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Abstract(1The present work was undertaken to investigate the effect of diallyl disulfide
on ethacrynic acid toxicity. Ethacrynic acid-induced mortality and formation of lipid perox-
ide were inhibited by diallyl disulfide. Furthermore, decreasing effect of glutathione
S-transferase and glutathione level in the liver by ethacrynic acid were reduced by diallyl
disulfide. These results suggested that the inducing effect of diallyl disulfide on the
ethacrynic acid metabolizing enzyme, glutathione S-transferase, is believed to be a possible
detoxication mechanism for the ethacrynic acid toxicity in mice.
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We previously reported that the treatment of ex-
perimental animal with diallyl disulfide, which is
one of the breakdown product of allicin, caused a
significant increase of hepatic glutathione S-trans-
ferase activity?. Such a marked increment of
glutathione S-transferase activity may prevent the
cell damage due to electrophilic compounds and
several organic hydroperoxides37”,

Meanwhile, ethacrynic acid which is potent and
very effective diuretjc contains ana, #-unsaturated
ketone moiety, which confers on it a high degree of
reactivity toward sulfhydryl group®. It is well
known that ethacrynic acid is metabolized by glu-
tathione S-transferase in vivo®'0,

Therefore, the present study was designed to in-
vestigate the protective effect of diallyl disulfide on
ethacrynic acid-inducd toxicity in mice.

EXPERIMENTAL METHODS

Chemicals

Bovine serum albumin and !-chloro-2,4-dini-
trobenzene were purchased from Sigma chemical
Co., 5,5,’-dithiobis (2-nitrobenzoic acid) and
2-thiobarbituric acid sodium salt from Nakarai
chemical Co., diallyl disulfide from Tokyo Kasei
chemical Co., and reduced glutathione from Fluka
A.G. Ethacrynic acid was gift from Dr. J.R.
Chung. All other chemicals were of reagent grade.
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Animal Treatment

ICR-male mice weighing 25 g were used for all
studies. Mice were given diallyl disulfide solution
(20 mg/ kg) intraperitoneally once daily for 5 days.
Diallyl disulfide was diluted by the addition of olive
oil. Control mice were received olive oil intraperi-
toneally. All experimental animals were allowed
free access to food and water but deprived of food
for 16 hr prior to sacrifice.
Acute toxicity

Mice were treated with ethacrynic acid (200
mg/ kg) intraperitoneallyl 8 hr after the last dose of
diallyl disulfide. Ethacrynic acid was suspended in
olive oil. Mice were observed any death within 16
hr.
Preparation of cytosolic fraction

The animals were killed by exsanguination from
inferior vena cava. The liver was exhaustively per-
fused with cold 0.15 M sodium chloride solution
through the portal vein until it was uniformly pale
and quickly removed. The liver was homogenized in
cold 0.25 M sucrose solution by three passes of a
motor-driven teflon pastle in a glass homogenizing
vessel. The homogenate (20% w/v) was cen-
trifugated at 105,000 g for 1 hr and supernatant
fraction was used as the cytosolic fraction.
Assay methods

Glutathione S-transferase activity was measured
by the amount of thioether formed according to
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Habig, ef al.® with 1-cgloro-2,4-dinitpobenzene and
glutathione as substrates. Enzyme unit defined as
formed thioether n mole per mg protein per min at
25°C.

Protein concentration was determined by the
method of Lowry et al.'V using bovine serum albu-
min as a standard.

Content of reduced glutathione in liver tissue
was estimated by the method of Ellman'?.
Glutathione level was expressed as xmole per g of
tissue.

Lipid peroxidation of liver tissue was followed
by measuring malondialdehyde with thiobarbituric
acid method of Bidlack and Tappel'?. The concen-
tration of malondialdehyde was expressed as nmole
per g of tissue using the molar extinction coefficient
of 1.52 x 10° M-lem™ ',

Student’s t-test was used to estabilish significant
differenes in mean values between the control and
treated groups.

Table 1. Effect of diallyl disulfide on the mortality in
ethacrynic acid-treated mice

Treatment Mortality
Control 70%
Diallyl Disulfide 10%

Mice were given diallyl disulfide (20 mg/kg) in-
traperitoneally once daily for 5 days. Ethacrynic acid (200
mg/kg) was injected intraperitoneally 8 hr after the last
dose of diallyl disulfide.

20 animals were used in each group.

Table II. Effect of diallyl disulfide on the formation of
lipid peroxide in ethacrynic acid-treated mouse liver

Malondialdehyde
Treatment K
(n moles/g of tissue)
Control 159+£29
Control + Ethacrynic acid 58.3 £ 9.4%%a
Diallyl disulfide 14.2 + 3.7
Diallyl disulfide + Ethacrynicacid  34.1 + 4.4

Mice were given diallyl disulfide (20 mg/kg) in-
traperitoneally once daily for § days. Control group were
injected with olive oil. Ethacrynic acid (200 mg/kg) was
given intraperitoneally 8 hr after the last dose of diallyl
disulfide. The assay procedure was described in the text.
Values are mean + S.E of 5§ animals.

a; significantly different from the control group, b;
significantly different from ethacrynic acid-treated con-
trol group.

*; p<0.05, **; p<0.01

Table III. Effect of diallyl disulfide on the hepatic
glutathione level in ethacrynic acid-treated mice

T Glutathione
reatment .
(umoles/g of tissue)
Control 5.58 +0.37
Control + Ethacrynic acid 2.24 + 0. 27%%2a
Diallyl disulfide 6.69 + 0.36*¢

Diallyl disulfide+ Ethacrynic acid  3.54 + 0.23**0

The assay procedure was described in the text. The other
conditions are the same as described in Table I1.
*;p<<0.05, **; p<0.01, ***; p<{0.001

RESULTS

Effect of diallyl disulfide on acute ethacrynic acid
toxicity

The influence of diallyl disulfide on acute
ethacrynic acid toxicity in mice is shown in Table I.
On pretreatment of diallyl disulfide, the mortality
caused by ethacrynic acid decreased greatly.
Effect of diallyl disulfide on the content of hepatic
lipid peroxide in ethacrynic acid-intoxicated mice

Table II shows the effect of diallyl disulfide ad-
ministration on the formation of lipid peroxide in
ethacrynic acid-intoxicated mice. Ethacrynic acid
administration produced a significant increase in
the hepatic lipid peroxide, but the increment of
lipid peroxide was remarkably decreased by the pre-
treatment of diallyl disulfide for 5 days
Effect of diallyl disulfide on the hepatic glutathione
level in ethacrynic acid-intoxicated mice

Table III shows the effect of diallyl disulfide on
the reduced glutathione content in the liver of mice.
By the treatment of diallyl disulfide 5 days, the level
of glutathione was increased about 1.2 fold as com-
pared with the control group. When ethacrynic
acid was injected to the control group mice, glu-
tathione content was significantly decreased. But
decrease in glutathione content in diallyl disulfide
pretreated group was lesser than that in control
group given ethacrynic acid alone.
Effect of diallyl disulfide on the cytosolic
glutathione S-transferase activity in ethacrynic acid
intoxicated mouse liver

As shown in Table IV, cytosolic glu“athione
S-transferase activity in liver was significantly
enhanced bv the treatment of diallyl disulfide for 5
days. Meanwhile, when ethacrynic acid was in-
jected to control mice, the enzyme activity striking-
ly decreased. But, in diallyl disulfide pretreated
group, the decreasing effect on enzyme activity was
reduced.
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Table IV. Effect of diallyl disulfide on the hepatic
glutathione S-transferase activity in ethacrynic acid-
treated mice

Specific activity

Treatment . .
(n moles/mg protein/min)

1140.8 + 58.3
714.9 + 80.7%%4
1433.1 + 75.3%4
1139.6 + 51.3#

Control

Control + Ethacrynic acid
Dially! disulfide

Diallyl disulfide +
Ethacrynic acid

The assay procedure described in the text. Tha other con-
ditions are the same as described in Table II.
*.p 0.05 **;p 0.01

DISCUSSION

It is also known that garlic has various phar-
macological effect!>19, Recent studies have shown
that garlic components regulate many metabolic
diseases, such as atherosclerosis'”!®), diabetes!9:2?
and gout?!'? in experimental animals.

In this report, we have examined the defence
mechanism of diallyl disulfide on ethacrynic acid-
toxicity in experimental model. Ethacrynic acid is a
high ceiling diuretic. However, when ethacrynic
acid was given acutely or chronically, it induced
many untoward effects involving liver, renal and
herat failure?®?, It is generally accepted that
ethacrynic acid is metabolized by glutathione
S-transferase, phase II enzyme*%19,

It was observed that diallyl disulfide reduced the
ethacrynic acid-induced acute toxicity in mice. Fur-
thermore, the formation of lipid peroxide by eth-
acrynic acid was diminished by the pretreatment of
diallyl disulfide for 5 days. It is widely accepted that
biological membrane damage was represented by
lipid peroxide content?®, This result indicated that
ethacrynic acid-induced membrane damage may be
prevented by diallyl disulfide.

Decreasing effect of glutathione level and glu-
tathione S-transferase activity in the liver by
ethacrynic acid-intoxicated mice were inhibited by
diallyl disulfide pretreatment. Glutathione S-trans-
ferase is regarded as the detoxifying enzyme which
catalyzes the first step in mercapturic acid for-
mation®),

Therefore, these resuits strongly suggested that
diallyl disulfide may prevent the tissue damage due
to electrophilic compound such as ethacrynic acid
by increment of hepatic glutathione S-transferase.
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