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INHIBITION OF EPITHELIAL CHLORIDE CHANNELS BY A  SEMI-PURIFIED 
FRACTION OF CROTALUS ATROX VENOM 

George A. Gerencser, Dept. o f  Phys io logy,  Univ. o f  F l o r i d a ,  
C o l l .  of Medicine, G a i n e s v i l l e ,  FL 32610 

A b s t r a c t :  Ra t t lesnake  venom has a  s t r o n g  e f f e c t  on t h e  i o n i c  per -  
meabi 1  i t y  o f  p l  asma membranes. Ra t t lesnake  venom and one of i t s  
s e m i p u r i f  i e d  f r a c t i o n s  (CAV-C2) has been imp1 i c a t e d  i n  a f f e c t i n g  
b o t h  sodium and c h l o r i d e  t r a n s f e r  across e p i t h e l i a .  The mechanism 
o f  CAV-C2 a c t i o n  on e p i t h e l i a ,  however, i s  s t i l l  open t o  quest ion.  
A p l y s i a  c a l i f o r n i c a  i n t e s t i n e  has been shown t o  c o n t a i n  bo th  
m e  conduc t i ve  channels and sod i  um dependent c h l o r i d e  uptake 
mechanisms i n  t h e  mucosal membrane o f  i t s  en te rocy tes  which makes 
i t  an i d e a l  model t o  d i f f e r e n t i a t e  t h e  CAV-C2 a c t i o n  on e i t h e r  of 
these membrane t r a n s p o r t  processes. I n  t h e  absence o f  sodium i n  t h e  
b a t h i n g  medium, c h l o r i d e  i s  t h e  o n l y  i o n  a c t i v e l y  t ranspor ted .  
CAV-C2 and p i r e t a n i d e  have s i m i l a r  types o f  i n h i b i t o r y  e f f e c t s  on 
n e t  c h l o r i d e  t r a n s p o r t  w h i l e  furosemide had no e f f e c t  on c h l o r i d e  
movement across t h e  i n t e s t i n e .  It was concluded t h a t  CAV-C2 a c t i o n  
i s  on c h l o r i d e  conduc t i ve  channels l o c a t e d  i n  t h e  mucosal membrane 
o f  t h e  en te rocy tes .  

I n t r o d u c t i o n :  Ra t t lesnake  venom 
has a  s t r o n q  e f f e c t  on t h e  i o n i c  
permeabi 1  ity o f  t h e  nerve  ( 1 )  and 
muscle ( 2 )  p l  asma membrane. More 
r e c e n t l y ,  i t  has been demonstrat- 
ed t h a t  C r o t a l u s  a t r o x  venom 
(CAV) a f f e c t e d  bo th  ~ a +  and C1- 
t r a n s p o r t  across e p i  the1  i a1 mem- 
branes ( 3 ) .  Fur thermore CAV-C2, 
a  s e m i p u r i f i e d  hemoly t i c  t o x i n  
f rom CAV ( 4 ) ,  was shown t o  d i r -  
e c t l y  a f f e c t  C1' t r a n s p o r t  across 
f r o g  s k i n  ( 5 ) .  C l e a r l y ,  however, 
t h e  e f f e c t  o f  CAV-C2 on e i t h e r  
C1' conduc t i ve  pathways o r  ~ a + -  
dependent C1' t r a n s p o r t  mechan- 
isms c o u l d  n o t  be r i g o r o u s l y  
d e f i n e d  because a l l  a c t i v e  t r a n s -  
c e l l u l a r  C1- movement across t h e  
f r o g  s k i n  i s  u l t i m a t e l y  l i n k e d  t o  t h e  
movement o f  ~ a +  ( 6 ) .  S ince t h e  
A p l y s i  a  c a l  i f o r n i c a  (sea hare )  i n t e s -  
t i n e  can a c t i v e l y  absorb Cl', i n  the  
presence o r  absence o f  ~ a +  (7 ) ,  i t  can 
serve as a  unique model t o  d i s c e r n  t h e  
mechanism by  which CAV-C2 a f f e c t s  C1- 
t r a n s p o r t  across p l  amsa membranes. 

M a t e r i a l s  and Methods: The a d u l t  
At11 v s i  a  c a l  i f o r n i c a  ( a  seaborne mol- 
' l u s c ) a s  s a c r i f i c e d ;  i t s  i n t e s t i n e  

removed and mounted as a  f l a t  sheet 
between t h e  mi r ro r - image compartments 
o f  a  conven t iona l  l u c i t e  Ussing cham- 
ber .  Transmural po ten t  i a1 d i f f e r e n c e  
(PO) and s h o r t - c i r c u i t  c u r r e n t  (SCC) 
were measured by  methods p r e v i o u s l y  
descr ibed  (3, 6 ) .  The i n t e s t i n e  was 
oxygenated and mounted between iden-  
t i c a l  ~ a +  f ree,  seawater R inger  
t h a t  had t h e  f o l l o w i n g  c o n s t i t u e n t s  i n  
mM: T r i  s  Cl , 462; MgS04.7H20, 2.4; 
KCl, 9.7; KHC03, 2.4; MgC12.6H20, 
9.8; CaC12, 1.5. The medium osmola- 
1  i t y  was 1000 mosm/l and i t had a  pH 
o f  7.8 a t  25OC. When bo th  PD and SCC 
were s t a b i  1  i zed, CAV-C2 was added, un- 
l e s s  o therw ise  s t a t e d  t o  t h e  mucosal 
b a t h i n g  medi urn. CAV-C2 was obta ined 
as a  g i f t  f rom Dr. Anthony T. Tu, 
Department o f  B i  ochemi s t r y  , Col orado 
S t a t e  U n i v e r s i t y ,  F o r t  C o l l  i n s ,  CO 
(4) .  The appl i c a t i o n  o f  r a d i o t r a c e r  
t e c h n i  que f o r  t h e  u n i d i r e c t i o n a l  muco- 
s a l  t o  se rosa l  (J,,) f l  ux o f  3 6 ~ 1 -  
was as descr ibed  b y  Quay and Armstrong 
(8). . , 

Resu l t s :  The f i r s t  s e r i e s  o f  
exper iments was designed t o  determine 
t h e  s i t e  o f  CAV-C2 a c t i o n .  T y p i c a l l y ,  
when CAV-C2 was added t o  t h e  mucosal 
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b a t h i n g  s o l  u t i o n  a t  a  c o n c e n t r a t i o n  o f  
40 pg/ml, b o t h  PD and SCC were i n h i b -  
i ted.  These e l e c t r i c a l  c h a r a c t e r i  s- 
t i c s  were p a r t i a l l y  r e s t o r e d  upon 
r i n s i n g  and r e p l a c i n g  t h e  mucosal 
s o l u t i o n  w i t h  f r e s h ,  oxygenated 
t o x i n - f r e e  medium (N = 5). The add i -  
t i o n  o f  40 pg/ml CAV-C2 t o  t h e  serosal  
s o l u t i o n  had v i r t u a l l y  no e f f e c t  on PD 
o r  SCC (N = 3) .  

I n  o r d e r  t o  d i s c e r n  t h e  CAV-C2 
e f f e c t  on C1- t r a n s p o r t ,  d e t e r m i n a t i o n  
o f  t h e  u n i d i r e c t i o n a l  Jms 3 6 ~ 1 -  f l u x ,  
i n  b o t h  t h e  absence and presence o f  
CAV-C2, was c a r r i e d  ou t  under s h o r t -  
c i r c u i t e d  c o n d i t i o n s .  As shown i n  
Tab1 e  1, t h e r e  was an e q u i v a l e n t  C1- 
i n h i b i t i o n  o f  b o t h  mean Jms o f  C1- 
and t h e  average SCC a f t e r  CAV-C2 (100 
pg/ml ) a d d i t i o n  t o  t h e  mucosal medium. 

The a d d i t i o n  o f  0.1 mM p i r e t a n i d e  
t o  t h e  mucosal b a t h i n g  s o l u t i o n  i n h i b -  
i t e d  bo th  PD and SCC. R i n s i n g  and 
rep1 a c i n g  t h e  mucosal medium w i t h  
p i  r e t a n i d e - f  r e e  medi um r e s t o r e d  b o t h  
PD and SCC (N = 4). However, t h e r e  
was no e f f e c t  when 0.1 mM p i r e t a n i d e  
was added t o  t h e  mucosal medium a f t e r  
40 pg/ml CAV-C2 had i n h i b i t e d  SCC 
(F ig .  1).  

Mucosal o r  serosal  furosemide 
(0.1 mM) had no e f fec t  on PD o r  SCC. 

The nex t  s e r i e s  o f  experiments was 
designed t o  t e s t  t h e  e f f e c t s  o f  ~ a 2 +  
on CAV-C2 i n h i  b i  t e d  C1- t r a n s p o r t .  
I n c r e a s i n g  mucosal and serosal  ca2+ 
c o n c e n t r a t i o n s  t o  11.2 mM abol i shed 
any CAV-C2 induced e f f e c t s  on PD and 
SCC. However, adding 1 mM e t h y l e n e  
d iamine t e t r a a c e t i c  a c i d  (EDTA) t o  t h e  
mucosal b a t h i n g  so l  u t i o n  p a r t i  a1 l y  

r e s t o r e d  t h e  i n h i b i t i o n  o f  PD and SCC 
due t o  CAV-C2 (N = 5) .  

D iscuss ion :  I n  a  ~ a + - c o n t a i n i n g  
b a t h i n g  s o l  u t i o n ,  t h e  SCC across 
~ ~ l ~ s i a  c a l  i f o r n i c a  i n t e s t i n e  i s  
accounted f o r  by a c t i v e  a b s o r p t i v e  
f l  uxes f o r  bo th  ~ a +  and C1- (9 ) .  The 
s e c r e t o r y  f l  uxes o f  these i o n s  a r e  
predominant ly  o r  who1 l y  p a r a c e l l  u l  a r  
and t h e r e f o r e  pass ive (10) .  I n  t h e  
absence o f  Na+ i n  t h e  b a t h i n g  medium, 
t h e  SCC i s  a  pure C1' a b s o r p t i v e  cu r -  
r e n t  as has been demonstrated i n  
Table 1 where CAV-C2 abo l i shed  t h e  SCC 
which was i d e n t i c a l  t o  a  component o f  
t h e  JmS C1- f l u x .  

The very  f a s t  response t i m e  o f  t h e  
e l  e c t r i c a l  e f f e c t s  evoked by mucosal 
CAV-C2, and t h e  p a r t i a l  i n h i b i t i o n  o f  
these e f f e c t s  by ca2+ s t r o n g l y  suggest 
i n t e r a c t i o n  o f  these agents w i t h  speci -  
f i c  components o f  t h e  mucosal membrane 
as has been suggested p r e v i o u s l y  (5)  
r a t h e r  than  an i n t r a c e l l u l a r  s i t e  o f  
ac t ion .  

I n  t h e  presence o f  ~ a + ,  furosemide 
i n h i b i t s  bo th  PD and SCC i n - t h e  A ~ l v s i a  - 
i n t e s t i n e  (12)  suggest ing t h e  e x i s t e n c e  
o f  a  N a + - ~ 1 -  symport process i n  t h i s  . . 

p repara t ion .  I n  c o n t r a s t ,  t h e  f i n d i n g  
t h a t  mucosal furosemide had no e f f e c t  
on PD and SCC i n  t h e  absence o f  Na+ 
s t r o n g l y  suggests t h a t  C1- t r a n s i t  
th rough  t h e  A  1  s i a  e n t e r o c y t e  i s  n o t  + mediated by a  Na -coupled t r a n s p o r t  
process f o r  furosemide i s  a  known ~ a + -  
C1' symport i n h i b i t o r  (11).  The 
observa t ion  t h a t  mucosal p i  r e t a n i d e  
had s i m i l a r  i n h i b i t o r y  e f f e c t s  on PD 
and SCC as CAV-C2 coupled w i t h  t h e  
o b s e r v a t i o n  t h a t  p i  r e t a n i d e  had no 

TABLE 1 

UNIDIRECTIONAL MUCOSAL TO SEROSAL CHLORIDE FLUX AND SHORT 
CIRCUIT CURRENT I N  TRIS C1 SEAWATER MEDIUM 

Jms SC C 

Be fo re  CAV-C2 a d d i t i o n  220.3 t 11.6 ( 5 )  42.6 2 6.9 ( 5 )  

A f t e r  CAV-C2 a d d i t i o n  173.1 + 17.2 ( 5 )  0.8 2 0.4 (5 )  

Values a re  means 2 SEM i n  neq cm-2-min-l. Number o f  experiments shown i n  paren- 
theses. 
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CAV-C2 Piretanide Rinse 

Time (minutes) 

F i g u r e  1: Comparison o f  t h e  e f f e c t s  o f  p i r e t a n i d e  and CAV-C2 on SCC 
i n  T r i s  C1 seawater medium. 

e f f e c t  on PD and SCC i n  t h e  presence 
o f  CAV-C2 (F ig .  1 )  suggests t h a t  bo th  
agents a r e  a c t i n g  on t h e  same s i t e :  
t h e  C1' conduc t i ve  channels l o c a t e d  i n  
t h e  mucosal membrane (7 ,  12).  Th is  
observa t ion  compares f a v o r a b l y  w i t h  
t h a t  found i n  ga l  1  b l  adder (13)  where 
i t  was demonstrated t h a t  p i r e t a n i d e  
b locked  C1- conduc t i ve  pathways. 

The novel u t i l i t y  o f  t h e  A p l y s i a  
i n t e s t i n e  w i l l  be considered b r i e f l y .  
It i s  e x t r a o r d i n a r y  t h a t  t h i s  e x p e r i -  
mental system con ta ins  severa l  types 
o f  C1' t r a n s p o r t  processes which can 
be d i f f e r e n t i a l l y  s t u d i e d  by a r t i f i -  
c i a l  l y  mani pu l  a t i  ng t h e  exper imenta l  
e n v i  ronment. Th is  exper imenta l  model 
p rov ides  an i n t e r n a l  c o n t r o l  t o  t h e  
s tudy  o f  C1- t r a n s p o r t  mechanisms 
r a t h e r  than  an e x t e r n a l  i n t e r s p e c i e  
comparison o f  these d i f f e r e n t  events. 
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