ASPECTS OF THE ASSIMILATION OF

SUGAR I N KO0 I flT U AT PTTACUT

David Jaiurs Keegan

A The. 1. bnill<I to the Vrrr, mty of .’.¢ioncc,
Univer: jt.. of tie VLtwa* -i. -v I, Johannesburg

for the Do, 0o of Uc'or of Phil of.ophy.

Johann'hi urg, ]97"



ii

DECIARAT7On -Y CAT:: :DATE

I hereby declar< that thin thesis

in my own »<rk, ai 1 that it han not



ABSTRACT

of soft ripe fruit ar 1 wil'J inj- r.t 70 or inor-. <l 1, ov.n
body v/ei hi of hanan;..-. durir. the ri lit. A3thou a the bat
consumes three lar”c quantitie.', ol !ru.it and nan a W:y
rapid tranrit time of 4( r hutcn for banana « 1h( 80001 f 01
sugar prerent in th< faeces 1is very r-.ull, indie !trn; Ui it
the bat has a wWry rapid rate of su "r ar r!mi3at ion. ihe
rapid rate of piucoce and fructose asr nutation was corfjx'r.ed
in experim nts, win re it was shown t o the conscious bat
assimilated *3.ucor>e an 1 fructose thr- ar. 1 fou! tines - ter
than the vt res: *: ty.

The transfer of plucore from the intestinal iun.er. to

the blood in the bat does not appear to be either an active

transport of 1 o e a ai; :1 a concentration gradient was

transport system for fructose could be demonst rated .in eit.a i

into the jejunum, t" ->n the mbit on o' <lum < in-e the
stomach will cause a two to three fold increase in the rate
of ar; it jltiion of lucore fi f Ir ‘cstinc.
crease in th- rat- of as. ir 1llition is probably dm to th
stimulation of a facilit' “iv- diffusion mechanism.

The bat di ;est. sucrose vcrj officiontly. The act i-
vity of the sucra: in not a limit ,nfactor os both glu-
cose and fructose were font I to be present in the inter IL-

nal lumen during th dif fcion of sucrose. Samples of

blood Ist s from the ;ortal v; in, duri ¢ th so e periments,

3
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showed that no sucrose entered the blood and that there was
very little cor.vorr Lon of either ;hro c¢ or Iruetost to .eome
other product; ;rior to a wm 1lati"fie

Intravenous p.lucore tolerance tents showed that the very
high blood glucose level; of 700 m; and more of glucose per
100 ml of blood record( I dui-1rif the oral rlucore tolerance
tests were not due to an insulin dofici ncy but possibly the

result of this very rapid rute of luco. * arairilatier.

The structure of the tut': garbro-infestinal tract stowed
tliat first 1; it t 1 « 1.... ot T ed ¢ K V", its
and closely pur'-, t t< thus ir.u - th- luminal

electron =icron ' :-+ chow- I t 1 * the +1'rovil .1 v 1< very
lorn* and si r; r a:1 ro ir °’T ed th- ;u in! cur .ucc 11 ;
of the nuco al cni ly a fsclor of ' ' es co, ared to the

18 times in ‘hr rat,

were recognised ar ; att. 1’ van, man* to comi *:sate ft tr.ic
by us:nr the b-.t statist it ul tiutlu it the fv- atns<nt c'' o
exp-rimer mal m 1" . Gerta 1.: mer.tat i ud,

however, a <fro t 1; "¢ .
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1. INTKOL)!I('TTP']

1.1. The ar; ir i1Vit,ion oT ’!Il'n -m

At the becinnins of the century Hendon (1900) reported
That the different sucars ingested, were ar.oimi.late]J at dix-
fcrent rates. Cori (W /) men. irod the rates of assimila-
ticn of a large number of sugars in the conscious rat and
arranged these sugars in orler of the rat at wnic; they
were assimilated. He showed that galacto o was the most
rapidly assimilat'd followed by slucose, with fructose low
down on the list at a rate of compar : to the glucose
rate. Barany and I'p rl r (19' ) o f Wen  1r’oce
was placed in an isolated loop of rabbil in'e. tine, a. sir.i-

lation of glucose continued ev<a when the concenlration hal

to show that the gluco. « was actually transferred < ' not
merely metabol < d.

Rosenberg (19YO classified th< net movement of molecu-
les against a concentre ion difference as the pheno; onon of
activ, transi t. At 1ins n, CT//) "cin,: a dog
showed that )-0-: sthyl-D-s ' ;cc *, which is not met; boliscd
by the dog, behaved lik duo e in thai it continued to be
assimilat'd agnirut a c-n< rbr- 'ton Gradient.

Hcstrin-lor, r and :h ;dro (I '93 a, b, 97) r Ported
from chromatographic cvilouc tha: when , lucose was assimi-
lated it did nol app( ,r in the blood as glucose but in some
other for:.. This howo " was quickly shown to be incor-
rect, for many workers report'd f at mo t of the glucose
assimilated was rccov r( I as glucose. Ki.yasu,

using isotopes howed that in rats, 97 of the isotopes



'ecoveli a censistod of clucooe, lectio and alanine of which

Mine doer showed that glucose accounted for 70 - K» of the
i.
that glucose was actively assimilated and 'here was little
conversion of glucose to some other subs, mbefore it had
reached the blood sfcrimi'..
In the case of fructose assimilation there was however

some species difference. In the ea, ly thirties follman and

Mann (1931) showed tint in ti. h. ,atectoniscd do , fructose

lari;.' the rat, (Kiyu and Ci ai :'. 19 ) guinea iir,

toso was not dependant to any -rot extent on t

conversion of fructo. e to eit! " luce o or lactate Cooh,

19f.! and Hoi icwort- anl ' w «r, ['""')e

>

Many investigatio. r. showed that rruc-.c. ¢ n, co‘u'lavt t0

glucose doer, not app or to t- nctlv. > transported (Bogdanova

'

was incubattd in a «< Ha cont.olnin.; Iructosu, the concen-

tration of fructose in the Interstitial fluid increased to

levels higher than that of the incubation fluid,

sup-est.sR
gome active* tran. port :r/rUr.
1.2. BA. ; Loe 2r. Ji-11 !
Pollowinn the it tlI<n of sucrose Oryboaki, i'U'-1-

(1905) showed that unless the mucosal coll.- were damaged



there was no trace of sucrose in the urine. This indicated
that under normal conditions sucrose was not tranr fermd 1
the intestinal lumen into the blood stream. Fridhandler and
Quastel (195>) and Wilson and Vincent (1955) showed that
sucrose, lactose and maltose were all hydrolysed by intesti-

nal enzyme:. '<nd the monosaccharides produced, C~"core-, fruc-

Dahlqvist and Borfstrom (19 D confirmed the much earlier
work of Rohmann and Na ano (190), that the enzyme activity of

the intestinal contents was not sufficient to account for the

(1912) had su' " -d that the enzymes were not in the iriis-
(1961) denonstrat I that th re enzy os werepresent in 'ho
brush be ¢ ers of th- :.uc 1 R

greut amount of work has be-n carried outon the assi-
milation of glucose and fructose and also on the di .sfion

of sucres in a nu: .'r of 1 lik, t; . ral, dc\ ham. ter,

been carri-d out or. th,fruit bat, whose fru, ivorous diet
contai, s very hi h co, itions of lu osc, rructos, a,d
sucrose. It was therefer-- iccided to inv<str. ate th-
pestion and assimilation of su wus, in the fruit bat.

1.5, Rous- Idin; 2 ... ® 1L

The fruit bat housettus a”““yptsi acus is one of the smal-
ler me-ubers of the mcgachiroptera wei bin ; approximately
120 (Jacobson, 197)) 1'(% exception among the f'uit

bats in that it is a cav, dw ller. Not only does this bat



have excellent eye r:ir;ht, r.lmilar to other fruit bate (the
retina be in adaj-fed to tw.i Ii'ht vie ion) (buck, person tl
communication) but a]. o an acute r.cnca ot. rmel 1 (Lombard,
19Gl) and in a voracious eater of aoft ripe fruit. The
animal's natural diet consists nainly of wild firs (Ficus
species) and litchin (Litchi chin,ms in) wh-n available.

Jacobson and du Pico, is (197') report,. 1 that they al.ro ate:-

V/ater pear Syry n U “errardi i
Water berry Syryriir eoT-dal,im
Kaffir plum Harpei i 'lln:: raffrum
Cape ash Ekehcr "in car nris
Bitter air. ti Prunur afrIcane

A colony of th r, eenr:air i1e.? t-¢ LI-:t in captivity in
the Dciartm" t of Gvnerr 1 Piy. Iole :y r.irv 1972 where they
have bred f ly, a jr. II'" -r con :i (-ion ar.] r< mlily
put on wei IP on a di<t of rip t.'mains sprinkled with
pronutro*

The habit- of th- Vats in the wild and in th< labora-
tory have b<m lrrlI b ily 2'""'1"« 1" '")» Kul. " (lv
190) and Jar-obr n (! , L. )e

Van dor We thuyren (1979 rlc.red 'hat 1llmrelatr would

eat ?€'i of th-ir owr io-.y w< i at of bananan peri 1 ht in

the laboratory. J- 0’ 1’ re: erf i t.ha! iatr Lt |\t
in an aviary wul 1 +at -n th-. :vet' . el Tlitchii duri: ,
the ri lit, tin' ir ''' P "' > 0 tlvir la !y wei ht.

Because of th- re larpc amount: of food eaten by the bat

durir the ni li', so: - iodifi rat ion to it- direct ivo syr ti'

*Pronutro: Balanced break fart cereal manufactured in
South Afi'ica by Find iror a, I Co. Ltd.



could bo expected.

Early Observations on there bats showed that when cat in-

bananas, they masticated the food thoroughly r.i tinr u cd

the tonnue to press the bolus aGol, rt the hard palate so

extracting the fruit juices. The initial suGSertion was

that the bat swallowed the juice and spat out the fibrous

remains. This hypothesis would explain why there was no

solid material in ecither the bat's stomach or the intestine,

when it was killed on returnim: to the cave aft-" " " -"'

fOllOWing a H, «. mfloor of the ca, ¢ was litter,

With hard fibrous f: -os.

t mainly

A few partially eater pieces of

banana were also present but very few pellets resulting from

would therefore appear that in cap iv, y U"

large amounts of solid materials and the reason why the

Stomach and the intestine were empty a few hours after a

ingested % ' or more of its own bed, weight of bananas during

available t, the infertile for assimilation and the fate of

Due to there interestin'- observations on these bats

kept in captivity, the present study was carrir . out to in-

vest,rate th. different as,sets in the assimilation of the

sugars in these fruit bats. At the rare timee it was de-

cided to compere some of these observations with those found

in the rat (Battur norwrglcus) where a great deal of work

Vmi ni T'fii m b- on done.
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feeding. However, the amount of solid material that war
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in the rat (Tiattus nor* -Icun) where a great deal of work

had alvea-1.N boon do, o.



could bo expected.

Early observations on those bats showed that when eating
bananas, they masticated the food thorou hl.y and then used
the tongue to prose the bolus against the hard palate so
extracting the fruit juices. The initial suggestion was
that the bat swallowed the juice and spat out the fibrous
remains. This hypothec is would explain why there was no
solid material in either tie bat's stomach or the intestine,
when it was killed on return irto the cav after a night's
feedin "however, the amount of soli I mat* riel 1lhat war
spat out by Liu bats in captivity was insignificant, and
followir. ateal, tl "“leer ofthe ca ¢ was litter r I mainly

banana were also pres me but very few iellets rcsultin." from
would therefore app< ir that in captivity the bat ingested
large amount of soli t niteri ils and th* reason why the

stomach a-d 4 < L t>01 ine wer empty a f, whours after a

meal should V Inv<sii atod. Also, since the fruit bat
ingested 7° or' more of its own body weight t'4 bananas duiirg
the night, w ry 1? qu'e iylm s of sunr wort potmntial !y
available ir the intentir- for a similtion and the fateof
thr S su 'Irm thus. | ’o <c¢ a t inter* d..

Due to these interest!' observations, on these bats
kept in enjtivity, the r cat study w- carried out to in-

vesti -ate tho diffcr'u i asp.s'is in th- assimilation of the
cu am in then fruit t ats. At the sai » time, it was de-
cided to compare son- of thes. observations with those found

in the rat (Rattur norwe picus.) where a great deal of wort

had al V'ady 1< n done.



2. METHODS

t-ion:” of ru and larMc¢ arid in t)v—L3J2€.LHILL:
otlu’T : oJutionr,
2.1.1. Glu'ym r -r'ntraijjn

The concentration of glucose in the blooa and in the dif

Perrid Method"* This is a rlucor e oxidase method bused on

that of Vicru v (1

The blood or solution, wr, dr; rot, ini zed by adding (,]

ml of sampl, to 1,0 ,1 of 0/" M perchl, rlc acid. The so-
portional to th' w wu,t (f - ="' ¢ :  .oiliutior. l1h,
concentration of tb, -lucose in the blood or solutions was

measured directly using th- concentration mode on a nllGer

and Watts "Uvichem" sp<ctrojl tc 'ter at a wavolor.-”lh of

578 nTi.
«1.
The method us<d for th< determination of the concentrn-

tion of fructose i, t " lood o d othm solutions was based

on that of Schmidt (17 1). This method us,,i h- okinaso

* A BiOoh- vdca & t Combination product by iioehringcr
Mannh' im GId !i.

**pOD - Peroxida: <

ArTC~-""-7-Asilo-di-(5 othyl-brnsthiazollno sulfo-
nat' )



for the estimation of the glucose concentration and phon-
phoglucoce isomcraoe for the fruc.to.'c cone niraticT,.

The method consisted of dcprobcin:ring the solution with
0,yj Mperchloric acid and ccntrit'ugin the solution an in
the glucose estimation.

The "Biochcmica Test Combination" solution containing
the buffer, NAD?"' and ATP*'"' war placed in a quartz cu-
vette having a light path of I cm and 0, m of th( super-
natant added. The solul ion war mixed an ithe optic ,1
density of the solution war read at a wavel-n th o! y>0 run
using 1iir as the reference in a Hil er and Val.tr "hvie hem
usually within v :inut- , the value war. recorded, 0,0, ml

The oi tical density was read at 5 minute intervals u- til

there was no furth r increase, ai the mo:.i«-u optical

ings represented the % of glucose in the solufio:
Once this value was rcco: : i th-n 0,0; ml of phosphoglucose
density was recorded until no furtd .r cha, r, err,rr 1. The

difference u;tween this re din at i the Irevi.our re-a.i ,ng

(i.e. the rcadir afirr !h irr. I cn added) ce-
pres ntcd the amount of frudo. o in the un. Sta dnr 1
Glucor.. Hexokl, '.r m I'od 1ioch, 1ioa Tost Combi-
natioj " hoc'nvir r Mannh im i.h. =«
*e Phosphorlucoscinomorase. lioelirin;er iamr oim
G.M.1.H.

¢ WADP - hicotinamide-Adf nine dinucleotide phosphatt

ATP - Adc nor.it - —trip' o. ;'ate.



curves wore prepared for glucose and frueto: e and !:o0 tli- so,
the concentrations of the sugar8 were culculate u.

2.1.

The m tt.od for sucrose determination war similar to that
of glucose and fructose. tn che detlrminauion oJ the su-
crose concentration the plasma en t- i:s could not be removed
by precipitation with perchloric acid, as the latter caused
Therefore in this method the jrotein was precipitated by
mixing 0,1 ml of the blood or solution with 1,0 ml of phy-
siological saline and placir it in a water bat! at tb° 0
for 10 minut s. A +lass marble was pi cod over the mouth
of the test tube to rover t lor « of wter vapour. Tnis
method reul ed in no hyirolysjs of the sucrose and a pro-

tein free cu; rratu t.

The cone ntratio: o of glucose an; fructose in the --upvi-

natani were rstim t- >as in the previou m ‘hod | mirg he-AO-

densities of the glucose and fructose had been determined
the sue: in 'h cuvett< w,  hydrolyo-. d by add U 0,02 ml
1

was proportional to the conce? Ly.ition. of sucrose in the

cuvette.

The method for ostimat the blood lactate concentra-
tion war that based on Hohors'i <l 'm )e lk is avai .labl v aj

a "hiochemicu Test Com; isaLLon".

*  Product of P'Oehri» ;<r rp-it-nhcim G.M. b.K.

#* Boi hrii a s Msnnht iu G.M. 1 .H.
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The method w3s nodif icd in a nuint'-'T" of . fit. L1/,
the blood volumes recommended were too lar“e to be taken from
the bat, so instead of aldInc 0,5 m. of blood to 1,0 m ol
0,6 Mperchloric acid, only 0,1 ml of blood was ado d to 1,0
ml of 0,33 Mperchloric acid a id contrifu d. This meant

that the rlucoi; , fructose and Iactal could all be doe.-

ml of the supernatant was used instead of the recommended

0,2 ml. Thirdly, ir tr>cxj 7> +ts .a 1" sucrose was used
the plasma \|rot< iss varej= ml: tat:.! I !y aidai 0,1 ml of
tion at 85° C for vLnut. i* a waV: rbath without hydro-

lysis of sucrose occur' e

In the exp rim< nbr can 'vd out on na sthftis. 1 rats and
bats the blood sat"pi s were taken from polythene cannul -

that had b n plan d in the ri -ht ju ular vein and passed

In the exporim- nt; onconscious animals however diffe-
rent nr L’:1is bad t .u*-1 or the bal at i th> rat.

2.2.1. Th'ylJ at

The rcstrainlr, on used to hold te+" bat consisted of
a perspex cylinder with a; ii.ter-nal dia ter of '>23 cm and
20 cm lon (Fir. 1). Th< cylicier a slot 1, ocm wide

and 14 cm Tony starting at the pro .nnl end of the tube and

of the tube was sealed with a perspex plu which was

attach d to retort band. A numb r of 0, ' cm diameter
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holes were made in the cylinder at the distal end so that

the bat would not suffocate.

Fi

A tichtly fittir - rir : about 1 cm wide was made which
could slide over the entire 1 n th of th outride of the
cylinder. Th< rii  woo ren tv d a d the bat placed head

f t into th' cylinder, k-iepin th n vniM; fo3 lea and

the oth t open, the dbo r )i in thrvu h the -¢led. in
the cylinder. The rir : war ri bl ov r th* cylinder, so
The proximal *r 1 of tl1 tube war <o ! wi>l a re. B

The win'; was oxter 3(1 ai 1t!;" blood sa-pie wort taken iro.n
the vein runnirr- aloi tire I 'din” edec of the wit. ; with a
microryri' . ("/» lar" urrou m W,-llcore).

This method for collecting the blood samples in the bat;
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worked well and the animals appeared completely tranquil.

2.2.2. The rat

The rat restraining cage consisted oi a wire nf *h ca(,c
5cmx 5 cm x 19 cm, with a wire door at both ends. To be
able to shorten th length of the cage there were woolen
ilocks 4,5 cm x 4,5 cm X ci which could b placed inside
the caye before the rat was put inside. The rat was placed
head first into the cage with its fail stic King oat chtoup.:
the wire door. The amount of space in the cage was adjus-
ted so that the rat had no room in which to move and so
withdraw it tail into the c¢ go. A convenient w=y oi

quickly collecting blood samples was to chop ofl the distal

pear to suf -r any di. -o fo t froi thi. :roccdur and 0,15

prevent coagulation occurin too quickly the imal wul

heparinised by givln it 1 000 u,l". of heparin intra-

peritoneally at least half an nour before the experiment

in which case either the tail was gently "milked" or a

furth< r 'c’ *in- m 1ot tuc fail 1 c) °*; - 0. ..

A number of dif r t ana stl i<a w mt.i<d duianx,
this invest! at Lon. Finally oi ly th< phenobarb.itone,
pcntol art if' e mixtur- was u 1 (: - o o4,

Pye (lc,”7) report- i that this was the anaesthetic of
c* ice to be used with bats ev« n though the dose required

for anacsttv. ;ia varied greatly from animal to animal.
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anaesthetic solution was made up by mixing I ml of ncntobar-
bitone sodium (Sapital 60 mp/ml May and Bar.r) with 9 ml of
10Jo ethyl alcohol.

The animals wore anaesthc'is' d by injecting: 0,66 ml of
the anaesthetic mixture per 100 g body weight/ intrupori-
toneally. In those experiments done on both the bat and
the rat it was found till the dose of anaostlv tic needed
van d c. ! teat .n er a: iv tiie ere ct;: oti e began to wear
off and o , set nd dose of the anaesthetic has to be given.

2.5.2. Thai < (,]_al*

Thalamonal is a mixture of anaesthetics and is classi-

fied as a neurcl t anal 1c.
9

drug proved unsuitable for tht study as th amount of sugar

2.5.3. Ur, lee'r

3

The ure . ¢ anaesth- 'ic was, inj -c'-ed subcutaneous!/,

This anaesthetic how v-r is -reas- | the restir " tlood plucorv

level by a fact r of t 3 a 1l vs tau-eer d "F1e e
A stock solution of tin ai 1 . thet :c containin ' ). f of
phenobcrbitone sodium and 0,94 g of pentobar! 12on solium

dissolved in 100 ml of a O jrop.xlor-, glycol/water solution,

The stock solution war diluted 10 time; with water and 0,66

ml/ 100 2 body wci ;ht of diluted anaesthetic c.otution

i -Iglum.



injected intraperitonea] 1ly.

Kiindig (personal coinmunicat Lon) reported ttafc ttis anaes-
thetic worked very well in rats and in this inv< sti pit. ;on it
was found that it also gave excellent x<eults in i'atc.

4.
In this estimation 4? hat.; of both sexes wore used.

The hats were fed normally theni ht befor. the experi-

from the ca -e. Pats will rot cat dur , the day unless they

arc starvinr.

On the ni ht, of the ext ""h: at;th bats wer< placed in-

dividually in a small wire ca msoth t their activity could

was placed in the c¢; a aid tl t izmmrocor. d when the animal
started to chew the larar.a, this tir , was taken as the tame

W

taken as the period between this time and the time when the

how lonr; the food re: air d in the mouth before the first
swallow!n occurn 1, it is poo ibl 't 't the tcar t times

recorded could be slightly lon :nr than the real transit time

of th- in -:t- 1 bn-a.--, was t ob . -rva! icn that when the
bats were killed aj :”“oxin it >y three hours or more after
a meal th re was r.o food irit rial 1in ell her the stomach or

small int- s.Line and th sr bats had had no food for at least

10 hours.

These tests were carried out on nnaer theti sod bats and

rats.



Tho night before the experiment the nnimalr. were isolated
in separate cage's from the rest of the colonics,, lkoy were
deprived of all food but had fr- < access to wal. r. The fol-
lowing morning the ani.maj. were we *ghed and anat.. tlieti: ed
with the s.a<jil.al/ethyl alcohol ana s'lr 1l/ic (see page 11).

A freshly prepared solution of g'uco o was made contain-
ing 10 g/100 m of water and kept in a watrbath at 57° C.

A 10 ml luor lock syring with a hyporder ic needle attached

war. fill'd with approxi ' ‘sly 11 ml of th* su{ er s ilution,
the needle was then sealed with a rubber bung and the syringe
placed in a wa'.rbath at 57° i until it was required.

A Jacques catheter (chav-vier 0 was shortened to approxi-

mately 20 cm from the 1iq and a 18G luor lock net He tied

the cathe' r, so Lls-° v.lmn lhe 1 bs was 1 :ng intro . 'ed

down fhe ooso) wup is, lk- me:l: -sc .l : coin side with * < in-

In the rats 4s rit jugul r v in was exposed and

bats blood sa il-s wre talp-n fro th- win- vi in and no

hepar ini s-atio: ..as four : r . ary.

Resting bios : . v pit of apt -oxinat ly 0,15 -I were
ted in heparini. [ mirror: ter syringes. ("Aglur" Burroughs
Weiloom ) and0,1 1LJ]iy X I nto 1,0 1 of 0. ' Iper-
chloric acid.Th, blood s;lu< > con *eentral ioi wa: cat i-
mate 1 w "1 0.0.D. T SilItc "iniqiv (p-ige G).

Aft- r tlxresting blood rani ! s had boon fs’s n, the

needle from th pret ared syr:i go containing the glucose
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war. removed and the ctomach tube conn cted to the syringe.
The stomach tube wan then filled with gluco e solution from

the syringe and the volume in the syringe adjusted so that

prevent any loss of fluid from the syringe the stomach tube
was clo. ud with a bulldog elip.

The animal was held in the left hand, head uppermost and
w th the use of the ], ft thumb and index f ngor the mouth

was op nod an I th - stomach tute, lubricated with liquid

The position of the tip of the stontch tube being indicated
by the mark :rev'e.ss )y :/ ! on tle tub- . The build > cl ip

was removed an i the wan ¢! icoscsolu' .on injected into the

then 1 pla %-i1, ins :r 500 " ; of gluco. ¢ per 100 g

body we:sat had b given. I'nc C omae tube was slowly

it often result-'1 in th< t .1 sil r. airgitating one of the
sample . Tn th- < wm' of : ha] a9 the animal was.
immediat -ly w t :rawn frc th. ex; -rim-nt.

In some anii *Is 10 ml of distilled water was given

fluid Is. : an;. "f- ¢ on * tlot I Ievela of glucose.
Furth-r bio ; :am; I<. wore taken ', 10 and sO minut;vs
after the adminh Iralion of th< glucose and the concentra-

tions of glucose cat Lrsitc i. After lhe anir air. had reco-

vered from the nraosihot : ¢ they were returned to their

colon!os.

Grai i wore drawn of Is - = an blood glucose levels,

with th" standard error of th- mean against 1h< respective
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times of collection.
2.6. Intp.-iveriP'i" - 1 ] j 1
The bats and rats were removed from the stock cages the
night before the expor.D. and placed in smaller cage s.
All the animals were deprived of salid. food tut no-i iroe
access to water and an isotonic glucose solution. fhe fol-

lowing morning the animals were weigh 1 and anaes.l noticed

tion was prepared containing 5,-5 g of glucose per 100 ml of
water and placed in a water!nth at 17 Oy
In the expcrim n's performed on the rats the right ju:

lar vein was expo <*l and cant ilal cd u ins; a pol vt.hone tube

units of hep- rin is savi aots!

Resting blood sax.plen were collect nl in the bat from

blood was colic'' . with a ;irinis i lar  eyi m¥g<,

aliquots ¢" 0,1 :1 of bloc .I r- nple v = asled to 1,0 ml c:

0,35 Mjzk m'o'" - =m ailf conei r; on o gh. on
csti' II'' t u ';5¢ G.OD.1 ' 1 Te(; e e)e

The animals w r tie e’ v«n 1,/ mlof tie g /00
ml glucose solut $on r 100 g boly wei ;hb intr v- noi.s.lv.

In the case of the bat tie glucose was injected into

the glucose soluti on had b> : Lnjecl' I into th> rat, the
solution still remaining in tie (annul a was washed into
the animal with 0,2 ml ofsaline. Blood samp]>nwere
taken in every case at 1,10, 0 and GOiiinu < at i) Iso
admin if-1 ration of the glucota solution.

As controls, t .o bats, w re given 0,0 ml per 100 g body
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weight of warm physiological saline intravenously. Blood
samples were only taken at ; ,l* and 5 minutes as this war the
time when the effects on the 1Lood glucose 1.vela wore found

to bo the greate t.

2.7. Aaaim' 1] *a 3" '"MQ as:r, - ar.irail

The technique used to estimate the amount of sugar that
had been assimilat'd from th< Intestine was based on that
of Cori (1925)*%

The basis of tiiia method was to give the animal known

amount of sugar with a stoi ich tube and then to kill the

animal after a known length of tarn and estimate how much

The difference b tween th< amount of sugar given and the

mainly fr a t e 'u® tim

In the. ¢ ex: rir. ntr wh--: thevolumes of concentrated
sugar sal ;tion r* to bt e 1 ;re 1 * would be an advan-
tage if th re w no fee i ' si la. in the .tomact and
animals a* least - 1ig1l b- Jorc th- ex; er ment. Cori

deprived h ani: la of all food the night before the ex-
peri: at : S °: hi: IV( + am-as to Wal, V.

method , fewL1 1 /' \»r hi. 'a- 1, w th r, sect to 4lie
bats for they showed .signs, of weakness following 24 hours
without f od and r<-!3on ?urvi.ved 4 hour p«riods of rfar-
Vation. To ensure that; the -mimals, e p.cl illy the bats
were not in this lolclorionr slate, 1lhe method used by
Fisher and Parsons (1949) was follow'd wh<re the animals
had not only access to water but also to a solution con-

taining 9 g of glw os.c pcs 100 ml of water the night before



the experiment.

The following morning the animals were weighed and
placed in restraii ng cage/, (page. 11), in whimI they
showed 1lit tle aignu of all'uggling and app<are I tranquil.

The rato were given an Lntraporitonoal injection of 500
unite of heparin to prevent coagulation of the blood when
the ra lor wore taken. In the bat thiir wan not necessary
as the bloc ! ra ver con 1ila'el in tin time available.

A solution of sugarcontaining 15 g of the sugar (either

glucose, fructcr.e or ruro e) p-r 100 nl of water was pre-

syringe contai:. ing *lucone war prepare I an before (page 14)

a mixture of glu o. e an: fruclone wan given th n the solu-

tion contaia, d 7, =w. <! tl.v .n.ga-v per 100 ml of

water.

Resting blool sa« L were collectel from the wing veins

All bloo > cample.- were col Ic ‘ted in heparini I micro-
meter syringe. , anl ' hoglueor » concentration was estimated
by th G.O.I). ' rli' K1 () mm *>). The fructor-e concen-

tration was e"timati i using tl ¢ he>:okina v method in conlJune-

tration of : .-r . mw" tl n r :1lat'-d a. de cribcl on page S.
Having aoll-'Cte 1 ‘do re; .ag blood samples, 10 ml of the
warm sugar solution was injc ted into the bat and rat as
previously d' /criled (j .ge 15).
(In the rat, if difficult'" was experienced in giving
this volume, these anin als. wore then is sodlately removed

from the experiment:. )



The animals were then returned to their respective re-
straining o' ";os and blood sampl os taken at t» 10, 20, and JO
minutes ait r the administration of *he sunsr. During the
experiment if an;/material was defaecated that animal was

taken out of the experiment.

After the JO minute mblood so i]>le had been taken the

animal was remov. 1 from the restrain trig cage, stunned and

the oesophagus w ore it <-nters the stov.ach, around the pylo-

ric sphincter and th« 15 *ta! end of * < Sleui: . In ditrat
the fluid had soi imes reached the colon in which case the
fluid was squee:-." 1 back into t>+ il subefore tying t
ligatur . The to- d.at; - in' ¢ tin ewcr - > moved, the

fluid cont nta in each were extracted and us ing a 10 n3

stomach and intestine were in hividualiy rinsed out with

saline, ‘is was- me+ tofM " with lis- original contents
Aliquots of 0,1 <+i of the. s.olutior; re used to determine
the con ‘v 'ion if 1%t : Yo Vil "o

As, th- a-o'in 1f . car ren t- < ar.< . of sugar

recovered w s known the amom of ..U-ar a- «ii lite * evu 3.
lie cal -.1 1 L

The s.i.omach and t.ht Ir '.--stine Were weighed nr.l the
lengt h of the int- ' In<  wu-.urc- L Inthe latter case the
intentilio wa." left in a an!inv sol.uf ion at room to ja ia>uit
for JO minutes, thi appears I to give more consistent length
as the istentine war, str Ished to som degre, while it was
being r *moved and this. p<nod alJ lowta 1Uto return to no.

The amount of sugar m imHated could be expressed in
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absolute terms or relative to the intestinal length or

weight.
2.8. Tn vitro , ; ; et I'sx, -
2.8.1. % -1 v

The method used was that originally described by Wilson

and Wi.'.eman (19 'O.

The animals, both rat: and bats, were removed from their

had access to water an 1l a gluces- solution (page 17). ifhe

following mornisg all tnc* animal wore g v n 900 units of

and the intestin- r, nt 1 an I placed in Krebs bicarbonate

contin o ;sly w: th si: irt of 0XYys nd 7. C02. Five

sections were cut fro: t m in* .:tino each approxima ely 9 cm

in I's. 1Th "m: r :r> s.1 t' "10;': 1 jejunur:, i ‘oxiE il
ileum,:- -.1 tl S s 1 e A glaz s ro: 3 tua
in diameter and 20 cm lor used to evert the different

sections of the int- slice ad the lections once everted wore

return 1 to tlm hrels Iul on* 'hi. pro eo . *’” e« v-ill mg
to everting tm r <arri# ] on‘ as qsic.l.' -is poi. #sic,
usually 'sd.j.r less tl an ir.Lnu' , *0 echa' tht perio- of

A cotton ligaur was 4i< 1 fir-.",v aroua . th. one end of the
in tc nti.no while a second ligature was lied io0o0: ely ai omiw
the other end. A small pin:, be ml was attached to the
first lig.atu.r-- to act as a weight so that when the intes-
tine was. place ! in th< incubation IIuii it wonId I< t17#

below the surface of the fluid. The intestine was removed



from the Krebs solution and the excess water on the surface
of the intestine was removed by lightly blotting the in-
testine with a pap .r face tissue. The intestine was weighed
together with the ligature and glass bead. A blunt hypor-
dermic needle (G 18) was passed down the now serosal lined
lumen from the open end of tl e intestine. Once the needle
was in position the ligature W Lcli was already in pirce was
tied firmly with a .in,1 knot. A syring- filled with the
Krebs bicarbonate solution containing i of glucose per
100 ml was connected to the needle and tin incubation fluid
slowly injected into the gut sac. Care was taken to ee
that when the intestine was filled the villi were just free

'

and the intestin-, no' overlici mU I A sr.a !l but: Ic of

latter step was four.;: to b< unnecessary as it had no effect
on th re. hit.. 'id.- s mlie vs ¢ d.owly ::'thdrawn an.I once

its tip passe'; th site of Vac liga'ure, the latter was

by blotting it off and tic ini tine weighed with the fluid
inside. Th' difference between the two weights, was the
weight of th Kreb. oluVon : 1 to the gut sac. The gut
sacs were placed in a water jacketed tis.su bath containing
500 m of ta k.rehs. b Learb<sai.o Jat ion at C. AO
Oxygen and f/ CO, gas, mixture Vy s continuou; ly bubbled
through the Krebs bicard ina! solution. The giss.iis; not
only oxygenated the VIui ’ but also kept the solution stirred
so that no stagnation of fluid could occur in the vicinity of
the inl', tine. After aO mi.nuV. the itV *sti.no was removed

and the excess water removed by blotting the mucosal surface



22

with face tissue:- an'l the intestine weighed. The difference
in weight between th:;s weight and the final weight of the in-
testine after the luminal fluid had been drained would be the
weight of Krebs bicarbonate solution in the gut sac at the
end of the experiment. The fluid inside the sac was collec-
ted and the concentration of glucose determined using the
G.0.D. Forid m<'ho I (pa 6).

The length of the in', ostine b-'tween the two ligatures
was measured so that the a-ount of glucose transferred could
be expressed relative to the lengfc] of the intestine used.

Knowing the cons, ntra'ion of th< glucose as well as the
volume of Krc:s bicarlo' t solut i<i In tls gut sac both be-
fore -si after he e x p o s , the amount, of glucose in the

gut sac both befor and after the experiment could be cal-

culate 1. The 1ii.ff, ren-- 1 a le¢ ori;:r.al and final
amount: of gluco will ' the net gain or <¢oss of glucose
with r = 0o tn .e-ros I -si-a u 0 einutc. . This

value was th-n divided by tht length of intestine used

The apparatu. used for this investigation was based on

sisted of evert 'n> the git ir: I tlien circulating the serosal
compart; nt wi lh Kn bs bus, -bonai - s.olut ion. The mucosal
compartment was kept separate from the serosal compartment
and al. o contair i-d Krebs b..c rbonalc o lu ion. farnpJ.es

of tJr incubaiion filiid coul i Is withdrawn fror either com-

partment at any inn .
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H,0

rll
"H
ttl ition of the se

fluid threc the ov r ed it ' ' ;ne.

A: f-u lift p . B 1. mrvo'' -orl='n'r /oro-

gas inlets for six' ur of o-T ;n and 5 carbon

dioxi te. J, a* ' : *r. cli: . . tic

tubir . L: < o

The -j: '%'" in ; . . coi si- C t * ¢ narato
parts: a gnnlift : ;/re. rv Lr e, B, C", a cannula un:!
"D" with two ¢ la a: 41 11r. ;> 1 :ivr "B"-

tissue bath and th junp/re crvoir were surrounded b\ water-
jackets :o0 asto keep the Krebs solut ion at a constant >V C
The apparatus wasprepared by clos:ng the two silastic

tubes*"K"connert ns; the ras. lift pump to the cannul a un.:!

ted from the tubes ani held in a clamp rceidy lor th< o insu-
lation. The r< eervoir (s ro at) int t; wuc holder (muco: si)

were fillet with known volu ems of Krebs bicarbonate so.Iu! Lon

containing approximately [AX) {;Luco </100 ml.

*nil a. lie - be." Corn B
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HO

mriition of the se
gas S5:! tr. for ' XV r- of ¢ o> ¢ .anj carbon
tub I? . 1: o5 1'n.
The a] : 1., con: "t<l ol ‘7' m-"! e
"D" wit i t. .0 m' ai t: g hoi u-.r
tissue bnth and th u i/r rvoir we :*¢ .surrounded by water-

The apparatus wan prepared by cloning the two silastic
tubes "K"connect rig the gar. Till purr.p o ,he cannu l>un..t
with scrcv c¢'iJ®w * an; ¢ . canaul a uni 'l disco .nd*
tod from tin tuber, an i h-J<!' a aclamp ready for the cumu-
lation. The r< wmrvoir ( re, 1TI) aril ti ue holier (mucor .1)
were filled with kno n /olui r of Krc! i bicarbonate solution

contain! nr a; proxiriatd;/ 100 mg gLuco o/HK) ml.

*nil a. tic - Dow Corn nr;
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The screw clip, at "G" and "1!" were adjusted no that
there was o steady flow of a water aturated par mixture of
95% oxypen and ! carbon dioxi Le, throu--;!i both tie mucosal
compartment and .die par lift pump.
saturated ions uf water by evajoration occurred.

The animals, were farted of all solid food the night

following morni’ : both tin ratr anl the bats were given 500

units of h'.pnr:n in! r-apcritor.- a!l 1,/ an 1 half an hour later

from each anir.nl ana :lar< 3 in an oxygenated Kreb: I Learbo-

were akm T region, of the gv' rear- eni :ng the duo-
denu , iU, tex'"" 1 hr.,: l-.har. -i: : air' a' 1Lean.
All v e gut **ion; var, quic y ever' :us ng a glass

rod 0,': cm in tUr ’mr i "O cr lor ; and th n replaced in

cannul ‘e / "D" mal.inr art 'fat the proximal end of the la-

testin war. tiee: fi 11 c-r ¢ il . of t.1 rrrmulf ur.:t.
Any oxer. 1l-rad <' 11 -no :oul ' !e .lid over the cannula
When 'h gut Ja: teon 1lLled in pori tion the , annula unit was
reconnected to tl = gar. pan:a/re a ir rubes and the sc; w
clips nelra. ei, th' reservoir s -row "d." firt so that the
Krebs rolu'irn 1 r-U .l to flaw in the correct lirecfion.
The solution th u flo. ad from tl, -eeservoir larough the
serosal lum-r of the ait t< t! g-.s lift pump and bad to
the reservoir ays in.

The call’.u!a unit va: then pi-ewd in fhr iissi.e holder

and the lev 1 of Huid in the r< ervcir adjusted so that
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the luminal pressure was 7 cm of water. :'wo e. , 0.K-h
of 0,1 ni] of the Krebs bir.arbors =t solo*Lon wop - l¢'ai, ono
from the serosal and lLh other from tie n.u(o: a "id.mi* -

The concentrat Aon of flu.:©, e in both sarij-Lie -'as dotci'm.noi.
One hour after takin the .initial sample.-, of Kreos bicar-

bonate solution further :farpies of 0,1 m were taken fro.:.

The gas mixture was switched off and the cannula heidor re-
moved from the tissue bath, allowing any Jlu<¢? on tie muco-
of fluid in | )ti cc rl: *1. wore nfa irei at : 3cr -

and weight of lhe iatm *ino r orh d.

The actual volu::« of fluid in both cor;pai’tncnts, at a
start of th< exper::. *:.t was 'he liffvret oc between tne vo'ure
of fluid added and to 0,1 ml samples token at the start of

end of th- exper: meat war th f n,l1 volume meant red ;fur the

co e concentration; anl the volumes, of flui d in both com-
partmen®*. , the Omount of gl icose pre. ent in hot a compss
ments at the star' and at the end of the exper:ime:ut wore

calculat . Pro" «%: it! » !Lou Mu ount of gl’U'ose

assimilat'd, trans.fi rr< 1 art utilised -an be on Icv.lat.".! an:
expressed as mg of glucose per cm len th of iat' si me p-r

hour.

As soon as th< duodenal, ti !sue had b".-s sol up and *he
ram/lcs. of fluid the .hnjuuum, pvovi:zal ileum, mi 1-

ilcrm and distal i1 un wr< ft wup in turn.



28 5 1. irc.iils 1in- . ;onl "1 ;0T i mp

The method, used In Uh.itechnique was "based on that of

Fii hor and Par: on:' (1 id9).

into.:tin*' . ' Jd o«

A: f: li:'t j . [. 1 -v *ir ' nir ;10-
tic t .ood: @mit1t .t . : n

J; J'0 n=m ' 'e m: di. 1 ] 'm

M {-a. ini' i- r rIxt irk of ' ' ox. Cn ;: !

carton dioxide.

The ' :1r-**IL" . 5 eo: m'fI OF '.0il'.
The fir t, "A, E 'm ' 0" v/aa a uuid 'r ra. 1ifb :wnp and
reservoir cnclo.-ei in a water-,ienkei , similnr to 1no otn;
1 .
had a 80 ml reservoir an1l 1%** inief an I ou<I¥ F !nbos. had
glarn stOfocts (G and H). Th -cecor.d unit consist *1 at a
water-jactnt'-d tsis. tv* hath (D) in which was piact'd a f1u.s

tube to salf.irate 1 f' Kreb :olut ion with a ¢;r. mixt ure of



through hoi h the wai tr /jacket.;.

The animal:; were fasrta 1 overn if;hd of ro'lid foo l but had
access to v;atoi and an i.aot-or : glueo.'.e no.lul i

An hour befor*, the start, o/ the oxpcriinciit t ¢ ich animal
was anaesl Iel.jred int eeaj’ci tone >ly w 1 1 < i''’I"- jj »
pentobarbitone mix! ure (jv.ige 1 ""ho tap ¢ (G and ) were
closed and the reservoir and t t- t.iss.uc halh were 1 lled

with known volumes of the Krebs blLcarbonafe solution -o*i-

%
tions v/er ga red con''mall; v h a > six u. e+ of o..t-
gen an | carbon dioxif . Two ! ngtlu C :’1':'tic tuuj :g
were attached to *h i: pi v;hil( the dis' a; ends o; the tubes
were conneetc ; r each o r vit u .aorf .eng* a I'nij 'he
tuh.i Th w ¢ '";-: 1 ead td lift pxuj- tet in

motion which V.--pt th solution circulating and fully oxy-
genate 1.
Once the animal war asleep, l1h< hair over' the al =men

was rc.o-v 1 .d h a d. jil ator ax t the abdomen opened along

and t ‘o lira! U-=. wr- :la-'" ! I< ly < "ound. t);c .mi"" ion.
The cranial of the two li.alur- war tied tightly jsevenl-
inp ai ¢t lor of :loo * fro tde 's!-’lInc when it war cannu-
lal.t . Two fur'h r 11 a .r< wrepiac- lanoun . ! il*
about. 1 rn p"oxiinal o Lleocc Li* June' ion in the rat; and
il cm from td ¢ re -turn in th- bat.

]Ji{,at i-cs war id d fir- L" The ilcun va‘an eanmilai.ed,

using polythene tuber (J and K) ' cm in length and having

* Neii- - et aa Nalal.
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an outride diameter of 5 iam, ju/t distal to the jejunal liga-
ture and proxinr 1 to th< 1ileal licature, u.;in ¢ the loose li-
gatures to tie the cannula firmly into ;o. ition. A blunt
needle connected to a 10 ml syringe van inserted into the
proximal cannula and the intestine genly washed out with

10 ml of saline at 57° C.

Polythene tubes were used as cannulae as they had the
largest inside diameters for a fixed outside diameter due to
their thin walls and so minimi sod the changes of blockage as
well as k. <pins fch- resid mce to flow of Krebs solution in
the tubes to a riinirs

The slopeoaks (G and H) were clos- d and the two silas-
tic tube. .eparat- :L T t,i; ('] co cted to the reser-

voir was connect 1 tc th mjroxi’ial cansu a insa rt<i into the

jejunum whi e th- uc<: 1 tut (I ,) wa connected to the dis-
tal ileal cnsula. The stas - s vs * op ned, first (QG)
of the r -rvo r was aijustod so that there was a continuous

The ints tin- wa. perfus. 1 for two DD s, then the
mesentry cut e 1 t; into, ti r- .- i . tin V ly. Groat
care was taken to ensure that the mue I perfusion was

maintained continues .ly so that at no time was the mucosal

deprived of oxyg<n.

The blool on th- outside of the intestine was washed

Off with glucose fro Kreh. bicarbonate solution and the

int- stine was than ]!-< ! n h tissu- 1nth (Ik). Aliquots
of 0,1 m of both rsees al u ro al fluids, wore ta :on for
glucos- e Lis -fion. After CO minut th> rxnoriD *nt was,

terminated and flu volunee of fluid in the mucosa.l and serosal
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compartment:; measured. The weight -and length o the an,

tine were measured.

——lil—

mijel:on e P'n:o/e in tie rat
The a: imal;' had been fasted overnight of scliu food but
had access to water. The animal- wore ana- 'hoti:mi mtm -
peritoncally th following mornin ; with one of the following

anaest hot, Ics: -

a. Thaiarena:

b. Uretho

c. Phenol mr: : 1 s ¢ 1
Once th rat " ule ;, I- h .r was r moved fro, the
cannul ilod with a polythene ! ,be (t, cm lonrih) Uorlex m)
phogus was ox: !'and ¢ ,n 1"ed wuslrn; a Jaciues catheter

(Ch 8) filled wvrith a 1° C ier 100 gli :ose solu* :o0:: =-:
that the tip of the catheter was in the stomach before
tying th* catho' «* in !' -0, °’ .

1
the di ‘al en 1l of t: « il-um cannulat* 1 usli ilrrdi ¢ Tul mg
(0D 0,1 "). Any cr'fl ;» fro*. ' is cannul a wa. colics' el
in an Erlcm «/<r fla:

The anin v'=hf,arln i b. in.)' "i" 10,1 mlof sa!lire
into the jugular cars 1la, thi.wash'd th«heparin ' at had
been 1is th* aannula into th 1

The oe. ophagoil catl for wa l-h«nconnected to a svr.ioge

containing 10 nl of a warm glucose solution corf -nurng
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1,5 g of glucose.

The proj-adjr.iniot ration hior,I rr nplo of 0,1'" ml war. col-
lected "rom lho -jugul.-.r win to e.stin.uto the blood glucose
level. Tb * bulldog clip on th rtomuch tube war removei
and the 10 ml of the gluco: 1 ;olution slowly injected into
the stomach ever 50 second; . Once the 10 ml lad been in-
jected the oeeojh ge/l catheter was once again closed with

the bull do ; lip, ins rinp tdial exactly 10 ml h-.d been in-

jected and- prevent”’ | the los. of any fluid from the
cat leter. blood Ic. wrc 1'den fro the jugular cathe-
ter 5, 10, 20 :0 i :suttr «ftmr th* hu o e Im’ 1 »a given.

When the 50 ;inula 1 <@ .-+ had be*, n tnk'-n, ''M abdo-
men war quickly rvo; e si- = double 1b: nirc- piseed around

the pyloric 'nd - f*ws'!1l iet*r. apart. Two fur! er

oesophageal ¢ ¢ nul!a 1 just b- n with r wn from the stomach,

and the second aroundthe ileum ju t proxi al to the distal

volumes of ‘he co ten's in th * sons eh n: intestine were
3r.owd an : : -sur< L. T - st.o -h an . in" *m! i< were ind -
e due* L.Lv rin. *1 ov‘ with s* inn, the v.-utings tog* 'her with
Iw original conti nt: of each or n were pooled and the
voluH; s :*d wu, ‘o 100 ml. Alignol, of 0,1 ml of the solu-
tioi s were amled to 3,0 nI of 0, "' M pc.tvliil ori » aci.d, t e
glucose concontrai iors in th* * solution:; were measured an 1
the :mou' * of glue >* sv :ov*¥ %1 fro: -ach organ calculai od.
From thi. information the an >un» Of glucose ass Lmilatod was
calct.l-atn 1. The s! - ach and Ih* int., stis* w re weighed and

the Ion, th of tin in line *, a nr-* L
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2.9.2. Co !erl -n 1 o
bnto in 1). ""'r ; iiit: '~" Imil ~Q -IMC
frturl: " "

The bats were f <ted overnight of solid i'ood but had
free access to water and an Isotonic glucose solution.

In the first two experiments, four hat were gi.ven 1,5 B
of fructose in a solution containing 15 n/100 ml. In the
last two expcri: n's, two of th< bats receive 10,5 g oi gln-
cose while the other two receivei 0,5 g of fructose, 'his

time however -on »ntrad4i<as of the solul ons wr- 5,25 g/
100 ml. The reason Vi., low; - tor -en'rat on was used in

the last two ex rim n's was ocr.auao the fluid was go ng

straight.- ?nto 'h j" un I1:an 1 -« as. " "as sito a-s trd
shoul-1 there fora be .solon c¢ to th( i l!oc Ie

althc h, as emire- ®m 1iscuss--, <n p'T" "1t an, e*evs lhat
in t I at , irs. Iat- *a- -0 . <e a', o ' . Ls-n > -C

Each (: or ni -1 of mv< b-i'.s., one con. 1#Co,
the oi h( * mi; il ss [

The method usod on 1 - cons-lour bat was 4lie same as
previously dc =-s' 1l on j'f 17. Is- ( " animal ea,
anaosr. lire I . h an ntr ;oriVon- I inji lion of pheno-
barbii on< j»ontobnr'. ;‘on nix* re (p"s- !*’» and ‘h % or i-

3

(With 1rr oxer ; si.on that in the low < ncer * .f.,on ess :i-
ments t’e solu' ' m was, intro ium t directly nto the duode-
num) .

As. the but ho: no lars- int« e<tin. il war nol nrc
for the al 'tori'n to bo op.no I. ho disi nl end ot *a in-

testine was, cannul at ed by passing the nil astic catheter rip
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the anus and tying it in position.

Blood samples were taken as before; the first was taken
prior to the administration of the sugar, while the others
were collected 2,5 5, 10, 20 and 30 minutes after the admini-
stration of the sugar. The dose of 10 ml of the sugar was
given ecither into the stomach or du ienwn as, before depending
on which technique was- used. After the 30 minutes blood
sample had been taken the animals were killed, the abdomens
opened and the amounts of the sugars st:1l present in the
stomachs, and intestines were esturnted as before,
the amount of sugar aiminist erod and the amount recovered
then th- difference would I the amount of the sugars assi-

milated.



2.10.

The method ur.od for :no infu. ion experiments we.s based

on that of Jacob.; and Lupcr (1957) e

rate

l.-o0. Jju- o ! e
mol canrmia. D: M. - d . V: centrifuge
tu) e. J’z  he :fill tm ; <! "1 01" fledirt al
canr:u a i - F it 1 '"U G bnl.

The apparatus cons isted of a '-O"l hypodermic rvri.nrje

The syringe war. driven byastopper molor .o that o o Lle

epee

i of iac motor had hea aljust-1, a con. !ant rate of

infusion was main”ai n ] even ii 1ih'- load on the niot.or &-

tered. The .,vri1 o v;az -ouncet®* ' by a short long! h of

silastic tubin,; to a s.r-all mdens.or, thr ugh which water

at 72»7° C -s. «c¢js- In' 1. The. ]:o0 in-al cannula, about I (I

Ionl;,

was connected dlrcoily to thm condms.or and wu made
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from the tip of a Jacques catheter (CH 8). the djr.t-al can-
nula cm in length wvn-, il o made from th-- Jacque:; cathei.->r.
The animal:' wen facte I of solid food overnight hut had
free access to wafer and an iaotonic glu o o so3nt ,on. In
the morning the animals were anaesthetized with the pacno-

harbitone/pentobarbiton< mixture an; the hair removed from

cannula were filled with the Infusion fluid to be us< 1 and
the volume adju.'ed to 50 ml. To prevent the loos of any
fluid from th >apparatus, *hi tube fro the s.v : 01

condenser was clam: °* 1.

The animal was placed on its back on a warmed operating

using an 8 cm Imrt of polyth, n, tubing (portcx 4'/ poly)

jugular vcin until the tip was in t) o right atrium so as to

obtain samples more milar to those of arterial blood with

The ahion,' n was opened with a midline incision and vhe

around 1lc :s,/ ns,] -a! of t j Juntu. At a d:s",.u"s s:

about 6 cm distal to ‘: se lis;s ur- s, two furld,or .ligotvres

were place 1 or 1 th- i*'o. i:'® coin Ulsis I w. 42 Mu distal

lated, adjus.tint the con len er so th i 'hero vsu no inter-
ference wit’ the into. ;inal blood s.ipihv. Th" di.ital

cannula was also al,-us' md, ivki-ig ure tl at the- ntosfir.r
and blood ves.u Is were not oc-luled. The end of the uis-
tal cannula wss placed in a 10 ml centrifuge lube so as o

collect the effluent. The tip of the cannula was adjus.lod
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so that it wa. a few mi3limvtrc:; hi[',Jhor than the intestino.
This rnc'int that the intent ino was slight ly dir.tend'.-d with
fluid due to a hydrostatic jr- -ire.

The animals wore only heparinisi.d at this atage --o that
if any damage had been done to the mucosa resulting in

haemorrhaging the normal coagulation processes could cause

patency of the jugular cannula was checked to see if blood
samples could be withdrawn quickly and freely from the can-
nula, if not, the cannula was, adjust 1 uni ! t icy sould DO
taken quickly.

The blood sample was taken fro; the jugular cannula and
either the glucose or glucose m fructose concentration
deter; -1 in t:u ! o0 :.

The infusion pump was switched on and the jejunum in-

tubes, in which the effluent was, collect, d, were replaced
at 2,5 minute intervals an the blood satp es taken at re-
gular interval . The effluent collect i during the first
10 minutes w s discard;I us the volumes varied ai the be-
ginning but usually reached a steady state within the nrst
10 minu*1

The volume, in the centrifuge tubes, wore measured and
the concenfr 'ions of 1- .a. as. In 'ach sample est imated.
From this information lh< amountof sugar recovered was
calculated an i knowing bh< amount of s.ugar mlus. 1 in ,5§
minutes t)i" amount of i igar ass imil ated was. cat -u.lal. i.

At the end of the csreri: ent tin abdomen was oj-ened

and the- 1 ngth of the int. .tin. wused was carefullyremoved,



the CMinula.; were taken out and th” intecti ne placed in a
sal jno rolu $ion. After 10 minud4or the lent tn oi tlu jeju-
num us-. / was measured, tt is f/tvo s.ufficisnl. til - !'or t.ne

intestine to have reached a constant length :ol !owir:- mIretch-

ing when removing the tissue# The into; tine wai tuen >I/led
of excess fluid and weighc !¢ The amount (< U ir aat iiai-
lated was express. ! as mg/cm/., ¥ minutes.

2.10.1. A: ' ile'i ' " n 221— - — I

grn ljer,t in vivo
The method used in this experiment was based on that

used b.eth ff an; OmyVh (1 :).

isolat'd Ions; of :mall it. t ne] v.s o
A:  gas lift; } n. 1: r- ot.-rv ir. C:wal er-
I): dis.t.al e anJ ia. K: iy e '
cannula. C: r .onvtir ts;. Il: gas, ! ufl pun.i
tap.

This export nknt was <iri*iod o d on thr- v hats and

three rats.
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The experimental procedure was essentially the :amG ati
that used for the in.fur.ion experiments except, that; instead
of the infusion pump, a reservoir war rr- 1 and the eill!ucnt
returned to the reservoir by a par lift. pump,
of intestine used war aiso different in that, in tlr-ne ex-
periments the inter.tine from the sphincter of Oddi to the
distal end of the ileum wa. perfun

The reservoir was firrt filled with an isotonic Glucose
solution (' ,25 p/100 ml) ' heii 1 of th appa- bor

adjusted so that the level of the fluid in the reserveir

heipht of the reservoir r r ;"tmi in a hydro; fr* ;c pro; .

and H) on the perfusion ' : .ratur v n opened and the in-
testine perfused with the glu ore .olution tor Ib minutes
to rain the 1Ix1 "l os 3ev I. At the cad of the 15
minutes the apparatus war dir onn etc: from the cannula: ,

the glueore solution dircari d and tb apparatus rin.-a:;,: out
reconn cicl to la p: )% 1 . annul Th, into fir , war ' sen
washed out w”u 00 m o" : :' of flu, it from t'r iloum

being d curid.

Once all the a3 hie had be 'U ur d the r* avoir in:, (G)
was do 'ian ! 50 : 1 of th, glu-ure olution (I'd mg/lbd ml)
was placed in the reservoir. PI 1 :in1 P~ rfuratv raider ot
opproxb ly 0,1" ,1 vorr , ,n fro th jugul ir cannula and
the reservoir re. .octiv< ly and the giu o. e conOvnfral ton
estimated. The apj.aral a: .r. reconnected to tin dirial

carmul-: and th- rfurion 1i irtod again. The 1'me n.ier-

vnl betwen stopping tin prrfurion ¢ “ I: 5«3 /100 1 -
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starting the 100 mg/100 ml glucore solutions was approximate-
ly 15 minuter. At 15 minute interval during the perfusion
samples of blood from the jugul ar canuula an ! pern u. il.e Ironi
the rerorvoir were tadtn for gluoo. m ded *ntin mion.-. Ihi;
perfusate samples taken at th« starl and the e? lot tlie ex-

periment were cai'r c¢d oul in 1lu;>Leale.

After the 10 minute ampler ha 1 beti taken, the perfurion

'

was stopped, fch- ahr ' n opened and the intertin- removed.
The volumes of fluid in the rer-rvoir and interti-  were
measured and the glaoo/e eon'-eni rat Itin; >rtiifd cd.

length of the intort n- u.- 1 war srarei.

The difference botwo n the amount ot g .ucore roro;urel
and the amount of glucore init *¥ly jlace I in the re. ervoir
was the amount of glu ma i ilated or accreted by the in-
ter! in- in one 1 r.

This experiment war, rot carried out u. ;ng frueto: e as

the blood fru itor-. lev* 1 coul 1 not be increased to levels

of glu -0 * ft-' t,; blec 1 to tn in.- ten

This investigation war carri 1 out on one bat and one
rat. The a .in il wo-o f- ' d of olil f( d overnight but
had fr< 1l acii < to w '*r ani n iro’on: ¢ glucore sol ution.

The method ur miwar- similar to that used in tlie inturion
experiments. [ it inthilnve: tiration ilinc war us d in-
stead of a r; nr solution a !a inld iai :‘tui i. Al o,
long r lengths of jejunum w r- ur-ed, Il cm and Id cm in the
bat and the rat respectively.

The animal r were ojin-'ofclvd i ¢d with 'he piienob rrbitore/

pent; barbitc ue mi ture and Ilo e peri.ment al proc dure
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carried out: as previously donerLbe 1 on pace 35. After the
prolnfuciou blood no:pien lal boon eol I<'dc 11 Ino anIu: Lon
pump wen switched on and the phyn:iolocLcal naino jcrlunod

through the ,;ut al a m e of O,r nil per 10 minui n.

In the experiment c-vri 1 out on lhe bat, AO minute:::
after the infu ion of saline had begun, lob mg o: glucose
was given in' rav I/ a. an 1iso'onic plur >¢ *ohs
This initial glucose 1c¢ ding dose was folLow 1[I by repeaced

intravenous injection do es of b,lm of glucose eve:,/ 10

with an intravenous infee ion of ,5 units ¢ in. nl n fol-
lowed by a sec > I injcc'iov of 4 units of insulin 8 r.inulJes

later.

In the rat the init s' 1i:itrav nous glucc o load was 2bb

mg and this was follow, Dby an intravenous, glucose infusion
at a rate of 4? r.g of ;iu e s r 10 minutes. A) lor 120
minutes the s 1 infusion fluid was replaced with saline

containing 0,5 I idie si :is.
The bat and the rat were killed 140 and IrO minutes
reap. - ivcely if' s t in wion .: th- 1int. sline had .farted.

The abdomens w<vo re-opened an; the lenglus. -uiu Wig md o,

fusate in the effluent tubes were measun 1 and the glucose
concentrations in t!c HOJlu*ions o; ire <=
2.10.5. Fs!lir '.it | l:ft=Ss i'' ' s'5 s' ' aujL
] 1ijc H9e”I ,e 3. . | sorb al nod
(on’ir Ti as i'ilal'oe °fn s ar
In this invest ot itj on only b ¢ s were in < :e!lic*

fasted ovsrni, 1l ofsol id food b had free accc: to wafer



and an isotonic nlucosc nolut lon. The animal.m were anaes-
thetised and the same experimenta | procedure foil lowed as

had been used in fdh< infusion experiments (page 35) except;
that in th re exj/erimt.-nir no d.irtal catheter war used. As

a result the whole jejunum and a large part of the ileum

In the bat the cannul ation of the portal vein, so as to

get portal blood samples, war 1iiffieull nr all the larger

vessels are short. Tin port al blood .a .pier were therefore
taken directly frv. the portal vein about 4 - 5 mm from the
liver. This v;a. do: cuslr a iG hypo iermic rvdie con-
nected to an "Aria:'" ryadr.g . The diradvant? of this

method was that a portal bloc I .rample could only be taken

IIo blood samples coul ¢ therefor'- bo taken before the infu-

sion war rtart' 1.

minutes 0,5 ml . of sy. 1 ¢ < blood were < llect ;d from
the jugular consul' '~me+ 0,5 r.L of por! 1 biooi 'is:, t.hv

L

portal v in. All = 1 a'e<(* were nn n dni ate.

all the experiment . ';.e concca/ rat '.on of blood lactate war

cose infus' ; a so,i. ti< P>*n”i gl.ucor< flonc>n v Lon s
er.tim"fmi u I o o'e o e T (1 ;a *N ¢

the othi s *wo exporli mad. pi .‘C - wa m-.ti-alt i u ir.g Ine
hcxok ina "hod . The bio 1 frueWo. < an 1 . in-ros'. vonct ti-
trations were ertii ated uf inp M hexokin/i. mme- .ocd in con-

junct. on ' th pho, 1 ). 1 mrn < nl » fructvsida. -

(pop;,-.; G and ;). In th :Tort expvrim nfs, the plasma
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and an inotonic glueone eolation. Thn animal:.'", were anaes-
thetised and the name experimental procedure fellowed an

had be< n uned in the infunion experiments (page 35) except

a penult the whole jejunum and a large part of the ileum
were perfu.ed, by which t ime all the fluid war arr Uiilated.
In the bat the cumulation of the portal vein, so as to
get portal blood samples, war difficult nr all the larger
vessels are short. Th< portal blood .ampler were therefore
taken directly fro; the port'll vein about 4 -5 mm from the
liver. This wa; lone uri: a ,23G hyi o :-i-;.ic needle con-
nected to en "Ayl an" syringe. The di ¢ ivant * - of this

method war. that a portal M >01 .ample could only be taken

30 blood samples could therefore iu taken before the infu-

sion war r. arte 1.

minutes 0, ml ra 1 of r.yrt. :c bio 1 were collected from

the jugular cun:.alr. as 1 1,3 r.l of ports 1 bloc! from the

all i1ihe experiments tht cone, atx-.t .on of b'oo.i laccate war

¢

cose infu.ad sniaa io blood glscore eonclr ion v.an
cstimut.' 1 using 11 « G.O.D. Peri 1| m thed (page <) while in
the oth r two experiments glucose war, est imated using the
hexokinnnc method. The bloc 1 fructoran I sucrose concen-
trations were esti: fed using the hexokinare method in con-

junct on h ; .0 I iso ra nl p I'ructor idarc

(pogar f, an1 ). In tic si. ‘rosm u pirim ntr the piar'ua
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protein.", were not precipitated with perchloric acid but by
boiling in a nalinv .oluti m ).
glo.M-fli ur ral e of ur i:ilation of plucoco

from thr jr,]Junin
Only bats were w<d in thin investie''tion, tiny were

fasted overnii ht; of r.olid food but had 'r ¢ access to an

isotonic gluco. e r.olu' ion. The follow ay mornii ; the
animal, wore rv.aecthc' ' I with 'a plv arbi fcon</i a-ntobar-
bitono mixture (’ 1 One.- *h* an :°+’ war a: loop the

right jugular win v;a. cannul alL (page /'s' and the oesc-

phagur. po. tari or to t! larynx war id-n"'rlcd, cl( ant 1 and
prepare: for eannul: ' ma. A Jac.pnr. aa ofer(C ), ap-
pro::! :a 0 a. loi , at' 'o a 10 : 1 ryrlngc were :oth

To prevent the lorn of any fluid froa the ryr'nge and cathe-

ter, 'he la'e® van i "> ' w'h . 1!1o( ip. Tin
syrin. a wan th-n ]JIn e+ 1 't an in . ion | ©p apparat is and
the oenophagl'" cannul at cd with V «<catn Hking rare the
tip Of ta :n mE ' a-a.

The abdOi'n n wan oj > I alonn; t e mid line and a doui e

lig a r o fi 1, ®mi i..'lor' ¢ .: in"' or, to pre-
vent t1 lo of +¢7 flui! fro-;the to - . The Jejunum
was id' n- if i’ ai 1j < jred :or lh infu'o? of a sup:ar o

lull on (p ye ''i)e

In th" control < - aat .a singlt pre-infuriu blood
S'ipi" war !la n anl !« r u °m ion let *- 'no :.
The intestinal infusion pma wan then nw.itcht i on and the
jejuni mi"rfur- i w: a ico. ' I a rat.c of 0, ml/ )'»

minui . 1" 1. ; U ; were taal.-n at £ and 10 minut e.
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'ini th-n at 10 minute ; iler-

after the start; of kin infu <ion
and the exporim nk terminated afti r »ho inke.-kin* had wma
infused for on  hour. Although the oexopliatju; 1ad been can-
rulated the stomach infusion pump was not switched on and so
no glucose was. infused into th stiomach.

In the act " exporimt n* pluco;:-1 f;/100 ml) was

used for both tl o s.bo; ac'uar t JeeJuri.al nfu. ions.Hlood

samples wore collockvj pri )r to an 1 b, 10, 0 and 30 minutes
after the intestinal infu 1ica had be starter. After' the
30 minu' *s blood .ar;Il<hal :eon ta -a, tin bulldop clip was
removed ; tin. . :o cialso inf ;s with g!n'o. e al 0, -ml/
40, 50 and 60 r'; S. t . m w-.r t- emirate I - "ter

the sfco:s h had o< infu;i for 51 r nuke

The animals went killt1 after V ox;arisen: and the

The volumes and concentrations of the glucose in the

effluent wube wen ;m is 1 and th -sours s of glucose as-
simile's : .wro r- lci lat(1 (j >). Graphs and histo-
grams wes drawn to show td concent ra'ion o; he si; flle>

2.11. : '

2.11.r. s 'm

The animals, hoth . mi bats, wore fastoi of all

solid fo 1 ov-ra'u k, lut Die,/ di i > frae acco; s to water
and an isotonic pln o0s.o o'lut on. Th fol lowing morning
the anl .1  wore- lilled and the ahlo <m os w i bp mi il no
incision an I the ini- .dim removed as quickly as possible

an [ pimes i in cold :mIjn<. The i- - tine wa: ral in >
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sections, opened up and pinned out on a wax plate made up
of pink model linp 'wax . The surface of the mucc.a was
washed free of mucous and any other waste material with
saline.

The method used in the preparation wa similar to that
used by Halt., et d ., (] ) an 1 cons ;st- 1 of fixing the

pinncd-out tissue with glutara]drhy.ie solution for 24

The tissues were th ui dehydrated through graded ethyl alco-

hol and graded asyl acetate in absolute alcohol until they

the critical noine* techni sue, moun' mj ar i coat ; with gold
palladium and vs-wed with a Cas.briig- scanning elec lrom

microscojc.

In these investigatio: s a ccmjiarative study of the
structur * o' 4h :nt tis e th- 1at 1 t ra< was le.

The as 'ss.ls were f wem of sdi 1 foe,1ov rni ht but had free

access, to both wot- - and an 1isotor - :;lu o ¢ solution.
The follow:' :ora 1. ' e '3 re killed, tlc
intestin quickly v rovn 1 "i 1 cut 1ii so lent ' of about 1 cm,

and irrmedi ats ly f'xel in a cold (V C) solution of ,v
glutarald' h. Is 'r a race !vlat c/s-!.ucose 1'iiffcr (j d 7»*- nnd
415 - 4 0 80. «% After ct h>x - ‘h tis ,a wvsre r .ov- 1
and cut in'o Il nr out * a- "en ret srn d tv the fixative.
Al. th c¢cnJ of four hours tdie pesim were rvmox i frou

the fixative an was a i in a 0, 1 Mccodyls t< 1 iffecr and

¢Pink modelling wax "As.sueia lcd J<nlal p'"\, ?ucl
toughened 1+



post fixed in 1% osmium tctroxi I' inm cacodylato buff u* for

a furth-T four hours after which they wore washed in the

cacodylato bu fer an.d left overnight in t.hin buffer. The

specimens were dehydrated in ethyl alcohol containing 2%

uranyi-acetate and finally placed in propylene oxide. The

tissue:mwere embedded in aral fit ¢/- pon mixture.

Thick s ctions L -1yt wre fir. t cutand stained with

toluidine-pyronin so that the block could be orientated and

trimmed so that the mucosal cells wre cut approximately

mately COnn thi & an: s a:m 1 first with uranyl acetate and

finally wita 1lc [ acvta.l.o. The .'a ;t ic were examis :1 with

a Joel Jem 1.00 0 /e son micros ¢o:
The meas.ur- [ ] of ‘h length ;, diameters and distances
between the microvilli w < ns k directly from th negatives.

A n’urser oi m . .r r nf: v- x !q fre each neg< tive and the

thi o ss of the plasma i -oran was mcasur d both on the
neg v an. th pr ata- 1 b re a;ain a number of measure-

ments v, ¢ rad* , rsi I 1 ;i d inth final calcula-

tions.



3. RESULTS

3.3. T-’'1 11 *'"  re" 1?7  1IIL

The mean tranoifc time for bananas in the /»? bate used

in the invest! ation war, 4( minutes. The standard deviation
was found to be - 24 minutes,
3.2. Or i j!r et-Irr ' 1 r °r

Tables 17 and 18 (sec appendix) and figures 6 and ? show
the changes in the blood elucose concentrations following the
oral administration of either 10 ml of distilb i water or 500
mg of glucose pci 100 g body weight in the an usthetisod rat

and bat.

[e]e]

200

100

r _4 1

5g gfuoosgE 0 o

6 5 10
Minutes after administration of water

bat .and rat follow :s the oral administration of 10 ml of
distilled w ter.

(Solid lino reprc r-rits th« bat and the broken
moan value ar i the vertical 1,rc - the standard
error of tin ).

From table 17 and fir;, f it can be seen that after the
administration of 10 ml of distilled water there were no

significant chan <3 in the bloc 1 glucose concentration in
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either the Ial cr the rat.

300
“ti
0
0
O
200.
n
r-t
§
a 103-1
iilinut(s after ad:ninir,tration of glucose
tised bat ard £ fclli : 1 "mietration of 50
mp of u o: i 1-\
(Solid lire r<:re: rte tlr 'at and the broken
line te t r . C Ir i ohov; the
moan value 1 'he wetical 1 - the standard
error of th : ).

Fir;. 7 and Table 1 (ret aj .or hix) rho . that after the
administration of eluec ¢, the blood Tuco.e concentration
incro d in toth reuj mof mie s. In the rat this in-

crease was fro: a restir level of lid in /"100 ml of blood

to a value of 10 <« /]< ml of bloc i ti e .0 minute bit I

startin'- at a level of mf/I0O0 I of bloo 1 in-1 ine”oacine

to f>4 ¢/100 1 of bloo 1 in the ."i mi.nu'e blood sa -iple.
To see if there was a si ;nificar t diff< pence between

the results obtained from tin rat and bn!,, a test was made

for the si;rificant di ffer' ! « h two n tin slopes of the
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curves recorded for the but and the rat r;lucoer tolerance

lest. (Gee appendix pa-e 1 ). This was found to be

highly significant it the O0,h;. Level .

Table 19 (see appendix) and fig. 8 .how the changes in

the blood glucose concentration following the intravenous

glucose toleranct tret.

300.
D
0
»=<
Mo 200i
8
rH
X,
©
0
0 H_V
%} 103'
it
0J nr
0 10 20 60

Minutes after intravi nous injection of glucose.

79 mg of ,-lu- or- 1-r 100 ; w1 t.
(Soli i 1in e rev re its th iat aid the
broll * ] . —t1 <.ul *
dots shows f" mean value and th vertical bars

- th- stand! rd rrcr of the o n

The bat, as usual , had r lower res!'n" Mood glucose
cvel than the rat. The amount of gin ore riven to each
tnimal caused non hly the ame increase in the blood flu-

cosc It -el f:om #«+ rest - blocd . Lucos, 1<v is.
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important observation, however, in that tin- decay of the
slope of the two “rn:h: in identical.

In thel ¢ nf.rol ex. -rim,-nt « whor ; the animal:, were Given
an intraV' noun inject:! on of nil Inc of oquivai'nt volumtn, it

was found that there was no change in the blood glucose

concentration.

5.4.1. A "' ml4d! -or o1 L __.il

in 30 minutes.

Glucose Bat (6) Rat (4)
Administered (r ) 1487 1740
Recovered from .tor ath (¢ J 459 +0 * 70s + 1, 1
Enterin the 1 tor tine (r *) 10.+ 80 838 + 1/
Recovered from intc stiru (- r) 3+ 39 361 + 174
Amount assimilated (15) 763 +60 c?78 + 1i
% ess;:.! lot'd to av:-liable 7% £ e ,5 +

e Ku..: r of '-i: sir.. $ v in the bract- ts.

The r suits (Tallec 1) shows th t the bat differs from
the rat in a numt r of wo. .. The first war lhat the bat
assimilat'd 2V & of glv :oro com[mered to the ."78 mg of the
rat dur g thi: 30 r inute 1erlod, thus this under similar
ctrounistar <-es th< bat’s rat of a 1m IM let xvaa 7,8 t imos
fast' r than thi rat.

The second difft-ror < was that in th 30 minute period
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more glucose left he batl, ctomach than uh« rat's. Finally,
in the bat the percentage of° the amount of glucose assimila-

ted compared to the amount of plucore availaDie in tin intes-
tine for assimilation was 75% as, compared to 56,5, for the rat
Table 2. The volumes and concentrations of glucose found

in the stomach and small intestine 50 minutes after the
oral administration of glu-'ose.

Bat O) * Pat (5)*

Volumes (ml)

Initial 10 10

Stomach 5,4 +0,h** 6,9 +

Intestine 4,0 +1, 8,6 +0,.'
Concentrat ion, g/l 0 i1

Initial 14,87 15*%4

Stoma 11,8 +r>5 la +o0,

Intest -c 7*5 10, m 4,0 + 0,4

* Nu: : » Of s '

Both the rats and the bats were given 10 ml ofthe
15 g/100 <1 gl rso: < solu* ' >a (T-.h! ). In the rat a
total volume of 15,5 ml of flui 1 wa: recover. 1 from the

3

stomach a- e le'm.' n*mm,: . 1 to 7*4 "1 n lh> bat .
In the bat no men urabl!e voluts of f'iui 1 was or rved in
the distal two thirls, of th< Lnts st Irs where s in the rat.
the fluid cccupis (1 the entire length of the small intestine
and somet' s had ent- r- 1 lh« large > 1¢ ‘ine.

The concentra f ion of gl -sos.o inboth wuvimn'e." : tomachs,

showed that the glucose solution had been diluted, but that
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-t wa.,, still more than twice the ociaolarity of the plarma.

The surpricLnc comporauive difference between thcne two

the osmolarity due to the

onunal species was that in the bat

Glucose in the intestine was 40% greater than that of the

plasma whereas in the rat it was less than isotonic.

5 10 20
Minutes after administration of glucose
'
CSoJj : !lin- repre. u * - tar bat an 1 the
-1!n+ ' S1j' . ' i
81111‘!1! n a—-Tmean Valsn'l=I rgltl {1( vert CaFlgg%gd_d&tg
standar i error of th, ni).

blood glucose concentration "oind in the con ciour bat and

Prior to the start of the experiment the blood glucose level

in i,h: bat: Vv)'r*' ) n.g/100 il co .. wWi to 'Yj mg/lIOb ml in the

rat. In the bat after the administration, of the glucose

there was a rapid increase in the blood glucose level which



started to level out

rat by contrast, the

from 55 mg/100 ml to

51

otter 20 minutes end reached u moan

'

blood glucose level increaned slowly

reach a level of I55 ®'VI00 ' 1 eft*r

50 minutes.
5.4.2. Aruvjmil ‘l.ion of
in 50 minuter,.
Bat (6)* Rat
Fructose
Administered (mg) 1491 1 1507
Recovered from stomach (mg) | AN
) ) . 1158 +50 883 + 95
Entering the inteat .i.r (tt,)
82 7 615 1 82
Recovered from in4 ;ti' ( 2
. 1076 71 268 + 40
Amount assimilated (" 1
.. ) 92 45 50 + 4
* assimilated to available

The results,

mils

md.

fable 35,

showed that the bat nsslMilefod
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Tab] u 4. The volur = % I < eer.tr\V.ion." of frucl;ore feu>]
in the Storach and e- il 1 ini:tine ;)0 minute: aft. t the oral
adrniniat rulion of fruel. .

Bat, (4) Rat (4)

Volumes (ml)

Initial 10 10
Stomach 2,5 10,6*%* 5,7 +1,1"
Intestine 1,1 +0,5 11,4 + 3,3

Concentrations ¢/100 ml

Initial 14,9 15,0
Stomach 12,; >0,6 11,2 +0,8
Int stire fm' +0,8 9,4 50,2
*  Nunh c: fan’ - ir Irr

** Man ... . tanr mj *ri-cr cf t: m an.

The anin ii w e 1iven 10 ml of a fructose solution

rat a total velu of 17,1 ml ef flui t wan collect. 1 from

The concentra+i nn offructc a 1in both the stomach and
intent i’al x> :1leu war < <+ r 1 th ba* v encom] ire i to
the rat.

The mean v r.ouf coi 'entrati or! of glue, .0 and fructose

found in the but ai 1 rat follow! - the ad: i. ist ration of
1,5 of fruef( - - ve e 11 a o Tati}' . 10
and 11.

ni| . 10 : if that foil ov;i: th ad: ini ineati m of fruc-
tose th( hi'." 1 '"«<1 V1 i> both i:,'roar. <l, in

the car.'! of the but from a jm -adt ir istration level of
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60 mg/100 ml to reach 261 mg/iOO mj in the 30 minute blood
.ample. In the rat the blood, gluco o Jeve] Incnon:ed from
70 mg to .100 mg/1.00 ml. "-"h-TG wax no frueto.a- ;n tin blood
prior to the adminl trat Ion of the fruetoeo in either specie
(Fig. 11).After the administration of the fructose in the
bat, there was a very rapid increase in the blood fructose
level which roach d a maximum value of 1J2 mg/100 ml in the
S minute blood a: pie and then ; lowly decrea. el. In con-
trast only a trace of fructose vm found in the 20 minute
blood sample from the rat and this increased to 9 mg/100 ml
in the 30 minu' blooi .a ;to.

The statistical analysis to test the significance be-

tween th amounl . of glucc :e and fructose a; milated by

(See a: p-.-nd'x . ]

300-

°O T %200
2

gb 10C
!
g )

10
Minute ; afi.cr ad linis.tra'ion of fructose

1,3 g of fruet m

(Mol : Line rupre.c t Th Tat /ad Tu b"-f u
lini. -——-me- i rat r I . Cin-li 1 lot shous ?te
ri'uvan value rn I M- v-'d ica'l bars, - tin standard

t rroi of ' * si).
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0
H
4B
VI 200
0
0
D
to
_% 100
N
M
H o5 o
Minuton after administrati on of fructose
1,5 g of fr ictc:
(Solid line rerr, V t! t it .-ml tie brol cn
mean v lae an: t) e vert: 1 bars - the standard
error of th ).
tose in the bil
Table >+ The a « *'on <f amiy‘ ire of glucose ana
fructos * in the i f n 50 Liu

Gluco e Fructose
(6)+ (6)*

Admini ' i () /50 1 2 ** 748 1 2 **
Recoverm; fror /to- a.ri (mg) I 59 218 1 58
Enter in/; th  ini 1 Q,. (r/;) 1 59 550 1 58
Recovered from ini /tine ( ) 111 1 50 65 d 20
Aioun' a 1 /ilat 1 (*1,) 55 465 + 50
% an/i 1.1+t d to avn liat 10 73 » 6 87 t 4.5

* M >or of exzimal in 1V :hi
** 1le 1 an : 1' wmlard err r ofla ir- an.



Table 5 shows that th< amount:: of glucose and fructose
assimilated in 50 minutes following the administration of a
mixture of tlnse two monosac (dun*th wu:o «I, t-g nn+ m> -'g
respectively. In each exj'oriinta‘ more !rueto e u Isa—
cose was assimilated. The £sulcesit 11 1test con lu not be
used to test whether there was a signil!leant diain mncc be-
tween the rates of a. inti! ation, because of the large

variations, in the amounts of glucose and fructose aesimi-

done to see whether Ih- mean of t ie differences was sign.it L-

cantly differ- nt fro: - no.

Su "<r assimilated n ;:/50 minutes

Bat N° Fructo ¢ Glucos Differenc
1 404 327 77
2 555 3?29 26
5 149 554 15
4 311 74
5 580 503 17
6 597 514 Yy
27x

3 'i7,f
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X
Compute tn _ j = wi—

7 A
(paired cample t-tcrt)

where x 47,8

8.D. - 31,5
r 6
'17,8 -
so tn x f 3,718
51,5 ~

te] 0,09 3, 69

So sienifi " : o!'"lm] '"1I( .ml.

The static!.! lal ai.al; ir of thee-- ex; rim nts showed
that there war a  hi, hiy *i evifiantdiffmr nee between the
amount;’ of fr .e> 1 t-d. i’ : - re-
sults Were fur' « r < 'l zti! th feci tat althoe i. th
same arr.oun ‘n of r.\m 1 fru -tc had ertr-nd the intes-
tine , 8 of ' . ini 1al f ¢ v.".'a.,ir.il atod com-

pared to the a . .-alue of
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Table 7. The volume.- and concentra! ion:' of iurone and
fructose found .in the -<'toti.ich and interrino in the bat >0
minuter after th< ulmmn:1:3tr-it ion of a mixture o. ,,;0 n
klvco.c and 7 - wvir frue tc

Bat (QG)

Volumes (ml)
*5

In 111al 10
Stomach 5.5 1 0,6
Intestine 2,9 +0,9
Glucose (*) Fructose (6)

Concentrati onr- /ICO ml

‘*
Initial 7,5 7,5
Stomach 6,4 £ oT 6,2 + 0,1
Intestine 4,1 % o % 2,1 +0,2
* Nu, m 1 f e "1
The bats wre 4.ven in! -a metrically 10 ml of the mix-
later the anirals werekill and it was found 1id at the

stemach still contained appro/i iStely a third of the initial

volume but that the concentrations of both fltn’Oi am: fn;/-

volume of fluid in tie ini ‘tine and r expect, 1 the fruc-

tose corm ntration war- l-rr ti an th eF et o lu<g o .
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600.
rH
H
0J
Minutes after administration of sugars
]
(Soli I line - repre.;-: tn tl/ fruc eo a:
broke 'm1'rm --——- t' ; oo S, .1
Cjre] i dot show." th a- value ar i1 « vell ¢

blood glucose and fructose concentrations in tin V-at fol-

lowinr the adninistr'.fion of a roluWor containing equivo-
It nt amount of :lu-° o and rue '<e <o 1:ml 111 L
nisirat. ion »f the monosaoch' rid- r, there wasno frue tone .m
the blfa 1 ai i the bio-d lu b.-Vi 1 vn; "wm//] 1" 1*

After the sugars had be- n given the blood glucose eoncon-
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tration increased very rapidly an 1 reached a maximum level

of /Id2 m:/100 ml in the 10 minute rampi o and tin n Glowly
decreased. Fructo e alno a; ; ared in the blood an! ached
a maximum concentration of Gl mg/100 ml in tin 9 minute sample
and then r,lowly dec.recced.

The patt- rns recorded for the blood glucose and fructose
co: eentrations durir.i this e~ emri;; '-nt w re very similar to
those recorded when ciih - of th-se monosaccharides were
administered separately, accept t;:at tie surar concentrations

were lower ( lues. f: . 9 ar I fru 'e « £ . 11).

the rtorach art n:all ini "i1- 1In the ;at, 50 minute s after

the a: ir.i r of 1, 'Ur
Sucrose (m)

Administ- r, 1 (n ) 1500
Recovered from stor ach (e ) 508 : 55
Recovered from infct . Line (: O GO > 19
Total su rose recov red (m") 568 1 (i
Amount of s -to - di-er.tc I (i :) 952 2 20
% dig-'sLed to ad- ini stored 62 + 2
* Ku- r of ari:e ¢ ir 1 "a
** Men ").!le" dt * of ' n.

Table 8 shows that 10 n:inut< G after the sucre, e had
be-n rivn only '-08 ' of the su re. o wa ¢ still in the
sto 'ch. ft is m ant liafc apjr :iiat.. 1 1000 n<¢ oh . or -

enter-d th- .small ini- st ine of which only GO mg was re-
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covered. Ax no xucrorn wx foundin ,ny of cho blood

sampler, if; in rnaxonnbl, f.o axxmr. I,hat the remaining su-

crone was hydrolysed to filucoru ani fructose.

Gl ucor:o (G) Fructose (Q)

Suf;ar formed (m%) 490 + 14‘* 490 + 14
Recovered from -to-a -h (m °) 5+ 2 5+ 2
Recovered from intestine (m ) 116 + 59 91 + 55
Total sur-ar r, cov r 1 (mr) i:2i 42 96 + 57
Sugar assimilates (t ) J69 + 50 504 + 46
% assimilat ed to av.-;lable 75 + 9 79 + 8

The hydrol!y. . of ' r. of ru-ro. ¢ resulted in the

formation of AGO of both ,;luco. e and fructose in the JO

showed Urit Po of the available rlucose and 79% of the

available fru to.- wr a dlat< 1. Oner a .in fructose

was asxinr, 1 !at. e+ fast., r than Lucore and a statistical

analysis was carri d out to see whether the mean cf the

difforerco:.| betwe. « 1 m amour,ts of lucore and fructose-

on. imil it. d, war. : h ,Ifj tly Uff re ! from xro (see

r(’1L0! )! Tflf result; :hew-d that the amount, of

fructose .a :Lm latod was si ificantly create' than for
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glueore at the O, level.

found in the 2l,<t ich and I L nth ¢ of the bat yO minutes
after the oral aImirii. tmtii n of L,I g of micro, e.

Concentration r/100 n.l

Fluid

Volume (ml)

(6) * >'ul p<i:’e Fruc tone Glucose

(6)’ (6)’ (6)'
Initial 10 ok 15 *¥* 0 ¥ 0 *x
Stoma n /[,1 + 0, ' l: "0,4 0,1 _ 0,05 0,11 + 0,05
Intestin 20+ 1,( 1,1+ 0,1 1,9 g 0,17 2,7 1 0,15
* Nut !er of 11, e kt,

An initial volu:; cf 101 of a 1; p/100ml sucrose

(Tablf K ) ti-- tv till ,1 1 of flu; 1 in th stomach,

There were also tree ; of luco. e nr 1 fructose in the stomach

fluid.

The volrrs of ' 'h : i ! : e tir wa 4,5 :1 and Ito
cor.eontr-ati r.s Of \' = wre 1,1, 1,0 a* 5,7" p/100 nl
for ; , fru 1 wma 1 h. e3¢ rc - '"iv ly. Thus the

equivalent osmolarity Il< t< ft-so ; ;ars is approximately

794 mOsi! nr re4"ly isot oi ic’ witrn tit bat's bl< od.
Table 2 (rv  nptx ndix) 'mI Fi o I show th, blood level

of glue . nrd frur.i . du 11 th - ee;eriizsit. At no time

dur ing tme '/: ; ml wi" any rucroso found 1in the venous,

hioo'. ithe blood , lucosf 1level incr, * od after tlie ad; i-
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nistrati on of the surrone and reached a vaJue of mr/
100 ml by the 50 minute rumple. Fructo. w war not found in
the blood prior to the alminirlratio: of the rucrore but
appeared in vhe 5 minute blood ramp]e and reach d a maximum
value of 21 mc/lIOO ml of blood in W-¢c 10 minute blood sample

and then slowly drecr<arod.

600-
T o, J - -
0
0
o 200. -
a y
0
0
H
'kcflfl 00— r T
0J f ~r~ - N
0 10 20 30
Minutes after administration of sucrose
the ad .ini:'- eie; * 3, c . .cro.
(Solid T- o reprr.-1° fructose and the broken
line -————-- fle’lucr m e " hra* ) deeded dot
shows the mean.iluc an i in vertical bars - the
Sland :. vl tmn
tore in': lat a* 1 e ¢ rat
56>l 1. -
The nluco.re trie, ferre.d ty the smtii intestine 1is shown
1
nlucose in Mr Sere: tl cor.t ari 1. In contrast h the

hat 1h- r" wa. a net lor of Vlu m« from the sere ;al com-
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partrnont.

Table 11. The qu- mtU r -ur trans Corred from the
mucosal to the serosal surfa'.-o In the bat an the rat u it ;
the f;ut sac.

Animal Glucose t: : ferred :/cii./50 minutes
Rat (5) 40 + 1/,5
Bat (5) 1 11,0

Number of arir ¢¢Is in bracket
*4

5501

n
O 500
H
0
9
H
to
. 450.
&
C 50
Minutes after the start of experiment
Fiff. 14. T'o co' "r rc. I r 1

mucosal (m. <. o1, :efore at. I after*t o r mirculal ion of
plucoso t u h 're rWwWrlml i !

(Sol11 11? rei 1 "tvr th- j«ror.-al fJu.id and

the broken th 'u al flui 1. re cir led
dot shows thr man Iu rr. va e*non for the Vats and

The results r. oi ler] win n p! ucr.io was racirculate 1

throu gh short Ion ths of small int -sMne of the bat and
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rut arc shown in tables 12 and 24 (sc an* nd:ix) and fif.
14. In the rat the clucoi cor.ncntrat.lon in the mucosal
compartment fell from 'd 1 :to dm (3/1°0 ml in the 60

minutes while .in the serosa l com;art . t th glucose in-

creased from ~ 8 ne to ms ; r JOO ml. When tac volumes

of fluid in the diffi rent con'i urtment,s and the lengths of
intestine were ta'-en into cor.ri Icrat ion, th- n the amount:

of glucose assimilate 3, trursft rr- d and utili/i d were 4,0,

0,96 and 3,

where the ew rti 1 at was re insulated wi.h a rolut on of
Krebs hicor]or.at. solution en 'ainin ; aj-proxii:sattly 500 n.r

of -duco.s }"r ItO il.

Fat cf m ( /cm/hr.)
Ani::,al  Nu. her Assim lat, d transftrred Utilized
Bat 4 1,0 + 0,05 -1,0 ~ 0,18 2,06 +0,1?
Rat 4 4,0 4 <, 0,9' 1 0,0 3,04 + 0,39
s
In the bat (tab 12) th - ;lucose concentration in the

mucosal co:: : irti ert ir.cr-t as, ; tut dur® to the move-nt of

water th m vs th< ini '-t) of 1,0 1 /em/1 of >u-
the serosal compari - <t a,id his repre :ted a net loss of
1,06 m r. Tr,* < ore ttn-r--v. a n t Los of mduct,- o

from hr th oni) urls it in th- int.
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The renul !- of the recirculation of glucooc t':r-ou,;h the

jhdated ir:tii .tine ar- ohown In fi . 1 ana V.abler /6 and

?y (arc ap-f-ndix).

600-
o
0_

H
0
H
o 600
g’ "FX.

2007 R T

30 60
Minutes after sta- expei ment

Fir. )!. wov* r O, c- t " -'u < tin nucecr il
and perenal flui :r wwilr r- . ;u ati- »the rx.Jl Intestine
in vi'

(Sol'id 3 ne — - rep.-'v. *fits t:" nrn ca] fluid and

the t (. m: ; t; MU c. ?he

Cirri« 1 dc”’ mtie r < rli o valuer foe t) <

bats and ¢) ¢ 'wuar<r th< v-a- -'uoose valuer; for

the rain).

In lie rat tie conn, nteatiorof pluco m ITo 1 .o. AOY
to Py? " /IOC 1 h tl< 710 mi)ut . while v 'a remno. il
compart- nt ih- iluce ? conrrntrat.i on 4nor. a fren 1
to ¢ - V100 nl. Tie tii iur m th » Si-i nit di I
the mucosal mluco. r none--nt.ratj en exceed iserosal con-
Centra *i- r.. Tlus it/ ret FW. 1<: t of luce, ofrom the

muro al to tie .m -i] s ir far. , no ¢i 1 by d fir il inn b,
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activ-- tr-m'| ort.

In thf bat the nlucc::o0 concentration dccr«'anrd in both

the comparer;: <tr, in the muco '‘1 t"omn ' to I nr I in the

seroral from 1hO to 'Y 1rj /If'm nil

and ut'li:.- d in the rocirculat 1 i..elated small intestine.
%

Gluco::e m;/rm/hr.

Animal Number Amir: 1late 1 Trannfe."rod Utilized
Rat r o,g"
Bat b 0,5 ‘0,5' 09

* Near, value.

Table 1’ .hewo inat tl. rat as imil'td, transferred

9

specti.oly-e Thev- \ e;ter v ¢ ni.iilnr to thore rep. rt <u

war; lor* fla mboth< 'i < : t'art a:a 0, \° nr/cm/hr.

of M*c o *h ;<val 1 i.

ami=il-Ji;e " 'c it 1", rat

Table 14 :iovn tlwt th |i .r.itty of flucurc rosimilatol

I Vi =t J':!(! 1 'tie uw cd. Th' 1' I 'Vat
amount of m war in.il it- i v!en ''- phenol arbitone,
pr.-ntot Mrbito' ¢ mixtuvan v; U i'he - I'."ect urc tbaro had

on oscir il'lic-n war very cinUar tc that of the rheno/

J<¢? tot art 1ti.M . Th< tbalnmo! ¢ 1 armm thetined o: inal
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Table 14. The effect;:; of the different anaesthetic3 on the
quantities of 1due one ac.: Lroil atod, in 80 minuter following

Anaesthetic.

Thalamonal

Urethane

Pheno/Pent obtalbit one

* Number of anim,l.;

in

Glueone assimilated, mg/30 min.

159 (1)

289 (5)

294 (2)
bracket.;.
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assimilated th- leant amount Luc )ne.
Table 26 (see a; pondix) at 1 fi.R. 16 show the blood [ lu-
cose concentration before and after the administration of

6 of glucose.

" 300-
2
A

iH

B

8 200
0

w

0

(1]

y

ho 100-
to

B

0J ! I I 1 —

0 10 _ 20 30
Minutes after administration of glucose

blood gJlucose levels t fore a:.i aft r the administration
of 1 ,5; of Is ose

(Solii Il re: ts ,her o/pertot art itc: o,
the broken line -————-- thalamoiil and the dotted
dot shows the -"; o conc< ¢ -ation.

After the adn.irir -at Ua of th rlucos* the blood glu-

cose levels ro:* wry rat idly in the ph- no/%, atot art itone

anaenth tired ar.ir al. The increase it the blood -1 icor
levels, with f other two ararsth ti r wre of th msame
order. All oh- rats that hai rc.-e; ,» I ti ur( thar* anaes-
thetic had restine aloe : u+oa lev 1s approximately >0 mm

high' r than tlv Usual w hi' 1'v Is.

th ;iS 4 bat

The amount of sugar as imil ated in 50 minutes by the



= ecpoB—~
)

=

ng
Ead
8ve

Fadtco © sagecs &= 8 g oos
2 =3

au=Nan

/g

Jho comuwantscn ©
Bason

8 AF :g
ozhizamr A,
= ai

,_.
N

xJ

>s)

222
83

rt

to

43

t
hi

o"

«1

vV
t>

aae

cA
IfX
urx

CD

rH

ax

Itoc
to

=a

o0e

6-&

o &
%0

-

°Twgogs =0

OOQO .

o

»22

id

ax

(2%

ax

> O

to

43
to

-°0T .

vz

O’

™M



69

conscious and anno"bhctirod bats arc cl own in Table 19. The
results showed that while the conscious bat assimilated over
1200 ne; of fructose in 'O minuter, the anaesthetised animals
assimilated 10>9 and 279 ne, of fruetor. ir th same time.
However, when either isotonic |:lvosc or fructose solutions
were administrated th -n the amounts of sugar as imilated in
tie conscious and anaestheti 1 animals were very similar.
All ihe animals at the end of the experiment had only small
quantity of "u-nr in the ir:tostine, irrespective of the
amount t .at was still in th« stomach. In all the animals

over 90/p of th-' sunr that had eatere I th intestine had

not so mu'h t;lv rate of assimilation of the su a- but the

rate and tt-.e amount o' su ar that left the stomach to enter

the intestin iu'-In  the 1 Lnutes.
300
0 CONSCIOQUS ANAESTHETISED
1]
,0
H 200 L
O
0
a [1CO

Minutes after th, administration of fructose

Fir-. 17. The av-ra - hiQ 1 :ucc ' ar : fvu-to. e levels
followin a: ini 'ra'*Of 1, of fructo. ¢ to two
conscious, an I two ar a- tl m’ 1 Tits.

(The solid line — — T,.:*mx,nt,s Idn fructose and

the brok n 1Iny —
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The blood lucoro and fructose ] -vcto following the ad-

ministration of 1,7 i of fructose to two conscious and two

ins blood glucose level in the anaesthetised animal was 27
mg/100 ml, which war rii liar to previou 1,y recorded resting
blood glucose levels. In this experiment however a value
Of 117 mr/100 m for the rcrtirr blood ;lu'O< concentration
was recorded. Why the restir bloc I "lucose lev, Ir in the
conscious bat ' in this exj --rimer.i were ro hi h car. not be
explained as these ext, cir.enta w re carri [ out at the same
time of t: e day under sir Liar circumstances as in previous
experl:erts.

After th ad: :n>at : ‘icn of the fru 'toe , the maximum

blood glucose levels w< & similar for both th- conscious

and anaesth- tis n anir . e, whict v surprise for the con -
clous animal h .i a his’. - ieat: blood glucose level and
had as. ir.ilad4ed more tis- . twic '. much fructose as the

ana- , thet 1 eI : at:
The blood fructose levels were not the same in the cons-
cious an ! an.-es': ‘is 1 bats. In th form, ,:loc I fructose

levels reach-! a maxims of 110 m/I100 ml after 10 minutes

and th- n decreased slowly to ’eecach a valu of 77 ne¢ 100 ml

by th' 50 minute s I< In th- fir icstl -1' 1 'rsi.-sil,

which had as; i: il* ' 1 ¢ / mu * fru , t' blood
fructo. « cone ntrat.ix: r --hoi a maximum of 114 m/I CO ml
in the minute sample an 1 th- -d-creased to reach a value

of 42 ms/100 11 in Us 10 minut .am; 1-.

5.7. In f) 1.. ' o+ 30 <

grad 1°Tt
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Following tli ' initial pcrfuni on of the small inte".Iino,

the blood glucose concentration at the bar Inning of the

second perfusion was rai .ad above th normal re stir 1 levels

in both the rat and the bat.

600

RA7

I

[ CLEEPICLaE
|

w3

ICC- T

60 30

Minutes after the perfusion started

. |
glueore solution.

repre mnts tle blood an! the

tart of the p rfu: Ion, wi a, uclr ; th, dilute glucose cclu-

n the bat ar i th-¢ rat re.-; cfv< ly, while th concentration

>f the glucose in the intestinal lumen was U mg/ICG ml.

luring the cx;o' im at the blood gluco. - levclr, in the ratn

.nerennnd for th" firut minutes t , reach "d'9 mg/II'O ml

ind then started to I rea: - The glu'o , concentration

in the perfuion fluid decree .-~ed from the start of th« ex-

Derimont and aft r =m0 minutes had fallen from 10." to 7> ms/



72

the frlucocc concentration in tin blood war, rroater than that
of the perfuelon fluid. Durlr ¢ thir :mrlod 31,9 c¢; or 60%
of the filucoae in the perfusate was assimilated by the small
intestine.

The results carried out. on tin bat were not conclusive.
After th start of the experiment the blood glucose level
decreas'd and after rpproxi matel-y 'O minutes end fa] Ien to
below th" "luco.e concentration in the r-rfuion fluid.

In the meantime th glucc: concentration in the perfusion
fluid had increased and only started to deer- ase once the
concentration in the lumce was greater than *  bloc . lu-
cose level. Thi; - ani 1le¢ it in thes. exp-rim- nts on the

>

perfu ion fluid for only V < first half of the experiment.

In the Vs t! *no a; ' 1lv of 1lu o , but an
actual increase of 11, n'tf lu« in'o th- j<r.u ten
fluid.

The blool glu- csc cor. ntration before the intravenous

injections of slu- ore had 1m n miv ;n was 13* '0 mr;/ICC ml ol

blood. FV . 1 e« a1 table (  np: -nllx) .sow that,
during this initial sta th re was a trace of glucose in
the sail - effliv rit fro; I - infe £V e, How-, vrr, after the
intrave.nous luce inject I<nr. were liven th- blood glucose

levels increared to *73 rg/JQO m and within It minuses ol
givir ; th- infra ¢ uus Ins « in,5 "I-ion ', lucosa had ap-
peared in th perfur.ate at 3 after hO minuter, had reached a
maximu: ne rfration of 1 i / IV.- ml. All< v The Inje

ti on of insul in both fch< bloc 1 ard perfusate glucose levels
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dccrconcd.
GLUCOSE
IKJLCilCXa ,NSUL;x,
4 & [0 ¢ Vvjixd;
800.

800-

200J

oz gl<eoge TPC T
N
(—]
<

0J
Minutec after th* start of the intestinal infur,ion

]

(Solid line ----—--—-- =pn m rtr nhf blood and the

brok lin' ' B IcH flui :. The

circl- 1 1io* th'  «Iu wr.rc 2tratio: .)

IV GLUCOSE
INJECTED
I
IV GLUCOSE INFUSION
% SALINE OM i mmuuAdh
o 600J
0
[
o 600
H 200
0
to
fl .
0 T 7 10 ! uTc '.80

Minutes aft'r start of intestinal infusion.

Fir. 20. LI S t 'uliition in *h rut fol-
low!nr an intrav' non injie<*lion u I infusion of 1Iu -os,m

(Th <circled dot shown tin bloc,I glucose concentra-
tion).
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Table 29 (re* appendix) and "if:. O .'show that in the raf
the renting blood flucoer level wan ov-r 100 mg/100 ml.
After the 1in L.rave noun r luco.x had been given th( »1 : (1'%~
cone rone to over 500 mg/ICV ml o! Mood. e mno . n,v =%
there any t;;luco: m in the salim ei fluent from the i1 wmtine.
The saline perforate war then exchanged for a saline solution
containing phiori!: in (0,° mM) and rt.i 11 no gl ueore aj ;d==red
in the effluent ovr n when tin* blood glucore 1<ve 1 had reached

a value jurt short of <00 n"

the ny.d ir nr Ir2/ ‘1l Mood or the bet durirg
the afriv find in; o™ th" Mill
Table 1 nh . th c<::er:"atlor of glu -os<, frvctc ie
and lactat' in the ryrti 1ie ar i jordel bioo: w sit *hr in-
testine war beir infured wvilh eit . » " u o ,fruetoe <

Sucrosc.

Theblood glueor lev< 1 in tht i orfcal blood war MI

higher than in systerie bloc 1 while glucore war be:ng
infused. The blood laetntetoe wvn: fi: high' r :n the portal
blood.

When fru-to-'" wr infn I the bl < I cone< ?‘1 ° ic.” for
glucoret fru”~fo aml ’ae *at- v I, "*nd

L]
In the suerose enperimer Ino trace of su Tore war found
in cith " fdr ry i' orlid | mrial f ! KL |
ever, t>- conc'-ntm* ions of ,u-< , frueto ar 1 In*

in th portal blood wa hi her th' mii th" .y. f M' blood

by 20%, »- . and y pocf lvi ly.
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r.tonnir’h on 'ir_imil'it jon pc -' f t!»

.10.1innnni

the blooi glucose Level has Inert a. ed in the /> minute blood
sample and that the concentration continued to Increase

throughout the experiment.

"t
200.

a

rH

n

)

CII—IO

n r m
<dax
3 1C 20 oC 40 SC SO 55
Minutes after start of intestinal infusion

Fir. ?1. : th' 1V -1 u ene-ml" "'-n ir 1 e tie
amount of lueoi a. 1 LJ: . w i1le it fusji, th- jejunur

with .'In o

The amount of "It, - - . imil ".ted appro: ".n!' 21 , r.r/
cm/f’, 5 :;rlr.u g, 10 t'vu'm an °r L° it 'tii i1l infusion hai
begun, th- rate . lo.-Jy ir = -1 dur 1 th< ext - 'imeat to
reached a, par: M 5,0 1 /m/'," r,m <r at the rid of

'
.

the cxperii
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H 300-
200
h 100.

STOMACH
INFUSED
Ua
or< eH
OM
Vo
U "0 cV
Minutes aftr art of intestinal infw&ion
amounts of -) nc. ar emilat-, d while in fur-:+ 11:-- stomach
s- ntr the : an valu<- ani'the verti.-al bare th? standard
error cf * ean -" Civo < ,*r-v n m).

The results of the expfrimantr wh n the r-torach and
Soon aft'r th jrjural infuc -ha! ! wun tVblood "lu-
coso lev ¢ incn ¢ 1 anl thn show I i nr of level la
out . Ho vor wh- a the [Ilt’hin fur.ion 'tart e th ire

was a neec.d ri-<e 1" U bio "l lu-0.-0 1 vol.
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re't won of th< microvilli in tl ¢ bat jejunum

,0,s /jm

Kir:. Crr. . cii<e eft' i rv-vil:i i? the rat joju-
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4. nir-curmon

ol o

Three to four hour: after a me ', a hat when killed war

found to ha\'mno food mrtorial in tin gaotro-inteu tinal

tine and anatom rally th< ird ¢«tin<* cha: '¢ from the ileum

to the rectum.

The absence of food material in the into, tine raised

two intercrtin forr.n 1lll: a . The fir t was that the
animal only swallow* 1 the juice of tin 'ruit it vas f-ttir.-.
spittin ou th fit <xr re: air T how.er, could be

di'vard- d as wfat-cat i.on of solid mat rial was always ob-

e ve., - r. 1> r:i:al v'-mor a |ana:.a di-t. Ph< other
possi'ility www lit t. tat I". a v ry rapid trass It time.
The experiments (par ' 1 ar. I results (pa o ) showed that

a conservative estimate of the m an tran it time for bananas
in the bat was 1 inul ms. Thi transit tiv , however, was

much Ion or tl.-m that r ported by Ior and (I'-- 1) who re-

rat on t ot'nl 1ss 1 banfor : a*i * ,/th v u in/, Incnol

"'r (i mint or nu

red eivin Lv st tulm, i 1l as a
dye ha I rear- s distal fifth of the 11 uman I only

of tin -lyr had reach' It 1; :art of fir ileum after 10

minut The e <:qe=* =m s sac.. that tdv tea sit time
for foo mwas mu ¢h sl -art ‘r, th-mbat 1; *1 in the i*at. l1hi;
very ra: id tea- [mtle couj! L sth a ra: id rat ' e' di-

gestion and as,, imnation of foci would be of imnein & ad-
vanta - to the 1 t. It v ul ! e an I t th- bat weal I not
have to fly homn*e, aft r T , ,vs8s5My 0 - iO tilc -t

handj -asp ! with any r s:ve a1 u -less wei hi.
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especially true when it realised that the bat consumes
70% and more of its own woi hi in banana: per ni“ht (J. van
dor WosLbuyzon, 1975).

Indirect evidence to support the theory that the bat has
a rapid and effective process of dip,s!Lon and assimilation,
is that although the average size bat consumed at least 84
of bananas per ni,;ht, wh' m would contain 4,8 g glucose,
3,2 g fructose and 5,5 g of sucrose (Widdowson and McCance,
1935) the faeces contain'd very little glucose (van dcr
Westhu;. . :n, 1975)

4.2. Os'": i 'y- 1-st o

Oral gluco. = ‘ol rac 1iwvis wore carried out, to
observe the rat-. of increases in t),0 blood glucose levels,
A more r-; id incre in a, bloot gl tec olevel: could
indicate a more rapid rate of assimilation of glucose in
the 1st then in t; rat.

In the graph showin the mean bl ood glucose levels in
the bat n: th rat dcr : tme or- glucose tolerance test,
(figure 7) show-el t) at int u- case of the rat the blood glu-
cose level incr- ai from a restins; level of 113 mg/100 ml of
blood to 10 s / rl1 of blood at Hi 20 minute sample.
Whereas in the bat the nsu rise in the blood glucose was far

more ra; id from a res' Lng level of 27 mg/100 ml to 284 mg/

100 ml. In Th- rat tt m irvli.vi itnilr suits at a spec if Ic
sampling time show, 1 litt variation, wit) the result the
standard error of 1ls- err .as not v rv large. On the other

hand, the bat rasalts, w.-s" very Variable resulting in large
stan al'd error of the m s. Due Io tin se large standard error
of the . found in the bat il was, derided to process, sta-

tistically, the two sets of r. ulis. This was carried out
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by testing for th significant diffc-rer +© betwc- n 4he slope s
of the two ;Lucore tolor-mco curve:-. Thi. tort showed that
the difference between the two curve.- vis hi ;hly significant
at the OV level.

These animal:, had all received the same amount of glu-
cose per body weight. Therefore, if the rates of assimi-
lation and utilisation of glu'-ose were th - same in both
animals, the slopes of the increase in tie blool -dueore

concentrations during a glucos.f tolerance test would be the

same , with t- ret :avie a stee; r si.or . Thi. means that
either glucose was i1 M- assi- ilated fa :t-r in the bat than
in the rat, or that 'h- bat was not ali to han the assi-

milated ,-lu -ese as ff.-ctiv< Ly a: th. rat. To eliminate or
confirm the latter possibilit, the animals were given intra-

venous r.lu "so to! “mm-e t# si

The results obtain. 3 aft' - carry! * - out intravenous
glucose tolesai.c t> 's or. Ids hat and the rat arc shown in

figure 8 a: table Id).

The r- suit e« showc-i first 'y that the bat had a lower

restin ' bio- i ic :- IKw L thar the r t. Secondly the
incr'-ase 3* t} lor 1 -tuco: ¢ conccntrai i-n in th' initial
blood saspl' » follow i tic jr*raV :cu lucose injection

was approxi- ately tl m same in both fh manimals indieat inr
that the volume of the extracellular co: pertinent in both
animal, was op; roxirately th. same, r- la:ive to its. body
webht. How -v¢ -, th* tnor- hrsoriant o! rvatien was that
the dfcay in the lev I of the bloo 1 ,dueos. concentrat.joj.u

was the ssi for bel i gr-c ips of anin al: . Thi s means that
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the rate of removal of ('luoost from tlv extracellular space
must >0 the sanr for' hoi i wu 1ii’il.',.

These results therefore exclud'd th possibility that
the raj id rise in th< blood r Luco e level, in the bat when
compared to the rut followinf an oral glucose tolerance
test, was due to an inability on the part of the bat to
utilise the assirilated riu love. Thus the steep ris-- in
the blood flueose level in the bat war. a good indicator that

the bat was able to assimilate flu o e at a faster rate than

the rat.
The results of th ¢ hiand intrav- nous glucose tole-

rance t- sts in 'irated sir r :ly that, the bat assimilated

certain if in.b 1 th" bat had a faster rate of glucose as-

similation, an accur ate ar I 1lin t +#xj erim- *lal method for

This method had to be as. pi siological as was possible but

Stil all os t: esixmutt. e:ur i

some work rs, n-riay ar [ Cl r'k (1 ~ ) an! Pauls and Drury

(19/ip) have qu- 'Me- 11' r- sults, never'h i, '3 this

Firstly th ar : -1 s : ' ar- 1!, tiecl, but wesc fully
conscious, so tvo any pc ible act'ens th« anaesthetic
may have had on th< assi milation cf glucose were eliminated
Secondly, th< a, it sis urlr nt no ur- Ic lprocedures so
no dama n or irritation to tlie int. tine ot- blood vessels

could occur rind so hence adverr.1ly effect th. u 1imil1st ion
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malt- v/oro force fed, on the credit ride the using o/ the
stomach tube meant fdiet the «xacl volume ol th« nugar .solu-
tion administer d was ; letee i accuratf Ly nto orby the stomach.
Cori used -.cry high concentrations of :?> fO and fo g of
glucose per 100 ml, . rliat lie had only emlIl volu s of the
sugar solution tC ad ini. 'or.
of su. arc are not nor a IL,v f uid In nature, o th so animal.
were be ing subjected to an unaecustomei diet.
Fenton (1945) who al!so us d this method used both low
and high concentrations bu' like Cori he +'so administered
small volume. , 1 . *¥ewoep o t |,

quant iti s of the su. r b ing giyi n winn a the low concentra-

sugar being ai in- ter ' 'h'-n 'in a* imal tneoreicall)

able o a:sr 1"'

3

In tl is im stir tion 1i°‘ was decide |l to use a concen-

tration similar to tlr.t foil in ni ri] X'uses., ®m-i ®mi-

Widdo:;son an : ' eban -0 ( ) d-V¥ :ae cr c( -itrst .os ol
fructose, glu and . . m S 18 smar as 3,3 ,
and gi r 100 g of ba- s r iveiy.

that the potential su ;ar from a banana dwt was g 0
100 , of banana . As "f tr"' casta' -q : "Oxis a's
80% water, (van dcr V- "tu.-' *-n, 1*%5) tht concentration ol

the total =zn 71rr in the banana ,iuit "O is of the order o .0 '
per 100 ;I. As tie iue*o e fa fir. t to lo di. ssd ed be-
fore assir Uation can or-air, 1t was dee id* 1 to use astan-
dard rot [ ion of 15 ; of 'Ifir P r 100 ml.

Having decide 1 whit con entrat ion of sugar solution to

use, two fur! ur factors had to to tais.n into considers um.
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The first was the length of time the experiment would lust
and the second the volume of the .mgar solution to be admi-
nistered.

The oral glucose tolerance tests were carried out for
20 minutes and a the blvod glucose level were still in-
crea. ing, it was decided that the experim- at would be run
for 30 minutes.

Knowing the coneon'rul ion of the sugar sols' ion to be
used and the length of time the experiment would Last only
the volume of fluid luc to be deeded. In preliminary

experiments carried oul on the bat 7/ wo found thal approxi-

mately 1,5 K of sugar nc v o be placed in the bat's
stomach to :e sure tl a; er 30 minute, there was still
some sugar loit en ti e . oIs. M. “hi. sn* thai 10 n;
was exp " mliv: wmt: ' v flu C 'Is : to the bat,
althou h, in a few c . in « 7 "', 'h r* was regurgitation
of the f.ui . These animal. . -0 d:scar ied from the ex-

peri n«nt.

The recul s show' 3, table 1, that th bat ass Uni Lated

765 mg of glueo0l « co! dred. to 2?3 mg by the rat in JO

minutes. Thus, tin:K- th* exp- ri"err ;1 coi lit ions the
bat as mils te 1 glucost af a rate f," tire, tas-fc<r lcan ' 10
rat. This rapid rat- . all ti. more imprv: iv, when t

is taken into coanidcr-tt- Lon t iat; the bat weighs less td an
had f as, much as tin rat .

The rates, of as. imitation 1in these experiments were
expressed as mg per animal per "0 minule and not in t.eriss

of the length or weight of infostirr or the weight of the
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animal. This was because, firstly in the bat there was no
accurate way in which to measure the length of ttu intestine
involved in assimilation as. a; ;>roxima'el.y only th« proximal
third of the intestine containmed any m a; arable fluid when
the animal: were killed atll:i: end of the experiment. Second-
ly, unlike Curl (1,1 O no correlation b, "we- n the amount of
glucose assimilate:! an1 1> body weight could be found.

The rate of glucose assimilation in this investigation

for the rat was -0 art 90s higher than the values reported

162 - 178 ¢/100 b<s e+ -lit per hour compared to 222 mg/

two factors 1 f:' .nd In inv s 1 -t.on sal Coi-'s was

that lar ;er volui of flui I an i more d lute glucose - a—

have ha 1 the oppo: Lie off- ° as Fenton (194/) showed that

with in Teasin: -ance.its 'ic , the rate of assimilation
increa el. How *in volts c: tit in eecase lhe rate of as-
cimil-id on 1 diffi alt ic ex;:,-'n. Fenton reported values
of only Is6 mg of gl 1ssimi'] I ir 50 minuted per ani-
had only ,iv n 1,7" 1i1. leii. me s 1 that the total amount

Of glu o e plac' d it the sic nch was o ly 57 mg, which is
less lean the a: '"in' s. . it 21-J m: in '"l1i inv ' .gat ie:u
These small quantities of gl irosu icing placed in the sto-
mach would certainly oxelaln in part th low assLmilat ion
rates he record’d but <von whet hs di i use I'rgor juani.i-
ti.es h- re-torhd v; Ii<e 01 utily 400 m in one henr.
Mackay and Oar.. (1942) and Pauls, and Drury (1942)

poin'cd out that <r the rat .assimilated glucose at a rate
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of only 180 mc/100 g body woip;ht, ao Oari'n results f>ho//ed
then the animal would have to analmilate food throughout the
This continuous assimilation in the rat is possible as there
is always food material in the stomach and in th- inte:..uxne.
mg/100 g body weight/hour were recorded which would place
the rat in a far better energy balance.

Having established lhat the rate of assimilation in the
rat is comparable to oth.r reported values then the rate of

assimilation in tin bat b- come a mo:' interesting oh. erva-

cannot: be simpl;. explain- d by th possib:: 'y tnat the bat
may have a larger inter/ nal wurface area over which assi-
milation can 1 .:e place, b au v al4"nor..-a their inte/vinal
dieumet- rs are of the same order only the proximal h,rof
the bat's intost in- , abc / '"'cm, con'a nt : any mea jrabxe
fluid at the or1l of th ex: e-rimer/ , while in the rat the
glucose solution usually filled the entire length of the
small intern inn (X cm).

In the bat al the < tof the ox: or m.-nt 'no consent ra-
tion of the glue0; « in 1/ mint . tine o, f fv eely
whil. t in th rat it w,. 4,- g/100 mi. This mein' that in
the bat there appeared to be a lessor need to dilute xhc
glucose solution in th- stomach to make it isotori ¢ to
blood before it enter' 1the mall ia:<r:in--. T'ns n he
bat the glucose concentration gradient between the intesti-
nal lumen an i 'he bloc/i was DC greater than in the rat.

Could this increase in the gUico:;n cone-ntration Gradient

be a possible explanation for th-' more r.pil assimilation
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of glucose in the bat compared to the rat or is it that the
bat has a more active g: ilose transport system.

This very rapid rate of glucose assimilation by the bat;
when compared to the rat, would ¢ -tainiy cause the very
rapid increase in the blood glucose levels seen both in
this experim nt and in the oral glucose tolerance tests.
The blood glu use level; in these experiments (fig. 9) fol-
lowed a similar pattern to thoseerecorded in the oral glu-
cose tolcran « tests (fir. 7), th* difference being that
in the latter experiments the blood glucose levels did not
reach .u h h' ;i levels. "hi differ- nr-., was probably sue
to the fact that in tin oral glu ose tolerance tests the
bats were anaesthet ic -d an 1 s-.--.ller quantities of glucose
had be«n use I.

4.4, \

The results of the as. imii.tion of fructose were oven

suits (table 3) show ! that 4ilie bat ar sImilated 1076 mg of
fructose com: nr- i o "< 3" -r. of the rat in 30 minutes,

i.e. four " .oa. as th', rat ur Icr ih rs i.-al circum-

fructose in the rat of 77 mg/100 + boly weight/hour, tins

is cpj ivail it to a; :p'" 1i:'tls 100 ;/ 10 in. .n ;n aver-.. ¢

should be so mu-h pn --.tor than C<*ri vain s is not known.
As discussed when :* iLing with glu or.- a similation the
only two f ctorr different in the two techniques were the

more concentrate 1 solutions he usvd coupled with the smal-

ler volume



Of the initial volume;:' of fructose placed in the stomach,
only 2,5 ml of fluid war collected from the batlc stomach at
the end of the experiment compared to 5,7 ml in the rat.
Therefore in the bat far more fructose entered the intestine
than in the rat, but of this fructose that entered the intes-
tine 92, was assimilated in the bat compared to 30% in the

I.
cannot therefore be because there was no fructose in the
intestine. Similar to th- bat -lucem experiments, no
measurabl ¢« flu 1L was fount in the dis" al two 4birds of the
intestine and the consentr ‘ion of the fructose in the in-
testine was b,5 tI/IOO m a{-a'n result Lng In a large fructose
concent:", on ra ! ent betw- -1 the intestinal lum n and the
blood. Could this high fr\. " s.. gre lieat whi h was 502
higher in the bat t. n 'h ra: be the cause of this very
rapid rate of fru o e a veil ation?

The blood sugar level, snowed that in the rat the glu-

cose and fructose 1 v : i1 -era. =a slowly, whereas in the

blood glucose levels rising to over 250 mg/100 ml of blood
in the JO minute - pi- , t> mfn -to. 1 .-1I, however,

reached a maximum valu.* of 3 3 ng/lOO ml of bl ood in the

lihily !hat the blood fructose level is an indication only
of the rate of fru o: ¢ as !"tion, for there was st ill
a large quantity of imctosc in th-* intestine 5 minutes
after tlv start o the exi -nimerit and also the blood glu-
cose 1-v-1 nad con'inu< 1 to 1in.*reuse. This decrease in
the bloo . fructose levels say be due Io the fact that, after

the initial rise- in the Mo-i fructose level, some reaction
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for the conversion of frtviore to nlucorc w-n stimulated.
This could bo in the intestine nt the site of assimilation
or it may be the liver. Mirth -v ox] <rinientr. involving tin
sampling of the portal bloo t will have to be carried out io
elucidate this observation.

In the bat the rate of fructose and glucose asri:ilation
was 1076 mg/30 mi.nutme and 763 mg/30 minut . resj :lively.
The difference between th so two.groups of experiments was
highly riguificar.t at the O0,' leva !. These results w re

surprising as no o'her worker had reported an animal that

ported asr :nils' ion ra'es of 43" for fructof - compar' d to

glucose. Oth r v <>:orr, ''is;, rid. e'id Dawson (1904) an 1
Fordtan an I Ing If . r (Id' :3) point . 1 out th-t fructose
assimilation wa wore rn; ' . thru woul I be expected if as-

similation was or.ly par.-jve di ffusion but still the rate
was less t n th g ; or r;e*13r"' 1 "ate.

Fish'S an i harronr (! m ), V/ilror. ani Vh -n (1954),
Sheff an I Smyth (1955) an; r uy ot ! » work rr have shown
that th rat inters he 1is at Ile to transfer glucose aga'nat
a concentrah ion grad:ent.

An active trau: os' eerr. for glu o. c in tin initrt ne
has been demonrer- 1 i nol onlj in tr « rat but ;n all the
mammalian . ;e mim. ° .at hov- be w rdu iie i. Th- b 1, es-
pecially as it assimilated glucose al a rate three times
faster than th- rat, could not be expert d to be an ex-
ception and have no a-hivi Iruns.: nrl r.vrtc:.. Once .I hal
been postulated L.hul the tv was an active transport system
for glu 0 c, and -s, fru :lus- 1 ass.imlated al n statisti-

cally far,ter rate than glucose th n an active transport
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system for fructose must also he postulated. lhe circum-
stantial evidence against such a postulate is very great as
the active transport of fructose in the inter.ti ie has not
been demonstrated either in vivo or in vitro. The only pos-
sible supporting evidence in favour of an active system for
fructose was that of Gracey ct nl., (I''M). They iaowed in
in vitro experiments using the rat intestine, that the con-
centration of fructose was higher in the tissue water than
in the incubation fluid.

These results of the rates of assimilation of glucose

and fructose sur eet:<i that the bathad anactiv'transport

system for b th of tin 1
to in lat
The rates at wheel Lucore and fructose were assimi-

lated from the mixture of glucose and fructose administered
was 41? and 405 mg r* p>ctiv< ly in the 50 minutes. The
fructose was as. imllat, 1 significantly faster than glucose
(i <0,01) which -o- firm- ; th- .-revlour ob. rrvat on; when

comparing th- rates of asrimilat Lon of there two sugars

when they were iven no; rat <ly. In thir cxperi.ni i fiuc-
tose was ar: inflated I,” farl'T than rlucose, which was
less, when compared to the 4D%fasterrate whenthese su-

gars vicre a !minlet- r- I .| "»l-ly.

When glU'-u "C or- fru to: - wore- given r<parat- y, then
th'- bat as timtinted 10 Gand ' mg ol IructO'C an1 glu-
cose resj -actively in the O rinti -
two sugars wore iven as a v-ixture> but each it hal I the
original concentration then if assimilation were passive

it would be expected that the rate of assimilation of each
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of the sugars would be half the .--icinal rate, i.e. 938 and
583 rp, of fnretone and flue one respectively. In thin ex-
periment however 469 mG fructoac and 17 mg (1 gLucone
were assimilated, which neant th re wan a 11% reduction in
the rate of fructose assimilation and a 13% increase in the
glucose rate. Could this decrease in the fructose and an
increase in the glucose rates of as. inils'ion, pos. il L/ be
explained by Stein's dimer theory (19" )

During this experiment the same quantities of glucose
and fructose left the stomach and as frueton. was more
rapidly assimilat el than lucone, itn not surj ri$ :r. 11 -t

3

87% of the available fructose .umpared to glucose was

assimilated.

Similar o the experinrt. where glucose or fructose

were administer. 1, th< cc > n- : con on' nation: of the in-

testinal surars ir ft: in € :1 e°r'e es'an ,I ronosacc ar ies/

100 ml, whi.Ti r at * that not only w re hointestinal con-
tents h :ertcnic, lut the m< was a - sugar concert ravivi.

gradient whi-% wrul 1 ftvour asnimiln.t:on.

The blood glut or- and 'in *tone 1-vein in this experi-

ment rose raj idly ‘ter th admin ‘r >ion of the .u
mixture. The bio. 1 Luce level: r- ¢ rd- 3 durir ; ar i1di-
lation gr* -Ver thin v r frue o * was iv. : ale. -m but

as expect- d, th hio<3 t Iv:o < and fruct or» cencf ntrat ions

did not; iocrease an much as wh- i th individual sugars had

been ad:; inisit n d r.ej arat.c

b

The amount of suerose in 100 g o’ ripebananas 1is ap-
prox imuf 1y 5,3 g (V/iddowsen, 193" ) atd oaccounts for /0%

of the tc tF.1 monvcaccharidv. .nd di. acchat ides available in
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the bet's diet. The t-.nimalls capacity to digest thir su-

gar and asrinrilate the resultin % fructose and glucose was

therefore of gr' i1

The result:" showed that oi the 1»5 G olm+” wmvll ad.oin.i—
stered 508 mg was still pr<sent in the rtomach 50 minutes
after the surar had heei 7 iven. There war: siso traces of
both "u o ¢ and frueto.'<- in the stom' h, pveb 1ly c¢he re-
sult of acid hydrolyris. the qOant! ty of ruci'OGC that
entered the intestine vac 98 ' mg and of this 95-° mg or j, !
was digest'd , if hf ossunj lron tnut iucrc.e can nc >
assimilated is correct (rue j-igc 114). The digestion o'*
sucrose r suited in the fc m'-.tic:, of 490 mg of both glucose
and frv elcs- , which wrr< 11 n avail < ror ar sir ixf” ic:..
The results show ,1 that <f these amounts, 5 4 mg ard 5(9 mg
of frueto e end r e*-cu r-s; ctivcly w re assimilated leavins
the balance of 9- mg of fructose and 121 mg of glucose in the
intestinal lure-. Similar to all the bat experiments where
glucof rnd frucfo c ar: Irtla*Lon w r cominrcd, fructose was
assimilated at a significantly faster rate than was glucose
(P<0,0C ).

When th-" rot. ¢ of assimilation of glucose and fructose
in this experiment wore cor;ared to the e :eiiment where the
animals wen-- uiv " ri: fur- of th two sugarr, it war found
that althou h th =can valnon vert lower in the rueroot e

pcrimert there w. no si,ml fleant differences between the

results of the ruerose - :i rimentis showed tha? more Mian
20)1 of the monosaccharide:: formed and (M of the sucrose
were siill pro -:4 in th* lur mn. Hence th dig rMon cf

sucrose ir not a limitinr factor in the processes involved
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in the diGOGtion of sucrose and the ultimate assimilation

Of its
very efficient rucrarc enzyme . : n

The combined concentrations of sugars in the intestine

at the end of the experiment resulted in an osmotic lreseurc

i1sotonic to the blood. This was in contract to the other

assimilation experiments, earn'd out S Te

b

tonicity of the fluid vm greater than that, of the bio. t.

In these sucrose experiments the volume of f’uid in the

more than had previously ben ob rved in th, other experi-

ments and as a result the sucrose solution was fours! in

for this large volume of fluid was due portly to the large

]
the intestine and partly to the love" concentrations of
these ire.

The blood glucose and fructose levels increased after

not as great an seen when the mixture of glucose and fruc-

tose war given. This was to be expected vlree not at much

of the monosaccharides were assimilated in this exp tt

as 5T th< mixtvn "%:fri-. n' .

moM :--i-chari
An interertinp; observation wa. that during tm .-e 's°*d

.nation exp. riments the bats v ry seldom ,arsed any urine

and when killed the bladders cental red only small volumes
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*
"test tape" very little 1i;luco: = if any was found to be

present. It is of intere: t to rote that when van der
Westhuynon (1979) ;ave 8CC i of «Luenot per 100 g body

weiglit in oral glueo.a tolerance test;;, gluco.a war. demon-

strated in 9 of the 6 urineram] le: . Whether th-. higher
gluccre loadgiven in the; ar. Lmilation experiments caused
a complete shutdown of the kidney is not known. A glucose

load of 1, Ct a8 already discusbod (pap f ) was not exces-
sive. The shutdown of the kidney wo Id theoretically be a
great advanta c to the bai, for during the period of feed-
ing the blood g"ucorr would riseto very high levels with-
out th< lo. of any . f th( "lira:c in th- vr" re. However,
in captiv-ty, when the iat war voluntar'ly eating a banana
diet, th-. urine pros ;c( 1, 'c¢? '.aini' 0, - 1, of "lucoro/

100 ml of urine.

The results fror the assimilation experiments showed
that both glucos r ai 1 fructor- were far more raj idly assi-
milate ; fror the V-f' ii.' th ‘< from th* rat's.

Secondly th-- bat assimilate! fructose at a faster rate than

in the rat glucos- was active y trans; cried, has led to the
postulation that hoth rlu - and fructose art actively
transport' 1 in the t it. To confirm an a<*ivo transport
system th re must be cvidmnee that th-- sugar involved is
transferr- 1 nr.aii t i ¢ 'er.t ti ¢ .radlent.

)1,

In th. experiments carried out urii m the gut sacs to

* "t t tap, " ur ine * r an 1 1 paper ,reduced by
L ily hal ovit oric: (. .A.) Pty. Ltd.
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measure the rate of transfer of glucose, it was found that
when the initial concentration of flue ore was ™00 mg/100 nB
then the rate of transfer of rluco e in the rat was 40 /m /
cm/50 minutes, This rate when compared to the value of
approximately 50 /- /cm/+*0 minutes (value calculated) re-
ported by Vi]son and V'soman (19'4) showed that the results
recorded when us.in; this technique w re similar to other
published results. However, the results obtained for the
bat showed that there was a net loss of glucose from the

serosal compartment of '? f -/cm/50 minutes.

be due to a nun: or of:'nc* rc. The fi rs.t was that the

tissue had been daa d iy tin initia] hypoxia while pre-
paring the gut sacan: was no loi qcr capable of active trans-
port . The ¢ cor :was that as quickly e the g'ucoc< was

transported fro the -uco; nl to the serosal surface it was

sibil ity was that in tv tat tin s" was no active transport
mechanism for glucose and th< loss of glucose was due to

metabolism.
Before try r out other vi #ec »mtho ’s, the gut sac
experiments w :e r- p*mt<1 or the bats,, but this time the

glucose cone ntmtiors were altered and the experiments

were carri *c out for Ior er ;mmicis of tise. Finally the
tempera'ure of th- Krai 's !icart,:'t- mHit .ion use i, when
the gut sac was h. ir | soj ire i, was alt' red. The results

obtain d after all th' & m>iifica lior.s si,il. tbowed a not
loss of flu'Os< fro: tin nor I compart rt.
One dis' d--us . m <f this technique was IIn very small

volume of fluid in: lie the gut sue compared to tin mucosal
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compartment. The error in the ne';;uimnr :t of the Quont,i by
of glueone in the mucoral comj-'xrtmrnt would he far cieater
than the aclu'l amount of glucose in the coronal compartment,
so no accurate meaEUiemc rt of gluccr.e mctaholi . m could he
made. It was therefore deci led to use a method whore the

volumes in the two < artments weto similar.

9

In the experime: br carried out on the rat th< mean con-

n

centrations of s'lucece, xt t» hefiinnir " and at the end of

the experiment, in th. mucoral eompartr.- r.t wre /lp ar i dflc
they were 1dm at i :"1C = re 5 =fiv ly. At no 1
during this experir nt wo. t>— conce-rtmtior of glueore in

the mucoral compa: ont ,-rcat <« than 'nthe reroral comp -.rt-

in the glucose conc<t *rat ion in the n.uco al compartment and

In terms of the actual nmwe‘ of due , 4 r/cm/hr of
glue ore tr-d !m f* th mucor *I < -.part-  nar 1l ofthis 1,0 n/
err/hr had cnt- red t! ceroral co: part < t arainrt a g wucoce
concrntrat j n rm r.cid . IT remain!' mr/cm/hr must

cit): r haV hrrn ?'ma.eli <1 ul* t° in the 1.

'

No records of r Lmile ' f::p-rim<rtc usin- the everted rut
were found but if th - assimilated re ults fro:: this investi-
gation of 4 r Vei /hr rc or r- : to fh 0/ ‘e« /hr reE-
corded in the put :a- experiment.- th n tITv re war a >0fold
increase in th- rat - of ar..i'illatL n. Thii showed that

the recirculation methe I gave assimilation rater clc;.v to
a posriil- phyniolc mi-al value.

Fir-.Iv'r and T'arr-on:$ (1 did) rocor ied a discrepancy be-
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tween the rate glucoov ii."M ' 'l trom the mucoz-.al compart-
ment.". and the appearan -e of glueore in the ocronal compart-
ment.. of 1,1 mtVcem/hr, while in ihi. experiment a value of

5 mfi/em/hr war records 1. Fi .;hor and Parron.- reported, that
if the tioruer wre deprived of oxygen while retting up the

experiment, th n there wa.a <'shil t n the pli oj the mucooal

fluid to the acil, sir = Ming 1 I ' acid formation.

would m an that for the <+ u.moan f energy more glucose
would have to be met aboil I In the i1 her and Par.ions *
expert::. Vr th* r eeifa wa. ano 1:m : ;r vt 1 of (‘D "n,
wherea. in th- pro. - r > ri at., where ' < At ir 1 to be

everted, there vr a p>r 1 of a; :rox: mfelone mir. ;e

while t . in* m‘ire war rumov ! from the an :al and the
surfa? oul : jroial ly ¢ =in ‘r * f ren-c in thf re-
sults obtai nen for t™>.'m ® "im-r.' ani th- re of iisher

and Par na.

Thresults r -v rthel. err, iid do:",on ’.rate Inat al though
the tis. ue had prohal Ly be m 'amage i due to the Irak of
oxygen it war .till (-a;at! of the active transj ort of
gluCO: e.

In th mratthe concentrat i.onr. of gl ore in the mrcoral
compart: nt at th< beginnit and at the end of the experi-

LI

nont w r -1

ir/ioo -1 r 'iv ly, while i1 the
;5,-ro. .1 co:a;aid", at. 1;. w a n it m ;/H'v)  Ie ME1'T
fore in the bat there wa. an incV-are in the concent rat on
of the glucoe in th< mucaral co- partm-.-nt and a decre u-o in
the rr.ro: . rjart.r--.1t. The (Xp<ri" cnl al result 3 showed

that 1,0 in./cYl.r of glu -orf had a -lually 1* ft the mucosal
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compartment, so th mincrease in the cone -rat Lon of glucose

in the mucosal fluid during the <tp-.vimont must be explained

by the transfer of water from tin mucos:. o th- serosal com-

compartment was. higher than in the serosal compart- ent at
the end of the experiment ,any net lovem- nt of glucose from

t> mucosal to the serosal comrartnu atwas not evidence for

was no net gain, but a lor of 1,0 ¢« /cm/hr of ase from

the serosal cor.part::, mat, if would a; ; ar that there was no

net transfer of glucose from either o the compartments and

that the g u-o; -inffercn -o n each of the compartments was

due to 1lh- met a: ""no- Is s" e t issu--.

The results of this ex; rim-at showed that in the rat

the active trai.sport of = by th- inter" Lne was clearly

demons' r 1, 1n 1 S no °*v : was found.

Bee: .ise of tiae lar: ¢ a- ,un‘s of | Iu ose metah,oil red and
the po: -it Il-i-si tone o the ir.dcv. i 1iue to hypoxia, these
experii s' tole-on 'r t- th :r-. f an active tr ans-
port system for su o W re rep, -1 lit this time the
method used was similar to that used by Fis.aer and Parsons

(19-19) v r-t th io 1 < 11s wtr, not subjected to any

pt led of .a7! OXi

tjfem
The great advantage of this jn vil method as compared
to the two previous :1i vilro m fa.o-is used, was that In this

method th- muc al ceils wre at no time subjected to hy-

or tli- h os-1 -u pi;/ i-1 ih int-sti no was only termi-

poxia,

nated once the recirculation of the intestinal lumen with
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oxygenate 1 Kreb'a solution had boon well ewtabliahed.
In the rat, the concentration of glucort at thv :tart

of the experiment was lesr. in the mucosal than in the senJ-

cose had boon a.wimil at- 1 fra -n the int. atine before the

blood supply had been termina 1 nd the intestine placed

periment there was a coneonlral .on grad ient oppo. ing the

movement of gluco.-e from the mu.O; al to the aero: al comjort-

serosal compartment had inorea. >d fro 5 7 to 5f'7 mg/100 ml

and had fall n in th« r=uco; al lompa 't.wnt from h94 to 257

suited in a far" i e.0 ia the ¢ euntvnt.:on gradient,
but in spite of thi.inerea ?Tawe ..a. .till a net trans-
fer of approxim tel;. 1 i..-/c:../hr >f gl v e from the mucosal
to the serosal co: :° La risen' proved con-
clusively the pre/enc" of an active tr' a port syst em for
glucose in the rat it.le °in* .

In the rat experiment t.he amount of glucose utilized
was approx.- L-I, 1, V "i/ r, a valu" imi l:=r to that
recorded by hi 1 ear (1 'm), tut abort !laal * the
amo nt wutilized in lv prev otis exp'-ri'ent Wl n the intes-
tine had be-n mvert -i. h 1 is this, exp-ri m.-nt the glucose
transferred was the . ime as, in the recirculate 1 everted ex-
periments.

The results obtained for the- bat. were similar to those
record el in the ree ii--aliti. i *iV-r'.ed int.- tine. As, with
the rat,, the concentrat Lon o" the gluo.o at Tho start Of

the oxperii ent; war Ir-s.s in the mucosal than serosal compart-
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ment:;. In the bat, however, in contra:;t to the rat, there

wao very little change in the concentration of glucose

concentration of glucose in the uero.al fluid remained higher
than in the mucoml fluid, throughout the experiment. In
the bat there war no net movement of glucose from the muco-
sal to the serorul surfa e and ro no evidence that there
was an active transport r. «'en for- g. U'-oro.

The amount of giueo * metaboli. ed by the bat in this

experiment war about 40 of the amount recoiled in the re-

tion of glueorr by both !'h- bat and the rat in there experi-
ments compared to the everte 1 exp rimentr v/a: probably due
to the fact tint the muco 1 <c¢lIr had not been damaged by

hypoxia and ;o war ore efficient 1in the catabolism of glu-

to the mucosal c¢ 1. th w®m war an increase in the lactic
acid j-rcdu itio

The number of bats ured in there la vitro experiments

there :r not raffi.-lon: iy a: ur; atu; :ly o lhere animals,
to rejr -if ox: Tr v f v ar; n g Wive result r.
However as all tare of t!- jn lev. methods shown 1 the

act iv tranrpor" of gli; * in the rat but; not in the bat,

it would app-ar ti 4t in the bat an active transport mecha-
nism for glu -or- car not tm demon, trat e

of rui
To examine the assimilation of mgars in mere detail

in vivo it we; nc-ccs. ar.v to ana . Ilielire the animals.






104

The anaesthetic used up to this stage was a pentobarbitone
and ethyl alcohol mixture. This anaesthetic mixture sug-
gested by Pyc (1' 1 worked on those bats but the depth of
anaes‘hesia wa -/ vaillible and often it was necessary to
give furl her dost s of tio anaes.thctic mixture, which i.ieant

that the animal was not in a steady state.

thesia had an elevated bl x I glucose level following an oral
dose of glucose.

Aynr,ley-Grom (1°7V) shews I that Ketamine hydrochloride
had no effect on th. re. 1i..s blood glueo e level, while pen-
tobarbi-one off ct te a * on wr " anim . wu - ‘m-
or starve :, in the for . r 4 was *n increase while in the
latter there was no increase >n the resting blood glucose
level. Alt.ho .as - T sacs d teat these anaesthe-
tic agent, had an effect on the resting bloodglucose levels
as well as the level, of geucost an: in. ul in . ol. lou .n« an
intravenou glucose tel ran ' tost, they do not show what
effect the ana- ee<''e hai cr; a: . *m !a" on.

4.G.1.t* n o' ' hs on 4h_

as. is. :1 ''-s. of s -0..." 1e ¢ rs'

Some anaesth-Me agents were ter tel on rats to sec aa

thetier tried wore 'Thaia: ' urethane an ntobarbi-
tone/r hc-tobar. it; n e« ixtuia-.

The normal rate for glucose as 1Imi lalion i: t-ne un-
anacsthe: - .vd r .t w, 77 w'/ie mln. (. i1 :r/i0 min.)

'

*'Thai so ad' a ;i.'ur* ol fontanyl and droper.i .ol ,
J-nfin TharmaceulLlca.
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page 4 . In Uhir experiment it wn.: founa thal the- rat nr-

similated ,'94 -ini 999 nr/0 min. un .or th" pentobarbitone/

phenoi arbit oni i.. ire ruvi arotlr.ne v-.|" * iv<Ly, while vmlor
thal amonal. the iuw;imilation of (;Ju o. was 159 ine/50 min.
(Table 14). Duo to the lower rate of nr: Lmi.lat Lon under

thal amonal ana'-.Jthor ia th i.. anaor Liiod ic war diacardod.

In the praph oi tile bloo 1 r;lu o. mlev* In (fig. 16) it
can be reen that the' bara-iturate and thalamonal did increase
the r«r,!lag blood gl’ico. ¢ lov -lIr rlightly but not to the
same degree as urethane w i -a in-r a ed it to over 160 mg/
100 ml of blood.

To confirm Thi «clev ' d re. ting bloo I glucose concen-

sample, taken before and wa n under urethane anaesthesia
show 1 that the arise. ;a -« increar, 1 the blood glucose

level from an av-rs = r ia- It w1l of 79 mg/100 ml (S5SEIT +

rcasor urothan- .nr no' lani for * r .t of thii In-

vestig »tlon t i s' obarbitor ¢/ dart .lor ~ anaor.thetic

was u: el.

th"'"' 'e] rat

la the fir t group of rxperim rit., where the tonicity
of the fructose war approximately three timer greater than
that of blood, th- anno: ta- ini hats sr. eilafed hr.i
frueto; v th-in thi con iour animal r..

The. e result; eurge;' d that, (die anaesthetic had a
marked inhil-i fory effe o ca the nr. i.mila ion of fructose.
This howev- r wa. nol no, for Tah,1 shows very clearly

that more than 90/ of tie fructose that had entered the
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intestine in both the anaesthetised and conscious animal had
in fact been as. imjlatel. The cause of this discrepancy
between the amounts of fructose assimilated in the conscious
and anaesthet ised bats, lies in the fact that in the anaesthe-
tised animal most of the fructose solution that had been
given was still present 1ii. the stomach, at the end of the
experiment an 1 had luver reacts i the intestine where assimi-
lation could take place.

The effect of the anaesthetic was therefore not to cause

a decrease in the rate of assimilation but to dela; the

involved in this are not ins. .m.

'

The cxperim nts carric 1 out using isoton-'c glucose and
fructose solm ions cm ha: -c1 that the tonicity of the solu-

tion was a or,t : al factor, for inthese oxperir nts there

Secondly, in 1'.eesc ex; *®;reat. amounts of glucose an 1
fructose a. s :'.listed n th> cor .clous, an. anaestheti ted
animals wr of or Its.

The exporim cts carri ed outonthe conscious and anaes -
thetised bat. .tr «s' 1 that when the animals, was anaer "he-
ti sod, the si much had to be bye-pass' i so as to got results
comparable t those in ’onsc Lous animals.

In all furt.h r exj oriments carried out on anaesthetised
animals, th- as imitation of th< sugar, was determined using,
the m-stho! d-ri t- 4 by s: uisan 1 Lup-r

4.7. ' ' '-s°s

pra 'lonl

In all the in vitro cxi u'iments the active transport
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of glucose was demonstrated in the rat , whereas in the bat
it war; not. A po.:. Lblc exj Ianat ion for This- failure to
demonstrate an active transport system in the '.alter was
that when the interi.in< war, removed from Lh- animal, the
resulting loss of circulation had caused irreversible damage
to the tranrport syrl orn

An in vivo i thod . 'mil ar to tlr .t used by Shelf and
Smyth 0 955) war dorigne 1 where the concentration of glu-
cose in the lumen wa: lesr than in th blood. Any assimi-
lation O glu ore fro:the int. r.tinoagainst this gradient,
would be vvid- nee for an act ive tran. port mechanism for
glucose.

In the bat unfortunately, the farcing or resting blood
glucose level war low and t-lir would m an that Large volumes
of a dilut* perfr. « wcil t lTave to te used, so ar to have
measura, 1 a:.ora‘r f r .:c "mwr w th. To overcome
this dim ivan" age th< blood glucose level war increased by

n

perfusing the intvrt:ne fi wi h an isotonic glucose solu-
tion for 15 rr.inut--. . Then vy rile h blood glucose level
was still hi. h, th «r:i:;r -d war car i d out by porfur nj
the intertiw with a .tolu' ion having a low glucose concen-
tration.

The r* suit; fro:; the ex: r mnt rarrisd out on the
rat showed that thr rwghout th exp- rimrnt the blood glucose
concentration war :any t me; .;r- ter ti m bhot of the por-
fur,ate and y-t pi,) of f a e wa assim,latcl.
amount of gluco: earr iini lat m1 was GO of the available glu-
cose and confirmed t! it in rat infra tine, there war an

act ive tr in: port $§ tf i ¥ i;h war -:ble to -arr,imi late glu-

co.a- ag is. £ n cor centration gradi-nt.
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In the hat however, the blood glucooe concentration
remained higher than that ot tlie perlu: at « lot oaly the
first )0 minute::. This was because th< blood f Lucone con-
centration decreased rapidly during the e/.per.imeat anu
secondly, unlike he rat, the concentv ’ion ol j\. icoao in
the perfusate increased during the firet /\) minutes ol the
exj'er'ment.

These observations can be explain d by the hynothesir

The evidence supporting such a hypothesis was that at the

start of tin experi:V , wh<n t"< cone-ntration o' glu:o. (

concentration of gln-oso in the lumen increased and as no
large chang . in the volume occurred, then the increase in

the concentr.tion mu t be du< to an increase in the movement
of glucose fro-: the blool ate 1-ie lumen. Si mil -s,y in

latter part of the cxpcrim- at vs.--n th concentr'd ior. of [

cose was hi. -r 1; t. luc- n ' -a ao blood, then glncos.-: mus'

have beer eras, f -red from 'he lumen to t o blood so as to r—

Thi. failure to :1:0xr any evidence taat g uco: o was

i

This experiment ould not; be repeat @l using Iruetone
because even a rola'iv ly low blood fructor.v tevel sould

not be moints! it ud in ei th-r 'tn- or fin rat .

The increase in tin c¢ ncentrafion <t the glueo. e in
the intestinal lumen, Obsevv 1 in the previous oxpm -

ment carried out on th- bat w duo to an increase in the
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quantity of glucose in th lumen an the"e had boon no de-
crease in the volume. Thin inert.-me in the amount of glu-
cose could have com from either of two sour on. The ore
was that there was still g i-ore in the intestine after the
initial perfusion when the con entratod glucose solution was
used. This wan most unlikely becaus. the intestine had
been rinsed out with salirn prior to the final infusion.
The second possibility ws : that the into, t:no in the bat

was free'y permso le to rlu u se.

This experiment was has. 1 on the infusion experiments

see if the intestine was freely perm b e to the mover mnt

method entailed perfurii 'S u a length of either the
bat's, or th- r 1' int.« '- with sal;u- ani th-n raising
the bloo 1 glucose levels wita intravenous glucose injections
and inf. o

In the bat th blood f -use ]--vel before the intrave-
nous injections of glucose was less, than ,0 mg/300 ml and
there wa a era <f glu .e in ‘' m effluent. Th: $ trace

was of no signifies « ar It was at the limits of the

sensitivity for thL redhol for gin so. s analysis.

After th- intmv sou inf- -lion of glucos.- , the blood
glucose con-entrs tlon in , 1 an : 1-ached '7Z mg/100 ml
of bloo I 10 r.insti mlater. The s;3u.-0so ¢ x cent -ition In
the effluent had also in-re . 1 from a trace to mg/1.00 ml
(Table and fir. 19) in t - sen-- time peric 1.

In the graph it would appear that there was a lag
period between the glucose concentra Lion in the blood raid

the effluent but it must bo remembered that the effluent
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collected ha’ been in the cannul a .come t ime befor« coll ection
and no would lac behind what war actually occurrinc in the
experimtnt.

To investigate what would happen to the intestinal glu-
cose if the blood glucose level decrease !, insulin war, given
intrav nou L to lrn, lown ‘die blood g uco o lev L. Thi
resulted in a fall in the glucose level in the intestinal
perfunate.

From thi. result it war clear that in the bat the intes-
tine was fro ly per: -al!tc tdv mov- en' of glucose from
the blood to the Ilure a. lio*opor' in the literat ure could

'

be found, wh, re an;.- eri: il had an into. 'in pen:eal U to the

move: nt of !. mre fr t.1 c to t e lumen. An inte-
rns ing hypo-h is warthatin ote r animals -ny glucose

ft.at id; cliff s aor< t i-d 'its 1 rd’l would, immedi-
ately, be ae< iv- 1. trnns; -m k 'n‘o the body. The bat
not hav’ng or. . five tran -icvrt ... ‘er would thus accumulate

glucoe in she lumen.

To test this hypotl ".;is th- same inf ...ion experiment

glueore level was Incre ice 1 by givin - an intravenous glucose
inject ion -.nd 'diet aa int.rave uou. gluco. e infurim. By this
method the blood r.ucos- level was increased to (00 mg/100
ml of blood and at nr :.c was here any glucose in the
emu-tv . V/lun the 1Ioo1 ;! .sore level had reached *00
mg/100 ml the raHno infurdon fluid war rubstitut ed vith

a online rolut'an tor,!ain n O0,' ml phlori I in. this
concentration tar b- u shown no' to a-ivorrely iff-st cellu-
lar metabol . (Nev.oy d ., 14'.-)) tut will Lnl.ibit the

active tran.port of (lu-or.o. In thi: experiment even with
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glucose intho luminal flui/l. Therefore it would appear
that as phiQ@lddr, in didno' r-. suitln glucose appearing in
thelumen, there was. no move’eat of g]ueosu from the coll
to thelumen andso it would appear that the intestine of
the rat is not permeable to the movement of glucose from
the blood to the Ilumen.

4.7.1. fh" "Si" Strai ' mmof I" mfra--'o" 'a:l

Ina"%t‘a ; - " . ¢ m! ood hiri:.s

b b

tils as_

As the venou. biood sat :les were taken from the right
atria, th. cons n'r 'is a of :;osv,fructose and Jactate
in the e sample 'be w« -v nilar to that found in the

tween the concernrations 0OJ d sc substances in the :y; ' mic

and the portal blood would lasrefore s.upilv viluable informa-
tion about the mr chanisms in zolved in the assJun lat..on of
the sugars.

Gl s

Table 16 showei that the concentration of glucose in

the portal and b< Lc bloc ! . triples were 388 and 28d mg/
100 ml r* :<-tiv' 1; . T ;. vu n i* r a e of a:most 1.00
mg of glucose per 100 ml in tae j;trial .a ; Lee. Phi s marked

increase in the gl ;™;¢ concentrat ion in the portal blood was
strong -v: iene m to s Joort » theor,-that glueos wa; being
assimilated as. glucose a 1 1ls.t it was not being converted
to anoth' r mjistar =< which was tiv 1 a . imitated. It this
respect the bn . was. simil ar to other r ported spec Los
(Kiyasa jj3 al., ,' an I Al in <n, 1 7).

The slight rise in tlie It' 00 I lactate level could be due
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to the conversion of glucose to lactate during assimilation
but this has not been c.emonstrat -M in other animals (Crane,
1960). This incre-ir.v in I.ho Inotatu cone atr .. ion was

probably the result of the normal metabolism of glucose

by the observation that in ali the experiments, irrespective
of the sugar administered or t}< syste mic lactate concentra-
tion, the inirea.-.e in portal 2actate level war, 0,5 to 5 mg/
100 ml higher than the y. t.eeic blood.
y .®

The concentration of fructose in the systemic nd portal

blood sample. were S and 1: ' ¢ /100 n.! of blood respect ive-

ml of portal blood compared *. lho m c blood, showed

that a largo amount of 'ne fructose being inf ad was being

the system' s nl port 1 cone-nlrai Lor. for glucose in the
glucose infusion ex: riis at was most 100 mg/100 ml of

blood compared to 57 ig of fr.esone/100 si n the fructose

tal and cyhtcmic fru-r one level s during ts.e fructose infu-

sion experim-'nts cos;an 1 to the glucose experiments cannot

be due to do . fmc o: ¢ than gl icose being assimilated be-
cause in all th- exj <r s at. eeevriei 0 in the bat, fruc-
tose was more r . 1le ¢ eiellae : ' sn gl-eicose. A more

probable exj’lan.a' Lon as to why he fra't- so gradient was
about 55 that of the glueos- grad :ont is that, fructose was

being conv rtvd to anoi.her suhstsn 'e prior to entering in'o

the circulation.

As conv rsLon of fis. d.os" to glucose in the intestinal



mucosa during the assimilation of fruetoso occurs in the

golden hamster (Wilson nud Vinceni , 1933), the ravinea pig

19G3) it was not .urprising that Ln (die bat the portal blood
glucose level was 2 .ag/100 ml of blood higher than the sys-
temic value of 139 mg/i00 ml of blood. This slight increase
in the portal bloo 1 glucose concent rat Lon was evidence that
some of the fru ’toe must- have I<ea conv*-rt‘ 1 to glucose.
This increase in the portal bit 1 gl icose level, however

was not always rver i I, for in some <¢simals the portal glu-
cose level wa -+ 1Is than " of t sys.V 1 mbl od. When
this mail increas. n th< 3 -rial flu :ore concentra4ion

during the fruct o o infu; lon was compared to the glucose

levels recvrd-. : :,r fti :nfusion of g’u e, 1t showed
Therefore it would . < nr tint tae bat was capable of con-
verting fr t e to ; .»cos<, [af that; it played a minor role

in total amount of frui'tose a. jinila el.

The concentra* iors of lactate in the portal blood was

is similar to lhat record; I when glu o e was- being infused
and is age in probal iy iue to r.ctabol c¢ processes ant not

as. ociaf - with he .s 1! >n of fru to. '. However,

the systemic lactate oncenf, i— ‘ions during the infusion were
55 mg/100 ml of bloo 1 which vr . six fiin s higher than when
the intestine wa: being infused with ueosv. This in-
crease in the blood 'lactat e level 1is unlikely lo be :lo-

resuit of the assimilation of lactate as the gradient is

crease in the 1Ico 1 lictat mis (.list some of li e fructose is



being converted to lactate by the liver,
nncroro

The experimental remits on the digestion of sucrose
showed that the quantity of sucrose in the intestine fell
rapidly and that there was a small amount of glucose and
fructose present in the lumen. This result meant that
either sucrose was assimilated itself or it was rapidly hy-
drolysed to glucose at. ! fructose . Therefore the results of
the sucrose infusion experiments, showing that there was no
sucrose present in either the systemic or portal blood
sample;; indie atel that the bat had a very effective sucrase
ays' 0os. for th« sy Irslyai of s.T0.c t glucose an1 fructose.
In these infusion experim :* both glucose and fructose

appeared in hip ;r rations n the portal than in the

mg for glucose and fri; "o e respectively per 100 ml of

experiment vs. s, 'S g ;er 100 ml 4ae maximum concentration

for each of the mono <+ haridn; if complete hydrolysis

Tin a fore the individual

occurred so ;'. :e e /100

concentrations, of th o monosaccharide: in the gut must al-
wayr be less than half 'sat wl ea either glucose or fructose
was infur:ml atos- . Thh lower . .J-ose and fru 'to: concen-
tration in the intentire would result in smaller gradient
increases in th" concentration of glucose and fructose in

the portal blood when com; arc- I to the infusion experiment;:,

The increase in tin concentration of lactate in the
portal blood compared to the systemic blood was very small

and similar to when glucose and fructose were infused sc-
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parately. Thir increase as previously discussed was pro-
bably duo to the normal m"tabol:ic processes and not due to
the conversion of fructose or glucose to lactate. The
systemic blood lactate level was higher than the glucose
infusion experiments but loss than the fructose infusion
experiments again sugge. tin the possible role played by
the liver.

These preliminary experiments suggestc 1 that glucose

the case of fru-tose how v r tl re was some evidence that

a small quantity of "fructose was being converted to glucose

radioestivoly lab- 1mdglu a s- -in fructose would 1lave to
be use 1 to the fat* of “-s? . oes.

The evid ease at this stag-, was that <h--re was no active
tran sport syst.en for eith< r glucose or f-setose and that the

assimilation was a pa. ivo oroci.js controlled by the concen-

treticas of T e« r- L
4.7.4. L
St:0-—: h '"s o 7— M1 'iSS™ 11 MMi.S R
glue f - 1'- '.iu-mm.

fn these exj.- rir. *fs win s* s<s;*sts of the jejunum

were ! <rfusc . w th rla. x>s< it wa found that on average the

bat assimil* 1a: ;e sif-.-ly 1;n of 1 ore perc , lon, th of
int'-s.tine in . ,5 rir. . .. 4 Uv- vE! I'-nmth of the

bat's in'estir. was *% cm, thou ifthe ntre length of the
intestine war. a; lo to assimilateglucose at the same rate as
the joj’num, then th* b; f wonlI ! b>abl toassimilate 15> mg
in JO minutes. Thir v. w< is abo'twice as much as the

amount of glucose assimilated in the exporim; htf. carried
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out on nioun bats (pagt J ). However, in these cons-
cious anin o fluid was only found in the proximal third of
the intestine, sugg ting th t the intest i.ne was able to

assimilate glucose at a fastvr rate and that another factor

had to be involved.

In the control experiments, the rate of ‘nose assimi-
lation increased slowly throughout the exp "a..,nt. In
contrast to these cos.'"rol exporirv-nts, wh n glaco.a was

slowly infu "d into tinl fcded-off s.tonach there was a drama-

tic incress in th rate or a.sLmilntic.t. A‘ its peak 1

suggests, that in son way tin stomach ee.used an increase in

the rate of gluco ass nil? :on. The mech-'ini.: however
gastrectc -, ;s rr. :nv<lviie ' ep ! sic are", glucose as-
similation as: ears 1lvsc eff.i 'hat th- m n nor' ' man (Landh,
1958).

In all the expcrinnts carried out so far m evidence
could be found that g ucose was actively tran.rsrtt 1 across
the intestine in th« bat , rut now we h v a si .ml ion where
the rate of as imilation can be iner- .s 1. At 'his stage
it cannot be said if it is an active ti ram<rt or a facili-
tate ve diffusion sy. '.m

4.0.

The assimilation experiments carri d out on the bat and
the rat (page 17) : owed th -t the bai as. ini Lotvd glucose

!

and frueto. e many t in f' '"vwv than th rat.. There were
tv/o main ways an to how thi: increases rate of assimilation
could b- am i<w L The fir. 1 was that tl « hat had a more

officio.l active transport s. stern for glucose compared to
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the rat and that the bat may al:o have an active transport
system for fructoce. In this invo.'li*atLon, an active trans-
port system could nob bo demonstrated for either glucose or

fructose in the hat. Th'-1" fore, if thi; explanation was

The second explanation war that, the surface area of the
roucos i In the bat wa. far gmtc : tivin in tin rat. A study
of the gross an .to::y in the bat and the rat showed that the
lengths of the into."tin- in th bat an I the rat were 68 cm
and 96 cm respect ;wWly v: 11< th< diameturs w re of /he same
order, when th inf e« 'i wore fi 1 t wit fyuid. This
meant that from h grow, exa-nirat Lon of the intestine the

bat had a smaller auco; al surface arc than the rat.

showed lhat a mucosal surfaces of the two animals were
di ffm . In t . rat tm VvLV : v % leaf-11lke with a
relatively la’p .ora * of . m‘we- n the::., while in
the ba' th'. v'1!i wre f « 7-111 =m ! -ore closely lacked.
From th- .e mi erogr pl it would apj r that ‘here was an

increase 1 - th- r.ucosal surface area in the bi t coroj '.red

to th rat. T i. in T- - h-'wev would no* b* very great
and no .orini o.ros. ior.s, were-.ode to measure the exact;
incr -a. in th- s «fac- ur<e.

A.l',. .. K _ 3

The most striking f-sature wi;--n comparing the structure
of the muco al cell 1 in the bat and the rat were the micro-
villi. In the bat th< mi :rovilli wor- long at; 1 slender with
an avt ra lei., a ".l liar.! "<t of ,«(fi a 10,1 futrespec-

tively COftal-. 1 to th rat:' 1,171 /r:and 0,14 fm.
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IThis 1 <" '"i o!1,'4 /in for therat's microvilli com; ared
well wif-h that of P'nn reported by other workers for the rat
(Hillire;i,on and Kin an, 196 an i Palay an 1 Karlin, 19>9).
The? bat's miarovilll wore well over three times longer than
the rat's.

The diameter OJ‘the microvilli in the bat was less than
in the rat 0,0o0f) / compare 1 to 0, L[4 /un. The microvilli
28) and the distances between the microvilli in the bat were

1 ' 1
and distance bet ween the microvilli was known the total sur-

face area of an individual microvillus and it support:ng

plasma i.-crbrano eml.t be 1 m1;1t 1. m the tat 'hi: area

1
/
calculate 1 to be approximate ly 57 in the bat and v6 in the
same no. O0Ss O crovi.l Li cc intel in th mcross sectier il spe-

cimen: .
As th surfMc?, arc a of ty microvilli unil . and the

/

area of .n< raicrov]J !Li an / suj ;ortin plasma membrane per

2
/

The results (Table * ) shown i that; an a result of the mi-

crovillur structure th re wan a ',7 and a 18 fold increase

in the mucosal surface of t)v intentInal cell in the bat

an.! the rat respectively. Palay and Karlin (1959) re-

ported a 94 fold in Tea;'.- in tin r L. Thus in th - bat the
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assimilation surface of the email inter.fine was a times
greater than in the rat. This meant tha' if tu <« plasma
membrane war, the linking factor with r gard to the rate of
assimilation then the very rapid assimilation 0l the mono-
saccharides observed in the bat could be accounted lor in
part by this increase in the ar.’imi !ation area.

The fuzz on the microvilli, suggested by ifa; D f.on and
McMichael (1968) and Prichard (1969) to act as- a possible
barrier to the movement of gluccse b-<' into lhe intestinal
lume; after tli  hydroly 1- of ia tor-- i pooriy dev- ;<f-
In the bat it would appear that this structure was not im-
portant for the rate at which -a< bat as dmllate the pro-
ducts of hydrolysis of sucrose is of the same orde- as u.ei
a mixture of glucose and fructose of equivalent concenlra-

tions were given.



120

5. coTJCLnsro’:p

All animals require energy to be able to live. This

The range of food catoi by di.f 'cront animals varies vary
greatly. At the one extreme there are the carnivores,
whose food consists primarily of protein, while at the other
extreme th rc arc tin herbivores, w:th a high carbohydi ite
diet. Although their diets differ, all animals however,

have a common problem, in that the food has to le dige.-da J

of these products of di cation is complicated. Some mole-
cules are transferr< 1 across the inter;line into the 1-ecod

by simple diffusion; others, by a far,illatative mechani. .,
while in a third group id is an active transport mechanism.

The fruit bat is of special interest, firstly because
it belongs to the onlg Order of mammals that is capable of
true fli: ht and secor. ily its diet con i. ts entirely of
fruit, co- tainin In.- 2 amounts of glucose, fructcse and
sucrose.

This investigation sot ou to see what adaptations nid
occurred in the bat, so that it could ov rcoi * the handicap
of having to process large counts of food and still be
capable of flying away from any predator.

This study showed that this bat doe differ markedly
in its handling of the ingested food compan d with other
animals. Firstly it has a very short transit time and
secondly it has a very rapid and efficient system for the
assimilation of su tr; from the intestine. As a result,

although the food spends a very short period of time in the
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gastro-intestina] tract, most of the sugar is assimilated and
the weight of food in the animal is kept at a minimum.

The fruit bat Pousoti.us ac "./ntiacus will ingest 709: or
more of its body weight in fruit during a night's fee ling.

If the fruit eatem is bananas then approximately 20% of the
ingested food consists of mono and disaccharides, while over
70% is water. Since the animal may have to fly 30 kilometres
or more from its feeding ground to its roosting cave, the
rapid assimilation and store e of the nutritional contents of
the meal and the excretion cf the water and undigcstable food
material will b, ofa great advents -.

In the laboratory, tf transit t me for bananas in the
bat was shown to be vwry raj id with a moan value of ; minutes.
This ¢ n be partly explain ed t r th-, fact that the bat does not
have a lar e inti stine. Nevertheless thi transit time is
rapid compared with the transit time of food through the smalx
intestine only of the rat, which tak s hours. Thi; rapid
transit time means that the bat must cither have a very effi-
cient digestive and assimilation system for handling these
large quantities of food so juickly, orit must loose large
amounts of potential food in the faeces. Van dor Westhuysen
(197i>) showed th? &£ there was very little sugar present in the
faeces so therefore th< bat must h ve an efficient absorption
system.

In this thesis, this rapid rate of assimilation of both
glucose and fructo:' was confirmed; when the rates of assi-
milation of these surais werv measured using Cord's method
(1929), the experiments showed thatthe bat (which wet ;hs
less than half the rat) assimilated glueos.o and fructose

three and four times faster than the rat. A further
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observation in these experiments was that the bat assimi-
lated fructose faster than clueoso. This observation was
also recorded when c¢ ith< r a mixture of those two monos'le-
charides wore given or when suerose was jliven and the rate
of assimilation of the resulting glucose and fructose studied
No evidence could be found in the bat to show that either
glucose or fructose could be actively transported across the
intestinal vail wlv-mas in the rat the active transport mecha
nism for glucose wa. demonstrated in all the experiments.
Not only could no active transport mechanism be found in the
bat, but it was Obr< ved that when the blood lucose level
rose to 300 me¢/100 ml, th<n glucos- entered into the intesti-

'e.

nal lumen. show i lhat the int . tine was freely per-

meable to , ose.

The real's in ti is th si showed, that in the bat, there
is no active transport systen for either nlucoi e or fructose
and thst the intestine 1is freely per:::- ahP «to glucose and
fructose. Th- re fore any ;-w- icrst across th< intestine 1
membrane a:p arr to : or of dIffu.c on# The assimilation
of gluco.e is not oro of rimple diffu ion, where the rate
is govern- d Dbyth- cor lentml1i on ;ra | @nt.ihis was demon-
strated by the fact that whenth- jejunum is being infused
with an isotonic Iv -os- :olutior a a steady rat , then the
rate of assimilation ol glucose from the jejunum could be
increased by a factor of thre-' times, when isotonic glucose
was added to th- tic 1-off suomach. This, showed that th- re
could be another mechanism enhancing assimilation which is
stimulated by the presence of glucose in the stomach of the

h&t#

The structure of the bat's intestine also plays a role
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In the rapid rate of assimilation of sugars from the intes-
tine. Macroseopj cally the rat has the longer small intes-
tine but microscopically the bat has a much larger mucosal
surface area. The bat has a greater number of villi and
microvilli, which are longer and more closely packed together
than the rat and this gives the bat the much larger and hence
a more effective absorption surface.

The value of these adaptations; the rapid transit time,
the rapid and effective assimilation of glucose and fructose
to the bat, is clear w»rn one com idore the animal's mele of

)
and dawn in search of food. Of psrticular interest would
be to study Ero o: horn. 11 " another species of fruit
bat, which also lives on thi ear diet, but does not or very
rare! j covelIT any lon did anc<m ¢’ ilimLi,as they rc;”t in
or near the trees when t y are lc =

This invest! ation wa- oncerned with the modes of
storage of the assimilstf ms, obviously a potentially

intvrc stir.s; f:i«ll.
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in the rapid rate of assimilation of sugars from the intes-
tine. Macroscopically the rat has the longer small intes-
tine but microscopically the bat has a much larger mucosal
surface area. The bat has a greater number of villi and
microvilli, which arc longer and mre closely packed together
than the rat and this giver the bat th much larger and hence
a more effective al nor] l1lor surface.

The value of these adaptations; the rapid transit time,
the ra id and effective assimilation of glucose and fructose

to the bat, is clear when one considers ttv animal's mode of

life, where [<: distances have to be covered between dusk
and dawn in se.rch of food. Of r rticular interest would
be to study bro: ophoru. n'sflt li another si 'cies of fruit

bat, which also lives on the s,a\ di t, but ioes not or very
rare!y cov- vs any lor iist nces of fligl t, as they ro st in

or near the trees whore t -y re fee :in

This investi atior was not concerned with the modes of
stora e of the assimilated s.u -are, obviously a potentially

intern:ti : field.
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Table 17.

Additional

The blood
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1able

i*luc.o. mcon .on( ration in anae:lhetiaed

bubii ani rats before anJ after the oral administration of
10 ml of distilled water.

Bioon flucosc concentration
mf>;/100 ill

Time o f
blood sample. * .
Bat (4) Hat (2)
*e »n ¥ **
Resting 60 + 15 75
5 minutes 51 a 14 75
10 minutes 44 + 9 80
. Number of mi: - n bv-.cVet
** Me n.
e ** Star iard erroi of th mean.
Table IP. The blood -It;jcor concentration in anaesthetised
bats ani rats b- for- or.: after tae oral ad; ini stration of

500 rag of glueo;-

Time of
blood

le.
Resting

5 minutes

1.0 minutes

20 minutes.

. Number
+* Mean*
% %k %k

Stand4d

jer 100 g 1 i

m.-ight.

Blood glucose concentration

mg/100 ml
Bat (6)’ Rat (6)*
27% tf g 113% *j 5§+ *=*
110 |, 55 145 i 8
171 | 40 t 9
284 + 80 180 4 11

of animals in bracket. .

d error of <lie mean.



Table 19. The blood glueor concentrati.on. in anaer.tlioti red
bats and rats followii | the intravenous injection of /; mg

of glucose per 100 g body weight.

Glucose concentration
mg/100 ml of blood.

Time after the 1i.v.
glucose injection -

(min.) Bat (9)* Rat (?)
$$ \ . %4

Preinject ion 41 + 8 102

5 231 + 4 269 4

10 186 f 6 225 4

20 4 12 150 4

40 68 4 11 111 4

o Mean.

**¢ St'r far rror of 1 mn an.

11
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Table 20. Blood ftlu.-o; e concentrations in the conscious
bat and rat, following an era] do:a- of 1,b £ of glucose.

Time an- r g.lueo: e Blood gluco; o concentra-

Animal administered minut e t ion mg/100 id.
it (6) adminicle tion 29 s A
5 507 + 52
10 518 + TA
20 697 > 79
50 755 + 78
Rat (A) admini. tr-r ion 55 + A
5 54 + 2
10 60 + Q
20 1CA + 12
50 155 + 15

* Humber ¢ ' an' -d min bracket. .

* Mean.
***  Star iar ' error o the rear.
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Table 21. Blood rlucor' and fructoee concentrations in the

conscious bat and rat foil ov/ii man oral dose of 1,f G of
fructc. '.

Blood concentrations

Animal administcred (minute:m
Glucor, e Fructo se
$ %k sk ok
Bat (6)* Before adminir. :rati on 60* + 15 0
5 174+ 14 13? *1 38
10 220 * 13 122+ 22
20 248 + 42 74 + 8
30 261t 47 51 1 11
Rat (4) Before ad: inistration 70+ 8 0
5 66 + 7 0
10 72t 7 0
20 86 t+ 9 4 4 2
30 100 + 12 91 3
* Number or 'ee.ir.al v ir brae- -«
**  Me n.

***% Stan.ard >rrcr of 1 can.

*yy ¥
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Tab!'- 22. Blood f] ucora- and. fructore colcentratione in the
conscious bat. foliovin » an oral lore of a mixture conlLainin m

770 my yluco. mrr-l 7! 0 ity; fruoto.

Blood concentrations
Time after administration my/100 ml
of monosaccharides.

Animal Minutes. Glucose Fructose
> **<
Bat (6) Before administration 38" 1 3 0
* % $$»
5 289 + 96 61 + 23
10 442  + 127 34 + 9
20 423 1 81 23+ 2
30 418 + 74 23 4+ 4
* Numb <« of an.i 1 tr; mt; .
**  Moan.
**%*% Stan e : : oOr th< Tea?.

Blood concentrations

Time after men mg/100 ml
adinini st ered .

Animal Minuter . Glucose Fructcse
$ $ ke
Bats (>) Irefor"' adr irir 'ratier 33% '« 9 0
3 147 4 44 17 i 9
10 264 41O 21 +7
20 500 : 97 19 + 3
30 531 + 97 12 + 1
* Number of in brack- ts.
**  Mean.

*** Qtai itand error of the mean.
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Table The mean cor rentrations of rlueooe in the mucosal
and serosal fluids while recirculatin « the small Intestine

in vi l.ro.

hat (2)* Hat (2) *
Time.
Serosal Mucosal Serosal Mucosal
** ** **

0 559 556 567 494
15 558 555 579 455
50 560 528 586 576
45 554 526 588 519
60 555 524 597 257

** Mean.

blooa p—lﬁ 0. e cot '<r.trat :cu follow: ? the adr.inistrat ion of
1,5 g of flucore.

mt' of rlucose 100 ml blood
Time Thai amoral r<tl:-.. o (5) Phero/ .
Pentooarl itone
(?7)*
-t o ¥ —TT
Proad." iristra t i«r 95 160 102
88 195 140
10 109 218 216
20 150 257 270
50 165 290 290

* Nur!«r of arir/ 1lv in brack' l.e.
** M 3h.
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Table ?n The flueone concentration in the blood and perfe-
catc during the p. rfmion of th - email intestine.

Glucose concentration (im/lI0OG ml)

Time Bats (3)' Hats (3)
Minutes — _

Blood Perfusate Blood Perfusate

" * %k # o Fx * e sk o i s % s

0 363*% + 182 102*% + 1 231* T 45 102% > 1
15 202  + 103 123 T 30 304+ 33 g7 T 16
30 142+ 62 135 T 40 329 145 68 T 15
45 112 T 33 138 T 43 317 T 39 91 T 12
60 90 Tt 23 107 T 18 276  + 19 35 * 12

O Mea* .
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Table ?2n. The glucose concentration in the blood and perfu-
sate during the perfu ion of the small intestine.

Glucose concentration (mr/100 ml)

Time Bats (5)' Rats (5)
Minutes

Blood Perfusate Blood Perfusate

# **‘ » %k k% # *»*
0 565* t+ 182 102* + 1 251 * 45 102 t 1
15 202 + 105 125 1+ 50 504 + 55 g7 * 16
50 142 + 62 155 1 40 529 *t 45 68 T 15
45 112+ 55 158 * 45 517 1t 59 51 *+ 12
60 90 + 25 107 *+ 18 276 t 19 55 *t 12
** M an.

*** Stan:a d error tf th m-an.
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Tabic 30.
area:- of the microvilli

Length of microvilli

Diameter of microvilli

Distance between
microvilli

Surface area of
microvilli
Number of microvilli
calculated

counted

urface ar< 1
increase due to
microvilli

Therefore

*Number of ob; -rvation:

The runary of t-hc morphology and the
in the bat and 'he rat.

BAT

3,6 (15)
41,0

,0,258 S.E.M.

k

0,099 (22)
40,01

40,003 S.E.M.

0,045 (22)
40,005

t0,001 S.E.M.

1,0 A.inip

57
50,5 (9)
4 2,7

57

in bracket
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r.urface

«
1*¥14 (10)

+0,2
+0,0f

o
0,14 (?)
+0,01
+0,004

0,035 (>)
+0,001
10,0006

2
0,5 pm

35 (5)

I®
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6.2. St,'iti ! Iecr:
To tenl forla Mi|jenn Tir'mt 1if " 'c between t-ho
cl ope." of two cir-V' ' 'm or =1 rnp th tut, ar.t r-it
plucoro tolrfi'_ L- otr

This was carried out in each case by fitting a straight
line through the recorded points by least squares and then

comparing the slopes by means of a Student's test.

nl y, (b *
-n 1 3

Where x and y are th- average values at the i th poin

and X = o X -5 x =10 xN = 20

0O + 5+ 10+20

ok Xo = 4
= 8,75
4 27 (0- ) -no f -S' ) < I (1 - A "84 (20-8."5)
b
-23; - 4]- f21-r" , --tv
/
2760
218,75

\ats =



136

» . 113(0-8.7%3) + A 165(10-8,75) + ]80(20-8,75)
'rats - (0 8,7 + (5-8,75) + (10-8,75) + (20-8,75)"

-088,7' - 'vil7 i :'05,7' ~ Q0o
||

218,75

= 5,185

E . h-yo>UHhl-" 1
Dhats nrats” ' bats rats ,bats rats

where Sp is the pool 1 SD ol" both lines

27 + 110 + 171 + 284
y0 4*n"N
bats
= 148
.1 (7 -fo) (27-143)~ + (110-148)" + (171-148)' + (284-148)
bats = 55110
11 *vr 4 1 /, f 180
ar:dL7ut, a
= 150,25
o Jdj-otr.(y.-y()  (113-1 , 7+ Q4'—1 &, ) (Ic >1 0,2') +

(180-150,27)'

— 2462,75
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*batf£(S - ¢ / O 12'M T X 218,75
= 54822,57
karats - *o)M . 3,185 X 218,75
= 221G,28

=y} (35110 < 24C ',75) - (3422,52 + 2210,26)
= 133,49
Sp 11/ '4
A A
wen “bal r- “"it ¢
4
Sp 2
/N < ->vou,' ' Z X - x0,;ats
17/17 - 21 =
11,554 rzT —
J I/
= 8,54

and comta:In th e+’ vain with tabulat +d valuer of the "t,"
dlctribut ior with 4 d(reo: of freedom we fii i this- to be
significant at th< ')/ level.

(tA : 0,999 - 7,173 - sided to. t)

Thus the difference between the two curves is highly

significant at th< 0, level .howin that tt two results

arc differ'nt.



Statintir .1 Trv)l.y;'ir,

To test the nifni fleanc”- bet;ween th' emountr.

Alurpro an ! tre"t":" are-imi1 »terl h;/ the J vh
Fructose assimilated <xy 10/(» mg
ECx - x)2 = 156251

S.D. 176,5

and glucose assimilated (x) 765 mg

2L(x - Xx) 10T464
S.D. = 145.,9
A 1076 - 765
10 /1 1272717ZL- R |
\% A%
=-H I
f ~ 0
211
% o, -/7-
= 5,57
t10 0,995 5,1,0

Z Sirnificar ! lifferor. < at the 0,2 level.

of
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