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ABSTRACT

Nicotinic acid reduces the cholera-toxin induced fluid sccretion in experimental animals
but its toxicity at high doses prcvent its therapeutic usc in paticnts suffering from cholera.
This study amed to determine whether nicotinamide, thc won toxic amide derivative of
nicotinic acid, is as effective as mnicotinic acid in irhibiting cholcra toxin induced intcstinal
secretion in vivo. Four intestinal loops, with thecir blood supply intact, were isolated in 30
rabbits and injected with cither (i) 30 mM mannitol, (ii) 30 mM mannitol + 10 pg cholcra

toxin, im) 30 mM glucose, or (v) 30 mM glicosc + 10 pg cholera toxin.
were

Thesc rabbits

randomly assigned to three groups recciving intraluminally cither 100 mg/kg of

nicotinic acid, 100 mg/kg of nicotinamide, or 10 mi/kg of Ringer solution.

Mcasurcment of

intestinal fluid accumnlation showcd that micotinic acid, but not nicotinamidc, significantly
redoced cholera toxin induced intestinal sceretion.
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INTRODUCTION

Nicotinamide is the amide derivative of nicotinic
acid or vitamin PP. Both compounds exhibit the
same anti- pellagrous vitaminic activities but their
pharmacological action at high doses is quite
different (1,2). High doses of nicotinic acid induce
vaso- dilatation, lower cholesterol levels, and prevent
the rise in tissue of cAMP. (cyclic adenosine 3,5 -
monophosphate) elicited by a variety of stimuli such
as adrenaline, ACTH, and glucagon (2,3). High
doscs of nicotinic acid also have side effects and
may induce nausea, vomiling, and peripheral vascular
dilation or “flushing”. Hepatic toxicity of nicotinic
acid has also been reported (2). Nicotinamide has
none of the pharmacological effects nor the side
effects of nicotinic acid: it does not induce a
vasodilatation, has no effect on cholesterol levels, and
has no known toxicity (2).

In rabbits, low doses (5 mg/kg) of nicotinic acid
prevent cholera toxin-induced intestinal secrction
and higher doses (100 mg/kg) reverse the established
cholera infestinal fluid secretion (4). There is
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evidence - that nicotinic acid inhibits the formation of
cAMP and restores sodium fluxes to normal levels
(4-5). A therapeutic trial in Bangladesh using 50 o0
60 mg/kg of nicotinic acid suggested that this drug
slightly reduces stool output in cholcra paticnts (6).
These doses are lower than those shown to be
effective in rabbits to reverse cholera induced
intestinal secretion, but use of higher doses is
prevented by the existence of side effects.

Nicotinamide may also interfere  with  the
mechanism of action of thc cholera toxin (7.8).
Cholera toxin induces its pathological effects via
ADP-ribolysation of the stimulatory GTP - binding
protein G, following a reaction which produces
nicotinamide:

NAD + G; = ADP- ribosylated - Gg
+ nicotinamide + HY

There is evidence that this reaction is reversible
by the law of mass action: in isolated rabbit ileum,
high doses of nicotinamide has been shown to inhibit
and reverse the cholera toxin-induced secretion (7-
8). This suggests that high doses of nicotinamide
may inhibit or reverse the ADP ribosylation
occurring aftcr fixation of the cholera toxin on the
enterocyte.
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The purpose of this study was to compare the
effects of high doses of nicotinic acid and
nicotinamide on cholera-induced intestinal fluid
secretion in rabbits in vive to dclermine whether
high doses of nicotinamide could be considered for
therapeutic use in cholera paticnis instead of high
doses of nicotinic acid.
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After the surgical procedure, the loops were
relurned to the abdominal cavity and the incision

sealed. After 3 hours, rabbits were killed by
pentobarbital overdose and the isolated loops
removed.

_ Previous in vivo studies examined the cffect of
nicotinamide and nicotinic acid on cholera toxin-

Table 1 — Description of different treatment groups allocation

Treatmeny
Nicotinic acid Nicotinamide Ringer

Number of rabbits 10 10 10
Number of loops 40 35 40

with without with without with without

toxin toxin toxin toxin toxin toxin
with glucose 10 10 9 9 10 10
with mannitol 10 10 17 9 10 10
Total 20 20 17 18 20 20

MATERIALS AND METHODS

After an overnight fast, 30 white male rabbits
weighing on average 2 kg (range: 1500, 2600 g) were
anacsthetised with  intravenous pentobarbital (2
mg/kg), given via a marginal ear vein. Four ileal
loops about 10 ¢m long proximal to the appendix
were emptied manually and then isolated keeping
their blood supply intact. At least 2 to 3 cm were
left between each loop and each had a different
blood supply. Each loop, in random order, was then
filled with 5 ml of Ringer solution containing either:
() 30 mM mannitol, (ii) 30mM mannitol + 10pg
cholera toxin, (iii) 30mM glucose, or (iv) 30mM
glucose + 10 pg cholera toxn.

This design was used to compare the effect of
nicotinic acid and nicotinamide on cholera toxin-
induced secretion when the glucose —sodium co-
transporter was activated or not.  Mannitol, not
actively transported by the glucose-sodium co-
transporter, was given at the same molar
concentration as glucose in loops without glucose to
control for the effects of intraluminal osmotic
pressure.

Immediately after the loops were isolated, each
rabbit was given an injection of 10 mi/kg of a
solution taken from a vial identified with only a code
number and containing cither (i) Ringer, (i1) Ringer
+ 10 mg/ml nicotinic acid, or (iii) Ringer + 10
mg/ml nicotinamide. This injection was made in the
ileum, about 5 cm proximally from the isolated
loops. For the last two groups, the nicotinamide
and nicotinic acid were given as an 80 mM solution
and the total dosage injected was 100 mg/kg or 0.8
mmol/kg. This dose corresponded to the maximal
dosc which could be used in a therapeutic ftrial
without inducing side effects. No attempt was made
to use a lower dose or to establish a dose response
curve: it was assumed that an absence of effeét with
the highest dose would suggest that a lower dose is
also ineffective.

Table 11. Effect of ntcotinic acid and nicotinamide
on water flux of rabbit ileum in vivo

a) loops treated with cholera toxin

Mean Standard
(‘u.l/cmz.h) deviation
Controls —-48.4 18.7
(n = 20)
Nicotinic acid -29.5 29.0
(= 20)
Nicotinamide - 486 175
(n = 17
F = 427, 2 degrees of freedom, p<005
b} loops without cholera toxin
Mean Standard
{uljemZ.h) deviation
Controls 4.7 3.2
(n = 20)
Nicotinic acid 17.9 19.1
(n = 20)
Nicotinamide 8.6 229
(n = 18)
F = 081, ns.

induced fluid secretion aftcr 3 h (4) or 4 h (5). By
that time, the net f{luid absorption observed in
control loops was clearly reversed to a net fluid
secretion in the presence of cholera toxin. The lag
phase  following  cholera  toxin  intraluminal
administration during which no fluid secretion is seen
usually lasts about 15 min (9) and maximal secretion
is reached after 3 h. It was assumed that 3 h was an
adequate time lag to compare the effects of nicotinic
acid and nicotinamide on cholera toxin-induced fluid
secretion.

After removal, loops were weighed, before and
after being emptied, by a large incision, to estimate
by difference of volume of fluid remaining in the

loop. Surface arca of the open loops was also
measured. Water flux was estimated with the
formula:
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J(ml/cmz.hour) = injected volume{ml) — final volume(ml)
surface area (cm<) x 3 hours

Water flux was regarded as negative when water
accumulated in the lumen indicating a fluid secretion.

One rabbit died before the measurement of fluid
secretion. Another rabbit had a haemorrhagic loop
which was not included in the analysis. Altogether,
115 loops were available for analysis (Table I).

For the statistical analysis, loops were considered
individually and their fluid accumulation was
compared by one-way or two-way analysis of
variance.

RESULTS

On average, in rabbits who were given nicotinic
acid, fluid accumulation in cholera toxin- stimulated
loops was lower than in those who received either
nicotinamide or Ringer solution (Table II). There
was no significant difference in fluid accumulation in
loops without toxin (Table II).

Cholera toxin-stimulated loops which received
glucose accumulated less fluid than loops without
glucose.  This effect was present in the three
treatment groups (Figure).
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It also confirmed that glucose reduced the
cholera induced net fluid secretion, as expected from
thce activation of the glucosc sodium co-transport
observed when glucose and sodium arc present in
the lumen {10).

In addition, this study suggests that nicotinamide
is not effective in inhibiting cholera toxin- induced
fluid secretion in rabbit ilium in vivo . This result
contrasts with those obtained on isolated loops in
vitro  (5,6). This discrepancy may be due to
differences in local concentration of ntcotinamide. In
this experiment, nicotinamide was not injected into
the loops themselves but proximally from them and
rcached them through gencral circulation and then
the local blood supply. Since a systemic dose of 0.8
mmol/kg was given, local concentration of
nicotinamide may have becn lower than the 10 mM
concentration in which the loops where bathed in
vitro and may be not high enough to reverse the
ADP - ribosylation of the G, protein. In any case,
this study suggests that higil doses of nicotinamide
cannot be used instead of nicotinic acid in cholera
patients to decrease stool output.
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