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SU M MARY 

Probenecld inhibits anion movements (organic anions and chloride) ;n ox 
erythrocytes The ][5o is 4 10 -5 M Structural analogues such as carlnamlde, p- 
carboxybenzene sulfonamlde and p-carboxy N , N  dlethyl benzene sulfonamlde, which 
are drugs of the sulfonanude class, were also found to inhibit anion transport These 
results reinforce the previously discussed view based on structural considerations, that 
sulfonamIdes act on the red cell membrane as competitors of anion transport It is 
possible that probenecld and carlnamide act in a similar way in the kidney 

Renal tubular excretion of organic anions such as hlppurate is an active trans- 
port process which is inhibited by probenecid ("Benemld") The mechanism of lnhlbl- 
tmn, however, is still not clear I1 ] 

In the erythrocyte, organic anions also permeate by means of a specific trans- 
port mechanism and not by free diffusion through an aqueous channel limited by 
positive charges [2] The purpose of the present study was firstly to test whether 
probenecid and analogues similarly impair the penetration of organic anions into 
erythrocytes and secondly to consider the mechanism by which inhibition occurs 

The experiments were performed on ox erythrocytes As prototyplcal of  sub- 
strates of the organic anion transport system we used oxalate for the unidirectional 
tracer experiments and pyruvate for the net flux experiments, in w h i c h  a high concen- 
tration of substrate (160 mM) is needed Both of these anions have been previously 
demonstrated [2] to permeate the ox erythrocyte membrane through the organic 
anion transport mechanism The rate of organic anion transfer was measured under 
three different experimental conditions 

(a) Ne t  exchange o f  extracellular pyruvate wtth lntraeellular btcarbonate 
(pyrext-/HCO3,nt-) when erythrocytes are suspended in an isotonic solution of 
ammonium puruvate a pyrext-/HCO31.t- exchange occurs which induces haemolysls, 
[3] The speed of haemolysls, measured by absorbance changes of  the solution 
represents the penetration rate of the pyruvate anion [2] 
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(h) Net exchange off extracelhdar p vruvate ~/th mtracelhdal c hlorute (pyr,.t , 
CI,,,~-) when erythrocytes  are suspended  m an  Isotonic sod ium pyruvate  solut ion.  
a py r~ . t - /C l . ,  t -  exchange occurs The net efflux o f  chloride,  which is fol lowed m the 
external  medium by t i t ra t ion  (Cot love ch londomete r ) ,  measures  the net influx of  
pyruva te  

(~ ) Tracer efftux oJ oxalate at Donnan equthbrntm wht~h measure~ the ~ate o/ 
oxalate ~el fex(hange (oxa l e~ t - / oxa l . , t - )  The cells were loaded with [14C]oxalat  e by 
m c u b a h o n  for 2 h at  20 ~C m rad loac twe  suspension m e d m m  ( 10 mM s o d m m  oxalate,  
140 m M  NaCl .  10 m M  KCI,  20 m M  Tns-HC1)  Then,  after cen tnfuga t lon ,  the packed 
cells were d iv ided  into different batches which are resuspended (hema tocn t  50 °o) m 
the incuba t ion  med ium at exact ly the same spec~hc ac t lwty  with  or wi thout  probenecld  
or  ana logue  (10 -3 M) and  incubated  overmght  at 0 C to al low the drug  to equ lhbra te  
fully with the cells Subsequent ly  the cells were centr ifuged,  the sediment  cooled to 
0 ~C and mixed at that  t empera tu re  ( ~ 0 01 C) with unlabel led  medium of  the same 
compos i t ion  as that  m which they were previously suspended (hematocr l t  0 5 ",,) 
Thin reduced the release of  r ad loac t lwty  into the medium whmle the system was at 
D o n n a n  equd~bnum w~th respect to non rad loachve  anion spectes (the pH at all 
t empera tu res  was adjus ted  to 7 4) The appea rance  o f  rad ioac t iv i ty  in the medium 
was measured  by the techmque  of  Da lmark  and Wroth [4] but  u~mg an au tomat i c  
col lector  of  samples  [5] 

F~gs 1 to 3 show that  probenec~d at  10 -3 M inhibits o rgamc anion  movements  
both  in condltxons of  D o n n a n  e q m h b r m m  and under  n o n - e q m h b r l u m  condi t ions  
At  e q m h b r m m  the inhib i tory  actw~ty of  the drug  expressed as the Iso. l e the mola r  
concen t ra t ion  which mh~b~ts the amon  t r anspor t  by 50 ° o, was found to be 4 10- ' M 
In the same condi t ions  no effect can be observed on cat ,on t ranspor t  It can be seen in 
Table  I that  ~tructural analogues  of  probenecld ,  such as ca rmamlde  and  p-carboxy-  
benzene sul fonamlde,  also s t rongly  decrease o rgamc amon  exchange It ~s no tewor thy  
that  all these drugs are of  the su l fonamlde  class and  that  carmam~de was the first drug  
used m renal phys io logy to lnh~b~t o rgamc amon  t ranspor t  
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Fig 1 lnfluence of 

Q 

. . . .  #o 4'0 2O 
T,me (rnln) 

probenecld (10 -3 M) on pyr~xt-/HCOjlnt- exchange the time course of 
hemolysis, followed by the decrease m absorbance, of a suspension of ox erythrocytes m art ~sotomc 
ammonium pyruvate solution The erythrocytes were not premcubated w~th probenecmd, temperature 
34 °C O, control (2 experiments), Q, probenecld (3 experiments) 
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Fig 2 Influence of probenecld (10 -3 M) on exchange of extracellular pyruvate with cellular 
chlonde Hematocnt 37 per cent, 10 °C Erythrocytes were premcubated with probeneod O, control, 
©, probenecld 
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Inhibitory effect of probenecld (10 -a M) on oxalate transport measured under steady state 
condmons O, control cells, O,  probenecld treated cells The rate coefficients of oxalate exchange 
were calculated from the slope of the graph of In (Aoo-At/Aoo-Ao) vs time (m minutes) A~,  At 
and A o are the concentrations of isotope m the external medium at eqmhbrmm, Ume t and 0 respec- 
Uvely 
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It IS of interest to consider the mode of action of these drugs on the erythrocyte 
anion transport system within the framework of the available data on this system 
It has been demonstrated that some carbonic anhydrase xnhlbltors of the sulfonamlde 
class inhibit anion movements at the membrane level [6-7] The sulfonamlde group 
(SOENH2) of these drugs could satisfy the structural requirements for organic anion 
transfer through the erythrocyte membrane Indeed, interaction between anion and 
membrane receptor, allowing for translocatlon, requires at least a 3 point attachment 
involving 3 oxygen atoms on the anion which react with complementary loci on the 
receptor to form ionic and hydrogen bonds [2] Such a three point attachment can 
potentially be made by sulfonamlde group because the electronegatlvltles of oxygen 
and of nitrogen are similar On thls basis a sulfonamlde could act as a competitor on the 
receptor [6] The present results, which show that the tested sulfonamldes inhibit the 
self exchange of oxalate, and data obtained with a large series of unsubstituted and 
substituted sulfonamldes, strongly support this hypothesis 

Since there are certain analogies between the renal effects of dmretlcS (sulfon- 
amides [5-7], ethacrynlc acid [8]) and their anionic inhibitory potency in the eryth- 
rocyte, it is possible that the mechanism whereby probenecld and carlnamlde inhibit 
organic anions in kidney is similar to that in the erythrocyte 

Previous results showed that in ox erythrocytes the transport of chloride and 
organic anions is influenced in a strictly identical manner by a whole series of chemical 
substances [5-8] and by temperature variation [5], making it reasonable to postulate 
that in the ox erythrocyte the rate of transfer of chloride and organic anions is con- 
trolled by the same membrane component The data in Table I reinforce this assump- 
tion since the relative inhibitory potencies of the various drugs are identical for 
chloride and oxalate transports 
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