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THS ABSORPTION OF SUGAR ALCOHOLS FROM OLOSZED THTHSTINAL
LOOPS IN DOGS WITH A METHOD FOR THE
DETERMINATION OF THISE ALEOHOLS

PART 1

A HETIIOD OF DETERMINATION OF SUGAR ALCOHOLS

ANTRODUGTION

A numbor of differont methods have been used for the quantitative
analysis of the various polyhydroxy sugar aiaohais. Gravimetrie, iodi.
motrie, and polarimetrie methods have all been used. The former has
boen employed chiefly to determine sorbitoel in‘fruit wines by preeipi.
teting as hexa-acedyl sorbitel (1), debenselsorbitel (2), hezabensoste
(3)+ & ferric barium or ﬁariie sodiun complex (4), or as the ehloro.
benzaldehyde (5}, The grarimatria‘mm%hed is not aprlieable to rapid
routine analysis of the sugar aleohols or for use with minute quanti.
tles. » v

Polerimetric methods utilize tho effect of different substences
upon the optical properties of the_nlﬁohals. Vothods have boon dos.
oribed using sodium meteborate {6), alkaline sreemsus oxide (7), and
ecidic emmonium molybdate (8). Such methods are mot readily applied
to physiologicel solutions.

Quantitative lodimetric deterninations are based on the redusing



power of the sugar aleohols. The periodates (2), and periodic neid
and alkeline periodates (10) heve been used as oxidising agento im
this method. Thesme procedures are not desirable for the proseunt study
due 4o the sust of periodie acid an&lthﬁ‘iaﬁgﬁhy procedure involved.

 Another lodimeiric method employs am alkaline aelgtion of pgﬁua«
siun mercurdc ifodide for the determination of megmitol, iﬁ@ﬂi%@l, and
duleitol (11). The excess iodine liberated in the remetion with the
suger aloohol lg titrated with sodium thiosulphate. In provious work
in this laboratory it was found that $his mothod gould not be used
for soourate detormination of small quantities of gorbitol such as
were t0 be detormined in the physiologioal work ae presented later in
this thesls.,

Ag none of the ebove procedures could be readily used in the

prasent study it waa desirable to develop & rapid and secournte method
whioh could be epplied to ninute quantities of the various suger ale

eohols im physioclegical materials.



DEVELOPMSNT OF A METHOD OF DRETARMINING
SUGAR ALOOHOLS

Bagis of the Method

The method used for the determination of suger aleochols ms proe
sented in this paper is based on the Hagedorn and Jensen glueose
method in which en alkaline potessium ferrioyenide solution is uged eag
the oxddising egent. During oxidation of the sugar the amount of po.
tessium forricyanide that is redused to ferrosysnlde ls proportional
to the smount of glucose present, and can be measured indirecily by
detormining the smount of unchanged pofessimm ferrieyanide remaining
aftor completion of the reaction. The unchanged potassium ferricyenide
liberates iodine from an acid eolution of potessium iodide. To pre-
vent roversel of this reaction when the mixture is moidified szine ace.
tato is ndded and the ferrcoyanide formed is precipitated as & zine
salt. Affor addition of potassium iodide and acid the liberated iodine
is titreted with sodium thiosulphate, giving & value whish is ;ropor-
tional %o the amount of unghanged potassium ferricyanide, and this in

turn nessures the smount of glucose oxidiged.

digi @5

The first step in developing the present method was to find a

sadisfactory oxidising agent. It was known that an alkaline solution
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ono necessary for oxidetion of sorbitol. Sorbitol is not affected by
the ordinary copper reagents usa¢ in the &etarmdnatian of sugars. The
firet reagent chosen in work previously carried out in this laboratory
was & solution of mersuric aﬁataia, potassium lodidey and potassiunm
iodete in 5 N sodium hydrozides After heating sorbitel with this
reagont the solution wes eooled and aoiditigd with concentrated hydroe
chlorie acid and the liberated iodine titreted aguinst potaseium thio.
sulphate. The titration difference given by this method was only la2
mles por mg. of sorbitol. With sueh a small difference minute quantitios
of éérbitol gould aot be determined securately. The mothod was, there.
fore, discontinued., |

Alkaline potessium fevriaynﬁide gng then tried =2 the oxidizing
agente The following equations iﬁdia&%g the reactions involved when
sorbitol ie oxidized by this methodie

(1) E, Pelam), -+ Sorbitel ——7 Glucose or eiher sugars —

—> Organie geide + K, Pe(OW),

(2) K, Po(oN), + 2m(0,8,0,), ——> Sa,Pe(ON)) + 4KG,Hs0,
{s) OHz000H + KI — MI + KG,H;0,
R,FolON), + 281 —> I, + K No(OW), —+ off

(4¢) 2m80, + 1, — HB6,0, + =X
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In ronstion (1) the exuot produst of tho oxldetion of sorbitel 1s net
known, but glucose or other cugoy is prodbably formed o2 an intormedinte
produet and moy be used to illustrate oxidetion of the suger aloebol.
The ferrocyenide formed during resotioms 1) amd (U} 4e precipliteted
ae sing enlt by addition of sine soetate oo shown in vesotlon (2).
Tais prevente reversel of reastion (3} when the mimture is coldified
oo sine forroeyanide is inseluble in moetic meid. The umchanged pow
tasuim forrioyenide reasts with the eeldified lodide eolution as
shown in reaction (3). The resetion that otours whem the 1libornied
fodine is titroted with sodiue thiocoulpheate Se chown {n resstion (4},

Throughout the work on suger aleohols sliquets of kbown oolulione
af the aleohols wers mescured imte suger tubes by mouns of a & ml,
Ootwald.Polin blood pipotts. ALl sesples were rua in treiplioete.
T™hree ouger tubss contelning & ml. of distilled veter wore run es o
blank with eseh sot of determinations. Te the suger fubes sonteining
the known axounts of suger sleohol and the wator blasks ene sdded o
dofinite emount of oxidising reagent by moamn of en Ootwald.lwlin
blood pipette. The tubes were closed by coaled glacs bulba and plgmﬁ
in o bolling veter bath for the roquired peried of hoating.

Tho potoseiun forrioyanide rengent used was o 0,78 peroent oolu.
$ion of potessiuwm rmivymu in 2.5 ¥ godiun hydroxide. This onl.
diging roapont was added o allquote of sorbitel solution in sugar
$ubes mnd honded for forty five mimutce. Tt wen later fovad that e
thirty minute beating poriod was ouffiefont. After gooling, & wolts
$ion of 20 per cent sing sulphate and 10 per cent potaselum lodide
wns odded and the mixture aoldified with glaciel seetis neld, This



mothod wag ﬂaq diseontinued ns the potassium ferrigyanide solution
wee not stable end the weter blanks vere found 0 use gradually lese
and lesu $hiosulphato. | '

| A a.%m wan made to wr‘i out a colovimebrie method., Sorbitel
van first oxidised uﬂh a mltmon eontaining 0.56 per cent potmim
fmtwmu and 15 por cent soddum ehlordde in 2 B godium hyd:mms.
The ferroeyunide produced in this resction was gonverted to Prusefan
blue by the sddition of en excese of ferrio irom and the w}.&r mongurod
againet @ rhnﬁlrd solution in a mlarﬁ.m«. The wethod was diamn-
dinved en it e not pmmu to dawlox& a satiofectory color by this
reaction.

VW!&O ways wero then tried to stabilise the potoselum faﬂﬂ..
wmdda N’Luﬁm«. The total alkalinity of the eclution ves veduted.
065 por oont potaseium twriemidc end 15 per cont sodium suiphate
wore mnl-u wp in 2 N .aoaim‘ hyﬁmaiﬂm | T™he eodium pulphate wves edded
$0 redute the soludility of oxygen in the rvoogont snd thup provent ite
intorforonce with oxidation during hoating. Tis reagent did not give
sonptant MM for warying known emounts of sorbitel.

All reagents used were of reegest quality but it was poseidle
that troses of dmpurities In the reagente or in the distilled water
night sause sowe olight reduction of the potassium ferrieyanids te
forroayanide. To eouupensate rqé sueh a roduotion 0.1 per tont poe
tacsiun forrooyunide eas added to the sclution of 000 por sent poe
tassiun forrioyanide and 15 per cent sodlum pulphate in 2 ¥ godium hy.
droaide. Ny the mass aotion effest the seall smount of potessiue



forrotyanide might prevent serious ohange in the total amount of

ferrioyanide present in the reugent. This ferricyenidoe-ferroeyenide
roagont wes found to be unsteble ofter sterding wore them o woek and
6id not give conptant titration waiues for known amounte of sorbitol.

It wao thought that decomponition of the peteseium ferrieyenide
might ba responsible for the vardetions in titration valuss. The
ferrioyanide redical slowly decomposes in the high alkalinity of the
reagont uith the produgtion of ferrie hm. After the reagent had
atood for soveral daye o fine prosipitate wee moticed on the bLotiom
of the reagont boitle. On filtering off this precivitate 4t was found
to sonsiet M' forrie hydroxide. ™ suppress theve ferrie fono gedium
fluoride, mtmma fluoride, potaseium omalate, ard godium pyrorhose
vhato wore onoh in turn mdded to the slkeline ferrieyenide oxidlaing
reagont. The use of sodium fluoride fo form unionized ferrle iron
gomplenos e not mew. Tome of tliess salts odded %0 the reagent ine
ercaaed ite otablility aor were the titr@tﬁm valuoe for known escunte
of sordbitel more aonstant when any of these salts wes added.

Te elisdinnto the error that night arise es o Hnul.t of the oxlda.
$ion of sorbitol by the oxygen of air the renstion tubos were olosed
by rubber storpers cerrying aboud 12 mm,. of capillaery tubing inetead
of by the oustomayy glass bulbe during the heating und vooling provosses,
The rubber stoppors wore firet bolled in potassium ferrioyenides solue
tion for twonty minutes. Mo spprooiedle sdventape wes soted vhen
rubbor gtorpers replaced glmes bulba, Further sttenris to reduse

oxidation by the oxygen of elr !noluded covaring the eurfuce of the



solutions in the sugnr tubes just before heeting with a thin leyer of
toluene, of mineral oil, and of paraffin. The toluene wee found %
intorfere with the end point during the titration with sodium thioce
sulphato, Ueither the minernl oll mor the paraflin redused the var.
fations in titration waluen.

Gldrio eold and phosphorie aoid vore each used to coldify the ome
idized sorbitel solution after ceoling. Tho results obtained were une
sablefactory and slmilar to thoso obtalned whon acetie nold was used.
I% was not possibvle to0 use any of the mineral acids ap they seuded too
mioh fondsation of the aino ferrooyanide compound formed on mddition
of the fodine.usine reagent.

gding-3ing leagent

Varying wsounte of Ii'ulll atatate end potaseiun iodlde were used,
I8 wae found thet 1 ml. of @ 16 per oeut sing asetate eolution was the
minimun amount thod oould de used to remove the ferrocysnide from the
reagtion mixture. The propertion of sine seetete to potessium lodlde
wes algo found ¢o have a dooided effect onm the sharpsess of the ond
point. At firet these two solutions were addod separately. The sine
agotete solution was added to the evoled, oxidiged soerbitol mixture,
Some ferrieyenide was found to Yo eerried down with the preslpiiate of
sino forrooyamide, but the forrioyanide redigeclved on eddition of
gloolal sootie acid. The potessius fodlde solution was them added,
and $he Lodine iiberated by the ferrieynnide presest wes dstereined by



titration with sodiun thicsulpheta, 74 was foumd thot placiel aeetie
acid oculd not be ndded before preoipitating the ferreeyenide ce a zine
sait. Yhon glasinl acotic neid wne odded direatly to the ocooled, oxie
diged sorbitel aselutiome smell wmount of ferrifervesyanide, or Mrucolea
blue, wne formed whieh interforod with tho detormimaiion.

To simplify the prooedure o smolution of 12 por cont potopsium
iodide ond 15 per cent sine acotate wos wade up togethor end added %o
the oxldiged sorbitol solution bdefore seldifying. Thio proved eatipe
fostory. 10 per cent sodium sulphete wee addod to the poteseium
fodidp.nine acetate solution, bubt se thie vae of mo v@lue it vas later
onittods T furthor simplify the procedure glacdal scetiec soid wes
ndded to the poteselumn Jodide.sine weotete reagont in the proportion
of 1) and immodiatoly edded to tho oxidised sorbitel salution. This
eliminated the mecessity of pipetting eash solution separetely cnd was
found to be oqually seticfestory. It wes mecoagery o upe this acidi.
#10d roagont immodiatoly cp io0dino was found to de liborated slovly &f
the solution vus allewed to wiand,

Beagtion Time

The mothod used up t0 this ¢ime still gave considerabdle wariation
in the titretion waluos for sorbitol from day to day, end the reagenis
used vero not stadble for vore than a fow deye. 7Tt wee them found thed
porbitol wns oxidiged slowly by the elkaline ferrieyenide rengent inm
the oold. An epprecisble titretion difference wes found aftor alloving
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sorbitel to stand J adnutos with the roagont ut roon tomperature,
In running a series of ? ¢0 12 tubes or more, songidereble time was
ponpumed in pipetting the roupent inlo sush tube. Ry the time the
lact tube wep oharged with the reegont and reedy to pleog in the weter
bath the firot tube containing sorbitol and oxidiszing reagont hed
ptood at roon terporature for 10 to 15 minutes. During this time oxi.
dation of the sorditel had bean elowly proceeding In each of the charged
tubes . |

T control the time of reaction of sach tude, potapsiun forriey.
anide in water solution; and sodium hydroxide were cdded soparately.
Yo rosstion occurs betwoen sorbitel and a weter solution of polussiun
ferrieyenide and 1t wus, therefors, pousible to oharge onoh sugar tube
sontaining sorbitol with this resgont and let sll of the tubos stand
vhile the mext ostep was ocarried out. Immodiately after addition of
the slkull oneh Sube wao plocod in the water bath and the time acoun.
ately noted, o thet the time of resotion for eath pugar tube wap oNe
actly the same. By thus condrelling tho resotion time eatisfectory
titrotion sheoks wero obdoined in dulpligate Mp;ln and there was lese
variation in the valuow obiained from day to day.



PROGEDURE

The foliowing procedure was used for the detormibmaiion of corbie.
f0) and other suger alechols in tho sbsorption studies reported loter
in this thoslole

lseconts |
e 1.08f potageliun forrioyanide
13, &7 sodiun sulphato in 3.33 W godium hydroxide
31, 15% pinc ecedate and 127 potnseium lodide iv oombined solutiom
IV. glecisl anetio asid

?Fm ougar tubes were oharged with § ml,. of corbditel solution
eontaining 5.1 0 0.7 og. sorbitod por & ml,. solution, by wenns of a
$ ml. YotwuldePolin bdlood pipotte. Threo veter blanke wors vun gimule
tancously. 7o osobh ouger tube wos added & ml. of Reapent T weling o 3
ml. OptonldeFolin blood pipette. & ol. of Reagent IT were quickly
blown im from e § ml. OotweldeFolin Dlcod pipette, cherging 3 tubes |
et o tine. Sach of the three tubse vap govored with a sealed glaoe
bulb, mised by latoral sheking snd all threo tubes imnedistoly plased
in & bdoiling wator buth. The time roquired to fill threo tubes with
Reagent 1T end pieoe them in the vetor beth did not execed one minute,
Aftor heeting the roquired timo, ench sot of three tubow wee plunged |
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fmsedintely dute o bath of cold waler snd cooled Jor five minutos.
Reagente 377 and IV wore mixed in the proportion of 15l. & uwls of
this solution werc adied to esoh tube, blown im repidly by weans of &
fest flowing & wi, pipotie. Bnobh tube vas mixed by laboral sbaking.
Aftor five vlnutes the excess fcdine wue titrated with 0005 N sedlum
thlosulphetes with a fow drops of starch indiostor added mear the omd
point.

With the rosgent snd coaditicns sbove, U og. of sorbitel prde
dueed o tSéretion élfference of 0,57 ml. of 0006 ¥ thlosulphate. Haoh
mle of titrotion Qifferonoe would them roprosont ©.3/2.8% or 0.116 ng.
of sorditel. The feotor 0,016 was used o0 saleulete the smount of
sorbtitel prosent ia solutions that gave & titration diflecense of @ 0
§ al. Du5 mge of sorbital gave o titration dffforsnve of 4.17 ul. of
0005 ¥ thiosulphste, or o factor of 0.5/4.17, or 0120, The factor
0,120 vay used to a-déﬂatﬁ the smount of sorbitel present in selutions
that gave o tdiretion difference of 4 to 5 ul.

then mennitol was detormined Ly the abdove progedure 04 mg. of
munndtol gave s fectar of G.uz. and 0.5 mg. geve a fastor of C.115.



DETHREINATION OF SUBAR ALOHOMLG IN
FHYTGIOLOBTOAL BOLUTIONG

Ireginitating Aont

To apply the serbitol wethod do phyelologlosl work it weo note
epsary d0 remove interfering reducing substontes ap wuoh as possible
from the phyelologiosl solutiong by some sulteble precipiteting agenmt.
A 3¢ per cent melution of mereurie culphate in 2 N eulphurie sold
vag ohosen and ite oiiect on suger aicochoio detormined by edding id
%o known smounts of eorvitol and mannitol in wator moiution end neu.
trelising with golid bariun garbonete.

Irogeduxe |

§ mle of meroury sulphate reagont were added to the solutions
of sorbitol or mannitol of knmown gonvcendredlon and wimed by shaking.
The solution woe neutrallised by adding about § gm. of berium asrbons
ato. Tho flask wes thoroughly shaken o dlow off earbon dioxidey thenm
phoppered and shaken gautiousiy, relessing the estepper often, wntil ne
furiber pressure doveloped, and the mizture was no longer aeld to blue
1itmus,. If receocory additiomal berium gardonete was added. The mize
furo e filtered through coarse paper. 1 gm. of sime dust was added
for snoh 10 ml. of filtrete for the vemovel of all treses of moroury,
and the scletion carefully filteroed through Yo. 2 Vhatman peper,
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Doterminations of the sugar aloohol wore run om aliguots of this
filtrate. Tablo I ghowa the recoveries obiaimed aftor treatuont by

this provedura.
TANEE X |
Revovery of Serbitel and mt-e after Trountoent with

= i - L. [ -y, ¥ s Bt & ARG r M
~iGs SNcar Algchel Jhialml. golution Segovery
v Sorhitod 89 106
o @ ;

. Lo !

1007 Average

wd  Hamnitol 6 1io
5L  Muonitel 50 P0G
84  Wamnitold 100

10 .67 Averace

Sinpe the recoveries of sorbitol and mamnitol vere sufficlontly
sosurste for our purpose the moreury eulphate precipitation was used
on all phyeielegical eolutions befsre unalyeis.

Foown ssounts of esorbite) and mannitel were wdded to urine and
detorminations pade on the solutions after treating with mereury
suiphate rougont. The following procedurs was usedt.
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Zragedurs fop Uring
Sodutien I

10 mls of urine wore mixad with the eppropriato volume of
ougar alechol solution of known ocomventratlon and thle troated with
15 ml. of mereury sulphate. The valune wes made to 100 ol, and affer
ehaking thoroughly the mixture wvas noutralised with 24 gnm, of barium
earbonato and filtered., 2ive dust was edded and the soludlon il
tored a8 in the previous procedure. 10 mi. of this fMlitrate wore
diluted to 100 nl. in & volumetrio flask.
Solution XX

As not all of the redusing subetences in aﬂng ere removed by
this mothod it wmo noocessury ¢ deteruine the reduetion wulue of
urine without added aloohel to bo used as o aa?ruﬂnfs. The wrine
solution sue propared as followsis T 10 ml. of urine wee odded 70
mil. of dlotillied water and 15 ml. of moveoury sulphote reagest, The
mixture woe noutrolised with bariup carbonnte and troated vith sine
duat oo sbeve. 10 ml. of the final filtrato wore diluted %0 100 =i,
in & wolunotrio flook. | |

fieduotion enluse on aliquote of Solutlone T and XTI were dulormined,
The emount of redugtion givesn by Jolution I wao due to sorbitol plus
the redusing eubstances of urine. The reduetion by Solutlien IT wme
Quo to substancos of urine alone, ond gave a titration differonce of
1% 2al. of 0008 ¥ thiosulphate. To deternine the serbitol rresent
in the arine solution the titvetion value given dy Solution IT wee
subtracted from $he value for Solutdon I. Tule figure represenied



the reduptdon due to the edded sugur aleohol.
Table IT giveo the pergentage recoverice of added sorbitoel end
mannitol from wrine solutiong treated by the above prosedure.

Par oent

Avoroge BT 9677

The results of the serics of experiments showm in Teble IT indd.
sats that sorbited end mennitel in urine can be deternined Yy the
method with an acourncy of about ten por sent,
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Known emounts of sorbitol and mamnitol were added to blood and
detorninations medo on the mercury suilphate filtrates. As blood fil.
trates give nvtiﬁratianvdiffarénut of 2 to 3 ml. by the method 1% was
necessary to rua determinations on blood and blood prlug suger a&aghai.
The taliowing progcedure was usedi.

Solution I

3 ml. of blood and 84 ml. of distilled water were treated with
é ml. of mercury éalphata. The ﬁixtura wes shaken théraughlyﬁ noutram
ligod with about 7 gn. of barium carbonate, and filtered. Zine dust
was addod and the solution flltered.

Solution II

Knowa amounts of sorbitol and mamnitol containing 1 mg. of puger
aloohol per ml. of solution were added to blooed and appropriately dile.
uted with vutpr. Heroury sulphate reagent was mdded in volume equal
to that of the blood used. The solutions were néatralixad with bepium
earbonate and treated with zine dust as above.

Rﬁduqing values of 5 ml. aliguots of Solutions I and II vere dew
tormingd, The difference in reduction between Solutions I and II

wag calouwlated ms suger aleohol.
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Table YII gives the pevosntoge resovorise of sorbitol and manni.
tol from blood after treatment Yy the sboye protedura.

Gonsiderable variation was shown in determinmationsy of sorditol
and mamnitol, The meroury sulplete recgont sws epparently umeatic.
fagtory for use in Blood selutions. The total dilutdon of Wleod and
the amount of ouger aloohol added are both importunt feetors in the
detorniuetion, Vore work s needod bofore the method ean be
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suoseasfully applied o the determimstion of sorbitol or the other
sugar alochole iu bleod.



PART XX
TS ARSORPTION OF SUGAR ALOOHOLS FROM
gLOBED LOOPS IN DOGH

ZIZR0DUSTION

Rooently some of the sugar alochola, sorbitel and mansitol
notably, have betone aveilable in quantities at o lov price and vovw
hitel hog boen found to be an effisfent physieal diuretis (12).

Othor work in thia laboratory has ahown thet porbitol adminiotored
erally causes an isorease in the liver glycepen of facted rats. In
view of tho imoreusing imterest in the physielogy of tho ougnr alote
hole a study of the rates of intostinal absorpiion of theoo somp-unde
in gompmricen with gluccso wes undordaken.

A groat deal of work hes besn done on the rates of sbeorption of
various ugnrs frem the intestinmel ¢ract. Gort in 3928 (13) nede n
study of the rates of absorption of homosee amd pontooss uweing the
whole intestinel tract of rate. He found that 80 por cont golublons
of the hexoned tw gluocee, galadtoss, fructose nnd DADROSD - are ab.
sorbed fram the intestinal trest of rate at o rale whioch s constant
for ooch sugar. The following order in the vete of absorpiion wae |
foumdte gelactose ) glusvse > frustose > mesmove > xylese ) erubinose.
Sord also found the rete of ebsorpiion to b independent of the
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absolute amount and alee of tho concentwetion of the suger present in
the intestine (14).

lingeo and Redd 15) studied the abecrpilon of gluscse from $heo
slimentary osnal in the raty ont, and rabbit and found o 005 ¥ 8olte
tion to be tho optimal comventratios for ebsorptien of plusose by
the living enimnl. They found this to be the optimel convontration
for emecioed lntostine ne well. They advapced the thoory (het golue
tione stronger then 0.75 I were diluted to appreaimately thls conoome
tration before the bulk of the sugnr was propelled inte the dvedomum
and abocrbod. |

Ravdin, Johneton, and Vorrison {i6) ueed the modifiod Thiey loop
in the unancothetized animol for study of the absorption of glusose
fron the imtostine. Thay found the vate of abeorpiion of glusese
from these loops woa dependent in lerge messure on the concentrntica
and volume of the solution used) Mnutag emounte wope abeorbed with
ingroasing sontonirations of glucooe. Imorousing the volwmes of the
same comoomtration inoreasod the tote} smount absorbed. Then the
emount of pugar absorbed wes plotted egninet tive no iimeer rolation.
ohip sculd be demonstruted, ‘nny found the amount of glusose abaorbod
in imorensing ti-nﬁ r»wiaﬁ was dopendent on the mam’&m%iﬁ# and vole
e of the solution prosent during smy given poried., Thes the volume
sk muwtnu.én of the solutlonn intproduced into the loop word Rept
constant and the tice intervel inmoronsed, mo limear rolatlomship bHow
fueoon {time and the amount abmhd eculd bo dewnstruted. Trom those
studies they soveluded thet abmorpdion from jejunmel locps io affocted
by bosh the gomcentration and the volume of the solution In the
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sogment ot auy time period., "hon solutions of glutose varying in
conaentration from 3.6 40 50 por cont woro plased in the dog's
stomach they found the vomcontrations of the solutiona rovovered from
the jejumm ond fleows: at the ond of one hour to be remarkebly constant.
From those omperimemis they folt thet it vae impossible to sompare
data obteined vhore the geotre intostinal treot ip used ae & whele
with that obtained from o single sogment of thie unid,

ly introdusing gludose directly into the intestime of the dog
and sontinuouely maintaining on sxeovs of sugerat thet location,
Trimble and Maddook (17) found that the rete of sbeorptisn is not lae
oroased beyond the maximum obisinod when the cuger vas given by meuth.
They 414 not fisd a 0,75 ¥ (13.5) sslution to do the optimal cve Lor
absorption of glusove by the living snimal, contrsry te the roports
of ¥agoe and Resd (18),

The relative cbaorption rates of glusose and fructoss wore dow
tordined by Dupget, Moore, end Llopd (18), ueing three differemt
methodes tho olosed indostimal loop im doge (19), (20} loopo of
snall intestine of ancethetised rabbite; and the gastro.intantinel
traot of pormal vets, Tho results of all three metheds were in elose
agreomond) giuecse wes abeorbed olightly meve vepldly than fructcse.
The oloved intectinel loop ap devised by Burget, Vartaloeff, Ouskow,
end Thoraton {ﬁﬂh {21) provides & method of studyimg ahsorpiion
using loope that are viable, in ¢ normal envirommeni, and that can
be used repestediy. The unsboorbded reelduo of selution inmjected
in80 guoh losps was found to be vecoversble to within epproximtely



1 ml. of ite ftotal wvolume 19), In & leter study Purget (22} found
that repeated sxperimente on the olosed loop of the same aninmel,
using constont conventretions of sugnr, showod quite gonetund row
eulta. | |

In the present sltudy 1 wao deoived ¢o make a somporison of the
ratos of intostinel abeorption of mugar elechols axd glucoon. Mas.
aush.no the various investigators ere mot fully inm sgreenont as 4o
iheo possibility ¢f comparing datn cbtained by difforent meibods It
wne negoseary to choose one mothod for use throughout the study.
T™he olosad intestinal loop in dogo wae the vothod chosen as thece
loopes barring compliestions, have boen found to remein normel lilsto.
logieally and physiologieally, and they digest and absord food sube
gtances at norsal rates (21), The doge com be kept alive for periods
of fwom soveral monthe to more than o year by propor enre of the leop
end the same enimol can be used for repested experimontation.



PROGSDNRT
ibsorgtion by Doz loopg

Injoetlon of the suger slechsl solutions into dog loops mid ree
movad of the solutions after the porded of ebsorption wore dono by
nadors of the Fhyslslogy Departmsnt. Noulmoloswlar solutfons of the
gugar alochols and glucose wore used for ccopariecn. ™he dog loope
wore tented for distention before sarrying oub oseh oxporimont and
usod for absorption only when they wars found $o de freo of fiuid,
fefore injeoting the solution ¢o be tested the lop wao weshed with
wary footomie enline. 5 or 10 mwi. of the sugar aloohol soluiion,
doponding on $he niiw of the loop, were injeated by hypodernie inmte
the Yoop. Aftor onme hour the loop wae aspirated snd waohed with
worms leotonte seline thwree times. o sspirated metorial and saline
waahlage Hﬂi curefully sollected and detorminetion of umabsorbed
ougar aloohol made on thic matoriel,

The loop gontents wore diluted to 100 ml. fu & greduate, 00 mi,
of dlotillod wter and 10 ml. ¢f meroury eulphate rengont vere added
%0 10 ol. of the dilubed loop sontents, After mining well the solue
tion cos noutralised with sbout 19 gm. of barism corbonate and flitered
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through goarse paper. One gme. of sive dust weo ndded to the fila.
trate for each 10 mi. of solution and the mixture carefully filtered
through Yo, 2 Uhetman papor. 10 ml. of this filtrete weve dfluted
to 100 ml. in & voiuwnetrie fiask and detormination of sugur alechol
mede on § ml, aliquots of thie dilution,

Yhen 1% was nescssary to proserve the loop contonte for o fow
hours or & doy & fow drops of tolusns were eaddad aud the solution
kopt in the oo tox. T romove the toluenn bofore meking the deters
oinstion the leop contents wore diluted teo 100 ml, end 10 wl. of this
daiution earefully pipetted, passing the pipette through the surface
loyer of tﬂm. 80 ml. of diotilled water vere ndded %o the 10 ml.
of loop comtents end molet air vas blowm through the solution until
all odor of toluens wes removed. The solution was then troated as
in the prodedure above.

Upon soversl occasions ealine loop weshinge weve treated by the
shovo procedure and gave no redustion. Added sorbitel wee yoouvored

guantitatively from them,



ARSTLYS

Table IV gives the absorpiion of corbitel, glucose and erytiwis.
tol by the looy of Dog #1 in o series of ewperimente carriod out in
provious work ia this laboratory.

PTARLE 1Y
Absovption of Sordltoly #luevoe, and Wrythritol
e 0 l00 oF Doz £

Jorbitel
10 A65 iy 1086 088 bt}
W 108 1.2 81
19,04¢ 10 1.92 062 81
34038 10 140 D A8 24
18 o8 0 16 - <3 - -
Average  0.44 gm. 3 4
Gluoose
10745 0 107 088 886
0,045 w0 0,90 —ifle bl
fworage 003 gm. a5
Brytheditol
144 10 1.00 0.40 58
10 100 0446 o4
10 100 DT - -

Average 047 gue 834
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Table ¥ giwes the ebsorption of mannitol, gluscue, dulaitol,
and erythritol by the loop of Dog 8. Deterninations of gluonoe
wore made by the Shaffer.fartmenn method.

TABLE ¥
Aboorpiédon of Wanndtel, Slusose, Dulefitel, Rryithritol
i ke loon of Pog {3

—

Hannitol -] 0«47 0.8 &
o4 8 0450 040 a
B 050 0.8 5o
5 .00 022 44
5 0450 0.08 4

§ 0.50 La28 -

Average 022 pu. a8
Gluoose 8 0 o468 0.88 75
1w0g ] o406 026 76

§ 080 Bath. i .

kvorese 08 poe 747
Muleitol ] €<y § 016 5
Goof & 081 %o €1
] 0.81 0.2 30
B Deal 0.14 L]

' 0431 Lokl -

Average 0.8 go. g
Srythritel 5 ¢.54 0.20 3
X 5 034 0.27 )
5 0 oS¢ 0430 0t

8 0.34 090 g8

Average 0.20 g, e4n
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Tablo YI shows the abecrption of manmitel, gluocone, and duleitol

W&h&m?atmﬁﬁ.

_ TARLE Y2 .
Abgorption of Maanitel, Tlucose, Duleitoeld
e L300 1050 L Dog 46

T

e s GAYOR. e ZAVGD e Absorbed £ Sboorotion

tannitol i 1400 0.8 2
p Uiy 4 10 100 0.19 * L
- ] 050 (e J% § 3
§ Q80 0.0 x
£ {0 &0 L% T3 o
B £ 50 c.J1 g2
& €50 —tiakd B
Average Q.12 ga. 265
Blucose 8 050 087 i
wy 5 0.6 fa88 B2
Iporago 030 gite 1 §4
Duledtol 5 0% 0434 45
6 el 5 021 0.8 48
8 0453 Lali A2
AVerage Q.15 gme 487

¥V ob Inelulied in Hverage.
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Taisle VIT showa the aboorption of glusese and duloitoel by the
loop of Dog #%.

: TARLE VI
Absorpiion of Glusose and Duleitol
S Dy the loop of tog {9 idio
Gluaose
T4
Averope 0a87 e ﬁ‘
3 eel 5 0.2 S8 58
6o § 0«22 0.0 68
5 (84 K] 448
-3 R4} § 008 x
& L) Del3 = A
iverege 0.4 gn. 48%

e h T r——— TR

Table VIIT shows the cbeorption of Maanitol by the loop in Pog M.

TARLE YINI

Vannt dol $ 0850 0Jd4 2
07 § 080 T 20
8 0 o850 042 24
B 0«50 S % £ 26
5 0.40 0046 o2
& 0 o580 il B,
Averane 0415 gue a0t




Table IX showo the abeorption of mannditol by the loop of Dog
&8

Yannitod 10 0.9 08 10
107 0 1400 0.8 18
0 100 KT ie

0 * 100 La28 il

vorece 0.9 A

. T Totorminetions made in provious WOPE .



dorbitol, mannitol, aond duleitol ore isomerie hoxahydrie alec.
holo. Rrythritol fo & totrehydrie alockol related to the suger orye
throso. It vas poseible to prepere equimclosular solutions of sor
bitol, oannitol, and erythritol, but duleitel ls not suffiedently
- poluble to prepare o 10 per cond solution, A% &0 doprece Centigrade
2 64275 solution of duleitol ocen be propared. This fo the teuperature
nt vhioh the solutions were injaoted into the dog lovps.

fouparicon of the average rades of absorption of the supsr ale
oohols studied Lo chown in Tuble X.

TADLE X

107 dorbitol sag o - s - —
107 Sanndtel . 44, bt . aeg 1of
£.2% Duledtol o 3§ 48 5 4 - ———
0% Glueocne gag g g1y ngd wo -
8487 Srythwitol N7 £4ar e s e .
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Prom Thble % 4t io evident that individunl enimals differ con.
sidorably in thelr ability to cbeord the varlous suger sloohols. A
somparison of velative retes of sbeorption muet, then, be made on the
cemo anfmal. Murgoty Nooros and Llovd {1€) report & similar veria.
tion in the ability of individual snigals o obsord levulose iu a
series of sxperiments on the relative absorption rates of glutose
and lovadose by elosed loope in doga.
 Gompering tho relative rates of absorption in eaeh individual
dog 4% 40 seon that in Dog §1 erythritol ie abeorbed more repidly thes
glucose, and glusose more rapidly than sorbitol, In Dog {5 the order
of abgorption 1o s followst. orythritol b gluccos ) duleftol ) mene
nitol ) sorbitel. Dog #0 absorbe glusose more vapidly than duleitol.
Bo sonpericon wee made in Dog §7 nor Dog f8. Those sories of empore
iments indicate » possidle order of rate of abeorption which oun be
shown ns followete orythritol ) glucose) duleitel) mannitol > sore
bitol.

Ao posporigons of vates of Mﬁlm wvore oade in émly four
andnals 5o defintte conolusions ean bo drawn. The exrorinents indi.
~ ate that there probably is n more m" less dofinite ovder of mtn
of aboorpticn for the varicus ougar wloohols such ao hup boon found
to bold true for the boxooe and pmim# sugare. The wwg of abaorpe
tion for any given ougar oleohol waries considerably with @ifferemt
eniiuelg. Thie ig due pertly to the variations in the size of the
loopa in the different andunla,
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Farthor work on the suger alcohols is nossesary to dolinltoly
eotablish thelr retos of absorption by the intoodtinel trect. 7%
wrld do nogeowary in sush a etudy %0 compare the rates of abiorpe
iian-ef%miawmmmhhthm&mm. & verien
nrulhﬂdlnmmnmotanwuuwmtmrw
not the rolative ﬂ\m of sbaorption of equimolesuler solutions of
the sugar aloohols are constant for the dog. |



amgsany

1. 4 nethod of determining sugsr nloohols, based on the fagodorn
Jensan gluoose mathod, s gliven.

2, A percury sulphate precipitation methed for the preparetion of
phyeiologleal solutions for mmalyele is glven.

2. Roooverios of sorditol ond mennitel frow urine ere phown.

¢« The results of o study of the retes of sbeorption of the puges
- sdeshola from elozed loope in doge are shown.
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