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ABSTRACT SUMMARY |

Non-toxigenic V. cholerxae 0l strains have been reported from
diverse environmental sources, from -human intestinal and
extra~intestinal infections. But these strains have not been
recognized as a cause of acute diarxhoea. Culture filtrates of
all these strains have been shown to cause significant accumﬁ—
lation of fluid in adult rabbit ileal loops, and it has been
suggested that these non-toxigenic V. cholerae Ol strains
elaborate a toxin not yet known, which is different from the
known cholera toxin in antigenic nature, receptor site, mode of
action and genetic homdlogy. The proposed research plan intends
to study the effect of the culture filtrate of non-toxigenic

V. cholerae Ol strains on the small intestine of rat using an-
in vivo perfusion technique.
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SECTION II - RESEARCH PLAN

A. INTRODUCTION

1.

Objective

To study the effects of a new cholera toxin on the small
intestine of rat using an in vivo perfusion technique.

~Background

Till very recently it was known that strains of Vibrio |
cholerae Ol produce only one enterotoxin (CT) of importance
governed by one genome (1.2). Isolation of non-toxigenic

V. cholerae 01 strains have been reported from diverse
invironmental sources in differert countries (3). Such
strains have alsoc been isclated from human intestinal and
extra-intestinal infections. Many of these strains failed
to demonstrate any homology with CT gene (4,5). These strains,
therefore, have not been recognized as a cause of acute
diarrhoea, even though for almost a decade, numerous cases
of acute diarrhoea had been attributed to inexplainable
contamination of the varous types of marine envorinments.
The first scientific report appeared in 1980 (6} concerning
a mini outbreak where the disease was traced to coocked

-crabs from local marshes.

It was shown by Sanyal et al (2) that live cells of all ‘
these strains caused significant accumuelation of fluid in
ligated adult rabbit ileal loops and diarrhoea in infant
rabbits. They also obtained similar results using sterile
culture filtrates (7) and have concluded that these V.cholerae

.01 strains produce a toxin not previously recognised and

that the new toxin is different from the known CT in antigenic
nature, receptor site, mode of action and genetic homblogy¢(7).

Aziz et al in a pioneering study (8) have successfully used
rats as a cholera model by injecting culture filtrates of
Vibric cholera into rat ileal loops. Sandhu et al (9), while
studying the Inhibitory action of Loperamideﬁgh_zholera—
toxin-induced small intestinal secretion have used rat
jejunum in an in Vivo perfusion technique. In their studies
75 ug of CT was used as a challange dose. Klipstein and
Engert (10) have also used rat jejunum in in wvivo perfusicon
studies to demonstrate secretory activities of semipurified



2. Background {(contd.)

preparations of the heat-labile (LT) and heat-stable (5T)
enterotoxins. of Escherichia coli, Klebsiella pneumoniae and
Enterobactoer cloacce. Swabb EE.El.(ll) in their studies
testing the efficacy of berberine as an antisecretory agent
have used rat ileum as a model to induce CT induced secretion.
They have modified their study design by constructing 2 loops
in the same rat ileum so that one loop was used as the test
and the other as a control following challange with 75jg of
purified cholera toxin. By this modification they could aveid
the inter-animal variability of the response to CT.

The preoposed research plan intends to study the effects of
this new toxin on the jejunum and ileum of the rat intestine
by an in vivo perfusion technigue. Since the toxin has not
been purified, at present the culture filtrate of the CT gene
negative strains of V. cholerae 01 will be -used.

3. Rationale

The proposed study will provide -us with further information
regarding the action of this newly recognised cholera toxin

on the jejunal and ileal parts of the rat intestine i.e.

whether this toxin increases the secretion of electrolytes

and water in the intestine similar to CT. Since the mogel to

be used is an in vivo perfusion technigue using the whole of

rat jejunum and ileum, the study will be akin to a physiologi%al
state.

B. Specific plan

- to set up an in yiyo perfusion model using the whole of rat
jejunum and ileum combined and also using only the rat ileum
alone.

- to obtain baseline net flux {lumengserosa) -values of an
electrolyte solution, similar in electrolyte composition
to that of rat plasma, by using the marker perfusion technique.

- to study the secretory effect of known CT on this model,
which will act as positive control. :

- to study the secretory effects (if any) of the newly
identified cholera toxin in this model.
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C. METHODS AND PROCEDURE

F

Source of the new cholera toxin produced by CT gene negative
V. cholerae Ol strains:

Culture filtrates prepared in Richardson's medium as described
by Sanyal EE.E&.(j) will be prepared and preserved at - 20°C.
Before use in perfusion studies, the toxin preparation will be
tested for positive reaction in adult rabbit ileal loops and
the batch which will cause maximum fluid accumulation will be
used in the perfusion studies. !

Composition of the perfusion solution: .

The solution will contain Sodium-140. Potassiwm-5 and Chloride-
145, all in mmol/L. It will also contain glucose 5 mmol /L. In

addition, it will contain polythylene glycol (PEG), mol wt 4000
(Sigma) 5.0 g/L as a nonabsorbable marker. |

Perfusion technique:

General :

Male adult rats will be used as subjects. Rats will be kept in
special cages duxing fasting period to prevent corpophagia.

After fasting (water day-l, and 5% dextrose day-2, allowed '

ad 1ib) for a period of 48 hours the rats will be anaesthetised
by intraperitoneal injection of Nembutal 40 mg/kg. On laparatomy,
a canula (proximal canula) will be intxoduced into the jejunum
about 1 to 2 cms distal to the dudeiio-jejunal flexure and tied
securely. Similarly, the distal canula will be introduced about

2 to 4 cm proximal to the ileo-caecal junction. The canulated
segment will be washed gently using the perfusion solution.
Perfusion experiment will Be started by infusing perfusion ’
solution through the proximal canula at the rate of 0.4 ml/min

at a temp. of about 37¢ . The rate of infusion will be-maintained
by using a peristaltic pump. After allowing 45-min to achieve a
steady state, the perfusate will be collected from the distal canula
over ice. Details of the perfusion technigue have been described
elsewhere (12},

Towards a later stage of tiie study the perfusion technique,“
adopted by Swabb. et al (11} will used, Two ileal loops of about
18 to 20 cms in length. and separated by 10 to 12 cms:of‘ile&m
will be constructed. Perfusion studies will be conducted by
attaching proximal and distal canula¢ in the loops, In thifs
technique one loop would be randomly used for the test and the

other loop will serve as control.



Study segquence:

a) For standardisation and to obtain base line values:

perfusion technigue will be similar as mentioned above
(General),. After 45 minutes of equillibration, perfusate
will be collected for 4, 15 min-perfusion-period. Ten
successful experiments will be conducted. And also for
base line values another ten successful experiments will
be conducted. In these experiments the study segment will
be incubated with 5 ml of perfusion solution for 2 hrs
following which after 45 minutes of equillibration period |
perfusate will be collected for 3, 15 min-perfusion periodk

b) for testing positive control :

Perfusion technigue will be similar as menticned above
(General) . After introducing the proximal and distal
canulae, the perfused segments will be washed using the
perfusion solution as described above (General).

Challanging with Cholera Toxin (CT): }

Partially pure cholera toxin obtained from §.H. Richardson |
will be used. Cholera Toxin will be diss-lved in 5 ml of
perfusion solution, which will be injected into the perfused
segment by the proximal canula, after which both the proximal
and distal canula will be closed. Two hours incubation time
will be allowed for the toxin to act. Following this, the '
per fused segment will be washed and after 45 mimutes of
equillibration period, perfusate will be collected for 4, 15
minute-perfusion-period. '

Dose of Cholera Taxin:

Initially, 10C Mg of CT will be used. If after 3 successful
experiments, no secretion of water and electrolyte occurs

as determined by analysis of the perfusate {see below),

then 200 pg of CT will be used. Likewise, 300, 400, 500 pg of
CT * will be used for the challange dose, if necessary. ;
If after challange with 500 p1g of cholera toxin, no secretoﬁy
response is elicited, then preparation of the rats for the
experiment will be done as described by Aziz et al (8), andi
500 pg of CT will be used for the challange. T



Dose of Cholera Toxin: {contd)}

the doses of CT, as mentioned above, becomes excessive as
determined by the magnitude of water and electrolyte secretiol
a lower dose of the toxin will be used.

If secretory response of the mucosal cells by using any of L

¢) for testing new cholera toxin:

The culture filtrates of the CT gene negative V. cholerae
Ol strains will be used, in the increasing doses of 1 ml,
2ml, 3ml, 4 ml, 5 ml if no secretory response is observed
in the lower dose. The culture filtrate will be diluted

with appropriate amount of perfusion sclution to give a !
final volume of 5 mi.

The details of the perfusion technique will be similar as
for testing the positive control. i

Every week the potency of the culture filtrate will be
tested in the rabbit locop.

Ten successful experiments will be conducted.
N w

d) for testing deactivated new cholera toxin:

o_
The new cholera toxin preparation will be heated at 100 C
for 15 minutes. Ten successful experiments will be conduct
by using this preparation.

ed

e) for testing negative control:

The culture medium used to grow the bacteria will be used

as negative control. Five ml of the filtrate of the medium

{the medium alone being incubated for 18 hours}) will be

used for the challange. After the exposure time of 2 hours

and proper washing and allowing 45 minutes of equillibration,

perfusate will be collected for 4, 15 minutes perfusion périod.
\

Ten successful experiments will be conducted. f

Perfusion studies in the ileum:

The study sequence will be repeated in the ileal segments.
Details of the operative technigue have been described else-
where (l11). Out of the 2 study segment one will serve as
control and the other will be used as test segment at random.
The study sequence b, c, 4, e will be repeated. Ten successful
experiments will be conducted in each series.




Calculations:

Net transport of water and electrolyte can be calculated from
the change in PEG concentration and the electrolyte concentration
by the following foxmula (13).

The subscript I and F refer to initial and final concentration.
IR refers to the infusion rate (in ml/min). In these studies,
absorption is the measured disappearance of a substance from
the intestinal lumen during the time interval of perxfusion.
Entry is the measured appearance (secretion) of a substance
during a time interval in luminal fluid. Calculations are
performed as follows :

1) PEG ratio (PEG R) (PEG I)/(PEG F)

2) H,O absorpticn % 100 (1 - PEG R)

2
% R )
3) H absorption, ml/15min = HEO' (IR} (15)

i

2 | 100
+ + ; .
4) Na ,+(pr K')  {or Cl) absorption mol/15min.
( (Na = {Na X PEG R)} (15) x (1 R}

Statistical calculations will be done by using student's t test.

Analysis:

PEG will be measured by turbidimetric method. Na, K will.

be measured by using flame photometer and chloxide by a
chloridometer. Osmolality will be measured by freezing poing
depression using an Osmette automatic osmometer (Precision
System Inc.].

Facilities reguired:

The existing facilities at the animal lab, biochemistry lab
and microbiology lab will be utilised.
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