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INTRODUCTION 

F o r m a l d e h y d e  is  u s e d  w i d e l y  a s  a g e r m i c i d e ,  f u n g i c i d e ,  
insecticide and preservative, in addition it is an important inter- 
mediate in many industrial processes (I-3). It is to be expected, 
therefore, that exposure to this chemical is very common.-, 
Human exposure to low levels of this substance appears to be safe 
except for occasional hypersensitivity reactions. It has been 
known, however, for a number of years (4, 5) that formaldehyde was 
a mutagen2, / yet despite the known detrimental effects of many 
mutagens on human health, no effort has been made to reevaluate 
and possibly regulate the wlde-spread usage of formaldehyde. 

Recent studies in this Laboratory have been concerned 
with the detection of potential carcinogens using a microbial 
assay system (8). The procedure used is based upon the assump- 
tion that the activity of chemical oncogens derives from their 
ability to alter the DNA of living cells. Normal cells are able, to 
some extent, to counter the detrimental effects of such agents by 
repairing the damaged portions of their DNA. However, cells 
deficient in their ability to repair efficiently damage to their DNA 
will display an increased sensitivity towards agents which react 
with their DNA. DNA polymerase is one of the enzymes involved 
in DNA repair (9, I0) and it has been shown that cells lacking this 
enzyme (pol A- cells) are much more sensitive than their pol A + 
parents to a number of agents (radiations, radiomimetic agents 
and carcinogens (8, 10-12)) known to react with the cellular DNA. 
On the other hand the two strains exhibited equal sensitivities 
towards (non-oncogenlc) substances known to interfere with struc- 
tures other than the cellular DNA (8). These observations form 
the basis of our screening procedure (8). When this technique was 
applied to the detection of potential carcinogens in the environment, 
a number of substances heretofore considered as "safe" ~_.e. non- 
oncogenic) were incriminated. One of these, first detected by this 

1/ 
~ H e x a m e t h y l e n e t e t r a m i n e  and  p a r a f o r m a l d e h y d e  a l s o  r e l e a s e  
f o r m a l d e h y d e  unde r  a p p r o p r i a t e  c o n d i t i o n s ,  t h e r e b y  fu r the r  i n -  
c r e a s i n g  the  p o s s i b i l i t y  of  e x p o s u r e  to  th i s  a g e n t .  

2/The" b a s i s  o f  t h i s  m u t a g e n i c  a c t i o n  a p p e a r s  to  be  a r e a c t i o n  b e -  
t w e e n  f o r m a l d e h y d e  and  the  a m i n o  g ro ups  of  the  DNA b a s e s  (6, 7). 
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method,  was  t e s t e d  in a n i m a l s  in wh ich  it  was  shown to be a 
tumor igen  ( M . D .  Anderson  and H . S .  Rosenkranz ,  u n p u b l i sh ed  
r e s u l t s ) .  This  t hen  e s t a b l i s h e d  the  v a l i d i t y  of the p r o c e d u r e .  

Expe r imen t a l  

E. c o l i  W3110 t h y -  (pol A +) and i ts  DNA p o l y m e r a s e  d e -  
f i c i e n t  d e r i v a t i v e ,  E. co l i  p3478 (pol A1-) were  o b t a i n e d  from Dr .  
John Ca i rns ,  Cold  Spring Harbor  Labora to ry  (10). Por t ions  (0.1 ml) 
of  b a c t e r i a l  c u l t u r e s  g rown in medium HA (13) s u p p l e m e n t e d  wi th  
thymine  (5~tg/ml)  we re  sp read  on to  the  s u r f a c e  of  a g a r  p l a t e s  of  
the  same c o m p o s i t i o n  (14). W h e n  the s u r f a c e  of  the  a g a r  had dr ied ,  
a s t e r i l e  d i s c  impregna t ed  wi th  the  s u b s t a n c e  to  be t e s t e d  w as  
p l a c e d  on the  aga r  and the  p l a t e s  were  i n c u b a t e d  at  37°C for  7 
hours  a t  wh ich  t ime the  d i a m e t e r  of the  z o n e s  of  i n h ib i t i o n  was  
m e a s u r e d .  

Results and Discussion 

The da t a  of  Tab le  1 i n d i c a t e  tha t  f o r m a l d e h y d e  p r e f e r e n t i a l -  
ly  i nh ib i t e d  the  g rowth  of  the  pol  A- s t r a i n .  Al though the  d i f f e r e n c e  
in the  s i z e  of  the z o n e s  of  i n h i b i t i o n  Is smal l ,  i t  is r e p r o d u c i b l e .  
This  smal l  d i f f e r e n c e  p r e s u m a b l y  r e f l e c t s  the  f ac t  t ha t  f o r m a l d e h y d e  
r e a c t s  wi th  c e l l u l a r  s t r u c t u r e s  o t h e r  t h an  DNA as  w e l l  ( e . g .  p ro -  
t e i n s ) .  The p r e f e r e n t i a l  i n h i b i t i o n  of  the  pol  A- s t r a i n  by f o r m a l d e -  
hyde  Is a p rope r ty  a l s o  e:~h~oited by the  w e l l - k n o w n  c a r c i n o g e n s  
me thy l  m e t h a n e s u l f o n a t e  and N - h y d r o x y l a m i n o f l u o r e n e .  On the  
o the r  hand in c o n f i r m a t i o n  of e a r l i e r  r e s u l t s ,  i t  was  s h o w n  (Table 
1) t ha t  the  two s t r a i n s  e x h i b i t e d  e q u a l  s e n s i t i v i t i e s  to  a g e n t s  known 
not  to  a f f e c t  c e l l u l a r  DNA ( s t r ep tomyc in ,  a m p i c i l l i n  and c y c l o s e r -  
i ne ) .  

TABLE 1 

Effect of Formaldehyde on the (2towth of DNA 
Polymerase-Deficient Cells 

Agent 

F o r m a l d e h y d e  

D i a m e t e r  of  Zone of  I n h ib i t i o n  (mm) 
Paren t  Mutan t  S t ra in  

59 62 

M e t h y l  m e t h a n e s u l f o n a t e  
N - H y d r o x y l a m t n o f l u o r e n e  

42 56 
0 12 

S t r e p t o m y c i n  2 6 2 6 
Ampic i l l in  2 8 2 8 
C y c l o s e r i n e  62 62 

243 



In view of the p resen t  f indings and because  the procedure  
used seems to be quite  re l iable  for de tec t ing  ca rc inogens ,  it 
would seem that  the cont inued universa l  use of formaldehyde re -  
quires r eeva lua t ion  and monitoring as exposure  to even  low levels  
of this  subs tance  might be de le te r ious  e s p e c i a l l y  if it occurs  
over  prolonged periods of time, a s i tua t ion  which probably in-  
c r ea ses  the chance  of c a r c i n o g e n e s i s .  
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