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The Effect of Gastrointestinal Enzymes
on Cholera Toxin
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In clinical cases of cholera Vibrio cholerae grows, multiplies and undergoes lysis in the
intestine. Although there are numerous works on the enzymatic make-up of V. cholerae,
there is hardly any literature on the effect ofdifferent gastrointestinal enzymes on the toxin
in bringing about the signs and symptoms ofthe disease. According to one school ofthought,
cholera toxin plays an important role in the pathogenesis of the disease.

The effects of gastrointestinal enzymatic extracts of rabbit and pure gastrointestinal
enzymes on the toxin were studied. The resultant degraded products were tested for their
ability to produce cholera in young rabbits.

When the toxin was treated with adult-rabbit enzymatic extract, it was degraded and
the choleragenic property was lost, but this was not true of toxin treated with young-rabbit
enzymatic extract. This might explain the resistance of the adult rabbit to the infection.
The choleragenic property of the toxin was also lost when it was treated with lipase or
phosphorylase but not with trypsin or pepsin. The lipopolysaccharide portion of the toxin
was shown to be important from the point of view ofpathogenesis.

The nature of cholera toxin has been studied by
several workers (for example, Boivin et al., 1934;
Boivin & Mesrobeanu, 1935, 1936; Raynal et al.,
1939; Damboviceanu & Barber, 1940); it constitutes
a protein portion, a carbohydrate portion, and a
lipoidal portion, all of rather undefined character.
Immunological findings have indicated that the
glucolipoidal portion is of considerable importance
from the point of view of antigenicity, and Gallut
(1943) has confirmed that it is the only antigenic
compound in the toxin.

Gastrointestinal enzymes break down complex
biological compounds such as proteins, polysaccha-
rides and lipids to smaller constituent units in order
to make them ready for easy absorption. Cholera
is a disease of the gastrointestinal tract wherein the
organisms grow, multiply and undergo lysis. The
toxin liberated by these organisms is absorbed from
the intestines (Ciaccia, 1914). One of the current
views is that the intestinal manifestations of cholera
are due to the action of the endotoxin of V. cholerae
(Pollitzer, 1959). Whether the toxin is absorbed as
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whole molecule, or is broken down to smaller
constituents by the gastrointestinal enzymes before
absorption, has yet to be settled. Whether the
choleragenic property is attributable to whole
molecules or to their degraded products has re-
mained a doubtful question.
The effect of gastrointestinal enzymes on toxin

was studied in vitro and the resultant products were
tested using the rabbit cholera method of Dutta
et al. (1959).

MATERIALS AND METHODS

The toxin was prepared by the method described
by Gallut (1954), using the rabbit-passaged strain of
V. cholerae, Inaba 569 B. Only sterile toxin prepara-
tions were employed for the investigation. Toxicity
was evaluated in white mice of Haffkine strain,
weighing 16-18 g. The LD50 dose was 0.25-0.30 ml
for all the preparations of toxin used here.
Young rabbits aged 8-10 days were killed to collect

the pancreas, small intestine, and gall bladder with
its contents. These organs were freed from connec-
tive tissues and membranes, weighed and chilled
below -4°C for about one hour. They were then
cut into small pieces and triturated for 10-15 minutes
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in a pestle and mortar with 0.2 M phosphate buffer
five times the weight of the tissues, and filtered
through a fine cloth; the resulting filtrate was used
as the gastrointestinal enzymic extract. The entire
operation was carried out in cold. Similar extracts
were also prepared from adult rabbits, and the
enzymatic activity was determined.

Cholera toxin, a clear, yellowish, translucent
fluid with a characteristic odour, having pH 5-5.4,
was divided into three portions. The first portion
was mixed with enzymic extract buffered at pH 5 in
the proportion of toxin to buffered extract 2: 1;
this was the acid-buffered portion. The second
portion (neutral-buffered portion) was mixed with
enzymic extract in the same proportion and buffered
at pH 7; a similar procedure was applied to the third
portion (alkaline-buffered portion) at pH 8.2. All
three portions were incubated at 37°C for 4-6 hours,
and centrifuged; the supernatants were tested for
choleragenic property in young rabbits. The rabbits
were fed with these portions after gastric lavage, in
a dose of 6 ml/100 g of body-weight divided into
4 equal portions, one dose being given every 2 hours.
The portions prepared with adult-rabbit enzymic
extract were tested similarly. The sediments left
after centrifugation in both instances were suspended
in saline, and were also tested for choleragenic
property. Those animals which suffered from cholera
showed dehydration, diarrhoea and anuria. The
post-mortem picture was typical of experimental
cholera (Dutta et al., 1959).
The toxin was treated with pure trypsin and pepsin

in concentrations of 5 mg per ml at optimum pH.
Lipase was used in the same concentration for the
lipolytic activity at pH 5, and phosphorylase-a
(though not one of the intestinal enzymes) for the
degradation of the carbohydrate part of the toxin,
but in a concentration of 0.25 mg per ml. These
preparations were incubated for 4-6 hours at 37°C
and centrifuged, and the supernatants were tested
for choleragenic property. Pure enzymes and sedi-
ments, if any, were simultaneously studied as
controls.

Proteolytic activity was measured in terms of free
tyrosine liberated. The tyrosine was estimated by
forming a mercuric salt which gave an intense red
colour with nitrous ions (Millon-Nasse reaction),
and was measured spectrophotometrically. The
lipolytic activity was measured in terms of the alkali
consumed after the lipid degradation. Carbohydrate
degradation was estimated in terms of free reducible
monosaccharides present.

RESULTS

The intestinal enzymic extracts prepared from
adult and young rabbits showed optimum proteo-
lytic activity at pH 8.2, amylolytic activity at pH 7,
and lipolytic activity at pH 5. No degradation was
observed when the toxin was treated with enzymic
extracts from young rabbits, and it is evident from
Table I that all of them produced cholera. Enzymic
extracts alone did not produce any choleragenic
effect.

TABLE I

CHOLERAGENIC VALUE OF TOXIN TREATED WITH
GASTROINTESTINAL EXTRACTS FROM YOUNG RABBITS

Amount
Testing materials given Diarrhoea Mortality

orally (ml)

Enzymic extract, acid pH 6-8 Nil 0/2
(control)X

Acid-buffered portion 6-8 8 8/9

Enzymic extract, neutral pH 6-8 Nil 0/3
(control)

Neutral-buffered portion 6-8 5 5/5

Enzymic extract, alkaline pH 6-8 Nil 0/2
(control)

Alkaline-buffered portion 6-8 7 718

Toxin (control) 4-6 12 12/12

Toxin + buffer 6-8 8 8/8

Table 2 shows the result when adult-rabbit in-
testinal enzymic extract was used as an enzyme
source; the hydrolysis was observed only in the case
of the acid-buffered portion, and the toxin lost its
choleragenic property. The other two portions
showed no hydrolysis, and produced cholera in the
rabbit.
The effect of pure enzymes on toxin is shown in

Table 3. It was possible to bring about degradation
of protein, polysaccharide and lipid with trypsin-
pepsin, phosphorylase and lipase respectively. The
toxin lost its property of producing cholera when
either the lipid or the polysaccharide portions were
degraded, but did not do so when only the protein
portion was degraded.
Enzymic extracts at different pH, pure enzymes in

buffers, and the sediments left after centrifugation
were harmless to rabbits.
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TABLE 2
CHOLERAGENIC VALUE OF TOXIN TREATED WITH

GASTROINTESTINAL ENZYMIC EXTRACTS FROM ADULT
RABBITS

Testing materials

Enzymicextract, acid pH~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Enzymic extract, acid pH
(control)

Acid-buffered portion

Enzymic extract, neutral pH

Enzymic extract, neutral pH
(control)

Neutral-buffered portion

Enzymicextract, alkaline pH~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Enzymic extract, alkaline pH
(control)

Alkaline-buffered portion

Toxin (control)

TABLE 3
CHOLERAGENIC VALUE OF TOXIN TREATED WITH PURE

ENZYMES

Amount
Testing materials given Diarrhoea Mortality

T orally (ml)

Toxin + trypsin 6-8 4 4/6

Toxin + pepsin 6-8 4 4/5

Toxin + pancreatin 6-8 Nil 0/5

Toxin + phosphorylase 6-8 Nil 0/7

Toxin + lipase 6-8 Nil 0/7

Toxin 6-8 12 12/12

DISCUSSION

Gastrointestinal enzymic extract from yourifg
rabbits failed to hydrolyse cholera toxin, as a result
of which the latter retained its full choleragenic
property. Among the three portions prepared from
the adult-rabbit intestinal enzymic extract, degrada-

tion of the toxin was observed only in the acid-
buffered portion. In this case the toxin lost its
choleragenic property. It was observed that the
activity of lipase was more pronounced in the adult-
rabbit enzymic extract than in the young-rabbit
extract. This might be one of the reasons for the
occurrence of hydrolysis in the lipid portion when
treated with adult-rabbit enzymic extract. It might
also be one of the reasons why adult rabbits are not
easily susceptible to cholera.
The cholera toxin was degraded by pure pan-

creatin, phosphorylase and lipase with the loss of
choleragenic property. It thus appears that the lipid
portion of the toxin could be hydrolysed while the
protein and polysaccharide portions remained intact.
In such circumstances the choleragenic property was
lost. The toxin also failed to produce cholera in the
rabbit when the polysaccharide part was degraded
while the lipid and proteip portions remained intact.
The degradation of the protein portion did not affect
the choleragenic value of the toxin. This cholera-
genic property was associated with the intact moiety
of lipid and polysaccharide, which probably exist
in a conjugated form of lipopolysaccharide. The
importance of the lipopolysaccharide portion from
the antigenic point of view has already been stressed
by Burrows (1951) and Gallut (1943).
The experimental evidence produced here points

to the fact that if toxin were responsible for the
pathogenesis of cholera, then it would have to be
absorbed as whole molecules. In young rabbits
where the toxin resisted hydrolysis by the intestinal
enzymes, the disease was produced with regularity.
Degradation of the toxin by some of the enzymes
resulted in the loss of choleragenic property. It may
be that these enzymes form one of the natural
protective mechanisms of the host, resisting infec-
tion by favouring the degradation of the toxin. The
resistance to infection of the adult rabbit might be
attributable to this. In the host there appears to be
competition between toxin production by the vibrio
and toxin hydrolysis by the intestinal enzymes;
when the toxin level gains the upper hand, the result
is a manifestation of the signs and symptoms of
cholera.

ACKNOWLEDGEMENTS

The authors express their sincere thanks to Dr H. 1.
Jhala, Director, Haffkine Institute, for his keen interest
and help, and to Dr A. H. Amin of the Alembic Chemical
Works Co., Ltd., Baroda, for the gift of valuable en-

zymes. Thanks are also due to Dr S. S. Rao for his criticism
and suggestions, and to Mr G. J. Abraham for his co-oper-
ation and help. The authors are indebted to MrA.V. Mody,
Unichem Laboratories, for financial support.

309



310 N. K. DUTTA & N. B. OZA

RJ,ESUMt

On admet generalement que les l6sions intestinales
typiques du cholera sont dues a 1'endotoxine du vibrion,
mais on ignore si les propri6tes chol6ragenes sont dues a
la mol6cule entiere ou a ses produits de d6gradation, sous
1'effet des enzymes gastro-intestinales de l'hote.

Les auteurs ont etudie in vitro I'action des enzymes de
lapins adultes et de lapereaux sur la toxine chol6rique.
La toxine, trait6e par des extraits provenant d'animaux

adultes, perdait ses propri6t6s chol6ragenes, mais elle les
conservait lorsqu'on lui ajoutait un extrait d'animal
jeune. II faut peut-etre voir dans ce fait la cause de la
resistance des lapins adultes au cholera. La lipase ou la
phosphorylase d6truisent les propri6t6s de la toxine,
mais celle-ci reste insensible 2 l'action de la trypsine et
de la pepsine. La fraction lipo-polysaccharidique de la
toxine est importante du point de vue de la pathogenese.
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