
15.3. 1977 Specialia 377 

T h e  p r e s e n t  o b s e r v a t i o n s  revea led  t h a t  v e r a p a m i l  was  a 
s t r o n g  a n t a g o n i s t  for  Ca i n f l ux  in gu inea -p ig  s t o m a c h ,  
s i n c e  t h e  ca lcu la ted  pA  2 va lue  for Ca c o n t r a c t u r e  w a s  
7.92. Th e  m e c h a n i s m  of P G - i n d u c e d  c o n t r a c t i o n  in gas-  
t r o i n t e s t i n a l  s m o o t h  musc le  was  cons idered  to  depend  on 
an  increase  of Ca ion p e r m e a b i l i t y  t h r o u g h  the  musc le  
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Fig. 3. Effect of verapamil on the contractile responses to PGE x 
(1.5 • 10 -9 to 10 6 M) and ACh (10 -8 to 10 6 M) in longitudinal 
smooth muscle of guinea-pig stomach. O O, control; • -- • vera- 
pamil 10 -5 M. Each contractile response to PGE 1 (10 -~ M) and ACh 
(10 -6 M) was taken as 100%, respectively. Each point is the mean 
of 5 experiments and vertical bar is ~- S. E. of mean. 

m e m b r a n e ,  s ince P G E  1 p o t e n t i a t e s  Ca c o n t r a c t u r e  in  
gu inea -p ig  s t o m a c h  5 a n d  increases  spike  d i scharge  in 
gu inea -p ig  i l eum lz a n d  t a e n i a  colit% a n d  P G - i n d u c e d  
c o n t r a c t i o n  is re la ted  to the  ex t race l lu l a r  Ca ion in r a b b i t  
d u o d e n u m  ~8. 
In  t h e  p r e s e n t  e x p e r i m e n t s ,  however ,  v e r a p a m i l  (10 -5 M) 
w h ic h  p roduc e d  m a r k e d  supp re s s ion  of h i g h  K - i n d u c e d  
c on t r a c tu r e s ,  showed  on ly  sma l l  r e d u c t i o n  of PGE~ 
(1.5 • 10 .7 M)- induced  c o n t r a c t i o n  (figure 2). F igure  3 
showed  t he  effect  of v e r a p a m i l  (10 -5 M) on  dose- response  
c u rve s  of PGt?; 1 a nd  ace ty lcho l ine  (ACh), i nd i c a t i ng  t h a t  
v e r a p a m i l  caused  more  s ign i f i can t  r e d u c t i o n  of ACh-  
i nduc e d  c o n t r a c t i o n  t h a n  t h a t  of P G E p  T h e  ca lcu la ted  
pA  2 va lues  for P G E  l a nd  ACh were 5.06 a n d  5.33, respec-  
t ive ly .  
The  f ind ings  in t he  p r e s e n t  s t u d y  s u g g e s t  t h a t  t he  
s t i m u l a t i n g  m e c h a n i s m  of PGE1 in s m o o t h  musc l e  of 
gu inea -p ig  s t o m a c h  m a y  m a i n l y  de pe nd  on a release of 
b o u n d  Ca in t he  cell a nd  p a r t l y  d e p e n d  on a Ca in f lux  
f rom the  ex t race l lu l a r  origin, a n d  A C h - i n d u c e d  con t rac -  
t ion  m a y  also d e p e n d  on 2 Ca origins,  in w h ic h  t he  in f lux  
Ca will be more  ava i lab le  t h a n  in P G E p  
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Summary. 12 c o m p o u n d s  wh ich  are c o n s t i t u e n t s  of ha i r  dyes  or chemica l ly  re la ted  a r o m a t i c  amines ,  a minophe no l s ,  
the i r  n i t r o d e r i v a t i v e s  and  a r o m a t i c  h y d r o x y d e r i v a t i v e s  were e x a m i n e d  for ev idence  of m u t a g e n i c  p o t e n t i a l  b y  m e a n s  
of t h e  mic ronuc l eus  tes t .  None  of the  c o m p o u n d s  t e s t ed  caused  a n  increase  in the  incidence of m i c r o n u c l e a t e d  e ry th ro -  
cy te s  a f te r  oral  dosing.  

The re  h a s  been  inc reas ing  conce rn  t h a t  some  c o n s t i t u e n t s  
of ha i r  dyes,  m a i n l y  a r o m a t i c  amines ,  a m i n o p h e n o l s ,  
the i r  n i t r o d e r i v a t i v e s  and  h y d r o x y d e r i v a t i v e s  m a y  be 
m u t a g e n s  a n d  poss ible  carc inogens .  A l t h o u g h  some  epide-  
miological  ev idence  is avai lable2-4,  m u c h  of t he  concern  
is based  on t h e  r e su l t s  of in v i t ro  s tud ie s  us ing  micro-  
o r g a n i s m s  S, 6, cu l t u r e s  of h u m a n  lymphocy te sS ,  Chinese  
h a m s t e r  cells 7 an d  a m o u s e  cell l ine s, and  on t u m o r i g e n i -  
c i ty  s tud ies  ~. However ,  o the r  s tud ies  1~-12 h a v e  failed to  
show l o n g - t e r m  tox ic i ty ,  carc inogenic  or t e r a togen ic  
effects.  Th e  p e r c u t a n e o u s  abso rp t i on  of the  c o m p o u n d s  
ha s  been  s t u d i ed  in a n i m a l s  lz a n d  m a n  14. 
The  e x p e r i m e n t a l  work  r epo r t ed  here  was  des igned  to  
d e t e r m i n e  the  effects  of t he  c o m p o u n d s  on t he  genet ic  
ma t e r i a l  of m a m m a l i a n  s o m a t i c  cells w h e n  a d m i n i s t e r e d  
ora l ly  a t  the  m a x i m u m  to le ra t ed  dose, b y  m e a n s  of t he  
m i c r o n u c l e u s  t e s t  deve loped  b y  Schmid  e t  al .  15-~8. 

Materials and methods. The  c o m p o u n d s  e x a m i n e d  were :  
p - p h e n y l e n e d i a m i n e ,  4 - m e t h o x y - m - p h e n y l e n e d i a m i n e ,  4- 
n i t r o - o - p h e n y l e n e d i a m i n e ,  2 - n i t r o - p - p h e n y l e n e d i a m i n e ,  
p - a m i n o p h e n o l ,  m - a m i n o p h e n o l ,  2 -amino-4 -n i t ropheno l ,  
t o l u e n e - 2 , 5 - d i a m i n e s u l p h a t e ,  resorcinol ,  4-chlororesorci-  
nol, 4 - a m i n 0 - 2 - h y d r o x y t o l u e n e ,  1 -naph tho l .  
R a t s  of t h e  C F Y  s t r a in  ( S p r a g u e - D a w l e y  de scenda n t s )  
we igh ing  b e t w e e n  130 and  160 g were o b t a i n e d  f rom 
Angl ia  L a b o r a t o r y  An ima l s ,  A lconbury ,  Cambs . ,  U .K . ,  
acc l imat ized  in the  l a b o r a t o r y  for 1 week  a n d  t h e n  r an -  
d o m l y  a l loca ted  in to  g roups  each  inc lud ing  5 ma les  a n d  
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Table 1 

Specialia EXPERIENTIA 33[3 

Group Material Total dosage Mortality* 
over 24 h (mg/kg) 

Incidence of micronucleated 
cells per 2000 polychromatic 
erythroeytes per rat 
Mean Range 

1 Vehicle control - 0 1.8 0-5 
2 p-Phenylenediamine 300 0 1.7 0-4 
3 4-Methoxy-m-phenylenediamine 1000 0 2.1 0-4 
4 4-Nitro-o-phenylenediamine 5000 1 1.8 0-4 
5 2-Nitro-p-phenylenediamine 2000 0 1.5 1--3 
6 p-Anfino-phenol 3200 0 2.1 1-4 
7 m-Amino-phenol 5000 3 1.9 0-4 
8 2-Amino-4-nitro-phenol 5000 1 2.0 0-4 
9 Toluene-2, 5-diamine-sulpbate 120 0 0.9 0-2 

10 Resorcinol 500 0 1.6 1-2 
11 4-Chlororesorcinol 600 1 2.0 1-4 
12 4-Amino-2-hydrox y- toluene 8000 1 2.1 0-5 
13 1-Naphthol 6000 1 2.3 1-5 

* In addition to the deaths toxic symptoms including agitation and[or convulsions, and]or lethargy were observed in all animals of the groups 
treated with the test compounds. Orange urine was seen in animals in groups 4, 5, 7 and 12. 

5 females.  E a c h  group was dosed wi th  one of t he  t e s t  
compounds ,  which  were all p repa red  as suspensions  in 
0.5% (w/v) gum t r a g a c a n t h  conta in ing  0.05% (w/v) so- 
d ium sulphite.  One group was dosed wi th  the  vehicle only. 
The to t a l  dosages g iven were de t e rmined  in p re l iminary  
s tudies  to  be close to  the  le thal  doses, and  were adminis-  
t e red  b y  gastr ic  i n tuba t i on  as 2 equal  doses separa ted  by  
an in te rva l  of 24 h (table 1 ) .  
6 h a f te r  the  2nd dose the  animals  were killed by  the  i.p. 
in jec t ion  of p e n t o b a r b i t o n e  sodium (Expira l  | the  fe- 
murs  dissected ou t  and bone -mar row smears  p repared .  
The smears  were f ixed in methanol ,  de fa t t ed  in xylene  
and  s ta ined  wi th  Giemsa stain.  The  s ta ined  smears  were 
t h e n  examined  microscopical ly  to  de t e rmine  the  incidence 
of mic ronuc lea ted  cells per  2000 po lychromat i c  e ry th ro -  
cy tes  per  animal .  The group m e a n  counts  and  ranges  were 
t h e n  compared  wi th  t he  values  ob ta ined  wi th  the  vehicle 
cont ro l  group and  wi th  l abora to ry  s t a n d a r d  values. 
Results .  Table  1 lists t h e  to ta l  dosages, mortal i t ies ,  group 
m e a n  values  and  ranges  of the  incidence of micronuclea ted  
po lychromat i c  e ry th rocy tes ,  and  tab le  2 shows the  labo- 
r a t o ry  s t a n d a r d  values  for vehicle contro l  groups  in 
previous  unre la ted  tes ts .  The mean  values  and ranges  
ob ta ined  will all of the  t e s t  c o m p o u n d s  (table 1) were 
essent ia l ly  similar  to  those  ob ta ined  wi th  t he  concur ren t  
vehicle  contro l  group and did no t  fall outs ide  the  labora-  
t o r y  s t a n d a r d  range for nega t ive  contro l  groups  (table 2). 
Discussion.  In  th is  t e s t  p rocedure  and  b y  oral  admin i s t r a -  
t ion,  none  of t he  t e s t  compounds  showed any  clear evi- 
dence  of mutagen ic  potent ia l ,  a l though  3 of t h e m  (2-nitro- 
p -pheny lened iamine ,  4 -n i t ro -o-phenylened iamine  and  2- 

amino-4-ni t rophenol)  have  previous ly  been repor ted  to 
be mutagen ic  in a microbiological  t e s t  sys t em 6, and  the  
f irs t  2 c o m p o u n d s  caused ch romosome  damage  in cul tured  
m a m m a l i a n  cells 5, ~. Another ,  p -phenylened iamine ,  was 
tumor igenic  w h e n  admin i s t e red  b y  the  sub-dermal  route  9. 
The t es t  sys t em used in th is  s t u d y  has been shown to be 
sensi t ive and  reliable 19 and  gives s t rongly  posi t ive  resul ts  
wi th  the  a romat ic  d iamine  benzidine  (126 micronuc lea ted  
cells per  2000 po lychromat i c  e ry throeytes )  when  adminis-  
t e red  s.c., and  the  a romat ic  amine,  2-aminofluorene 
(146 micronuc lea ted  cells pe r  2000 po lychromat ic  e ry th ro -  
cytes) when  admin i s t e red  orally. 
The mutagen ic  ac t ion  of benzidine  is r epor ted  to be de- 
t ec ted  by  the  same microorganism (Salmonella typhimu= 
r ium TA 1538, which  is sensi t ive to  par t icu lar  f rame-sh i f t  
mutagens) ,  as were  the  re la ted  d iamine  t es t  compounds  s0. 
Resul t s  of th is  na tu re  serve to h ighl ight  the  difficulties 
which  m a y  be encoun te red  in the  appl ica t ion  and in ter-  
p re t a t i on  of s h o r t - t e r m  m u t a g e n i c i t y  tes ts .  A b a t t e r y  of 
such tes t s  m u s t  be used r a the r  t h a n  re lying on jus t  one 
single t ype  of t e s t  procedure .  T h e y  also emphas ize  t he  
cont inu ing  need  for wel l -designed long- te rm carcinogeni-  
c i ty  s tudies  in animals.  

Table 2. Rat micronucleus test Laboratory standard values for 
negative control groups 

Total number of Mean Range of group Range of 
animals examined micronucleated mean counts individual 

cell count counts 

175 1.19 0.7-2.3 0-6 
19 J. Richardson, Mutation Res. 26, 391 (1974). 
20 J. McCann, E. Choi, E. Yamasaki and B. N. Ames, Proc. nat. 

Acad. Sci. USA 72, 5135 (1975). 


