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The Absorption of Dextrose and Water
From the Chromic Isolated Loop im Dozs

Much has been said and written on the efficacy of intro-
ducing fluids and mutrient substances into the colon. The
exact date at which this procedure was first begun is uncertain,
but the use of such enemas as a source of energy and fluid has
been handed down to us as a time proven therapeutic method.
This therapeutic procedure is used in some form in almost every
large hospital and by a large percentage of the reputable practi-
_ tioners of medicine. There are records of patients being kent
alive for fifteen months with no other source of nutrition.gg
In spite of the long period of use, this method has, until very
recently, been on an fmperical basis. Meny times when waling
through the wards, I have observed this method in use. Tpon
asking the attending physician why such & method was being
used and how much absorption of suzar snd fluld could be ex-
vected, the snswer was always 2 proof of the =hove statement
as to dmpericism. In reviewing the literature, in an attempt
to find the different mixtures of nutrient solutions and mixtures
given per rectum, one is astounded at the countless types of
prescrintions. Almost every conceivable substance, either alons
or in combination is described. These prescristions include

meats, fruit, milk, etc. Some have launded the use of the



addition of various chemicals, such as NeCl and NaHCOgz, for
the purpose of speeding up the absorption of water and sugar.
The per cent of susar solutions used shows wide variatioms.

While we realize that no ons set of sexperiments ecan
definitely decide this guestion, the following seriga of ex~
periments and their results, is given with the hope that it
will add to the experimental evidence alrsady recorded.

The faasébiiity of usinz the chronic closed loop of the
dog's small intestine for the study of absorption has been

28, 29, 30, 31, and 32

emply shown. Waing & techunigus,

similar in major respects to that described by Marﬁzleffz

we have succeeded in making chronic clesed loons of the colon
in some tﬁenty»two dozs. The dozs have recovered, in 75 per
cent of the operations, lived a normal life and are seemingly
very goaa experimental animals. One animal, number 8, has
been used for slmost one year with no change in her genersl
condition, or in the sbsorbing ability of the loop. The use
of narcotice hag been eliminated, trauma minimized, and
peychic factors avoided. Histological studies on the mucosa
of the colon loops from posted dogs have not been performed.
There was no demonstrable changes in the mucosa of chronic

30

loops of szmall intestine, and there is no reason to believe



the findings would be different in the case of colon mucosa.
Grossly the mucosa appears normal, even after long periods of
time have elapsed between the date of operation and the sacri-
fice.

A1l the absorption expsriments were performed on dogs
apparently in the best of health, with & minimum of trauma,
without the use of narcotics and using the chronic closed
loops of the colon. This method removes the nbove objection-
able factors, allows for controlled analveis of the substances
tested, and removes the variable factors of regurgitation
into the ileun and contamination by fecsl material encountered
in most of the previows\war&.

In order that the reader may have a more comolete concen-
tion of the work previously reported, a more detasiled review

is given.

Review of Literaturs
Several of the earlier experiments are interesting
becaure of the conclusions drawn on such scanty and
sometimes obviously faulty exgerimentation. Remchl in
1902 concluded that dextrose was absorbed, upon injec-

tion per rectum, because of a slight increase in respira-



tory guotient. Hari and Halaezg separated the large and
small bowel in the doz by lization. They believed an
actual glycosuria and increase in respiratory quotient
was proof of suzar absorption. Ornstein3 injected glucose
per rectun, wlth and without starch. He belisved that
glucose was absorbed in emll amounts when gilyen alone,
and almost iam toto when gziven with starch.

E&§914 reports the study on patients by Czerny and
Latschenberger, and refers to the experimental stuﬁies
on dogs by Helile. FHe conciunded that glucome is azbeorbed
from the rectum and colon, Tallermans has recently re~
ported observations on human subjects free of demonstrable
rectal pathology. Within thirty to ninety minutes aftsr
injection of 60 grams of glucose in 180 cublc centimeters
nf normal saline, an average increase of .0l9 per cent
in the blood suzar was noted. He concluded that some
glunésa wag absorbed.

Rubino and Varela? in 1922 reported studies on normal
hunan subjects, using rectal injectlons in varying strengths
of zlucose, levulose and galactoee, and found no sufficlient
inerease in blood suzar %o indicate absorptioen.

Franke and Wﬁgnera studied bleod-gsuzar curves of dozs
after rectal injectionz of 25 grams of glucose in a 25 per

cent solution and found no actual evidence of sugar nbsorpe-



tion. Lavig studied the effects of rectal injections,
using 800 cubic centimeters of glucose solution, ranging
in strenzth from 10 to 16 per cemnt, with human subjects
that included normals, diabetic patients and post-operative
cases. Four of the eight diabetic patients studied showed
no #arly rise in the blood suzar curves. All of the
diabetic patients showed s decreamse in blood sugar after
the first thirty minutes following injection, with an avere
ae decrease 2% the end of twobhours of 23 milligrame below
the level of the fasting blood suzar. Levi concludes that
at best only small amounts of zlucose aés absorbed from the
eolon.

?ressmnn;l has published studies on seven human subjecte.
He has used a hypertonic glucose solution of 3Z-1/3 per cent
strength, injectinz 250 cublc centimeters into the rectum in
& ten-minute period, and studied the blood-sugar curves for
the succeeding four hours. Hone of the blood-sugar curves
of hig series show definite evidence of glucose abeorntien
and, in each case, the blood sugar value at the ninety minute
period after glucose injection is at, or below, the level of
the fasting blood sugzar figure. Pressman also shows the re-
covery from stool following the glucose enema of an average

of 24 per cent of the total sugar injected, with the high



value of 42 pe? cent in one instance after the suzar had
besn retained in the bowel four hours. Implantation tests
of glucose and stool mixturee showed the loss of & large
amount of the glucoge throusgh the activity of intestinal
bacteria.

Canncnlg in 1202 stated that there was lit%ie or no
absorotion from solutions in the caien or vectun.

MeNealy and Willems.lc in a recent report, show the
results of studies on fifteen dogs, under barbitol and
ether anesthesia, with isotonic glucose golutions. Loopse
of the ilewn z2nd of colon were iselated from the remaine
ing bowel by liustion. After washing both loons with
galine solution, from 50 %o 75 cubic centimeters of five
wer cent zlucose solutions were injeeted snd allowed to
remalin one hour. They concluded that very little {ive
ser cent glucese is abmorbed from the colon, but that
water, water end galt are readily absorbed from the
Bame . |

In & further stu&yls of the effects of chemical ex-
citants and stimulénts on the absorntion rate, he
experiments with 2.5 per cent dextrose in 0.45 per cent

saline, 5 per ceni dextrose plus 6 per cent doohol. We



concluded that & small amount of dextrose can be absorbed
from 2 saline~dextrose solution, and infers that the pres-
ence of godium chleoride increases the rate of absorotion
slightly. Textrose was not appreciably absorbed from a

- dextrose~aodivm bicarbonate solution, and amleohol Aid not
increase the very low absorption rate.

Smithlé presents the above cited examnles in a review
of recent date. UHe performed no experimental work but con-
cludes from these that there is a possibility of glucose
acting in the bowel much the same as & salt thet is abssrbed
to but 1little or no degree, when ths salt is the nmain factor
in @xeweting agsmotic pressure, and that the effert to bring
about esmotic eguilibrivm might result im o reversal flow
of fluid into the bowel lumen end result in an increase,
rather than 2 correction, of an existing dehydration of the
tissues. Ye believes that the bloed suzar can be decreased
by the inetillation of glucose in any strength inte the
bowel, and that 1t 1z vossible to bring about 2 degree of
hyvoglycenia in this way in the more sensitive vatient that
would be sufficient to lower both blond pressure and blood
volune, or disturdt the acild-base baiance similar to that
seen in over-desage of ingulin in diabetics, with a2 sharp

shift to an alkalosis. Further that euch circulatory dis-



turbance, without an associated chemical imbalance, may
complicate and prolong postoperative convalegecence.

Thie is a grave accusation of & time tried thera-
pentic measure on such inconclusive experimental data, and
it is gignificant that Doctor Teland and Doctor Ward in
the discussion of his paper have accepted his conclusions
who&eheafta&ly and both condemn the therapeutic enems.

Varela and ﬁubinalﬁ tested the peripheral blood and
the urine for suzar after the injection of large swounts of
40 per cent dextrose into the rectal amoulla, They concluded
that ewall amounts are absorbed shortly after injection, but
that the colon soon becomes irritated and exnells the enems.
MGxesterai? Friedenwald, and Pureah teach thet glucose per
recbum is wvaluable source of nutrition, bubl zive no experi-
mental basis for this.

0 studied the Dlood eugar in man

Scott and iwaigkafﬁg
foliowing the rectal administration of dextrose. They
found no rige in the blood suzer and concluded that the
slight drop in blood sugsr mizht be due to & stimulation
of nanereatic activity resulting from the avsorption of
glight amouwnts of sglucose. They recovered a2 variable and

freuuently considerable amount of dextrose from the stools

after o period of two and one half hours.



Ebeligglg in 2 reecent értic&e an the abserphion of
dextrose from the colon glves the following excelleant
review of the literature. The references given by hinm,
not including those previously cited in this paper will
be aguoted,

"¥oit and Bauer verformed the first syste@tic re-
psarch on the absorptive mechanism of the colon. Their
experiments were performed with adbumin, and they stated
that the addition of sudiwm chleride assisted in the nb-
goxrpblon of that subastance. Czerny and latechenbercer
raported studies on two patients in whom the entire large
intestine, or part of it, had been cempletely cut off
from the small iatestine., In these they obtained evidence
which indicated that dextrose was absorbed. Deucher re-
ported that he gave five enenas to a patisnt during
nineteen hours, each containing 40 grems of dextrose.

One hundred and fifpy~fmur grams of Jdextrose was anbsorbed,
Cgonstiteting 77 per cent of the amount introduced. Zelwmisch,
working with human belngs, gave 152 grame of dextrose per
rectum and lost 103 grams (67.5 per cent), supposedly by
absorption. Ornheim gave 5O grams of dextrose by bowel to
diabetic patients. Ye was a2ble to recover only 2 grame of

dextrose after a period of five hours. %e did not believe
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that bacterial actisn could ascount for the dextrose that
hed disappesred. Boyd and Foberbtson fad seven women om
nutrient enenas for from six to seven days. Tech day the
bowel was washed out and the contents analyzed. Urinsry
nitrozen was nsed as a gage of the absorption of nitrogen-
ﬁﬁ substences. They reported that in two cases 100 per
cent of the introduced dextrose was absarbed. They lost

as much as 61.8 and 81 Gms. of dextrose during twenty-four
hours, but recoversd the bull of the protein in the recital
washinge. After havine incubailed dextrose salutinne which
were contaminated with c¢olon bacilli, thev concluded that
the dextrose lost by baclerial action was insignificant.
They were not able to produce dexirosuria with the amounts
ther administered. Walasz, working with patiente, placed
glystere In the larze vowel and, in from five to six hours,
f@unﬁvﬁhat from 50 to 200 Gm. of the dextrose had disapopesred.
He accountsd for only 0.5 %o 1 ner gcent of the dezirnse asg
.lost by becterisl action., Muteh and Ryffell zave four enemas
to sach of several oatients during a twenty-four hour period,
Bach anems consisted of 480 cubic ceantimetere af & ner cent
dextrose. When the nutrient enemas were well tolerated,

they increased the dextrose to 60 Gn. to the pint of solu~

tion. TUsing & “mshouvi® method of ezperimentation, they
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concluded that dembrose could be satisfactorily administered
by this route to 2 maximum of 700 calerles per day. Carpenter
in two experiments on humen belngs, zave 30 Gms. of dextrose
in BOO ¢e. of physiological solution of sodium chloride. Tith~
in two or three hours after the injection, the respiratory
quotient changed from 0.02 to 0.05, Fe found that 17.5 Om.

of dextroge was absonrbed in one instance, and in the other
26.% Om. Similarly, five hours after the administration of

60 Gm, of dextross, he found that F4.6 3a. had apparently

been abeorbed. The guantitative resulte were based on the
gashout ¥ method, using more then one lavage.

Bingel investizated the absorption of Jdextrose in
disbetic patients. Fe céﬁcluﬁeﬁ that only small amounts of
dextrose were absorbed. One hour after having vlaced 35 Gm.
of dextrose in the bowel, 31 Gm. was recoversd from the stool.
Bingel incubated fecnl material with added dexirose, and claim-
ed that the dextrose lost was almost as sreat as that supposed
to have been absorbed.

De Taats, in 1931, gave 1,000 cc. of 5 per cent dextrose
to patients under the skin, by mouth and by bowel. The blood
suzar level rose after introduction of dextrose under the skin

and by mouth. Yhen the dexirose was ziven by rectum, the
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blood sugar fell during a period of two hours. ¥Fe noted
that no dependance could be placed on the amount absorbed
by rectum, and that insulin reactions occurred when this
method of entry was depended om in the diabetlc person.t®

Paru@segl has recently published data on the subject
and believes that a 1 per cent dextrose solution is most
efficient in preventing dehydration and in supplying a
limited amount of nubtrient.

Ebelinglg has recently, 1933, published the resuli
of experiments on dogs under barbifol anesthesia. Wis
experiments mre perhaps subject to less criticism than
thase of sny other worker referred to. We checked the
absorption of 5, T.amﬁ 10 per cent solutions of dextrose
in water, using dogs with normal, high and low blood sugars.
The absorption of dextrose was measured in three ways; i.e.,
by recovery eni washings, periphersl blood susar studies,
and colonmic blood sugar studies. The absorption peried
wae two hours. He concluded that dextrose solutions are
absorbed at 2 slow rate when placed in the entire colon
of the dog; that hypertonic solutions (10 per cent) are
absorbed little faster than isotonic solutions; that when
& marked dextrose deficit occurs in the blood, dextrose
can be abserbed from the colon approximately as rapidly

as it can be frowm & low ilesl loop of the noninsulinized
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dog; thot the presence of dextrose in the solution in the
colon, in the concentrations used, causes a retardation in
the rate of water absorption; and finally, that the total
amount of dextrose which can be administered and absorbed
from the colon under the best conditions would appear to be
too small for any considerable immediante therapeutic effect.

Eaaﬁgg believee that rectal feeding hag been overesti-
mated and that only water sbsorption is of any real value.
Hontagun.gé in a review of systemic results of drug admine-
igtration per rectum, believes that in many cases it takes
lese of the druz as it may be absorbed by the inferior
hemorrhoidal veins and so miss the liver.

In the above review of the literature one is impressed
with the wide diversity of results snd opinlons. It scems
ouite evident that the elinician is still umable to criti-

cally judge the therapeutic value of the rectal enema.



Criticism of Experimental Rssults and Comclusions

In most instances no abbtempt to prevent regurzitation of
material from the colon inéo the small bowel was made. This
has bern shown by Canﬂmniz to be an important physioclegical
result when the colon is distended.

Smithl4 reporte that, YDiabetic patients will show a
mayked variatioﬁ in the readiness with which liver glycosen
way become mobilized in response to nervous stimvlation angd
to mechanical pressure change in the intestimal tract. The
sensitive petient can shoew a slight blood suszar rise from the
insertion of the rectal tube, with a later and more mariked
increase in the blood eugar if the amount of solution intro-
duced into the rectum ie sufficient to cause pressure within
the lumen of ths gut. 8Such incrsases in the blood sugzar do
not indicate, necessarily, that glucose is absorbed. In fact,
glight increases may appesr in blood eugar when distilled water
or simple saline solution are injected into the rectum in small
amountg. The very slight increases in respiratory oustients
that have béan reported might be influenced by the reverssl
chanze to glycogen synthesis that could follow the increases
in blood suzay from @timulation.ll Broﬁieé and hie collabor-

ators report that distilled water instilled into the bowel

will cause increased oxyzen conswmption.®
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10 published some of the first accurately

MeWealy and Willems
controlled exveriments but used narcotized, traumsatized animels
and based their conclusione on 2 very few experiments.

Most of the solutions used were hyper%nnic with the blood
and tissue flulds. Theoretically a 4.9 per ceni solution of
glucose is isotonic with a 0.9 per cent saline galutimn; Solu~
tions more concentrated than 10 per cent will draw fluid into
the bowel lumen and, according to Galdschmiit13 hinder the ab-

»sorption of glucose. Hausmannla has caused the death of rats
by injecting 50 per cent glucose into the neritoneal cavity
and thereby withdrawing the fluid from the tissues into the
peritoneal cavity.

| With the exception bf a few workers, especiaslly McWealy

19 the dlood suszar estimations were

and %illems,lo and Ebesling,
made only on the peripheral blood. Since the bleed from the
dizestive tract le subject to the metabolic activity of the
liver before it reaches the peripheral circulation, such deter-
minations are not necessarily an index of absorption.

Our own work,85

in which we analyzed the blood suzar from
veins from isolated, chronic ileal and colon laéps and systemic
blood sugar simultaneously, would seem to indicate that the
peripheral blood suzar ie not an indication of intestinal ab-

gorption of small amounts of levulose or dextross. Mazee and
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Reid.gﬁ however, believe that the systemic venous blood suzar
is as good an index of intestinal absorption éﬁ portal blood
BULAL . Gari,g7 after the investigation of the alimentary ab-
sorption of dextrose, has concluded r@esntly that the peri-
vheral blood sugar i1g not a meAsure of intestinal absoration.
Tith few sxpections, no effort has besn ma&é to determine
the effect of fermentation by the many orgenisms in the colon.
In a auméary of the above pointg the important facts are:
(1) That regurzitation of material frem the colon inte the
ileum is a vital factor in the intact imeetinal tract; (2)
That the peripheral blood sugar ie orobably not an accurate
indication of absorotion of dextrose from the colonj (3) That
changes in the respiratory guotient are not reliable as an
indication of the same; (4) That varying percentages of dex~
trose will influence the absorption of water and probably
dextrose; {5) That bacterial action om the injected sugar
1sheulﬁ be determined, especially where the absgorption period
exceeds one hour; (6) And finally, that narcotization and
visceral trauma have been overlocked as possible factors
influencing absorption of both water and dexitrose in axveri-

mental investigations on laboratory animals.
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Technioue

I. Gperative Technicue

Nazs welizhing 25 %o 40 pounis, praferably beblween the
ages of 1 and ¥ years, and in apparent good health wers
selectad for ths operation. The dogs were starved for
twenty«four hours snd given an enema of soup and waler
immedistely before operation. A% least ons nintd of solu-
tian should be weed, since 1t la axtremely important to
have the colon swmoby of fepal muterial. After expulaion
of the enems we rovtinely geve a hypodermic of morphine
(1/4 gzrain) sand atropine (1/100 grain). Absolute surgi~
cal a%egﬁim was mainteined throughout the oneration.
Tince the technisue of the oseration is fundamentally
the sawe as that given by Hnrtaluffaﬁ far loops of smmll
inteatine, I will mention only these pointe of differasnce
when the larze intectine is heing vesed. 4 laft rectue
incision, 7~8 em. long, varallel to snd 2.5 cm. from
the linea 2lba, and so situated that the wnbilicus mariked
the midpoint of the opening, was made. The jesceniing

eolon was located and carefully dyewn throush the iunclislon.
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A-Lrangrerse cefon; 6- L, colre vessels; ¢- MHeo-eofic vesse /5,

O Mecliaw edic yessels, Clamps placess e Al ot fimes.
The descending vortion of the dog's colon is mugaliéﬂ
by ths medisn colic artery which runs narallel %o the
larze intestine. The tranaverse colon is 8 to 12 em.
in length and is supplied by the right colic artery.
The short ascending portion is swpolied by the ileo-
golic artery. The tfanavargg portion 'z isolated by

clamps and separatad fr@w the rumnining large intestine.
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The blecd and nerve supply te thie segment remains intact
and in the subsequent handling and attachment of the leop
to the anterior abdominal wall great care sghould be taken
to avoid torsion, undue pull or relations that may later
o lstruct the blood supply. Before clamping or in anyway
injuring the intestine a thorouzh inspection of the colon
should be made. (1) The colon should be free of fecal
material. If the fecal material has not besn entirsly
expelled and ie not too hard, one may carefully milk this
material distally until the desired segment iz empiy.
Severe trauma should be avoided, since it results in con-
gtriction of the powsrful intestinal muscle coats and
manipulation follewing iﬁkexceedimgly difficult or imp-
oecible. (2) The transverse colon should be at least

10 em. long in the relaxed state. If shorter tﬁam thig
the contraction, following clamping and inversion of the
ends by suture, will resulte in an impractical loop. (2)
. The mesentery to the transgverse colon should be of euff-
icient lenszth to allow for attachments of the loop to the
anterior body wall without tension on the attachments or
mesenteric pedicle. (4) The length of the proximal colon,
or part sunc-lied by the ileo-colic artery, should be at

least 4 em. Since the caecwm is attached by mesentery



to the peritonsal surface of the posterior abdominal wall

a free transverse portion of this length is necessary for
anastomosis with the descending colom. If these conditinns
are not 2ll met we have considered it advisable to close
the animal and select another. Ve ha#e found only & dogs
in 25 in which we declded azainst the completion of the
operation.

The attachment o the asanterior adominal wsll is made
with the long axis of the loop parallel te and very mear to
the mid-line, the anastomoged colon being kept lateral to
the loop and its mesentery. The only practical difficulty
we have had is at this point. Tither because of the more
nowerful contractions of the larze bowel, or because ad-
hesions are formed with greater difficulty, the larze bowel
loon 1s much more difficult to keep snugly atiached to the
abdominal wail; Tery little Aifficulty ie sxperienced in
attaching the loop of the small intestine. In attaching
the leon of large bowel, Straumatization of the surfacee
to be ooposed should be thorouzh, and the placing of single
interrupted sutures in a slightly stazgered fashion so as
to bring a Woed surface of intestine azaimst the peritoneum
ssems of value. Tven this techniove will insure a permanent
attachment in less than 50 per cent of the animalse. Attache

ments may be satisfactory for several weeks. At this time
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a stretehing of the attaching adhesinns may be noted and

it may be 80 extreme that a re-attachment begomes necsas-

Post Operative Care

Thie is, in most cases, very simple. The dog is
allowad water four %o five hours after the operation.
Small guantities of ground mesi, or similar low-residue
food ig given twenty-four hours after the operation.
Full vortions of low-residue food are given on the fourth
day and the ususl diet resuned at the end of one wesk.
Careful obgervation for atraining in an attemot to defecate,
for stretching and for vomiting, will usually indicate loop
distention. Post-operative aspiration was necessary in
six of twenty-two dogs operated on. Farly in thevg@ri@s
we lost two dozs by rupture of distended, unaspirsted loops.
Both dogs died within six days of the operation. In the
absence of the above symotoms aspiration is not alvisable
gsince the loop may be torn away from its poinmbd of attache
ment before adhesions ars nrganized;

Accéxﬂing te the zeneral condition of the animal
sctusl experimental work is begun ten to fourtsen days after
the overation. The care of the dogs from this time on is

gimilar te that of any pormal anim=l. Aspiration for loov



distention after post-operative healing is comolete, pro-
bably always means aa obstruction to the venous return from
the loop or some severe intra-sbdominal irritation. One
dog in our series was discarded because of repeated loop

P

distention, resulting from an obstruction to the venous

[

return from the loop.

II. Anpalytical technioue

Pfanstiehl dextrose, having a specific retatlion of
+ 52.5% at 20° ¢., was accurately welghed and dissolved
in dietilled water. These solubions were diluted to a
standard volume in agcurate volumetic flasks. As 8 fure
ther checz on the accuracy of the selutions each new
suzar solution was checked by the same methed and measur-~
inz apparatus s was used in analysis of the fluid withdrawn
from the loops. %here sodium bicarbonate or sodium chloride
was added, the smount was acenrately welghed against checked
weighte.

The washing of the loop and injection of material to
be analyzed is very simple., The abdominal wall is shaved
sver the point of loop attachment and cleansed with 70 per
cent alechol. 4 20 ce. glasge syringe is fitlted with a
19 gauge nesdle, 1} inches long and both aresterilized by

boiling. The needle is inserted into the loop with a culck



thrust, and sterile 0.9 per cent sodium chloride, 2t body
temperature is injected. The injection o6f aalt solution
has twe purposes; first, to verify the entrance of the
needle into the leon, anﬁ>seaﬁné, to wash cut any accumu-
lated mucosal debris. After the first few experiments on
any given animal the loops of colon usually remain clean,
and very little foriegn material is every withdrawn. (This
is in marked contrast to the looons of the small intestine.
These are liable to much greater variation in activity and
conssguently are mwuch h&rﬁér %o keep in a useable condition.)
The loon is washed and comoletely emntied of the fluid used
for washing., The reouired amount of sugar solution is then
aceurately measured into a second syrinze and injected. The
gvrinze used for the surar injection is then rinsed out with
dietilled water, the rinsings are saved snd anslyzed with
the unabsorbed suszar asoirated from the loon. We orizinslly
analyzed the suzar rinssd from the injection svringe separate-
ly, but found the amount to be less than 0.05 Gm. Ve later
added this to the withdrawn selution and determined this
amount simultaneonsly. 7This zives a more sccurate egtima-
tion of the amount absorbed and eliminates the swell, variasble
amount which might havebeen lost by adherence to the svyringe,
used for injecting.

The dog is then released from the table and allowed to

pursue its normal inclinstions for the oeriod allowed for
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absorption. A% the end of this neriod the fluid contain-
ing the unsbsorbed material is withdrawn and the amount
of fluid measured. The ranaiminé suzar in the loon is
washed out by injecting and withdrawing three 16 cc. qum-
titles of normal saline.

On a check for the sccuracy of the above procedure
we have injected a known ounantity of suser, immedintely
withdrawn and analyzed the amount of eugar asnirated. The
arror has been within 3 ner cent.

The asnirated finid, plus the syringe and loon washe
ings, is diluted to a standard volune of 100 ec. in 2
volunetric flask. After the oproper dilution of this fluid
it is snalyred by the Shaffer-¥Martman methed as modified

35, B34 x
: Repeated checle on known

by Haeking =nd Wolbrook.
golutions have ghown that in the dilutions used the small
amounts of protein, sodivm chlerids eor sodimm blearbonate
dn not affect the accﬁracy ef the method in anslvzing the
cer cent of contained dextrose. (This method may be used
for the anzlveis of levnlose and galectose by sdding 10
par cent o the amnunt of dextrose which corresponds to

gy
: Gl G b4 %
the tistration figure. ' It is not accurate, however,

N e ob
for the determination of mannose.””)
The amount of sucar ae Aetermined shove, is subirscted

from the known amount injected and the difference recorded



ag sugar absorpiion.

The determination of sodiwm chloride was by the method
36
of VTolhard.



Problems and Resulte

1. The amount of dextrose and water absorbed from 10 c.c.
gquentities of a 5 per cent dextrose solution in water, in
varied time intervale allowed for absorption.

This series of 29 experiments was performed in an
attempt 4o prove or disprove the actual absorption of sugar
from 2 golution aporeximately isotonie with the blood and
tissve fluids. The smount of eugar absorption for the

various absorption periods is shown in %able 1.

Table I

Absorption of Glusose After Injection
of 10 e.c. of a 5% Solution

23
‘iﬁinfn Grams Absorbad
Dog 3 Doxli2 Dogl? Dozl8 Averaza
10 0.07 0.10 0.08 0.08 C.07
20 0.09 Q.10 G.09 0.09 0.09
30 0.12 0.09 0.08 0.10
40 0008 085 Qc}.‘% f}.15
&0 0.13 Je22 G.14 0.30 Q.19
20 Q.24 g.31 D38 0.29
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C.C. of Woter Absordesd
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a7.
In the time allowed for absorption, we believs that
the lesa of sugar by bacterial action is insignificant (ses
below). If the loss of sugar wes due to poor withdrawal

technigue, the amount lost would aot be an increasing one.

See chart of average z=bserption.

‘40 60 &0 /20 120
7;’?16 X Mcqvfﬂs‘.

Chort 2.

/4160047x!nan of Weter trom '/Z9cé.¢ofpk5jjg ZGFSZ?&:G
Solvtion

Furthermore, this tachnioue has been chacked and found to
be accurate within 3 ner cent variation,

This data also lends imnortant svidence for the active
zbsorption of dextrose by the mucosa. If water alone is ab-

sorbed, and suger is lost only by diffusion, then as the water
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0.05

gas absorbed the concentration of dextrose and consequent-
ly ‘321@ rate of diffusion would increase. This is evidently
pot true because the graeph representing the absorption of
waber is almoet a straight line. A study of ﬁha amount of
water absorbed (fhart /) shows us that this amount is not
proportional te that of sugar absorption. Very little
water is token up in the first hour period, vhereas almost
helf of the sugar is sbsorbed. Thie is strong evidence for
he active absorption of dextrose regardless of the comcen-

tration of suger.

20 420 €0 e 700

Time 10 yrunvtes

A[worpf:on of J/% Dextrose

Chast 2,



29.

2. The smount of dertross and water absorbed in a one
hour peried from 10 g.c. of & 20% solution of dextrose
in water. 4 totsl of 29 experiments wsere performed.

The smount of sugsr absorbed is éhown in Tabls 2.

Table II

Grame of Glucose Absorbed in one Hour
Following Injection of 10 c.c. of a 207 Solution

Pog 6  Dog 7 og 9 Doz 10 Dog 1

0.75 1.24 0.39 0.38 0.82
0.76 1.30 - 0.35 0.45 0.48
0.83 1.57 0.32 0.56 0.51
0.58 1.20 0.32 0.7 0.52
0.78 0.36 0.72 0.24

0.39 0.77

0.39

0.29

Q.56

‘%‘-zfergﬁw 00?@ ”L .Eﬁ 3035 0.&0 G.%

When this gonecentration of ruger is used the amount
af fiuid withdeawn at the end of a one hour peried averages
20 e 25 c.c. It is evident that a considerable influx of
#1uid followed the injection. The distention produced by
thig aften caused the animal te siretch and defecate. A%
@aﬁaﬁﬁy the loen of dog mmmber soven was fourd teo be wuch
larger than the average. This sxnlaing the greater absorp-

$ion recorded for thie animal,
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Z. The absorption of eugar and water, from 10 c.c. of
2 10 per cent solution of dextrose in water, in one hour.
Twenty-five experimente were performed. The amount of

guger absorbed iz shewn in Taeble 3.

Table 111

Grams of Glucose Absorbed in ome Tour from Colon
Loep following Injeetion of 10 c.c. of & 104 Solution

Dog 9 Deg 12 Pog 18 Dog 21 Tog 22

0.19 0.20 0.287 0.22 024
0.19 0.28 0.24 Q.22 0.20
0.20 0.22 0.27 0.19 0.22
0.18 0.27 0.2 0.21
G.19 0.25 0.20
Q.18 : D.28 .18

Averaze 0.20 Q.28 Q.28 022 0.22

The amount of sugar absorbed by e given animal in
repeated experiments i remarkably constant. The average
smount of fluid withdreawn was 12 ¢.c., and the animals

never gave evidence of loop distentlon.

4. The sbeorption of dextrose and water from 10 e.c. of
N L= Lt dent ose 4 ‘
2 solution combaining 2.8 per cent, ahd 0.45 per cent godivm
cghlorvide.
This solution is soproximately isobonic with blood and

bigsus fluids. Ten experimsnts were performed. The total
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amount of sugar injected was 0.25 Gm. The average amount
of sugar absorbed in dog number 9 was 0.09 Gm.; in dog
mumber 12, 0.10 Ga.; and in dog nwsber 18, 0.11 OSm. This
ig an sverage of 0.10 Gwm. or 40 per cent of the injected
sugar.

The absorption of water from this solution differs
markedly from that from the B per cent solution of dextrose
{see Chart 2). Both soluntions are theorebically isotonie
with the blood and tissue fluids. The average absorption
of water from this solution was 7 c.c. iu dog nmumber 2, B c¢.c.
in dog number 12, and 9.5 c.c. in dog numbser 18. Although
dog number 18 hms not been sacrificed 1 moted at operation
that this loop wae larger than the average, which would
account for the greater amount of water absorbed By this loop.
This experiment is very significant since it would indicate
that the preéence of sodivm chloride, in an isotonic solution ,
fucilitates water absorption, or that the oresence of dextrose
slows the sbserption of water. The per cent, of the injected
pugar, absorbed is comparable te that found in solutions of
5 per cendt dextross in water. A further discussion of this

pdint will be found under the analysis of results.
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8. The sbeorption of dextrose end water from a solution con-
taining B per cent dextrose 2nd 1.5 per cent sodium blearbonate.
& total éf 26 experiments wers performed. The results are
given in Table 4.

Table IV

Grame of Dextrose Absorbed from 10 c.¢. of a Solutlion Containing
B per cent Dextroge and 1.8 per cent Sodium Bicarbonate.

Doz 9 Doz 18 Dog 21 Doz 28

Gme Dextrope 0.15 Q.24 0.13 0.17
Shanrbead g.11 0.18 0.42 0.17
010 022 G.20 0.18
.10 0,19 0.12 (.18
£.18 . BY 8.12 0.14

0.10 0.17 G.12

: Q16

Average g.31 6.19 G.13 0.16

The sverage absorption of dextrose for the four dogs ie
0,15 Gm. An aversge of 0.19 Cm. of dextrose was absorbed where
& per cent dextrose in water was used. There was aleo considerable

influx of fluid inte the loop ae iz shown in Table 5.

Tabhle ¥
0.0, of Pivid Withdrawn in One Hour After the Injection of A Bolu-

tion Containing B nmer cent Dextrose and 1.5 per sent Sodium Bicarbonate

Doz 9 Doz 18 Nog 23 Dog 28
GuaCe Fluid L7 6 is ig
Withdrawn 16 18 18 18
1?7 pX< 16 ié
18 i8 16 20
16 i8 ‘
_16

A"erﬁgﬁ 16 1508 15-5 18‘6
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®his again ls in striling contrast to the fluld balence
as sesn whers 5 y@r‘camt dextrose in water was injected. An
averaga of 8.6 c.e., of the 10 c.c. injected, was withdrawn,
f.8e 12 coc. of water was abgorbed from the 10 c.c. of B
per cent dextrose in water. The presence of 1.B Gmn. of sodium
bicarbonate in 100 c.c. of B per cent dextrose solutifn vendered
the soluticn hypertoale te the blood and tissue finids, retarded
the absorption of dextrose slightly and eaused the influx ef

fluld into the loop. This influx averaged about & c.e.

6. The absorptlon of water and sedium chloride from 10 ¢.c. of
a 0.9 ser cent solution of sodium chloride in sne hour.

An average of 8 c.c. (80%) of the fluld and sodium chloride
injected was absorbed. Analysls fov sodiun chloride in the sample
withdrawn gave percentages varying from 0.6 to 1.0 ver cent, with

an average very close to (.9 pér cent.

7, Blood sugar from colouic and asystemic bléaﬁ.

The procedure is ocutlined in the followinz. The dogs wers
placed on & table and the abdomén ghaved. Blood was then drawn
from the heart, oxslated anl saved for sugar 2nalysis. 10 te 1B
c.c. of 10 per cent dextrose were injected aud the time recorded.
Forty minutes from the tine of the injection the animal was given
sther anesthesia and prepsred for a laporvatomy. The abdomdn was

¢pened under strict asepsis, through a left rectus inciesion, and
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blood drawn from the vein draining the colon loop. Blood was
drawn almost iemedlately from the heart. Doth specimens werse
ozalated to prevent clotting =nd kept for smalysis. The time
interval betwsen injection of sugar inte the coloa loop, and
aspiration of blood from the loop vein and the heurt was one
hours The incision wmas then closed and the snimal placed in

& warm csze to recover. The entire operative (ime was legs
than fhrirty-five ainutes.

A protein-fres filtrate of the blood samples was then pre-

an
sared by the method of Folin and Wa; and the blood suzar deter-

mined by the Shaffer~Hartman method as modified by Haskins and
. . B3 & 33 .
Tolbronk, The milligrans of dblood sugar corresponding

to the titration fizure wers read from the table published by
- 38
Tagking.

The blond sugar, in the blood withdrawn from the colonic-
loep vein, always exceeded that found in the blood drawn
simultanesnsly from the heart. The difference averaged 7 mill-
igrams per 100 c¢.c. of blood. A poiat of wmeh interset is the
change noted im blood sugar during ether amesthesia. In nine
dozs, in which we determined the blood sugar during anesthesia,
ve found o doubling of the bleod sugar jer cent in sight animale,
In one animal there was 20 inersase inm blosd sugar with the

anssthesis.

8. The effect of bacterisl asction on the injected sugar.
Although we have felt that the amount of dextrose lost by

bacterial asction ies iﬁaignificant for o one hour peried, we
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performed axveriments to determine this. 10 c¢c.c. of 10 per
cent dextrose was injected snd then withdram. By this oro-
ecsdure the bacteria of the colon loop were wmized with the
eugar sclution.

The sugnr eontent in & samole of the aspirated fluld was
immediately determined. The remsinder was placed in a loosely
stonpersd flask, incﬁha%ei a% 87.5 degress C. for one hour and
the suzar content then determined. Ve were unsble to detect any
loss of suzar by bacterisl astion, sinee the nsercentages of

auzar in the two samnles, taken befnre snd affer incubation were

V. Baniyveis of Resultis
1. YWater sbssrpiion.

The effect of dextrose, in varving percaunitages; of sodium
chioride and of sodius bicarbonate on the rate of water absorption
ar on the influx of fluid inte the lumen of the chronic clesed
tolon loop have beén gtudied. The reeults were definite and
striking. A study of Chart 1 and 2 shows that theve is no def-
inite correlation between the amounte of sugar and water abesorbed
from a § per cent solution of dextrase in water. Whereas there
is & positive absorption of dextrose within 10 minutes following
injection, 2 definite water sheorpilon is not evident until almost
forty minubss follewing injection. & peolnt of gajor importance,
however, 1s that with this concentration of dextrose we were

unable to detect an influx of fluild into the locp at any interval



in the absorption period, and that after the forty mimte
neriod the absorption of fluid procesdsd at & fairly constant
rate. Approximetely 50 per cent of the injected fluld was abe-
sorbed in the 90 mimute iaterval.

¥hen 10 ec.c. of & 20 por cent colution of dextrose in water
wes injected and asnirated in one hour, not only was no water
absorbed bt 10 to 15 ec.c. of flunid had émtaraé the loop in an
attampt to dilute the hypertonic smgar solution. In splite of
this influx of fluid nositive sbsorption of sugar eviden$ly
oceurred.

At the end of a ome hour absorpiion paricd an averags of
12 g.c. of fluid was withirawn after the injection of 10 c.c. of
£ 10 per cent water solution of dextrose. As wreviously stated,
the animale shawed no sizus of loon distention during the abe
sorption period and, althongh an average increase in fluid of
2 ¢c.c. was found at the end of the one hour veriod, it is evident
that the influx of #luid was nevsr large ensush to csuse marked
distention of the loen. In this series of experiments we again
found evidance of dextrose shsorntion in. spite of the negative
water balance.

Singe it had been venorted that the aldition of sodlium
chloride to 2n leatonic =olution of dextross might influence the
rate of water and swzar absoration, we nerfermed 2 seriss of ex-
nperiments injecting 2 solution containing 2.5 ner cent dextirose
and G;éﬁ per cent sofium chlarids. If the relative osmotic

pressures of the injected fluid and tissue fluids was the only
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facter influencing the absarption of water by the mucosa, we
night exopsot the rate of ﬂuﬁ.fi ahaorption to be similar to that
from a b per cent solution of dextrose in water, singe both
golutions are theopetiéally isotonie with the blood =ad tissue
fluids. This did not prove to be the case. The amount of water
absorbed in one howr from a B per cent solution of dextrose in
water wasg abwut 1.8 c.¢. in contrast to an average of 7 g.e.
sbsorbed in one howr from the dextrose-salline solutien. Either
the pressace of the sodium chloride hastens water absorption,

or the increased amount of dextrese in the B per cent water sol=-

when we note that thse i‘elativ@ percentage of the injected sugar
absorbed was approximately the same in both instances.

The absarption of water from a solution eontaining § per cent
of dextrose and 1.5 oer cent sodium bicarbonate was equally strike
ing. By referring %o table B it will be noted, that at the end of
2 one hour absorption peried, an average of 18 eic. of fluid was
withirawa afler the srevious injection of 10 c.ce of the deztrose-
biearbonete solution. The influx of fluid here almost equaled
that found vhem a 20 per cent dextrose solution was injected. We
know that the osnotlc mressure éxerted by any fluid ie determined
by the mowber of mnlecules in solution, that dextross dves not
ionize and thet sodium bicarbonate éO@z. and finally, that the
mplecular weights of the two substamees iz markedly dlfferent.
{84.01 for soiium blezrbonate avd 198.11 for dextrese.) We might

use these facts $0 explain the marked increase in fluid influx

with the addition of such a small quantity of sodium bicarbonate,



bat the results obtained by the addition of & small guantity of
godiwn chleride, a hishly ioniged salt with a low moleculay
welzht (53.45}, were sxactly the onposite as regards the fluld

abserprion
balance. In the latter case fluld.was comparatively rapid. Ve

=7

are forced to believe $hat the difference is not due $o changes

o

in relative osmotic wressures but to some effect the substances
have on the sctivity of the colon mueese.

1t woe dseided to test the rate of water sbsorption from &
third solution, isotoniec with the blood sxd tissue fluids, in
which no dextrese was present. 10 e.c. of a 0.9 per cent solu-
tian ol asdiwm chilaride mas iﬁj@ﬁted snd sepirated in ona hour,
B0 per cent or 8 c.c. of the injected Tluid was absorbed, com=-
noved to 5 c.e. from o B per cent solution of dextrose and 7 c.c.
from 2 solution containing 2.8 per cent dextrose and 0.48 per
cent sodium chloeride. Again I wish to repeat that if osmotie
aresstre were the only factor we would expect water absorpiion
%o be greateat from the B par cent solution of dextrose ami least
from 8 0.9 ner cent soiution of sodium ehloride. The exact reverse
wae found. It would seem that some influence of dexbrose on the
activity of mucosal cells tends Lo slow the absorptiom of water.

Ae wvegnrds the shsorption of sodium chloride from a 0.9 per

ent sodiwme chloride selution, the fellowing resuits were found.

L¢3

The wercentazs of sodimm chloride in the sspirated semple was
avoroximately the same se that of the injected fluid, l.e. 6.2
per eent. This would indicate that the absorption of sodiwm

chloride is comparsble to that of water.

In sumariging the above points it would seem that, (1) any
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solution condaining 10 per cent or more dextrose will actually
ﬁehy@?até the tissuse, by causing an influx of fluid into the
guby (2) thet the sddition of small guantities of sodium bi-
cavbonste (1.5 per cent) to 5 per cemt dextrose will likewise
result iz apn influx of fluid into the gut;»(ﬁ) that ssall
cusntities of fiuld {1-2 c.c.) are absorbed in sme hour from
10 e.¢. of a B% sclution of dextrose; (4) thet 7 c.e. of fluid

one hour from 10 c.c. of & solution of 2.5%

',.(N
B

are absorbed

dextrose apd 0. B¢ sodium chloride; (§) that B c.c. of fiuid

are absorbed im & similar time from 10 c.c. of 0.9 per cent
Py % i = A B TR N R o s g Shsi i s cam  wnmos 8w
OGN Chioride] 107 AL uRXBTOER, L0k 4y DOICERvish, may aua™

hibit the rate of water absorptiony and (7) finally, that
osmatic preswure relationships do not seem to explain the dif-

ferencen in absorption rate.

Je  Dextrose Absorpilon.

Before begimminga louz series of exveriments ez dextrose

absorption we wished o counvinee curselves of act tual absorption
by the mucose of the eolsn. Ve had, as pre uslj stated, nine

imized ali the sowrces of error kuowa to us. In order Yo deter-
mine whether there wae actual absorpiion the first group of ex-
veriments was performed. (Sse Tablel, and Charts 1 and 2) By
referring to Tadle 1 and Chard 2, it will be noled that an aver-

P

age of Q.07 grans of dextrose had disaspeare!

fr Ry

in 10 wmingubes, and

that the anount of sugar lost steadily inereased t¢ 0.29 Gms. or

58 per cent of the imjected sugar, at the emd of 1} hours. The
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rote of water absorption bears mo relation te this, especially

far the periods less tham and wp %o 40 minukes. IF diffusion

.a

]
o

wae Yhe only Toctor the raies of water absorption and suga®
diffusion should be comparable. They were not. Whoreas water
sheorption was not posifive matil the 40 minute period, =2 defl-
nite and steadily increasing sugsr logs wae noted at the end of
a 10 minubte perind. This is even more significent when one
snesiders that the dextrose solubtion was approximately isotonie
with the blood axd tiasswe flulde. Ae will be discnased balew,
the possibility of loss by errors ia Sechaigue and baclerial
action were cuedizeld and
hesa Tindings as inlleativs of actual absorpiion by the chronie
cloged aolon lood.

In a gansidsration of the absorption of dextrose from 10 c.c.
of & 20 per cent solution we find that the avsrags for 29 sxperi-
ments on B dsge was 0.49 Oas., or asproximately 25 per cent of the
injected sugar. It is apparent that the per cent of the injected
sugar abeorbed is much less than vhen & 5 psr cent solution was
used. The reasons for $his may be several., The marked hyperione

2 )

icily may have inhibited sbsorption %y physieal means of ssuotis
pressure relations, the capacity of the macesal surface for abser=
tion may have been evceeded, the Bload sugply to the lscp may have
been smbarpaseed by distention or there may hove been sn inhibitory
affect excited on the macoesl sells. Trom the standpoint of abe
gorpblon in grazs 1t should be noted that 0.49 Gas. of the 2 Oms.
injected wae absorbed from the 20 per cent soluiion as compared to

0.29 Gms. from a 6 per cent solution.



"When 10 ce.c. of 2 10 per cent solution was injected the
aversge absorpiicn in 25 euperiments was ajproximately 0.22
Goiss or 22 per cent of the injected sugar. This percentage is
approxinately the same as for & mC ger cent soiution. The
anounte absorbed, from the 10 per cent solution in single ex-
perinents, was reserkably constent. The highest and lowest
figures for any given animel did not differ by more than 0.00
Gm. A1l the other solutions, but especially the 20 per cent
dextrose solution, showed less constancy in the absorption rates.
This fact way indicate that, when considering sugar absorpiion
zlong, this volume and percentage of dextrose mey be the least

objectinonable for studying the comparative absorption rates of

The presence of 0.45 per cent sodium chloride in a .6 per
cent sslation of dextrose did not seem o inerease the percentage
of sugar absorption. 40 per cent (0.10 Om.) of the dextrose was
absorbed in & one hour period as compered with 68 ver cent of the
E per cent solution of dexirscse in water. Both of tiase solutions
are apprexiuately isotounic wiith 0.0 per ceat saline.

1.5 per cent sodium bicarbonate im a § per cent dextrose

1

gsoiution resulted in & lowered rate of dextrose abscrptiom. In

5 experiments an average of 0.15 Gu., 80 per cent «f the smount
injected, was sbsorbed 1un one hour. 40 per cent of the saline -
dextrose solutioun and 58 per cent of the & per cszni dextross
ssiution was abgorbed in the same period of %Hime.
In sumsarizing we may state that: (1) the optimal percentage

of dextrose solution for absorption of dextrose probably lies



somswhere between 5 and 10 per cent, {2} the absorption from &
20 per cent solubion is higher lm graus sbsorbed but lower as
regards percemtage of sugar injected than for any other soli-
tione tested, (2) the smounbt of absorption varied considerably
woen & 20 per cent solution was used, (4) the addition of sodium
chloride in isotowic solubious spparenily does not flacilitate
dextrose ateorpilon, and finally, (5) that the addition of

gamll guentibties of sediuw bicerbommis o a & per ceut suger

golution resulted im & diminished rate of suger shsorntion.

Se BRelation of loop size vo amounit of absorption.

Phis relationship has been ianteresting nnd very constans.
Tog nunber 7, whose loop abeorbed large quantities of dextrose
(Table 2) Iad = loop 1Z.6 cme by 2.6 en. Thie was noted at
opsration and confirmed at post. The loop of dog wmumber & was
reasared ut post and fouwd 1o be 12 cm. by 2 euws In table 2
this aniwal sbtands nexbt below mumber 7 in tls number of grams
ahsorbed. Next highest in abscrption (ITsble Z) was dog number
10. The loop was found at post to be § au. by 4 cms in dimen-
sione Dog number 9 has consistently shown & low abeerption rate.
Athough this Gog has mot teen posted, we koow ihat she has a
very small loope Tne si:e has been noled when operating for
veattachment, wod when fluid in excess of 12 ¢.c. ié forcibly in-
Jecbed definite signe of loop disbention are noted. The loop
of dog number 17, when rewoved, measured b by 4 om. ¥This is

approximately the same size as the loop in dog number 9 and these

two dogs compete closely for the lowest absorption rate (Table 1).
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Dogs number 18, 21, and 22, have not been posted but cbser-
vations at overation and during the injection of varying emounts
of fluid seem to indicate 2 close correlation between loop sizes
and absorption rates. These observatioms would seem to indicate
that the amount of sbsorption ie in direct preportien to the area
of the loop mucesa. The same relationship has been noted as re-

gards fluld sbsorption.

4, Compnrizen of Absorpntion in the Lower Ilewm and in the Colon.
In arder to compare these more accurately the fellowing
table is given. These are partially reproduced from a paper

provioualy publiched by Burget, Moore, and Llayé.§1

Pable VI

Results of Hepeated Txveriments on Individual Doge Exvressed as
Crame of Dextroee Atsorbed by Closed Ileal Loovs in One Your from
10 ce. of & 20 par cent Solution of Suzar.

Dog &1 Dog 131 Nog 132 Doeg 136
0.98 1,01 1.2 1.03
0.97 0.37 , 1.11 Ued?
0.99 0.85 Q.74 0.72
0.77 B:78 0.73
0.92 0.66
Average .58 0.90 0.91 0.86
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The average aﬁount of dextrose absorbed for the four
doge is 0.91 Gme. ccmméring the abacrntien in one hour from
10 ec. of 2 20 per cent dextrose solutior in the coloen
{(Mable 2) we find that the absorption rate ig mubh higher
in the ilewm. An average of 0.49 Gms. being absorbed by the
“eolon looo and 0.91 OGms. from the ilesl loop, the colom loop
absorbing 53 ver cent of the amnunt absorbed by the ileal
loop.

In comparing the relative sbsorption from 10 ce. of a
10 per cent solution we find that the low ileal loo»t were
repcrtedgl to sbasordb an average of 0.52 Gme. as compared
with 0.22 Gos. by the colon loop, as reported in this paper
(Table 3). That is, the colon loop sbsorbed 41.5 per cent
as much dextroze from an identical golution in the same time
period.

The above comparisons would seem to indicate that the
abaorption of dextrose, under these conditions, ls twice as
racid in the lowsr ileum as compared with the transverse
colon in the dog.

In comparing the relative influx of»flui&s, when these
two slutions were used, we find that when 10 ce. of 2 20
ser cent dextrose was injected that the averaze influx was
19 gce. in the low ileal loop and about 12 ec. in the colon

leon. With the 10 per cent solution the increase was 9 cc.



45

for the ileal and 2 cc. in the colon loop.

Fither water is abeorbed faster by the colon o6r there
is 2 much greater initial influx of fluld inte the ileal
loop. The amaunt}cf fluid increasge in the ileal loops varied
from 6 to 20 ce. whereas the influx inte the colon loops was
very constent. The small intestine must be much more sensi-
tive to changes in osmoﬁic relationship and to irritating or
inhiditing factors. This relative stablility of the colon has
been noted in all our experimental studies on absorption.

Ae final evidence of positive almorption we should azain
draw attention to the experimente where the blabﬁ gugar from
the looo veins was compared with that of heart blood during
an absorption period., As previously stated, we have formerly
found an increase in the bleod sugar from ileél loon veins as
compared with that from the heart, and demonstrated this diff-
erence to be dus to levulose absorbed from the ileal 109@.32
Seven experiments were performed. In the experiments reported
in this paper we found that the blood sugar from the colon
loao veins exceeded the amount present in the heart's blood
by approximately 0.008 Gm. Suser must have been entering the
mesenteric veins from the loop. This small amount of sugar -
was »robably removed by the liver.

In interpreting the conclusions given below, and invtha
application of these interpretations to clinical therapy on

humans, one must remember that the absorntion by the larsce



intestine of the dog may not be similar to these activities
in the humwan. These conclusions are the result of experi-

- - - [ SRy, PO, S | PR IR YT O N - a smaw oyt
u the dog and should be inlterprstabted as such.



Conclusions

1. Dextroes ia sbzorbed svoroximstely ocne half as fast by the
transverse colon as by the lower ilesum.

2. The optimum abaorstion of dextrose by the colon is from solu~
tions between 5 and 10 per cent in strength.

3. Ths addition of small amounts of sodium chloride does not
facllitate the absorption of dextrose.

4, Sedium blcarbonate in the amounts used retards the sbsorption
of dextrose.

4 b definite water influx occurs when snlutione containing 10
per cent or more dextrose are used. This undoubtedly produces
tissue dehydration.

6. TDextrose, in percentazes as low as 2.5, inhibit water absorption.
s Small cuantities of sodium bicarbaaate‘&dde& to an isotoailc
suzar eclution result in a marked influx of fluid into the gut.

8. The cptimal solutior for water absorptiom is a 0.3 per cent
saline solution. | |

9, The suall intestine is more sensitlve %o chanzes 1n osmotic
relationshin, aﬁd irritative, or luhibiting factors.

10. The svstemic blood suzar is not a true index of susgar absorp-
tion from the intestine.

11. The sctlon of the bacteria found in the closed colon loop on

dextrose, is mot siznificant for a ome hour period.
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12. If we can apply these results to clinical application, two
types of enemas should be used. A 0.9 per cent saline gneme should
combat dehydration most efficiently, whereas a dextrose solution of
about 5 per cent should allew for a2 maximum of dextrose absorption.
Where dehydration is to be prevented the use of dextrose enemas is
not advisable.

13. The practicability of the chronic closed colon loop for study-

ing absorption has been demonstrated.
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