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Effect of dimethyl diphenyl
bicarboxylate on normal and
chemically-injured liver
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ABSTRACT This study evaluates the affact of NNR on narmal and chemically-injured liver. When given to
normai rats DDB had no significant effect on liver enzymes, but in chemically-injured rats there was a
significant decrease in the elevated levels of fiver enzymes. DDB produced a significant increase in reduced
glutathione, glutalhione peroxidase and glutathione reductase, and a significant decrease in malon-
dialdehyde and glucose 6 phophate dehydregenase in beth nermal and chemically-injured liver. The
histopathology examinalions showed a slight impravement with DDB administration. DDB has a beneficial
effect on tiver enzymes and possesses significant antioxidant properties in normal and chemically-injured
liver, and may therefore be clinically useful in treating chronic viral hepatitis B in humans.

Effet du diphénylbicarboxylate de diméthyle sur un foie normal et sur un foie ayant subi une
atteinte

ABSTRACT Cette étude évalue I'effet du diphénylbicarboxylate de diméthyle (DDB) sur un foie normal et sur
un foie ayant subi une atteinte chimique. Administré a des rats normaux, le DDB n'avait pas d'effet significatif
sur les enzymes hepatiques, mais chez des rals ayant eu une atteinte chimigue, i y avait une diminution
significative des taux élevés d'enzymes hépatiques. Le DDB a produit une augmentation significative du
ghutathion réduit, de la glutathion-peroxydase et de la glutathion-réductase, ainsi qu'une diminutien
significative du malondialdehyde et de la glucose-6-phosphate déshydrogénase ainsi bien dans le foie
normal que dans un foie ayant subi une atteinte chimique. i.es examens histopathologiques ont montré une
légére amélioration avec l'administration de DDB. Le DDB a un effet bénéfique sur les enzymes hépatiques
et posséde d'importantes propriétés antioxydantes pour un foic normal ot pour un foie ayant subi une atteinte
chimique ; il peut donc é&tre utile au plan clinique pour traiter I'hépatite virale B chronigue chez 'omme.
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Introduction

Treatment options for common liver
diseases such as cirrhosis, fatty liver,
chronic hepatitis are problematic. All too
often the treatment is worse than the di-
sease [/]. Dimethyl! diphenyl bicarboxylate
{DDB) is a synthetic analogue of schi-
zandrin C, one of the compoenents isolated
from fructus schizandrae [2]. DDB is
widely used by Chinese herbalists to treat
impatired liver function [3].

Many rescarchers have cxamined the
hepatotonic and hepatoprotective effect of
DDB; for example, Ip and colleagues re-
ported that the protective effect of Schi-
zandra was more evident after induction of
hiver damage with carbon tetrachloride
(CC1) [4] Similarly Mak and Ko suggested
that DDB had a hepataprotective effect on
CCl -induced liver toxicity [J]. However,
Kim and colleagues investigated the effect
of DDB and observed that either single or
repeated DDB pretreatment did not alter the
hepatotoxicity induced by CCl, [6].

In China DDB has been tested clinically
since 1979 on patients with viral hepatitis
B. The results indicate that DDB markedly
improves tmpaired liver functions, such as
elevated serum glutamic pyruvic transa-
minase, bilirubin and &-fetoprotein, and
also improves the symptoms of the patients
[7]- As the absorption rate of DDB tablets
from the gastrointestinal tract is only about
30%, a new preparation of DDDB (pilules)
with higher bioavailability was created in
1982 [8], and was investigated.

While all these published reports exa
mined the hepatoprotective effect of DDB,
its curative effectiveness against chemi-
cally-induced hepatic injury and/or its
effect on normal liver have not been stu-
died. The present study was therefore
designed to assess the clinical use of DBB
by evaluating its effect and mechanism of

action on normal and chemically-injured
liver.

Methods

Eighty male albino rats (weight range 200—

250g) were caged with a free supply of

food and water. After acclimatization, they
were randomly assigned into R groups of

10 rats each to study:

» The effect of DDB on normal rats.
Three experimental groups of 10 rats
were cach given DDB intragastrically in
a dose of 50, 150 or 300 mg per kg
body weight once datly for 21 con-
secutive davs. A group of 10 normal
control rats received 1 mL/kg of saline.

*  The effect of DDB on CCl -treated rats.
All rats were injected intrape-ritoneally
with a 50% solution of CCl, in olive oil
at 1 mL/kg body weight twice weekly
for 1 week. Three experi-mental groups
of 10 rats each received DDB as
described above. A group of 10 control
rats received CCl, only, as described
before.

All animals were killed, and blood and
liver samples were obtained. The following
serum enzymes were measured:
= Alanine aminotransferase (ALT) and

aspartate aminotransferase (AST) were
measured by the Reitman and Frankel
method using the bioMérieux kit [ 9]. All
methods for determination of serum
aminotranscferases depend on their
activity and so the results are not exp-
ressed as concentrations, The colori-
metric determination of ALT and AST
depends on determining the amounts of
oxalacetale and pyruvate formed from
the 2. 4-dinitrophenyl-hydrazine of oxa-
lacetic and pyruvic acid, the colour of
which can be read at 520 nm.
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* Lactate dehydrogenase (LDH) was
measured by monitorin;. the increasing
intensity of NADH production as a
result of oxidation of laciate (o pyruvate
(10,

*  Sorbitol dehydrogenase (SDH) activity
was determined by measuring NADIH
formed due to oxidation of sorbitol to
fructose [//].

* Malondialdehyde (MDA) is a thiobar-
bituric acid reactant substance. It is
considered as the end product of liptd
peroxidation with thiobarbituric acid to
form a pink coloured product that is
read at 530 nm [/2].

Part of the excised liver was fixed in
10% formalin for 48 hours then transferred
to 70% ethyl alcohol, processed and embe-
dded in paraftin blocks. Sections of 5 pm
thickness were stained with haematoxylin
and eosin (H&E) for routme histopathology
examination. | he other part of the liver was
used to prepare a liver homogenate by
homogenizing 1 g of wet liver tissue in 10
mL. ice-culd buffer solution

The following parameters were mea-
sured in the liver homogenae.

*  Gluathione peroxidase (GPX) activity
was determined according to the me-
thod described by Flohe and Gunzler
which is bascd wn the oxidation of
reduced glutathione (GSH) by GPX in
the presence of cumene, glutathione
reductase and NADPH. One unit of
GPX activity was equal to mmol of
NADPH oxidized per minute per mg
protein [/3].

* Glutathione reductase ((iRD) activity
was determined using the method desc-
rihed by Carlberg and Mannervik,
which is based on aliguots of the tissue
homogenate added to NADPH-GSSG
buffered solution pH 7.0 and measured
at 340 nm. One unit of GRD activity

was equal to nmol of NADPH oxidized
per minute per mg protein | /4].

+ Hepatic glucosc-6-phosphate dehydio-
genase (GOPDH) was determined by
the method of Glock and McClean,
which is based on the conversion of
G6P by G6PDH into 6-phosphoglu-
curonic acid in the presence of NADP
with concomitant formation of NADPH
[15]. '

= USH levels were determined fluorime-
trically according to the method of
Hissin and Hilf using O-phthaldehyde
and phosphate-EDTA buffer at pH 8.0.
The fluorescence was measured at 420
nm with excitation at 350 nm | /6].
Statistical analyses were performed

using unpaired ¢-tests [77].

Results

Table 1 shows that in doses of 50, 150 or
300 mg/kg of body weight DDB did not
produce any significant change in the
serum enzymes levels of ALT, AST, LDH
and SDH compared with saline control
rats. However. at doses of 150 and 300 mg/
kg it caused a significant increase in the
concentration of GSH, GPX and GRD
enzyme activities and a significant reduc-
tion in G6PDH and MDA.

Table 2 shows the effects on cqi,
pretreated rats. It is clear that CCl, alone
caused a significant increase in all serum
enzymes measured and a significant reduc-
tion in hepatic GSH, GPX and GRD com-
pared with saline control rats, In addition,
the MDA concentration and G6PDH activi-
ty were significantly increased compared
with the controls.

When given to CCl, -treated rats in a
dose of 50 mg/kg, DDB had no significant
cffect on any purameters studied except for
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Table 1 Effect on rats of oral administration of dimethyl diphenyl bicarboxylate (DDB) for 21

Group ALT (UL} AST (UIL) LDH (U/L) SDH (mU/mg)

Control (n = 10) 21304249 7010+ 4.53 211.80+5.71 19.60 £ 4.92

DDB (50mgfkg) (11 = 10) 20201454 69.70+9.18 207004917  25.80%11.60
t, 0.67 0.12 14 1.55

DDB {150marka) (0= 10) 19.00 +3.02 66.80 + 7.64 208.00 £ 6.25 21204459
L, 1.85 117 142 075

DDB (300mg/kg) (n = 10) 19.50%3.81 66.60£4.80  20870£1890  19.90+2.33
t 125 1,67 0.49 0.17

3

Values are given as mean values + standard aevialion.

t, for DDB 150 mgikg versus saline control group.
*Statistically significant at P < 0.

05.

AST = aspartate aminotransferase

SDH = sorbitol aehydrogendse.
GPX = glutathione peroxidase.

GEPDH = glucose-6-phosphate dehydrogesarnse

Table 2 Effect on rats of oral administration of dimethyl diphenyl bicarboxylate (DDB) for 21

Group ALT (U/L) AST (UiL) L.DH (U/L) SDH {mU/mag)
Control {n =10} 2130249 70.10+£4.53 211.80+5.71 19.60+4.92
CCl, alone (n =10} 139.50 £ 26.77 306.40 £ 24.77 458.60 + 58.46 499,40 £ 43.50
1, 13.89% 29.65* 13.287 34.64*
CCl, ' DDB {50 mgrkg 101.40 + 16.66 200.80+£17.75 407.20 £65.29 49370 £ 23 9R
body weight) (n = 10}
t, 383 10.95* 1.85 0.36
CCl, +DDB (150 mgfhg 47.70 110,07 104.80 + 14,39 319.00+17.26 395.50 £ 10.96
body weight) (n=10)
t, 10.07¢ 12.30* 7.24% 549
CCl, + DDB (300 mg/kg 2160x 1384 140.50 £ 4.23 276.00 L 6.52 311.00+£31.95
body weight) (n=10)
t, 12.38" 2087 9.69* 11.03*

Values are given as mean values * standard deviation.

t, for DDB 50 mgikg versus CCl,
t, for DDB 300 mglkg versus CC

alone.
I, alone.

ALT = alanine aminotransferase.

LDH = laclate dehydrogenase.
MDA = malondiaidehyde.
GRD = glutathione reductase.
GSH = reduced giutathione.
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consecutive days on liver function and on hepatic antioxidant status

MDA {nmoilg) GPX (mU/mg) GRD {mU/myg) G6PDH (mU/iny} G5SH (nmol/mg)
56.70£4.85 67.60 £4.85 6.80 % 3.25 1.14+£0.29 8.9013.35
50.30 £ 10.70 7020+£4.94 8.70+2.90 0.87+0.33 10.34 £0.76

1.75 1.12 1.38 1.93 1.32
2810+5.09 80.60+ 3.03 10.20£3.12 0.60x0.27 1317 £0.38
12.88* 7.18% 2.38* 4.60* 3.99%
24501468 84.80+4.85 12302221 049+0.23 13782027
14.93" 7.93* 4.44* 542¢ 4.50*

t, for DDB 50 mgtkg versus saline control group
t, for DDB 300 mglkg versus saline control group.
ALT = aianine aminotransferase.
{.DH = lactate dehydrogenase.
MDA = malondiaidehyde.

GRD = glutathione reductase

no

GSH

reduced glutathione.

consecutive days on liver function and on hepatic antioxidant status after CCl, treatment

MDA (nmolig) ~ GPX{mU/mg) GRD(mU/mg) G6PDH(mU/img)  GSH (nmotmg)
56.70 +4.85 67.6014.85 6.0013.25 1.14 £0.29 8.9013.35
123.26 +17.80 22.30412.08 3.75+0.72 1.42+0.16 3.26 £ 0.89
11.39% 10.99% 2,90 2.80* 517"
110.00 £ 11.64 23504 3,87 3.55+0.59 134 £0.14 4.32+1.72
196 0.29 0.69 114 173
84,70 +7.48 33.80+2.96 5401 0.62 1.21+0.04 7.00£0.67
6.30" 293" 5507 4.15* 10.69*
7210 £5.07 3760+ 383 6.0512.14 117 £0.04 8.16+ 0,61
8.74" 383 319¢ 5.00° 14.41*

t' for CCI4 versus saline control group.
t, for DDB 150 mglkg versus CCi, alone.

*Statistically significant at P < 0.05
AST = aspartate aminotransfeiase.

SDH
GPX

non

sorbitol dehydrogenase.
glutathione peroxidase

G6PDH = glucose-6-phosphate dehydrogesanse
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a significant decrease in the elevated levels
of ALT and AST compared to CCI, alone
(Table 2). When given in a dosc of 150 or
300 mg/kg, however, DDB caused a signi-
ficant decrease in the elevated levels of all
serum enzymes (ALT. AST, LDH and
SDH) compared with CCI, alone (Table 2).
At the two higher doses. DDB also caused
a significant increase in the depressed GSH
levels and GPX and GRD activities com-
pared with CCl, alone. It also causcd a
significant reduction in the elevated MDA
concentration and G6PDTI activity com-
pared with CCl -treated rats.

Comparing liver scctions of DDB-trea-
ted rats with the contiod group showed no
significant pathological changes with DDB
(Figure 1), Histopathology study of liver
scctions in animals treated with CCI,
however, showed exwensive dilatation of
central veins and blood sinusoids associa-
ted with diffuse extensive vacuolar degene-
ration of the liver in seven out of 10 animals
(Figure 2). The remaining three animals
showed moderate dilatation of the liver
vascular bed with moderate vacuolar dege-
neration of liver celis mainly in the cent-
rilobular zone. Using DDB as a treatment
for CCl, intoxication it was found that there
was marked resolution of hepatocellular
toxicity, manifested histopathologically in
the liver sections as minimal fatty change
with dilated sinusoid and hypertrophied
Kupffer cells {Figure 3).

Discussion

This study has shown that DDB has a
beneficial effect on hepatotoxicity induced
by CC1, in rats.

When CCL was given to rats it caused a
marked liver cell injury as asscssed by a
significant increase in all the serum cn-
zymes studied (ALT, AST, LDH and SDH)

Figure 1 Section ot normal liver tissue
(H&Ex125)

Figure 2 Seclion lrum liver lissue altes CCI,
intoxication showing zonal necrosis plus
extensive diffuse vacuolar degeneration of
the liver cells (fatty tissue shows dilatation
and congestion of central vein with central
change} (H&Ex250)

and by histopathological changes. When
DDB was administered o CCI, hepatotoxic
ralg it caused a significant revercal in these
elevated levels of hepatic enzymes (ALT,
AST, LDH). In normal control rats DDB
had no effect on the levels of serum
enzymes studied. This decrease in liver
enzymes could be an index of reduction of
hepatic and extrahepatic tissue damage. At
the higher doses, DDB also caused a
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Figure 3 Section from liver fissue after
dimethyl diphenyl
bicarboxylateadministration following CCI,
intoxication showing minimai fatty changes
with dilated sinusoids (H&Ex125)

significant decrease in the elevated SDH
levels, denoting a reduction of liver cyto-
lysis caused by CCl,. This indicates that
DDB causes a near nor-malizing of liver
enzyme levels aller chemically-induced
imjury and a partial improvement of the
clinical chicimistiy pasaineters.

However, administration of DDB pro-
duced only a minimal effect on the histopa-
thology lesions that follow chemical
damage of the liver by CCl . This could be
explained by the promotion of certain
aspects ol anabolic metabolism by DDB,
which has been reported to increase serum
protein biosynthesis and glycogenesis [14].
This may lead to partial repair of injured
livercells.

With regard to the oxidant defence
system, it is clear that when given to saline
control rats DDB causes a significant
increase in the activities of hepatic enzymes
GSH, GPX and GRD, and a significant
reduction in G6PDH and MDA. These
results accord with those of Fu and Liu,
who reporied that DDB is beneficial to
normal hepatocyte activity | /9]. DDB has
been shown to have antioxidant activity

against oxygen free radicals [20]. These
highly reactive short-lived molecules are
generated during ordinary metabolism and
can damage the cell membrane. DDB as an
antioxidant prevents the formation of these
free radicals, because the tncreased GSH
levels observed after DDB administration
act as a first defence against oxidants by
maintaining the cellular integniy [2/].

DDB also stimulates the activities of
(SH-related enzymes, such as GPX and
GRD. The increases in glutathione levels
acts as substrate for GPX and GRD en-
zymes that clear the toxic intermediates
formed in the cell.

Another possible explanation for the
effect of DDB in saline control rats is that
DDB acts as nen-enzymatic antioxidant by
enhancing hepatic ascorbic acid and main-
taining the levels of vitamin E [4].

CCl, injected to rats greatly activates the
intensity of free radical furmation and lipid
peroxidation, as evidenced by an increase
in MDA, It also causes damage to the
endoplasmic reticulun, as indicated by a
significant increase in GOPDH levels and it
impairs the antioxidant system by inhibiting
GPX and GRID activities and decreasing the
GSH level. The ievel of depletion of GSH
has been used as an index of oxidative
stress {22]. and a sign that hepatic cells are
utilizing more antioxidant defences [23].

The higher doses of DDB caused a
significant enhancement of the antioxidant
defence system in CCl -treated rats, as
shown by increased GSH, GPX and GRD
activities, and decreased MDA and
G6PDH. The mechanisms by which DDB
improves the function of damaged liver are
not completely understood, but several
possibilities can be suggested.

First, schizandrin C has been shown to
inhibit lipid peroxidation {MDA formation)
despite the absence of pro-oxidant activity
[24]. The improvement afforded by DDB
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might be attributed to the enhancement of
antioxidants possibly through increasing
the activities of GPX and GRD.

Another possible mechanism for the
partial curative effect of DDB is the pro-
tective effect it provides against glutathione
depletion caused by CCl,. Ip and colleagues
have suggested that DDB enhances the
hepatic mitochondrial glutathione redox
slatus as well ay increasing the mitochond-
rial GRD activity in both normal and CCI.-
treated mice [25]. The ability of DDB to
sustain hepatic mitochondrial GSH levels
may represent the antioxidant action of this
drug. Sapara and colleagues have sug-
gested that the elevation of intracellular
level of GSH by DDB is an adaptive res-
ponse to oxidative stress [26].

DDB could be involved in maintaining a
variety of intracellular functions including
detoxification. Intracellutar detoxification
induces an actien on microsomal cyto-
chromes P450 of endoplasmic reticulum
and P450 plays a key role in the detoxi-
fication mechanism of the liver [27]. This

could be another explanation for the partial
curative effect of DDB,

Another mechanism for the effect of
DDB is increasing the hepatic levels of
vitamins C or E. which would explain the
non-enzymatic antioxidant effect of this
drug, Ip and colleagues have suggested that
DDB is able to increase the hepatic levels of
vitamin C and vitamin E in mice intoxicated
with CCl, [20].

We can conclude that, although DDB
does not appear to bring about a complete
reversal of drug-induced injury in the liver
and has only minimal effects on histopa-
thological lesions, it partially improves the
liver enzyme lcvels and also acts as an
antioxidant and antilipid peroxidant, enhan-
cing detoxification and protecting against
glutathione depiction. This improvement of
impaired liver function suggests that DDB
could be used for the treatment of chronic
viral hepatitis B in humans as it has been
shown to reduce the main symptoms of
patients and its side-effects are rare and not
serious.
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Nate from the Editor

We would like to draw our readers' attention to the subject and au-
thor indexes for Volume 6 (2000) which are distributed as an insert

in the present issue
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