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E f f e c t s  o f  M y c o p l a s m a  C o n t a m i n a t i o n  o n  t h e  R a d i o s e n s i t i v i t y  o f  R a t  G l i a l  Cel l s  

R e p o r t s  h a v e  a l r e a d y  been  m a d e  of t h e  w i d e s p r e a d  oc- 
cu r r ence  of m y c o p l a s m a  ( p l e u r o p n e u m o n i a d i k e  o rgan -  
i sms  or  P P L O )  as  a c o n t a m i n a n t  of cell  cu l tu re s  z, ~. These  
o r g a n i s m s  h a v e  been  s h o w n  to  a f fec t  cell  g r o w t h  3. I n  add i -  
t ion ,  t he  m e t a b o l i s m  of a rg in ine  3-~ as well  as  t h a t  of nuc -  
leic acids  *, 6, ~ can  be  a l t e r ed  in  in fec ted  cells. 

I n  v iew of t h e  w i d e s p r e a d  occur rence  of P P I , O  in  t i s sue  
cu l tu re  a n d  i t s  s o m e w h a t  u n p r e d i c t a b l e  effects  on  cell me-  
t abo l i sm ,  d o u b t s  h a v e  b e e n  ra i sed  c o n c e r n i n g  t he  in te r -  1,O 
p r e t a t i o n  of t h e  d a t a  o b t a i n e d  whi le  ignor ing  t h e  p resence  
of a n y  cell c o n t a m i n a t i o n  8. Th i s  is p a r t i c u l a r l y  t r ue  in  t h e  
case of r a d i a t i o n  s tud ies  s ince  r e sea rch  in  th i s  f ie ld  h a s  .~ 
f r e q u e n t l y  been  p e r f o r m e d  in  v i t ro .  R es u l t s  c o n c e r n i n g  ~ DJ 
cell  r a d i o s e n s i t i v i t y  a n d  a b i l i t y  to  r e p a i r  r a d i a t i o n  d a m a g e  
could  v e r y  wel t  b e  a f fec ted  b y  m e t a b o l i c  d i s t u r b a n c e s  in-  -~ 
d u c e d  b y  PPLO. 

T h e  d a t a  reported in this paper concern the effects of 0.0] 
P P L O  c o n t a m i n a t i o n  of t h e  r a d i o s e n s i t i v i t y  of r a t  gl ial  
cells g rowing  in m o n o l a y e r  cu l tures .  T h e  c a p a c i t y  to  re- 
cover  f rom s u b l e t h a l  d a m a g e  was also considered.  

A cell  l ine  (C-6 s t ra in)  e s t ab l i s hed  f rom a b r a i n  t u m o u r  
i nduced  in  t he  W i s t a r  r a t  b y  N - N i t r o s o m e t h y l u r e a  was  
used% S tock  cu l tu res  were  g rown in  B l a k e  b o t t l e s  don- 
t a i n i n g  20 ml  of H a m ' s  F-10 m e d i u m  s u p p l e m e n t e d  w i t h  
15% foe ta l  calf  se rum.  G r o w t h  was  t he  s a m e  in  c o n t a m i -  
n a t e d  as wel l  as  in  n o r m a l  cu l tu re s  w i t h  a d o u b l i n g  t i m e  of 
a p p r o x i m a t e l y  30 h. However ,  in  t h e  p re sence  of, P P L O ,  
cells  c o n t a i n e d  g ranu les  w h i c h  a p p e a r e d  to  be  i n d i c a t i v e  
of P P L O  infec t ion .  

Cu l tu res  b e c a m e  a c c i d e n t a l l y  in fec ted  w i t h  a s t r a i n  of 
P P L O  w h i c h  was  iden t i f i ed  as  Mycoplasma laidlawii. 
Since i t  is a b o v i n e  s t ra in ,  i t  was  p r o b a b l y  p r e s en t  or ig in-  
a l ly  in  t he  foe ta l  calf  s e r u m  used to  s u p p l e m e n t  t h e  cu l t u r e  
m e d i u m .  M y c o p l a s m a  d e t e c t i o n  was  done  b y  us ing  t h e  
s t a i ned  a g a r  t e c h n i q u e  as desc r ibed  b y  DroNES z°. U n -  1.0 
c o n t a m i n a t e d  cu l tu res  were  checked  for P P L O  before  a n d  
a f t e r  t he  e x p e r i m e n t s  and ,  a t  b o t h  t imes ,  r esu l t s  p r o v e d  
to be  nega t ive .  .~ 

No  a n t i b i o t i c s  were a d d e d  to  s tock  cu l t u r e s  in  o rde r  to  ~ 0.1 
ru le  o u t  t h e  poss ib i l i t y  t h a t  m y c o p l a s m a  c o n t a m i n a t i o n  _ 

m i g h t  b e  due  t o  t h e  i n d u c t i o n  of L-form b a c t e r i a  b y  t h e  
c o n t i n u o u s  c u l t u r i n g  of cells in  t h e  p resence  of a n t i b i o t i c s  2. 
However ,  m e d i u m  c o n t a i n i n g  100 un i t s  of Pen ic i l l in  a n d  O.Ol 
100 tzg of S t r e p t o m y c i n  pe r  ml  was  used  in e x p e r i m e n t s .  

E x p e r i m e n t s  were  ca r r ied  cu t  b y  c u l t u r i n g  cells in  
15 × 6 0  m m  p las t i c  pe t r i  dishes.  A p p r o x i m a t e l y  20,000 
cells were  p l a t e d  as a feeder  l ayer  a n d  i r r a d i a t e d  2 days  
l a t e r  w i t h  4,000 fads  of 6°Co y - r a d i a t i o n  in  o rde r  to  inac-  
t i v a t e  t h e m .  I m m e d i a t e l y  a f t e r  t h i s  i r r a d i a t i o n  cells f r om 
s tock  cu l tu re  were  p l a t e d  in  a p p r o p r i a t e  d i l u t i ons  a n d  t h e  
d ishes  were  k e p t  a t  37 °C for  a pe r iod  of t i m e  long  e n o u g h  
for t he  ceils to  b e c o m e  a t t a c h e d  ( a p p r o x i m a t e l y  3 h). Af te r -  
wards ,  i r r a d i a t i o n s  were  p e r f o r m e d  a t  r o o m  t e m p e r a t u r e .  
I n  o rde r  to  s t u d y  r ecove ry  f r o m  s u b l e t h a l  d a m a g e  a f i r s t  
dose of 500 r ads  was  g iven  fol lowed b y  a second  a n d  f ina l  
one,  6 h la ter .  

Fo l lowing  i r r ad ia t ion ,  s u r v i v i n g  ceils were  a l lowed to  
p ro l i f e ra t e  for  a pe r iod  of 14 days  a t  37 °C in a h u m i d i f i e d  
a t m o s p h e r e  of 5% CO 2 a n d  95% air.  A f t e r w a r d s  cu l tu re s  
were  f ixed  a n d  s ta ined .  Clones of more  t h a n  50 cells were  
coun ted .  The  r a t i o  of t h e  n u m b e r  of clones in  t r e a t e d  cul- 
t u r e s  to  t h a t  in  u n i r r a d i a t e d  ones was  cons ide red  to  repre-  
sen t  t h e  s u r v i v i n g  f rac t ion .  F o r  each  po in t ,  a n  ave r age  
v a l u e  was  o b t a i n e d  f r o m  4 dishes.  

X - i r r a d i a t i o n s  were  ca r r i ed  o u t  w i t h  a P i c k e r  X - r a y  
m a c h i n e  o p e r a t e d  a t  280 k V p  a n d  18 m A .  T h e  h a l f  v a l u e  
l aye r  of t h e  r a d i a t i o n  was  1.40 m m  Cu. T h e  b e a m  was  
f i l te red  w i t h  1.0 c m  A1 a n d  0.5 cm Cu. Dose m e a s u r e m e n t s  

were  m a d e  w i t h  a V ic to r een  ion i za t i on  c h a m b e r  a n d  t h e  
dose  ra te ,  m e a s u r e d  a t  76 cm f rom t h e  t a rge t ,  was  44.6 
r a d s / m i n .  
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Fig. 1. Survival curves of rat glial cells irradiated with single doses of 
X-rays (left curve) and with fractionated doses (right curve). For the 
latter, an initial dose of 500 fads was given which was followed by a 
second one, 6 h later. Each point represents an average value ob- 
tained from 4 dishes. When larger than the points, standard deviations 
are indicated. 
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Fig. 2. Survival curves of rat  gUM cells contaminated with M. laidIa- 
wii. Further explanation in Figure 1. 
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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  
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