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The  Dose R e d u c t i o n  Fac to r  (DRF)  a t  t he  LDso/e0 level 
was  1.65, d e m o n s t r a t i n g  t h a t  5-HT fac i l i t a ted  the  p lan-  
ar ians '  r ecovery  f rom X-rays ,  

Many  r ad iop ro t ec to r s  have  been  descr ibed  in the  
l i te ra ture ,  b u t  only  a few subs tances  appl ied  a f te r  
i r r ad ia t ion  decrease the  effects  induced  b y  radia t ion.  
N~.RURKAR et  a l ) a n d  SAHASRABUDHE 4 showed t h a t  
me th ion ine  appl ied  a f te r  i r rad ia t ion  is cf fect ive  in reco- 
ve ry  of nucleic acid synthes is ,  b u t  BACQ and  BEAUMA- 
RIAG~ 5 considered it insuff ic ient ly  i m p o r t a n t  to  affect  
mor ta l i ty .  KANAZIR et  al. e and  BEdAREVld et  a l3 found  
t h a t  X- i r r ad i a t ed  ra ts  t r e a t e d  wi th  nucleic acids sur- 
v ived  le tha l  doses of radia t ion .  BEdAREVId and  his col- 
l abora tors  i n t e rp re t ed  th is  r ecovery  effect  as a depress ion  
of the  cellular me tabo l i c  ra tes  of t he  i r r ad ia t ed  ra t s  or 
as a resul t  of the  inclusion of biological ly ac t ive  nucleic 
acids which  would  p e r m i t  t he  recovery  of me tabo l i c  
processes.  

Percent of mortality in planarians at different dose of X-rays with 
and without posttreatment of serotonin-ereatinine sulfate complex 

SUGAHARA e t  al. s found  t h a t  precursors  of nucleic 
acids increase  t h e  surv iva l  t i m e  of mice  receiving r epea t ed  
sub le tha l  doses,  b u t  ti le r ecovery  effect  seemed to  be 
l imi ted  to  sub le tha l  damage .  

W h e n  dormice  (Glis glis) were  exposed  to  le tha l  dose 
of X - r a y s  dur ing  h ibe rna t i on  and  cys te ine  was  in jec ted  
w h e n  t h e  an imals  were  b r o u g h t  3 weeks a f te r  i r r ad ia t ion  
to  room t e m p e r a t u r e ,  no m o r t a l i t y  occurred  wi th in  t h e  
fol lowing 30 days  ~. Cyste ine  and  cys t eamine  appl ied  
a f te r  i r rad ia t ion  to  swell the  seeds of Vicia ]aba, r educed  
the  mi to t ic  inh ib i t ion  9. 

In  our  e x p e r i m e n t s  5-HT appl ied  a f t e r  i r rad ia t ion  in 
p l ana r i ans  d e m o n s t r a t e d  i ts  eff icacy in r e s to ra t ion  of t h e  
r ecovery  m e c h a n i s m  al tered  b y  X-rays .  

Resumen. E n  este  t raba jo ,  se d e m u e s t r a  que  el com-  
plejo de se ro ton ina-su l fa to  de c rea t in ina  (5-HT) no sola- 
m e n t e  es un  r ad iop ro t ec to r  efect ivo de las p lanar ias  
con t ra  los rayos  X, sino qne  t a mb i 6 n  in te rv iene  en la 
res taurac i6n  de los mecan i smos  de recuperac idn  cuando  
se apl ica  como p o s t r a t a m i e n t o  a la irradiaci6n.  
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Mortality (%) 
Exposure 
in Roentgens Control Post- 
(R) treated 

300 0 0 
400 5 0 
500 10 0 
600 25 2 
700 60 2 
800 72 5 
900 82 22 

1000 92 22 
1100 95 42 
1200 97 52 
1300 97 77 
1400 100 82 
1500 100 85 
1600 100 90 
1700 100 95 
1800 100 100 
2000 100 100 
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G r o w t h  I n h i b i t o r y  E f f e c t s  of  A d e n o s i n e  3 " , 5 " - M o n o p h o s p h a t e  o n  M o u s e  L e u k e m i a  L - 5 1 7 8 - Y - R  C e l l s  
in  C u l t u r e  

The  i m p o r t a n c e  of adenos ine  3 ' , 5 ' - m o n o p h o s p h a t e  
(cyclic AMP) in no rma l  cell func t ions  and  me tabo l i sm 
is becoming  increas ingly  a p p a r e n t  in m a n y  t issues and  
organs  1,2 and  i t  has  been  r ecen t ly  r epo r t ed  to  inh ib i t  
t h e  g rowth  of t r a n s p l a n t e d  N K L - l y m p h o s a r c o m a  in mice  
and  the  mul t ip l ica t ion ,  as measu red  b y  viable  counts ,  
of tumor igen ic  cell l ines in v i t ro  3-5. However ,  t he  mecha-  
n ism b y  which  cyclic A M P  inhib i t s  t h e  cancer  cells is a t  
p r e s e n t  unknown .  

Dur ing  our  s t u d y  of t he  inh ib i to ry  ac t ion  of hea t -  
i nac t iva t ed  ant isera ,  in the  absence  of complemen t ,  on 
mouse  leukemia  L-5178-Y-R ceils in cul ture,  we found  
cause to  specula te  t h a t  some ind i rec t  m e c h a n i s m s  t r ig-  
gered as a resul t  of a n t i b o d y - a n t i g e n  reac t ions  on t h e  
cell m e m b r a n e  m i g h t  be involved% Growth  inh ib i to ry  
effects  of the  an t i se ra  are of a r a t he r  s low process,  as 

are those  of h o r m o n a l  effects  on the  cells, s t a r t i ng  a t  
4 to  6 h a f te r  t he  e x p e r i m e n t ,  w i t h  m a x i m a l  effects  a t  
24 to  48 h. Sy s t e ms  a round  py ruv ic  acid cycle seem to 
be involved.  Glucose, succinate ,  n ico t inamide ,  b u t  no t  
inmate ,  are  able to  al leviate,  a t  least  par t ia l ly ,  t he  h a r m -  
ful effects  of ant isera .  These  p h e n o m e n a  are ve ry  re- 
min i scen t  of the  second messenger  effect  found  in 
h o r m o n a l  sys tems .  F u r t h e r m o r e ,  ac t iva t ion  of a d e n y l _  
cyclase in t he  sea urch in  egg m e m b r a n e s  has  been  re- 
p o r t e d  a t  f e r t i l i za t ionL We,  therefore ,  i nves t iga ted  
w h e t h e r  cyclic A M P  would  mimic  the  effects  of an t i se ra  
on L-5178-Y-R cells. The  resul ts  are r e m a r k a b l y  similar.  

We  now repor t  t he  effects  of cyclic A M P  on the  mouse  
l eukemia  L-5178-Y-R cells in cul ture.  The e x p e r i m e n t a l  
m e t h o d  used was  the  c o m b i n a t i o n  of t he  previous ly  
r epo r t ed  s and  t h a t  of t h e  modi f ied  BOLLUM'S 8'9. TWO 
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se ts  of t r ip l ica te  cul tures  w i t h  an  ini t ial  inoculum of 
1 ×105 (for v iable  coun t  s tudy)  or 2.5 ×105 (for b o t h  
viable  coun t  and  rad io- i so tope  label l ing s tudy)  viable  
cells were set  up in Bellco t issue cul ture  t ubes  in 5 ml  
amoun t s .  Adenos ine  3', 5 ' - m o n o p h o s p h a t e  (cyclic AMP,  
Calbiochem) and  Ne-2 ' -0 -d ibu tyry l -adenos ine  3', 5 ' -mono-  
p h o s p h a t e  (d ibu tyry l  cyclic AMP,  Boehr inger -Mannhe im)  
were  dissolved in w a r m  dis t i l led w a t e r  to  make  s tock  
solut ions  of 10 m g / m l  and  f i l tered t h r o u g h  a p r e w a s h e d  
Millipore filter.  Similar  vo lumes  of f i l tered dist i l led wa te r  
were  used as controls .  Fo r  dose- response  s tudy ,  0.2 ml  
of t he  two-fold  d i lu t ions  of t h e  s tock  solu t ions  were  
a d d e d  to  t he  cul tures  a t  t he  s t a r t  of t he  e x p e r i m e n t s  to  
make  f inal  concen t r a t ions  of 400 vg, 200 ~g, 100 [zg, 
50 ~g, 25 vg and  12.5 ~zg/ml of cul ture.  At  24 and  48 h, 
v iab le  coun t s  were  made .  F o r  t ime-course  s tudy ,  f inal  
c o n c e n t r a t i o n  of 200 ~zg/ml ( 0 . 4 0 m M  for d i b u t y r y l  
cyclic A M P  and  0.53 mM. for cyclic AMP) was used. 

A t  0, 1, 2, 4, 6, 8, 24 and  48 h a f t e r  the  s t a r t  of exper i -  
men t ,  each  set  of t r ip l ica te  cul tures  were  pooled,  mixed ,  
r e -d i s t r i bu ted  equal ly  in to  3 t ubes  and  3H- thymidine ,  
8H-uridine, and  :4C-2-glycine (New E n g l a n d  Nuclear  
Corp.) were  a d d e d  to  make  final  concen t r a t i ons  of 1 ~c, 
4 [zc and  1 ~c/ml respec t ive ly .  T h e y  were  pulse label led  
for 60 min  in 37 °C w a t e r  ba th ,  s t opped  by  chilling, v iab le  
cell coun t s  were  m a d e  and  processed  b y  conven t iona l  
TCA ex t r ac t ion  m e t h o d s  6 and  modi f ied  BOLLUM'S f i l ter  
p a p e r  m e t h o d  ~,9, f inal ly  a s sayed  in P a c k a r d  Tr i -Carb 
l iquid sc int i l la t ion spec t romete r .  E x p e r i m e n t s  were  re- 
p e a t e d  2-4  t imes .  

The  Table  shows t h e  resul ts  o f  dose- response  s tudy .  
D i b u t y r y l  cyclic A M P  inh ib i t ed  the  cell g rowth ,  even  
a t  t he  lowest  concen t ra t ion ,  i.e., 12.5 ~g/ml  (0.025 m M )  
used, whi le  cyclic A M P  was  m u c h  less ef fect ive  and  
inh ib i t ed  the  cells only  a t  t he  concen t r a t i on  of 200 vg/ml  
(0.53 m M )  or higher .  A t  t he  concen t r a t ions  of 50 to  

25 [zg/ml (0.133-0.066 m M ) ,  cyclic A M P  showed  some 
s t i m u l a t o r y  effects.  These  are in accord  w i t h  the  known  
fac ts  t h a t  d i b u t y r y l  cyclic A M P  p e n e t r a t e s  t he  cells 
b e t t e r  and  is more  r e s i s t an t  to  t he  act ion of specific 
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Fig. 1. Effects of dibutyryl cyclic AMP on the rates DNA and 
RNA synthesis in cultures of L-5178-Y-R cells. Cell inoculum at 
0 h, 2.5 × 10 s viable cells/ml; dibutyryl cyclic AMP cone., 200 ~g/ml 
(0.4 mM). Labelling time 60 min. 

Comparison of inhibition of L-5178-Y-R cells by dibutyryl cyclic 
AMP and cyclic AMP. Percent inhibition = [viable cell count 
(control)--viable cell count (cyclic A M P ) -  viable cell count 
(control)] × 100 

Compound Concentration Inhibition (%) 
(i.tg/ml) (mM) 24 h 48 h 

Dibutyryl 400 0.800 59 94 
cyclic AMP 200 0.400 60 85 

I00 0.200 67 71 

Cyclic AMP 400 1.060 43 73 
200 0.530 - - I0  22 
I00 0.265 8 1 
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Fig. 2. Effects of dibutyryl cyclic AMP on the rate of protein 
synthesis in cultures of L-5178-Y-R cell. Experimental conditions 
same as in Figure 1. 



444 Specialia ]~XPERIENTIA 27/4 

p h o s p h o d i e s t e r a s e  x°,xx a n d  show t h a t  t h e  inc reased  
suscep t ib i l i t y  to  cyclic A M P  in c o n t r a s t  to  d i b u t y r y l  
cyclic A M P  is n o t  necessar i ly  t he  p r o p e r t y  of t u m o r i g e n i c  
cell l ines  as r e p o r t e d  b y  o t h e r s  ~. F i g u r e  1 shows  t h a t  t h e  
r a t e  of R N A  s y n t h e s i s  dec reased  s ign i f i can t ly  a t  4 to  6 h,  
wh i l e  t h e  decrease  in  p r o t e i n  s y n t h e s i s  was  n o t  d e m o n -  
s t r a b l e  u n t i l  l a t e r  a t  8 h (F igure  2). Di f fe rences  in  t h e  
r a t e  of  D N A  s y n t h e s i s  occu r red  o n l y  a f t e r  8 h.  Howeve r ,  
r e p e a t e d  e x p e r i m e n t s  i n d i c a t e  c o n s i s t e n t l y  t h a t  t h e  ea r ly  
decrease  in  t h e  r a t e  of D N A  syn thes i s ,  s t a r t i n g  w i t h i n  
1 to  6 h,  in  t h e  t r e a t e d  cu l t u r e s  w h e n  c o m p a r e d  to  con-  
t ro l s  is rea l  sugges t ing  t h a t  t h e  cells  e n t e r i n g  i n t o  t h e  
D N A  s y n t h e s i z i n g  S p h a s e  of t h e  cell  cycle  a re  pre-  
f e ren t i a l ly  inh ib i t ed .  T h e  r a t e s  of D N A  s y n t h e s i s  ex-  
p ressed  in t e r m s  of 10 6 v i a b l e  cells c l ea r ly  con f i rm  t h a t  
t h i s  is t h e  case. U n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  used,  
t h e  cells showed  a s e m i s y n c h r o n o u s  wave  a t  8 h.  Se lec t ive  
i n h i b i t i o n  a t  t h e  s i te  or  s tage  of t h e  i n i t i a t i o n  of D N A  
rep l i ca t i on  a n d  R N A  t r a n s c r i p t i o n  seems to  be  t h e  ear l ies t  
b i o s y n t h e t i c  m e c h a n i s m s  a f fec ted  b y  cycl ic  AMP,  sub-  
s t a n t i a t i n g  t h e  f ind ings  of LANGAN it  a n d  PASTAN, PERL- 
MAX et  a l :  3. LANGAN shows t h a t  h i s t ones  serve  as sub-  
s t r a t e  in  v i v o  for t h e  cycl ic  A M P - d e p e n d e n t  p r o t e i n  
k inase  a n d  p o s t u l a t e s  t h a t  inc reased  h i s t one  p h o s p h o r y l a -  
t i on  b r o u g h t  a b o u t  b y  h o r m o n e  a d m i n i s t r a t i o n  m a y  
p r o v i d e  a m e c h a n i s m  for  i n d u c t i o n  of R N A  a n d  p r o t e i n  
s y n t h e s i s  in  t a r g e t  t issue.  PASTAN, PERLMAN et  al. 13 h a v e  
s h o w n  t h a t  s t i m u l a t i o n  of f l -galactosidase  s y n t h e s i s  b y  
cyclic A M P  occurs  a t  t h e  level  of t r a n s c r i p t i o n  of R N A  
a n d  t h a t  t h e  lac o p e r o n  p r o m o t o r  is t h e  s i t e  of a c t i o n  
of t h e  cyclic AMP.  T h e  d i f f e ren t  responses ,  s t i m u l a t i o n  
or  i nh ib i t i on ,  of a cell  t o w a r d s  s t i m u l i  m a y  d e p e n d  on  
t h e  phys io log ica l  a n d  d i f fe ren t i a l  s t a t e  of t h e  cells as  
s h o w n  in  o t h e r  sys tems ,  e.g., r e sponses  of l y m p h o c y t e s  
a n d  t y m p h o b l a s t s  t o w a r d  a n t i c e l l u l a r  a n t i b o d i e s  6,1~, 
p h y t o h e m a g g l u t i n i n  15,1s, a n d  cycl ic  A M P  1~. F i n a l l y  t h e  
decrease  in  t h e  r a t e  of D N A  s y n t h e s i s  in  t h e  cycl ic  A M P  

t r e a t e d  cells is un l ike ly  to  be  caused  b y  a c t i v a t i o n  of 
t h y m i d i n e  p h o s p h o r y l a s e  t h u s  b r e a k i n g  d o w n  t h y m i d i n e  
to  t h y m i n e .  1RABmOWlTZ a n d  WlLHITE ls h a v e  s h o w n  
r ecen t ly  t h a t  cyclic A M P  did  n o t  a l t e r  t he  e n z y m e s  in 
t h y m i d i n e  sa lvage  p a t h w a y  in e i t he r  n o r m a l  or  l eukemic  
l eukocy tes  19. 

Rdsum& L a  croissance  des  cet lules leucdmie  m u r i n e  
L - 5 1 7 8 - Y - R  g~ne le cycle  A M P  d a n s  les cu l tu res .  Le  
t a u x  des  synt~ses  d6c ro i t  d ' u n e  man i~ re  s ign i f i ca t ive  
apr&s 4 e t  6 h p o u r  le :RNA e t  apr~s  8 h p o u r  la  p ro td ine .  
Le  t a u x  de  la  syn t~se  de  D N A  d6cro i t  q u e l q u e  peu  e n t r e  
1 e t  6 h e t  d ' u n e  fa~on accen tu6e  apr~s  8 h.  
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I n c r e a s e d  Surv iva l  T i m e  of L e u k e m i c  Mice  F o l l o w i n g  T r e a t m e n t  w i t h  P h y t o h e m a g g l u t i n i n  

Since  t h e  s tud ies  of NOWELL 1, t h e  s t i m u l a t i o n  of 
mi tos i s  of l y m p h o i d  cells in v i t ro  b y  p h y t o h e m a g g l u t i n i n  
(PHA)  h a s  been  t he  s ub j ec t  of m a n y  i nves t i ga t i ons  2-s. 
Recen t ly ,  t h e r e  ha s  been  inc reased  i n t e r e s t  in  t h e  ef fec t  
of P H A  on  t h e  i m m u n e  response,  b o t h  ce l l -med ia t ed  
a n d  h u m o r a l  e. T h e  ev idence  to  d a t e  suggests  t h a t  P H A  
depresses  or  e n h a n c e s  t h e  i m m u n e  response  d e p e n d i n g  
on  t h e  an t igen ,  a n i m a l  sys t em,  or t h e  specific r e sponse  
s t ud i ed  ~-10. 

T h e  s tud ies  to  b e  r e p o r t e d  he re  conce rn  t h e  effect  of 
P H A  o n  t h e  s u r v i v a l  t i m e  of mice  i nocu la t ed  w i t h  t h e  
t r a n s p l a n t a b l e  l y m p h o c y t i c  l e u k e m i a  L1210. 

Methods. B D F  1 (C57B1/6xDBA/2)  m a l e  mice  we igh ing  
18-22 g were  used  for  a l l  s tudies .  P h y t o h e m a g g l u t i n i n - P  
(PHA)  was  o b t a i n e d  f r o m  Difco Labo ra to r i e s ,  De t ro i t ,  
Michigan .  T h e  lypho l ized  P H A  was  r e h y d r a t e d  w i t h  5 m l  
of s ter i le  sa l ine  a n d  dosages  a re  r e p o r t e d  as  v o l u m e s  of 
, the  d i l u t ed  ma te r i a l .  T h e  L1210 l e u k e m i a  cells were  
h a r v e s t e d  f rom t h e  asci t ic  f lu id  of D B A / 2  mice  a n d  
d i lu ted  to  105 cells pe r  0.1 ml.  

T h e  f i r s t  s t u d y  was des igned  to  d e t e r m i n e  t h e  dose 
response  r e l a t i onsh ip  of P H A  on t h e  s u r v i v a l  t i m e  of 
l eukemic  mice. 3 g roups  of 10 mice  each  were  t r e a t e d  
i.p. w i t h  0.3, 0.2, or 0.1 m l  of P H A .  A n  a d d i t i o n a l  10 
mice  rece ived  0.1 ml  phys io log ica l  sa l ine  a n d  se rved  as 
controls .  P H A  t r e a t m e n t  was b e g u n  on  d a y  1 a n d  con-  

t i n u e d  u n t i l  d e a t h  of t h e  an ima l .  On  d a y  4 a l l  mice  
rece ived  10 s L1210 cells i.p. The  a n i m a l s  were  obse rved  
da i ly  for  d e a t h  a n d  su rv ivo r s  were  we ighed  to  m o n i t o r  
s igns  of tox ic i ty .  

A second  s t u d y  us ing  3 g roups  of 5 mice  each  was  
des igned  to  d e t e r m i n e  if p r e t r e a t m e n t  of t h e  a n i m a l s  
~with P H A  before  L1210 i m p l a n t  was  neces sa ry  in o rde r  
t o  o b t a i n  a n  increase  in  s u r v i v a l  t ime .  One  g roup  was  
t r e a t e d  da i ly  w i t h  0.1 m l  P H A  f rom d a y  1 u n t i l  d e a t h .  
A second  g roup  was  t r e a t e d  da i ly  w i t h  0.1 m l  P t t A  f r o m  
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