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INTRODUCTION

This study was underteken in an effort to determine
certain factors that migzht possibly prove of value in the
investigation of the ilntestinal flora and its nutritional
significance. VWwork in this direction has been in progress
for some time 1n the Department of Foods and Nutrition,
School of Home Economics, lichizan Ctate College,

The bacteriologlical study was undertaken with the hope
of determining possible differences between the intestinal
microflora of cecectomized rats and normal controls; and to
observe how these floral differences micht be affected by
certain stock and milk diets. Only the numericaslly important

organlems of the microflora of the two groups were considered.
REVIEY OF LITLRATUIE

The importance of the bacterial flora of the intestines
probably was recognized for the first time in 1885 when Louis
Pasteur su;:zested that animal 1ife would be impossible without
the cooperation of the miocroorgunisms found in the digestive
tract. Soon, thereaufter, Hirstler (1886) and Wwinternitz (1892)
found that certain foods gave rise to putrefactive products in
the intestines, and later the alterable churacteristic of the
intestinal flora was demonstrated by Metchnikoff (1901).

These sfudles sugzested to subsecuent investigators that thLe
diet exerts a marked influence over the bacterlal flora. With

this thouzht in mind, studies on this problem were started by



Belonsky (1907), Tissier (1908), Herter and Hendall (1909)
and Hull and kettger (1917).

These and other early studies demonstrated that a pre-
dominance of proteolytic bucteria was induced when the dlet
consisted largely of meat or other protein food, «nd that an
acidurio flora became dominant when the diet was high in
carbohydrate (Torrey, 1919; Cannon, et al., 1920; Porter and
Rettger, 1940; Winblad, 1941; Mitchell and Isbell, 1942).

Nath et al., (1948) found contrasting results with
dextrin, but the majority of workers have dlecovered that
of the many carbohydrates investizated, dextrin (Herter and
Hendall, 1909; Cannon et al., 1920; Porter and Rettger, 1940)
and lactose (Mitohell, 1927; KRuickshank, 1928) were most ef-
fective in producing a flora prinarily acidurie in nature.
Since these are the carbohydrates most incompletely digested,
and reach the lower part of the dizestive tract they probably
provide a suitable substrate for the development of an acliduric
type of florsa.

Along with the dlet :tudies, observations were made
which brousht attention to the possibility of bacterial
synthesis of accessory food substances within the intestines.
Among the early observations were those of Osborne and Lendel
(1911), who noted that rats, maintained for long periods of
time on isolated food stuffs, became ocoprophazlsts, add that
the addltion of a small emount of feces from a normally fed
rat stopped the decline in growth of the deflcient animals.
Cooper (1914), however, was perhaps the first to suggest the
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actuel synthesis of a vitamin by the intestinal flora., about
the same tine Theller, Green and Viljoen (1915) advanced a
eirilar hypothesls. Steeniock, Cell «nd Kelson (13523) and
Dutcher and Francis (1923) czlled attention to the fact that
the ingeation of excreta by rats, subsistiny ocn a so-called
vitamin B free diet led to the cessation of vitzmin B defi-
clency syaptoms. Heller, licilory and Garlock (1925) confirmed
these findin;s. These and similur studies, simulated a vust
amount of research simed et the determination of the factors
involved in the probable synthesis of vitumins within the
inteztlnal tract.

The synthetic activitiea of certain of the intectinal
orranisms were very difficult to deteri:lnc, until a satlis-
factory bucterlostatic asent for the orzuinisms was discovered,

The early uce of druzs as modifyins s-ents (Bouchard,
1237) wus for the most part disappolnting. In 1340 Liarshull
et al., reported the use of sulfonamldes, and Blucx et al,,
(1941) &nd l'ackenzie et al., (1941) immediately demonstruted
their satlsfactory bacteriostatic effects, Certain of these
druzs lLave but a sli ht toxiclty, are slowly absorbed from
thie inte:ztinal tract and modify the flora by inhibitinz the
developmment of certaln groups of orguniems,

The feedins of the sulfonamides (e.z. sulfazuunldine,
succinylsulfathiazole) was found by various workers to de-
creuse the coliform count in the feces (+“hite, 1942; Gant et
al., 1942; M1lller, 1944). Evznson et al., (1945) found that

succinysulfathlazole depressed the lactobucillus as well &8
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the colliform groups, and that the lactobucilli showed a
slower decresse in nurwbers, but & more permanent one,

Several workers discovered that, despite the decreuse
in numbers of orzanlsme within certain groups, the total
pumbers or orzunisms seemed to remain fairly constent (Light
et al,, 1942; Cant et sl., 1943; killer, 19LA4; and Lvanson
et 2l., 1945). The reduction in numbers found in the laoto-
bsecill}l and coliform groups in the studles of Zvanson et al.,
(1945) was found, in part, to be compensated for by the in-
cresse in numbers of enterococci and yeastlike forms, and
Gant et al., (1943) found that enterococci replaced the

coliforms durinz the time of repressed Ischerichia coll

growth,

The inhibition of the growth of certuin orcz.nisms by
the use of sulfonamides has been fcund to be teuporury. It
appeurs that the orranisms becons resistant to the drug and
often resume their orl:inal numberc, (3Jant, et al., 1943;
Killer, 1945) even thoush some strains may lose thelr abllity
to resyntheslize vitamrins,

In additi.n to depression of baoteriolozical growth,
there is a reduction in the rate of growth of r-ts on syn-
thetioc diets receivin: certain sulfonumides (Black et al.,
19413 wuckenzle et al,, 1941; lurtin, 19.42; Tepley et al.,
1946). The retarding of growth und the signs of nutritional
deficlency seen in rats fed purified dlets containing the
sulfonamides (Bluck et al., 1941; “ielch and .rizht, 1943;
¥iller, 1944) is thousht to be due to the inhlbltory ection
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of the dru’s on the vitumin eynthesizin; bucteria of the
intestines. Tepley et al., (1346) indlcate soine variance
in this coznection dependiag on the bacteria, druss, and
vitanins involved. Thelr studlies revealed that phthuly-
sulfuthlazole produced a murked decrei:ee in the concentra-
tion of nlacin 1n the cecal contents, but tie ceca incressed
in cize g0 that the total amocunts rermained sbout the esane,
The folic «cld content, hovever, wus rreutly decreased even
on a total buslis,

It appeurs thut rats poesess limited wbility to syn=-
thaeslze menbars of tlie B-comnlex by mecuns of thie intestinal
rmlcroorsenissns, Nellson et al., 19423 oolley, 1942: Lizht
et al., 1742; litchell and Isdbsll, 1942; Teylor et al., 1942;
tchwelzaert et al,, 1945; “lvehjem, 1746 und Tepley et al,,
1347, vre smong the rany workers who have conducted experi-
reants concerniaz this synthesis, Dum et al., 1941 and Day
et al.,, 1943, studled the eynthesis of vitumin K in the in-
testinal tract.

In view of the fuct that dlet 12 hi:hly influential in
the development of a certuin kind of flora, it ie not unex-
pected to find it of conslderatle i pcrtance in the bucterlal
eynthecis of certaln vitamins.

recently l1-itchell and Isbell (1942) and Taylor et al.,
(1942) have emphasized the marked effect diet has not only
on tho guality btut =180 on thke quantity of the intestinal
flora, a2nd point out that these fuctors in turn are reflsected

in the vitarln esyntheeis, tudles deslin: with the effects
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of the carbohydrapes on the vitamin synthesis hauve been con=-
duoted extensively besinning with the early work of iiull and
nettzer (1914) to the more recent invaestizations of Gall et
sl., (1948). Investigators point out that irrespective of

the B vitanin bdeingy studled, the requirements for that vitamin
are reduced when relatively insoluble carbohydrates like dex-
trin or starch are used in the diet; lactose greatly favors
the production of some of the B vitamins, but glucose, sucrose,
and other readily essimilated sujaurs &re zenerally without
appreciable effect in this respect (Fridericla et al., 1927;
Crulckshank, 1928; Guerrant ¢t el., 1334, a, b, 1935, 1937;
torzun et al., 1938; Schwelsert et al., 1945; Tarma et al,,
1946; Tepley et al., 1947; Elvehjem and Krehl, 1947).

The fat component of the diet hus recelved less &atten-
tion than the carbohydrate portion, but considerable &ttention
has been gliven to its effect on the intestinal flora, Among
the recent studles on the role of fats, Boutwell (1943) demon-
strated thet when lactose i3 ths sole carbohydrate, butterfat
is superlor to corn oil in affecting the growth of rass; Tepley
(1946) found that on "synthetlo milk"™ diets butterfat resulted
in greater vitasin ayntheelauthan did corn oll, and Nath et al,,
(1948) found the aeroble and anseroblic plate counts as well as
the numbers of coliforms to be decreused in the ceca of most
of the rata fsd sucrose diets contalning a hich level of corn
oil, bicnnerinz et al., (1944) demonstrated that riboflavin
deficlent rats survive for shorter periods of ti~e when fed

a hish fat ration than when mailntained on a hi:ch carbohyldrate
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dlet. Ilvehjem =nd Xreal (1947), however, have pointed out
the effcet of fut in roilfyln: toe 1e.ulreacat for sovme of
tha B vit.ilus,

In tho studles of vitunia syathesls by the 1ntestinal
flora, orkers huve endesvored to establish th2 exact locution
of cuch cynilesls in the inte tlunel traot. The cecum h.s been
pcstulated ty rany to be tie ruln site of vitumin gynthesis
(Tissler, 1%.5; Caanon et 8l., 17203 Guerrznt et al., 19343
Griffith, 153%; rlelson et &l., 15425 Tuylor et el., 1942;

Day et al., 1342; {chneizert et al., (1945). iiowever, Luy
¢t el., (1543) state, that wialle tre cecum is an importect
site of the - nthsals or vitaxin {, tiia vitsmin ccon also
be form:d 1a otisr parta of the intastinel tr.oct, Criffith
(1935) fouand thut cupronaucy L proved the condition cf
ceceotomizod anlsuls end concluded that vitamln synthesis
ooccurs ia otviaer parts of tiue aliventury tract.

Since the cecum hos been considercd Lo ve tie site of
much vit.min synthecls, severwl workers h.ve conductsed nutrle-
tional etucies on rats deprived of tneir ceca (iriffith, 1935;
Teylor et al., 1942; Luy €t el., 1943; Scheel;ert et al., 1545).
Provided :he diet waz ri-ht, the oecum was founl to nuke a
contribution to the rut's cupnly of 2ome of the B vitumins
cnd it wus cf intercs:t to observe, that a8 a whole, cecec-
tomized sni~cls grew sz well ¢+ the controls provided the
dilet wus eade uzte (Jriffith, 1535; Taylor et al., 1942;
~Dey et al., 1943). lowevsr, Tuylor et el., (1942) found
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that, on a dlet such as the pyridoxin-deficliint ration II of
Conger and Elvehjem, the cecum adls very little to the vitecin
gources alre-dy ccntalned in the dlet, und Uchweliert et al.,
(1945) irdicated that rats ere not dencnlent on the cscum to
eny extent for the production or absorntiun of certain of the
B complex vitumlrs when on a sucroze dlet.

With the knowled'e that bucteriul vitarmin synthesis
cccurs within the inte tinal truct, the avallablillity of these
vitimins to the anl-al was to be deter~ined. Anon:s other
vorkers, “uerrsnt et al., (1934) end Griftith (1935) 1indi-
cated thet althou h vitardn synthesls cccurred in the
inte:tinal trect, these vitnmina 414 not appear avullable
for absorption until tie enirsls re:orted to copronhary.

This eseercd probible when the wurk of abldel = Lalam et al,,
(1532) chowed that there is a synthesis of thiaxin by a
mixed cecal flora in vitro, althocu-h no diffusion of the
s;nthesized vitenin B from the bacterial cells into the
broth mediun was detected; indicatinz thot the vitunmins rmay
be kept vwithin the becterial cells rakin: them unavallable
for ubsorption, 1l'itchell et al., (1942), discovered, how=
ever, that in edditlion to tilumin 1nositel, nlcotiunle wcld
and ribeflavin are found in ccnsiderzble ‘usntitien in bao-
terial cells snd that puntothenio acld and follec wucid diffuce
to a greater extent, while biotin und pyridosln epparently
move frecly from the eells into the surroundin; meldliun,
ritchell et al,, (1942) indicated thet the viturmins thut do

escupe into the redium are vit mins which cen be absorbed
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by body tissues, <chwelzert et al., (1945) believed that
intestinsl absorption of some of the vitarmins synihesized
sccounted for increanred zrowth rutes observed in some of
their experinental eni-als, Nitchell et al,, (1942) point
out that the anount of vitumin absorption is a reflection
of the amount of vitanmin in the medium surroundin: the
bacteria and not the totusl ruantity eynthesized; and that
the problem of the totsl gquentity of ubsorption 1s compli-
cated by the possible synthesis of vitumina by body tlssues,

It appears probauble thuat at least & part of the vita=-
mins eynthesized by the intestinal flora 1s sbsorbed by
animal tissues and mirsht thua partially or conmpletely satisfy
the requlrements of a rut for particular vitemins, while the
rest are not reudily available to the snlrmal unless coprophary
is practiced,

Along with the abksorption, the anatomical se;ment where
absorption ocours hcs been studied, Selye, (1943) found that
in the small intestine, riboflavin is both absorbed and ex-
ocreted, while in the cecum and colon injected riboflavin is
destroyed with little 1f auny sbsorption. The studles ef
liitchell et al., (1942) and Cchwelgert et al., (1945) 1lndicute
the cecum to be the principal point of vitamin absorption., In
all probability the kind of vitsmins and the form 1n which the
vitamins are held is an important factor in this reapeot.

It ie known thut diet is influential in establishing the
nature of the flora and certain flora are believed to be syn-
thesizers of particular vitumins, but the exact role of

bucterial vitamin synthesis is £till questionable,



It is possitle that sorme of the or;unisms that occur
in small numbers may directly or indirectly affect the floral
products, «nd in thelr net:bollc activities maintaln or produce
coniitions helpful or hurrmful to buctericl vitamin synthecis
and absorption, Conesldersable work 1ndicates that coliform and
lactobucilli ~roups are major influences, ¢nd theue or-unisms
sre rerorted by ortsr and Fettser (1940) to be the rost pre-
valent in the intestinsl tract. lNitchell et el., (1942)
demonstrated some interectins polntus concarniny the above
groups of orz.nlsms ¢8 tha re ult of feedin- fround lesan bdbeef
to euprort a proteclytio flora und vround lean beef coatainlng
25,5 lactose to sup-ort an scldurio flora., It w.s observed that
tfLe scldophilic flora allowsed tie pantotheniec ucild produced to
diffuse rore freely into the surrounlinz medium tlicn 41d the
coliform flora. 4 sizllsr situation existed vith the folle
acid but to a leaser extent. ..n oprosite effect vus denon=-
etruted with pyridoxine «nd thiamin where the vltarin
| avallability vwas favored by the coliform type of orsunicms.

In studles of this kind it is well to keep in mind, 28
Duy et al., (1943) brou:ht out, thut varlebility is shown by
indiviiual orznnisma and the vitamins they produce,

Atternpts have tecn made to find edditional information
in connection with the inte.tin:l flora by attenptin: to rulse
animals eseptically. (3limstedt, 1930; Lobund keports, 1946)
Althouch this will not offer finul proof of vkat huppens under
normcl conditicas it will undoubtedly reveal muny fucts of

prire importunce concerning tte inteatlinul flora,



Essentlally the intestinal flora of mun and animuls are
much alike. The white rat has becn found to be the most suit-
able experimental animal for studies of this charaoter and
has therefore been used by the majority of investigators in
this rield. Although this review hus dealt primarily with
investigations involving rats many contributions to the study
of the bacterial flora of the intestines have been made using
other enirals: monkeys, Walsman et al., (1943) McCall et al.,
(1946); mice, »hite (1941); dogs, Poth (1942); guinea pigs,
Crelius and Rettger (1943); humans, Najjar et al., (1944);
fowl, Luckey et al., (1946); Johansson et al., (1947); Couch
et al., (1948).

A8 work advances in determining the nutritionsl role of
the ifntestin.i flora it is clear that dbefore too many assump=-
tions can be made, an overall picture 1s imperatlive, if indeed,
the true pleture can be sean &t &ll under the multitude of
complexities and variabilities produced by the blological pro-
cesses that take place in the intestinal tract. This 1s
evidenced in this particular review by the variety of results
cited on the various problems discussed. In this connection,
it i3 of intersst to note that véry recently Nath et al,,
(1948) found that a lactose dlet induced a high coliform as
well as a high lactobacilli count in the cecum of the rat,

The effect of lactose in inducing a high acidurioc flora has
been known since early times, but 1ts effect in maintaining

a hizh coliform flora has not been reported in previous work.
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A8 formerly stated, muany worksrs indlcate thut condlitions
supportings a luctobacillus floru tend to discourage the
crowth of proteolytic flora and it 1s reported thut this
is due to the acld produced as & result of the metabolie
activity of the lectobacilll,

veinstein, Velss and Glllieple (1538) found a connec=-
tion btetween an acidophilio flora end a low pH value, but
they were unable to ascertain any absolute correlation,
tath et al,, (1948) state that since the proteolytie organ-
isns are lactose fermenters there is no reazson why they
should be repressed by a lactose dlet, 1In view of this
statement, it 1s interesting to note the pHi ranges for bac-
terial growth siven by TForter (1946). It 1s observed that

the optimum pi for the growth of lactobacillus acidophilus

15 5.8 « 6.6 and for E, coll 6-7, while the minimum pH values
for growth are 4=4.5 for the 1, acidophilus ard 4.4 for the
E, coll. Perhaps then, if further work does sup;ort the ma-
jority of previous studiss cnd a lactose diet is found to
favor the lactobusclillus groups it is posslble that the acld
produced, due to growth of these orgunlsms, may not be the
only factor of primary lmportance in the depresaion of
proteolytic organisms in such a diet, It 13 more than likely
that the environment, supplylng optiral conditions for the
aclduric bacteria, causes population increuses that depress

coliform groups by virtue of their numbers,
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l'lost of the recent work has pertained to those factors
which would indicate the bucterial flora to be of nutritional
value to the host, I[lowever, certain types of bacteria may be
delaterious beccause they could possibly dsstroy or utilize
vitaxn'as and amino acids or produce toxle muterluels wilch mey
be absorbed and retard normal metavollsm, Cbviously studles
on nutrition may have little meaning until more is known about
t:e production and destruction of nutrisnts in the dlgestive

tract,
EYPEL T NTaL KiTiiODo

All experi~cents were conducted with weunling albino
rats from the Sprezue Dowley Colony, iadison, vwisconsin,

The rut: vwere individually housed in ralsed, wire-
rneshel bottom cazes to prevent coprophegy.

The milk diet used conslsted of evuporated Carnation
milk, diluted ejually one to one with tap water, and supple-
mented by a nmiixture of iron phosphate and masnesium and copper
sulphate, The =tock dlet consisted of:

yellow corn meal........-...S,OGO parts
linseed oll mealoo.ocooooocol.éOo parts
alfulfu MEBlececccesccesseee <00 parts
Ca8081iNcesecccsssscsssasscnces H00 parts
wheat germ..................1,000 purts
yeuﬂt....................... 500 P&rts
powdered MilKeossoooeseooeee 500 parts
sodium chloridacacecccccccan 50 parts
calolum carbonatBececescccone 50 Parta

AS dispenced this peul was molsted with
corn oil,
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In the choice of msdla it was conridered important to
have a set of mcdia in which dsterninations could be made

under the esame conditione, Coneldering the lar e numbers

thou:ht moszt practicsl, «nd vas erployed for all or’anisns
s0 thaot, us neerly as poo~sible, comparable results could be
obtained,

It was coasldered necessary thut one neilum ,ive a
total count of the visble bacterlsa, c¢nd that the selactive
media allow ectinmation of the relutive numbora of euch of
the individucl gsroups of bucteris.

zvenszon et al., (1946) reported a useful set of media
vhich, for the mo:st pzrt, was found sutisfactory in thls
study,

Liver inrusion troth was used for estinstia ;. the total
numbers of viable bacteria becauce it offered an ade uate
ritro-en end carbon nutrient complex for the diverse inteu-
tinel types, and has becn found unsatisfactory only for the
yeast-like or-:nlsns, DJecuuce of the ¢iffliculty 1in obtulning
fresh driei liver vhen this experi ental study wéa besun,
dchydratel bacto liver powder w.s ured in mukinz the liver
extract for this medlun, Bafore dispensinz the reliunm into
the te:t tubes, approxlimately .25 -m portions of the dehy~
drated liver were plaoced in the bottom of t'e tubes in 1liu of
fresh dried liver chunks, Thils muy huve pirtiully sccounted for

the faot th:t t 13 redium wi2 not founl sutlsfuctory for esti-wting
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anneroblo growth, as it wus reported to have boen by LZvunson
et al., (1346). Hreadlnzs of bactserial gzrowth were baused on
turvidity of the mocdiunm,

winbled's (1941) acetic ecld medium, without the agar,
wuB used for the eztimution of numbers of lactobacllli,
Xulp's tormauto jJulce medium wus used elmultaneously with the
ecetic scid redlum at the begsinniny of this study. A8 was
noted by Lvenson et sl., (1946) the growth results ln the
two medla were comparable end the use of the tonuto julce
rediun wes dircontinued, winblad's medium wes also reported
to support the growth of yeusts which could be detected by
gus trapped in Durham tudes, Since consideratle variance
wes exhivited by this mothod, and since the liver infusion
redium used for total counts 4id not suprort the growth of
yeasts, the determination of these orzanlsms was not made
in this partlouiar study. Leedinzs wers baeed on the tubes
of 4lnblad’s medium ehowlag turbliity,

The £ ¢ medium of Hajna and Perry (1943) wus employed
us a8 selective culture medium for the collifora group., It
has beea reported the bile salts mixture in this medium in-
hibits the growth ov fecal streptococel and spore formers,
Recause enterococci have been reported tolerant to blle by
other workers (.elsssnbach, 1918; Evans, 1947) and because
of what was considcred as possibly low ocoliform counts at
the begloning of this study, the lauryl sulfate tryptose
broth of Mallmenn and Darby was used in conjunction with the

E ¢ medium under the same set of conditions., The medlum of
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Lallmann and Dardby conciste of tryptosé lactozs troth plus the
selective agent sodlum lauryl sulfute in a dllution which has
ao toxlc effect on tre desired orzanisms, Both medla were
incub.ted 1n two seriec; one at 37° C. to detect the coliform
bacteria s a group; the cther, at 450 C, vias uced for E. coll
determinstion., hneadlnss were rade on the bucls of gac produc-
tion,

or the enumersticr of the erterococci tbe { F medium
of HujJna and rFerry (19543) wes enployed, ith thic medlum a
selective temperature cf fncubation (459 CJ wus used, und
sodium azide vus incorporated us en inhibitory ucent., Tur-
t1dity and en &acid resction shovn by the color chunze of the
brom crescl purple were growth criterla., {lnce the selective
tecperature of 45° C. wus reported by Ivuas (1747) to eepcrute
the enterocoocl from tha other streptococcl and 379 C, was
reported as the optimum tenpersture for their growth, a set
of tubes wus incubated at 37° C. us vwell aus st 459 C,.

All media eriploycd in thls 3tudy were checked periodi-
cally by microscopis examlnation. Cran's stain wus used.
Fizures l-3 illustrate smears typlcal of those obtalned
throushout this study, wnd show thut the groups of bacteria
beinyg determined 1ia tiis study predominated in the selective
redla employed for the estiration of their numbers,

A group of 40 weanllns rats wers placed on the experi-
mental dlets, Twenty of these animuls were fed the stock dlet,
and twenty others were fed the milk dlet. ilalf of the anlzals

in each dlet yproup were cecectorized.
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The ani—als in this exporl .ental work were subjected
to cacactony erployin: tho method devised by Dr, nwade Erinker
of the tchool of Veterinary Kedicine, Michi -an Ctute volleze,

The experirental rats were anesthetlzed with sodium
pentobarbtital., The stendurd sclution contalned 1 ¢ruin per
rl., and for imrmediote use .5 =1, wus Clluted with J.5 ml,
of distilled wvater, Injlecticas of .1 ml. per 10 grams of
body welsht were made into ths sddomlnal cavity, 7The opsrae
tive area wuas clippaed to remove tie halr, sorubted with esoap
and water, and swabted wlth 705 ethyl alcchol., This area
wus draped with a aterile shroud. .

A 1/2 inch incislion wus made throu:h the sikin, abdom-
inal nmuscles and peritoneum. The inclislon was mnde on the
left side st .~tingz on a level with the umbllicus und extended
posterlorly. 7he cecum weer locuted _und drsgwn throih the
incision (Fi~. 1). The serious attachment betwoen thie cecunm
gnd the intestine vis gseverasd, :nd two «7cll etr.l. ht mos-
rulto forceng were nlaced =t tie b:se of the cscumn where it
joins tre irte tire (¥i1-2, 2), The cecum w:3 exclsed tetween
the tvo forcens. Tho stuny 0f cecun vis ewubbed vith pure
nhenol end 7C75 ethyl aleohol,

0. 100 co:ton threud w.s used a8 cutusre rteriul,

The suturins wus be=un with a ri-ht un-le Cushin: etiteh
taken at the resenterlc horder of t € cecun close to the
forceps; it wus not tied., The needle w:s then carrled over
he forceps to tie other side where cnotier Jushlaj; stitch

w.8 rnode, The suturinz wus continued by altern.tin: from
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Cecectomy

Fizure L,

Cecum Exposed

Filzure 5

R

Forceps at busze of cecum
Clemplns off of the cecun,
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one side of the forceps to the other (Fi-., 3), coverine the
entire len’th of the stunpe The rtltcher vere &prlied €pproxe
irately 1/8 inch end 1/16 inch from ths ed-e of the forcegs,
Tenclon was epplled in opnoasite dlrectlions to ths looze ends
of suture paterlal cnd at tho cune tle the forcepa vere
opened and slowly retracted. .~fter the forceps vere vithdrava
& short dicst nce they were dipreld into the luncn, Thils pro-
c:’ure aldied in the inver:sion of the dbowrl ed’es. A second
row of Cushinz etitchiny was insertei to reinforcs the inaer
row (*{z. 4). The abdomlnai ruscle, peritoneua und skln were
closcd with lnteriuptel cotton sutures,

Stadles of the 40 experi ental rats vere rcde by ihanda
(1747) previous to their autopsry. ~he bacterlolo:lcul work in
the present z2tudy wae started by sutopaylins 1-2 ani.:ls et a
time, and continued until the 4C experimentul wmainals h:d doen
killed, Bofore czutonsy the Animcls were allowed to fast 12 =«
(4 houre. DBucterial total counts and coliforn determinations
ware made on the intertinal contents followin: autopsy (Study I).

Approxinately .1 sram camples of the contents fron the
lar;e intestine, =mall 1ntestins, end the cecum were obtalned.
Each gurnle was traneferred to & repumrate, previously vel :hed
sterile tezt tube contuinins -lass ve:ds, The wel hts of the
sumples were determined, known dilutions (1:100) mude by the
addition of sterlle distilled vster, ¢nd s unlform -uc-encion
obtzined after thorouch thuking. The suspenalons cf material

11
wers further ¢iluted in decinal series to 10 .
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Inoculations of medla were mude in triplicats, in 1
mi. &uounts for euch dilution (10 = 1011). Aall medla were
{inculuted for a perlod of 72 hours et a te-perature of 4590 C,
or 37° C., &s the medlum c.lled for., The counts were come
puted by & refereace to the Lilution Count Tatbtles of uchanaa
and Fulmer (1922), and averu e3 were obtained by ;conmetrioc
ILalle

Approxzinately a year later, & sscond croup of unl wls
of tho sume aumber w.s put under ldentical expsrimental cone
éltvlons, and enterccocel and lactobzeilli as well as coliform
enl totsl counts were detarnlred (..tuly II).

The &ilutions wexrs nude cs previouszly, cexcept that the
entire contenti were obtalned froa the thres intectinel
scctions foo tus filrst dilution (1:180) inste.’ of the 1
grum arounts, Thls wue done wliti the possibllity that &

rore representative pilcture of that sectica mi ht be obtained.

AR S A LA RN LR AT AN R LAY mx?
$iiie waain AREYY PO VENIEWY SV )

Tubles 1 end 2 thow the counts of the bacterla Tound
in the vurlous sections of the intestines in tie LU expori-
mentul ratys uced in .tucdy IX. 7The counts are ¢xpressed a8
the gaonetric rieun of the individuzl buocterial counts ob-
tained from 4 groups of unirels, 7These 4 isroups cousisted
of the 1J cecectonized and 10 control eznlrals fed & stock
dlet, und the sgame number of cecectomized wnd control rats

fed 8 milk dlet, Differences are seen in the bacterial
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counts obtained from the intestinal sectlions of the cecemtio-
mized &nd control enireals fed the seme and different diets,

(Table 1) and the effects of trLese diets on the ccunts in a

particular sectica of the Intestines, (Tuble 2),

Tables 1 and 2 also show that, irrespective of the dlet,
the coliforms were the least numerous &nd the lactobacilli
the most numcrous orgunisme found in the inteatinal tract.
Lactobucilll counts have been seen to exceed colifornm counts
on other stock diets (ivenson et al., 1945).

The hi-h l:ctobacilll counts seen on snimuls fed & nilk
dlet was not unexpected. kilk, with its hi:-h lactose content
has beocn known since the early studles of Hull and hettzer
(1917) and Crulckshankx (1938) to favor the developnent of an
aciduric flora and depress coliform growth. The re:ultant
sciduric flora seen in animals fed the tstock dlet wase thou:ht
to be due to the combined influences cf a number of factors.
Certaln ingredients in the stock dlet were considered parti-
cularly important in t.is respect., aAamons these were: the
rilk incorporuted into the stock feed, the izixture of gralns
which have beah revcorted by lull ani kettger (1917) to favor
an aclduric flora, the help of certuln inorsunic elements in
peintaining wn ucidurlc growth (IZppricht et al., 1937), and
the corn oll which has been seen to repress coliforms with
little effect on luctobucilli (Torrey, 1919; llath et al,,
1948).

Tables 1 &nd 2 show that the enterccoccl were lower

in numbers th:n the lactobacilli, but numerically exceeded

25



the coliforms. The writer bellicves thut the enterococel
found condition=s favorsble o thelr growth due to the en-
vircnmsen® produced by the élets used, .nd the fuc! that
his\dlet also c:.used the prederinatin; growth of lacto-
bacilll and depressed coliforms, Zvendon et al., (1945)
found that depression of the coliform group «nd Gaunt et al,,
(1943) depre sion of Z. coll rezulted in an incre.ce of
enterococcl; OsterlenX «nd Hunter (1945) obscerved that high
total counts were rore udverte to tine gsrowth of collforms
Lan to enterococcil. OUsterlenk and lunter (1746) also
observed in their studies that of 51 fecal samples exanlned,
37 per cent chowed entexrococcl occurring In eiuul or in
greater numbere thun E. coli.

Tubles 1 and 2 further show that t.e coliforms, othsr
than ¥, coll domlnated consistently. This hzs been seen
previously by zvenson et al., (1945).

iyble 3 shows the sum of the totul and coliform counts
obtalned from the intestincs of the experimental anirmals used
in “tudy I and “tudy 1I. The counts, obtulned a year aparsg,
show eimilar resilts, Althou-h the coliform: were found in
greater numbers in “tudy I there wus u cloce correlatioa in
their counts in ecch gtudy. The cec:ctomized anlmuls showed
nig-cr aumbers of collforms thun dild the control ani als;
the differences were cecn to bte greater in the stock fed
ani als., In both studles the total counts also followed
the seme gcneral trend., It was of partliculer lnterest to

note that the cecectomized anl-uls on & milk dlet sinowed
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showed hi rher totzl ccunts trzn the control anlmals on the
sane diet, Opposlte results were seen in the anlmals fed

the stock diet. The cecectomized ani~uls on this diet showed
lower total counts thun the control anl-als. ©Dhinda ‘1947)
found similur results in fecal =amples obtuined from the anus
of the animuls uced 1n {tudy I.

The srowth curves shown ln Fizure 8 reve:l that cecec-
tomy had no untowurd effect on the srowth rates of the
cecectomized anlrals in {tudy I. l!lormal srowth was wlso seen
in ths cecectomized anl-als in tudy II. 7Ths anlmule were
autonsied at uap-oroximutcly the ezme ajje und no ;rowth curves
were rade, btut the wel:htn of «ll anlmels were found coripar=
edle. In the ccesctomized arimals, possibly the larze
numbers of bacteria, the incrsu€es of lsctobacilli and coli-
forrms in the nmllk fed zroup «nd the decide¢d increuse in the
coliforms of the stock fed group may have provided the
necessgary elements for growth in the form of synthesized
acceesory food factors, rlack et al., (1941); Gunt et al.,

(1943); and killer, (1945); amons others believed L. coli

to te partlcularly cctive in vitamin B production. It is
well known thzt there are reny import:nt ccroonents in the
B complex, snd amon3 thon thlemin e nlacin are i portant
in carbokbydrate metabollsm, choline in fet metabollsm, and
rivoflavin in biolo :icual oxidstions,

The larce intsitinss showod numbers of bacteris compar-
able to «nd often exceedin: ¢t oze in tho cecu., Tris wus noted

most fre-aently in snimals subzistin- on the 3stock &iet.
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Dhunda (1937) made similur observaticns in his studles, fis
exatzination of cecal cuntents and Jkal contents froa rats at
tue tice of cecectony, revealcd hisher counts in the uwnal
samples than in those obtalned from the cecum,s Tables 1 and
2 also :zLkow the Ll h pumbers of bucterld haerborud by the
smell intesztines in both the control and cesccctomlzed unimuls,
This azaln 15 rore noticeable in ths cnlmuls fed the stock
diet. iorter .nd Lnettier (194C) reported siznificunt numbers
¢f bacteriaz to be present in the small intectines,

Total wnd jroup counts cbtained from the latestines of
enl:als {n &tudy II ere shown in Teble 4, The totul counts
and ti.e luctobacilli counte are ssen to correspond 1lan trend.
These corressondin- re.;ults micht indicate, that the lucto-
bacilli counts influenced the totil count; to a large extent,
verhapa, thelr rise in the cecectomized aninuls on the milk
dlet =nd treir r.ll in the cecectomized snimuls on a stock
diet could have been due to the fact that the composition of
the =ilk, st first, offered a more recdlly nvallible envire
onment rfor tiie i-meilute srowth of tie luactobacilli than 214
the coiposition of the stock d4let, “he lar:'e amounts of
indizsstible matericl found in the stock diet may huve had
{ts effect in thls respect,

Table 5 shows the sum of tho bucterlal totzl counts und
tha corbined sums of the group counts obtulned from the intes=-
tinez of the animuls used in {tudy I[I. 4 discrepuancy betveen
total counts znd the sum of the grcup counts 1s scen in ltudy

IT. This kind of discrep:ncy wes also seen 1n the studles of
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Evenson et al., (1945). In this study it is attributed in
part to the necessity of uvlnz differential medla, «nd the
fact that meny of the orizunisms belleved present in the ine-
testinal tract were not deterrmlined a3 groups, but mey possibly
have found e favorable environment in the llver infuslion broth
enployed. The author belleves that the orzunisms asccounted
for constitute the major portion of the orz2anisms taken into
cocnsideration in this study.

A gre:zt many v:ristles are necessarily encountercd 1n
study of this kind. In thils work 1t w:s 1 possible to lruied-
lately examlne the sznmples obtalned ut collection., They
generally remained in their dilucnt from four to six hours
before cultures could be made. Nicroscoploc exuminatione of
cultures were not made after euch determinution, however,
the media were checked periodically throu-hout the atudy.

In both study I and II concsideruble varlation wus ob=-
served in the bucteri:l counts from anlruls whlch were under
the saume experi~ental conditions., Wwhite (1942), killer (1947),
und liath et al,, (1948) found this to be true la thelr studles.

In the cecectomized animals undoubtedly the absence of
the physliological functions of the cecum, e.Z., the ubsorption
of water, influenced to a greut extent the resultant bacterial

flora found in these studies.



CULGAARY

A study was mude of the intestinal flora found in
cecectomized und control rats fed on stock and nilk diets,

The ocecectomized anlnsls on a milk diet showed higher
total counts thin the control animals on the eame dlet,
Oppoaite results were seen in the ruts fed the atock dlet;
the cecectomized animsls on this diet showed lower total
counts than the control animals,

Total counts and lactobaclllus counts corresponded in
trend.

Irreapective of the dlet, the coliforms were the least
numserous and the lactobacillll the most numerous organlsms
found in the intestinal traot. The enterococci were lower in
numbers thzn the lactobaocilli, but numerically exceeded the
coliforms,

Within the colifora group, organisms other than £, ¢0li
dominated consistently. Coliform counts were hi her in cecec-
tomized animels regardless of the dlet,

Considerable variation was seen in the counts from
individual snlmals under the sume e€xperl ental conditions.

The large intestlines showed counts comparable to und
often lsrrser thun those found in the ceca, lizh numbers of
baoterla were present in the =snall intestine of cecectomized
end control animals,

Cecectomy d41d not retard the groath of the experi-ental

enimals,
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