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The studies reported in fh%s papar were made upon animels
(dogs) operated upon and used in & much lerger study of iseleted
intestinal seprents being earried on in the Department of Physiclogy
of this institution. We are much indebted to Drs. G. B. Burget and
Karl ¥arteloff for permission to make the study end for their kind-
noss in taking éhe many samples used.

All the dogs used were in normel health and had had no pre-
vious surgicsl work done on them. Food was withheld from them on the
day before and the day of oper-tion, but water was permitied at any
tires Thirty minutes before the operation the animal was given hypo-
dermically % grain of morphine sulphate and 1/100 grein etropine
aulvhats,

In order to obtnin isolnted segments for study the technie
of Thipple was usad. A section of the small intestine was taken out
end the ends inverted and elosed. This segment, aversging fifteen
contimeters in length, was subtured to the peritoneum in the midline
of the materior sbdominel well., A stiteh was teken through the
skin sbove the position of the segmenit Yo mark the spot for futurs

punetures. The continuity of the intestine was reestablished by
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bringing the two free ends together in an end to end enastomosis.
Thug there was no cbstruction te the flow of intestinal sontent.
The blecd and nerve supply to the seguent were left intaect, thus
making available o olosed section of the small intestine separated
from the rest, brought near enough to the surfece so that it could
be reached essily by 8 needle puncture.

The sectiong ussed for igsclated segments were taken from
varicus levels of the small intestine. Two duodenal, eighteen
jejunal and twenty ileal loops were gtudied.

Among the sxperimenters who have used isoleted intestinal
segments Dragstedt and his co-workers have studied the bsetériai
flora to the greatest extent. Dragstedt, Cannon, snd Dragstedt (1922)
report igolated intestinal segments made with a teehnie similar te
ours. Their method differed in that they repleeed the segment in the
abdominal cavity instead of subturing it to the entericr shiomipel
wall, On swears taken from the jejunal content et operation they
found & preponderence of Grar positive c¢rganisns. The feecal flora
wae giroagly aclduric. In every cage gt death the basteris in the
closed loope were almost entirely Gram negetive. In a series of
lsolated ioops washed with ether and sterile water there appeared
in four or five days an acourulation of Gram negetive organisws.
Helther toxemis nor digtention ccourwed in joops hich were washed
with tannic acid before closvre. The dogs in thiz series survived
indefinitely. After several months there were large numbers of

Gram negntive organisme and the Grom positive orgenisms had dis-



appeared. The authors believed the disavpesrance of the Grem positive
acifuric orgenisms was due %o the absence of utilizedble enrbohydrate
and to alkeline revction of the medium.

Weleney, Jobling, and Berg (1927) experimented with chronie
duodenel obstruction in depgs. Thelr chestructicon was mainteined by
bands of transversalis muscle and fascis wrapped loosely around the
intestine sbout 15 centimsters from th- pylerus. They found that after
pertial obstruction the numher of organisms increased enormously,
wvarving with the degree of obstruction end the extent of dilatation.
The becteris trey identiltied were 70% B. welehii, 50% wvarieties of
nen~hemolytic streptococei, arnd 407 B, coli. The great st inorease
geeurred in B. ccli, but no striking differences wefe noted. This
incrense wes maintained for s considerable peried but in some cmses
there wos n decrease in numbers even though the obstruction persisted.
They nlso Tound thet the flora of any one anl-wl was not constant,
but first one itype predeminated, then eonother. They found fower ore
ganisms helow then abeve the otstruction.

Our animels were 2llowed water the third day after opera-
tion, but food was withheld urtil the fifth dey. If the operation
was suseessful the dog recovered quickly, acted normelly, ste well,
end had no rise of teppersiure, Prossurs in the segment wae kept downm
as well 23 possible. Then am enimel showed loss of appeltite, rise
in temperature, wealnegs and vomiting, pressure in the loop was in-

dicates snd & puncture was mede to remove fluid,



Peritonitis was the most frequent cause of premsture death.
If the anasiomosis gave wey and bacteric gained scoess tc the pere
itoneel cevity peritoniiis followed. Somo of the segnents lesked dve
to the loosening of the sutures at the ends, while in sove cases
pressure in the segments caused rupture and peritonitis, It cen easily
bo scen thet many Pfectors were involved in the posteoporetive condi=-
tion of the dogs.

In table X the longhh of life of ench dog is listed. The
doge which died within three danys alter operation never fully recover-
ed from the procedure. In Hos 4€ poritonitis was ceused by the leake
wge of the ennstomesis. lo. 89 probably hed his abdomen contaminsted
at the epercticn for a locp of ileum hernicted benesth ithe skin., In
fo. 82 the seguent leaked at the upper end, and in 85 the rupture was
due to insufficient blood supuly from hi:h distention. The elove cases
give typieel iliustrations ol the causes of deaih as determined by
autepsy .

Esveral of the dogs wove killoed with chloroform or ether
after varying periods of tie. Dogs 15 and 33 seemed %o te im perfect
healtk but were wortlless for {urther experimenietion, In these cases
the seyments were Tllled with = putty=like waterinl whiek wae impossible
te rexove by needle punciurs. Dog 32 is still bveing used for expere
iventetion 411 duys efter her operstion. She ssems t0 be in good
condition.

In obtaining somples of loos content for our study ell
preceutione of eseptic technic were observed, The dogs were stiretched

out on their backs. The hind legs were tied dowm to the table and the



front legs wore held by an assistent. The ahdeomen was then cleaned
with alechel. A sterils needle wes insertsd over the marked position
of the loop, and the fluid withdrawn into a sterile syrinrs. For the
bacteriological gtudy sose of the fluid was put immediestely in a ster
il2s test tvbe and placed in the ice box until examination.

Por the first few deys after operation the fluid wes a wvery
derr red which gradually chonged to a light buff, The fluid was thin
and watery or thiok snd pasty probebly depending on the amount of
gecretion end filtration inte the loop. 7The very thiek contents were
med~ up lergely of dobris from the intestinel mueosa rather than bacher-
2] bodies.

Tf we hed pttempted te isolate snd identify every organiem
present in the segwents, the problem would hrve become much larger
than we covld mepaze in the time availeble. We felt that the resulte
obtained would not warvant & long snd compllieated procedure. For our
purpose the following routine examinetion seemed sufficient,

1. A direct smear of the materiel was made on 2 slide and
wtained by Gram's method. The Gram stain was used to give an indication
of the tvoos of organisms preseat nnd to show the relative numbers pre-
gent in auv one gerles of specimens. In certain cmses organisms were
seen in the stains which could never to recoversd from the eultures.
For instance, doz 57 hed a spirillum oresent in large nuwbers, but
wvhiech we failled to isolate.

2. A loopful of the material was streaked on a blood agar
plate. (Horse or rabbit blood was used). Wo felt that in this en-

riched medium we could gro» nmost of the common types of bacterie.



The chief difficulty encountered wis thet 1f Bact, coll were preseat in
large numbers they grew so rapidly that they inhibited the mor~ delieste,
slower growing types, such as Streptococcus viridans snd nonshemelytie
stroptococei. Recently we have overcome this diffieulty by usinz e
second method. A loopful of the content is placed in two cuble centi-
moters of a 1¥ sodinm earbonate solution end inecubated for two hours.
A streak plate on blood agar is then made from the sodium carbonate. fha
high alkelinity of the sodium carbomate solution destroys the Bast. coll
to a creater extent than the streptocecei. If streptocosci are present
they are often found on the plate.

$. One cuble centimeter of intestinal content wes placed im
& deep milk tube. The tube wne heated to 80 degrees Centigrade for
twenty minutes to kill all the bacteris but t'e spore formers. In this
way we were able to d-teet Cl. welchii. If 1t wes preseant it formed a
clot torn by gas bubbles, the so salled "stormy fermentatioa™. Its pre-
sence was confirmed by & Gram stein from the milks VYe stressed the search
for Cls welchli because of the guesatity of work thet has beea reperted
on its importnnce in intestinel obstruction, Williams (1927), end beoause
we thought it might heve sore signi icanece in ocur siudy.

4, ’One cuble eentiveter wng inoculsted into & beef henré
mash medium, made by placing sbout one inch of ground beef heart in a
test tube, covering with ianfusion broth for & depth of two inches and
sterilizing at fifteen pounds for one hour. The pH wes adjusted %o 7.4.
This meat mode & pgood medium for the growtk of both aercbes and enaercbes,

as weoll es microserophilic types. By inoculsting 2 large amount of mate



erial In it end inowbating for forty-eight hours we could get growth of
types present in very smmil numbers. Vor instenee, Cl. welehii could
be recovered in a fow cases where 1t wes not fomnd in the milk, 7This
was probebly thm’ to the h.-,:i of spores in the meterinl. If only vege=
tative forme of Cl. welchii wers present im the loop content st the time
of o anin tion they would be Ellled when the =ilk tube wes heated. By
inoculating &« deep milk tube »itk some of th- cstopped meat medium that
Mg incubated for several days we could sometines reeover Cl. welchii,
for the insubetion in the mesl tube gave m chanse for sporulation. Then
by henting the milk tube Cl. welechil could be clhitained im pure culture.
The meat tu'e ﬁeip-c! in the Lsoletion of other orgenisme slso. In

dog 16 we weore .hie to obimin hamelytie streptosoccl from the meet fube
when the blood plate failed beonuse of over-growth by DBect, eoll,.

Puring the esrly part of the wnork we altempted to ake &
guantitative estirate of the orpgonisms found. Dilutlons of the spacisons
with sterile wader were mede for 17100 £01/10,000,000, One ce. o each
dilotion wes uned inm en ¢ par pour plate and ona e0. Insoulatsd in laedose
fornentation tubes. In many ccses the loops eontained sueh lerge quen-
titles of bacterie that it was inpossible to omt the peur pladte made
with the 1/10,000,000 dflution,. I Bact. osli were precent st all,
they usually produeed fermenta’lon i laciose broth L0 the 1/30,006,000
tubs. The number of becteries wried widely fro- duy %o day, *nd secemed
to glve no indicetion of the henlth of the dog. Por instance on one day
the oount might be one hundred million, the following day too many to

count on the ten »illion plate, thon M1Y %o ten million &t the next



exarination. Ve discontinued quantitetive methods early in our study
for the results obtained showed little value in correlation with the
rost of the study and the amoumt of time and meterisls consumed was
gr@at«

Table 1 shows the distribution of the types of orgenisms in
the dogs studied. Chert 1 shows this in graphic form. The specimens
were taken at irregular interwvals depending om tho health of the dog
end other research being done upon it. It will be noted that from
some dogs only two or ithree specimens were obtained, while from others
as meny as forty wore received, This is accounted for by the fuet thet
wed peritenitis o short tims
after operation.

The becteris we found fell into a few large groups, The eoli
group, streptococel, staphylococei, and 1, welehii of the anasrobes
were by far the most prominent, It will be seon that Cl., welechii was
found in & large proportion, in fast, in every ease in which the first
speciuen wes exf ined within a week after operation. It seems not une
likely thet this organism would have been found in every oase in speo-
imens takem lmmedistely after operation. This.ergﬁniam persisted for
from & few daye to several monihs, then disappeared., Table 2 shows
the length of time after operntion that we firsgt failed to find 01l.
wolehii in our deep milk tube aud Gram sigin of loop comtent., This
mepans that Cl. welehii was ebsent, or if present, there was less than
one gpore per ¢c. of loop material.

There seemed to be no ovidence of a tozemim produced by Cl.

welehii in the dogs in which the organism persisted for some time,
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CHART I

Percentage of Doge Showing Different Species of

Bacteria in Isolated Intestinal Segments

s f

8715 %
Clostridiuvm welchii

85 %

Bact. colil

45 Y%,

Hon~hemolytic streptococeil

359.

Eemolytic streptococci
32.5 %

Staphylococeus albus

]O"/o

Streptococcus ignavus (Bergey)

Staphylococcus aureus +TJ 7. %
Alkaligenes fecalis

Proteus vulgaris

Diphthercid bacillus



TABLE 2.

Time of Disappenrsnce of Cl. welehii

From Isolated Intestinal Segments

Dog lo. No. of days after oporation
- when cultures for Cl., welechii
wore first negetive.

49 27
B3 10
54 &
62 _ 28
&7 13
70 €0
75 40
7€ 286
79 31
&1 5
84 22
91 8

Average time 23 days.



In dog 68, Cl, welchii remained for e period over two months.
During this time the e¢linieal histery r-ocorded from dey to day
states that the dog was "fine".
Ome striking fect brought out in this work is that the

lcope do not tend to become sterile. In two csses the loops ap~
peared to be sterile for & few days omly to become filled with
organisms leter. In dog Ho. 20 we were uneble to find eny organ-
isme between August 27, and Beplember 8, 1929, slthough three trials
were made. BSubsequently hemolytic streptoeccoi became very sbundant,
Ihe only other case in which our technic failed to detect bacteria
wes in dog 26, Tie were unesble to find any orgenisms between July 9
and 185, 1928, In this dog hemelytiec streptococei soon beceme very
prominent and & few weeks later Bact. aoli rmde its appesrence. Ve
depended on the Gram stain and ths beef heart masgh medium for demon~
siration of the orgenisms. E£inece we inooulated ome cubie centimeter of
loop content into this medium there was lese thean one viable organiem
per cubic centimeter or growih would have been found in the tube,

e had only two dogs in whioh duodennl loops were mode.
From dog 82 Bact, coli was isolated twice and Cl, welehii once. Frmn
dog 8B Streptocoscus hemolyticus, mon-hemolytie streptocoeci, and
gtaphylococous albuas were found as < ell as Bact, coll snd Cl. welehii,
These two ducdenal loops did not differ in flers from the jejunal or ilesl.

The pH of the loops varied from pH 65.80 in dog 32 toc pH 8.89
in dogs 66 end 92. The highest change in sny one dog was noted in cases

32 end 46 in which the pH varied f om 5,80 to 7.11 and 5.B4 to 7.45, a
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ehange of 1,31 and 1.681 respectively. Tith this great difference in pH
the flore 414 not =lter in type. Hnowing that eeeh type of organiem has
i1ts own ootimm pH we expected +o Tind o 4ifferent flora in 20id end
aikanline loops. Fowever, thie was not the case, Ve found Staphyloeoccus
albus, Streptococensg wirldansg, and Cle wolehil in dog 48 when the pH
tosted 5.84., These some orgerisms wore the only ones fsolated in dog 60
when th- pH was 8.68. Ve found Pact. coll predomineting in dog 65 when
the pE waes 8,89 aad in dor 46 when the pH wee 8,38, or over & range of
2.54¢ of the pH seale. Ts wlsh to thenk Cherlette Sehwichtenberg and
Jarer lowson for the use of the pH rendings teken in the depertment of

Physiology.

STMRIARY

Isclated segrants from the smell intestines of dops were
studied to detercine the types of orgenisms present. Three hundred seve
an specimens from forty dogs were examined. Of the segrents used twenty
were ileal, eighteen jejumal emd two duodenml. Heo significant 4iffere
ense in the flom of the loops was observed. Clostridium welchil was
present in 57.5% of the dogs and Bact, ¢o0li wes present in 85, Hon=
remolytic streptococei were found in 45%, hemolyvtie &tmptéaocci in 38%,
Smph;{l@&@ecas albus in 32,57, green producing streptocosel in 10%,
Staphylococcus eureus in 7.5, Alkaligénes fecr1lis in §i, Proteus
vulgaris in 2.57, snd an unidentified diphthereid breillus in 2,854,

Turing the early part of the work guantitative wethods were used

but were discontinued boomuse they were found to be of little value in

I
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comparison with the extrs work reguired. The tetel number waried
from gero to above tem billion per cublic centimeter of leop material.
The Baect. coli content froguently resched the nuwber of 10,000,000

per cuble ecentimeter.

1. The orsanigms most cormonly found in iseleted loops of the

emall intsstine haleng to the Beet. ecli, streplococcus, staphylocoocus,

and Cl. welehii proups.

7, 0li: welehii 18 nresent in the loop in a lerge percentags
of dogs son after operstion but tends to disappeer from the isclated
serment after a fow wesks.

3, There 1s no apperent toxemie produced altheugh Cl. walehil
mey be nressnt for some tive im the loop.

4. Tsolnted intestinel loone do not tend to become sterile.

6. Contents of segments from different levels do not differ
more then individual differences from the same level.

6. The sume types of orgenisms are prasent over a lemg runge
of the pﬁbscﬁia. ‘

7. The number of orgeniems per eﬁhic centimeter of loop

materisl varies greatly from day to day.



wPeCce No.

&

2
2e

8 0
G B e

32.
52.4

32.8

32.8

32.7

32.8

32.9

32,10
32.11
32.12
32,13
32.14
52,15
32.16
32.17
32.18
32,19
32,20
52.21
2.22
52,28
82424
32,28
32.26
32.27
32,28
32.28
82.350
32,31
32,32
32,83
82.34
82,30
52.36
82.87
32.38
32.39
32,40
52.41
32.42

Date

6/14/29
sﬁéefés
7/17/28
7/24/29
7/26/29
7/29/29
7/31/29
8/3/29
8/s/29
8/12/29
gﬁ@gﬁ?s
8/24/29
9/10/29
8/15/29
9/19;%9
9/21/29
10/4/29
10/10/29
10/7/09
10/9/29
10/15/29
10/16/29
10/21/29
11/13/29
11/14/29
115?§§?9
11/23/29
12/16/29
29
30
Y

12/18
1/18
2/5/3

8/12/30
35;&§%a
4/18/30
4/19/30
4/24/30
4/28/30
£/20/30
8/22/30
éf?fj?@
6/28/30
7/6/30

TABLE 3.

Deteiled Infor-stion sbout Dog No. 32

pil

6.43
5.80

5.84

8.35

G.48
7.03
6.86
7,20
T«11

7.20

Orgenisms isolated

non=heuclytic streptococcus

non~hemolytic streptocoscus

non-hemolytiec gtreptocoecus

Steph, albus, non~hemolytie streptococcus

Staph. albus, hemolytic streptococcus, Alkaligenes fecalis
hemolytic strentoceccus

Staph. albus, non-hemolytic streptococcus
non~hemalytic streptocoecus

hemolytie streptococeus, Staph. albus, Alkeligenes fecalis
hanolytic streptocousus

henolvtie streptococous, Steph. albus
Streptococcus ignevus (Bergey)

8treplococcus ignevus

Streptococous ignavus

Streptoeoccus ignavus

Streptococcus ignevus

Streptoccecus igneavus

Etreptoscocus ignavus

Streptocsecus ignavus

Stroptosoccus ignavus

Streptococous ignevasg

Streptocooccus ignavus

Streptosoecous ignavus

Streptoconcus ignavus

Streptococens ipgnavus

Streptococeus ignavus

Streptocoocus ipgnavue

Streptococons ignevas

Streptococeus ipgnewvus

Streptoccocus ignavus

Streptococeus ignovus, Steph. albus

Streptocogous ignavus, nom-hemolytic streptococceus
Btreptococous ignavas, nen~hemolytie streptocoscus
Streptococcus ignavus, non=hemolytic streptocoocus
Baet. coli (fow)

Bagt. coll

Bact. coll

Bact. coli

Baat. coli, non-hemolytic streptococeus

Bact. ooll, Streptocoscus ignavue

Baot. eoli, hemolytie streptococecus

Baet. coli, hemolytic streptococeus
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