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Summary: Lipogenic capacity of various dietary carbohydrates starch, glucose sucrose and lactose
wastestedduring ad lib feeding and starvation followed by refeeding. Sucrose was found to have maximal
effecton hepatic total lipid and the enzymes in the study followed by glucose and sago while lactose
wasfound to be toxic. Starvation resulted depression in the activities of various enzymes. The enzyme
activitvinducing effect was again exhibited by sucrose diet during ad lib and restricted refeeding followed
by starvation.
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INTRODUCTION

It is observed by various workers that the relative pathways in the carbohydrate
abolismdepend in part upon the type of carbohydrate fed to animals (1,13). Changes

thetype and amount of carbohydrate have been shown to induce adaptations in the
itiesof certain enzymes of carbohydrate metabolism (7,17) and also affect the hepatic
ogenand lipid level (4,5,15). In addition, refeeding the same diet. following a period

starvationresults in a further elevation of hepatic G-6-PDH, (EC 1.1.1.49), malic enzyme
DP), (EC 1.1.1.40) and liver lipids (11,19), compared with the rats given the same
in ad fib amount. It is reported by these workers that fructose and sucrose have
imaleffects on G-6-PDH, malic enzyme and liver lipids during ad lib feeding or refeeding

owingstarvation. However, these studies have been carried out in different laboratories
erdifferent experimental methods and variety of dietary manipulations such as carbohy-
fe,fat and protein content. making a comparison of results difficult. Hence the present
y is designed to observe :-
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1. Comparative inducibilitv of different carbohydrates on hepatic G-6-PDH,
ME (NADP), Isocitrate dehydrogenase (NADP) and lipid level.

2. Effect of starvation with respect to prestarvation diet.

3. Effect of feeding the same diet ad lib and in restricted amount-on enzyme over-
shoot. following starvation. ....-. (I" . "-
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MATERIALS AND METHODS

Male albino rats weighing about 130-160 g
rats were fed a standard laboratory ration of bread.
and then subjected to further dietary manipulations.
diet was as follows;-

were used in this experiment. The
milk soaked pulses etc .. for a week
The composition of the experimental

Carbohydrate
Casein
Ground nut oil
Salt mixture
Vitamin mixture

66%
18%
10%

4%
2%

Different carbohydrates such as lactose. sago. glucose and sucrose were substituted
for respective groups. The respective diets were fed for 10 days ad lib and then some of
the rats from each group were starved for 4 days. After starvation. some of the rats from
starved group were supplied with 50% calories of the same diet fed ad lib during prestar-
vation period. and were designated as "sernistarved OR sernirefed". The various enzymes
were assayed by the methods described earlier by the authors (25).

RESULTS

Hardly any significant difference was observed in rats fed sago. glucose and sucrose
1/\ ith respect to food intake and body weight gain. However. feeding the lactose diet
ad lib resulted in decrease in food intake and body weight gain. On the other hand.
lactose fed animals lost weight during ad lib feeding period for 10 days when compared
with their initial weight (Table I). Similar trend was noted for liver weight and RLS.

TABLE I: Response of RLS to dietary carbohydrates.
-----------------------------------------------

Dieter» csrbohvdrete

Initial -------------------------------
Lectose Sago Glucose Sucrose

-----,----------------------------------.--------._----
Ad lib feeding 3.38±0 35 3.42±0.28 4.22±0.21 4.12±0.18 4 51±0 14

Starvation 3.49±0.32 C.31±0 16 3. 24±0. 20 3 44±0 16

RF ad lib 3 30±0.28 4.88±0.12 4. 33±0 .13 C.19±0 15

Semistarvation 2. 88±0.16 3.48±0.17 3.42±0.22 4.22±0.14

------------------------------------------
Mean ±SE of 4 rats each.
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3.24±O.20 344±O 16

4.33±O.13 C 19±O15

3.42±O.22 4.22±O.14
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Duringstarvation. rapid and maximum but equal weight loss was noted in all the types
of carbohydrates fed except lactose. During refeeding diet. in ad lib amount after 4 days
of starvation. rapid increase in body weight liver weight and RLS was observed in these
animals. Maximum RLS was noted in sucrose refed group. Semistarved rats. after
completestarvation showed certain ability to gain body weight. liver weight. However.
the magnitude was less as compared to animals given their respective diet in ad lib amount
after complete starvation.

Hepatic total lipids were increased in animals (Table 11) fed experimental diets
adlib when compared with their initial basal values. It was interesting to note that hepatic
lipid content was almost same in both glucose and sucrose fed animals. However. if
comparedbetween sago and sucrose fed animals. a significant increase in lipid content
was noted in the latter. During refeeding period. when the diet was given ad lib, the
maximum lipid accumulation was noted in sucrose fed series followed by glucose and
sagowhile no such increase was found when lactose was the dietary constituent.

TABLE 11: Response of hepatic lipid to dietary carbohydrates.

Dieterv cerbchv drete

Initial

Lectose Sago Glucose Sucrose------------~-----------------------------------
34 OO±3.00 42.17±2 83 37.00±2.06 44. 95±2. 88 48. 00±2. 00

43.44±2 60 44 OO±2.90 48 90±2. 85 46.61±2.50

40.50±2 25 48 OO±2.40 59.10±2.35 70. 70±2 .40

43 21±2 90 47 26±2 70 46.01±2.72 43.11±2.39

----------------------------------------------
Values expressed as mo!o of wet liver.
Mean ±SE of 4 rats each.

Hepatic G-6-PDH. ME. and ICD increased in all the (Tables Ill-V) groups when
comparedwith the animals maintained on a stock diet free of hexose. However. during
theperiod of ad lib feeding. maximum increase in these enzymes were noted in animals
fedsucrose as compared to the animals given sago. glucose and lactose. Starvation of these
animalresulted in depression of the enzyme activites. more so in sucrose preloaded animals.
During refeeding. following stravation. all the dietary carbohydrates caused a dramatic
overshoot of G-6-PDH. ME and ICD activity except in the case of lactose fed animals.
Duringsemistarvation. which was imposed after complete starvation. sucrose was able to
induce maximum activity though the magnitude was of lesser degree as compared to
ad lib fed animals with their respective diet.
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TABLE Ill: Response of Hepatic G·6·PDH to dietary carbohydrates.

Dieter» cerbohvdrete
Initial

Lactose Sago Glucose Sucrose

Ad lib feeding 19.00±4.3 26.20±3.8 37. 62±2. 8 83.44±3 5 116.40±75

Suuvetion 12.35±2.5 24.10±3.3 29 .18±3. 3 30 78±36

RF sd lib 23.22±4.0 146.10±4.5 184.20±29 241 .50±6 5

Semistarvation 20.10±4.2 53.50±2.9 77.19±4.2 133 OO±31

Mean ±SE 01 4 rats each.
Specific activity is expressed as IJ.moles 01 NADPH formed/min/mg protein of enzyme extract.

TABLE IV: Response of hepatic malic enzyme (NADP) to dietarv carbohydrates.

-------------_._-------------
Dietetv cerbobv drete

lnitiet
Lactose Sago Glucose Sucrose

Ad lib feeding 17.20±3.9 31.00±3.7 36.82±2.3 46. 90±2 19 62.40±2.0

Starvation 21.30±2.8 29.18±2.1 33. 10±1 .90 38.10±21

RF ad lib 38.70±3.0 91.32±4.2 125. 20±3.50 158.10±4.0

Semistarvation 24.84±3.1 59.70±4.4 69. 15±1.90 78.70±3.1

Mean ±SE of 4 rats each
Specific activity is expressed as ,."moles of NADPH formed min/mg proteins of enzyme extract.

TABLE V: Response of hepatic ICD (NADP) to dietary carbohydrates.

Dietary csrbohvarete
Initial

Lactose Sago Glucose Sucrose

Ad lib feeding 155.0±O.13 246.0±8.0 259. 2±4. 3 309 8±4. 350. 6±6

Starvation 164.8±8.1 193.4±7 0 195 1±8 4 209 3±5.0

RF ad lib 268. 6±7. 4 335.6±9.0 361.4±6.2 449. 2±5. 8

Semistarvation 199.7±6.0 220.3±6.4 263.0±5.2 288.1±7.2

Mean ±SE of 4 rats each.
Specific activity is expressed as I1moJes of NADPH formed/min/kg protein of enzyme extract.
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Glucose Sucrose

83.44±3.5 116.40±7 5

29.18±3.3 30.78±3.6

184.20±2.9 24150±6 5

77.19±4. 2 133. CC±3 1

carbohydrates.
~

~ -
Glucose Sucrose

46 90±2.19 62.40±2.0

33.10±1.90 38.10±2.1

125.20±3.50 158.10±4.0

6915±1.90 78.70±3.1

med min/mg proteins of enzyme extract.

Glucose Sucrose

309.8±4.1

195.1±8.4

361.4±6.2

263.0±5.2

350.6±6 5

209. 3±5. 0

449. 2±5. 8

288.1±7.2
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DISCUSSION

Substitution of the stock diet with sago, glucose, sucrose and lactose resulte
in significant rise in hepatic total lipid content and in the activities of G-6-PDH, ME an
ICD. Such increase in the enzymatic activities has been reported by Hill et al. (10) whic
wasexplained on the basis of the existing relationship between lipogenesis and NADP
production. which in its turn depend upon G-6-PDH and ME activity (14.18). Howeve
the inducibility of the sucrose diet was much more when compared with other carboh
drates.

During fasting conditions. it has been shown that (14.20) hepatic lipogenic respons
is reduced due to the decreased fatty acid synthesis from acetyl CoA which might b
dueto the reduced availability of NADPH. It could also be due to the nonspecific mani
festationsof a diminished protein biosynthesis. The changes that occure in the enzymati
patternof liver cell as a response of starvation may be the consequence of several factor
viz; type of prestarvation dietary principle such as type of carbohydrate. fat. protein etc
andthe length of starvation. It was reported by Freedland et al. (9) that decrease in hepati
LOHactivity was parallel to progressive starvation. whereas Fitch and Chaikoff (8) reporte
adifferent pattern for decline in enzyme activities in glucose and fructose fed rats. How
ever.in their study. the effects were observed only after 24 hours of fasting. In our serie
of investigations. the starvation effect seems to be more pronounced in G-6-PDH. tha
ME and ICD.

During realimentation. the activity of G-6-PDH and ME were more responsiv
to sucrose than to sago. This increase in enzyme activity may reflect an increase
hepatic lipogenesis (22.23) in sucrose fed rats. that this mechanism is operativ
in vivo was demonstrated by Cohan and Teitelbaum (6) who suggested that the increase
hepaticlipogenesis found in sucrose fed rats as compared to animals maintained on stare
was the result of more rapid hydrolysis of the disaccharide as compared to th
polysaccharides. The lipogenic effect of feeding high sucrose diet was reported to be du
tothe presence of fructose moiety in the sucrose molecule (3.17) which was further con
firmedby the report of Szepesi and Freedland (20). Similar trend was observed in hepati
fipidcontent of the various groups of animals. The increase in liver lipids observed upo
refeedingfollowing starvation. needs explaination. Although the reasons for the accumu
lationof hepatic lipid upon refeeding are not much clear. it seems reasonable to speculat
that the lipid which accumulates might be a newly synthesised one. Such sudden ris
in hepatic lipogenesis might be the cause for accumulation of hepatic lipids. This woul
suggestthat the mechanism responsible for lipid mobilization from liver may not be keepin
pacewith capacity of the liver for lipid synthesis. The present study also confirms th
reportedtoxic effects resulting from feeding higher levels of lactose as reported by Tomarell
et al. (24).
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