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THE EFFECT OF FOOD RESTRICTION ON THE ACTIVITY L
OF HEPATIC ARGINASE OF RAT h

M. Akwal Kban*

The #ffect of a diet low in both protein and calorie on the
sctivity of bepatic arginase was studied in adult magure rats,
The activity of the enzyme increased and the liver nitrogen
decreased after 10 and 20 days, indicating rhat protein was used
as a sougee of energy. The subsequent decrease in the liver
enzyme activity and liver nitrogen after 31 days indicate conser-
vakon of protein in the liver. The suppression of this pathway.
means that mot ondy. the liver but also the body as a whole
benefits from the more eeonomical uwse of amine acids when
restricted amount of food iy ¢consumed.

INTRODUCTION

Many investigators have studied the effects of diets deficient in protein

“or enargy on the enzyme concentration in the tissuds, particularly liver tissue.
Genei‘ally the tesults of such studies indicate 'a depressing effect of such
deficiencies on the concantration of many enzymes, ~ The level of protein in
the-dict has direet effect on the activity of nrea cycle enzymes, High proteip
dieta raise the arginase Tevel (Miller, 1950 Mandeistam.and ¥udkin, 1952
Ashida ond Harper, 1961) and low prnteir; digt or adrenalect;:m}f, which
" decrease protein catabolism, causcs a decrease in the activities of most-of the
ureai: cycle enzymes (Mclean, 1981 and Freedland, 1964}, " Oi the cther haad

" these enzymes were Mmose active in rats which were starved (Schimke, 1962). .

Since the formation of urea is & vital segment of protein catabolism in

the mummals, this stage provides -a natural place to leok for metabolic
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controls, A study was thus undertaken to ses the effect of a dietlow in both
protein and calorie on the activity of hepatic arginase of rats fed for different
length of times. '

MATERIALS AND METHODS

Thirty six adult mels rats, 6-7 months old of Sprague-Dawley strain
were tandomly divided into six groups of six rats each and were kept in
individual metabolic cages,  All the rats were fed ad-libitum, an experimental
diet (Khan, 1972) coutaining 5 per cent protein for 3 weeks before the start
of the experiment. The amimals on restricted dict received 70 per cent of
their narmal fﬂﬂllak: {Khan, 1971). Ad-libitunt and restricted dists were
randomly nnéigm:d 1o #ix groups in such a way that thiee groups rectived food
ad<ibitum and ths ofher thres groups wars fed a restricted diet for 10, 20

and 31 days.

The anigds were killed by & blow on the head, the liver was rapidly
remnoved, :mi_e-& and weighed. A small sample was homogenized with
Aoeseiild disgillad water 1:200 and the snzyme activity was determined. Tﬁe
‘assay wag based on the liberation of wrea from argivine, followed by the
volour determination of urda with 1. phenyl-1, 2- propanedione -2+ ¢xime by
the method of Archibald {1945). Oaz pm sample of liver was apalysed for
nitrogen by Kjeldabl method and prolein was calculated by rmultiplying the
values for mitrogen by 6.25. All the assays were performed in duplicate. The
data ;reru subjacted to statistical analysiz by wusing Mann-Whitney U.-Test
{Snedecor and Cochran, 1967). '

REBULTS AND DISCUSSION

Tha average food intake, liver nitrogen and activity of arginase of rats
fed ad-libitum or resteicted diet for 10, 20 and 31 days are presented in
Table I,
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TaBLE 1. Average food iniake, Hver nitrogen and activity of arginase
of rotx fed ad-libitum or restricred dieis.

‘Days Food intake per Liver Arginass Activity*
on Treatment Kg 3/4perday  total nitrogen
diet (gm)  Specific® Total*+»
: Kcal  Nitrogen
Ad-lib, 152 328 0.47 91.2  268.0
1) J— : _
‘ Restricted 106 224 0.3 1342 7.3
Adlib, 153 326 0,47 4,7 280.0
20 —
) Reitricted 106 1228 0.40 115.4 295.0
Ad-lib. 156 344 - 0.49 90.4 270.0
.5 e iy .
© Restricted 106 226 0.47 82.0 2639

Mg vrea N produced per 30 minutes.. .
Units per gm of protein
o Units pet |iver,

—
—
)
—

Liver Nitrogen :

Average total mitrogen jn rtestricted and ad-Tibitum groups fed for
10 days was 0.33 gm and 0.47 gm and the difference was statistically
significant (P<{0032). After 20 days the nitrogen was siguificantly (P<0.021)
lower in the rostricted groups, the average values were 0. 40 gmand (.49 gm
in restricted and ad-libirum groups respectively, No significant difference
wad observed between resteicted and od-fibimm  groups fed for 31 days,
indicating conservatlon of nitrogen in the liver, Khan (1974} found that the
activity of L-Methionine-535 in the liver was greater in the restricted . rats
than the rats fed ad-fihitum converssiy the activity in the musgle was less
in the restricted than in od-libiturn proups. Waterlow (1959) hab suggested
that in protein depleted animal there is a concentration of protein synthesis
in the internal organ at the expense of muscle and skin.
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Arginage Activhy :

_ The specific activity of arginase in ad-libitum and restricied groups

killed after 10, 20 and 31 days was {91.2 aod 134, 2)*-{#4.7 and 115.4) and
(90 4 and 82.0) respectively. Significant differences wers noticed only after
10 and 20 days. The specific-activity reduced after 31 days but the differewce
was nop-significant, however the spectfic activity in the restricted group &t
31 days was sigaificantly {P<0.001) Tfower than the rtestricted group at i0
days. ' 2 : - :

The total activity in the restricted animals increased significaritly
(P<0.047) compared with the rats Fed aef-Nbitum for 10 days. No sign-ficant
difference was observed between restricted and ad-fibitum groups after 20 zmd
31 days. The total activity in the livers of rats fed restricted diet for 31
days reduced significantly (P <0047} ns compared with the restricted  group

at 10 days.

jt is apparent from the results that rats on restricted diet showed an
increase in the activity of the enzymo with a dzceeass in liver Bitrogen aftet
10 and 20" days, indloning rhat protein Was used to provids energy. When
the food restriction Was prolonged to 31 days the activity -of the enzyme did
not reduced significantly which could be due to high variation in the results
but the liver nitrogen indicates conservation of nitrogen in the liver as there
was no significant dificrenes in nittogen contents of livers of the rats fed
ad-libtum of restricted diet. The animals adaps to reduced food iatake and
_need leys energy 1o maintain theic body weights so do not exidise protein for
_energy (Khan and Bender, 1974},

; There are 5OME obseryation on the effect of protein content of the
. diet on the netivity of ceriain liver cazymes. Sehimke (1962) has shown
. that on protein free diet the activity of the mest of the mea cycle enzymes
- is redyced, © Mariani e al. {1963) obgerved that alow ptotein diet causts an
jmeréase in the Betivity of amino acid activating enzymes in the liver, It

was postulited that 4mine acid activating enzymes 1n the liver are regulated
by the size of free amino atid pool. When the pool decreases the enzymes

increase in activity and 5o doss the fraction of free ainino acid directed

towards protein sytithesis, -



FooD RESTRICTION aND HEFATIC ARGINASE ACTIVITY IN RaT 271

. The adaptive changes in the enzyme activity must presumably bs that
a fres smino acid mobecule, entering liver pocl, whatever its origin, has a
hrmm of being incorporated in protein and a smailer chance of being
deprried . 40 - ures. ~ The end result would bean increased £gonomy or
re-witization of amino acids ia the liver, Since urea is formed only in the
liver, partial suppression of this pathway means that not only the liver, but
the body as a whole bencfits from this mare economical use of amino
acids,

LITERATURE CITED

Archibald; R.M, 1945, Colorimetric Determination of Urea. J. Biol. 157,
507-517. '

Ashida, K. and AE. Harper, 196]. Liver arginase activity during adapta-
tiont to high protein dist, Pro¢. Soc. Exp. Biol, Med. 120, 352-356,"

Freedland, R.A. 1964. Urea cycle adaptations in intagt and adrenalscta-
mized rats. Pro¢. Soc. Exp. Biol. Mad, 116, 692-595.

Khan, M.A. 1971, Ph.D). Thesis, University of London,

Khan, M.A. 1972, Minimum dietary protein required to ma’ntain nitrogzn
equilibrium in adult rats. Pak. J. Biochem. §, 19.21.

Khan, M.A, 1974, Effect of food restriction on the turnover rats of liver
and musgle proteins in rats. Pak. J. Agei. Sci, 11, 21-24,

Khan, M.A. and A E. Bender. 1974, Ths effect nf food restriction on
body weight, aitrogen balance and liver composition of adult eats.
Pak. J. Sel. Ind. Res. 17, 10-20.

Mandelstam, !, and Y. Yudkin. 1952, The effect of variation in distary
protein Upon the hepatic arginase of the rat. Biochem. J. 51, 681-5836.

Mariani, A, M.A, Spadoni, and G. Tomassi, 1953. Effect of protein
depletion on smino acid activating enzymes of rat liver. Nature, 199,
378-379.



312 PARISTAN JOURNAL OF AGRICULTURAL SCIENCES
Mulean, . 196l - ‘Bffect of adranala*tnmy on the activity of ehzymns nt‘
' _urea cycle in Tat liver. Nature, 151, l';!ﬂ?.‘-l]ﬂs - L&

Miller, LL. 1950, The loss and regeneration of rat iiver enzymes r:Ia.tel:l
to dlet prntem 1 Bml Chem. 186, 253-260.

Schimike, R 1962, Adaptive characteristics of urea cyclo-enzymes in the
rat. J. Biol. Chem. 237, 1521-1924.

Schimke. R.T. 1962, Adapative Thamcteristics of urea cycle enzymes in
thc rat. J. Biol. Chem. 237, 459-468,

Sncdﬂcnr, G.W. and W.G, Cochran. 1967, Statistical Methods. The lewa
State Unwars:t_v Ames. Iowa, US.A,

Watetlow, J.C. 1959, Effect of protein depletion oa the distribution ot‘
protein synthesis, Nature. 184, J875-1376.



