STUDIES ON SUGAR ALCOHOLS
AND FREE SUGARS ON GLUCOSE

LIPID METABOLISM IN RATS C

A, Loy
; AN "
“

By

IBRAHIM MOHAMED HAMED MOHAMED

A Thesis Submitted Ir Partia] Fulfiliment
of the requirements for the degree of

MASTER OF SCIENCE

In

Agriculture {Agric. Biochemi stry}

SOIL DEPARTMENT
FACULTY OF AGRICULTURE
AIN-SHAMS UNIVERSITY

1988

Central Library - Ain Shams University



Pl oeetall i f o] Cirls Lo 4] L e ¥
pebndl alll gawe

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



APPROVAL SHEET

Name : Ibrashim Mohemed Hamed ¥ohamed

Title: Studies on sugar alcohole and free sugsre on

glucose and 1lipid metaboliem in rats.

This theseie for +the k.Sc. Degree hee heen

approved by:
FFA 5’% Z -4(.

Af’ éf = Al
/ @?7

.‘L»(é«" :

-

Date : 10/ 5 /1988,

Central Library - Ain Shams University



ACKNOWLEDGMENT

I wish to express my deepest gratitude to Prof.
Dr. Mohamed A.E. Shatls Professor of Biochemietry,
Feculty of Agriculivre, Ain Shsme Upiversity. I em
deeply indebted to him for supervising this work,
eincere help, profound guidence apd encouragement through-
out the course of this study.

I am greteful to Dr. Zipeb A. Abdou Aepcietant
Professor of Bilochemietry, Faculty of Agriculture, Ain
Shemws University. My eincere thanks end gratitude to
her for inestimable help, profound guildsnce &pd encoure-
geme nt .

Sincere thenks spd gretitude to Prof. Dr. El-Ssid
K. Begazi Professor of Nutritionsl Biochemietry, Food
Science snd Futrition Department, ¥ationel Research Centre
for suggeating the work, kipd help, profound guidence and
encoursagement . '

Deepest gratitudee for the staff members of Food
Science and Nutrition Department of the Ratiopnal Research
Centre for their sincere help, guidance ard encouregement.

Thankse far the Natlopal Research Centre for suppor-
ting end funding this work.

Deepest eincerity end gratitude to my family. I em
indebted for Bincere encouragementn.

Central Library - Ain Shams University



Fage
Tl L tee L, e ea. Toree L. 1
xREVIEW T E'URE... tee 4
-Fructose a swaetene Toree L. tee L. 4
-Sarbitol Danp tol ag €lenen tee L., tte ... 5
~Effect of or arbohyd € op blagy glacoae 7
Errect ty bohydr te op Plag 1ip1gq ‘e 10
Effect €ete B glne etaboli @ .. Te. 13
Effect ee ipig eaboliam... 1lg
~Lipis Reigy 8bete tee .. .. L. *ee 22
E.ffect 1o €lucog metabolia .e ter 23
Effe t 11 on lkayy hosphat 8se activity 2
.ﬂHATERIA ¥ | ObDs Tee L, tee oL tes L., tee 26
Experiment I v .. tee L., tee ... te. . ‘e 2
periMent II ‘e 26
« Digt . Tt el e L., e . 27
+Egty tng °f b1, fugan tee L. tee el Teee 31
2.Detg tiop 8 J3] glucoae... tee L., ‘e oa,. 35
3.Determ tion totgy lipids cee .. - . ... 36
4.Detg tiop t l,ycerid tee L., Tee L., tee 37
5.Dete tiop C esterol tes ... e el * 39
s.Determ tiop phoap olipid el L. N s
7.Detemi tion 1iy Jcogepn * ... * 43
s.Aasay am kg3 osphatase activit "re 47
9.Statiati &8ng J8lg Tee L, tre .. treoeel + 52
srRESUIISA ISCUSSION 53
SUMysRy Tttoeel L, Tt el L Ttto-L gg
ﬁREFERENCES e el toeea L. ces .. ‘.- 9g
* ARABTE SUMyy Y.

iverSity
Library - Ain Shams Un
| Li

Centra



INTRODUCTION

Central Library - Ain Shams University



IRTRODUCTION

In the trestment of diabetes, s disemsse of consi-
dersble public hesltk importence, there is enormous con-
troversy end diversity of opinion over the permieible

lntake of carbohydrste foods particularly the moiety of

gucrose.,

The use of esimple sugars or "concentrated carbo-
hydrates™ has been discouraged in the diets of wmost diam-
betic patiente (Blerman et g8l., 1970). This restriction
of glucose and sgucrose hes been recommended in en sttempt

to prevent repid changes in blood glucose leweles.

Secchaerin the non-nutritive srtificiel sweetener
hed been widely used by diasbetic persons. With disconti-
nuetion of clyamates =nd possible removal from the market
place of sacchsrin as & ron-nutritive sweeteners, questions
have arieling concernlng the sppropriaste use of non-glucose
containing sweetenere tc replace glucose and sucrose in
diets of petiente with digbetes mellitus. Nutritive
seweeteners thet sre svellable include fructose snd sugar
alcohols, such as sorbitol, mannitol and xzylitol, since
other sweeteners are not sweet enough. These sugar slco-
hols caen be used as a substitutes for sucrose and glucose

for diebetic patients.
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Arguments in favor of the utility of fructose
end sugar slcohols are based primasrily on the differences
in the absorption and metabolic pathways of theee substan-
ces in comparison to monosaccharide, glucose or glucose
moiety of the disaccharicde sucrose. Due to the existance
of an active transport mechanism for glocose but not for
fructose and the sugar alcchols, fructose and the eugar
slcohols are absorbed into the blood stream st & slower
rate then glucose. Once sbsorbed, most of the initiel
metabollsm of fructose and suger alcohols occurs in the
liver independently of ineulin. Becsuse of the combined
effecte of the lower rate of absorption and stepwige
metabolism, frustose and suger slcohols do not rroduce
a sharp elevation in the blood glucose level ag compared

with glucose and esucrose,

The present work was designed to determine the
effect of fructoee, sorbitol and mennitol on glucose and
1ipid metabolism when compsred with etarch, glucose snd
sucrose. In the short-term study, the effects of Bugars
and suger alcohols on glucose tolerance curve were deter-
mined in normal rats. In the long-temrm study, the effect
of sugars and sugar alcohols on glucose level; alkeline
phosphatase activity, totel 1lipids; cholesterol; trigly-

cerides and phospholipide were determined in the plasma of
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glloxan-diabetic rats kept on experimental diets with

different sugers and suger slcohols supplements. ‘The

gtudy was extended to determine liver weight and liver
glycogen content in rate after feeding experiment. The
body weight gain, food consumption and food efficiency
were glso noticed through the time of this investigs-

tion.
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REVIEW OF LITERATURE

Fructose a8 & sweetener

Fructose has & well accepted flavor, the poseible
application of fructose sc & sweetener in the low celorie
foode or diabetic foods and in improving the flavor and
crust colour of bread or the texture of ice creem and
icinge was reviewed by Kimure and Carr {1976) and Brunzell

(1978).

Berghe et gl., (1978) reported that although war-
ninge have been issued asgeinst the infusion of fructose,
thie sugar is still widely used in psrentral nutrition.
They cited the degradation of the adenine nucleotides in
the fructose meisbolizing tissues, manifested by hyper-
uricaemia and in a rise in the concentration of blood
lactate; both effects sre caused by the rapid metebolism
of the suger. They added that for these reaeona, fructose
ie unsatisfactory substitute for glucose in parentral
nutrition. The same conclusions apply to sorbitol which

ig converted into fructose by the liver.

Sestoft (1979) discuseed the use of fructose in
the dietary treatment of dimsbetes mellitus. He concluded
that there sre many questions on the quantitstive aspects
of fructose meteboliem in relstion tc the stete of regu~
lztion in disbetice and on itse role in the pathogenesis
of diabetes can not be snswered, He added it is wise not
to promote the large-scele use of fructose se 2 sweetener

for disbetics.
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Fraettall (1980) reviewed the regulatory and nutri-
tionel espects of fructose end asugar slcohols in foode.
He reported that erguments in favor of the utility of
fructose and suger alcohols esre based primarily on the
differencee in the &bsorption and metebolism of these
subeiences in comparison to glucosé . He &dded
thet fructose and suger elcohols mre sbeorted in blood
stream 8t & lower rate than glucose. Such lower rete of
ebsorption and stepwise meisbolism fructose does not
produce sharp elevation in the blood glucoee when compared

with glucoee or sucrose.

Aoyama et al.,(198C) studied the effect of glucose
and fructose in & diet or a drinking water on body weight
gein, liver 1lipid content end serum triglyceride level in
4 strains of rets. The resulte sphowed that body weight
geéin was similer in each strsin for rate given glucose or
fructose. Liver lipid content of rats given fructoese wee
greater than gluccee. They aleo found that fructose in
the diet, but not in the drinking water, incressed serum

triglyceride.

Sorbitol snd mannitol ss sweeteners:

Sorbitol is widely ueed in dietetic cendies &nd
milk Jjans. It ia suggested to be used lr fooda for

disbetic petients or to ke used in ceke mixture pastry,
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Biscuite, chocolate and sugar lese gums. On the other

. hend, mennitol is rarely considered @s & nutritive sweeienex
for spubetsntisl dietery use because it is comparatively

less eweet then sucrose end csusee laxetion when consumed

in single dosee (Allison, 1975 b).

Schell and Siebert, (1980) reported that rate given
50 mg. sulphonilemide intreperitoneally 2 hours after
sorbitel or fructoee, ascetyl sulphonilamide in urine hagd a
higher specific redioasctivity efter sorbitol than efter
fructose. The same authore fournd thet men snd women who
took 30 g. fructose or sorbitol by mouth exholed more
hydrogen from their lungs after sorbitol than after

fructoee.

Siebert (1982) pointed out that all available dsts
aspured the fact thet sorbitol metsbeliem proceeds only
partielly vie fructose; and the other meéjor pethway involvee
ettacked by intestinal microorgenisms, with formetion of

voletile fetty scids.

Lorenz and Groesskleus. (1984) reported that esorbitol
had the strongest osmotic effect in gastrointestinal trsct
of rate e compsred with glucose or sucrose end the effects
were dose-dependent. Recent intestinpsl ebeorption study,
of sorbital end the effect of its acute adminietration

on glugose homeostaeis in normal rats conducted by

leuwere et al., (1985) o reeulted that in ret ,
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the intestinal abeorption of sorbitol is about six times
glower than thet of 3-O-methyl glucoee; 2 non-metsbolized
sugar, known to be absorbed like glucose. They found
that sorbitol ebsorption increeced with time but the
increese was very smesll &t high lumen concentrations.

The findings 8lso demons treted that sorbhitol absorption
is not restricted to the duodenc-Jejunum but aleo tskes
place, slthough 8t & slower rate (66 %), in the terminal

ileum.

Mackenzie and Hauck (1986) introduced & brief
review of the toxicologicel status of sorbitol. They
reported thaet groupe of rets were fed & sucrose-containing
ground ceresl-baged diet in which O, 2.5, 5.0 and 10 %
(w/w) sorbitol was included at the expense of sucrose.

The etudy wes extended for 3 generaticn reproduction.
It wes concluded that ecrbitol administered in the diet
to three successive generestions of rets et levels up to 10%

had no adverse effect on growth or reproductive performance

in either sex.

Effect of type of cerbohydrste on plasmes glucose:

Simpeson et 8l., (1979) found that diet, in which
cerbohydretes make up 60 % of the total energy when given
to patiente of maturity-oneet-diabetes decreased blood

glucose more than did & standerd cerbohydraste-poot diet

(40 % of the totel energy) .
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