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The tiechanism of intestinal gas pro-
duetion has been a subjeet of mueh zpecu-
lution. Danhof et al! and others® argue
that, in view of the high carbon dioxide
concentrations often found in the flatus, the
seeretion in the intestine, particularly the
panereatic secretions, might be a major
fretor. Others have suggested that either
swillowed air® or the diffusion of gases
{rom the blood into the intestinal lumen?
are responsible fuetors. Although all of
these should be considered as eontributing
{actors, gas produetion following ingestion
of various dietary components, especially
hean products, remains a matter of con-
¢orn to the normal publie. The majority
of available information dating from the
carlv review of Kantor® i 1818 to more
recent work®® suggests that the associa-
tion between bean diets and gas produc-
ton is in some way related to bacterial
fermentation within the lumen of the in-
testine and colon. Little attempt has been
made to find whether gas production is re-
Lited to one or more specifie types of miero-
flors in the gastrointestinal tract. In recent
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literature™!? dealing with the composition
and funetion of the normal intestinal flora
of man anid animals no reference was made
to their influence on gas produetion in the
presence of various food produets.

That there may be specific types of orga-
ni=ms in the gastrointestinal traet that can
change markedly both the quantity and
the quality of the gas produeced in the
presence of certain specific foods is sug-
gested by the recent work of Steggerda
and Dimmick,'™ " who recorded differences
in fHatus production and composition in
man with different kinds and quantities
of bean diets. They observed that the
average concentration of carbon dioxide
in the collected flatus changed from 119 on
o controlled non-gas producing diet to 51%
when large quantities of pork and beans
were consumed. In other experiments in
which homogenates of navy beans were in-
jected into isolated segments of the duode-
num, jejunum, ileum, and colon of intaet
anesthetized dogs,' a significant increase
in gas produetion, with high concentrations
of CO. and Hy, was noted in all of the
segments. The high Hy in the dog is said
to he related to the lack of methane-pro-
ducing organisms in the intestinal flora.
It was observed that these responses could
he «dramatically inhibited by pretreating
the animals with s combination of anti-
bioties and bacteriostatic agents.

As n resnlt of these experiments two de-
ductions were made concerning the pos-
sihle mechanism of flatulence production
when bean products were ingested. (1)
Bacteria  are probably invelved in the
process sinee there is an indirect correla-
tion between the amount of gas formed and
the inhibition of mierobial growth upon
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static agents. (2) The high COs produc-
tion suggests that the tyvpe of bacteria in-
volved 15 probably the clostridia group of
gram-positive, spore-forming anaerobes
normally inhabiting the intestine and colon
of both man and animals!®

The purpose of the present study is to
demonstrate by indirect evidence that the
above deductions are logieal and tenable.
It 15 shown that the high rate of gas pro-
duction and its CO. and H, composition
previously observed in man and in seg-
ments of the dog's intestine and colon with
ras-producing food substrates ean be re-
produced by eculturing anaerobic clostridia
strains of bacteria isolated from the in-
testine and colon loops under the same
environmental conditions, in wvitro. It is
also shown that the anaerobie baeterial
count ean be increased in the presence of
bean produects or inhibited by antiboties
and bacteriostatie agents both in vive and
m viero.,
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Materials and Methods

Female mongrel dogs, dewormed 2 wecks
earlier were fasted for 24 hr before the ex-
periment. The dogs were anesthetized with 30
mg per kg of pentobarbital sodinm, and four
isplated intestinal segments were prepared, the
duodenal, jejunal, and ileal segments being 50
e leng, and that of the colon, 40 em. To ob-
tain a baeterial culture from each segment the
surfare was cleaned with  Zephiran  chloride
(4:7500, and a sterile swab inserted through a
l-cm inetsion on the antimesenteric border near
the npper end of each segment (fig. 1, sfep 1),
These swabs were transferred to a sterile anaer-
obie thioglveollate medium and held ar 80 C for
20 min to kil the acrobie and anaerobic vegeta-
tive baeterin {fg. 1, stéep 2). The tubes were
then transferred to a 37 C water bath and -
enbated for 24 hr (fig, 1, step 5).

To test the in virrn anaerobic cultures on
wis=produeing substrates, pairs of 30-ce syringes
wore lubrieated with ol and autoclaved, and
were half filled with 15 ee of an homogenized
substrate made from either pork and beans or a
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dog food containing a relatively high econcen-
tration of =oyhean meal (fig. 1, step 4). These
were prepared by homogenizing 1-1b cans of
commereial pork and beans or dog food with
100 ce of demineralized water. In the presen-
tation of the data the pork and bean produet
ie referred to as navy bean homogenate and the
pommercial dog food as soybean homogenate,

To these subsirates in separate syringes, 9
ce of the stock thioglyeollate anaerobie bac-
terial cultire were added, and sterile serum
stoppers were placed over the tips. The con-
tents were mixed by rolling the syringe be-
tween the palms of the hands; the syringe
was then immersed in a 37 C water bath with
the plunger directed upward (fig. 1, step 3).
The initial time of gas production from each
substrate was noted and the volume of gas
produced  per hour was measured for 4 hr,
(ius samples, obtained by inserting a stenle
Adl-miuge  needle attached to a 20-ce oiled
svringe through the serum stopper, were ana-
Ivzed for CO,, Oy, Na, and H, with a Fisher-
Hamilton gas partitioner (fig. 1, step &).

To correlate the effect of inserting bean
products into the intestinal loops, in vivo, with
ihe anaerobie flara activity eultured in vitro,
ihe following procedure was used. Each isolated
intestinal segment was fitted with two 3-inch
cannilae, made from V4-inch flexible Tygon
tubing. One cannula was inserted and ligated
in position through the l-em Ineision pre-
viously made in the upper end of each segment,
and the other through an ineision at the
opposite  end,  With  this preparation hean
slurries eould be introduced through the upper
eannila and any air or intestinal contents in
the =egment expelled through the lower eannula.
Fiftv cubic centimeters of the previously de-
seribed homogenate were injected into each seg-
ment, after which all of the eannulae outlets
were closed and the semments were returned to
the abdominal cavity, which was also closed.
After 3 hr the food samples were removed from
pach sezment and eultures were taken from
the mueosal surface in the manner previously
deseribed, In the presentation of the data, the
eulture taken prior to the introduction of the
homogenate is referred to as the initial cul-
ture and the eulture taken 3 hr after the
homogenate had been introduced as the termi-
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combination of Neomyein and sulfathalidine
were added to the culture medium just before
a H-ce sample of the culture medium was added
to the 13-ce sample of the bean substrate.
Then the mixture was incubated at 37 € as
deseribed above. The cultures in these experi-
ments were taken from the mucosa after each
segment had been exposed to a navy hean
homogenate for 3 hr, and are referred to as
terminal enltures,

To reeord whether the gas-producing ae-
tivity of the anaerobie bacteria could be in-
hibited in vive as well as in vitro, a number
of animals were pretreated with a bacteriostat,
Vioform. A dose of 250 or 500 mg of the drug
was given orally four times a day for 2 days
prior to the experiment. These cultures, as mn
the Neomyvein and sulfathalidine experiments,
were taken after the mueosa of the segments
had been exposed to the bean homogenate for
3 hr.

To test the effectiveness of ecultures pre-
viously exposed to soybean substrates and their
sensitivity to combinations of Neomyein and
sulfathalidine, the different intestinal and eolon
segments were injected with 50 ce of a homoge-
nate containing sovbean meal, After 3 hr, iso-
lated eultures were prepared and tested for
vitro gas production as previously deseribed,
Cultures without antibioties were compared with
those eontaining antibiotic combinations of 50
mg of Neomyein and 50 mg of sulfathalidine.

Furthermore, to demonstrate whether the
cultures originally taken from the mueosal sur-
face and developed in vitro were mainly of the
anaerobic  clostridia  tvpe the following  pro-
cedure was followed, Cultures from the mucosa
of the same ileum and colon segments were
taken before (initial) and after (terminal)
sovhean homogenates had been in contact with
the segments for 6 hr. The cultures were first
transferred to a thioglveollate medium  and
heated at 80 C for 20 min. Then, after 10-fold
serial dilution, a sample was plated out on a
thioglveollate agar medium, incubated for 24
hr, and then counted for anaerobic clostridia
spore-forming ecolonies, The counting was done
with a (Quebec colony counter with illumi-
nated grid and magnifving glass attachments.

Results

nal enlture
ext, to note whether inhibition of gas pro-

duetion could be produced in the anaerobic ) . e 13 ti
hacteria enltures previonsly removed from the summarized in plate 1. As noted in section

isolated  sepments, experiments  were per- 1 the anaerobie (initial) cultures taken
formed in whieh either 50 or 100 mg of a  from the four different intestinal segments,

All experimental resultz relating to gas
production under various conditions are
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Prate 1. Volume and ecomposition of gas resulting from cultures taken from various

mtestinal segments before and after exposure to bean homogenates and cortain inhibirory
compotds,

produced  gas when mixed with a navy
bean substrate. All results represent a
mean of 5 different animal experiments.
Section 1 also shows the comparative in
vitro  gas  production  of the anacrobie
fterminal)  bacterin after exposure to a
navy bean substrate in the intestinal seg-
ments for 3 hr. The initial cultures from
the small intestinal segments produced

jejunum; 9.7 ee for ileum: and 10.8 ee for
colon. The gascous composition of the eol-
lected samples was  approximately  40%
CO:, 53% Ha., 6% N., and 2% 0., The
percentage composition of the gases pro-
duced did not vary from segment to seg-
ment, whether the cultures were taken be-
fore or after the navy bean homogenate
had been present in the segment for 3 hr.

considlerably less gas than the terminal
eultures. The initial eultures produced on
an average hourly basis: duodenum, 1.8
ooy jejunum, 20 ee; ileum, 4.3 ee; and
colon, 119 ce of gas. Terminal cultures,
taken after the anaerobic bacteria had
grown on a navy bean homogenate for 3
hr, showed an average hourly gas produce-

Although the gascous volume produced
by the anaerobic bacteria from the dif-
ferent segments 1s expressed as an average
in cubic centimeters per hour in the bar
graph, there was a time lag of approxi-
mately 1 hr after the addition of the anaer-
obic culture to the navy bean substrate
before gas production began., Tt was oh-

tion of: 9.2 ec for duodenum; 4.5 cc for served that gas production continued for
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age volumes of gas per hour were: duode-
num, 127 cc; jejunum, 13.5 ec; ileum,
10.2 ce; and colon, 14.0 cc. These data show
that the soybean substrate produced more
aus than the navy bean substrate. Although

Tante 1. Effects of soybean homogenates in the
ilewm and colon segments of the dog on the count
of heat-resislant spore-forming anaerohic bacleria

Colony count
after H-hr
incubation

C(Q, conecentration was on  an average

GREIEOL | i , Expected tyme L eii slightly higher, the tlistrihutifmrni‘ the

intestine Ll S e various gases present was not significantly
injec Tition  different,

dnitiall | puinayy This series of experiments also shows

= 3 b - that the soybean gas production was com-

leurn | Thiogly- | Anaerobie 40 398,000 pletely inhibited by 50 mg of Neomyein

colate | (spore form- and suliathalidine, whereas 100 mg of each

o drug were required to produce the same

SL AR R R 200 2312 georee of inhibition with the navy bean

colate ispore form- | :

experiments. These differences may be due
to differences in the chemical composition
of the two bean products.

The results shown in table 1 support
the hypothesis that the difference in gas
production in the above experiments could
be associated with increased numbers of
anaerobie organisms produced in the pres-
ence of soybean homogenates. In these ex-
periments a comparison of the count of
what is thought to be true spore-forming
anaerobic organisms was made before and
after ileum and colon segments were ex-
posed to soybean homogenates for 6 hr.

Although the data in table 1 must be
considered only preliminary, the marked
difference in the numbers of colonies in the
ileum and colon segments after exposure to
soybean homogenates leaves little doubt
that tremendous changes in the intestinal
flora ean occur at a very rapid rate upon
consumption of gas-producing foods.

ersl

considerably longer periods of time (12
hr or morei than the 4-hr test or collection
period in these experiments. The data ob-
tained, however, give specific information
as to the relationship between anaerobic
bacteria and gas-producing substrates in
vitro. The gas production from the initial
and terminal eolon cultures was approxi-
mately the same.

Section 2 (plate 1) shows the in vitro
inhibiting effects of mixtures of Neomyein
and suliathalidine, and section 3 (plate 1)
the in vivo effect of Vioform on the gas-
producing ability of anaerobic bacteria.
When the smaller doses (50 mg) of the
drugs were used the gas production of the
microorganisms was inhibited completely
in eultures taken from the small intestine,
hut not in those taken from the colon. This
was true both in vitro and in vivo. In
experiments in which the doses of the anti-
hiotics or bacteriostatic agent were dou-
bled, complete inhibition of gas production
was observed in both the small intestine
and the colon incubated with navy bean
homogenates for 3 hr.

Seetion 4 (plate 1) shows the reaction
of the anaerobic bacteria on commerecial
dog food containing high concentrations of
sovbean meal. Bacterial cultures taken
from the segments exposed to soybean meal
homogenates for 3 hr and then cultured

Discussion

The above results lend indirect support
to the hypothesis that, when bean products
are introduced into the gastrointestinal
tract, the resulting increase in gas produe-
tion and its high concentrations of carbon
dioxide and hydrogen may be caused by the
interaction of some constituent in the bean
and certain anaerobic baeteria inhabiting
the small and large intestine. That the re-
action may be associated with the car-
bohydrates in the bean was suggested by

in vitro on a sterile soybean substrate Anderson'? as early as 192_'4. when he
were verv active gas producers. The aver-  demonstrated that the primary gases
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evolved in the course of anaerobic cultiva-
tion on various earbohydrate media were
high percentages of carbon dioxide and
hydrogen and low percentages of nitrogen
and oxygen.

Thisl possibility is supported by the ob-
servations of Steggerda et al.’® that, when
various fractions of sovbean meals were
consumed by human subjects, the low
molecular weight carbohydrate fractions
were especially potent in their gas-produc-
ing ability as compared with the fat, pro-
tein, and eomplex polysaccharide fractions.
It 1s possible that there are a number of
different anaerobic bacteria present in the
intestine and colon that eould contribute
to the observed gas production but, con-
sidering the manner in which the cultures
were grown and heat-treated, and the ob-
served characteristic gas production (ie.,
both amount and composition), it is be-
lieved that the organisms responsible are
the same as or closely related to the gram-

mhibit the true Clostridium spore-forming
type of bacteria. They found, however, that
coliform bacteria and possibly the vege-
tative bacteria, one of the suggested sources
of the spore formers, are inhibited by the
antibiotic. Sulfathalidine is known to pro-
duce marked decreases in the coliform and
clostridial counts, and Spaulding et al 2
suggested that certain advantages may ae-
crue from the combined use of strepto-
myein and sulfathalidine, Eisman et a].2
suggested that Vieform mav aet via the
Escherichia coli which are said to increase
markedly in number and thereby reduce
the effectiveness of other bacteria present.
Kakade and Borchers® reported on the
effects of feeding rats raw navy beans
with and without added amounts of pro-
caine penicillin and streptomyein; thev
found a reduction in gas production under
certain  conditions. That the clostridia
anaerobic organisms normally reside in
the gastrointestinal tract of the dog was

positive Clostridium perfringens type. In
preliminary experiments pure cultures of
C. perfringens exposed to bean homoge-
nates produced gas similar in volume and
composition to that observed in the above
experiments. Page et al,,'® in a number of
reactions between glucose and €. per-
fringens, noted, along with a large number
of different enzyme systems, a glycolytic
enzyme system that is similar to the Emb-
den-Meyerhof-Parnas pathway. Also, that
the reaction involves some type of orga-
nism present in the intestine is supported
by the inhibition of the reaction antibiotic
and bacteriostatic agents,

The combination of Neomycin and sul-
fathalidine was selected because of the
marked inhibition in the bacteria flora ob-
served by Waksman®® in patients treated
with these agents; the bacteriostatic com-
pound Vioform was used because it was
found in earlier experiments to be the ac-
tive principle in a compound, Mexaform,
which caused an inhibition of gas produc-
tion in human subjects on diets high in
pork and beans.*' The manner in which
this inhibiting effect is produced is not
well understood. Waksman et al2? ob-
served that Neomyein does not specifically

n0s
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shown by Bornside and Cohn,® who re-
ported that the count for clostridia in 85%
to 90% of their dogs ranged from 102 to 108
per g of the intestinal or colon contents.
The C. perfringens that these investigators
1solated from the stomach, ileum, and ree-
tum of the dog was a gram-positive spore
former.

We were surprised that cultures taken
from intestinal segments that had been ex-
posed to either navy or soybean homoge-
nates for only 3 hr produced consistently
higher amounts of gas than cultures taken
before the administration of the homoge-
nates (plate 1, section 1). That this ean
be caused by a stimulation of growth and
number of the organisms is indicated by
the results presented in table 1,

An increase of this type in the intestinal
flora has previously been observed by
Goldsmith,*™ who reported on the effects
of dietary changes, and Cohn and Bron-
side,” who observed that intestinal stran-
gulation can cause the bacterial composi-
tion to increase 4- or 5-fold within 6 hr.
They reported that the clostridia organisms
can show marked inereases in count in rela-
tively short time intervals.

The inerease of gas produced by the
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colon zegment was not so great as that
obzerved in the small intestinal segments
after the injection of navy bean homoge-
nates (plate 1, section 1). Although the
caunse for this difference is not known, a
similar difference between colon and ileam
was found after soybean homogenate in-
jections (table 1).

This investigation suggests that there
are specific intestinal anaerobic bacteria
associated with the formation of intestinal
gases in the presence of bean products.
The behavior of the anaerobie bacteria is
very similar to that of the gram-positive,
spore-forming clostridia perfringens group
which usually inhabit the gastro intesti-
nal tract of man and dogs. The in vitro
and in vivo responses to bacteria-inhibit-
ing agents were similar; thus they support
the relationship of the in vitro experiments
to conditions existing in the intact intestine
and ecolon. Morcover, the inereased num-
ber of anaerobic spore-forming organisms
in the intestine following the injection of

be used effectively for detecting the pres-
ence of gas-producing factors in foods.
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Acute Gastric Dilatation in Marmoszets

epithelium, thickening of the lamina propria, and ac-
sumulation of neutrophils and eellular debris in ervpts,
Other tissues were not examined microscopically.

Discussion

Under ordinary circumstances, animals such as
marmosets which consume only small portions of food at a
time are less likely to develop acute gastric dilatation
than are animals which may be prone to overconsume.
However, factors which alter the usual activities or
relative composition of the animal’s gastric flora may also
play an important role in acute gastrie dilatation. Thus,
situations which contribute to the development of a
gastric flora which thrives on ecarbohydrates and develops
unusually large numbers of aerogenic organisms would
likely predispose the individual to acute gastric
dilatation,

Clostridium perfringens Type A was recovered
from gastric contents of the 25 animals subjected to
necropsy. Clostridia could not be consistently recovered
from the food, yet high numbers of organisms (approxi-
mately 10" organisms/ml} were observed in gastric con-
tents of the animals subjected to enumeration studies.
The§e findings suggest that the organisms proliferated in
the intestinal tracts of affected animals. The origin of the
nb_served clostridia is not known. Clostridia constitute a
minor portion of the normal flora of many species of
monkeys, and under certain circumstances, these organ-
isms could proliferate to high levels (4,5). The role of O
perfringens as a primary etiological agent in acute gastric
dilatation is suggested by the finding of clostridia as the
only gas-producing bacteria recoverable in gastric con-
tents (1). The present outbreak possibly began when an
antimicrobial regimen directed toward controlling a po-
tential shigella epizootic selectively altered the gastric
flora so as to predispose to proliferation of C perfringens.

Microbiologic Findings
A 10% suspension of food samples derived from
cages of affected animals were diluted in a reduced broth®
and plated on solid medium,’ The plates were incubated
anaerobically at 37°C for 18 - 24 hours and characteristic
black clostridial colonies enumerated. Clostridia (less
than 10 organisms/g) were observed in only three of 20
samples of the partially consumed canned rations ex-
amined -:mt_l were not observed in any of the liquid rations.
Gastric contents from 25 animals were process-
ed for viral agents by mixing approximately 1 ml material
nto 9 ml brain-heart infusion broth containing 750
units'ml penicillin, 750 meg/ml streptomycin, and 20
units'ml mycostatin, The specimens were placed on ice,
iransported to another laboratory® where they were cen-
trifuged (1,000 gravities 20 minutes). The supernatant
id 10- and 100-fold dilutions of the supernatant in
Hanks balanced salt solution were processed for virus
solation on human fibroblast (AW995), squirrel monkey
:L;.-MK,,: cell lines, baboon kidney, and marmoset lung
primary cell cultures. Viral organisms were not detected.
. Additionally, the gastric contents were gram
dained, a portion placed in tetrathionate pre-enrichment
broth, and a portion streaked onto two blood agar plates,
me plate of differential medium,’ and one egg yolk agar
plate. One blood agar plate and the egg yolk agar plate
were incubated anaerobically” at 37°C overnight. Te-
trathionate broth and the other media were incubated
serobically at 37°C overnight. After overnight incubation,
tetrathionate broth was streaked onto differential
medium for overnight incubation at 37°C. Colonies on eEg
solk agar plates surrounded by diffuse opalescence were
subcultured on lactose egg yolk-half antitoxin agar plates
for further anaerobic incubation. Clostridium perfringens
Type A was recovered from gastric contents of 25 animals.
Approximately 10° sporeforming organisms/ml gastric
material were recovered from five samples subjected to
emumeration studies,
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