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The Effect of pH on Mast Cell Damage by Antihistamines 

MOTA a n d  DIAS DA SILVA 1 h a v e  s tud ied  t he  effect  of p H  
upon  h i s t a m i n e  release f rom guinea-p ig  lung  b y  an t i -  
h i s t amines .  T h e y  h a v e  found  t h a t  h i s t a m i n e  release b y  
a n t i h i s t a m i n e s  is d e p e n d e n t  u p o n  pH,  be ing  g rea te r  a t  
p H  8.5 a n d  negl igible  a t  6.5. Since a n t i h i s t a m i n e s  are 
r a t h e r  s t rong  organic  bases,  t h i s  increase  in h i s t a m i n e  
release a t  a h igher  p H  could h a v e  been  due  to a n  increase  
in the  c o n c e n t r a t i o n  of t he  non- ion ized  base.  In  t he  
p re sen t  p a p e r  the  possible  r e l a t ionsh ip  b e t w e e n  t he  degree 
of ion iza t ion  of a n t i h i s t a m i n e s  and  the i r  ac t ion  on m a s t  
cells was  s tudied.  

Material and methods. T he  e x p e r i m e n t a l  p rocedure  used 
was s imi la r  to  t h a t  p rev ious ly  descr ibed ~. Pieces of r a t  
a n d  gu inea-p ig  m e s e n t e r y  were i n c u b a t e d  a t  d i f fe ren t  p H  
in t y r o d e  c o n t a i n i n g  an t i h i s t am i nes ,  for 30 ra in  a t  37 ~ 
The  b i c a r b o n a t e - p h o s p h a t e  buf fe r  of t he  t y r o d e  was  
o m i t t e d  and  Tris HCi ( t n h y d r o x y m e t h y l a m i n o m e t h a n e )  
0 . 0 1 M  used ins tead .  The  p H  of t he  t y r o d e  was a d j u s t e d  
p o t e n t i o m e t r i c a l l y  and  m e a s u r e d  aga in  a t  t he  end  of each  
expe r imen t .  F i x a t i o n  and  s t a in ing  of t he  pieces of 
mesen te ry ,  a n d  a s ses smen t  of m a s t  cell d a m a g e  were per-  
fo rmed  as descr ibed  b y  MOTA a n d  DIAS DA SILVA 1. 
Resu l t s  are g iven  as pe rcen tages  of m a s t  cells p r e s e n t i n g  
g ranu le  ex t rus ion  (rat),  a n d  as m e a n  c o n t e n t  of m a s t  cells 
(guinea-pig).  I n  t he  e x p e r i m e n t s  in wh ich  t he  i n h i b i t o r y  
ac t ion  of h i s t a m i n e  was s tudied ,  pieces of m e s e n t e r y  were 
p r e - i n c u b a t e d  for 20 m i n  in t y r o d e  c o n t a i n i n g  h i s t a m i n e -  
d i p h o s p h a t e  p rev ious ly  a lka l in ized  w i t h  N a O H  0.1 N, a n d  
i n c u b a t e d  for 30 m i n  more  a f t e r  a d d i t i o n  of t h e  an t i -  
h i s t amine .  The  fol lowing d rugs  were used:  p r o m e t h a z i n e  
hydroch lo r ide  (Phenergan ,  Rhodia ) ,  ch l o r p r om az ine  hy-  
drochlor ide  (Amplict i l ,  Rhodia) ,  d i p h e n h y d r a m i n e  hydro -  
chlor ide  (Benadryl ,  Pa rke -Dav i s ) ,  chlorcycl iz ine  hydro -  
chlor ide  (Perazil ,  B u r r o u g h s  Wel lcome) ,  an t azo l ine  
(Ant is t ine ,  CIBA) and  h i s t a m i n e - d i p h o s p h a t e  (Sigma).  

Results and discussion. The  widespread  r a t  and  guinea-  
pig m a s t  cell d a m a g e  induced  b y  a n t i h i s t a m i n e s  descr ibed 
prev ious ly  was conf i rmed  1,2. However ,  t he  p re sen t  experi-  
m e n t s  show t h a t  th i s  d a m a g i n g  ac t ion  is h igh ly  d e p e n d e n t  
upon  pH.  I n  c o n c e n t r a t i o n s  which  caused  m a x i m a l  
d a m a g e  to m a s t  cells a t  p H  8.4, a n t i h i s t a m i n e s  were 
ineffec t ive  w h e n  t he  p H  of t he  e x p e r i m e n t a l  f luid was 
lowered. A l t h o u g h  lowering t he  p H  to t a l l y  i n h i b i t e d  t he  
ac t ion  of all a n t i h i s t a m i n e s  tes ted ,  the  p H  a t  wh ich  th i s  
occurred  va r i ed  w i t h  t he  d i f fe ren t  a n t i h i s t a m i n e s  used. 
In  the  ra t ,  t h e  ac t ion  of an tazo l ine  (0.5 m M )  was in- 
h ib i t ed  a t  p H  8.3-8.2, of chlorcycl iz ine  (0.1 raM) a t  
8.0-7.9 and  of d i p h e n h y d r a m i n e  (1.0 raM)  a t  7.9-7.8 
(Figure 1). I n  the  guinea-pig,  t he  ac t ion  of d i p h e n h y d r a -  
m ine  (0.66 m M )  a nd  of p r o m e t h a z i n e  (0.1 m M )  was in- 
h ib i t ed  a t  p i t  8.1-8.0,  of a n t a z o l i n e  (0.8 m M )  a t  8.0-7.9, 
of chlorcycl iz ine  (0.1 m M )  a t  7.7-7.6, and  of ch l o rp roma-  
zine (0,1 m M )  a t  7.4-7.3 (Figure  2). 

The  above  resul t s  showing  t h a t  t he  ac t ion  of an t i -  
h i s t a m i n e s  is i n h i b i t e d  b y  a r a t h e r  s l ight  change  in p H  
sugges t  t h a t  these  d rugs  shou ld  be m a i n l y  in a non -  
ionized fo rm to d a m a g e  m a s t  cells. T h a t  m a s t  cell d a m a g e  
b y  a n t i h i s t a m i n e s  m i g h t  be  i nduced  b y  t he  und i s soc ia t ed  
molecule  m a i n l y  is f u r t h e r  s u p p o r t e d  b y  t he  fac t  t h a t  b y  
ra is ing  the  c o n c e n t r a t i o n  of chlorcycl iz ine  (in t he  r a t  and  
guinea-pig)  a n d  of d i p h e n h y d r a m i n e  (in t he  guinea-pig) ,  
i t  was possible  to  ove rcome  t o t a l l y  t he  i nh ib i t i on  caused  
b y  pt-1 7.0 (unpub l i shed  resul ts) .  P r o b a b l y  th i s  non-  
ionized l ipoid-soluble  form is i m p o r t a n t  for t he  pene t r a -  
t ion  of a n t i h i s t a m i n e s  in m a s t  ceils. However ,  once t he  
base  has  p e n e t r a t e d  t he  cell, t h e  d a m a g i n g  ac t ion  of an t i -  
h i s t a m i n e s  on  m a s t  cells would  be  induced  b y  t he  ionized 

molecule,  a s suming  t h a t  t he  p H  inside t he  cell is 7.0. 
Resu l t s  s imi la r  to  ours  in which  h i s t a m i n e  release b y  
d i amines  8 a n d  b y  a m m o n i a  4 was sha rp ly  increased  b y  a n  
increase  in p H  h a v e  been  descr ibed.  

Because  i t  was  found  t h a t  t he  ac t ion  of a n t i h i s t a m i n e s  
on  m a s t  cells c an  be  i n h i b i t e d  b y  r a t h e r  s l igh t  changes  in 
pH,  t he  i n h i b i t o r y  effect  of h i s t a m i n e  on  m a s t  cell d a m a g e  
induced  b y  a n t i h i s t a m i n e s  ~ was r e -examined .  This  effect  
could h a v e  been  due  to a lowering of t he  p H  b y  t he  s t rong ly  
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Fig. 1. Effect of pH on rat mast cell damage by antihistamines. 
Controls were the percentages of mast cells disrupted by anti- 
histamines at pH 8.4. 
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Fig. 2. Effect of pH on guinea-pig mast cell damage by antihista- 
mines. Controls were the numbers of mast cells counted in pieces of 
mesentery incubated in tyrode alone. 
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acidic h i s t a m i n e - d i p h o s p h a t e  used in those  exper iments .  
This was found  to be the  case, since in expe r imen t s  in 
which the  pill was ma in t a ined  a t  8.4, h i s t amine  did no t  
inh ib i t  e i ther  the  act ion of d i p h e n h y d r a m i n e  on rat ,  or of 
d i p h e n h y d r a m i n e  and of p rome thaz ine  on guinea-pig m a s t  
ceils. These resul ts  show t h a t  the  inh ib i to ry  effect  of 
h i s t amine  on m a s t  cell damage  by  an t ih i s t amines  was 
p robab ly  due to  a lowering of  the  p H  of t he  exper imen ta l  
fluid. H i s t amine  by  itself does no t  seem to inhibi t  m a s t  
cell damage  induced  by  an t ih i s t amines  5. 

Resumen. Se d e m n e s t r a  que la accidn de an t ih i s tamin i -  
cos sobre los mas toc i tos  de la r a t a  y del cobayo depende  
del pH.  Los an t ih i s tamin icos  es tudiados  fueron ac t ivos  
ell p H  8.4, pero fueron t o t a l m e n t e  inhibidos  cuando  se 

d i sminuy6  el pH.  Tambi6n  se verific6 que la h i s t amina  no 
an tagoniza  la acci6n de los an t ih i s tamln icos  sobre los 
mas toc i tos  cuando  el p H  fue man ten ido  en 8.4. 
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The Synteratogenic Effect of Lead and Cadmium 

The increasing impor t ance  of env i ronmen ta l  pol lu t ion 
wi th  h e a v y  meta l s  such as lead 1 and cadmium 2 should 
a ler t  us to the  possible effects of these meta l s  on m a m -  
mal ian  reproduct ion .  Previous  exper imen ta l  da ta  re la t ing 
to  the  effect  of h e a v y  meta ls  upon  embryon ic  develop-  
m e n t  i n  t he  p r e g n a n t  h a m s t e r  have  revealed a s t r iking 
si te-specific t e ra togenic  effect  for b o t h  lead a and  cad- 
m i u m  4. The i.v. in ject ion of c admium sulfate  causes a 
h igh incidence of facial abnormal i t ies  and  a few o the r  mal- 
fo rmat ions  including exencepha ly  and  anoph tha lmia .  
U n d e r  ident ical  expe r imen ta l  condi t ions  the  te ra togenic  
effect  of var ious lead salts  has  been ma in ly  confined to 
the  developing tail  bud  and  associa ted caudal  ver tebrae .  

In  the  p resen t  expe r imen t s  an a t t e m p t  has been made  
to  combine  the  te ra togenic  st imuli  of c admium and  lead 
in order  to  produce  a combina t ion  of congeni ta l  defects  
which  would reflect  the  separa te  t e ra togen ic  act ions of 
these  agents  on diverse pa r t s  of the  developing embryo.  
The resul ts  were qui te  d i f ferent  t h a n  expec ted  and repre-  
sen t  an extremely interesting example of the complex 
interaction of teratogenic agents. 

Female hamsters were bred under direct observation 
during the early evening hours. The day following the 
evening of breeding was designated as the first day (day i) 
of gestation. On the morning of the eighth day of gestation 
the animals were anesthetized with pentobarbital and 
injected i.v. with distilled water (controls), cadmium 
sulfate, lead acetate or combinations of cadmium sulfate 
and lead acetate in the amounts and combinations shown 
in Table I. 4 or 5 days later, on the twelfth or thirteenth 
day of pregnancy, the maternal animals were killed and 
the embryos recovered. These embryos were examined 
carefully for gross external malformations. The number 
of resorption sites were counted and recorded. 

The teratogenic effects of both cadmium and lead when 
injected separately into pregnant hamsters corresponded 
well with previous data in that cadmium caused anterior 
malformations 4 (exencephaly, cleft lip/palate, microph- 
thalmia) only, while lead caused tail malformations only 3. 
The combination of these agents, however, revealed that 
the frequency and severity of the clefts in the lip and 
palate caused by cadmium are reduced in the presence of 
lead, while the posterior tail malformations caused by 
lead appear to be potentiated in the presence of cadmium. 
Sympodia, a severe caudal malformation of the lower 
extremities (Figure) was never seen in the animals treated 

with  lead only  b u t  did appea r  wi th  a re lat ively high 
f requency  when  cad mi u m was  a d d e d  to the  lead (Table II).  

The te ra togen ic  in terac t ion  of o ther  agents  has been  
d e m o n s t r a t e d  for insulin and  2-deoxy-D-glucose 5 bu t  no t  
for any  h e a v y  metals .  One can specula te  t h a t  the  t e ra to -  
genic effect  of e i ther  of these  meta ls  m a y  be due to  a 
d i rect  effect  on embryon ic  tissues, a block in p lacenta l  
t ransfer  of some essential  metabol i te ,  or an induced defect  
in ma te rna l  me tabo l i sm which  secondar i ly  affects  t he  
d i f ferent ia t ing  embryon ic  tissue. 

One obvious  possibi l i ty  which  bears  fu r ther  invest iga-  
t ion is the  wel l -known impor t ance  of heavy  meta ls  in the  
func t ion  of several  me ta l lo -enzymes  which may  have  

13-day-old fetal hamsters. Animal at left is from a control animal and 
is normal. The other 2 are littermates from a mother treated with 
cadmium sulfate (2 mg/kg) and lead acetate (50 mg/kg) on the eighth 
day of gestation. Both show the same degree of sympodia. 4 other 
littermates had the same defect. • 3. 
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