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ABSTRACT: In a preparation of isolated gills of the shore crab Carcinus mediterraneus perfused 
with dilute sea water (pH 8.1,200 mM Na +) which was identical to the bathing solution of the gill, 
acidification of the collected perfusate was observed. Acidification was not affected by 10 -4 M EIPA 
(5-[N-ethyI-N-isopropyl]amiloride), a strong inhibitor of Na+/H + exchange. However, in the pre- 
sence of 10 -4 M acetazolamide, acidification was greatly blocked. The significant decrease of the 
acid load of the perfusate is considered to be a result of inhibition of the branchial intracellular 
carbonic anhydrase catalyzing the formation of H * ions. 

I N T R O D U C T I O N  

A c i d - b a s e  b a l a n c e  is a c o m p l e x  r e g u l a t o r y  p h e n o m e n o n  invo lv ing  the  in t e rac t ion  of 
a n u m b e r  of phys io log ica l  a n d  b i o c h e m i c a l  p r o c e s s e s  such  as respi ra tory  gas  e x c h a n g e ,  

ion t ransport  and  the  i n t e r m e d i a r y  m e t a b o l i s m  of the  cells. The  gill cells  as a se lec t ive  
in ter face  b e t w e e n  the  e n v i r o n m e n t  and  the  in t e rna l  mi l i eu  of a broad  g roup  of aqua t i c  

o rgan i sms  plays,  be s ides  o ther  funct ions,  a c ruc ia l  role in a c i d - b a s e  regu la t ion .  

In spi te  of the  in te res t  in s tudies  of the  N a + / H  + e x c h a n g e r  in c rus t acean  gills, the  role  
of h y d r o g e n  in a c i d - b a s e  r egu l a t i on  has  not  b e e n  s tud ied  specif ical ly.  The  p r e s e n c e  of an  

e l ec t rogen ic  ami lo r ide - sens i t i ve  2 N a + / H  + e x c h a n g e r  was  e x p e r i m e n t a l l y  d i s c o v e r e d  in 
i so la ted  m e m b r a n e  ves ic les  of Carcinus gills by  She t la r  & T o w l e  (1989) and  in the  

f r e shwa te r  c r u s t a c e a n  h e p a t o p a n c r e a s  by  A h e a r n  & Clay  (1989). It could  not, h o w e v e r ,  
be  direct ly  r e l a t e d  to phys io log ica l  funct ions .  

In i so la ted  p e r f u s e d  crab gills a s igni f icant  r e d u c t i o n  in Na+ influx by  ami lo r ide  was  

o b s e r v e d  in Carcinus (Ki = 7 . 1 0  -5 M) (Lucu & Siebers ,  i986),  a n d  in the  crab  Callinectes 
sapidus Na + inf lux  was  r e d u c e d  by 39 % of the  control  v a l u e s  (Burnet t  & Towle ,  1990). 

The  ami lo r ide  effect  was  cons ide r ed  to be  a resul t  of t he  b l o c k a g e  of t he  N a + / H  + 
ant iporter ,  bu t  d i rec t  e v i d e n c e  of this effect  on  H+ sec re t ion  has  n e v e r  b e e n  e x p e r i m e n -  
tally verif ied.  

The  s o d i u m - i n d e p e n d e n t  p H  r e c o v e r y  f rom an in t race l lu la r  load  w h i c h  was  p r o b a b l y  
inh ib i t ed  by  ce l lu la r  ATP deple t ion ,  s u g g e s t s  the  p r e s e n c e  of an  apica l ly  l oca t ed  ATP-  

d r iven  H + p u m p ,  a possibi l i ty  w h i c h  has  b e e n  s u g g e s t e d  for b r a n c h i a l  cel ls  of the  f idd le r  

crab Uca tangeri but  n e v e r  b e e n  e x p e r i m e n t a l l y  ver i f i ed  (Krippei t -Drews,  1989). The  
p r e s e n c e  of an  e l ec t rogen i c  p ro ton  p u m p  in t rout  gil l  e p i t h e l i u m  was  s u g g e s t e d  by  Lin & 
Randal l  (1991). 
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The purpose of this study was to test the physiological  role of the extracellular 
acidification of the perfusate after passing along the basolateral surfaces of the gill 

lamel lae  of the isolated perfused Carcinus gill epithelium. 

MATERIALS AND METHODS 

Adult  crabs Carcinus mediterraneus were  collected on the Istrian coast of the 

Adriatic Sea. The crabs were  accl imated to laboratory conditions (20 ~ salinity 20 ppt.) 

for at least  14 days in static renewal  aquar ium systems. The posterior gills (Nos 7 and 8) 

were  then excised, and the isolated gill preparat ion was perfused by a peristalt ic pump 
from the afferent to the efferent hemolymph vessels as described by Lucu & Siebers 

(1986). Gills were  perfused with dilute sea water  (DSW; pH = 8.12 _+ 0.07) which was 

identical  to the solution in which the gills were  immersed.  The DSW stock was filtered 

using Millipore filters (0.45 ~tm mesh diameter) and used throughout  the experiments.  

The pH of the DSW was measured  with Ingold electrodes in combination with a Knick 
digital pH meter  immediate ly  before and after passing the gills. For de terminat ion  of the 

standard pH curve, 25 ml DSW were  titrated with 0.01 M HC1 (Titrisol, Merck) solution. 

Net  acidification of the perfusate was expressed as nmol H + �9 mg -1 gill fresh w e i g h t - h  -1. 

Acetazolamide  was purchased from Sigma (Miinchen), and the amiloride der ivat ive EIPA 
was a kind gift from Hoechst  (Frankfurt). 

RESULTS AND DISCUSSION 

Extracellular acidification was measured  in the isolated crab gill ep i the l ium perfused 

with dilute sea water  identical to the bathing med ium (Fig. 1). The acid load of the 
perfusate remained  in a steady state during the 2 hours of the exper imenta l  procedure  

(Fig. 1). Two hours after excision of the gills, the viability of the tissue measu red  by means  
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Pig. 1. Carcinus mech'terraneus. Acid load of the dilute sea water (DSW) after perfusion of the 
isolated posterior gill with identical solution in the bath. Data are means ___ s.d. of 6 experiments 
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of Trypan blue exclusion was over 85 %. Therefore,  gills were  considered as suitable 

organs for further studies of the effects of specific inhibitors on the acid load. 

Apparent  proton excretion from the isolated perfused Carcinus gills was not inhi- 
bited by EIPA (5-[N-ethyl-N-isopropyl] amiloride), the most potent  amiloride derivative 

for inhibition of Na+ /H  + exchange  (Kleyman & Cragoe,  1988) (Fig. 2a). Previously 
descr ibed microspectrofluorimetric studies have shown that intracellular acidification is 

not an amiloride-sensi t ive process (Lucu, 1993). The results presented  in this work, in 

addition to those on amiloride referred to by Lucu (1993), show that there is no indication 
of the presence  of basolateral ly-located amiloride-sensit ive Na+/H + exchangers  in crab 

gills. 

In the presence  of acetazolamide (10 -4 M) on the apical and the basolateral  side 

acidification of the perfusate was reduced  by about 60 % of control values (Fig. 2b). This 
finding suggests that the facilitating effect of the branchial  enzyme carbonic anhydrase 

on the interconversion of CO2 and H + plays a role in the regulat ion of the hemolymph 

acid-base balance.  I t  has been  sugges ted  by Henry  (1987) that a portion of CA of the 
crustacean gills is localized on the basolateral  membrane  side. 

In all living cells, acidification depends  only on the concentrat ion of proton donors 

and proton acceptors and on the strength with which they bind protons. Exchange  of 
acid-base equivalents  be tween  the intracellular and the extracellular space is the 

primary mechanism by which extracellular pH is regula ted  (Wheatly & Henry, 1992). 

A continuous supply of H + ions may be used for removal  of NH3 from the cells, thus 
facilitating ammonia  excretion as descr ibed for the fish gills by Wright et al. (1989). The 

gills of ammonotel ic  aquatic organisms are the dominant  organs of ni t rogen excretion. 
Ammonia  is one of the excretory products of ni t rogen metabol ism produced by the 
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Fig. 2. Carcinus mediterraneus. Effects of 10-4 M EIPA (5-[N-ethyl-N-isopropyl]amiloride) (A) and 
10 -4 M acetazolamide (B) on the acid load of the DSW after perfusion of the isolated gili bathed and 
perfused with DSW. Cb and C~ = controls before and after application of EIPA or amiloride. Data are 

the means _+ s.d. of 6 experiments 
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e n z y m a t i c  d e a m i n a t i o n  of a m i n o  ac ids  a n d  t h e  d e g r a d a t i o n  of nuc l e i c  ac ids .  Also  in  

c r u s t a c e a n s  t h e  m o s t  i m p o r t a n t  p a t h w a y  of a m m o n i a  e x c r e t i o n  is t h r o u g h  t h e  gills 

( C a m e r o n  & B a t t e r t o n ,  1976). T h e  a m m o n i u m  ion  is a p p a r e n t l y  t r a n s p o r t e d  a t  t he  

b a s o l a t e r a l  s i de  b y  a c a r r i e r - m e d i a t e d  p rocess .  It h a s  b e e n  s u g g e s t e d  b y  L u c u  e t  al.  (1989) 

t h a t  a m m o n i u m  ions  in  t he  h e m o l y m p h  a re  t r a n s l o c a t e d  in to  t he  cel l  b y  t h e  b a s o l a t e r a l l y  

l o c a t e d  N a + / K  + p u m p  in  w h i c h  NH4 + a p p e a r s  to s u b s t i t u t e  for K § 

A c c o r d i n g  to p r e l i m i n a r y  r e s u l t s  o b t a i n e d  o n  i so l a t ed  gills of t h e  s h o r e  c r a b  C a r c m u s  

m a e n a s  (S i ebe r s  & Lucu,  u n p u b l . )  t h e  p r e s e n c e  of H C O 3 -  in  t h e  m e d i u m  is i n d i s p e n s a b l e  

for e x t r a c e l l u l a r  p H  r e g u l a t i o n .  It h a s  b e e n  s u g g e s t e d  t h a t  t r a n s p o r t  of H C O 3 -  ac ros s  r e d  

b l o o d  cel ls  of f i sh  p r o v i d e s  CO2 ( S w e n s o n  & M a r e n ,  1987), w h i c h  c a n  b e  e a s i l y  t r a n s -  

p o r t e d  in to  t h e  cell, s ince  t he  b a s o l a t e r a l  m e m b r a n e  of f ish gills is i m p e r m e a b l e  to H C O a -  

(Perry  et  al., 1982). T h e  k n o w l e d g e  t h a t  H C O 3 -  c a n n o t  cross  t h e  b a s o l a t e r a l  m e m b r a n e  of 

t h e  gills h a s  un t i l  n o w  b e e n  f r e q u e n t l y  a s s u m e d  to b e  va l i d  also in  c r u s t a c e a n  gills 

b e c a u s e  of t h e i r  s imi la r i ty  to f i sh  gills in  h i s t o l o g y  a n d  func t ion .  In t h e  h e m o l y m p h  of 

Carc inus  a n d  o t h e r  c r u s t a c e a n s  n o  C A  ac t iv i ty  h a s  b e e n  d e t e c t e d ,  w h i l e  in  t h e  gil ls  C A  

ac t iv i ty  w a s  m u c h  h i g h e r  t h a n  in  a n y  o t h e r  o r g a n  a n d  t i s sue  t e s t e d  (B6 t t che r  e t  al., 1990). 

F u t u r e  t e s t s  s h o u l d  focus  on  w h e t h e r  a c e t a z o l a m i d e - s e n s i t i v e  ac id i f i c a t i on  of t h e  c rab  

h e m o l y m p h  d e s c r i b e d  in  th is  p a p e r  o r i g i n a t e s  f rom i n c r e a s e d  t r a n s p o r t  of I - tCO3-  f rom 

the  h e m o l y m p h  in to  t he  cel l  or b y  i n c r e a s e d  H § e x c r e t i o n  f rom the  ce l l  i n to  t h e  

h e m o l y m p h .  
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