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Chlorphenamidine, NC(4-chloro-o-tolyl)-N,N-dimethyl- 
formamidine (1), has be~n widely used for plant protection 
purposes since its i n i t i a l  introduction as an acaricide 
in 1964. Knowles and his coworkers studied the metabolism 
of radioactive chlorphenamidine in plants and animals. 
They indicated that chlorphenamidine was par t ia l l y  demethylated 

N1(4-chloro-o-'tolyl)-N - to yield demethylchlorphenamidine,_- 
methylformamidine ( I I ) ,  and both compounds (I and I I )  were 
then hydrolyzed to form N-formyl-4-chloro-o- to lu id ine(I I I ) .  
This metabolite was subjected to deformyla~ion and 4-chloro- 
2-methylaniline (IV) was produced. Furthermore they detected 
N-formyl-5-chloroanthranilic acid and 5-chloroanthranil ic 
acid in mammals. The metabolic relationship among chlor- 
phenamidine and i ts metabolites was summarized by KNOWLES (1970). 
In our laboratory Morikawa and Fukami studied chlorphenamidine 
metabolism in mammals and insects, and they ident i f ied 
compounds I f ,  I l l ,  and IV as metabolites of chlorphenamidine 
(unpublished work). 

The elucidation of the effects and the mechanisms of 
action of the pesticide on cultured human cells might be 
helpful in evaluation of safety of this effective chemical 
on humans. The present study deals with the effect of 
chlorphenamidine and i ts possible metabolites on cell growth 
and on the synthesis of DNA, RNA, and protein in HeLa cell 
cultures. 

Materials and Methods 

Compounds I, I I ,  I I I ,  and IV were prepared and purif ied 
by M. Morikawa in our laboratory, and details of the 
procedures wi l l  be described elsewhere. A chlorphenamidine 
analog, 5-chloro-2-nitrotoluene (V) was obtained from 
Aldrich Chemical Co., Inc., Milwaukee, Wisconsin. 

HeLa cells were provided by Dr. S. Suzuki, Research 
Laboratories, Chugai Pharmaceutical Co., Tokyo. Cells 
were grown as monolayer cultures in t i gh t l y  Stoppered culture 
bottles at 37~ The culture medium (lO0 ml) consisted of 
88 ml of Eagle's minimum essential medium (EAGLE 1959), 

lO ml of calf serum, l ml of 7.5 percent solution of NaHCO 3 
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and 1 ml of p e n i c i l l i n - s t r e p t o m y c i n  mix tu re  ( 5000 u n i t s  
each) .  A l l  components were ob ta ined  from Chiba Serum 
L a b o r a t o r y ,  Chiba, Japan, except  the a n t i b i o t i c s  mix tu re  
which was purchased from M i c r o b i o l o g i c a l  A s s o c i a t e s ,  Bethesda, 
Mary land.  

E f f e c t s  of  chemicals  on s y n t h e s i s  of  n u c l e i c  ac ids and 

I r o t e i n  were measured accord ing  to the method of LITTERST et a l ,  
1969). Ce l l s  in 5 ml of growth medium were p lan ted  in 

c u l t u r e  b o t t l e s .  A f t e r  24 hours of  i n c u b a t i o n ,  t h i s  s t a r t e r  
medium was rep laced w i th  5 ml of  medium, and c e l l s  in the 
f resh  medium were incubated  f o r  an a d d i t i o n a l  24 hours.  
Var ious c o n c e n t r a t i o n s  of the t e s t  compounds in 0.05 ml of 
e thanol  were added to the c u l t u r e s .  Con t ro l s  were c u l t u r e s  
t h a t  had been t r e a t e d  on ly  w i th  e t h a n o l .  Two hours l a t e r  
one of  the f o l l o w i n g  r a d i o a c t i v e  p recu rso rs  were added: 
Un i fo rm ly  l abe led  L - l e u c i n e - C l 4  ( O . 5 ~ C i ;  282 mCi/mmole r) 
u r i d i n e - 5 - T  (5 ~ C i ;  15 Ci /mmole) ,  or t h y m i d i n e - 2 - C l 4  ( 0 . 5 ~ C i ;  
57 mCi/mmole). Leucine and u r i d i n e  were purchased from 
D a i i c h i  Pure Chemicals Co. L t d . ,  Tokyo and thymid ine  was 
ob ta ined  from The Radiochemical  Cent re ,  Amersham, England. 
A f t e r  one hour i n c u b a t i o n ,  the c e l l s  were r i nsed  tw ice w i th  
5 ml of co ld 0.9 percen t  s a l i n e .  The c e l l  l a ye r  was then 
immersed in co ld  4 percen t  p e r c h l o r i c  ac id f o r  40 minutes 
to remove a c i d - s o l u b l e  m a t e r i a l s ,  r i nsed  s u c c e s s i v e l y  w i th  
80 and I00 percen t  e t h a n o l ,  and anhydrous d i e t h y l  e t h e r .  
A f t e r  d r y i n g ,  the f i xed  monolayer was d i sso l ved  in 2 ml of  
85 percen t  fo rmic  ac id f o r  20 minutes.  A l i q u o t s  of  0.5 ml 
were added i n t o  l i q u i d  s c i n t i l l a t i o n  coun t ing  v i a l s .  
Ethanol  (2 ml) was added, f o l l owed  by I0 ml of  the s c i n t i l l a t i o l  
medium. The s c i n t i l l a t i o n  medium cons i s t ed  of I000 ml t o l u e n e ,  
4 g 2 , 5 - d i p h e n y l o x a z o l e  (PPO), and 40 mg 1 , 4 - b i s ( 2 - ( 4 - m e t h y l -  
5 - p h e n y l o x a z o l y l ) )  benzene (Dimethyl  POPOP). The samples 
were counted f o r  5 minutes on a Beckman LS-150 L iqu id  
S c i n t i l l a t i o n  System. 

To determine the e f f e c t  of  ch lo rphenamid ine  or i t s  
r e l a t e d  compounds on c e l l  g rowth ,  about 1 m i l l i o n  c e l l s  in 5 ml 
of c u l t u r e  medium were p lan ted  in each c u l t u r e  b o t t l e .  The 
t e s t  compounds d i sso l ved  in 0.05 ml of e thanol  were i nco rpo ra te ,  
in the growth medium at  4 d i f f e r e n t  c o n c e n t r a t i o n s  in t r i p l i c a t ~  
A f t e r  48 hours of i n c u b a t i o n ,  t h i s  medium was rep laced w i th  
5 ml of  f resh  medium c o n t a i n i n g  same c o n c e n t r a t i o n s  of  the 
t e s t  compounds. A f t e r  72 hours of i n c u b a t i o n ,  the medium 
was removed from the c u l t u r e s .  The c e l l  monolayers were 
washed tw ice  w i th  ca lc ium and magnesium f ree  phosphate 
bu f f e red  s a l i n e  (MERCHANT et  a1. 1964). The amount of  c e l l  
p r o t e i n  was determined accord ing  to the method of LOWRY et  a l .  
(1951) as mod i f i ed  by OYAMA and EAGLE (1956) f o r  t i s s u e  
c u l t u r e s .  The growth of t r e a t e d  c u l t u r e s  was expressed 
as the percentage of the c o n t r o l  growth.  The percent  i n h i b i t i o l  
in the amount of c e l l  p r o t e i n  was p l o t t e d  on l o g - p r o b i t  
graph paper a g a i n s t  the c o n c e n t r a t i o n  of  the compound. The 
t e s t  compound c o n c e n t r a t i o n  f o r  50 percen t  i n h i b i t i o n  
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of c e l l  growth ( ID50) was determined by g raph i ca l  i n t e r p o l a t i o n  

Resu l ts  and D iscuss ion  

The e f f e c t  of vary ing  c o n c e n t r a t i o n s  of ch lo rphenamid ine  
on n u c l e i c  ac id and p r o t e i n  syn thes i s  in HeLa c e i l s  i s  
i l l u s t r a t e d  in F ig.  I .  None of the macromolecules appeared 
p a r t i c u l a r l y  s e n s i t i v e  to the ac t i on  of ch lo rphenamid ine .  
The rates of the 
synthesis of macro- 
molecules were Io0 
i n h i b i t e d  by 40 to z 0 

50 percent at a 
chlorphenamidine ~ 80 

0_ 3 o concentrat ion of 1 
M. The ra te  of RNA 8 60 

Z 
syn thes i s  was 
s l i g h t l y  i n h i b i t e d  ~ 4o 
at  a c o n c e n t r a t i o n  

0. 4 of 1 M, but DNA ~ 20 
and p r o t e i n  s y n t h e s i s  
was v i r t u a l l y  un- 0 a f f e c t e d  at  the same 
c o n c e n t r a t i o n .  No 
s i g n i f i c a n t  i n h i -  
b i t i o n  of the 

~  
DNA 

~Protein RNA 
I I 

I00 

CHLORPHENAMIDINE CONCENTRATION (M XIO -5) 

synthesis of macro- Fig. I .  Effect of varying concentrations 
molecules was seen of chlorphenamidine on the synthesis 
at a concentrat ion of DNA, RNA, and protein in HeLa c e l l s .  
of 10 -5 M. 
I n e f f e c t i v e n e s s  at  c o n s i d e r a b l y  high dose l e v e l s  (10 -5 M 

and 10 -4 M) on the syn thes i s  of macromolecules suggests t h a t  
the t o x i c i t y  of  t h i s  chemical is  low. 

Table 1 compares the c y t o t o x i c i t y  and3the i n h i b i t i o n  
of RNA syn thes i s  at a c o n c e n t r a t i o n  of I 0 -  M by p o s s i b l e  
m e t a b o l i t e s  and an analog (compound V) of ch lo rphenamid ine .  
I t  can be seen t h a t  ch lo rphenamid ine  and i t s  two m e t a b o l i t e s ,  
demethy lch lo rphenamid ine  and N - f o r m y l - 4 - c h l o r o - o - t o l u i d i n e ,  
had a lmost  equal t o x i c i t y  and were more t o x i c  than 4 - c h l o r o -  
2 - m e t h y l a n i l i n e .  Compound V, 5 - c h l o r o - 2 - n i t r o t o l u e n e  was 
the most t o x i c  m a t e r i a l .  The r e l a t i v e  c y t o t o x i c i t y  of the 
compounds tes ted  cor responds c l o s e l y  to t h e i r  comparat ive 
a c t i v i t y  f o r  i n h i b i t i o n  of RNA s y n t h e s i s .  Again 4 - c h l o r o -  
2 - m e t h y l a n i l i n e  was the l e a s t  e f f e c t i v e  compound aga ins t  
RNA s y n t h e s i s ,  and 5 - c h l o r o - 2 - n i t r o t o l u e n e  was most e f f e c t i v e .  

Perhaps the most obvious conc lus ion  to be drawn from 
the data presented in Table 1 is  t h a t  rap id  t r a n s f o r m a t i o n  

of ch lo rphenamid ine  to the proposed f i n a l  m e t a b o l i t e ,  
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TABLE 1 

C y t o t o x i c i t y  and I n h i b i t i o n  of RNA Synthes is  
by Chlorphenamidine,  I t s  Me tabo l i t es  

and 5 - C h l o r o - 2 - n i t r o t o l u e n e  

-3 
RNA syn thes i s  was measured at  I0 M 
concen t ra t i ons  of t e s t  compounds. 

II 

lit 

IV 

V 

Compound 
__,CH3 

Cl/-~ N=CH-N< CH3 CH3 
C'/~H3 . . . .  /CH3 

H3 

CI-~NHCHO 
~H3 

CI~NHz 
~H3 

C]'<~N02 

I Dso 
(MX;O -5) 

7.6 

6.7 

6.4 

10.1 

6.0 

Inhibition of 
RNA Synthesis (%) 

63 

52 

57 

38 

77 

4 - c h l o r o - 2 - m e t h y l a n i l i n e  in v i vo  may be harmless f o r  
humans. We are now s tudy ing  the metabolism of c h l o r -  
phenamidine and o ther  p e s t i c i d e s  or envi ronmenta l  chemicals 
in cu l t u red  human c e l l s .  

Summary 

Monolayer c u l t u r e s  of HeLa c e l l s  were exposed to an 
i n s e c t i c i d a l  chemical ,  ch lo rphenamid ine ,  and i t s  e f f e c t  
on nuc le i c  ac id and p ro te i n  syn thes i s  was measured. 
No s i g n i f i c a n t  d i f f e r e n c e s  among the e f f e c t s  of the chemical 
on DNA, RNA, and p r o t e i n  syn thes i s  were observed. The 
rates of the syn thes i s  of  macromolecules were i n h i b i t e d  
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by 40 to 50 percent  at a concen t ra t i on  of 10 -3 M. At 

lower dose leve ls  (10 -4 M and 10 -5 M), the synthes is  of 
macromolecules was v i r t u a l l y  una f fec ted .  

The c y t o t o x i c i t y  of ch lorphenamid ine,  i t s  p o t e n t i a l  
me tabo l i t es ,  and an analog,  5 - c h l o r o - 2 - n i t r o t o l u e n e ,  was 
s tud ied and the growth i n h i b i t i o n  (ID50) based on i n h i b i t i o n  

of ce l l  p ro te in  synthes is  was determined. Chlorphenamidine 
and i t s  two sequent ia l  me tabo l i t es ,  demethylchlorphenamidine 
and N - f o r m y l - 4 - c h l o r o - o - t o l u i d i n e ,  had almost equal t o x i c i t y .  
The proposed f i n a l  m e t ~ b o l i t e ,  4 - c h l o r o - 2 - m e t h y l a n i l i n e  
was the l eas t  t ox i c  compound and a chlorphenamidine analog,  
5 - c h l o r o - 2 - n i t r o t o l u e n e ,  was most t o x i c .  These r e s u l t s  
c l ose l y  c o r r e l a t e d  w i th  the comparat ive i n h i b i t o r y  a c t i v i t y  
of these compounds fo r  RNA syn thes is .  

We wish to thank Dr. K. Fukunaga fo r  his i n t e r e s t  
and encouragement. We also thank M. Morikawa, Sumitomo 
Chemical Co., f o r  p repara t i on  and p u r i f i c a t i o n  of var ious 
compounds, and I .  Shibuya, Yashima Chemical Co., f o r  his 
cooperat ion  in an ea r l y  phase of t h i s  work. 
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