b r a n e  was achieved.  Figure  3 d e m o n s t r a t e s  
t h a t  t he  yolk sacs f rom ch lo rambuc i l - t r ea t ed  an imals  per-  
m i t t e d  a s igni f icant ly  increased a m o u n t  of label to pene-  
t r a t e  in to  t he  e m b r y o  t h a n  did those  f rom e i ther  set  of 
controls .  By  day  14 an a p p a r e n t  r ecovery  had  occurred.  
The differences  b e t w e e n  ch lorambuci l  and  sesame oil were  
s igni f icant  on days  12.5, 13.5 and  14, whereas  no differ-  
ences b e t w e e n  the  l a t t e r  and  the  cont ro l  group were ap- 
p a r e n t  on any  day  of ges ta t ion .  

Discuss ion .  T h o u g h  the  func t ions  of t he  yolk  sac have  
n o t  been  clear ly e luc ida ted  as yet ,  i t  appea r s  t h a t  t he  or- 
gan is i m p o r t a n t  no t  only  as the  f i rs t  si te of blood and  
germ cell deve lopmen t ,  bu t  also for p ro tec t ion  of t he  em- 
b ryo  10-~3 and  t r ans fe r  of nu t r i t i ona l  e lements  L ~, ~4-~s. 

T h a t  the  t r ans fe r  func t ion  could be a f fec ted  by  a te ra-  
togen  was p roposed  by  BECK, LLOYD and  ~RIFFITHS 2. 
These investigators suggested that trypan blue by virtue 
of its being stored in the vitelline epithelium interferes with 
yolk sac transport thereby exposing the embryo to a nutri- 
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Fig. 1. Semilogarithmie graph of dry weights of yolk sacs and em- 
bryos as a function of gestational age. Vertical bars represent stan- 
dard errors and are present when a significant difference (P < 0.05) 
may be demonstrated. Numbers of samples are indicated in the Table. 
C, control; e l l ,  ehlorambueil; SO, sesame oil. 
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Fig. 2. Semilogaritl)mic plot of cpm/mg dry weight of valine after 
incubation for 1 h. Vertical bars represent standard errors and are 
present when a significant difference (P < 0.05) may be demonstrated. 
Numbers of samples are indicated in the Table. C, control; CH, ehlor- 
ambucil; SO, sesame oil. 
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Dry weights ~ 
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Day of gestation 
12 12.5 13 13.5 14 

5 4 8 4 4 
4 3 3 3 
3 3 3 3 

Number females 
Control b 
Chlorambudl o 
Sesame oil 

Number samples 
Control 
Chlorambucil 
Sesame oil 

Yolk sac weight 
Control 
Chlorambueil 
Sesame oil 

Embryo weight 
Control 
Chlorambucil 
Sesame oil 

26 

1.51 -t- 0.08 

3.64 4- 0.19 

17 40 15 18 
21 15 17 17 
15 12 17 12 

1.65 :[: 0.11 2.43 4- 0.11 a 3.34 4- 0.17 a 3.76 -4- 0.18. a 
1,64 ::h 0.07 1.53 =h 0.07 2.16 4- 0.11 2.77 -4- 0.13 
2,00 4- 0.14 1.94 4- 0.12 e 2.78 -t- 0.12~ 3.32 ± 0.17 ~ 

4.82 4- 0.35 a 6.54 4- 0.41 a 9.52 4- 0.42 a 13.31 -I- 0.54 a 
3.78 ! 0.33 4.14 4- 0.20 5.85 4- 0.38 7.60 4- 0.36 
5.05 q- 0.25 ~ 5.61 4- 0.14" 8.66 -4- 0.33 ~ 11.50 -4- 0.33 e 

Dry weight in mg, mean -4- standard error, b Control animals left untreated, c A single, intraperitoneal injection on day 12 of gestation, a Signi- 
ficant difference (P < 0.05) between control and chlorambueil. ~ Significant difference (P < 0.05} between sesame oil and chlorambucil. 
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Fig, 3, The amounts of valine transferred to the embryo by each unit 
weight of yolk sac. Vertical bars represent standard errors and are 
present when a significant difference ( P < 0.05) may be demonstrated. 
Numbers of samples are hldieated in the Table. C, control; C H, chlor- 
ambucil; SO, sesame oil. 

t i o n a l  def ic iency.  T h o u g h  t h e i r  t h e o r y  h a s  b e e n  q u e s t i o n e d  
w i t h  r e spec t  to  t r y p a n  b lue  ~9, t h e  r e s u l t s  of t h e  p r e s e n t  
s t u d y  s u g g e s t  t h a t  a t  l eas t  one  c o m p o n e n t  of t h e  m e c h a -  
n i s m  of c h l o r a m b u c i l - i n d u c e d  t e r a t o g e n i c i t y  m a y  be  in ter -  
ference  w i t h  n o r m a l  yo lk  sac  func t ion .  

T w o  a s p e c t s  to  yo lk  sac  t u n c t i o n  were  i n d i c a t e d  b y  t h e  
d a t a :  a b s o r p t i o n  of m a t e r i a l  a n d  i ts  t r a n s f e r  to  t h e  em-  
bryo .  A n a l y s i s  of F igu re  1 will show t h a t  t h e  w e i g h t s  of 
t h e  e m b r y o s  t r e a t e d  w i t h  c h l o r a m b u c i l  were s i g n i f i c an t l y  
dec reased  w i t h i n  12 h a f t e r  t r e a t m e n t ,  H o w e v e r  yo lk  sac  
w e i g h t  d u r i n g  th i s  t i m e  per iod  was  n o t  a f fec ted ,  I t  is 
s i gn i f i can t  t h a t  d u r i n g  t h i s  in i t ia l  12 h per iod  t h e  absorp -  
t i o n  of va l ine  b y  t h e  t r e a t e d  y o l k  sac  was  n o t  s i gn i f i can t ly  
d i f f e ren t  f r o m  t h e  cont ro ls ,  whi le  t h e  a m o u n t s  of labe l  
a c t u a l l y  p e n e t r a t i n g  t h e  e m b r y o  p rope r  (F igure  2) a n d  

be ing  t r a n s f e r r e d  b y  each  u n i t  w e i g h t  of yo lk  sac  (F igure  
3) were s ign i f i can t ly  increased .  As g e s t a t i o n  c o n t i n u e d  t he  
w e i g h t s  of t h e  c h l o r a m b u c i l - t r e a t e d  t i s sues  r e m a i n e d  
s i g n i f i c a n t l y  lower t h a n  controls ,  whi le  t h e  t r a n s f e r  to  t he  
e m b r y o  for t h e  n e x t  24 h r e m a i n e d  h igh .  A c t u a l  abso rp -  
t i on  b y  t h e  yo lk  sac  was  more  va r i ab l e  p e r h a p s  i n d i c a t i n g  
a d r u g - i n d u c e d  s e p a r a t i o n  of t h e  two f u n c t i o n s  of abso rp -  
t i on  a n d  t r ans fe r .  

T h e  precise  s i te  of  d r u g  ac t ion  or m e c h a n i s m  b y  w h i ch  
c h l o r a m b u c i l  c a u s e d  t e r a t o g e n e s i s  w a s  n o t  d e t e r m i n e d .  
C h l o r a m b u c i l  h a s  a s h o r t  s e r u m  half- l i fe  a n d  r eac t s  v e r y  
r a p i d l y  w i t h  nuc leoph i l i c  g r o u p s  ~°. I n  add i t ion ,  i t s  pre-  
sence  h a s  b e e n  a s s o c i a t e d  w i t h  t h e  i n d u c t i o n  of c y t o t o x i -  
c i ty  19 a l t e r ed  p r o t e i n  s y n t h e s i s  ~1, a n d  i n h i b i t e d  e n z y m e  
f u n c t i o n  23. A n y  or al l  of t h e s e  c h a n g e s  could  a c c o u n t  for  
t h e  a p p a r e n t  s e p a r a t i o n  of t h e  yo lk  s a c ' s  a b s o r b i n g  a n d  
t r a n s f e r r i n g  p r o p e r t i e s  t h a t  in t u r n  m a y  h a v e  r e su l t ed  in  
a n  a l t e r ed  t r a n s f e r  of m a t e r i a l  to  t h e  e m b r y o .  T h e  e m b r y o ,  
therefore ,  m a y  h a v e  been  exposed  to  a n  a b n o r m a l  micro-  
e n v i r o n m e n t  to  w h i c h  i t  r e s p o n d e d  b y  d e v e l o p i n g  ab-  
n o r m a l l y  ~3. 

Zusammen/assung. E s  wi rd  gezeigt ,  d a s s  C h l o r a m b u c i l  
e ine t e r a t o g e n e  W' i rkung ,  die d u r c h  S t 6 r u n g e n  de r  N a h -  
r u n g s i i b e r t r a g u n g  des  Do t t e rb l / i s chens  v e r u r s a c h t  wird ,  
bes i t z t ,  w a s  die A n n a h m e  n a h e  legt,  M i s s b i l d u n g e n  se ien  
d u r c h  ein a b n o r m a l e s  ~,Mikromilieu~ b e d i n g t .  
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