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Summary : Body and Iiver weights. Liver lipids. glycogen. aspartate aminotransferase (FCC 2.6.1.1).

alanine aminotransferase (EC 2.6.1.2) and blood glucose levels were determined in starved and star

vedrefed rats. Decrease in body and liver weights was rapid during the initial stage of starvation

and slowed down thereafter. Water was the major liver constituent lost in early fast. Following 10

days of starvation, body weight was reduced by nearly 20%. liver weight 43%, liver glycogen 93% and

blood glucose 34%. Liver lipids and the activities of the two transaminases howE.ver, were increased by

about 30-50%. On refeeding body weight and its water content increased and became nearly double

of the initial fasting value on day 2. Blood glucose, liver glycogen. liver lipids and transaminases were

significantly altered and got nOrmalised within 5-8 days.
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Metabolic resr:-onse to starvation with resr:-ect to fuel metabolism r.as been described
as biphasic. chanGes diff€rening in early and late stages of fasting (4,5). On prolonged
starvation. multiple adaptations occur which result in conservation of first glucose then
proteins and finally ketone bodies. However. the length of time that a rat can survive
cerends uron its adirose mass. An old obese rat was able to survive total starvation
for 20-30 days whereas age matched non-obese rat survived for about 12 days only (8).
The effect of refeeding after prolonged starvation however. has not been studied in detail,
as yet. In the r:;resent study fuel metaboli~m was studied during starvation and on refee.
ding in rats.

MATERIAL AND METHODS

Male albino rats weighing nearly 200-250 g were selected and fed on a diet con
taining (gjkg)- potato starch 580; lactose 120; casein 200; groundnut oil 50; salt mixture
40 ; and vitamin mixture 10 (14) Food was given ad libitum before starvation and du-
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ring refeeding. Animals had free access to water. During starvation rats were studied
on day 2,5,8,10,12 and 16. To see the effect of refeeding, after 10 days of stc:rvation.
rats were fed ad libitum and were studied on cay 2,5,8, and 16. At each stage a group
of 5-6 rats was studied.

Abdominal cavity was or::ened. whole liver was removed blotted and weighed imme
diately. Liver glyco;en was estimated by the method of Kemp and Kitsvan Heijningen
(9). Total lipids were estimated according to Folch et al. (7). For estimating aspar
tate aminotransferase (AST) and alanine aminotransferase (ALT) activities. one per cent
tissue homogenate was r::repared in 0.25 M sucr,ose. using potter' E!vehjem homogenizer
fitted with a teflon pestle. The homo(;enate was centrifuged at 500xg for 10 min at O°C

and the supernatent was used. The activities were assayed according to Reitman and

Frankel (13) and were expressed as (J.M of pyruvate formed/hr/mg of pl'otein. Blood
glucose was determined using a-toluidine reagent (3).

RESULTS

On day 10 of starvation body weight was reduced by nearly 20%, wet liver weight
43%, glycogen 93% and blood glucose 34%, however, liver lipids (56%). ALT (55%) and
AST (30%) levels were increased (Tables I and II).

On refeeding 10 days starved rats though there was some gain in body weight yet
it did not reach the initial control value even by day 16 (Table I). On day 2 of refeeding
wet liver weight was significantly increased. Liver glycogen was also increased and be-

TABLE I : Changes in bodY and liver weights and liver lipids in starved and starved-reted rats.
(Percentage ot the mean control value for 5-6 rats in each group)

Duration
(days)

During starvation

2

5
8

10

12

16

On refeeding

o
2

5

8
16

Body weight Liver wei.ahr Liver lipids
Wet weight Dry weight

92.5 71.0 87.0 126.0
87.7 65.7 810 155.0
82.8 57.1 78.8 149.0

80.4 57.0 76.7 156.0
73.6 54.2 77.0 151.0

69.0 55.0 76.5 152.0

80.4 57.0 76.7 256.0

82.9 117.4 93.4 136.0

84.5 119.1 100.0 118.0

78.5 100.9 100.0 109.0

83.7 123.2 100.0 108.0



Volume 29
Number 2

Effect of starvation and Refeeding on Fuel Metabolism 109

came comr::arable with the control value on day 16 while mean value for blood glucose
became comr::arable to the control value on day 5. Liver lipids and ALT and AST levels
were normalised within 8 days (Tables I and II).

TABLE" : Changes in blood glucose. IivE.r glycogen. aspartate aminotransferase and alanine aminotransferase
activ;ties in starved and starved-refed rats. (percentage of The mean control value for 5-6 rats
in each group).

Duration (days)

Duong starva/lon

2

5

8

10

12

16

Blood glucose LIVer glycogen Aspartate amino Aianlne
transferase aminotransferase

75.2 16.4 113.0 102.9

70.0 8.7 119.0 116.0

66.6 6.3 123.0 150.0

66.0 7.3 130.0 155.0

64.9 5.2 130.0 1580

€4.0 4.9 133.0 160.0

On refeedmg

o
2

5

8
16

66.0

75.0

100.0

101.0
100.0

7.3

82.0

95.0
95.0
100.0

DISCUSSION

130.0

121.0

108.0

100.8
100.0

155.0

105.0

102.0

100.0
100.0

The results of the present study suggest that comr::ared to body weight liver weight
was lost more rapidly during starvation. It was interesting to note that water formed nearly
65-70% of the livu weight loss. The percentage of water in the total body weight
loss however. was not calculated. In a study by Passmore et al. (11). wate[ loss varied
from 10 to 23% of the total weight loss in human subjects on a weight reducing diet recei
ving 400 Kcal/day for 45 days. It appears that greater the amount of water in an organ
more may be the r:;H cent loss of water on starvation. One of the major changes in the
liver during starvation which resulted in loss of water was the loss of glycogen from the
liver since glycogen stored in the liver traps a considerable amount of water. which is res
ponsible for diuresis seen when human subjects are put on starvation/semi starvation

schedules.

A fall in blood glucose was also obsErved.
increased. Hyperlipidaemia during starvation may
of free fatty acids from the adir::ose tissue (12).

Liver lipids however. were significantly
be due to the increased mobilisation
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A generalised decline in plasma amir.o acid levels has been reported in starvation
in which fall in alanine is more prominent (1). Further during fasting decrease in plasma
alanine has been interpreted as a reflection of enhanced neoglucogenesis (1.6). Greater
increase in he~atic ALT com~ared to AST observed in the present study do suggest that
alanine may be the most important amino acid involved in neoglucogenesis during starva
tion. Alleyne and Young (2) reported that in starvation plasma cortisol levels were elevated
because of a slowed rate of turnover. Sir.ce there was reduction in liver weight along
with the lowering of liver glycogen and blood glucose. the changes observed in present
study may not be the result of increased levels of corticoids alone. as in a pure cor.ticoid
response the overall action is catabolic while in liver their influence is primarily anabolic.
In starvation however, some other influences do appear to operate e.g. plasma insulin
levels are reported to be reduced while gluca(;on levels are increased (2.10).

On refeeding 10 days starved rats liver weight increased. The increase in liver
weight however. was mainly due to the accumulation of watEr. Within 5-8 days extra
lipids from the liver disappeared. Blood glucose and liver AST and ALT levels were also
normalised by this time.
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