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Effect of sodium chloride solution on peritoneal fluid cellular content 
of adult female mice 1 h after an i.p. injection 

Control Sodium p b 
chloride 1% 

No. of animals 20 16 

Body weight (g) 24.4 4- 0.4 25.8 :t: 0.6 

Cell type % distribution of cells 

unchanged,  b u t  we observed daisy cells only  in abdomina l  
fluid asp i ra ted  f rom mice given the  sal t  solution. 

On the  basis of these  findings,  we ques t ion  the  feasibi l i ty 
of i r r igat ing the  abdomina l  cav i ty  wi th  saline in experi-  
men ta l  and  clinical s tudies  in order  to ob ta in  per i toneal  
fluid cytologic specimens.  

Mesothelial cells 78.1 -t- 2.7 ~ 66.5 ~ 4.1 < 0.05 
Lymphocytes 10.8 -4- 2.0 22.4 -L 4.0 < 0.02 
Polymorphonuclearleucoeytes 2.0 d: 0.5 4.7 ~ 1.1 < 0.05 
Histioeytes 1.6 -E 0.5 0.8 ~= 0.3 > 0.1 
Mast cells 0.3 • ... 0.3 ~ . . . . . .  
Bare nuclei 7.5 -4- 1.2 4.4 :k 1.2 > 0.05 
Daisy cells 0.0 -E ... 0.1 2~ . . . . . .  

a Standard error, bProbability values. 

Rdsum#. Une  heure  apr~s in ject ion i.p. d 'une  solut ion 
de 1~o de chlorure  de sodium, nous avons  observ6 un 
grand c h a n g e m e n t  dans  le pourcen tage  des diverses cel- 
lules dn l iquide p6riton6al de souris felnelles adultes.  
Nous envisageons  ainsi la possibilit6 d ' i r r iguer  la cavit6 
abdomina le  avec une solut ion saline t a n t  en r u e  d '6 tudes  
cliniques qu ' exp6r imenta les  pour  ob ten i r  le l iquide en 
quest ion.  
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Mitotic  Inhibit ion Induced in H u m a n  Kidney Cells by Methy lg lyoxa l  and Kethoxal  

The physiological  mechan i sms  which  contro l  the  
homeos tas i s  of cellular prol i fera t ion in adul t  organs  and  
the  failure of these  mechan i sms  in neoplas t ic  g rowth  
cons t i tu te  a p rob lem of pr ime impor tance  in p r e s e n t - d a y  
biological research.  Several  s tudies  ~-4 have  ind ica ted  
t h a t  d i f fe ren t ia ted  adul t  t issues conta in  mi to t ic  inh ib i to ry  
substances ,  as well as compounds  which  s t imula te  cell 
prol i ferat ion.  In  cer ta in  cases these  subs tances  are organ 
specific 5-7, while  in o thers  non-specif ic  inh ib i to ry  prep-  
ara t ions  have  been  ob ta ined  f rom a d ivers i ty  of tissues, 
which  appear  to con ta in  a ke toa ldehyde  grouping s 
E x p e r i m e n t s  using the  model  compounds  methy lg]yoxa l  
and  ke thoxa l  (fl-ethoxy ~-ke tobutyra ldehyde)  have  shown 
t h a t  these  compounds  do in fact  inh ib i t  cell g rowth  in 
E. coli and in K B  cells z,s, while m e t h y l  and  propylg lyoxa l  
inh ib i t  cell division in mouse  l y m p h o m a  (L-5178Y) 
cells 9. In  these  cases t he  pr incipal  mode  of ac t ion appears  
to  be by  an  inhib i t ion  of p ro te in  synthes is  r a t he r  t h a n  
a di rect  ac t ion on R N A  or  D N A  synthesis .  Glyoxal  itself 
is also cy to tox ic  to  h u m a n  f ibroblas ts  ~0 b u t  in th is  case 
t he  mode  of ac t ion involves  inhib i t ion  of D N A  as well 
as p ro te in  synthesis ,  while ke thoxal  bis ( thiosemicar-  
bazone) a cy tos ta t i c  agen t  acts  p r imar i ly  by  inhib i t ing  
D N A  synthes is  ~. In  view of the  possible an t icancer  
ac t iv i ty  of th is  class of compound  and  the i r  p robable  
role in t issue contro l  mechan i sms  it was of in te res t  to  
fu r the r  examine  the i r  ac t iv i ty  in synchron ized  cul tures  
of h u m a n  cells, in which  specific an t imi to t i c  ac t iv i ty  
(G2-block) can be d is t inguished  f rom non-specif ic  inhi- 
b i to ry  ac t iv i ty  occurr ing in o ther  phases  of the  cell cycle. 

Methods. H u m a n  k idney  T-cells were grown as mono-  
layers  on glass coversl ips in plast ic  pe t r i  dishes or in 
T-f lasks in l ac ta lbumin  p h o s p h a t e  m e d i u m  (LPC) con- 
t a in ing  5.5% of n e w - b o r n  calf serum. Deta i led  experi-  
men t a l  condi t ions  have  previous ly  been  descr ibed ~ as 
well as t he  synchron iza t ion  procedure  using a double  
thymidi l l e  block. 

The Synthesis  of DNA, R N A  and  pro te in  was measured  
b y  the  incorpora t ion  of HMabe l l ed  thymid ine ,  u r i d i n e  

or h is t id ine  precursors  for 30 min.  Fol lowing pulsing the  
monolayers  were washed  wi th  fresh medium,  t rypsinized,  
counted,  washed  wi th  saline and  the  cell pellet  dissolved 
in 0 .3N K O H  for l iquid scint i l la t ion counting.  In  the  
case of IIS-hist idine labell ing the  cells were also ex t r ac t ed  
wi th  cold 5% tr ichloracet ic  acid. 

Methylg lyoxa l  was a 40% solut ion in water  suppl ied  
by  Koch -L igh t  and  Co. London.  K e t h o x a l  was a 60% 
solution k ind ly  dona ted  by  Dr. P. W. O'CONNELL Of 
the  U p j o h n  Pha rmaceu t i ca l  Company,  Kalamazoo.  Di- 
lut ions were m a d e  di rec t ly  in LPC med i u m immed ia t e ly  
before use. 

Experimental. The addi t ion  of me thy lg lyoxa l  or ke thoxa l  
to synchron ized  cells in e i ther  G1, S or G2 stages of the  
cycle was found  to inh ib i t  the i r  subsequen t  mi to t ic  
division wave  as is shown in t he  Figure.  The onse t  of 
inhibi t ion is rap id  as is seen when  the  inhibi tors  are 
added  in G2 (7 h af ter  T d R  removal) .  Mitotic figures 
also rap id ly  d i sappear  (within 1 h) f rom asynchronous  
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Effect of methylglyoxal and kethoxal on mitosis of 
synchronized human  kidney T-cells in LPC medium. 
Second thymidine block was removed at 0 h. ]3oth 
inhibitors used  at a concentration of 50 ~xg/ml. 

(1) Inhibitors added at 13 h post-TdR block (cells in G1). �9  control, x - -x  methylglyoxal, o - - � 9  kethoxal. (2) Inhibitors added at 3 h 
post-TdR block (cells in S). Legend as for (1). (3) Inhibitors added at 7 h  post-TdR block (cells in G2). Legend as for (1). �9 ....... �9 
kethoxal solution preincubated for 5 h at 37~ in LPC medium, before adding to cells. (4) Protective effect of cysteamine and 
cysteine on inhibition by kethoxal. Kethoxal added at 7 h post-TdR block (cells in G2). O-- �9  control, � 9 1 4 9  kethoxal, x - -x  kethoxal 
+ 5 m M  cysteamine, x ...... x 5 m M  eysteamine, | kethoxal + 10 m M  cysteine. 

The incorporation of radioactive precursors into human  kidney 
T-cells 

RNA DNA Protein 

During S (3 h after TdR removal) 

Control c/m - 105 cells 15,500 5,500 7,700 
(% inhibition) 

Kethoxal 50 [xg/inl 15 55 30 
100 ~zg/ml 30 85 98 

Methylglyoxal 50 ~xg/ml 30 45 70 
100 [xg/ml 70 60 98 

During G2 (7 h after TdR removal) 

Control c/nl - 105 ceils 11,300 7,300 
(% inhibition) 

Kethoxal 50 ~xg/ml 0 - 45 
100 [zg/Inl 5 - 98 

Methylglyoxal 50 [zg/ml 15 - 30 
100 [zg/ml 20 - 65 

RNA synthesis was measured with 1 ~xCi/inl of uridine-5-H 3, 29,600 
mc/mM; DNA synthesis with 1 ~xc/ml of thymidine-6-T(n)(H3-TdR) ; 
5000 mc/mM;  protein synthesis with 5 [xe]ml of L-histidine, 2-5-T, 
7500 me/raM. Ceils were preincubated with inhibitor for 30 Inin, 
then the precursor added for a further 30 min followed by washing 
and trypsinization of monolayers. Results are the mean of 2 separate 
experiments for each determination. 

c u l t u r e s  t r e a t e d  w i t h  50 ~zg/ml of  k e t h o x a l .  K e t h o x a l  
w a s  a m o r e  p o t e n t  i n h i b i t o r  t h a n  m e t h y l g l y o x a l .  T h e r e  
is a s h a r p  c o n c e n t r a t i o n  e f f ec t  e v i d e n t  in  t h e  c a s e  of  
m e t h y l g l y o x a l  i n h i b i t i o n .  M o d e r a t e  a n d  r e v e r s i b l e  i n h i -  
b i t i o n  is s h o w n  b y  50 [zg/ml wh i l e  100 ~zg/ml p r o d u c e s  a 
r a p i d  b l o c k  of  d i v i s i o n  a n d  w i t h i n  a f ew  h o u r s  p y k n o t i c  
cell  d e a t h  in  a l a r g e  p r o p o r t i o n  o f  t h e  ceils .  K e t h o x a l  a t  
100 txg/ml  is a l so  c y t o t o x i c  t o  t h e s e  cel ls  w i t h i n  a f ew  
h o u r s .  

S o l u t i o n s  of  t h e  i n h i b i t o r s  we re  f o u n d  t o  be  v e r y  u n -  
s t a b l e  in  L P C  m e d i u m  w h e n  k e p t  a t  37 ~ All  i n h i b i t o r y  
a c t i v i t y  w a s  l o s t  a f t e r  5 h i n c u b a t i o n ,  p r e s u m a b l y  d u e  
to  e n z y m a t i c  a c t i v i t y .  A l t h o u g h  t h e  i n h i b i t o r s  a r e  i nac -  
t i v a t e d  w i t h i n  a f ew h o u r s ,  cel l  c u l t u r e s  t r e a t e d  in  G1 
st i l l  a r e  s t r o n g l y  i n h i b i t e d  18 h a f t e r  t h e  a d d i t i o n  of  

i n h i b i t o r .  Cel ls  t r e a t e d  d u r i n g  S - p h a s e  h o w e v e r  a p p e a r  
t o  be  less  s e n s i t i v e  a n d  s h o w  r e v e r s i b l e  i n h i b i t i o n .  Cel ls  
in  G2  a r e  s t r o n g l y  b l o c k e d .  

T h e  i n h i b i t i o n  c a n  be  l a r g e l y  p r e v e n t e d  b y  t h e  s i m u l -  
t a n e o u s  a d d i t i o n  o f  t h i o l  c o m p o u n d s  w i t h  t h e  k e t o -  
a l d e h y d e s ,  in  c o n f i r m a t i o n  o f  f i n d i n g s  w i t h  o t h e r  ce l ls  8,9. 
C y s t e a m i n e  w a s  f o u n d  t o  be  a m o r e  e f f e c t i v e  p r o t e c t o r  
t h a n  c y s t e i n e .  T h e r e  w a s  n o  p o t e n t i a t i o n  of  t h e  i n h i b i t i o n  
b y  t h e  a d d i t i o n  of  a d r e n a l i n  a t  0.01 [zg/ml u n l i k e  t h e  c a s e  
o f  t h e  e p i d e r m a l  c h a l o n e s 1 8  

T h e  e f f ec t  of  t h e  i n h i b i t o r s  o n  t h e  s y n t h e s i s  o f  D N A ,  
R N A  a n d  p r o t e i n  d u r i n g  S a n d  G2 s t a g e s  of  t h e  cyc l e  
is s h o w n  in  t h e  T a b l e .  B o t h  c o m p o u n d s  p o w e r f u l l y  
i n h i b i t  p r o t e i n  s y n t h e s i s  in  b o t h  S a n d  G2 p h a s e s .  R N A  
s y n t h e s i s  is m u c h  less  a f f e c t e d  wh i l e  D N A  s y n t h e s i s  
d u r i n g  S is m o d e r a t e l y  a f f e c t e d .  T h e  i n h i b i t i o n  o f  D N A  
s y n t h e s i s  w a s  a l so  c o n f i r m e d  for  a s y n c h r o n o u s  c u l t u r e s  
p u l s e  l a b e l l e d  w i t h  H 3 - T d R  for  30 r a in  in  t h e  p r e s e n c e  
o f  0 - 1 0 0  ~xg/ml of  k e t h o x a l ,  a n d  e x a m i n i n g  a u t o r a d i o -  
g r a p h i c a l l y .  S t r o n g  i n h i b i t i o n  w a s  s h o w n  b y  100 ~xg/ml, 
m o d e r a t e d  b y  50 [zg/ml, w h i l e  10 [xg/ml o r  l o w e r  k e t h o x a l  
w a s  e s s e n t i a l l y  w i t h o u t  e f fec t .  T h e s e  f i n d i n g s  c o n f i r m  
t h e  a c t i o n  o f  g l y o x a l s  f o u n d  for  o t h e r  cel ls  TM. 

I n  v i e w  of  t h e s e  f i n d i n g s  a n d  of  t h e  r e s u l t s  o f  o t h e r  
w o r k e r s  i t  w o u l d  a p p e a r  t h a t  t h i s  c l a s s  of  c o m p o u n d  d o  
n o t  a c t  a s  spec i f i c  m i t o t i c  b l o c k i n g  a g e n t s  b u t  c a n  i n h i b i t  
a t  a n y  p o s i t i o n  in  t h e  cel l  cyc le  b y  i n t e r f e r r i n g  w i t h  
m e t a b o l i c  p r o c e s s e s .  I n  s u f f i c i e n t l y  h i g h  c o n c e n t r a t i o n s  
t h e y  a r e  c y t o t o x i c  t o  m a m m a l i a n  cells .  I f  t h e y  h a v e  a 
ro le  in  n o r m a l  t i s s u e  h o m e o s t a s i s  t h e y  w o u l d  p r e s u m a b l y  
h a v e  t o  b e  s t a b i l i z e d  in  s o m e  m a n n e r  o r  be  c o n s t a n t l y  
p r o d u c e d .  

Zusammen/assung. S y n c h r o n i s i e r t e  m e n s c h l i c h e  N i e r e n -  
T - Z e l l e n  ze igen  e ine  M i t o s e v e r z 6 g e r u n g ,  w e n n  s ie  in  d e r  
GI-,  S- o d e r  G 2 - P h a s e  d e s  Z y k l u s  M e t h y l g l y o x a l  o d e r  
K e t h o x a l  a u s g e s e t z t  w e r d e n .  D ie  M i t o s e v e r z 6 g e r u n g  w i r d  
d u r c h  5 m M  C y s t e a m i n  e l i m i n i e r t .  
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