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Despite the original work of ESCHENBRENNER (1945), which 
demonstrated that large doses of chloroform induces hepatic turnouts in 
rodents,  the solvent has been widely used as a baeteriocidal agent in 
toothpaste and numerous other products. More recent studies led to the 
proposed ban of the use of the solvent in the U.S.A. (WINSLOW and 
GERSTNER 1978) whereas experiments conducted in the U.K. yielded 
contradictory results (PALMER et al. 1977 ; ROE et al. 1977). It has 
been estimated that a 65 Kg woman using toothpaste containing 3.5% w/v 
chloroform receives an oral dose of 0.15 mg/Kg/day (GLASS et al. 1975). 
Thus, most of the carcinogenecity investigations conducted previously 
have been concerned with the determination of the number of tumours 
which develop following administration of chloroform at various multiples 
of concentrations equivalent to 0.15 mg/Kg/day. It is possible, however, 
that chloroform is not carcinogenic per  se but alters the metabolic 
response to endogenous or exogenous chemicals which are pro or 
proximate carcinogens. The hepatic cytochrome P450-dependent mixed 
function oxidase system is largely responsible for the metabolism of 
many drugs and carcinogens (JERINA and DALY 1974). Therefore ,  in 
this experiment,  the effect of chloroform ingestion at the 0.15 and 100- 
fold level on the activity of the enzymes responsible for the c~idation and 
conjugation of polycyclic aromatic hydrocarbons was investigated using 
benzo(a)pyrene as an example of these carcinogenic compounds. 

MATERIALS AND ME THODS 

Chemicals: [G3H~ Benzo(a)pyrene (specific activity 40 Ci/mmol) and 
[8-14C] styrene oxide (specific activity 16.4 mCi/mmol) were purchased 
from the Radiochemical Centre, Amersham, Bucks,~, U.K. 1, 1, 1 
Trichlorpropene 2,3-c~ide (TCPO) was obtained from Alldrich Chemicals, 
Gillingham, Dorset, U.K. Unlabelled benzo(a)pyrene and all other 
chemicals were of the purest  grade available and supplied by the Sigma 
Chemical Company, Poole, Dorset ,  U.K. 
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"Ana la r"  ch lo ro fo rm was red i s t i l l ed  at 60-62oc  in 2.5 L por t ions  
d i scard ing  the f i r s t  and l a s t  250 ml .  

Animals  and Trea tment :  Three  groups  of 3 ma le  Sprague-Dawley  r a t s  
of body weight  330+ 20 g,  supplied by Olac,  B i c e s t e r ,  (2~on., U .K.  and 
main ta ined  on PRM diet  (Dixons, Ware ,  H e f t s . ,  U . K . ) ,  were  used  at  
each  dose level .  It was found that  a cage of 6 of these  an imals  consumed 
an ave rage  of 240 m l s  of wa te r  dai ly so  that  ch lo ro fo rm was included in 
the drinking wa te r  in sufficient  quanti ty to give a final dose of e i ther  
0.15 or  15 rng/Kg/40  m l / r a t / d a y .  Any remain ing  " c h l o r o f o r m - w a t e r "  
was d i sca rded  and rep lenished  with a f r e s h  mix tu re  dai ly.  The w a t e r -  
feed bot t les  were  of all  g lass  design and cove red  to p r o t e c t  the contents 
f r o m  the light. Control  an imals  r ece ived  no solvent  in the i r  dr inking 
wa te r .  Af ter  14 days ch lo ro fo rm ingest ion,  the an imals  were  sac r i f i ced  
by ce rv i ca l  d is locat ion and the i r  l i ve r s  excised ,  homogenised  s e p a r a t e l y  
and rnicrosornal  pe l le t s  p r e p a r e d  by centr i fugat ion.  

Incubations: Microsornal  p ro te in ,  cy tochrome P450, a ry l  hydrocarbon  
hydroxylase  (AHH) and Uridine diphosphoglucuronic acid (UDPGA) 
t r a n s f e r a s e ,  were  all de t e rmined  by the f a m i l i a r  techniques p rev ious ly  
desc r ibed  (CAPEL et  al 1978). DNA binding of benzo(a)pyrene was a lso  
e s t ima ted  e s sen t i a l l y  as desc r ibed  except  that  the speci f ic  inhibi tor  of 
epoxide hydra tase  ac t iv i ty  TCPO (ALEXANDROV 1977) was included in 
some  of the incubates .  Glutathione t r a n s f e r a s e  was de t e rmined  by the 
technique of JAMES e t  aL (1976). 

Radioehernical  Analyses:  Duplicate a s s a y s  of al l  s amp le s  were  
de te rmined  by counting for  2 cycles  in a P a c k a r d  2650 liquid scint i l la t ion 
s p e c t r o m e t e r .  Counting e f f ic iency  was de te rmined  by ex te rna l  
s tandard isa t ion .  

RESULTS 

The r e su l t s  in Table  1 indicate that ingest ion of ch lo ro fo rm at the 
0.15 or  15 m g / K g / d a y  did not affect  g r o s s  l ive r  weight o r  rn i c rosomal  
p ro te in  content.  Table  2 indicates  that  cy tochrome P450 was s ignif icant ly  
d e c r e a s e d  at  the higher intake level  but there  was no s ignif icant  d i f ference  
in AHH act iv i ty  between the control  and c h l o r o f o r m - t r e a t e d  an imals .  

In the p r e s e n c e  of TCPO,  which inhibited epoxide hydra tase  act ivi ty ,  
there  was a s ignif icant  i nc r ea s e  in the DNA binding of benzo(a)pyrene,  the 
g r e a t e s t  i nc rea se  being obse rved  in the c h l o r o f o r m - t r e a t e d  an imals .  It  
was concluded, the re fo re ,  that ch lo ro fo rm i n c r e a s e s  epoxide hydra tase  
ac t iv i ty  s ince in the absence  of this enzyme the re  was an inc rease  in the 
binding of the carc inogen  to DNA. Chloroform ingest ion at the higher and 
lower  level  s ignif icant ly  d e c r e a s e d  the ac t iv i ty  of m i c r o s o m a l  UDPGA 
t r a n s f e r a s e  but there  was no signif icant  d i f ference  in the level  of 
glutathione t r a n s f e r a s e .  
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TABLE 1 - The effect  of ch loroform on the l ive rs  of ra t s  

T rea tmen t  Average L ive r  Mierosomal  
(Dose) Body weight Weight Pro te in  

(g) (g) (rag/g) 

0 {control) 331 _+ 33 13.5+1. 3 27.8_+0.6 

0.15 mg/Kg 358 + 13 14.3+0.5 29.7+2.2 

15 mg/Kg 342 + 29 16.0+1. 9 26.5+1.2 

Resul ts  exp re s sed  a re  the means + S.D.  of duplicate 
assays  for  3 groups of 3 animals at each dose level .  

DISC USSION 

The metabol i sm of ch loroform is well documented,  the solvent 
being excre ted  la rge ly  unchanged via the lungs in man  (FRY et al. 1972). 
Some mic ro soma l  oxidation leading to the format ion  of e lect rophi l ic  
metabol i tes  such as phosgene has been demonst ra ted  in v i t ro  (MANSUY 
et al. 1977). It is possible that such metabol i tes  could be responsib le  for  
any carcinogenic  effects  of ch loroform by a d i rec t  alkylating action on 
ce l lu la r  mac romolecu le s .  Ora l ly -admin is te red  ch lo roform for  prolonged 
lengths of t ime is hepatotoxic (WINSLOW and GERSTNER 1978). The 
toxic i ty  of the re la ted  chlor inated alkane carbon te t rach lor ide  is enhanced 
by its metabol i sm and p r i o r  adminis t ra t ion of this solvent reduces  its toxici ty  
by impair ing its own metabol i sm (NAYAK et al.  1975). If ch loroform is 
s imi l a r  in this r e spec t ,  then dally adminis t ra t ion  would p resumably  d ec r ea se  
its metabol i sm and thus reduce  its potential  carcinogenic  action media ted  
via mic rosoma l  oxidation. The dec rea sed  cy tochrome P450 observed  at the 
higher  t r ea tmen t  level  in this exper iment  would not only dec rease  the 
oxidation of ch lo roform but might also reduce the P448-mediated activation 
of other  procare inogens .  There  are  a number  of species  of cy tochrome 
P450 however ,  and it is possible that ch loroform does not effect  the level  of 
the cytochrome concerned with carc inogen activation. 

The P450-dependent  mixed function oxidase-media ted  oxidation of 
many compounds,  including polycycl ic  a romat ic  hydrocarbons ,  to fo rm 
reac t ive  e lec t rophi l ic  in te rmedia tes  is r ega rded  as the ca rc inogen-  
activation p r oc e s s  (JERINA and DALY 1974}. F u r th e r  metabol i sm of the 
resul tant  epoxide with e i the r  glutathione t r a n s f e r a s e  or  epoxide hydra tase  
fo rm less  reac t ive  compounds and m a y  be regarded  as detoxication reac t ions  
(JERINA and DALY 1974). In this exper iment  ch loroform had no effect  on 
AHH act ivi ty but s t imulated epoxide hydra tase .  Thus,  ch loroform should 
resu l t  in the convers ion of act ivated carcinogens to less  reac t ive  diols.  
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There was no effect on glutathione t ransferase but the decrease in 
UDPGA transferase  could lead to a decrease in the excretion of hydrc~y- 
lated carcinogens. UDPGA t ransferase  is probably a multiple enzyme 
with differing substrate specificities however (DUTTON 1971), and the 
4-nitrophenol used in this experiment might not be indicative of the enzyme 
species which glucuronidates polycyclic aromatic hydrocarbons. Thus, 
estimation of the likely in vivo effect on carcinogen disposition from 
observations of changes in enzyme activity measured in vitro within a 
species is complicated. 

Prediction of the consequences of these changes for man is even 
more  uncertain but this experiment does serve to indicate that ingestion 
of chloroform even at this low level can affect the activity of carcinogen- 
metabolising enzymes. Previous experiments with alcohol demonstrated 
that induction of these microsomal enzymes alters with duration of solvent 
intake (CAPEL et aI. 1978a). Clearly further experiments are necessary  
to determine if this is also the case with chloroform before any f irm 
decisions regarding the fate of this solvent are  taken. 
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