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ABSTRACT 

A method f o r  concomitant p a r t i a l  hepatectomy and c a t h e t e r i z a t i o n  of t h e  

a r t e r i a l  and p o r t a l  systems of t h e  l i v e r  i n  t h e  ra t  i s  descr ibed .  Cathe ters  

were i n s e r t e d  i n t o  t h e  gastroduodenal  a r t e r y  and the  i l e o c o l i c  v e i n .  Continuous 

s a l i n e  per fus ion  was performed dur ing  36 hours .  I n  c a t h e t e r i z e d  ra t s  recovery 

of l i v e r  and body weight  lagged behind t h a t  of non-ca the ter ized  ra ts .  The more 

ex tens ive  surgery and t h e  presence of c a t h e t e r s  a l s o  caused decreased incorpora-  

t i o n  of 3H-thymidine i n t o  l i v e r  DNA 24 hours pos topera t ive ly .  The v a r i a t i o n  i n  

thymidine i n c o r p o r a t i o n  between an imals  was l a r g e .  It was shown t h a t  by pre- 

l a b e l l i n g  l i v e r  DNA w i t h  "C-thymidine t h e  ra ts  can serve  as t h e i r  own c o n t r o l s  

dur ing  a c u t e  experiments involv ing  'H-thymidine, t h u s  reducing t h e  incons is -  

tancy of i n d i v i d u a l  v a r i a t i o n .  

INTRODUCTION 

P a r t i a l  r e s e c t i o n  of 213 of t h e  l i v e r  i n  ra t s  induces hypertrophy and 

hyperp las ia  of t h e  remaining l i v e r  t i s s u e .  This  i s  c h a r a c t e r i z e d  by changes i n  

enzyme a c t i v i t i e s ,  i n  RNA- and DNA-synthesis, and i n  m i t o t i c  a c t i v i t y .  Almost 

a l l  c e l l s  are s t imula ted  t o  s y n t h e s i z e  DNA and pass  through t h e  ce l l  c y c l e  

1-2 times. R e s t o r a t i o n  of organ weight  is usual ly  seen w i t h i n  a week. The course  

of t i m e  f o r  t h e s e  events  a r e  w e l l  known (2,5,8,13,14) .  

I n  t h e  p r e s e n t  s tudy we d e s c r i b e  a model designed t o  analyze t h e  e f f e c t s  of 

blood f low modif ica t ions  on l i v e r  c e l l  k i n e t i c s  i n  unaes the t ized  rats. We 

evalua ted  t h e  e f f e c t s  of concomitant c a t h e t e r i z a t i o n  of t h e  h e p a t i c  a r t e r y  and 

p o r t a l  v e i n  i n  connect ion w i t h  p a r t i a l  hepatectomy on body and l i v e r  weights ,  

a s  w e l l  as t h e  e f f e c t  of c a t h e t e r i z a t i o n  upon i n c o r p o r a t i o n  of 3H-thymidine and 

14C-thymidine i n t o  l i v e r  DNA, us ing  each animal as i t s  own c o n t r o l .  

MATERIAL AND METHODS 

Animals 

Young, a d u l t  male Sprague Dawley rats weighing 170-210 g (SPF q u a l i t y ,  
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Fig. 1. Schematic view of ca the t e r s  i n  the  i leo-col ic  ve in , in  the  
gastroduodenal a r t e r y  and of the  f r e e  ca the t e r  emptying i n t o  
the per i tonea l  cav i ty .  For d e t a i l s  of the a r t e r i a l  and po r t a l  
systems r e f e r  t o  Green ( 7 ) .  

from pump t o  a r t e r i a l  
\ and por t a l  ca the t e r  

per i t  
: t e r  
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Fig. 2 .  Catheterized ra t  i n  cage. 
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Anticimex, Sweden) were used f o r  t h e  experiment. The animals  were k e p t  under 

c o n s t a n t  c o n d i t i o n s  and had f r e e  access t o  s tandard l a b o r a t o r y  d i e t  before  and 

a f t e r  surgery .  

Surgi  ca 1 procedures  

The animals  were anaes the t ized  w i t h  an i p  i n j e c t i o n  of Mebumal, 30 mg/kg 

body weight .  A f t e r  mid l ine  i n c i s i o n  and r e t r a c t i o n  of t h e  l i v e r ,  t h e  o p e r a t i o n  

w a s  performed under a microscope ( 4  x). A polyethylene cannula ( Intramedic 

PE 50) w i t h  a narrow t i p  was i n s e r t e d  i n t o  t h e  gastroduodenal  a r t e r y  i n  t h e  

r e t r o g r a d e  d i r e c t i o n ,  according t o  Leivestad and Malt (12) .  The i l e o c o l i c  v e i n  

was c a t h e t e r i z e d  i n  t h e  an terograde  d i r e c t i o n .  To a l low i n t r a p e r i t o n e a l  i n f u s i o n ,  

the  t i p  of a t h i r d  c a t h e t e r  w a s  pos i t ioned  i n  t h e  p e r i t o n e a l  c a v i t y ,  f i g .  1. 

Af ter  c a t h e t e r i z a t i o n  t h e  median and l e f t  l a t e r a l  l o b e s  of t h e  l i v e r  were 

r e s e c t e d  accord ing  t o  Higgins and Anderson ( 9 ) .  I n  s e p a r a t e  experiments p a r t i a l  

hepatectomy w a s  accomplished b e f o r e  c a t h e t e r i z a t i o n .  The c a t h e t e r s  were p u l l e d  

subcutaneously t o  t h e  neck and t h e  abdominal wound w a s  s t i t c h e d .  A small p l a s t i c  

v i a l  a t t a c h e d  t o  the  neck secured t h e  c a t h e t e r s  from damage. From t h e  v i a l  t o  

t h e  top  of t h e  cage ,  t h e  c a t h e t e r s  were p r o t e c t e d  by a m e t a l  h e l i x ,  f i g .  2 .  

The i n t r a v a s c u l a r  c a t h e t e r s  were connected t o  pumps (Brown-Melsungen, type  

71100) which suppl ied 1 m1/24 h r  of Fyskosal/Heparin (500 I E  Hep/100 c c  Fysk). 

The p e r i t o n e a l  c a t h e t e r  was f i l l e d  w i t h  t h e  same s o l u t i o n  and c losed  a t  i t s  

f r e e  end. 

Five r a t s  subjec ted  t o  p a r t i a l  hepatectomy only served as c o n t r o l s .  

P a r t i a l  hepatectomy a l o n e  was u s u a l l y  accomplished w i t h i n  5 minutes .  Cathe- 

t e r i z a t i o n  requi red  another  15-25 minutes .  To minimize e f f e c t s  of d i u r n a l  v a r i a -  

t i o n s ,  o p e r a t i v e  work was r e s t r i c t e d  t o  a 1-2 hour per iod  i n  t h e  morning. 

One group of ra t s  w e r e  detached from t h e  pumps 36 hours  a f t e r  t h e  o p e r a t i o n .  

The metal h e l i x  was removed, t h e  c a t h e t e r s  were f l u s h e d ,  melted s h u t ,  c o i l e d  and 

put  i n t o  p l a s t i c  v i a l s .  This  group and t h e  c o n t r o l  group of non c a t h e t e r i z e d  

ra ts  were weighed d a i l y .  Seven days a f t e r  opera t ion  t h e  ra ts  were k i l l e d  and t h e  

l i v e r s  removed and weighed. 

Animals aimed f o r  rad ionucl ide  s t u d i e s  were given r a d i o a c t i v e  thymidine 24 

h u r s  a f t e r  t h e  opera t ion  v i a  t h e  p e r i t o n e a l  c a t h e t e r  o r  i n  t h e  c a t h e t e r  i n  

the i l e o c o l i c  ve in .  Slow f l u s h i n g  w i t h  5 i.ll a t  a t i m e  was accomplished w i t h  a 

r e p e a t i n g  d i s p e n s e r  (Hamilton Comp) u n t i l  100 i.ll conta in ing  185 kBq (5  pCi) of 

(methyl-I4C) thymidine (185 GBq, Amersham) and/or  100 i.l1 c o n t a i n i n g  3 . 7  MBq 

(100 pCi) ( m e t h ~ l - ~ H )  thymidine (555-1110 GBq, Amersham) w a s  adminis tered.  

For double l a b e l l i n g ,  where each animal served as i t s  own c o n t r o l ,  t4C-thymidine 

was i n j e c t e d  f i r s t  and 3H-thymidine one o r  two hours  l a t e r .  

One hour a f t e r  t h e  las t  i n j e c t i o n  t h e  rats were k i l l e d  and t h e  l i v e r s  were 

removed,and the  d i f f e r e n t  p a r t s  of t h e  regenera t ing  l o b e  were i d e n t i f i e d ,  f rozen  
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on s o l i d  COz,  and s t o r e d  a t  - 7 O O C  u n t i l  a n a l y s i s .  

o t h e r ,  one group of animals  rece ived  3H-thymidine only and another  group 3H- 

thymidine and 14C-thymidine concomitant ly .  The same doses  as descr ibed  above 

were used. 

To ensure t h a t  t h e  two i n j e c t i o n s  of thymidine did n o t  i n t e r f e r e  w i t h  each 

To show metabol ic  e f f e c t s  on thymidine incorpora t ion  i n  l i v e r  DNA one group 

of animals  was given 3H-thymidine 24 hours  a f t e r  p a r t i a l  hepatectomy and one 

hour l a te r  14C-thymidine mixed wi th  0.001 o r  0 .2  mmol "cold" thymidine. 

Number Body weight 
of rats 

M SD 

0 1 2 3 4 5  6 7 
day 

5 w i t h  202g 100% 90% 92% 95% 97% 100% - 107%l)  
no ca th .  + + + + + + +  

4 wi th  206g 100% 87% 87% 89% 90% 91% - 98% 
c a t h .  

-5 -2 -2 -3 -4 -4 -4 24 

-6 -3 -4 - 4  -3 -3 -2 23 + +  + + + + +  
I 

Analysis  of DNA 

Specimens taken from t h r e e  d i f f e r e n t  p a r t s  of t h e  regenera t ing  lobe were 

analyzed by two methods. DNA was e x t r a c t e d  according t o  Schmidt-Tannhauser as 

modified by Munro & Fleck (16 )  and q u a n t i f i e d  according t o  Burton ( 4 ) .  DNA w a s  

a l s o  i s o l a t e d  by proteinase-K according t o  Kasche-Amneus (10) and q u a n t i f i e d  

by W-spectrophotometry. 

R a d i o a c t i v i t y  was analysed i n  a s c i n t i l l a t i o n  counter  (Mark 11) and DNA 

s p e c i f i c  r a d i o a c t i v i t y  determined. The two methods f o r  DNA ana lyses  were i n  

good agreement. Only r e s u l t s  from analyses  performed according t o  t h e  Schmidt- 

Tannhauser method are repor ted  here .  

For c a l c u l a t i o n  of t h e  r a t i o  between the  s p e c i f i c  3H- and 14C-act ivi ty  i n  

DNA, t h e  measured CPM/mg DNA w a s  divided by t h e  CPM of i n j e c t e d  3H-thymidine 

and 14C-thymidine, r e s p e c t i v e l y .  

L iver  weight 

M SD 
day 

7 
7 .  4gL) 

?0.3 

6.4g 2) 

20.9 

RESULTS 

The e f f e c t s  of surgery  and c a t h e t e r i z a t i o n  upon t o t a l  body and l i v e r  

weights  a r e  given i n  Table  1. Dif fe rences  between c a t h e t e r i z e d  and non-cathe- 

t e r i z e d  rats were small, b u t  recovery i n  ra t s  w i t h  c a t h e t e r s  lagged behind 

of the  c o n t r o l  group. 

Table 1. E f f e c t  of c a t h e t e r i z a t i o n  on body and l i v e r  weight 1-7 days a f t e r  
p a r t i a l  hepatectomy. Cathe ters  were connected t o  t h e  pumps f o r  36 
hours. Mean f s tandard  d e v i a t i o n .  

t h a t  
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Neither  pre- nor  coadminis t ra t ion  of 14C-thymidine i n t e r f e r r e d  s i g n i f i c a n t l y  

w i t h  t h e  i n c o r p o r a t i o n  of 3H-thymidine i n t o  l i v e r  DNA (Table  2 ) .  

Table '2 .  E f f e c t  of pre- o r  coadminis t ra t ion  of 14C-thymidine (10 - 4  
mmol) on 3H- 

thymidine (5 x mmol) incorpora t ion  i n t o  l i v e r  DNA 24 hours  a f t e r  
p a r t i a l  hepatectomy. Radionucl ides  were adminis te red  through a per- 
manent c a t h e t e r  emptying i n t o  the  p e r i t o n e a l  c a v i t y .  Mean * s tandard  
d e v i a t i o n ,  r e l a t i v e  v a l u e s .  

Number of 
animals  

4 

3 

5 

~~ 

Hours a f t e r  p a r t i a l  hepatectomy CPM per  mg DNA per 
i n j e c t e d  CPM 

i n j e c t i o n  of 14c 3H 
k i l l e d  'I 

4C-thymidine 3H-thymidine M SD M SD 

- 24 25 - 2.43?0.61 

24 24 25 3.55?0.55 2 .  9020. 72 

23 24 25 4.17?0.72 3.08:O. 70 

In  Table 3 ,  two groups of r a t s ,  having e i t h e r  an  i n t r a p e r i t o n e a l  c a t h e t e r  

only (A1) o r  having an i n t r a p e r i t o n e a l  c a t h e t e r  as w e l l  as c a t h e t e r s  i n  t h e  

gastroduodenal  a r t e r y  and i l e o c o l i c  v e i n  (B ) are compared. Both groups were 

Table 3. E f f e c t  of c a t h e t e r s  i n  t h e  gastroduodenal  a r t e r y  and t h e  i l e o - c o l i c  
v e i n  on thymidine i n c o r p o r a t i o n  i n t o  l i v e r  DNA 24 hours  a f t e r  p a r t i a l  
hepatectomy. I4C-thymidine o r  3H-thymidine was adminis tered through a 
permanent c a t h e t e r  emptying i n t o  t h e  p e r i t o n e a l  c a v i t y .  Mean 
s tandard  d e v i a t i o n .  

1 

I n j e c t i o n  of I k i l l e d  I M ? SD 
radionuc l i d e  

Cathe ters  i n  

SD % of 1 

A1 

c a v i t y  B 1  

A2 

B2 

p e r i t o n e a l  
c a v i t y  
per i tonea  1 

gas  t roduodena 1 a. 
i l e o - c o l i c  v .  
per i t one: 1 
c a v i t y  
p e r i t o n e a l  
c a v i t y  
gastroduodenal  a. 
i l e o - c o l i c  v .  

23 

23 

24 

24 

Radio- 
n u c l i d e  
(numb er 
of r a t s )  

( 5  r a t s )  
4C-thymidine 

'C-thymidine 
( 3  rats)  

3H-thymid i n e  
(12 r a t s )  

3H- t hymid i n e  
(7 r a t s )  

25 4.17 * 0.72* 17 

25 2.38 0.49* 2 1  

25 2.82 * 0.68** 24 

25 1.75 0.86** 49 

Hours a f t e r  p a r t i a l  CPM per mg DNA per  
hepatectomy i n j e c t e d  CPM 

* The d i f f e r e n c e  i s  s i g n i f i c a n t  0.01 > p > 0.002 
I 1  I 1  11 ** 11 0.02 > p > 0.01 

given 14C-thymidine through t h e  i n t r a p e r i t o n e a l  c a t h e t e r .  The experiment was 

repea ted  i n  two similar groups, A2 and B2, g iven 3H-thymidine (Table  3) .  Rats 

w i t h  i n t r a v a s c u l a r  c a t h e t e r s  had a l a r g e r  v a r i a t i o n  i n  thymidine i n c o r p o r a t i o n  

i n t o  DNA of t h e  r e g e n e r a t i n g  l i v e r ,  and less i n c o r p o r a t i o n  compared t o  animals  
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Table 4. Var ia t ion  i n  DNA l a b e l l i n g  i n  groups of ra t s  and i n  i n d i v i d u a l  r a t s .  
14C-thymidine w a s  adminis tered 23 hours  and 3H-thymidine 24 hours  
p o s t o p e r a t i v e l y  and t h e  ra ts  were k i l l e d  one hour l a te r .  

CPM p e r  mg DNA p e r  i n j e c t e d  CPM 

'4c  3H 
Mean SD Mean - SD 

+ 

2.19 0.66 2.10 -+ 0.90 

p e r i t o n e a l  p e r i t o n e a l  ly.;s) /cavity 

3H/'4C i n  DNA 

Mean SD 

1 . 0 3  0.16 

p e r i t o n e a l  p e r i t o n e a l  
c a v i t y  c a v i t y  
g a s t  roduodenal 
a r t e r y  
i l e o - c o l i c  

( 3  r a t s )  

i l e o - c o l i c  i l e o - c o l i c  

I e i n  

e i n  
(8  r a t s )  

v e i n  

2.13 1.79 

1.46 0.56 

CPM per  mg DNA per  i n j e c t e d  CPM 

2) 

4)  

0 .43 0.13 + 1) 0.79 - 0.49 

0.29 0.04 0.36 _t 0.01 3) 

M ~ S D  

4.17?0.72 

2.38+0.49 

2.19?0.66 

SD 
: of M 

1 7  

2 1  

30 

3H 

M%D 

3.08:O. 7C 

l .8S20.54 

? . l O - + O .  90 

SD 
: of M 

23 

29 

43 

Table 5. E f f e c t  of a d d i t i o n  of "coldll thymidine on i n c o r p o r a t i o n  

3H/ '4C i n  DNA 
i n  each ra t  

of I 

1 

16 

16 

- 
of r a d i o a c t i v e  

thymidine i n  regenera t ing  rat l i v e r .  A l l  i n j e c t i o n s  were made through 
a c a t h e t e r  i n  t h e  i l e o - c o l i c  v e i n .  0.001 o r  0.02 mnol l 'coldll thymidine 
w a s  mixed w i t h  t h e  i n j e c t e d  3H-thymidine. I4C-thymidine was adminis- 
t e r e d  23 hours and 3H-thymidine w i t h  c o l d  thymidine 24 hours post-  
o p e r a t i v e l y  and t h e  rats were k i l l e d  one hour la ter .  

"Cold" thymidine 
mn01/100 1.11 

A -  
(8 r a t s )  

B 0.001 
(2 r a t s )  

c 0.2 
( 2  r a t s )  

. ~~ .~ ~~~~ 
~ 

1) Dif ference  a s  compared t o  3H-activity i n  group A i s  n o t  s i g n i f i c a n t .  
0.1 > p > 0.05 (Student's t - t e s t )  

0.05 > p > 0.02 
11 I 1  11 I '  3H/14C i n  group A i s  s i g n i f i c a n t .  

11 I 1  I 1  3H-activity i n  group A i s  s i g n i f i c a n t .  

11 11  11  3H/14C i n  group A i s  s i g n i f i c a n t .  

2) 

3) 

4) 
0.002 > p > 0.001 

0.001 > p. 
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without  i n t r a v a s c u l a r  c a t h e t e r s .  

The s p e c i f i c  a c t i v i t y  of DNA w a s  lower a f t e r  i n t r a v a s c u l a r  a d m i n i s t r a t i o n  

of l a b e l l e d  thymidine than  a f t e r  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  i n  animals  

without i n t r a v a s c u l a r  c a t h e t e r s  (Table 4 ) .  The s tandard  d e v i a t i o n  of t h e  DNA 

s p e c i f i c  a c t i v i t y  i n  t h e  d i f f e r e n t  groups of animals w a s  17-43% of t h e  mean, 

whereas t h e  s tandard  d e v i a t i o n  of t h e  H/ C of DNA i n  each animal was 1-16% 

of t h e  mean. Thus, w i t h  a pre t rea tment  i n j e c t i o n  of l a b e l l e d  thymidine t h e  

l e v e l  of incorpora t ion  i n t o  DNA f o r  each animal could be determined. 

3 1 4  

The e f f e c t  of an  i n t e r f e r i n g  substance could be demonstrated a t  t h e  t i m e  

of t h e  second i n j e c t i o n  of l a b e l l e d  thymidine (Table 5 ) .  The a d d i t i o n  of "cold" 

thymidine t o  the  i n j e c t e d  3H-thymidine decreased t h e  incorpora t ion  of l a b e l  

i n t o  DNA i n  agreement wi th  known metabol ic  e f f e c t s  ( 6 , l l ) .  

DISCUSS I O N  

The experimental  use  of t h e  cont inuous ly  perfused ra t  l i v e r  i n  v i v o  has  been 

previous ly  descr ibed  (12) .  I n  t h i s  s tudy we have shown t h a t  t h e  p o r t a l  and t h e  

a r t e r i a l  systems can be concomitant ly  per fused  i n  ra t s  i n  combination w i t h  

p a r t i a l  hepatectomy. P a r t i a l  hepatectomy s t i m u l a t e s  thymidine phosphorylat ion 

and DNA s y n t h e s i s  i n  l i v e r  c e l l s .  Thus, t h e  experimental  system descr ibed  i s  of 

i n t e r e s t  f o r  i n v e s t i g a t i o n s  of ce l l  k i n e t i c s .  Because of t h e  dua l  blood flow 

t h e  l i v e r  i s  more complicated t h a n  o t h e r  models. It o f f e r s ,  however, i n t e r e s t i n g  

p o s s i b i l i t i e s  i n  t h e  study of e f f e c t s  of blood flow r e s t r i c t i o n  and compensa- 

t o r y  mechanisms. 

I n  t h e  p r e s e n t  s tudy ,  i n f u s i o n  was i n t e r r u p t e d  36 hours p o s t o p e r a t i v e l y  but  

i t  could have been cont inued wi thout  d i f f i c u l t y .  A t  l a t e r  times fo l lowing  

p a r t i a l  hepatectomy, however, opera ted  ra ts  seem t o  be no more s e n s i t i v e  t o  

t h e  experimental  s i t u a t i o n  than  are ord inary  r a t s ,  which t o l e r a t e  i n f u s i o n  

q u i t e  w e l l  (12) .  A prolonged and complicated o p e r a t i v e  procedure and/or  t h e  

presence of c a t h e t e r s  a f f e c t e d  body and l i v e r  weight as w e l l  as l i v e r  c e l l  meta- 

bol ism.  Liver  DNA s y n t h e s i s  was decreased o r  delayed and t h e  v a r i a t i o n  bet-  

ween animals increased .  These d i f f e r e n c e s  show t h a t  i t  i s  e s s e n t i a l  t o  use  

c a t h e t e r i z e d  rats given sham i n j e c t i o n s  as c o n t r o l s .  I n  t h i s  s tudy t h e  incon- 

s i s t a n c y  of i n d i v i d u a l  v a r i a t i o n  w a s  decreased when animals  were used as t h e i r  

own c o n t r o l s  us ing  t h e  double l a b e l l i n g  technique.  

The choice  of l a b e l l e d  thymidine i n  t h i s  s e r i e s  of experiments was r e l a t e d  

t o  t h e  v a s t  documentation of t h e  f a t e  of t h i s  precursor  i n  t h e  r e g e n e r a t i n g  

l i v e r  (13) .  It i s  wel l  known t h a t  t h e  d i u r n a l  rhythm of t h e  r a t  i s  r e f l e c t e d  

i n  l i v e r  metabolism dur ing  t h e  r e g e n e r a t i v e  process  (1) and t h a t  age and 

stress f a c t o r s  i n f l u e n c e  DNA s y n t h e s i s  ( 3 ) .  We could p o s s i b l y  have improved 

t h e  synchrony of l i v e r  regenera t ion  by us ing  a r e g u l a r  f e e d i n g  schedule  (17) 

thus  decreas ing  v a r i a t i o n  i n  thymidine incorpora t ion  between animals .  We do n o t  
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t h i n k ,  however, t h a t  t h e  v a r i a t i o n  between t h e  ra t s  due t o  c a t h e t e r i z a t i o n  

would be decreased s i g n i f i c a n t l y .  Therefore ,  t h e  double l a b e l l i n g  method should 

be a v a l u a b l e  t o o l  i n  improving t h e  s i g n i f i c a n c e  of t es t  r e s u l t s .  It i s  p o s s i b l e  

t h a t  t h e  i n t e r v a l  between i n j e c t i o n s  can be prolonged,  bu t  because of d i u r n a l  

v a r i a t i o n  t h i s  must b e  i n v e s t i g a t e d  f u r t h e r .  High c o n c e n t r a t i o n s  of "cold" 

thymidine i n j e c t e d  w i t h  3H-thymidine d i l u t e s  t h e  r a d i o a c t i v e  molecules  r e s u l t i n g  

i n  decreased l a b e l l i n g  of DNA (11) .  Thymidine a l s o  d i s t u r b s  deoxynucleot ide 

metabolism and n u c l e i c  a c i d  s y n t h e s i s  r e s u l t i n g  i n  growth i n h i b i t i o n  (6,111. The 

n e g a t i v e  e f f e c t  of added thymidine on the  incorpora t ion  of 3H-thymidine i n t o  DNA 

was obvious i n  t h i s  s tudy.  We cons ider  DNA e s p e c i a l l y  w e l l  s i u t e d  f o r  t h e  de te r -  

minat ion of f i n a l  r e s u l t s  of metabol ic  a l t e r a t i o n s  because of i t s  very low 

turnover .  Other compounds w i t h  a low turnover  such as c e r t a i n  RNAs and p r o t e i n s  

should a l s o  be u s e f u l .  
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