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Abstract

To evaluate an effect of liver xanthine oxidase on the induction of liver damage, carbon
tetrachloride (CCL)} was intraperitonealily injected twice at 0.1ml / 100g body weight to the rats
fed a low (LP) or high protein diet (HP) while the contrel group fed LP or HP received only olive
oil. The changing rate of liver xanthine oxidase activity was compared with that of a free radical
generating enzyme, liver aniline hydroxylase and a scavenging enzyme, glutathione S-transferase
activity between the rats fed a LP and those fed HP, and the two groups treated with CCla.
Concomitantly, the degree of liver damage which could be considered as the parameter for CCl
metabolism in case of CCli-intoxicated animal was observed in the present experimental
conditions and the effect of allopurinol, xanthine oxidase inhibiter, on the CCls-toxicity of rats
Liver was also demonstrated. On the other hand, the comparative effect of actinomyein D on the
liver and serum xzanthine oxidase of CCls-treated rats fed HP with that of those fed LP and the
kinetics of purified liver enzyme from the liver of CCli-treated rats fed HP was aiso compared
with that of those fed LP to clarify the differences of xanthine oxidase activity between two
groups. The increasing rate of liver weight / body wt, serum levels of ALT and the decreasing rate
of hepatic ALT activity and protein contents to each control group were higher in CCli-ireated
rats fed HP than those fed LP. Histopathological findings also showed more severe damage in
CCli-treated rats fed HP than those fed LP. Under the animal models as indentified by the pre-
sent data herein, the liver xanthine oxidase activity was higher in CCli-treated rats fed HP than
those fed LP, and the control group fed HP also showed the much hkigher activity xanthine
oxidase than that fed LP, whereas there were no differences in the activity of hepatic aniline
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hydroxylase and glutathione S-transferase between the two group treated with CCl..

Although the hepatic aniline hydroxylase activily was somewhat higher in the rats fed HP than
those fed LP, the increasing rate of liver xanthine oxidase to¢ the rats fed LP was higher in those
fed HF thap that of liver aniline hydroxylase. The degree of liver damage identified such as liver
weight and serum ALT activity was less in the CCli-treated rats pretreated with allopurinol.
These results suggest that even a system at which xanthine oxidase acts as well as the drug
metabolizing enzyme may influence the accelation of CClt metabolism. In addition, the purified
liver xanthine oxidase from CCls-treated rats fed HP showed decreased X value when compared
to its control group. The K= value of liver xanthine oxidase of CCli-treated rats fed LP showed a
siteilar Kx value with its control group. Furthermore, the decreasing rate of liver and serum
xanthine oxidase activity in CCletreated rats pretreated with actinomycin D to the CCletreated
rats was higher in rats fed HP than in those fed LP. These resulis suggest that the induction of
xanthine oxidase in CCli-ireated rats fed HFP may be greater than in those fed LP.
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= LPE#H HPT o 43Hia FEFH FA
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oxidased® HEFE ndod &R s #E
o2 CClohAlel xanthine oxidasert @@= &R
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Tabie 1. Composition of experimental diet

(g/ kg diet)
: Low protein High protein
I di
mgredients diet diet
Casein 70 200
Corn starch 804.36 674.36
Corn oil 54.8 54.8
Vitamin A & D mixture » 10.2 10.2
Vitamin E & K mixture 2 2
Water soluble vitamin 3 3
mixture ¢
Vitamin Bz @ 1 1
Salt mixture 40 40
a -Cellulose 20 20
*4087 Keal

» Vitamin A & D mixture : 51,000 unit of A and 5,100
unit of D dissolved in 100ml of corn o1l

» Vitamin E & K mixture : 5g of & -tocopherol and 0.2g of
menadion dissolved in 200ml of corn oil

* Water soluble vitamin mixture : contained(mg) ; choline
chloride 2,009, thiamine hydrochleride 10, riboflavin
20, nicotinic acid 120, pyridoxine 10, Ca-panthothenate
100, biotin 0.05, folic acid 4, inositol 500, p-amingbenz-
oic acid 100

% Vitamin Biz : Smg of vitamin Biz dissolved irs 500rn! of
distilled water

2 Salt mixture : contained(g) ; CaCOs 300, potassitm
phosphate dibasic 822.5, MgS804 102, Ca-phosphate
monebasic 75, NaCl 167.5, ferric citrate 27.5, K1 0.8,
ZnClo (.25, CuS0s - 5H20 0.8, MnS04 5, molyhdic acid
0.2 )
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YR A=FL Hetod 4uFS 0.25M sucro-
se2 719} glass teflon homogenizer2 4¢ WS Z
FAetaA etdete] T+ etAFAd 20%w/) & o
E9rh o k@A dE 600xgdllM 1083 A48
gated 8 2 ool RES AT AEYES dn ol
A-g Al 10,000 x gol A 2082 141 E-2l8ted mito-
chondria®-8 & AAT 4FH-Z 105, 000xgellA 14]
7t B9t 2QHEE 9 oytosolic Fraction™ microso-
mal fractione Eel&Fh, Cytosolic fractiong xan-
thine oxidase, ALT ¥ glutathione S-transfer-ase@”d
ZAe Figoez AMgstE e, microsomal fract-
iond aniline hydroxylase®43 240 E4gos 39
=3
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Fig. 1. One month weight gain in rats fed a iow or
highk protein diet. Each value is the mean+
SE for 14 rats.
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Table 2. Effect of CCls treatment on the weights of liver / body weight, hepatic protein contents and serum
and liver ALT levels in rats fed a low or high protein diet

Group Low protein diet High protein diet
Group Control CCly Control CCls
Liver weight / body wt 3.20+ 0.06 415+ 0.08%** 3.08+0.09 446+ 01177+ ®
(%)
Liver protein contents- 127.60+17.51 111.60+ 2.91 152.20+5.60 111.40+ 3.90*** v
(mg/ g wet. liver)
Hepatic ALT activities 25847+ 7.90%**» 248.40+11.20 355.01+2.40 23044+ 2.41***v
(Karmen unit/ mg protein)
Serum ALT activities 21.98+ 2.88 119.40+22.56***» 93.67+2.40 210.30 £ 23.90*** v

(Karmen unit/ ml. serum}

Each group received intraperitoneally 0.1mi of 50% CCis (wv in olive oil)
After 24hyr, the CCls treatment was done once more, and the animals were sacrificed 24hr later

Each value represents the mean =+ $.E. of 7 rats

*** Qiemificantly different from the control group fed a high protein diet (p<0.001}

*** Qipnificantly different from the control group (p<0.001)

g oM HP#Ee] LPE ol %A Ebde]
aaEg . £§ 4 hedA 2 @4A5 83 E
X Z7lE0 e Fade ALt T
Az FAAE CCOLTFAA LPEAME Hadsd 9
L2 Aeld #AY F glgou, HPEEAME b2
o) wlEl o 36%8 #e%(p<0.00l) FHEF EY
=28

FH CCuEAA] AT ATEHA=: LPTM=
e vlal oF 5 4ue] Kol (p<0.001) E7E
vehidn, HPFolM e diz:ael 98] of 8. .99
A F7+F 2o, CChHoda 1% ¥4 ALTEA
Zgc] LPEET HPZ oA ¥4 vEldg
& 4 AT (Table 2).

m ztxAe] HelzHarE LA dolME olive
oildt FAte WlR:Te Lz ddAze F43
NE Eiae FAFE] ¥ BEHY Fojg B
7t gglen, CChd Fog dx=e £4L LPE
e TEAEE A EbEe] go| S e AW
HAaZ g3g 5 Udn HPFME AWdadE &
uHgh B AL X (necrotic cell) o] Be] #AHA(T
(Fig. 2). <)% d4342& T3t Ed HPTo}
P2 Bth CCh Bdg Q13 hidol Y& 4e
A vehdE & o+ Aot

F4 AN 7E Axe AAE st e £
(karyolysis) 7t ¥ 8t &9 Smucker 548 4
HEE CChiodA] =2 e ATPY zhiEdn &
o, wheha TheAbAl ATPRHARE dd9] purined|
B UAIE £RAAF| 224 purined] HF A

Fig. 2. Light microscopic liver pathological findings
in CCli-treated rats fed a low or high protein
diet and that of its control group.

A. The liver lobules are well preserved. H & E,
% 100 (LC)
B. The liver cells are regularly arranged. H & E,
% 100 (3C)
C. Centrolobular degenerative with microvesi-
cular lipid droplets are seen. H & E, <100 (LT)
B. Shrinkened central vein and centrelobular nec-
rosis with vaculoation are seen. H & E, x 100 (ST)
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Table 3. Effect of CCl treatment on the xanthine oxidase activities in sera and liver of rats fed = low or high

protein diet
e \“‘1\,\ Group Low protein diet High protein diet
Specimens e Control cel T Contaol CCl
Unit / mg of protem 1.2040.00%~ " 2.75+0.150%**Y 3.12+0.30 3.50+0.33
Liver unit/ 100g body wt. 285.37+8.51"*"  721.03£38.02*"™ 910.00+48.50 132.00197.00%
Purified enzyme 58.29 260,28 309.58 480.55
- Serl—lm wnit/ 1. 26.33+1.08 32.07+1.2% 23.65+2901 4740+ 5. 1+ =0

The conditions of animal treatment, are the same as described in the Table 2

Each value represents the mean £ S.E. of 7 rats

The values of purified enzyme from pooled specimen in each group are the mean of 8 experiment

Xanthive oxidase unit : n mole uric acid/min

*=* Significantly different from the control group fed high protein diet (p < 0.601)

“* Significantly different from the control group (p<<0.01)
40 Sienificantly different from the control group (p<0.001)

*0  Significantly different from the CCls-treated group fed low protein diet (p<0.05)
*=* Significantly different from the CCli-treated group fed low protein diet (p<0.001})
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Fig. 3. Effect of actinomycin D preireatment on the
serum and liver xanthine oxidasge activity in
CClytreated rats fed a low or high protein
diet.

Actinomyein D (50ug/100g body wt} was given an
hour before intraperitoneal injection of CCls (0.
1m] of 500%/100g body wt) after that of 18 hours,
the same method was done once more as above
and then 24 hours later, the animals were
sacrified. The vertical bars are expressed as the
mean +SE with 7 rats in control group and CCl-
treated group, 5 rats in CCls-freated group pre-
treated with actinomycin D and 6 rats in actino-
mycin D treated group.

3; Control, [T{y;CCl, [Em3; CCH +
actinomycin 1), SIgEE ; Actinomyein D
“Bignificantly different from the CCls-treated

group
¥ Sigmificantly different from the control group
*p<0.05, **p<0.01
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Fig. 4. Hydroxyapatite column chrematography of
xanthine oxidase from liver of rats fed a low
or high protein diet.

Partial purified liver xanthine oxidase of each
group were applied to the hydroxyapatite eolumn
(1.2x 10cm) and were eluted with a step wise
gradient of potassium phosphate (50~250mM), pH
7. 8. Praction of 5ml volume were collected and
asgayed for xanthine oxidase activity.
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Fig. 5. Reciprocal plots of kepatic xanthine oxidase
with xanthine as a substrate in control and
CCls-treated rats fed a low or high protein

diet.
Each value represents the mean of 3 experiments
with the purified enzyme from pooled liver of each
group.
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Table 4. Effect of dietary protein on the activity of hepatic aniline hydroxylase, glutathlone S-transferase

and the content of hepatic glutathione in CClsi-treated rats

2o}7} Xanthine Oxidase®gdol] ol & 9%

High protein diet

Groups Low protein diet
Experiments -Control CClL Control CCla -
Hepatic aniline 33.416.70 12,28 £6.5™ 615063 11783587
. hydroxylase"
Hepatic glutathione 556.38 £ 30.94 427,08 +11.37** 537.96+67.27 423.48+24.01
S-transferase® :
Hepatic glutathione® 3204021 4.70+0.43"* 4.90+0.57 6.0710.48

» p-aminophenol n moles / mg protein / hr

% n moles/ mg protein / min

¥ p moles/ g of tissue

Each value represents the mean:£S.E. of 7 rats

* Bignificantly different from the contrel group (p<0.05)

** Sienipicantly different from the control group (p<0.01)

***0 Sigmificantly different from the control group {p < 0.001}

*?  Bignificantly different from the low pretein group (p<{0.05)

**o  Gipnificantly different from the low protein group (p< 0.01)

*o  Significantly different from the low protéin group treated with CCl4

Table 5. Effect of allopurincl pretreatment on the levels of serum ALT, liver weight per bedy weight and

liver xanthine oxidase activity in CCls-treated rats

Treatment Liver xanthine oxidase Serum AT % (liver wt / body wt)
Control (7) 3.12+0.80 23.67+2.40 3.08+£0,09
CCLl (D 3.50+0.33 210.30+:23.90 4.46+0.11
Allopurinol (6) 1.48£0.07*** 82.171:2.60%"* 2,99+0.14
Allo.+ CClL (6) 1.03+0.12%*% 150.0G+8.55 *» 4.07+0.186

Bach value represents the mean +8.E. of numbers in parenthesis

*wr Siomificantly different from the control group {p<0.001)

*»  Significantly different from the CCls-treated group (p < 0.05)

*++0 Significantly different from the CCls-treated group (p<0.001)

The rat received allopurinol (50mg / kg, ip} 2hr before the administration of CCls

Liver xanthine oxidase unit : n mole uric acid / min / mg of protein

ALT unit, : Karmen unit / ml of serum
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