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THE EFFECTS OF DIET ON THE INTESTINAL
FLORA

Paur R. CANNON
The Department of Hygiene and Bacteriology, The University of Chicago *

It has long been recognized that certain pathologic conditions in man
are associated with an intestinal flora that is markedly putrefactive in
type. Headaches, skin disorders, digestive disturbances, nonalcoholic
cirrhosis, nervous abnormalities and cardio-vascular-renal disease have
been attributed with more or less reason to the effects of excessive
intestinal putrefaction. Metchnikoff * believed that premature senes-
cence was the result of this bacterial activity, and the term “auto-
intoxication” became almost a household word as the result of his
theories. Many of Metchnikoff’s assumptions were not founded on
definitely established facts, and it has since been shown that in many
of the cases of so-called “auto-intoxication” the abnormal symptoms
were really the result of chronic infections in the digestive tract or
elsewhere. When these foci of infection were removed the symptoms
disappeared. In other cases the symptoms have been shown to be the
result of nervous reflexes. After eliminating these cases, however, there
are still many instances of acute and chronic conditions in man in which
no focal infections have been found and in which there is definite evi-
dence of an intoxication of intestinal origin.

It is generally assumed that these toxemias are due to the absorp-
tion of poisonous substances from the lumen of the intestinal tract and
that these poisonous materials are formed as the result of the action
of proteolytic bacteria on proteins or their split products. The pres-
ence of putrefactive products and of certain toxic amines in intestinal
contents has long been known. Furthermore, it is well known that
members of the colon group of bacteria have the ability in vitro of
forming indol, skatol, phenol, hydrogen sulphide and certain toxic
amines, such as histamine and tyramine. We know that some of these
products are absorbed and excreted by the kidneys without any apparent
ill effects. The evidence in regard to the absorption of toxic aminss
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4 Paur R. CanNON

is not so clear, nor is it known to what extent the liver functions as a
detoxicating organ when unusually large amounts of these substances
are absorbed.

In certain acute conditions, such as intestinal obstruction, diarrheas
and digestive disturbances in children, there is a considerable amount
of evidence that these poisonous substances are absorbed to an unusual
degree, and that the toxemia is the result of the increased absorption of
these bacterial products. Dragstedt? and his coworkers have shown
that in acute intestinal obstruction the presence of bacteria in the
lumen of the intestine is necessary for the production of these toxic
substances and that in their absence no poisonous materials are formed.
In later work ® it was shown that the toxemia incident to acute obstruc-
tion is uniformly associated with a proteolytic intestinal flora, irre-
spective of the nature of the flora before the obstruction was produced.
In animals with an aciduric flora, experimental intestinal obstruction
led to a very slowly developing toxemia as compared with animals in
which a proteolytic flora was present at the time of operation. In diar-
rheal conditions it has been observed that the toxemia is profound when
the diarrhea is_ of the putrefactive type, whereas in the fermentative
type there may be little evidence of toxemia. Certain digestive dis-
orders in children have been shown to be associated with a putrefactive
intestinal flora. Morris, Porter and Meyer * have described such cases
m which the flora was controlled by diet. These workers found that
the return of these children to normal health was coincident with a
regression of the intestinal flora toward predominantly fermentative
types. The improvement in each case began at a time when it was
possible to show that the intestinal flora had altered in type from putre-
factive to fermentative, .

Attempts to devise methods of preventing this putrefaction have
been persistent and varied. Vaccines, intestinal antisepsis, removal of
the colon, and implantation of antagonistic organisms have been tried
with slight success. One ‘popular procedure has been the use of lactic
acid milks, particularly milk fermented by B. bulgaricus. The original
belief was that this organism could be implanted in the intestinal tract
and that it formed enough acid to inhibit the growth of the proteolytic
types. As a whole, the use of this method has been disappointing and

2 Jour. Exper. Med., 1917, 25, p. 421; 1919, 30, p. 109; Am. Jour. Ph siol., 1918, 46,
p. 366; Jour. Exper. Med. 1918, 27, p. 359. P J yst

27 3 1C‘_iagnnon, P. R.; Dragstedt, L. R., and Dragstedt, C. A.: Jour. Infect. Dis., 1920,
» p. 139. '

4 Jour. Infect. Dis., 1919, 25, p. 349.
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within the last few years observations have shown that it is impossible
to implant B. bulgaricus in the intestinal tract, since the organism is
apparently not an inhabitant of the normal intestine and cannot adapt
itself to its new environment.

The other method of lessening intestinal putrefaction is the substi-
tution of carbohydrate food for protein, and within recent years many
workers have clearly shown that under normal physiologic conditions
the chemical character of the food ingested is the fundamental factor
controlling the bacteria of the intestinal tract. This conception was
advanced by Hirschler,® in 1886, when he found that in the case of
dogs fed cane sugar, potatoes, glycerol and dextrin with meat, the
feces contained indol and phenol in smaller amounts than in those fed
meat alone. Winternitz,® a few years later, concluded that the feed-
ing of milk tends to inhibit protein putrefaction and retards the forma-
tion of the protein split products. He attributed this influence to the
lactose and believed that it was independent of the effect of the lactic
acid. Through milk feeding, he claims, there is a decrease in the
ethereal sulphates of the urine and a lessening of the last protein
split products “worthless for the host and perhaps harmful.”

Herter and Kendall 7 were the first (1908) to show clearly the
effects of diet on the bacteria of the intestinal tract. They found that
the intestinal flora of cats and monkeys was rapidly altered when a
diet of meat and eggs was followed by one of milk and dextrose, there
being a substitution of an aciduric nonproteolyzing type for one that
was strongly proteolytic. In the same year Jungano ® showed that the
intestinal flora of white rats was changed when a meat die was fed,
B coli then becoming the predominant organism although it had been
absent or nearly so with the ordinary diet. De Gasperi ® obtained about
the same results as Jungano, finding that with an ordinary diet of
wheat and bread the aciduric organisms were more prominent and with
a meat diet the proteolytic bacteria appeared in great numbers.

Kendall has shown that in vitro proteolytic organisms are less
active in the presence of carbohydrates, fermentation instead of putre-
faction resulting. It is now a well-known physiologic fact that body
cells and bacteria will obtain their carbon requirements from carbo-

6 Ztschr. Physiol. Chem., 1886, 10, p. 306.

6 Ztschr. f. Physiol. Chem., 1892, 16, p. 460.

7 Jour. Biol. Chem., 1908, 5, p. 293.

8 Compt. rend. Soc. de Biol.,, 1909, 66, pp. 112, 122.
9 Centralbl. f. Bakteriol., I, O., 1911, 62, p. 519
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hydrates in preference to proteins and amino acids. ~ It is only in the
absence of carbohydrates that proteins are torn to pieces to supply
energy. With this idea as a basis, several workers since 1908 have
studied the effects of carbohydrate feeding on the intestinal flora.
Sittler,'® in that year, found that when lactose was fed to children on
a cow’s milk diet, B. bifidus became the predominant organism, and he
concluded that the presence of B. bifidus in the intestines of breast-fed
infants was due to the large amount of lactose in human milk. He
showed that sucrose and levulose are unfavorable for the development
of B. bifidus, while B. acidophilus becomes the predominating organism
in infants fed malt soup.

Of the particular carbohydrates tested since that time, lactose and
dextrin appear to be by far the most effective in transforming the intes-
tinal flora. Distaso and Schiller ** demonstrated with white rats that
by feeding lactose or dextrin with bread and meat the intestinal flora
could be changed into one consisting almost entirely of B. bifidus.
They believed that these sugars arrived in the lower part of the
intestines almost intact because of the lack of proper digestive fer-
ments. When the sugars reached the region of bacterial activity the
bacteria fermented them, and soon fermentative organisms controlled
the field. Rettger and Horton,'? in the same year, showed that when
the diet of white rats was changed to one containing starch, lard, pro-
tein-free milk and a pure protein, the intestinal flora became much
simpler and gram-positive organisms constituted from 85 to 100 %
of the field as against 35 to 50 % with the ordinary mixed diet. Two
organisms—B. acidophilus and B. bifidus—were frequently present to
the exclusion of all other types. B. coli was also reduced in. numbers
in the special diet rats. Hull and Rettger ** continued this work by
studying the effects of various carbohydrates when fed to white rats
with bread and vegetables. They used lactose, maltose, sucrose, dex-
trose, levulose, galactose, and dextrin. In the case of lactose B. bifidus
soon became the predominating organism and often with few other
bacteria accompanying it. The other carbohydrates gave negative
results.

In a later publication !* the same authors gave the conclusion of
several years’ study, namely, that a diet high in lactose was the most

 Ibid., I, O., 1908, 67, p. 14.

11 Compt. rend. Soc. de Biol.,, 1914, 76,.p. 243.

13 Centralbl, f. Bakteriol.,, I, O., 1914, 73, p. 362.

12 Thid., 1914, 75, p. 219.
1+ Jour, Bacteriol., 1917, 2, p. 47.
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effective in establishing an aciduric intestinal flora. Lactose in amounts
of 1 to 2 gm. or more per day with a mixed diet led to a complete
simplification of the flora in white rats. Milk and mixed grains tended
to increase the number of aciduric bacteria, whereas meat increased
the number of indol-producing bacteria. They also found that a high/
lactose diet in man led to the development of aciduric bacteria in large
numbers. Torrey,*® working with dogs, came to essentially the same
conclusion as Rettger et al. Lactose and dextrin, when fed with a
meat and rice diet, led to a marked replacement of proteolytic organ-
isms by aciduric ones. Saccharose, maltose, and dextrose caused no
pronounced change, although saccharose in large amounts caused a
rise in the numbers of obligate fermentative bacteria. Starchy food
led to a simplification of the intestinal flora and the development of B.
acidophilus to a considerable extent. Vegetable proteins exerted a
marked antiputrefactive tendency in certain cases. Mammalian tissues
seemed to be the only ones which markedly encouraged the growth of
putrefactive organisms in the intestines. Fish and casein did not
encourage the development of putrefactive bacteria to the same extent
as mammalian tissue. Fats exerted little effect on the flora.

The work here reported is based upon the idea that diet is the
fundamental factor controlling the activities of the bacteria of the
intestinal tract. The effort throughout the investigation has been to get
a quantitative idea of the relative abundance of the different organisms,
and with this end in view, particular attention has been paid to methods
for the estimation of the numbers of bacteria of each type and the
effects of diet on their presence. :

MEeTHODS

White rats have been used in this work because of the ease in handling,
the small expense of feeding and because a large number of individuals can
be used, thus ruling out a large part of the error due to individual idiosyn-
crasy. The feces have always been collected as far as possible in the man-
ner described by Hull and Rettger. The rats were held by the tail and
rubbed on the back above the base of the tail. In most cases the feces can
be collected into tubes of sterile water or on clean paper and are always
fresh. These are then emulsified in 10 cc of sterile water and dilutions of
1:1000, 1:10,000 and 1:100,000 made. No effort has been made to weight out
the feces as they vary so much in water content and residue in the various
diets that only a fictitious accuracy would be attained. The effort throughout
has been to determine the relative numbers of the different types rather than
the numbers per unit weight of feces.

18 Jour. Med. Research, 1919, 39, p. 15.
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Torrey has shown that fecal bacteria in general may be conveniently grouped
in accordance with their metabolic tendencies. According to this classification,
there are two main groups composed of organisms which are predominantly
fermentative or putrefactive in their tendencies. Intermediate between these
are the members of the B. coli group which are either fermentative or putre-
factive, depending on the nature of the food at their disposal. Members of
this group are the predominant types of the aerobic intestinal bacteria in man
and many of the lower animals, constituting about 60% of the viable bacteria
of the feces, according to Kendall In man at least their activities are usually
more proteolytic than fermentative. B. acidophilus, on the other hand, is
relatively abundant in children and is the predominant organism of the fer-
mentative or aciduric group. Different foods cause a variation in the rela-
tive numbers of these two types, and this fact has been made the basis of the
cultural work. By comparing the numbers of B. coli with those of B. acido-
philus from the same fecal emulsion, a quantitative relationship can be shown.
This relationship is expressed as the colon-acidophilus ratio or the C-A ratio.
The following procedure has been followed in determining this ratio: The
appropriate dilutions are made and carefully mixed and 1 cc portions added
to sterile Petri dishes, using the same pipet in each case. The rule has been
to make all platings in duplicate. To one set of plates the Ayers and Rupp
medium is added; to the other the beef liver glucose agar of Torrey.” The
plates are incubated for 48 hours, and then the most favorable dilution for
quantitative purposes is selected and the same dilution in the other medium is
used with it. By using mediums adapted to these two types of organisms, other
tvpes are ruled out to a certain extent, and a greater accuracy is thereby attained.
All typical red colonies in the Ayers and Rupp medium are considered B. coli
and all the small fluffy colonies resembling a fleck of cotton in the Torrey
medium are considered B. acidophilus. These mediums are also prepared in
small flasks and so the pouring of many plates is an easy matter.

The percentage of aerobes producing hydrogen sulphide in any fecal emul-
sion may be determined in a similar manner by using the acetate agar in plates.
This medium gives a more accurate count than acetate broth and is as con-
venient to use. For finding the proportion of spore forming anaerobes, it is
of great value. This is determined as follows: A tight plug of sterile
absorbent cotton is pushed to the bottom of the tube of fecal emulsion, thus
separating the solid particles from the bacteria. The supernatant fluid is
divided into two portions, one of which is heated at 80 C. for 20 minutes.
Dilutions of each portion are then made and plated in acetate agar, the
unheated one aerobically and the heated portion by the Krumwiede-Pratt
method. At the end of 36 hours both sets of plates are counted, and the pro-
portion of spores to total viable aerobes in the same emulsion is found.
B. welchii forms brown colonies in this® medium and a good idea of the
relative abundance of spores of this organism may be readily determined
in this way.

STAINS OF THE FECAL EMULSIONS
Considerable information may be obtained from gram stains of
the fecal emulsion. The study of smears in more than 50 instances
in which the C-A ratio was 1-99 showed the uniform presence of from

10 Tour, Bacteriol., 1918, 3. p. 433.
17 Ibid., 1917, 2, p. 43S.
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75 % to 99 % of slender gram-positive bacilli. In a great many cases
in which the animals were on a diet of bread, milk and lactose, the
fecal smears showed practically 100 % of slender gram-positive bacilli
in bunches and palisade arrangement. On the other hand, if the flora
is proteolytic in type, there is a great preponderance of gram-negative
bacilli, spirilla and large gram-positive spore-forming bacilli.

MEDIUMS

The following mediums have been used and incubation at 27 C.
has been the rule in all cases.

1. Ayers .and Rupp Agar—This medium is of distinct value in determin-
ing the numbers of B. coli and in that way ascertaining the effects of the
diet on their relative abundance. The fact that the readings are made at the
end of 48 hours makes this medium valuable in conjunction with Torrey’s
beef-liver agar. The reliability of this medium in determining the presence
of B. coli is shown by the fact that of 152 colonies transferred to peptone broth,
149 formed indol, thus showing their proteolytic powers.

2. Beef Liver Glucose Agar—1 have found this solid plate method well
adapted for the quantitative estimation of B. acidophilus. With an initial
reaction of Py 5.7 to 6.0 the characteristic fluffy colonies are well developed
at the end of 48 hours and are easily counted.

3. Lead Acetate Agar —This medium has been useful in getting a quanti-
tative idea of the presence of hydrogen-sulphide formers, both aerobic and
anaerobic. This is a 2% agar prepared from beef infusion, containing 3% of
peptone and 0.5% of NaCl. The reaction was Py 7.4 to 7.8. Armour’s peptone
has been the best of the peptones tried and has been used throughout the experi-
ments. Just before the plates are poured, 2% of sterile 10% lead acetate in
distilled water is added to the medium, which has been cooled to about 50 C.
and thoroughly mixed. This medium is prepared in small flasks (250 cc),
which facilitates the pouring of a large number of plates at one time. After
the medium in the plates is hardened, about 15 cc of sterile 3% agar in water
is poured over the surface. This prevents the growth of surface spreaders
and also leads to a slight reduction in oxygen tension which apparently favors
the production of hydrogen sulphide. In the plates the hvdrogen sulphide pro-
ducing organisms appear as dark brown colonies, in some instances with a
brown zone surrounding them. By comparing the number of these colonies
with the total number of colonies on the plate, the relative abundance of the
aerobic hydrogen-sulphide-producing organisms may be ascertained. A great
variety of organisms develop in this medium, including B. acidophilus, and
apparently the total number of viable aerobic bacteria in any particular fecal
emulsion may be quite accurately determined. In the same manner the rela-
tive proportion of sporg-forming anaerobes may be found, using the Krum-
wiede and Pratt method of pouring the medium into the cover of the Petri
dish, placing the bottom on it and sealing the edge with sterile paraffin.

4, Sheep Brain Medium.—This medium is prepared according to the method
of Hall® and is useful in determining the presence of putrefactive spore-
forming anaerobes. These forms cause a distinct blackening of the medium,

18 Jour. Infect. Dis., 1920, 27, p. 579.

1/



10 Paur R. CANNON

as B. sporogenes for example, within 24 hours. By heating any particular
fecal emulsion at 80 C. for 20 minutes, making dilutions in sterile water and
inoculating 1 c ¢ portions into tubes of the sheep brain, the presence and rela-
tive abundance of putrefactive types may be ascertained.

COLON-ACIDOPHILUS RATIO

The object of this work was to test out the methods described to
determine the quantitative relationships of the two groups under the
influence of certain diets. Rats were fed a stock diet of oats and
carrots, ground beef, American cheese, meat and dextrin, and bread,
milk and lactose. In addition, the effects of a diet high in lactose,
dextrin, and vegetable protein were tested on.three adults.

Oats and Carrots—Rats on this stock diet for 2 weeks showed a large pro-
portion of slender gram-positive bacilli in stains from the fecal emulsions.
The colon-acidophilus ratio, the average of 1 plating from 4 rats, was 1:99.

Ground Beef—The C-A ratio of rats on a high animal protein diet con-
sisting almost exclusively of ground beef was 80:20. This figure is the
average of 35 platings from 23 different animals which had been on the diet
from 5 to 30 days. In older animals and in those that have been on the
meat diet longer the C-A ratio rises, in many cases being 99:1. The stains
from the fecal emulsions show a great preponderance of gram-negative organ-
isms, the emulsions as a rule are foul smelling and give a much stronger
indol reaction than do those of rats on either the stock diet of oats and car-
rots or bread, milk and lactose.

American Checse—Four rats were put on a bread, milk and lactose diet
for 2 weeks. White bread was soaked in whole milk and mixed with lactose
in the. proportion of approximately 2 parts of bread to 1 of lactose. Their
average C-A ratio at the end of this time, the result of 2 sets of platings,
was 15:85. The rats were then fed only American cheese, with a small
amount of carrot and cabbage mixture. At the end of 4 days the C-A ratio
was 65: 35, after 2 weeks 85:15, and at the end of 1 month 90:10. The diet
was then changed, white bread and milk being substituted for the cheese. At
the end of 1 week the C-A ratio was 6:94. These figures indicate that the
relative abundance of proteolytic and aciduric organisms can be altered mark-
edly in proportion to the presence of an abundant protein or carbohydrate diet.

Dextrin—Torrey found dextrin even more effective than lactose in bring-
ing about the establishment of an aciduric flora in dogs, the fecal flora being
dominated by B. acidophilus. Hull and Rettger with white rats found dextrin
effective in only a few instances, and in these the flora was not markedly
simplified nor did B. acidophilus appear in great prominence. In later studies,
however, Cheplin and Rettger ® found dextrin as effective as lactose in stimu-
lating the proliferation of B. acidophilus in white rats. My experience has
been the same, dextrin leading to a marked simplificatijpn of the intestinal flora
Four rats were fed only ground beef, carrots and cabbage leaves for 3 weeks.
Their average C-A ratio at the end of this time was 91:9. Dextrin and ground
beef, 3 parts of dextrin to 7 parts of meat, were then fed. Four days later
the average C-A ratio was 2:98, B. acidophilus having completely gained the
ascendency. The feces were light yellow in color with the dextrin diet,

19 Abstr. of Bacteriol.,, 1920, 1, p. 8
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whereas they were black with the full meat diet, and the indol reaction in
the former case was faint or absent. Streptococci were also increased in
numbers in this diet, and the hydrogen-sulphide producing bacteria were prac-
tically eliminated.

Lactose.—This sugar, when added to a diet of bread and milk in the gen-
eral proportions given, caused a striking change in the character and flora
of the feces. Here, too, the feces were softer and a lighter yellow than those
of the meat eaters; there was less odor, and the indol reaction with the fecal
emulsion was slight and in many instances negative. Culturally the C-A ratio
the average of 29 platings from 18 different rats that had been on this diet
from 5 to 30 days was 1:99. The stains from the fecal emulsions showed a
great preponderance of slender gram-positive bacilli.

EFFECT OF LACTOSE ON MAN

The effect of a diet of milk, toast and lactose was determined in the
case of 2 adults. For a period of 10 days each person consumed one
half pound of lactose daily in addition to the regular diet of milk
and toast. On an average 800 gm. of bread (toasted) and 1 liter of
whole milk was consumed daily by each. Little butter was used, not
more than 10 gm. per day. H-2 also consumed 2 liters of sour milk
daily during the 3d, 4th and 5th days of the experiment, and then this
was discontinued. The lactose was suspended in milk or water and a
little vanilla added to make it more palatable. The fecal specimens
were obtained after epsom salts had been given, and presumably
represented a somewhat higher level of the intestinal tract than if
this Had not been done. Dilutions were immediately made and plated
in plain infusion agar, beef-liver agar, and Ayers and Rupp agar
The large amounts of lactose caused considerable abdominal distention
at first, but.during the last 3 days of the experiment this was not so
noticeable.

H-1: At the beginning of the experiment the flora of this person, as
shown by cultural tests, was typical of the average adult on a mixed diet.
B. coli was the predominant organism, and stains showed a field which was
composed predominantly of gram-negative bacilli with a few plump gram-
positive bacilli and diplococci. At the end of 3 days there was a slight increase
in the number of gram-positive bacilli and diplococci. At the end of 6 days,
B. coli was still the predominant organism culturally but the slides showed
many slender gram-positive beaded bacilli, singly and in filaments. At the
end of 10 days about 50% of the organisms in the smears were these slender
gram-positive beaded bacilli. The cultural tests were unsuccessful, so it is
uncertain whether these were B. acidophilus or B. bifidus.

H-2: The flora of this person at the beginning of the experiment was
similar to that of H-1, gram-negative bacilli being in predominance both cul-
turally and in the stained smears. At the end of 3 days there was a slight
increase in the number of slender gram-positive bacilli and diplococci. Two
liters of sour milk were consumed daily during the next 3 days, and at the



12 Paur R. CanNoON

end of this period about 59% of the organisms in the stains were gram-
positive diplococci. Culturally about 95% were streptococci, presumably Strep-
tococcus lacticus. The sour milk feeding was then discontinued, and at the
end of the 10th day of the experiment the streptococci were practically gone.
At this time about 50% of the organisms in the stained smears were slender
gram-positive beaded bacilli. B. acidophilus appeared on the beef-liver plates,
although here B. coli was in predominance. The disappearance of the strepto-
cocci after discontinuing the ingestion of the sour milk illustrates the diffi-
culty of implanting foreign organisms in the intestinal tract.

H-3: The effects of a diet relatively high in vegetable protein were deter-
mined in an adult. This man consumed during a period of 10 days 29 meals,
each consisting of 100 gm. of “black-eyed peas,” 400 gm. of white bread
(toasted), 10 gm. of butter and a small amount of lettuce. This furnished
approximately 2,700 calories daily and was considered adequate for a stu-
dent leading a sedentary life. Before the diet was begun the normal flora
was determined by plating- in acetate agar aerobically and anaerobically,
beef-liver agar and Ayers and Rupp medium. In each case the feces were
collected after the administration of epsom salts.

At the beginning of the experiment the fecal emulsions were typical of
an adult on a fairly high animal protein diet. The stains showed a great
predominance of gram-negative bacilli and many large plump gram-positive
bacilli. Aerobic hydrogen-sulphide-producing organisms were not prominent,
but anaerobic spore-forming organisms were in great abundance and consisted
almost exclusively of B. welchii. (Thirty-seven separate brown colonies from
the anaerobic plates were picked to litmus milk and incubated anaerobically.
All gave a typical “stormy fermentation” with butyric acid odor. These were
transferred to dextrose broth and dextrose agar and found to be anaerobic
nonmotile bacilli. Furthermore, the 3-day milk cultures were heated at 80 C.
for 20 minutes and then 1 cc portions were transferred to fresh litmus milk
and incubated anaerobically with no growth apparent at the end of 10 days’
incubation.) The ratio of viable aerobes to anaerobic spores in the same
fecal emulsion before the diet was begun was approximately 5:1. The pre-
dominant organism in both the acetate agar and beef-liver agar was B. coli.

At the end of 4 days of the diet there was a pronounced change in the
bacterial content of the fecal emulsions. At this time a streptococcus began
to appear prominently in both the acetate agar and beef-liver agar plates,
apparently replacing B. coli. Also, there was an enormous decrease in the
relative numbers of anaerobic spores so that the ratio of viable aerobes to
spores was 20,000:1. The smears consisted predominantly of gram-negative
bacilli, although there was an increased proportion of slender gram-positive
bacilli and diplococci.

This streptococcus was the predominant organism of the aerobes at the
end of 7 days, and was found to ferment dextrose, lactose, maltose and
mannite. Presumably it belonged in the streptococcus fecalis group as
described by Oppenheiml® B. welchii was practically suppressed and remained
so for the remainder of the experiment.

At the end of 10 days the flora was predominantly fermentative with the
streptococcus dominating the field and the anaerobic spores eliminated, as
shown by the fact that in a fecal emulsion containing 25000,000 viable aerobes
per cc there was less than 100 per cc of anaerobic spores. The stains showed
gram-positive streptococci and slender bacilli occupying about 50% of the
field, with only an occasional plump gram-positive bacillus present.

20 Jour TInfect. Dis., 1920, 26, p. 117
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The diet was discontinued at this point, and a diet high in animal protein
consumed. At the end of 3 days a fecal specimen collected as before was
examined. B. coli was once more in predominance, and B. welchii was again
present in large numbers in the anaerobic plates. The stains showed many
plump gram-positive bacilli in a field which was composed predominantly of
gram-negative bacilli.

HYDROGEN-SULPHIDE PRODUCTION

Hydrogen sulphide is formed in the intestines by the decomposition
of cysteine and cystine. It is claimed by some (Mathews) 2* that this is
readily reabsorbed and produces headaches and depression even when
absorbed in small quantities. This author also suggests that it may be
one of the factors in hemolyzing erythrocytes, thus causing anemia in
those suffering from constipation. Mercaptans, such as ethyl and
methyl mercaptan, are very ill smelling compounds that are also formed
by the action of certain intestinal bacteria. Acute pathologic conditions
due to the action of these substances appear to be quite rare, and with
the exception of a case of intoxication with hydrogen sulphide of
intestinal origin described by Senator,?* no definite cases have been
reported. Van der Bergh, however, has shown the presence of sul-
phemoglobin in the blood of persons with intestinal obstruction.

Torrey in his investigations found that members of the proteus
group are very active producers of hydrogen sulphide, and that they
were more abundant in the ileum than in any other part of the
intestinal tract in the case of a dog on a lactose-meat-rice diet. He
also found that saccharose, maltose and dextrose exercised some anti-
putrefactive action, as evidenced by the decrease in the number of
hydrogen-sulphide-producing organisms and B. welchii. These sugars
were not as effective as lactose and dextrin, however. With a high
animal protein diet (beef heart) the hydrogen sulphide producers,
especially B. proteus, became numerous, and with a fish diet they
seemed to be brought to development to a greater degree than with
any other food element.

By the use of the lead acetate agar described, a marked difference
in the relative abundance of these hydrogen-sulphide formers witn
different types of diet may be shown. Table 1 illustrates the difference
in numbers with two diets, expressed in percentage of hydrogen-
sulphide producing-organisms to total viable aerobes in the same fecal
emulsion. One lot of 5 rats was fed a meat and carrot diet, while the

21 Physiological bhemistry, Text-Book, 1915, p. 443.
22 Wells, Chemical Pathology, 1918, p. 581.
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other lot received the same diet with the addition of lactose in the
proportion of meat 7 parts to lactose 3 parts. The platings were made
after the animals had been on the diets for at least 2 weeks.

It is evident from table 1 that there is a material decrease in the
number of hydrogen-sulphide producing organisms in rats on a meat
and lactose diet.

The most typical brown colonies developing on the acetate-agar
plates are members of the proteus group. Certain strains of B. coli
also form distinct brown colonies at the end of 36 hours. Mr. R. W.
Cooper and Miss Mirium Jackson made a somewhat detailed study of
this point with the following results: Forty-four strains picked from

TABLE 1
Numper oF HYDROGEN-SuLpHIDE ForMERS Propucep witHE Two DIETS

Meat Diet Meat and Lactose Diet

Rat Total Bacteria H:S Formers Rat Total Bacteria H:S Formers

per Ce per Oc per Oc per Ce

49 5,240,000 80,000 34 6,400,000 10,000

1. 360,000 30,000 6. 890,000 10,000

2 80,000 20,000 7. 800,000 1,000

3 310,000 10,000 8. 11,600 100

4 3,700,000 70,000 9. 360,000 20,000

5 610,000 140,000 10. 1,000,000 100

~ 6. 50,000 8,000

7. 25,000 1,200

8. 35,000 100

9. 25,000 100

10. 32,000 200

Total 10,300,000 350,000 i 9,628,600 50,800
Percen- . ~ -~ - ~- -

tage 34 [ e 0.5
I

acetate-agar plates from different rats on various diets were B. proteus
vulgaris, giving the typical spreading growth on agar slants, liquifying
gelatin, forming indol, and fermenting maltose, saccharose and galac-
tose, with gas, but negative to lactose, mannite and inulin. One hun-
dred brown colonies in plates from rats fed meat or salmon were
picked and 50 were identified as B. proteus. On the other hand, the
predominant brown colonies in plates from rats fed lactose and bread
or egg yolk were members of the colon group. Ninety-four strains of
the latter group were studied and found to be about evenly divided
between saccharose-fermenting and saccharose nonfermenting types.
In no case, however, was the formation of hydrogen sulphide as active
as with the members of the proteus group.

Anaerobes—No extensive analysis of the spore-forming anaerobes
found in the intestinal tract of the white rat or man has been made in
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the present study, but certain suggestive facts have been determined.
For example, hydrogen-sulphide-producing anaerobes are found in large
numbers in the feces of white rats when on a high animal protein diet
and are greatly reduced in numbers or practically completely eliminated
when lactose, certain vegetable proteins or starches are fed. These
bacteria appear to be B. welchii in the majority of cases, as evidenced
by the following experiments: Well separated brown colonies from the
anaerobic plates have been transferred to litmus milk and incubated
anaerobically. Eighty-nine such colonies from rats fed either meat,
beans, egg yolk, milk or bread and lactose when picked to litmus milk
gave typical stormy fermentation with butyric acid odor in 24 hours.
About 75 of these were transferred to dextrose agar and shown to be
anaerobes. Forty of those in dextrose broth were nonmotile by the
usual motility test, of 42 tested. Twelve dextrose broth cultures
(48 hours) were heated to 80 C. for 20 minutes and 1 cc portions
added to litmus milk. Ten gave no growth in 10 days’ incubation,
while the cultures which showed motile bacilli gave a soft coagulum
with a clear whey and no gas with a gradual peptonization of the curd.
Nineteen milk cultures showing stormy fermentation (3 days’ old)
were heated in the same manner and 1 cc portions transferred to
litmus milk. Seventeen gave no growth at the end of 10 days, while 2
coagulated the milk with a soft curd and peptonization.

From these tests it was concluded that in the white rats tested B.
welchii was the most prominent of the spore-forming anaerobes, accom-
panied in smaller numbers by B. sporogenes.

The effects of the following food stuffs when fed alone for several
days to white rats have been determined with reference to the devel-
opment of hydrogen-sulphide producing organisms; ground beef, whole
eggs, egg white, egg yolk, cheese, potato, lima beans, cow peas, English
peas, salmon, bread, milk and lactose, and adiabetic flour (Hepco).
These foods were fed in rotation to a series of rats, and the relative
numbers of hydrogen-sulphide-producing organisms determined for
each diet. The averaged results are:

Salmon: Four rats were fed salmon for from 1 to 4 weeks. The average
of 12 platings during this period showed that 7.3% of the organisms growing
on the acetate agar aerobically were producers of hydrogen sulphide. Approxi-
mately 200,000,000 colonies were counted in getting this percentage. These
results agree with those of Torrey in that these hydrogen-sulphide-producing
organisms were almost entirely B. proteus vulgaris. This fish diet also led
to an enormous increase in the numbers of spore-forming anaerobes, espe-
cially B. welchii.
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Ground Beef: Seven rats were fed ground beef for from 2 to 19 days. The
average of 16 platings during this period gave a percentage of 7.5 for hydrogen-
sulphide-producing organisms out of about 50,000,000 colonies counted.
Hydrogen-sulphide-producing anaerobes were abundant in this diet, and 9f
the spore formers B. welchii was predominant, although no more so than in
the case of the fish diet.

Diabetic Flour (Hepco): This flour, according to the manufacturer, has
as its base the Soya bean and contains approximately 43% protein, less than
23% carbohydrate with only a trace of starch, 21% fat and about 4.5% egch
of water, ash and fiber. This flour was fed uncooked to 7 rats for a period
of from 2 to 7 days. The average of 8§ platings from these animals showed
that 0.05% of 50,000,000 colonies were hydrogen-sulphide producers. B. acido-
philus was in predominance in all the plates and spore-forming anaerobes were
almost completely suppressed. Even when this flour followed a diet that had
led to a greatly increased percentage of B. welchii, the Hepco flour led to
the elimination of B. welchii spores or reduced their numbers to a negligible
quantity. .

Cow Peas: The foregoing results with a diet high in vegetable protein
suggested that perhaps this was a property of vegetable proteins in general,
and although the legtfmes have almost 3 times as much carbohydrate as
protein, nevertheless is was considered advisable to test out their effects as
units on the intestinal flora. Cow peas which had been autoclaved at 15 pounds
pressure for 20 minutes were fed to 5 rats for from 2 to 8 days. The plat-
ings- during this period. gave a percentage of 0.03 of hydrogen-sulphide-pro-
ducing organisms out of a total of more than a billion colonies considered.
This diet brought B. acidophilus in marked predominance to as great a degree
as did the diet of meat and lactose. The spore-forming anaerobes were also
completely suppressed by this diet, as for example in certain fecal emulsions
in which there were 150,000,000 viable aerobes per c ¢ with less than 100 spores
of B. welchii per cc.

Lima Beans: These were also autoclaved in an equal volume of water at
15 pounds pressure for 20 minttes and fed to 3 rats for from 6 to 8 days. The
average of 6 platings during this period showed that 0.03% of the colonies
developing were producers of hydrogen sulphide. Approximately 350,000,000
colonies were considered in getting this percentage. Here too, B. welchii and
other spore-forming-anaerobes were practically eliminated.

English Peas (Canned): These were fed to 4 rats for 6 days and platings
made at the end of that period. The average of this series gave a percentage
of 0.2 of hydrogen-sulphide producers. This percentage was somewhat higher
than with the other legumes largely due to the fact that rat 18 had a flora
containing an unusually high proportion of B. proteus. Even in this rat, how-
ever, B. welchii was completely suppressed as it was in the case of the other
3 animals on this diet.

Potatoes (White) : These were autoclaved at 15 pounds pressure for 20
minutes and fed to 5 rats for from 2 to 4 days. The average of 8 platings
gave a percentage of 0.4 of hydrogen-sulphide producing organisms. The
percentage at the end of 4 days of the diet was less than this, indicating that
the high starch diet tended to eliminate hydrogen-sulphide producers. B. welchii
and other spore-forming anaerobes were almost completely suppressed at the
end of 4 days.

Egg Albumin: Six rats were fed coagulated egg white exclusively for
from 4 to 10 days and gave an average of 3% of hydrogen-sulphide producers
out of 200,000,000 colcnies considered. Anaerobic spores were greatly increased
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in numbers. Three of the rats on this diet died within 5 days, one in 6 days
and another in 10 days. The rats were in separate cages, and as no deaths
occurred with the other diets during a period of 2 months, it appears probable
that there must have been some toxic effect from the unbalanced diet of
egg white.

Egg Yolk: One rat only was tested. This animal was fed boiled egg yolk
for one month. During this period 5 platings gave a percentage of 3.2 of
hydrogen sulphide producers in 30,000,000 colonies examined. Anaerobic spores
were increased in numbers also.

Whole Eggs: Six rats were fed scrambled eggs for from 4 to 12 days.
Seven platings during this period gave 2% of- hydrogen-sulphide formers.
Anaerobic spores were also present in enormous numbers with this diet.

American Cheese: Six rats were fed cheese for from 2 to 3 days. Anaerobic
spores were practically eliminated with this diet. The aerobic producers of
hydrogen sulphide were present in 0.9% of the colonies counted. This is some-
what similar to the findings of Torrey that both casein and butter fat had little
tendency to encourage the growth of putrefactive types.

TABLE 2
C-A RATIO OF VARIOUS REGIONS
Stomach | Duodenum | Jejunum Ileum Cecum Colon
Rat Diet C- - C-A C-A C-A C-A
Ratio Ratio Ratio Ratio Ratio Ratio
A Lactose, bread o* 1-99 1-99 1-99 1-99 15-85
and milk
B Meat 0* o* 0* €9-1 99-1 99-1

* Less than 100 organisms per cc¢ of emulsion.

Bread, Milk and Lactose: Seven rats were fed this diet for from 2 to
10 days. Equal parts of dried bread and lactose were soaked in milk and fed.
The platings during this period gave a percentage of hydrogen sulphide pro-
ducers of 0.06 out of 500,000,000 colonies considered. Anaerobic spores were
almost completely eliminated by this diet.

INTESTINAL SURVEYS

Two rats, one on a diet of ground beef for 2 months and the other on a
bread, milk and lactose diet for 2 weeks, were killed and under aseptic con-
ditions dilutions of the contents of the stomach, duodenum, jejunum, ileum,
cecum and colon plated to get an idea as to the relative distribution of B. coli
and B. acidophilus. The emulsions from the different levels were adjusted as
nearly as possible to the same turbidity to make the results somewhat com-
parable. The C-A ratio of the various regions is shown in table 2.

In the case of the animal on the high animal protein diet, we find both
B. coli and B. acidophilus present in extremely small numbers in the stomach,
duodenum and jejunum. B. coli appeared in large numbers in the ileum and
was the predominant organism from there on. Torrey has noted that putre-
faction, as judged by types and biologic activities of the bacteria, was more
marked in the ileum than in the Jfarge intestine, and he suggested that this
might be the case in persons suffering from toxemias of intestinal origin, to
whom colonic irrigations afforded no relief.

The findings were reversed with the rat on a high lactose diet. Here we
find large numbers of B. acidophilus appearing in the duodenum (80000 per cc
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as against less than 100 of B. coli from the same emulsion) and being in
enormous predominance throughout the remainder of the intestinal tract. The
emulsions from this animal were also plated into acetate agar. In the case of
I cc amounts of the original emulsions from the stomach, duodenum and
jejunum, not a brown colony appeared on the plates. A few colonies were
present in the ileum, cecum and colon, but their number was “insignificant
when compared with the total number of B. acidophilus per cc in the same
emulsions. In both cases, however, ‘the first evidences of activity of proteo-
Iytic bacteria were found in the ileum.

Rat C. was fed lactose, bread and milk for 8 days. At the end of 5 days
the feces were soft, a light yellow, practically odorless and showed no trace
of indol. Stains showed a field composed almost entirely of slender gram-
positive bacilli and a few short chains of streptococci. On the eighth day'the
animal was killed, and the various regions plated to determine the distribu-
tion of hydrogen sulphide producing organisms. Here B. acidophilus was
found in large numbers from the duodenum on, while B. coli was practically
absent. Hydrogen-sulphide formers were also in insignificant numbers through-
out the intestinal tract.

DISCUSSION

A contrast in the tendency of animal and vegetable proteins to
encourage putrefaction in the intestinal tract is clearly shown in these
experiments. Torrey pointed out this peculiarity when he found that
“vegetable proteins do not offer the slightest encouragement to the
growth of the intestinal putrefactive types of bacteria.” My experi-
ments agree with those of Torrey in that vegetable proteins not only
reduced the relative proportion of proteolytic types both aerobic and
anaerobic, but also encouraged the overgrowth of a nongas-producing
aciduric flora. Animal proteins, on the other hand, such as meat, fish
and eggs, led to an enormous overgrowth of gas-forming proteolytic
types.

The question of the absorption and excretion of materials from
the intestinal tract has been recently studied by Underhill and Simp-
son.?® These workers have found that the diets which give rise to
the excretion of phenol and indican in large amounts are the ones
that lead to the overgrowth of putrefactive bacteria in the intestinal
tract. Meat led to a marked increase in the excretion of phenols and
indican, whereas casein caused much less phenol and indican to appear
in the urine. Lactose in the diet caused the excretion of phenol and
indican to be lower than when large amounts of protein were fed.
They found vegetable proteins to be on the same level as casein in
regard to the excretion of phenol and indican. This work is a further
indication that there is a definite correlation between the formation and

the absorption of the by-products of bacterial activity in the intestinal

28 Jour. Biol. Chem., 1920, 44, p. 69.
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tract. It may be more than a coincidence that this increased absorption
accompanies a gas-producing type of flora. It is a well-known fact
that absorption in the intestine is increased by raising the intra-
intestinal pressure, independently of the increase in mucosa surface.
In an intestinal tract distended with gas both factors may be concerned
and lead to an increased absorption that may be concerned in the
production of mild or acute grades of toxemia. As pointed out, the
detoxicating capacity of the liver is limited in acute intestinal obstruc-
tion, and there is evidence that it may be limited in some of the
subacute and chronic toxemias that are apparently of intestinal origin.

SUMMARY

In this paper certain me.nods for ascertaining the relative propor-
tions of groups of bacteria of the intestinal tract are described, par-
ticularly in studying the hydrogen-sulphide-producing organisms and
the spore-producing anaerobes. By the use of these methods essentially
the same results as those of Kendall, Rettger et al and Torrey have
been obtained, namely:

Grain foods, lactose and dextrin when fed to albino rats in proper
proportions lead to a marked predominance of aciduric bacteria in the
intestinal tract, whereas animal proteins encourage the gas-producing
proteolytic types, both aerobic and anaerobic.

Vegetable proteins and certain starchy foods do not encourage the
development of proteolytic types to the same extent as animal proteins,
and, in fact, in many cases exert a distinct antiputrefactive effect,
favoring the development of B. acidophilus and suppressing the devel-
opment of hydrogen-sulphide-producing organisms and spore-forming
anaerobes.

In 2 experiments with human adults extending over a period of 10
days a diet composed of bread, milk and lactose markedly encouraged
the development of the aciduric organisms, and in one experiment of
the same time period a diet high in vegetable protein led to a predom-
inant aciduric flora with the elimination of anaerobic spores.
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INTESTINAL .OBSTRUCTION

A STUDY OF THE INFLUENCE OF THE BACTERIAL FLORA ON THE
TOXEMIA OF ACUTE OBSTRUCTION
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Complete obstruction in any region of the intestinal tract in animals
produces a severe, rapidly developing toxemia. The symptoms are
similar to those of acute mechanical ileus in man except that vomiting
is a less noticeable feature. Death occurs in a short time after the
onset of the toxemia unless the obstruction is relieved and all damaged
intestine removed. It has been demonstrated both clinically and experi-
mentally that the material which collects above the point of obstruction
in the intestine is exceedingly toxic, and practically all investigators
today regard the absorption of this material as responsible for the
toxemia of acute obstruction. In previous studies by two of us? it
was shown that the toxic materials in intestinal contents both under
rormal conditions and in cases of acute obstruction may arise inde-
pendently .of‘ food and in the absence of gastric juice, pancreatic juice
and bile. It was further proved that the secretions of the normal
intestinal mucosa ate not toxic when absorbed from the peritoneal
cavity. This was confirmed by Davis and Stone? who noted that
- fresh succus entericus did not produce toxic symptoms when injected
intravenously into animals. When, however, the juice was permitted
to stand and the proliferation of bacteria was not prevented by heat
or preservatives, it rapidly became very toxic. The production of
isolated closed segments of the intestine, as described by Stone, Bern-
heim and Whipple,® produces symptoms -similar to those of complete
obstruction-at the same level. By making use of various modificatibns
of this procedure, we have been able to show that the presence of

Received for publication May 3, 1920.
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bacteria in the lumen of the intestine is necessary for the production
of the characteristic toxic substances, and in the absence of bacteria
these substances are not formed. ‘It seems highly probable that the
principal toxic fraction in the contents of the obstructed intestine
belongs to the group of poisonous substances which are produced by
the action of bacteria on proteins or their split products. They are
uot toxins in the true sense of the word since they are not destroyed
by heat nor will they lead to the production of antibodies when injected
into animals.

The present study has been made to determine the relationship of
the intestinal flora to the toxemia resulting from complete obstruction.
If the toxemia is due to the absorption of poisons resulting from the
action of proteolytic bacteria on proteins or their split products, it
should not occur if proteolytic organisms are not present to. break
down nitrogenous materials.

TABLE 1
SERIES 1
Rat Weight,. Dict C-A Ratio Days Survived | Average Days
Gm. Obstruction Survived
B 130 Stock 1:99 8
C 98 Stock 5:95 3 6.66
D 136 Stock 3:97 9
1 150 . Meat 90:10 11
7 312 Meat 99: 1 1 ‘ 8.0
15 140 Meat 91: 9 2
12 170 Lactose 1:99 ~ 7
2 241 Lactose 3:97 , 1 10.0
14 148 Lactose 1:99

Stock Diet: oats, cabbage and carrots.
Meat Diet: groud beef, cabbage and carrots.
Lactose Diet: whole milk, whole wheat bread, lactose and cabbage.

It has been amply proved by Torrey,® Hull and Rettger,® and others,
that the intestinal flora can be changed by diet. By feeding certain
carbohydrates, particularly lactose and dextrin, the intestinal flora may
be completely dominated by aciduric organisms with a diminution of
the proteolytic types. This fact has been made the basis of the follow-
ing experiments: White rats were fed on diets which changed the
intestinal flora. Before operation the fresh feces from these rats were
plated and the proportion af B. coli to B. acidophilus determined. This
is expressed as the C-A ratio. Then under ether anesthesia a complete

6 Jour. Med. Res., 1919, 39, p. 415.
o Jour. Bacteriol., 1917, 2, p. 47,
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cbstruction of the distal end of the cecum was made in each rat. In
some of the rats the obstruction was produced by cutting the bowel,
infolding and closing both proximal and distal ends. In others the
obstruction was made by ligation with silk tape. The animals with-
stood the operation well and were eating, as a rule, within 24 hours.
After operation they were fed the diets which had induced the type
of flora desired.

TABLE 2
SERIES 2
Rat Weight, Diet C-A Ratio Days Survived | Average Days
) Gm. Obstruction Survived
13 195 Meat 94:6 2.7 2.95
17 140 Meat 80:20 2.1
19 208 Meat 99:1 5.0
23 174 Meat 89:11 2.0
20 220 Lactose 3:97 16.0 8.1
24 139 Lactose 1:99 5.4
26 184 Laccose 5:95 5.0
28 172 Lactose 1:99 6.0
TABLE 3
SERIES 3
Rat Weight, Diet C-A Ratio Days Survived | Average Days
Gm. Obstruction Survived
37 138 Meat 99:1 8.7 8.3
51 116 Meat 50:50 9.0
-43 117 Meat 50:50 5.0
45 166 Meat 85:15 10.5
\
42 204 Lactose 1:99 9.2 7.9
44 184 Lactose 1:99 2.0
48 166 Lactosc 1:99 12.5 .

The following necropsy picture was typical of all the rats: The
wounds were not infected and there was no evidence of perforation
or peritonitis. The cecum and small intestines were greatly distended
with gas and either hemorrhagic or markedly hyperemic. The con-
tents of the cecum and ileum were foul smelling. The indol reaction
with p-dimethylamidobenzaldehyd was intense. The hydrogen sul-
phid odor was usually pronounced. Stains of fecal emulsions from
the ileum and cecum showed a great preponderance of gram-negative
organisms and culturally the C-A ratio was approximately 90: 10.
Even in the case of animals with an aciduric flora at the time of
operation, the cecal contents at death were dominated by gram-negative
_proteolytic bacteria. In other words, there was a complete turnover
from aciduric to proteolytic floras in cases of complete obstruction, in
spite of the diets fed.
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In this series the same general necropsy findings obtained as in the
preceding series with the following exceptions: In, rat 13, although
the cecum and ileum were markedly hemorrhagic and injected and the
contents were foul smelling, the indol reaction was negative. The
C-A ratio was 99:1. In the case of the lactosé eaters that died the
cecal flora was proteolytic, the C-A ratio being 97: 3.

The only striking feature in this series was the fact that in all the
lactose eaters the C-A ratio at necropssy was reversed. The cecum
and ileum were markedly hemorrhagic and distended and the indol
reaction of the cecal contents was intense. In rat 44 the ligature had
cut through and fecal material had penetrated into the peritoneal
cavity, while in rat 42 the ileum was necrotic and easily torn.

TABLE 4
SERIES 4
Rat Weight, f)iet | C-A Ratio Day= Survived | * Average Days
Gm. Obstruction Survived
51 170 . Meav 90:10 10.0 11.6
47 200 ' Meat 97:3 10.0
65 223 Meat 99:1 - 150
53 234 Meat 95:5 11.0
36 147 . Lactose 3:97 12.76 10.0
38 137 Lactose 50:50 6.5
30 130 Lactose 1:99 11.75
TABLE 5
SuMMARY OF SERIES 1, 2, 3 AND 4
) Average Days
Number of Rats Average Weight Survived
Obstruction
Meat diet 15 188.8 7.82
Lactose diet.... 13 172.5 8.43
Stock diet 3 121.0 6.73
K
'
DISCUSSION

In these experiments all the animals dying with symptoms of acute
intestinal obstruction with greatly distended cecum and ileum had at
death an intestinal flora which was markedly proteolytic. In thirteen
rats whose fecal flora at the time of operation had been of the aciduric
type with a great preponderance of B. acidophilus, at death B. coli
had almost completely gained the ascendancy although the diet had
been conducive to aciduric development in normal animals. In no
case did a rat with an initial aciduric flora have this type of flora at
death. -
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It has been demonstrated by many workers that proteolytic organ-
isms may produce toxic substances from proteins or their split products
Normally a selective protective action of the cells of the intestine
probably prevents their rapid absorption. This protective action may
be lost under abnormal conditions, however, as in the case of obstruc-
tion with marked distention either from gas or residue through func-
tional or anatomic injury to the absorptive mucosa. In this case
absorption of toxic substances may take place faster than the liver
can detoxicate them and toxemia and death ensue.

In our experiments one fa¢t may indicate the reason for no more
striking differences in the animals operated on. It was noticeable that
at the time of operation the cecums of the rats on a meat diet were
very small as compared with those of the rats.eating bread, milk and
lactose. The cecums of the meat eaters were almost empty and aver-
aged about 0.5 cm. in diameter, whereas those of the lactose eaters
were filled with material and were frequently 2 cm. in diameter. The
latter rats were obviously at a mechanical disadvantage at the outset,
but in spite of this fact the average period of survival was greater
than that of the meat eaters. This bulky residue may have formed a
barrier which made it impossible for the lactose to keep the aciduric
organisms in the ascendancy, and with the turnover to a proteolytic
gas-forming flora the added distention could lead to the hemorrhagic
and frequently necrotic condition of the mucosa with a consequently
hastened absorption of poisonous substances.

The fact that the toxemia arising from acute intestinal obstruction
is always associated with the presence of a proteolytic flora in the
intestinal contents above the point of obstruction is added evidence
that the responsible poisonous substances are of bacterial origin.
While the work of Torrey and of Hull and Rettger is confirmed by
these experiments, it is not possible to prevent the onset of toxemia in
cases of acute intestinal obstruction by dietary changes calculated to
substitute an innocuous aciduric flora for a proteolytic one. However,
it may be possible to delay the onset of a toxemia incident to post-
operative adynamic ileus by feeding lactose or dextrin before the
operation and thus implant an aciduric intestinal flora. In cases of
incomplete intestinal obstruction with toxic symptoms and in others
in which there is reason to believe that an intoxication of intestinal
origin exists but without complete obstruction, it is probable that an
implantation of aciduric organisms could be secured with marked
benefit.
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CONCLUSIONS

The intestinal flora of white rats can be effectively controlled
through regulation of the diet. The feeding of a high protein diet
produces a markedly proteolytic flora while the addition of lactose or
dextrin in definite amounts brings about a predominance of aciduric
organisms. The work of Hull and Rettger is confirmed.

The toxemia incident to acute intestinal obstruction is uniformly
associated with the presence of a proteolytic intestinal flora and that
irrespective of the nature of the flora before the obstruction is
produced. /

It is not possible to prevent the onset of toxemia in acute intestinal
ebstruction in animals by feeding diets which in normal animals bring
about an aciduric intestinal flora. However, the onset of the toxemia
may be delayed in proportion to the degree that the aciduric flora may
be maintained, presumably developing simultaneously with the appear-
ance of a proteolytic flora.



