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Sterile extracts of Vibrio cholerae cultures 
induce a form of intestinal secretion when 
placed in contact with the intestinal mucosa 
( 3 ) .  Human cholera stools and intestha1 
fluids from animals experimentally infected 
with V .  cholerae contain a similar enterotoxic 
activity. We have investigated the short- 
term response of the rabbit small bowel to 
treatment with fluids of the latter type. In- 
testinal loops of donor rabbits were inocu- 
lated with cultures of V .  cholerae. Effluent 
harvested from the infected loops was steril- 
ized by filtration and the filtrate was reinject- 
ed intraluminally into ligated intestinal loops 
of other rabbits. As a part of this investiga- 
tion, the present study was carried out to 
ascertain some general characteristics of the 
secretory response: the volumes and electro- 
lyte contents (potassium, chloride) of fluids 
accumulating in filtrate-injected loops were 
determined at  various times, filtrate dilu- 
tions, and positions in the jejunoileum. A 
preliminary report has appeared elsewhere 

Methods. Mature rabbits of either sex and 
undetermined breed (mainly short-haired al- 
binos) were used, with a mean weight a t  
experiment of 1.2 t 0.2 (SD) kg. Animals 
were received in the morning after feeding 
and were offered only water until use 24 or 
48 hr later. 

(8) * 
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Ligated intestinal loops were prepared an- 
tiseptically by a version of the method de- 
scribed by De and Chatterje ( 2 ) .  Laparoto- 
my was performed after procaine anesthesia 
of the anterior abdominal wall and peri- 
toneum. Loops 15 cm in length were formed 
by ligating at  both ends with silk suture 
introduced between the bowel wall and the 
vascular arcade. Loops were separated by in- 
tervening segments of 4 to 6 cm in length, 
which served as untreated controls as well as 
for greater isolation of loops. The entire 
jejunoileum was divided thus, from just be- 
low the duodenum to about 10 cm above a 
site adjacent to the tip of the appendix. Five 
to seven loops were made in each animal. 
Into the lumen of the completed loop, 2 ml of 
test fluid was slowly injected directly through 
the intestinal wall, with a 26-gauge needle. 
The abdomen was closed with muscle sutures 
and skin clips. 

At a set time the animal was killed and the 
jejunoileum was removed. Segments between 
loops were examined for the presence of 
fluid in the lumen. The postmortem length of 
each loop was recorded and its contents were 
drained into a graduated cylinder. Physical 
characteristics of the bowel and secretion 
fluid were noted and effluent volume was re- 
corded. Fluids with volumes of 3 ml or more 
were centrifuged and the supernatants were 
analyzed for potassium by flame photometry 
and chloride by coulametry. 

Intestinal fluid filtrate was prepared in this 
and other experiments by the following 
method: A strain of I/. cholerae designated 
Inaba 16, supplied by Prof. S. N. De, was 
chosen after a series of equivocal experiments 
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with strains isolated from recent cholera 
cases. The entire jejunoileum of an adult 
rabbit was rinsed and closed at  both ends by 
ligation, and the lumen of the closed loop was 
inoculated at  from 2 to 8 sites, with a total 
of 5 to 10 ml of a 14-hr culture of V .  cholerae 
in alkaline 2 %  peptone water. After 6 to 10 
hr, the inoculated loop was mildly distended 
with secretion fluid, resembling that subse- 
quently obtained in response to cell-free 
filtrate (below), except that the former gen- 
erally contained little insoluble mucus! 

We inoculated the largest possible loops of 
jejunoileum, 1.0 to 1.3 m in length, and pooled 
fluid harvested from 8 to 12 rabbits. Typical 
yields per animal were 60 to 80 ml. Pooled 
fluid was centrifuged at  about 2500g for 30 
min and frozen for storage. Subsequently the 
frozen material was thawed and centrifuged 
for 30 min at  20,OOOg at 4’. It was then 
sterilized by suction filtration through 0.22-EL. 
pore size (GS) Millipore filters. About 10 to 
15 ml could be sterilized with a single filter. 
The resulting clear fluid could be stored fro- 
zen indefinitely without measurable loss of 
activity. Another successful method of sterili- 
zation with respect to V .  cholerae was alter- 
nate freezing and thawing, through 2-8 cy- 
cles. In  all cases, sterility with respect to V .  
cholerae was confirmed by duplicate plating 
on bile salt agar. 

The fluid used in the present series was 
sterilized by filtration, divided into 20-ml ali- 
quots, and frozen until use. Experiments were 
conducted with aliquots thawed and refrozen 
not more than once prior to use. Studies in 
64 loops of 16 rabbits showed that there was 
no detectable reduction in enterotoxic activi- 
ty of the filtrate followitng a single freeze- 
thaw cycle. 

Each of 76 rabbits was administered 3 or 4 
serial 10-fold dilutions of filtrate in isotonic 
saline, together with two saline controls in 
the extreme end loops. Loops were numbered 
from the jejunal end. In  one subseries undi- 
luted filtrate, l : l O ,  1:100, and 1 : l O O O  dilu- 
tions were administered to loops 11, 111, IV, 
and V, respectively. In  the other subseries 
the order was reversed, the same concentra- 
tions being administered to loops V, IV, 111, 
and 11, respectively. Experiment durations 

were 2, 4, 6, 8, 10, and 12 hr. In  12-hr 
experiments, undiluted filtrate was not ad- 
ministered. 

Results. In the present series only the two 
highest concentrations of filtrate (undiluted 
and diluted 1 : 10) evoked significantly higher 
mean secretion volumes than did isotonic 
saline, and only at  times greater than 2 hr 
(Table I ) .  A substantial number of individu- 
al loops injected with filtrate diluted 1 : 100 or 
1 : 1000, or with saline, also contained some 
fluid at  the time of observation. Among 
saline-injected controls the mean volume of 
accumulated fluid was greater in the ileum 
(loop VI)  than in the jejunum (loop I ) ;  19 
of 76 ileal loops contained more than 1 ml. 

Certain conditions appeared to predispose 
to abnormally low or high secretion volumes. 
For example, two animals, both sacrificed at  
8 hr, showed ‘(thick-walled” intestines a t  op- 
eration; these yielded mean volumes of only 
2.8 ml in response to undiluted filtrate, and 
0.4 ml in response to the 1 : l O  dilution. A 
third animal, in the 12-hr group, was consid- 
ered at  the initial operation to show impaired 
intestinal blood flow, This animal produced 
a volume of only 0.7 ml in response to the 
1:lO dilution. On the other hand, control 
loops adjacent to untreated intervening seg- 
ments that contained fluid usually contained 
fluid themselves. 

To correct for “false positive” and “false 
negative” responses (see Discussion) we re- 
calculated the mean volumes after rejecting 
the following questionable loops: (a) all 
loops in the three animals described in the 
preceding paragraph; (b) any loop adjacent 
to an untreated intervening segment reported 
as ‘(containing fluid”; (c) where the condi- 
tion of intervening segments was not record- 
ed, all loops from any animal in which either 
saline-injected loop contained 1 ml or more 
of fluid. Altogether, 115 of 428 loops (27%) 
were rejected for purposes of this recalcula- 
tion. The recalculated mean volumes were 
lower not only for saline-injected loops, as 
required, but also for most positive loops 
receiving 1: 100 and 1 : l O O O  dilutions of 
filtrate. The mean responses to undiluted and 
1 : 10 diluted filtrate, however, were essen- 
tially the same as in Table I. 
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TABLE I. Unadjusted Volumes of Choleraic and Control Loop Effluents. 

Accumulated volume (mean 2 standard deviation; ml) at the following time 
after injection 

Loop Solution 
no. injected (hr ) :  2 4 6 8 10  12 

I 

I1 
I11 
I V  
V 
V I  

I 

I1 
I11 
I V  
V 
VI 

Saline 
Fil trate 
1:l 
1 : l O  
1:lOO 
1 : 1000 

Saline 

Saline 
Fil trate 

1 : 1000 
1:lOO 
1 : l O  
1:l 

Saline 

~~ 

A. Dose decreasing aborally 
( 6 )  = ( 5 )  (9) (7) (6) (7)  

0.2 20.3 (6)b 0.0 20.0 (4) 0.1 k0.3 (9) 0.0 2 0 . 0  (7) 0.0 20.0 (6) 0.0 20.0 (7 )  

- 0.8 2 0 . 7  (6) 5.4 k 1 . 5  (5) 10.9 k2.9 (9) 13.2 2 5 . 0  (7) 14.9 k 4 . 0  (6) 
0.6 20 .7  (6) 2.5 2 1 . 4  (5) 5.0 2 1 . 7  (9) 9.3 24.4  (7) 10.7 k 4 . 4  (6) 13.5 k 6 . 2  (6) 
0.4 20.4 (6) 0.6 2 0 . 7  (5) 1.9 k 2 . 4  (9) 2.8 k 2 . 1  (7) 2.5 2 1 . 7  (6) 3.9 k3.9 (7) 
0.4 k 0 . 2  (6) 0.8 k 1 . 0  (5) 2.0 22.3 (9) 1.6 21.7 (7) 1.0 21.6 (6) 2.9 23.4 (7) 
0.1 k 0 . 2  (6) 0.4 k 0 . 7  (5) 1.6 21.8 (9) 1.0 21 .6  (7) 0.4 2 0 . 8  (6) 3.6 k 5 . 7  (7) 

B. Dose increasing aborally 
(6) (7 )  (7) (7)  (4) ( 5 )  

0.4 k0.3 (3)b 0.0 kO.0 (3) 0.0 kO.0 (5) 0.0 kO.0  (5) 0.0 20.0 (4) 0.4 L-0.8 (5) 

0.6 k0.5 (6) 0.3 50.6 (7) 0.3 k 0 . 6  (7) 0.4 k 0 . 5  (7) 0.0 2 0 . 0  (4) 1.9 k3.3 (5) 
0.8 20.5 (6) 0.6 2 1 . 2  (7) 1.6 k 1 . 8  (7) 1.2 k 1 . 3  ( 7 )  0.1 k 0 . 1  (4) 3.7 k 5 . 2  (5) 
0.9 2 0 . 5  (6) 2.5 k 1 . 7  (7) 5.9 22.9 (7) 5.4 k3.3 (7) 11.6 23.0 (4) 15.5 k 4 . 1  (5) 
1.4 k 0 . 6  (6) 5.2 k 1 . 7  (7) 8.6 22.6 (7) 10.2 24.0 (6) 17.3 k3.5 (4) 
0.8 k 0 . 7  (6) 0.1 k 0 . 2  (7) 1.4 kl.9 (7) 0.7 20.9 (5) 0.2 20.3 (4) 2.4 k 4 . 4  (5) 

- 

Total number of animals. 
Number of loops. 

On comparing the mean volumes in corre- 
sponding jejunal and ileal loops treated with 
undiluted filtrate (loops I1 and V) we found 
that none of the differences was significant at  
the 5 %  level; the same was true for loops 
I11 and IV,  treated with filtrate diluted 1: 10. 
Considering all loops receiving the same 
dose of filtrate as having been taken from a 
single population, therefore, we obtained ad- 
justed overall mean values (Table 11). In  
response to undiluted filtrate the maximum 
secretion rate of 0.15 ml/cm-hr was observed 
between 2 and 8 hr. After filtrate diluted 
1 : 10 the maximum secretion rate was almost 
as great, 0.13 ml/cm-hr, but was not reached 

until 4 hr later, between 6 and 12  hr. Secre- 
tion volumes per unit length were calculated 
on the assumption of a length of 15 cm. 
Secretion volumes per unit actual final length 
of loop were also calculated; the results were 
essentially the same except a t  longer times, 
when the loops tended to be stretched by 
secretion fluid. 

Effluent contained a variable amount of 
undissolved mucus and sometimes a few eryth- 
rocytes. On centrifugation, red cells were 
found to comprise at most 1% of the total 
volume, but mucus occupied 5 to lo%, and 
occasionally somewhat more. Of loops receiv- 
ing either undiluted or 1 : 10 diluted filtrate, 

TABLE 11. Adjusted Volumes of Choleraic Loop Effluents. 

Adjusted volume (mean 2 standard error; ml) at the following time after injection 
Fil trate 
dilution (hr ) :  2 4 6 8 10  12 

1 : l  1.0 20.2 (10)" 5.0 20.4 (11) 9.0 21.1 (9) 14.2 21.1 (9) 15.9 k 1 . 3  (10) - 
1 : l O  0.7 k 0 . 2  (10) 2.4 k 0 . 5  (11) 4.2 k0.4 (9) 8.7 +1.3(10) 11.1 k 1 . 3  (10) 16.0 k1.7  (7 )  

a Number of loops. 
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76 loops in 52 rabbits yielded sufficient fluid 
for electrolyte analysis. These fluids were 
considered representative of the response to 
the filtrate. Fluids collected from four control 
loops, all ileal, in two 6-hr and two 12-hr 
animals, were also analyzed; the mean vol- 
ume of effluent in this group was 9.1 IIfi 3.5 
(SD) ml/loop. Mean potassium concentra- 
tions for the experimental and control fluids, 
respectively, were 4.2 r+ 1.0 (SD) and 4.6  
-+ 0.5 meq/liter. The corresponding chloride 
concentrations for the two groups were 58 t 
11 and 57 t 5 meq/liter. 

Analysis revealed no consistent effect of 
filtrate dilution or loop location on either 
potassium or chloride content. Both potassi- 
um and chloride, however, showed an upward 
trend with time and effluent volume, this 
being more marked in the case of chloride. 
Specifically, for the 13 samples whose volume 
was less than 6.6 ml the mean chloride con- 
centration was 50.6 t 2.0 (SEM) meq/liter. 
By contrast, for the 32 samples over 12.5 ml 
in volume the corresponding value was 64.6 
zt 2.2 meqjiter. Overall, the positive corre- 
lation between chloride and volume was high- 
ly significant ( r  = +0.44, N = 76, p = 
0.0002). The chloride increase appeared 
mainly over the lower and middle volume 
range, up to about 16.5 ml ( r  = +0.60, N 
= 67, p<O.OOOl); a t  higher volumes the 
mean chloride decreased somewhat, but not 
significantly. 

Discussion. The pattern of fluid secretion 
in response to sterile filtrate of fluid produced 
in vivo was similar to that obtained with 
filtrates of in vitro cultures (5 ,  7 ) .  In  partic- 
ular, the latent period of the response is not 
greatly altered, if a t  all, by prior intestinal 
incubation. Although a highly heterogeneous 
rabbit population was used, the standard er- 
rors of the adjusted mean secretion volumes 
obtained were comparable to those obtained 
with a more hemogeneous population ( 5 ) .  

The incidence in the ileum-as contrasted 
to the jejunum-of “false positive” saline- 
injected loops and untreated intervening seg- 
ments might be the result of “spontaneous” 
secretion in the ileum. Secretion without ap- 
parent stimulation does occur in the rabbit 
duodenum (4) and appendix (10). Others, 

however, have reported the absence of secre- 
tion from ileal control loops (5-7). Remote 
effects of absorbed enterotoxin (9) in the 
present experiments cannot be entirely ruled 
out, but it is probable that the enterotoxic 
activity of our preparation was too low for 
these to be detectable. In  a study performed 
elsewhere (unpublished observations) we 
have since found that positive ileal controls 
could be practically eliminated by prior 
treatment of the animal for 1-2 weeks with 
oral sulfamethazine. The only pathogens in- 
vestigated were coccidia; the incidence of 
severe jejunoileal coccidiosis in our rabbit 
population was found to be essentially 100% 
and this incidence was drastically reduced by 
the sulfamethazine treatment. A causal rela- 
tionship of coccidiosis to ileal secretion was 
not established. 

Two abnormal conditions were associated 
with strikingly reduced secretion volumes in 
three rabbits of the present series: (a) con- 
spicuous thickening of the bowel wall, and 
(b) sharply diminished intestinal blood flow 
(blue color, reduced temperature). Our ac- 
cumulated experience to date, with over 4000 
loops in over 1000 rabbits, has confirmed 
that in either of these conditions intestinal 
secretion in response to V .  cholerae entero- 
toxin is usually very much diminished. At 
present we have no further information re- 
garding the nature or etiology of the first 
condition, thickening of the wall. As for the 
second condition, there is evidence that a 
marked diminution of intestinal blood flow 
does not appreciably alter an ongoing secreto- 
ry response to the enterotoxin in the dog (1). 
Our observations indicate, however, that if 
blood flow is impaired at  the time of entero- 
toxin administration the effect of the toxin is 
reduced, possibly because i t  is not well ab- 
sorbed. 

The mean effluent potassium concen tra t im 
obtained here is slightly lower than those 
found by Norris and colleagues (6 ,  7 )  but 
agrees with that reported by Leitch et a2, 
( 5 ) .  The mean chloride concentration and 
the increase in chloride with time appear to 
be consistent with data from these sources 
( 5 ,  7 ) .  The red cells present in some of the 
secretion fluids clearly were not characteristic 
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of the secretion proper. Their presence was 
interpreted as a sign of slight injury at  the 
site of ligation, injection, or postmortem 
opening of the loop. Such injury was consid- 
ered to have a negligible effect on the volume 
and composition of secretion. 

I t  has been reported (4) that the upper 
jejunoileum of rabbits secretes less fluid in a 
given time than the lower in response to a 
given enterotoxic dose, and we have repeated- 
ly made similar observations (unpublished). 
I n  the present series no evidence was found 
for such a difference. The reasons for this 
discrepancy, and the question of changes in 
anion content of choleraic secretions with 
time, have been investigated further and will 
be dealt with in separate communications. 

Summary. Intestinal secretion fluid from 
donor rabbits experimentally infected with V .  
cholerae was sterilized by filtration. The 
filtrate was administered intraluminally to li- 
gated small-intestinal loops of recipient rab- 
bits. The volume of fluid accumulating in 
such loops was determined a t  various times, 
filtrate dilutions, and loop positions in the 
jejunoileum. Effluents were analyzed for po- 
tassium and chloride content. The time 
course of the volume response to filtrate (un- 
diluted and diluted 1 : 10) was similar to that 
reported for experiments with crude entero- 
toxins prepared in vitro, as were mean 

tions. Regional variations in effluent volume 
and composition were not evident. Effluent 
chloride con tent increased subs tan t iall y with 
time. 
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