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rads  f rom a ~TCesium y-ray  source. These  were added  
to the  e m b r y o  cell p l a t e s  a t  10 a pe r  60 m m  dish. P l a t e s  
were fed on d a y  7 and  fixed and  s t a ined  on d a y  10. 

The  p l a t i ng  eff ic iency ( n u m b e r  of co lon i e s /number  of 
cells p la ted)  of mouse  e m b r y o  cells as a func t ion  of ges- 
r a t i ona l  age is shown in  the  Figure.  There  is a n  exponen-  
t ia l  increase  b e t w e e n  s tages  16 a n d  21 (days 11 to  16). 
A t  s tage 14 (day 9), less t h a n  1 colony per  e m b r y o  is 
found,  t h u s  t he re  are esent ia l ly  no  co lony- forming  un i t s  
a t  t h i s  t ime.  Some t i m e  be tween  s tages  14 and  15, t h a t  is 
du r ing  organogenesis ,  co lony- fo rming  un i t s  appear .  As 
t he  p l a t i ng  eff ic iency increases,  t he  morphologies  of t he  
colonies change  a n d  the re  is a n  increase  in v a r i e t y  of cell 
types .  A t  ea r ly  stages,  t he  colonies, a f t e r  10 days  of 
i ncuba t ion ,  are st i l l  qu i te  small ,  con t a in ing  25 ceils or 
less (colonies w i t h  less t h a n  15 cells were no t  counted) .  
The  cells in m a n y  of t he  ear ly  colonies are sp ind le -shaped ,  
f ib rob las t - l ike  a n d  t e n d  to  be  well  s epa ra t ed  f rom each  
o ther .  Af te r  s tage  18 (day 13), t he  f ib rob las t s  in t he  col- 
onies are more  dense ly  packed.  The  var ious  morpho lo -  
gies seen for mouse  e m b r y o  cells genera l ly  agree w i t h  those  
descr ibed  b y  DIPAOLO et  al. s for h a m s t e r  e m b r y o  cells, 
excep t  t h a t  in our  s tudies ,  m a c r o p h a g e  colonies were 
scored a n d  these  were found  to compr ise  a b o u t  2 to  10% 
of t he  colonies seen f rom s tage 18 on. Macrophages  were 
de tec ted  b y  i n c u b a t i n g  p la tes  before  s t a in ing  w i t h  5 • 107 
a u t o c a l v e d  yeas t  par t ic les  in 0.4 ml  of p h o s p h a t e - b u f -  
fered sal ine (PBS) c o n t a i n i n g  r e c o n s t i t u t e d  gu inea-p ig  
c o m p l e m e n t  (Gibco) for 30 m i n  a t  37 ~ The  p la tes  were 
t h e n  washed  w i t h  P B S  and  s ta ined .  Macrophages  con- 

r a in  inges ted  yeas t  par t ic les .  Mac rophage  colonies were n o t  
seen if t h e  mouse  e m b r y o  cells were p l a t e d  a t  low den-  
sit ies in t h e  absence  of the  L-cell  feeder  l ayer  (HRLcel ls) .  
T h e y  were no t  as n u m e r o u s  on h igh  d e n s i t y  plates ,  al- 
t h o u g h  t h e y  did  ar ize on  such  p la tes  in t h e  absence  of 
HRLcel l s .  P r e s u m a b l y  t he  n u m e r o u s  f ib rob las t s  on  these  
p la tes  b o t h  replace  t he  feeder  effect  and  crowd o u t  t he  
m a c r o p h a g e  colonies. 

The  e m b r y o  cells grew equa l ly  well  w i t h  10% fe ta l  calf 
se rum in place of 10% horse  serum.  Af te r  s tage 22, t he  
effect  of t h e  feeder - layer  was  no t  as marked ,  and  in some 
expe r imen t s ,  t he  ceils grew equa l ly  well  w i t h o u t  it. 
However ,  cons i s t en t ly  h igh  pla t ing-eff ic iencies  were on ly  
o b t a i n e d  w h e n  t h e  feeder - layer  was presen t .  The  effect  of 
t he  c o n c e n t r a t i o n  of feeder - layer  cells was  d e t e r m i n e d  for 
s tage 18 (day 13) e m b r y o  cells. M a x i m u m  feeder  effect  is 
o b t a i n e d  a t  3 X 104 to 10 a HRLce l l s  per  p la te .  3 • 105 and  
106 cells are inh ib i to ry .  O t h e r  types  of cells were e x a m i n e d  
for t he i r  feeder  effect  a n d  these  are shown  in the  Table .  
I n t e r e s t i n g l y  enough,  s econda ry  mouse  e m b r y o  f ibro-  
b las t s  a t  105 cells pe r  p la t e  i nh ib i t ed  t he  p l a t i ng  of s tage 
23 cells. Cul tu red  e m b r y o  f ib rob las t s  are f r e q u e n t l y  used 
b y  o t h e r  i nves t iga to r s  as feeder-layers.  

In  p r e l i m i n a r y  expe r imen t s ,  we h a v e  in jec ted  p r e g n a n t  
mice  on  days  17 to  19 w i t h  ca rc inogens  a n d  found  an  
increase  in colonies w i t h  piled, n o n - c o n t a c t  i n h i b i t e d  
m o r p h o l o g y  cons i s t en t  w i t h  neoplas t ic  t r a n s f o r m a t i o n .  
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Summary. In  v i t ro  exposure  of guinea-p ig  p a n c r e a t i c  slices to  N M U T  resu l ted  in an  increase  in h y d r o x y u r e a - i n s e n s i t i v e  
3 H - T d R  i n c o r p o r a t i o n  in to  D N A ;  t h i s  r ep resen t s  D N A  repa i r  syn thes i s  fol lowing N M U T - i n d u c e d  D N A  damage .  The  
k ine t ics  of th i s  h y d r o x y u r e a - i n s e n s i t i v e  3 H - T d R  i n c o r p o r a t i o n  sugges t  t h a t  the  N M U T - i n d u c e d  D N A  d a m a g e  is l a rge ly  
repa i red  wi th in  2 hours .  

Chronic  a d m i n i s t r a t i o n  of N - m e t h y l - N - n i t r o s o u r e t h a n e  
(NMUT) induces  exocr ine  p a n c r e a t i c  cancer  in guinea-  
pigs2; however ,  l i t t le  is k n o w n  a b o u t  t he  u n d e r l y i n g  
m e c h a n i s m  involved .  Our  p rev ious  s tudies  h a v e  de- 
m o n s t r a t e d  t he  u p t a k e  of N M U T  in the  gu inea-p ig  pan -  
creas, fol lowing oral  a d m i n i s t r a t i o n ,  and  also t he  a lkyla-  
t ion  of p a n c r e a t i c  D N A  a. W e  h a v e  also d e m o n s t r a t e d  
suppress ion  of n o r m a l  rep l ica t ive  D N A  syn thes i s  in  pan -  
c rea t ic  slices in v i t ro  b y  h y d r o x y u r e a  (HU), w i t h o u t  sup-  
press ion of D N A  repa i r  synthes is ,  fol lowing exposure  to  
NMUT~-~ ;  ~ H - T d R  i n c o r p o r a t i o n  in to  DNA,  in t he  
presence  of HU,  r ep re sen t ed  D N A  repa i r  synthes is .  W e  
r e p o r t  here  on t he  k ine t ics  of D N A  repa i r  syn thes i s  in 
gu inea-p ig  p a n c r e a t i c  slices exposed  in v i t ro  to  NMUT.  

The  m e t h o d s  for  in  v i t ro  exposure  of p a n c r e a t i c  slices 
to  NMUT,  and  for  s u b s e q u e n t  d e t e r m i n a t i o n  of D N A  
syn thes i s  h a v e  been  p rev ious ly  descr ibed 4-6. Briefly,  
4 or 5 d u o d e n a l  p a n c r e a t i c  slices (1 m m ,  40-50  mg) f rom 
male  H a r t l e y  guinea-pigs  (400-500 g; L i t t o n  Bionet ics ,  
F t .  Derr ick ,  Md.) were i n c u b a t e d  for 30 m i n  in 10 ml  
Eag le ' s  modif ied  m i n i m u m  essent ia l  m e d i u m  (Flow 
Labora to r ies ,  Inc. ,  Rockvil le ,  Md.) in t h e  presence  of 

5 m M  H U ;  N M U T  (S ta rks  Associates,  Inc. ,  Buffalo,  
N.Y.,  Lo t  No. E T l - 1 4 8 - 1  ; NSC No. 2860, NCI,  Be thesda ,  
Md.), d issolved in 50% e thanol ,  was  added  (0.2 ml) to  a 
f inal  c o n c e n t r a t i o n  of 20 m M ,  and  the  m i x t u r e  was in- 
c u b a t e d  for a f u r t h e r  30 rain. E x t r a  slices were inc luded  
for h is to logical  e x a m i n a t i o n .  Slices were t h o r o u g h l y  
washed  w i t h  sal ine and  i n c u b a t e d  for va r ious  per iods  
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f rom 0 to  120 min in a fresh med ium wi th  HU,  followed 
by  a 2 h incuba t ion  in 10 ixCi/ml a H - m e t h y l - t h y m i d i n e  
(aH-TdR;  5 Ci/m3/I, Amersham-Sear le ,  Ar l ington  Hts . ,  
Ill.). Control  slices were t r ea t ed  s imilar ly excep t  t h a t  
equ iva len t  a m o u n t  of 50% e thanol  was added  ins tead  
of NMUT.  Final ly,  slices f rom tes t  and  contro l  incuba t ion  
mix tu res  were homogenized  (1:5, w/v) in sucrose-phos-  
pha t e  buffer,  and  DNA was isolated f rom t r ip l ica te  
samples  of the  homogena te ,  as descr ibed previously4-% 
for color imetr ic  7 and  rad ioac t iv i ty  de te rmina t ions .  

The HU- insens i t ive  a H - T d R  incorpora t ion  into DNA,  
as i l lus t ra ted in the  Figure,  represents  the  kinet ics  of 
DNA repair  syn thes i s  in the  slices, following N M U T  ex- 
posure.  I t  is clear t h a t  there  was a marked  increase over  
HU-con t ro l  value in HU- insens i t ive  aH-Td!R incorpora-  
t ion into DNA immed ia t e ly  folIowing N M U T  exposure ;  
a fu r ther  increase was observed when  NMUT-exposed  
slices were incuba ted  for 5 min in a fresh med ium wi th  
HU,  before aH-TdlR labeling. However ,  wi th  subsequen t  
incuba t ion  of these  slices in the  fresh HU-con t a in i n g  
medium,  there  was a t i m e - d e p e n d e n t  decline in aH-TdlR 
incorporat ion,  reaching app rox ima te ly  control  values  
( + H U )  by  120 rain. Addi t ion  of cold d T T P  (upto 10-~M) 
did no t  p roduce  any  s ignif icant  effect  on the  levels of 
3H-TdlR incorpora t ion  in t he  NMUT-exposed  slices. In  
the  cont ro l  slices, the  levels of aH_TdR incorpora t ion  in 
the  presence  of HU,  were cons i s ten t ly  low at  all in tervals  
dur ing  pos t - incuba t ion .  Histologically,  no s ignif icant  dif- 
ferences were observed  be tween  tes t  and  contro l  slices; 
however ,  a t  the  end of a H - T d R  ilmubation,  b o t h  t e s t  and  
contro l  slices showed minor  toxic changes,  as ev idenced 
by  loss of zymogen  granules and infranuclear  basophil ia .  

The low levels of a H - T d R  incorpora t ion  in the  presence  
of HU,  in the  contro l  slices, and  the  marked  induc t ion  of 
HU- insens i t ive  a H - T d R  incorpora t ion  immed ia t e ly  fol- 

lowing NMUT exposure,  are cons i s ten t  wi th  our previous  
resul ts  ~-6. We also d e m o n s t r a t e d  t h a t  suppress ion of 
D N A  repl icat ive  synthes is  by  H U  did no t  interfere  w i th  
DNA repair  synthes is  following in vi t ro  exposure  of pan-  
creat ic  slices to NMUT.  The resolut ion of DNA repai r  
syn thes i s  by  H U  appears  to  be par t i cu la r ly  enhanced  in 
organs and cells, such as pancreas~, 6, and per iphera l  
blood l ymphocy te s  s, which are mos t ly  free of S-phase  
ceils, and consequen t ly  possess low levels of D N A  re- 
pl icat ive synthesis .  

The p resen t  s tudies  indicate  t h a t  incuba t ion  of NMUT-  
exposed  slices in fresh m e d i u m  wi th  H U  allows DNA re- 
pair  to  proceed;  hence,  a H - T d R  incorpora t ion  at  var ious  
in tervals  dur ing  pos t - incuba t ion  of slices may  be t aken  
as a measure  of the  kinet ics  of DNA repair  synthesis .  The 
s t e ad y  decline in a H - T d R  incorpora t ion  to  ap p ro x i ma t e ly  
controI  values ( + H U )  suggests  t h a t  mos t  of the  NMUT-  
induced  DNA damage  was repai red  wi th in  120 min  fol- 
lowing NMUT-exposure .  Addi t ional ly ,  this  decline in 
apI_TdR incorpora t ion  does no t  appear  to be an a r t e fac t  
resul t ing f rom the  deple t ion  of intracel lular  deoxyr ibo-  
nucleot ide  pool, since add i t ion  of cold d T T P  did no t  
s ignif icant ly  influence the  level of a H - T d R  incorporat ion.  

I t  has  been d e m o n s t r a t e d  t h a t  D N A  damage due to  
base a lkyla t ion by  var ious  a lkyla t ing  agents,  including 
N-ni t roso  carcinogens,  can be repai red  in cul tured m a m -  
mal ian  cells a ,2, and in l iver in vivola,  ~4, and tha t ,  in 
mos t  cases, this  t ype  of repair  is r epor ted  to involve the  
excision of lesions f rom paren ta l  DNA. The p re sen t  
s tudies  on the  kinetics of D N A  repair  synthes is  indica te  
t h a t  mos t  of the  NMUT- induced  D N A  damage  in pancre-  
atic slices is repaired wi th in  2 h. The ex t en t  of repair,  and 
the  na tu re  of under ly ing  mechan i sms  involved in th is  
process  are cur ren t ly  under  inves t iga t ion  using alkaline 
sucrose dens i ty  g rad ien t  analysis.  
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Kinetics of DNA repair synthesis in guinea-pig pancreatic duodenal 
slices following in vitro exposure to NMUT. 4 or 5 duodenal slices 
were incubated at 37 ~ in separate flasks with 5 mM HU for 30 min, 
and then NMUT in 50% ethanol was added to a final concentration 
20 mM (1:50 dilution). At the end of a 30 rain exposure to NMUT 
the slices were washed thoroughly with saline, and were incubated 
in a fresh medium, with 5 mM HU, for 0, 5, 15, 30, 45, 60, 90, and 
120 rain, before the addition of aH-TdR to 10 p~Ci/ml final concentra- 
tion for 2 h. Control slices (0 0) received similar treatment but 
were exposed to 50% ethanol instead of NMUT. Data, based on 
3 replicate experiments, are expressed as mean dpm/~xg DNA ~ SD, 
with bars representing standard deviation. 
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