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Cholera Enterotoxin: Failure of 
Anti-inflammatory Agents to Prevent 
Cyclic AMP Accumulation 
THERE is considerable evidence that cholera diarrhoea is 
caused by accumulation of cyclic AMP in intestinal mucosa 
stimulated by cholera enterotoxin1- 3• Prostaglandin-~ 
(PG~) reproduces the effects of cholera enterotoxin on both 
cyclic AMP and secretion of fluid and electrolytes by intes
tinal mucosa3 and it was suggested4 that the toxin might first 
act by stimulating the release or synthesis of prostaglandin 
which then acts through cyclic AMP. Bennett1 proposed that 
acidic anti-inflammatory drugs, as they are potent inhibitors 
of pro~taglandin synthesis in several t~ssues5 - 7 , might 
antagomze the effect of cholera enterotoxin. Jacoby and 
Marshall reported that indomethacin, aspirin, and several 
other anti-inflammatory agents inhibited the cholera toxin
induced accumulation of fluid in ileal-ligated rats8

• Because 
of its potential therapeutic significance, I have studied this 
proposed mechanism. 

The cyclic AMP system isstimulated by cholera enterotoxin 
i? virtually every tissue so far tested, including liver, adipose 
tissue, and blood platelets, in addition to intestinal 
mucosa'·9

- 11• Low concentrations (1-10 ng mi.-1) of the 
purified toxin increased adenyl cyclase activity and cyclic 
AMP accumulation in human leucocytes12•13, and this effect 
was similar in all respects to that on intestinal mucosa 
including toxin concentration required, the characteristi: 
cally delayed time-course, and specific inhibition by cholera 
toxoid and a canine antitoxin. The leucocyte seemed a suit· 
able tissue for testing Bennett's suggestion in vitro, as PG~ 
also stimulates leucocyte cyclic AMP accumulation19-l5. 

Leucocytes of three healthy human volunteers were pre
pared as described previously and suspended in a Tris
buffered salt solution containing 0.3% (w j v) human serum 
albumin14• Leucocytes (1 X 107 mi. - 1) and purified cholera 
enterotoxin 10 ng mi. -I, a maximally effective concentra
tion12) were incubated for 90 min at 37° C. Varying con
centrations of indomethacin or aspirin were added to leuco
cytes 5 min before addition of cholera toxin. Incubation 
was terminated by centrifugation (2,000g for 1 min), after 
which the supernatant fluid was discarded and the cell button 
resu~pended in ice-cold 5% trichloroacetic acid. Leucocyte 
cyclic AMP was then assayed by the competition-binding 
method of Gilman16, modified as described previously15• 

Table 1 Leucocyte Cyclic AMP after Exposure to Anti-inflammatory 
Agents and Cholera Enterotoxin 

--------

No drug 
Indomethacin 70 J.lg mi. -1 
Aspirin 700 J.lg mi. -1 
Cholera enterotoxin 10 ng ml.- 1 

+Indomethacin 70 J.lg mi. - 1 
+Indomethacin 7 J.lg mi. - 1 
+Indomethacin 0. 7 llg mi._, 
+Aspirin 700 J.lg mJ.-1 
+Aspirin 70 llg mi. - 1 
+Aspirin 7 J.lg mi. - 1 

+Aspirin 0.7 J.lg mJ.-1 
PGE1 1 x 10-s M 

Cyclic AMP, picomolper 107 cells* 
Exp. 1 Exp.2 Exp.3 

4.4 7.2 5.6 
5.0 10 7.4 

9.0 8.0 
39 75 45 
41 84 44 
38 69 43 
37 72 44 

76 39 
73 40 
67 43 
68 42 

32 50 40 

* Each value is the mean of duplicates differing by ± 8 %. 
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Neither aspirin nor indomethacin produced any detectable 
inhibition of the eight-fold increase in leucocyte cyclic AMP 
caused by cholera enterotoxin (Table 1). PGE1 alone caused 
accumulation of cyclic AMP, as described previously13 - 15• 

The maximal concentrations of both anti-inflammatory 
agents were considerably higher than those which produced 
complete inhibition of prostaglandin synthesis in guinea-pig 
lung5 and canine spleen7

; 3-4 JLg ml. _,for indomethacin and 
3(}-40 JLg mi._, for aspirin. 

The similarities between cholera enterotoxin's effects on the 
cyclic AMP content of gut mucosa and leucocytes suggest 
that the toxin's mechanism of action may be similar in the 
two tissues. If so, high concentrations of aspirin and indo
methacin would not be expected to prevent accumulation 
of cyclic AMP in gut mucosa exposed to maximally effective 
doses of cholera enterotoxin. This possibility must be 
tested directly with maximally-and submaximally-effec
tive doses of cholera toxin on the gut mucosa, and it must 
be shown in both leucocytes and mucosa that indomethacin 
and aspirin greatly reduce prostaglandin synthesis. The 
present results show that oholera toxin alone can increase 
cyclic AMP levels maximally in human leucocytes. They 
do not exclude the poss~bility that the gut behaves differently 
or that a dual mechanism exists. In addition to the direct 
action of toxin there m~ght be an indirect effect involving 
prostaglandins, and this would become evident only in 
experiments with the submaximal doses of toxin. Neverthe
less, increased synthesis .of prostaglandin is unlikely to prove 
a universal mechanism for the actions of cholera enterotoxin 
sin_ce the toxin (like cyclic AMP) stimulates lipolysis i~ 
adtpocytes\ cells in which PG~ inhibits both cyclic AMP 
accumulation and lipolysis17,t8• 

These results do not preclude a beneficial therapeutic 
effect of acidic anti-inflammatory agents in cholera. The 
inhibition of toxin-induced intestinal fluid accumulation by 
!hese agents in vivo8 deserves further investigation, even if 
It belongs to a class of drug effects in which cyclic AMP 
plays no role. 
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