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n iere  u n d  eine Z u n a h m e  yon  K a t e c h o l a m i n  im Herzeu  
b e o b a c h t e t .  LIN~T, WIDHALM u n d  HI!;RTTING 2° be r i ch te -  
t e n  f iber K a t e c h o l a m i n g e h a l t  bei  T h i a m i n m a n g e l t a u -  
ben,  wobei  sie a u c h  U n t e r s u c h u n g e n  a m  G e h i r n  du rch -  
geff ihr t  h a b e n .  A b e t  es g ib t  noch  ke ine  Be r i ch t e  f iber 
genaue re  A n a l y s e n  des K a t e c h o l a m i n g e h a l t s  in den  
a n d e r e n  O r g a n e n  bei  T h i a m i n m a n g e l t i e r e n .  Der  Mecha-  
n i s m u s  des e r h 6 h t e n  K a t e c h o l a m i n g e h a l t e s  in Organge-  
w e b e n  u n t e r  T h i a m i n m a n g e l  b l e i b t  noch  unvers t~ indl ich  
u n d  b e d a r f  we i te re r  Kl~rung .  

Aus  den  da rge l eg t en  B e o b a c h t u n g e n  dt i r fen  fo lgende  
Schlfisse gezogen w e r d e n :  (1) Bei  R a t t e n  u n t e r  T h i a m i n -  
m a n g e t  wurde  ein e r h 6 h t e r  K a t e c h o l a m i n g e h a l t  im Vor-  
hof,  Ven t r ike l ,  f e rner  in  de r  G r o s s h i r n r i n d e  u n d  Milz 
fes tgeste l l t ,  j e d o c h  n i c h t  im H i r n s t a m m  u n d  den  Neben-  
nieren.  (2) Die vers t~irkte  R e a k t i o n  des Herzens  u n t e r  
T h i a m i n m a n g e l  au f  T y r a m i n  is t  h 6 c h s t w a h r s c h e i n l i c h  
d u t c h  den  h o h e n  K a t e c h o l a m i n g e h a l t  bed ing t ,  de r  d u r c h  
den  T h i a m i n m a n g e l  h e r v o r g e r u f e n  wurde.  (3) Der  er- 
h 6 h t e  K a t e c h o l a m i n g e h a l t  bei T h i a m i n m a n g e t r a t t e n  i s t  
n i c h t  d u r c h  die Z u n a h m e  yon  B r e n z t r a u b e n s / i u r e  im 
Gewebe  e n t s t a n d e n .  

Summary. (1) The  increased  t i ssue  c a t e c h o l a m i n e  level 
of t he  t h i a m i n e  def ic ien t  r a t  was  s h o w n  in t he  a t r i u m ,  t h e  
vent r ic le ,  t he  b r a i n  co r t ex  a n d  in t h e  spleen b u t  no t  in 
t he  b r a i n  s t em a n d  t he  ad rena l  g land.  (2) The  increased  
response  to  t y r a m i n e  of t he  t h i a m i n e  def ic ien t  h e a r t  is 
m o s t  p r o b a b l y  due  to t he  h igh  c a t e c h o l a m i n e  level  caused  
b y  t h i a m i n e  deficiency.  (3) T h e  inc reased  c a t e c h o t a m i n e  
c o n t e n t  in t he  t h i a m i n e  def ic ien t  r a t  does  n o t  resu l t  
f rom the  increased  p y r u v i c  acid.  
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The Influence of Partial  Synchronizat ion  of Cell 
Mouse  T h y m u s  D N A  

Severa l  l abo ra to r i e s  h a v e  r e p o r t e d  i n h i b i t i o n  of cell 
v i ab i l i t y  a n d  t u m o r  g r o w t h  b y  exogenous  DNA1-9.  Only  
specific k inds  of D N A  were found  to be  capab l e  of ac t ing  
aga in s t  c e r t a i n  celt lines. T h e  l e tha l  effects  of D N A  could  
be  r educed  or even  p r e v e n t e d  b y  a l t e r ing  t he  i n c u b a t i o n  
cond i t i ons  3,4,1°. The  p r e s e n t  i n v e s t i g a t i o n  sugges ts  t h a t  
t h e  life cycle of t he  L1210  cell is a n o t h e r  v a r i a b l e  wh ich  
regu la tes  t h e  i n h i b i t i o n  of cell v i ab i l i t y  b y  mouse  t h y m u s  
DNA.  

DBA~ m o u s e  t h y m u s  D N A  was  i so la ted  a n d  t r e a t e d  
w i t h  R N a s e  fol lowing t he  m e t h o d  of SZYBALSKA a n d  
SZYBALSK111. In  some cases H3-DNA was p repared ,  a f t e r  
mice  h a d  been  in jec ted  each  w i t h  25 F, cur ies  of H ~- 
t h y m i d i n e  12. 

L1210 l eukemia  cells were g rown  in s p i nne r  f lasks con-  
t a i n i n g  m e d i u m  R P M I  No. 1634 + 5% feta l  calf  se rum.  
P a r t i a l  s y n c h r o n i z a t i o n  of t he  L1210 cu l tu re  was induced  
b y  lower ing  t he  cell p o p u l a t i o n  to 1.5-2.5 × 105 cel ls /ml  
a n d  t h e n  i n c u b a t i n g  t h e  cu l t u r e  for  6 h a t  37°C w i t h  
10--6M 5- f luorodeoxyur id ine  ( F U D R ) .  Af te r  i n c u b a t i o n  
w i t h  F U D R ,  1 0 - 4 M  t h y m i d i n e  was a d d e d  to t he  cu l tu re  ~3. 
Cells were r e m o v e d  e i the r  f rom p a r t i a l l y  s y n c h r o n i z e d  
cu l tu res  a t  6.33, 10.5 a n d  14 h or  f rom a s y n c h r o n o u s  
cu l tures .  The  ceils were w a s h e d  a n d  i n c u b a t e d  a t  37 °C 
in 4 ml  of p h o s p h a t e - b u f f e r e d  sa l ine  (pH 7.5) c o n t a i n i n g  
5.5 m M  glucose a n d  0.2 m M  spe rmine  t e t r a h y d r o -  
chlor ide  n .  T h e  cell c o n c e n t r a t i o n  was  a r o u n d  1.2 × 10 e 
cells/ml.  T h e  cells were t r e a t e d  for 30 m i n  w i th  or  w i t h o u t  
D N A  ( a p p r o x i m a t e l y  58 /~g of DNA/106 cells) a n d  t h e n  
w a s h e d  a n d  r e i n c u b a t e d  in DNA-free ,  p h o s p h a t e - b u f f e r e d  
sa l ine  + glucose. Cell c o u n t s  were  t a k e n  a t  va r ious  t i m e  
in te rva l s ,  a n d  cell v i ab i l i t y  was  d e t e r m i n e d  b y  m e a n s  of 
t r y p a n  blue  s t a in ing  3. 

U p t a k e  of D N A  was m e a s u r e d  b y  expos ing  cells to  
H3-DNA for 30 min .  Al iquo t s  were  r e m o v e d  a t  0 a n d  
30 min,  a n d  were  w a s h e d  th r i ce  12. R a d i o a c t i v i t y  was  
d e t e r m i n e d  b y  m e a n s  of a P a c k a r d  l iqu id  sc in t i l l a t ion  
counte r .  

L1210 D N A  was i so la ted  f rom pa r t i a l l y  s ynch r on i zed  
cells b y  t he  m e t h o d  of SCHNEIDER 14 a n d  was a n a l y z e d  b y  
m e a n s  of t he  d i p h e n y l a m i n e  t e s t  x4. 

Growth  on the Inhibit ion of LI210 Cell Viability by 

Figure  l a  d e m o n s t r a t e s  t h a t  t h e  D N A  c o n t e n t  of t h e  
p a r t i a l l y  synch ron i zed  L1210 cells n e a r l y  doub l ed  2 h 
a f t e r  a d d i t i o n  of t h y m i d i n e  to a F U D R - t r e a t e d  cu l tu re .  
F igure  l b  r e p r e s e n t s  t h e  g r o w t h  c u r v e s  of p a r t i a l l y  syn-  
ch ron ized  cul tures .  One t r e a t m e n t ,  f i rs t  w i t h  F U D R  a n d  
t h e n  w i t h  t h y m i d i n e ,  i nduced  a t  leas t  2 cycles of pa r t i a l  
s y n c h r o n y .  E a c h  cycle  was  a b o u t  15 h long, c o m p a r e d  to  
t he  n o r m a l  doub l ing  t ime  of 14 h. I f  t he  S phase  ( l eng th  
of t i m e  for D N A  synthes i s )  occur red  6 -8  h a f t e r  add i t i on  
of F U D R ,  a n d  t h e  M p h a s e  ( l eng th  of mitosis)  l a s ted  
f rom 11-15 h, t h e n  t he  G,  p h a s e  ( length  of t i m e  b e t w e e n  
D N A  syn thes i s  a n d  mitosis)  m u s t  h a v e  t a k e n  p lace  a t  
8-11 h. 

F igure  2a d e m o n s t r a t e s  t he  i n h i b i t i o n  of cell v i a b i l i t y  
caused  b y  mouse  t h y m u s  D N A  a t  va r ious  phases  of cell 
g rowth .  T h e  degree  of i n h i b i t i o n  was m e a s u r e d  as  t h e  
% c h a n g e  b e t w e e n  t h e  n u m b e r  of v iab le  D N A - t r e a t e d  
cells a n d  t h e  n u m b e r  of v iab le  con t ro l  cells a t  90 a n d  
120 ra in  a f t e r  r e m o v a l  of t h e  DNA.  I n  each  g roup  d a t a  
o b t a i n e d  a t  b o t h  of these  t i m e s  were  combined ,  s ince 
w i t h i n  th i s  t ime  i n t e r v a l  t h e r e  was h a r d l y  a n y  c h a n g e  in 
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the  degree of inhibi t ion.  Prev ious  s tudies  wi th  asynchro-  
nous  cells had  d e m o n s t r a t e d  t h a t  s ignif icant  inhib i t ion  of 
cell v iabi l i ty  by  D N A  occurred 90 rain af ter  re incuba t ion  
of the  cells in DNA-f ree  med ium 1,a,~. In  the  p re sen t  s t u d y  
cells ob ta ined  at  the  Gz phase  of par t ia l ly  synchronized  
cul tures  were inhib i ted  by  D N A  a lmos t  2 t imes  more  
t h a n  cells ob ta ined  from a synch ronous  cul tures.  More- 
over,  the  exogenous  DNA had  a ma rked ly  smal ler  inhibi- 
t o ry  effect  on  cells ob ta ined  dur ing  the  S and  M phases  
of cell g r o w t h  t h a n  on cells ob ta ined  dur ing  the  G, and  
a synch ronous  phases .  

F igure  2b i l lus t ra tes  t h a t  t he  d i f fe ren t  degrees  of 
D N A - i n d u c e d  inhib i t ion  of cell v iabi l i ty  did no t  result  
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Fig. 1. Partial synchronization of L1210 cells. (a) The effects of 
thymidine (TDR) on the DNA content of L1210 cells which were pre- 
incubated with FUDR for 6 h. Each point represents the mean of 
2 determinations. (b) Growth curves of 2 typical cultures of partially 
synchronized cells. 
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Fig. 2. Influence of partial synchronization of cell growth on the 
interaction of L1210 cells with mouse thymus DNA. (a) Inhibition of 
cell viability. Data represent the mean (± standard error) of 15 
determinations for the asynchronous (A) phase, of 10 determinations 
each for the S and G~ phases, and of 4 determinations for the M 
phase. (b) Uptake of DNA by L1210 cells. Data represent the mean 
(4- standard error) of 4 determinations each for the A and G2 phases, 
and of 3 determinations for the S phase. 

f rom c o m m e n s u r a t e  differences of up take  of 1)NA. 
ADAMS et  al, 15 similarly r epor ted  t h a t  the  up take  of 
sa lmon sperm I )NA by  H e L a  cells was i n d e p e n d e n t  of 
t he  cell cycle. 

Re c e n t  inves t iga t ions  in th is  l abora to ry  indica ted  t h a t  
the  des t ruc t ion  of L1210 cells by  B1)F~ or I)BA z mouse  
t h y m u s  1)NA was preceded by  a s t imula t ion  of DNA, 
R N A  and  pro te in  synthesis l~.  The  newly fo rmed  macro-  
molecules were shown to be responsible  for caus ing  cell 
dea th .  F u r t h e r m o r e ,  a t  least  some of the  newly formed 
R N A  was  p robab ly  t r ansc r ibed  by  t h y m u s  I)NA. Evi -  
dence  was also repor ted ,  t h a t  any  one of a cri t ical  n u m b e r  
of genet ic  s i tes  could induce cell des t ruc t ion  if incor- 
p o r a t e d  in to  t he  L1210 cell ~2. However ,  those  exper i -  
m e n t s  did no t  indica te  w h e t h e r  t he  ac t ive  genet ic  s i te  
in t eg ra ted  wi th  the  hos t  I)NA. Our p re sen t  d a t a  cor re la te  
a twofold  increase in inhib i t ion  of cell v iabi l i ty  by  thy-  
mus  DNA wi th  a twofold  increase in hos t  DNA.  This  
evidence  suggests  t h a t  the  hos t  genome m a y  be a t a rge t  
for the  exogenous  D N A  dur ing  the  process  of I )NA- 
induced  cell des t ruc t ion .  BASILICO and  MARIN 17 have  
d e m o n s t r a t e d  t h a t  synchron ized  cells t r ea t ed  wi th  
p o l y o ma  virus a t  the  end of the  G~ phase  are twice as 
l ikely to be t r a n s f o r m e d  as cells t r e a t e d  pr ior  to this  
phase.  Thei r  resul ts  were no t  due  to  a p r o p o r t i o n a t e  in- 
crease in up take  of po lyoma  virus.  They  sugges ted  t h a t  
the  genome of the  hos t  cell was the  t a rge t  for po lyoma  
virus,  in a g r e e m e n t  wi th  the  more  d i rec t  ev idence  of 
AXELROD e t  al. ~s. 

Our  d a t a  d e m o n s t r a t e d  l i t t le  inhibi t ion of cell v iabi l i ty  
dur ing  the  S and  M phases.  This  evidence  sugges ts  t h a t  
some subs t ance  which is e i ther  ac t iva t ed  or p roduced  
dur ing  these  phases  in ter feres  wi th  the  inh ib i to ry  ac t ion  
of the  exogenous  DNA.  I t  is also conceivable  t h a t  a dif- 
fe ren t  subs t ance  is p roduced  dur ing  the  G 2 phase ,  which 
renders  the  cell h ighly  suscept ib le  to  t r e a t m e n t  wi th  
exogenous  I)NA. Othe r  e x p e r i m e n t s  h a v e  ind ica ted  t h a t  
DNA does  no t  inhibi t  t he  viabi l i ty  of cells which  have  
been p re incuba t ed  in I )NA-free,  phospha t e -bu f f e r ed  
saline ~°. F u r t h e r m o r e ,  DNA does  no t  inh ib i t  cells incu- 
ba t ed  in a g r o w t h  med ium a. All of these  s tudies  suggest  
t h a t  endogenous  subs tances  do indeed regula te  the  inhibi-  
to ry  act ion of mouse t h y m u s  DNA ~.9 

Rdsumd. Nous avons  t rouv6 que  le cycle de la vie de la 
cellule L1210 r~gle les cffets inhibi to i rcs  du I )NA du 
t h y m u s  de la souris sur la viabilit6 ccllulaire. Les cellules 
ob tenues  ~ la phase  (1~ des cul tures  pa r t i e l l emen t  syn- 
chronis6es 6 ta ient  inhibi t4es  p resque  2 fois plus que  les 
cellules ob tenues  des cul tures  asynchron iques .  Le 1)NA 
n ' a v a i t  gu~re d ' e f fe t  tox ique  sur  les cellules ob tenues  aux 
phases  S e t  M. Les f luc tua t ions  dans  la viabili t6 cellulaire 
n '6 t a i en t  pas  caus6es par  des c h a n g e m e n t s  p ropor t ionne l s  
dans  l ' abso rp t ion  du DNA.  
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