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Summary: Like rabbit. rat manifests fluid accumulation in its ligated small intestinal loop in response
to cholera toxin. The details of this phenomenon are studied. Fasting for 24 to 27 hr is adequate.
Rats fasting on ad lib 5% glucose water lose less body weight than those on plain water. Older rats
are sensitive like the 40 day old rats. Pentobarbitone is more convenient and permits prolonged anaes-
thesia than other. Irrigation of intestine is not necessary. 30 cm length of loop is optimum. Jejunal
and ileal portions of the small intestine are about equally sensitive. Only one 30 cm long loop of intestine
should be prepared per rat. Loop responds to toxin dose range 10 to 30 mg (as 10.6 to 32 Vg pure
enterotoxin). Five hr is the optimum period for fluid collection. The fluid volume is not related to
sex but to body weight; therefore. rats of narrow weight range should be used. Electrolyte composition
ofthe loop fluid (unlike its volume) remains remarkably constant. Heat-inactivated cholera toxi n. cholera
vaccine. staphylococcal toxin. Syncase medium. peptone or prostaglandin El do not cause fluid accu-
mulation. The rat loop method can be conveniently used for bioassay and other study of cholera toxin.
vaccine and anti-cholera durgs.

6.25 x 109 live cholera vibrio (but not 2.5 x 109) injected into 30 cm intestine loop of
fasting adult rats also produced fluid accumulation in 18 hr (but less in 12 hr). Thus rat is sensitive to
cholera toxin but less to live vibrio whereas rabbit is sensitive to both.
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INTRQDUCTION

Toxins of bacteria. as of animals and helminths. have interesting pharmacological
properties. Their study is of much importance in backward tropical countries. For example.
cholera toxin (also known as "cholera exotoxin", "cholera enterotoxin". cholera exo-
enterotoxin", "choleraqen", "cholera permeability factor", "PF", "fluid accumulating
factor", "FAF") manifests specific and well-defined action. Indeed. clinical cholera which
afflicts only human species produces most of its patho-physiological effects because this
toxin brings about selective and massive outpouring of water and electrolytes into the
lumen of the gastrointestinal tract.

Research on cholera remained handicapped for about 70 years till De and colleagues
(4,5) showed that rabbit's ligated small intestine loop is sensitive to cholera vibrio and
toxin.

Later Aziz et al. (2) made a preliminary report that 40 day old rat's small-intestine
loop is sensitive to cholera toxin. This finding is not confirmed nor its details worked
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'though for such studies rat is in some ways a more convenient laboratory animal than
bbit. Work conducted in this connection is presented here.

•
MATERIALS AND METHODS

Two batches of crude cholera toxin powder were donated by Dr. C. E. Miller and
e stored dry at 8°C. The first batch used in much of this work contained 1.068 Ug
leragen per mg (Miller. personal communication); the second batch was one-third
nt. Aqueous solution of cholera toxin was prepared fresh for each experiment. Heat-

ctivatedcholera toxin was prepared by keeping cholera toxin solution for 6 hr in a boilinq
ter bath.

Wistar albino rats of either sex maintained on rat pellet diet (Hindustan Lever
omcanv) were used. Animals having worms in the small intestine showed poor fluid
cumulation and were excluded.

onfirmation of the reported effect (2) :

Twentyfour experiments were performed exactly by the procedure of Aziz et al.
(2). Forty day old rats were kept on water and soft biscuits for 72 hr and then on only
ad lib 5% glucose water for the next 72 hr. After laparotomy. under ether anaesthesia.
thelumen of the small intestine was irrigated by normal saline. In each rat 2 loops each
of 10 cm length were prepared by ligature starting 2 cm above the caecum. The toxin
wasinjected into one loop and distilled water into the other by a thin sharp needle. After
8 hr. rats were killed by chloroform and fluid in each loop was collected.

Detailed study of the reported effect:

Rats of either sex (98-220 g) were denied food for 6.18.24.27 or 36 hr but allowed
ad lib plain water or 5% W/V glucose water. Fasting rats were kept comfortably warm
in all-metal cage which had wire mesh bottom to drain profuse urine output (there should
beno soft bedding at cage bottom which hungry animals tend to eat). They were anaes-
thetized by ip injection of sodium pentobarbitone (35 mg/kg in summer and 25 mg/kg
in winter) and. if necessary. ether inhalation was used as a supplement. The abdomen
was opened and the intestine was gently taken out but its lumen was not irrigated with
saline. A loop was prepared by applying ligatures, the first about 3 cm below the pylorus
and the second 30 cm distal. A 30 cm long twine thread proves very convenient for
measuring the loop length. Individual ligatures can be strengthened by tying another
thread at a short distance. Ligatures should not include larger blood vessels. Cholera
toxin solution was injected into the loop and abdominal wall sutured. After 3.5.8.12
or 18 hr. animals were killed by chloroform and volume of the loop fluid was measured.
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Effect of the following 4 factors on fluid formation was also studied - (a) body
weight of rats, (b) length of loop (20 or 40 cm loops), (c) use of terminal ileal intestine
for ligating 30 cm loop and (d) more than one loop per rat.

In some fluid samples, Na+ and K+ were estimated by flame photometer and
CI- by the chemical method (10).

Experiments with live cholera vibrio .'

Rats (185-225 g) of either sex were kept on 5% glucose water for 24 hr. A 30
cm loop of the proximal small intestine was tied as described above. Sterile nutrient broth
(1 or 2.5 ml) or live culture of cholera vibrio (1. or 2.5 ml of classical Ogawa overnight
culture in nutrient broth containing 2.5 x 109 bacteria per ml) was injected in some ani-
mals. The fluid volume was measured after 5,12 or 18 hr.

RESULTS

Confirmation of the reported effect:

Results in Table I confirm the reported effect. Thus in the 10 cm ligated loops
in 40 day old rats, distilled water did not at all provoke fluid formation whereas. cholera
toxin was found effective. There was no significant difference in the responses by 5 and
10 mg toxin doses ; 20 mg toxin produced just significantly (P=0.05) more fluid than 10
mg. According to this method, rats receive only glucose water for 72 hr which results,
in 18% reduction in body weight.

TABLE I: Fluid accumulation by cholera toxin into 10 cm long loop
by the method of Aziz et al. (2) in 40 day old rats.

Volume 23
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Detailed study of

Fluid starte
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toxin mglloop

No. of experiments Fluid volume in the
intestinal loop mt
averaqe ± SE

(p values)

Nil (only distilled water) 24 0.0

5 6 1.7±0.14
(>0.1)

10 8 1.6±0 09"

20 10 25±O.11
(=0 05)

"Value used as standard for. calculating p values by t - test.
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Detailedstudy of the reported effect:

Fluid started gathering in 3 hr and significantly increased to reach the peak after
5 hr. The accumulation showed a statistically significant decline over the next 7 hr. The
18 hr value showed a rise which is difficult to explain (Table 11).

TABLF.ll : Role of time factor in fluid accumulation by 30 mg cholera toxin. Rats fasted for 36 hr
on glucose water. 30 cm long loop per animal.

Intervalbetween
toxininjection
andfluid collection (hr)

No. of Fluid in the intestinal loop
rats

Volume ml Na K Cl
average±S.E. mEq/lit mEq/lit mEq/lit

(p values) average average average

6 1.8±0.29 153 12.3 119
«0.001)

12 *5 3±0.29 15·9 14.3 115

6 4 2±086 148 15.3 112

(>0.05)

5 27±0.01 151 13.5 118
«0.05)

12 6.4±0.56
(>0.05)

3

5

8

12

1<;

'This was used as standard for calculating p values by t - test.

Injecting Evans blue with cholera toxin into the loop showed that the fluid did not
leak out of the loop over 18 hr.

Duration of fasting (Table Ill) :

Rats on 24-36 hr fast gave siqnificantlv better results than those on 6 or 18 hr
fast. Prolonging the fasting period to 72 hr (2) did not improve response to cholera
toxin.

Fluid available during fasting (Table 1/1) :

Rats fasting on plain water respond to cholera toxin as well as those on glucose
water. However. 2 advantages were noted in offering glucose water - (a) Though
fasting rats hardly drank plain water. they profusely drank glucose water (and get polyuria)
which reduced solid residue in their small intestine. (b) As ascertained from the weights
of the entire group of 40 rats. 27 hr fasting on glucose water caused less weight loss (0.4%)
than on plain water (3.8%).
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Body weight and sex:

In medium weight rats (98-220 g; 10 animals) which are used in most of the work
here. average response to 30 mg cholera toxin in 5 hr was 5.6 ± 0.16 ml fluid per loop.
In smaller rats (48-70 g; 6 animals). it was significantly less (2.7 ± 0.37 ml: P <0.001):
in heavy rats (250-330 g; 6 animals). the value. though higher. does not differ significantly
(6.6 ± 0.84 ml; P >0.1). Sex of the rats did not influence the fluid accumulating res-
ponse to cholera toxin. Thus. in one experiment with 30 m;; of Miller's first batch toxin.
9 males showed 5.1 ml ± 0.20 fluid and 7 females. 5.1 ml ± 0.26. In another experiment.
with 100 mg of Miller's second batch toxin, 8 males showed 3.6 ml ± 0.38 fluid and 6
females, 4.0 ml ± 0.48. The difference between the values of two sexes were not signi-
ficant (P>0.1).

Loop length:

Sensitivity of proximal and distal intestine:

in 5 hr. significantly
± 0.33 ml; 11 rats)
better response (4.9

100 mg dose of second batch of Miller's toxin produced,
(P <0.001) more fluid accumulation in 30 cm long intestinal loop (5.1
than in 20 cm loop (3.5 ± 0.40; 9 rats). 40 cm loop did not show
± 0.47; 9 rats, P >0.05) than 30 cm loop.

Distal ileum of rat small intestine was as sensitive to cholera toxin as the proximal
jejunal portion. Thus. with 75 mg cholera toxin (2nd batch) acting for 5 hr. 2.5 ± 0.16
ml (5 rats) fluid gathered in the 30 cm proximal jejunal portion and in other 5 rats. 2.6 ± 0.20
ml gathered in the distal ileum.

Number of loops per rat:

In 8 experiments, 2 loops each of 30 cm length were prepared per rat and in both
loops 100 mg cholera toxin (2nd batch) was injected. After 5 hr. 2.8 ± 0.66 ml fluid
accumulated in the 8 proximal loops and 1.7 ±0.63 ml in the 8 distal ones; these 2 values
do not differ significantly (P >0.1). However, in expe:iments where only one loop was
tied per rat. the average response per loop was significantly greater and more uniform
(5.1 ± 0.47 rnl: 17 rats; P <0.001).

Toxin dose:

The higher doses of any cholera toxin batch produced more fluid accumulation than
the smaller ones (Table IV).

Bioassay of two other cholera toxin samples:

The results in Table IV indicate that Miller's second batch and Gaitonde's sample
are less potent than Miller's first batch.

6
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24

27

27

36

..

Source of
cholera
toxin

M iiler's toxi
1st Bate

Miller's toxi
2nd Bat

Gaitonde s

'D



April-June 1979
Ind. J. Physiol. Pharrnae,

h areused in most of the work
5.6 ± 0.16 ml fluid per loop.

ss (2.7 ± 0.37 ml; P <0.001);
er.does not differ significantly
e the fluid accumulating res-
J of Miller's first batch toxin,
0.26. In another experiment.

ed 3.6 ml ± 0.38 fluid and 6
of two sexes wEne not signi-

uced, in 5 hr. significantly
loop (5.1 ± 0.33 ml; 11 rats)
at show better response (4.9

choleratoxin as the proximal
actingfor 5 hr. 2.5 ± 0.16
ndin other 5 rats, 2.0 ± 0.20

preparedper rat and in both
5 hr. 2.8 ± 6.66 ml fluid

8 distalones; these 2 va lues
whereonly one loop was
greaterand more uniform

hand Gaitonde's sample

18

24

27

27

36

Cholera Toxin on Rat Intestine 73

TABLE Ill: Effect of fasting and of fluid drunk on fluid accumulation 5 hr
after injecting 30 mg cholera toxin in 30 cm loop per rat.

Fluid allowed during No. of Fluid in the intestinal loop
fasting rats

Volume ml Cl
average ± SE mEq/llt
(p vetues) average

5% glucose water 10 "38±028 115

«0.001)

Water 10 "4.1±0.26 104

«0.001)

5% glucose water 8 4.2±024 120
«0.001)

5% glucose water 6 5.1 ±060
(>0.1)

5% glucose water 10 "5 6±0 16 121

water 7 50±0.43 115
(>0.1)

5% glucose water 12 5. 3±029 115
(;:.0.1)

"IIalue used as standard for calculating p value by t - test.
'"Difference between these values not significant (p>O.l by t - test).

Miller's toxin
1st Batch

Miller's toxin
2nd Batch

Gaitondes toxin

TABLE IV: Bioassay of 3 cholera toxin samples. Rats fasted for 27 - 36 hr on
glucose water: one 30 cm long loop tied in proximal small intestine.---

Sourceof
cholera
toxin

-~------
Dose of No. of Volume offluid

cholera toxin rats in the loop ml
mg/lo?p average ± S.E.

5 3 2.9±0.80
10 3 2.8±0.66
30 12 "5.3±0.29

100 6 "6.4±0.35

30 3 0.8±0.44
75 5 2.5±0.16

100 17 5.1±0.47

30 2 0.0
100 2 0.8
150 4 5.5±0.35
200 6 5.1±0.38
300 2 6.0

"Difference between these two values is significant (p <0.02 by t - test).
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Electrolytes :

Na+. K+, and CI- values of the loop fluid were fairly constant and were not
influenced by fluid volume or toxin dose or duration (Tables 11-111).

Control experiments:

Heat-inactivated cholera toxin (100 mg/loop; 9 rats), Syncase medium which is
used for vibrio culture to obtain cholera toxin (100 mg/loop; 6 rats), highly purified staphy-
lococcal toxin (0.1 - 5 mg/loop; 5 rats) and anti-cholera vaccine (Central Research Ins-
titute, Kasauli; containing 1200 crores vibrios per m!; 0.25 ml per loop; 8 rats) which has
very little exotoxin were found entirely ineffective. Also, berberine (5 mg; 6 rats), TAB
vaccine (0.25 m!; 3 rats), milk (2 m!; 3 rats), peptone (200 mg; 3 rats), prostaglandin El
(0.3 - 1.0 mg; 9 rats) and distilled water (2 ml: 3 rats) were entirely ineffective. These
results indicate specificity of the action of cholera toxin.

Experiments with live cholera vibrio:

When 2.5 ml of live vibrio culture was injected into the loop. 5.15 ± 0.24 ml (10
rats) fluid accumulated in 18 hr. In 6 of these rats, 18 hr loop fluid samples were sub-
cultured and all of them showed growth of vibrios. The response was significantly less
when 12 hr were allowed (2.0 ± 0.19 mt: 8 rats; P <0.001) and almost nil w n 5 hr
were allowed (0.2 ml; 10 rats).

When 1 ml of live vibrio culture was injected, the response was poor even after
18 hr (0.6 ml; 3 rats). In control study, injecting 2.5 m! sterile nutrient broth did not
produce any fluid accumulation even after 18 hr (0.0 mt: 11 rats).

DISCUSSION

The present work confirms the sensitivity of rat intestine loop to cholera toxin.
It also suggests that young rats. short loops and prolonged fasting by the method of Aziz
et al. (2) reduce fluid formation and thus increase the possibility of error of measurement
Better alternatives are worked out and presented in this work.

In rat loop, cholera toxin induces maximal fluid accumulation in 5 hr whereas vibrios
require 18 hr; this could be because the live vibrios in the loop slowly produce toxin.

Since 1953 rabbit is widely used in ligated intestinal loop method of experimental
cholera (4,5,6). Therefore, a relevant question that arises here is, how sensitive rat is to
cholera toxin and vibrio as compared to rabbit. In this connection, it is interesting to note
that in 4 rabbits, Miller's 2nd batch toxin produced, in 18 hr. 8.3 ml fluid with 12 mg dose
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and 10.2 m! with 25 m;; dose (6-9 cm loop length; present authors' unpublished work).
Table IV shows that the same toxin produced. in rats' 30 cm loop. in 5 hr. 2.5 ml fluid

with 75 mg dose and 5.1 m! with 100 mg dose. Differences in body weights loop lengths
anddurations do not allow accurate comparison of sensitivity of these 2 species. However.
theseresults broadly support the reported calculation that rabbits are about 7 times more
sensitive to the cholera toxin than rats (8) .

On the other hand. to the live vibrio. rabbits are far more sensitive than rats. Thus.
rabbit loop is known to respond in 18 hr to innoculation of even 10 vibrios -(3) whereas
in rats. in the present work. 2.5 x 109 vibrios were found ineffective in 18 hr and indeed.
as much as 6.25 x 109 vibrios were needed to induce fluid accumulation.

In rat only one loop can be prepared per animal wher sas 4-6 loops can be prepared

perrabbit. However. for toxin study. rats offer 3 advantages over rabbits in that they are
cheaper to purchase and maintain. stand surgery of loop preparation better and require
5 hr instead of 18 hr.

Altogether. rats are more suitable for cholera toxin study and rabbits for live vibrio

Both in rat (present work) and rabbit (7). the electrolyte composition of the toxin-

induced loop fluid was remarkably constant and close to that of serum. Also. berberine

can significantly reduce the volume but not the electrolytes in the to <in-induced loop
fluid (9). Therefore. in the ligated intestinal loop method. electrolvte composition is not
a sensitive parameter.

The rabbit intestinal loop which is extensively used in experimental cholera. is
more sensitive than the rat intestinal loop but is much less sensitive than the rat neck sub-
cutaneous inflammation (1).
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