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Abstract

Quince (Cydonia oblonga Mill.) is one of the medicinal plant with a broad range of
pharmacological activities such as hepatoprotective effect. The present study was conducted to
evaluate the effect of aqueous extract of Cydonia oblonga Mill. fruit (ACOF) against carbon
tetrachloride (CCl,)-induced liver damage in rats. Hepatotoxicity was induced by CCl, and all
tested group animals were treated with the plant extract at a dose of 75, 150, and 300 mg/kg orally
for 5 days. Blood was collected for the assessment of serum marker enzymes (alanine transaminase
(ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), and lactate dehydrogenase
(LDH)). Adenosine triphosphate (ATP) of liver mitochondria was also measured using a validated
high performance liquid chromatography (HPLC) method. The antioxidant capacity of the extract
resulted in the reduction of MDA and the restoration of GSH in the liver (P < 0.05). Free radical
scavenging activity of the extract was evaluated by DPPH method and the IC, | value was found
to be 568 pg/mL. Our results indicated that bioenergetic depletion occurred in the intoxicated rats
as a consequence of mitochondrial dysfunction and ATP production collapse. ACOF markedly
restored ATP contents that is a key step in liver regeneration. It can be concluded that the role of
ACOF to improve liver function on CCl,-hepatoxicity could be attributed, at least partially, to its
action at mitochondira by preventing the loss of ATP content.
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Introduction

Liver injury due to chemicals or infectious
agents may lead to progressive liver fibrosis
and ultimately cirrhosis and liver failure.
However, no efficient drug that delays
progression of liver damage, improves
liver functions otherwise facilitating liver
regeneration is not available. Nowadays,
efforts are being performed worldwide to
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get scientific supports for traditionally used
hepatoprotective herbals (1-5).

Cydonia oblonga Mill (commonly known
as quince) is a medicinal plant from Rosaceae
family with broad range of pharmacological
activities attributed to various parts of quince
(6-13). In the previous studies hepatoprotective
potential of the quince leaves has been reported
(14, 15). Moreover, we have previously
reported the hepatoprotective activity of the
aqueous extract of Cydonia oblonga Mill.
fruit (ACOF) in diabetic rats as well as its
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chemopreventive effect against hepatocellular
carcinoma in rats (16, 17).

Based on our previous results and quince
usage as effective agent in the management of
liver diseases in Iranian traditional medicine,
the present study was undertaken to investigate
the effect of ACOF on CCl -induced oxidative
damage in rat liver (18).

The mitochondrial damage is the critical
step in liver injury as mitochondria have central
role in the cellular energy production. The
energy state of the cell is a vital requirement
for initiating liver recovery (19). Therefore,
quantifying hepatic mitochondrial ~ATP
content could be also useful in the selection
of herbal extracts or any treatment for further
investigations to improve liver function as
hepatocellular regeneration that affects the
final outcome of liver injury.

The precise determination of ATP is
essential in the study of energy metabolism.
Bioluminescence methods are the most
sensitive and widely used in the determination
of ATP in different matrices. However,
this technique is expensive because of the
use of luciferin—luciferase; therefore, it is
inappropriate for routine analyses. HPLC
method is less sensitive but more selective,
chiefly, due to grouping of separation and
determination stages. Besides, the short time
of analysis and the precise assessment of ATP
make this method worthwhile for routine
use. However, in the most hepatotoxicity
studies, ATP changes have been ignored due
to expensive or time waste process. Therefore,
additionally the effect of ACOF against
mitochondrial adenosine triphosphate (ATP)
depletion in hepatotoxicity induced by CCl,
was assessed.

Experimental

Carbon tetrachloride (CCl,) and silymarin
were obtained from Sigma-Aldrich Co.
(Taufkrichen, Germany). Adenosine
S-triphosphate disodium salt (ATP) was
purchased from Sigma Chemical Co., St.
Louis, USA. Perchloric acid 70% solution
in water (PCA) and Tetrabutylammonium
hydrogen sulphate (TBAHS) were purchased
from Sigma-Aldrich, Steinheim, Germany.
Potassium dihydrogen phosphate (KH,PO,),
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potassium  carbonate (K,CO,), and di-
potassium hydrogen phosphate trihydrate
(K,HPO,-3H,0) were obtained from Merck,
Darmstadt, Germany. HPLC-grade methanol
was purchased from Scharlau (Spain). All
other utilized chemicals were of analytical
grade.

Quantification of ATP was performed using
a Knauer HPLC system consisting of a binary
gradient pump, an adjustable wavelength
detector (set at 254 nm) and a solvent degasser
system. Separation was attained with a 3 pm
particle size Supelcosil LC-18-T column (150
mm x 4.6 mm i.d.); Sigma-Aldrich company
(USA) was protected by a 5 um Supelguard
C18 guard column (20 mm x 2.1 mm i.d.;
Sigma-Aldrich).

Plant resources and preparation of the
extract

Cydonia oblonga Mill. fruits were collected
from Shahriar, Alborz province, Iran. The
collected fruits were scientifically approved
by the Department of Botany, Shahid Beheshti
University of Medical Sciences and a voucher
specimen was deposited in Shahid Beheshti
University of Medical Sciences Herbarium
(8054). The cleaned fresh fruits with their peels
were dried in the shade at room temperature.
Extraction of dried fruits was carried out by
maceration with water for 30 min. Finally, the
extract was filtered and was kept at —20 °C
until use. The extract was dissolved in distilled
water to receive desired concentrations just
before use. The moisture level of the extract
was determined by weight loss after placing 2
g of the final extract in an oven at 60—65 °C for
72 h. The final extract contained 24% water.

Standardization of Extract

The total polyphenol content of the extract
was measured using gallic acid as the standard
based on the Folin—Ciocalteu method as
previously has been described by Blainski
(20). The total polyphenol content is expressed
in mg of gallic acid equivalents (GAE) per
g of the extract. The flavonoids content was
measured using a colorimetric assay developed
previously (21). The total flavonoid content
is expressed in mg of quercetin equivalents
(QuE) per g of the extract.

Total polyphenolic content of ACOF



calculated from the calibration curve
(R? =0.991), was 43.42 + 1.18 mg of GAE/g
of the extract and total flavonoid content of
ACOF calculated from the calibration curve
(R?2=10.996), was 13.63 = 1.86 mg of QuE/g
of the extract. The given values are mean + SD
of three different determinations.

In-vitro antioxidant activity

The DPPH free radical scavenging activity
of ACOF was performed using BHT as a
positive control (22). Briefly, the mixtures of
methanolic solution of DPPH (40 pgmL™") and
different concentrations of ACOF (50-1000
ugmL') were prepared and the temperature
was kept at 30 °C. The radical scavenging
effect was constantly monitored by observing
the alteration of absorbance at 517 nm for
30 min, against a blank (ACOF dissolved in
methanol).

The activity percentage was calculated
according to the following equation:
Scavenging% = [Abs. (control) — Abs.
(mixture)]/Abs. (control) x 100

Abs. (control) = Absorbance of DPPH solution
(40 ugmL™') at 517 nm

Abs. (mixture) = Absorbance of DPPH
solution (40 ugmL™') at 517 nm with 50-1000
pgmL ' of ACOF.

BHT (butylhydroxyotoluene) was used as
positive control for comparison. IC, value is
the concentration of ACOF which is required
to be reduced by 50% the primary amount of
DPPH. It was calculated by a graph plotting
percentage inhibition against concentration.

Animal  treatment
induced by CCl,

Thirty-six male Sprague-Dawley rats
weighing 180-200 g were housed in clean
polypropylene cages with 12 h light/dark
schedule, an environmental temperature of
21-23 °C, and a relative humidity of 50-60%.
The animals were fed with normal pellet chow
diet and given tap water ad libitum. The study
was conducted according to principles of
laboratory animal care (NIH publication No.
85-23, revised 1985) and the study protocol
was approved by the Committee of Animal
Experimentation of Zanjan University of

and  hepatotoxicity
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Medical Sciences, Zanjan, Iran (ZUMS.
REC.1394.208). The rats in each group (1-
4, n = 6) received the treatment as described
below:

Group 1 (normal control): single dose of
water (1 mL/kg, p.o.) daily for 5 days + liquid
paraffin (1 mL/kg, i.p.) on day 2 and 3.

Group 2 (CCl,-intoxicated): CCl, (1 mL/
kg, p.o.) once daily for 5 days + CCI,: liquid
paraffin (1:1, 1 mL/kg, i.p.) on day 2 and 3.
Group 3 (standard): silymarin (50 mg/kg,
p.0.) once daily for 5 days + CCI, (as CCI,-
intoxicated group) after 30 min of silymarin
administration.

Groups 4-6 (extract treated): extract in doses
of 75, 150, and 300 mg/kg (p.o.) once daily
for 5 days + CCl, (as CCl,-intoxicated group)
after 30 min of the extract administration. The
selection of the extract doses was based on our
previous study (23).

The rats were sacrificed 24 h after the
last treatment and the liver was dissected
out and liver mitochondria were isolated by
differential centrifugation (24). Mitochondria
were prepared freshly and used within 4 h of
the experiment, and all the steps were strictly
operated in ice to guarantee the isolation of
high-quality mitochondrial preparation. Five-
hundred microliter mitochondria sample was
processed as mentioned in the extraction
procedure section.

In-vivo antioxidant activity

The level of malondialdehyde (MDA)
as a reliable marker of lipid peroxidation
was evaluated by TBA test (Smith et al.,
1982). Briefly, the MDA (the final product
of lipid peroxidation) in the sample reacts
with thiobarbituric acid (TBA) to produce
a MDA:TBA adduct. The generated adduct
is simply quantified with an ELISA reader
instrument (Infinite M200, TECAN). MDA
levels were presented as pg/mg protein.

Hepatic GSH contents were estimated in
liver homogenate by a spectrophotometric
method using DTNB as the indicator of
GSH and expressed as pg/mg protein. The
intensity of the yellow color produced in the
samples was recorded at 412 nm with a UV
spectrophotometer (Infinite M200, TECAN)
(29).
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Serum biochemical assays

The serum levels of alanine transaminase
(ALT), aspartate transaminase (AST), alkaline
phosphatase (ALP), lactate dehydrogenase
(LDH), and total bilirubin were determined
by commercially available enzyme kits (Pars
Azmoon, Tehran, Iran) and using an automatic
analyzer (Architect c8000 Clinical Chemistry
System, USA) (26).

Sample preparation for HPLC analysis

Inthefirststep of preparation, 500 microliter
of homogenized isolated mitochondria was
mixed with 500 pL of Trichloroacetic acid
20% and vortexed for 5 min. Afterward, it was
centrifuged at 4 °C at 12000 rpm for 10 min.
in the next step, 650 pL of the supernatant was
mixed with 20 pL of KOH (6 molar) and 20
uL of K,CO, (2 molar) and vortexed. Then, the
solution was centrifuged at 4 °C at 12000 rpm
for 10 min to separate the precipitate from the
solution entirely and 50 pL of the supernatant
was injected directly into the HPLC system.

Chromatographic conditions

Two buffers were used: buffer A (65 mM
potassium phosphate buffer contained: 39 mM
K, HPO, and 26 mM KH,PO,, adjusted to pH 6
with orthophosphoric acid and 4 mM TBAHS)
and buffer B (65 mM potassium phosphate
buffer contained: 39 mM K, HPO, and 26 mM
KH,PO,,adjusted to pH 6 with orthophosphoric
acid and 25% methanol). The flow rate was 1
mL/min, and the gradient profile used was as
follows: 1 min 100% buffer A, 3 min to 30%
buffer B, 7.5 min to 80% buffer B, and 10 min
to 100% buffer B. The run was held at 100%
buffer B for an extra 3 min and the gradient
was switched back by 100% pumping buffer
A. A 10-min reequilibration between runs was
appropriate to restore initial conditions.

Histopathology

The liver tissue was dissected out and fixed
in 10% formalin, dehydrated in gradual ethanol
(50-100%), cleared in xylene, and embedded
in paraffin. The sections were prepared and
then stained with hematoxylin and eosin
(H&E) dye for photomicroscopic observation,
including cell necrosis, fatty change, hyaline
regeneration, and ballooning degeneration.
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Statistical analysis

The difference among means has been
analyzed by one-way ANOVA followed by
Tukey’s HSD as the post-hoc test. A value
of P < 0.05 was considered as statistically
significant. All statistical analyses were
done using commercially available software
(Microsoft Office Excel 2003, v. 5.1;
Microsoft, Redmond, Washington).

Results and Discussion

In-vitro antioxidant activity of ACOF

Assignificant decrease in the concentration
of DPPH radical due to scavenging ability of
the different concentrations of the extract (R?
=0.906) was exhibited. The IC,  of the extract
was found to be 568 + 2.1 pg/mL.

In-vivo antioxidant activity of ACOF

Hepatic GSH and MDA formation was
completely restored to normal values by the
treatment with the extract and Silymarin
(Figure 1).

Effect of ACOF on serum biochemical
parameters

The results of hepatoprotective effect of
the extract at three doses (75, 150, and 300
mg/kg) on serum marker enzymes (AST, ALT,
ALP, and LDH) and total bilirubin in CCl,-
induced liver injury are shown in Table 1.
CCl,-intoxicated rats showed significant rise
in serum marker enzymes and total bilirubin;
whereas the elevated levels of these parameters
were significantly (P < 0.05) reduced in the
groups treated with the extract also in the
silymarin treated group when compared with
CCl -treated group. Treatment with different
doses of the extract (75, 150, and 300 mg/
kg) showed no significant difference with
silymarin.

Chromatographic separation

Through the chromatographic procedure
explained in this study, ATP could be separated
suitably from the other compounds existed in
the isolated mitochondria (Figure 2).

Analytical data for ATP detection is
summarized in Table 2.

Method validation

The method was  validated for



precision(inter/intra-day)  and  accuracy
(recovery%) that are summarized in Table 3.
In order to consider the amount of
endogenous ATP, a sample of the blank was
injected and its concentration was calculated
using a standard curve. Afterward, three
different concentrations of ATP performed
in triplicate were spiked to the blank sample
and injected. The concentrations of them,
determined from the standard curve, were
compared with the used concentrations and
the coefficient of variations (CV) was less
than 10%. Moreover, the proposed method
was used to determine the quantity of ATP
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in isolated mitochondria from different rat
groups that are presented in Figure 3.

Effect of ACOF on hepatic mitochondrial
ATP content

Results of the current study clearly revealed
a significant decrease in the mitochondrial
ATP in CCl -intoxicated rats compared to
control group (P < 0.05). Treatment with the
ACOF in a dose dependent manner as well
as silymarin significantly (P < 0.05) reversed
this reduction while, the values of 150 and 300
mg/kg doses of the extract were comparable to
the silymarin-treated group (Figure 3).

*k ok
*
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Figure 1. In-vivo antioxidant activity of the extract (ug/mL). "P < 0.05, ™"P < 0.001, vs. normal control. *P < 0.05, #P < 0.01, vs. CCI,

control.

Table 1. Effect of ACOF on serum biochemical parameters against CCl, induced liver damage.

A B C D E F
AST (IU/L) 818.5+£165.7 1614.8+286.8" 10143 +234.8% 960+ 128.8%  9434+81.2%  1070.5+ 76"
ALT (IU/L) 64+72 2210 £97.1" 124.5£26.4% 1263 +57.8" 146846 1612+ 553"
ALP (IU/L) 2744 + 47 1917 £208.8"" 132.5+ 61.1%# 185 + 50.6"* 183.8 £ 51.4"  207.5+23 .4
LDH (IU/L) 1040.3 +228 2241 £221° 489.66 + 120* 868.7 + 233 754.5 + 267" 876+ 277"
Total Bilirubin (mg/dL) 0.14+0.02 0.45+0.07" 0.2 £ 0.04" 0.23 £ 0.04 0.16 £ 0.05* 0.17 = 0.03%

A: Control; B: CCl,; C: CCl,+ silymarin; D: CCl,+ ACOF (75 mg/kg); E: CCl,+ ACOF (150 mg/kg); F: CCl + ACOF (300 mg/kg).
Values are presented as mean + SD, "P < 0.05, " P<0.01, ™" P < 0.001, vs. normal control. “P < 0.05, P < 0.01,"*P < 0.01 vs. CCI,

control.
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Liver morphology and histopathology

Livers of the CCl, treated rats were larger
and had more weight in comparison to the
livers of the normal rats. In terms of color,
in some places due to the dispersion of
lymphocytic nuclei and also in some points
due to the onset of necrosis in the tissue, there
was a darkness in their tissues. The extract,
in particular, at doses of 150 and 300 mg/kg,
was able to minimize the apparent effects of
toxicity (Figure 4).

In the control animals, the liver sections
exhibited normal hepatic cells with well-
preserved cytoplasm, prominent nucleus,
and nucleolus, and also central vein. In the
CCl, treated rats severe fat degeneration in
hepatocytes and necrosis of hepatocytes and
infiltration of inflammatory cells are observed.
In the rats treated with silymarin hepatocytes
around the central veins was observed with
a small amount of cellular swelling. In the
rats treated with extract (75 mg/kg) around
the central vein, fat degeneration occurred in
hepatocytes and slight necrosis of hepatocytes
and infiltration of inflammatory cells were
observed. In the rats treated with extract (150
mg/kg) around the central vein, mild fatty
degeneration in hepatocytes and infiltration of
inflammatory cells occurred. In the rats treated
with extract (300 mg/kg) hepatocytes around
the central veins was observed with mild
cellular inflammation and small infiltration of
inflammatory cells (Figure 5).

The current study provides an additional
strong evidence for hepatoprotective potential
of ACOF. We induced hepatotoxicity in rats
by CCI, administration for 5 days to establish
a situation in order to evaluate the effect of
ACOF against mitochondrial ATP depletion
in toxin-mediated liver injury. An attempt
was performed to set up the HPLC method
for determination of liver mitochondrial ATP
levels. Consequently, an ion-pair reversed-
phase HPLC method was used for this
purpose. Mitochondrial dysfunction due to
damage from CClderived free radicals
results in the loss of ATP supply which is
considered as a causative factor in CCl-
induced cell death (27). In the current study,
the reduction of ATP level in CCl -treated rats
by 78% demonstrated that mitochondria are an
important target for CCl, and bridged hepatic
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necrosis. Furthermore, ATP restoration by the
treatment with ACOF demonstrated another
powerful indicative for hepatoprotectivity of
ACOF in addition to down regulating of liver
enzymes serum levels.

Liver damage by CCl, is a complicated
process that may turn into a defective
circle while this organ is sustained by
high doses or long term exposure of CCI,
which deprives the hepatocyte regenerative
capacity. Hepatocellular regeneration process
is also initiated; while there is sufficient
energy supply within 24 h after subsiding
of toxicant action (28). While in the current
study the restoration of ATP level established
the protection of hepatic mitochondria by
ACQOF, the initiation of liver recovery due
to sustaining of mitochondrial ATP could
be suggested. In the design of this study, we
focused on the intake of ACOF that could
be beneficial in mitochondrial liver injury.
However, liver function test results beyond
24 h after the last CCl, administration and
also the measurement of liver regeneration
parameters would be complementary to this
study.

Following CCI, liver damage the serum
level of enzymes like ALT, AST, ALP,
and LDH by releasing them in the blood
stream raises (29). In the current study CCI,
elevated all these enzymes significantly (P <
0.05) indicating severe hepatic cell necrosis.
The elevated serum ALP also reflects the
pathological alteration in biliary flow (30). In
the current study the elevated level of serum
ALP was in line with high level of serum
bilirubin, an indicator of disease severity, in
CCl, treated rats. In this view, the reduction
in serum levels liver enzymes as well as total
bilirubin by ACOF revealed hepatoprotective
activity of quince fruit against the toxic
effect of CCl,, which was also supported by
histological studies.

CCl, is biotransformed by hepatic
microsomal cytochrome P450 to toxic
metabolites, trichloromethyl (CCL°) and

trichloromethyl peroxy (CCl,00°) radicals
with high affinity for cell membrane lipids
and different subcellular organelles especially
mitochondria (31). It is well known that
the hepatotoxic effect of CCl, is due to the
oxidative damage by the free radicals and
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antioxidant activity is a beneficial intervention
in the protection against CCl,-induced liver
damage (32-34). ACOF showed promising
consequences against oxidative stress by
reversion of increased lipid peroxidation
and also maintaining hepatic glutathione.
Its antioxidant capacity could be due to
polyphenols,found in the extract (43.43 mg
GAE/g). Although quince peel included a
small portion of the fruit weight, polyphenolics
contribution especially flavonoids of the peel,
that was not removed in ACOF preparation,
must be considered in the antioxidant capacity
of ACOF. A previous study reported that
quince fruit contains famous antioxidants such

Hepatoprotective Effects of Cydonia oblonga Mill. Fruit

as caffeoylquinic acids, and rutin while quince
peel besides caffeoylquinic acid contains
other important flavonoidic antioxidants
such as kaempferol 3- glucoside, quercetin
3-galactoside, and kaempferol-3-rutinoside
(35). However, in the current study due to lack
of data related to the effect of the individual
antioxidant compounds isolated from ACOF
we could not determine constitutes responsible
for hepatoprotective activity of the extract.
Further studies to identify active principle
(s) responsible for hepatoprotective activity
and to find out synergy among different
compounds present in quince fruit would be
complementary to this study.
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Figure 2. (a) chromatogram of three different concentrations of standard (ATP). (b) Chromatogram of blank (in red) and three different
concentrations (olive:1, green: 0.5, and blue: 0.1 pg/mL) of ATP in isolated mitochondria. Peaks are overlaid on the same time axis.
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Table 2. Analytical data for determination of ATP.

Retention time Range Linearity LOD LLOQ
Analyte . slope intercept 5
(min) (ug/mL) () (ng/mL) (ng/mL)
ATP 11.3 230198 4031 0.1-1 0.9994 0.04 0.1
0.7
0.6
=05 H#it
£ v i
% 0.4 ,T,‘ #
= 03 *kk
< 0.2
ol =
0
A B C D E F
A= Control
B= CC14

C= CCL,+Silymarin

D= CCl,+ACOF(75 mg/kg)
E= CCl,+~ACOF(150 mg/kg)
F= CCl,+ACOF(300 mg/kg)

Figure 3. Effect of ACOF on hepatic mitochondrial ATP content for groups A-F against CCl,-induced liver damage. ™" P < 0.001, vs.

normal control. “P < 0.05, *P < 0.01, vs. CCl, control.
B (o
E F

Figure 4. Morphological changes. (A) Liver section in the normal rat. (B) Silymarin treated rats, (C) CCl,-intoxicated rats, (D) Extract
(75 mg/kg) treated rats, (D) Extract (150 mg/kg) treated rats, (D) Extract (300 mg/kg) treated rats.
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Table 3. validation parameters of ATP analysis in isolated mitochondria.

Concentration added

Concentration measured (mean + SD)

Recovery (%)
(ng/mL) Intra-day (CV%) Inter-day (CV%)
1 1.08 +0.04 (3.7) 1.12+0.03 (2.6) 107.5
0.5 0.48 +0.02 (4.2) 0.53+0.03 (5.6) 96.7
0.1 0.11+0.008 (7.2) 0.13+0.01 (7.6) 111.2

Figure 5. Hematoxylin—eosin staining of liver sections in rats. (A) Liver section in the normal rat. (B) Silymarin treated rats (C)
CCl -intoxicated rats, (D) Extract (75 mg/kg) treated rats, (E) Extract (150 mg/kg) treated rats, (F) Extract (300 mg/kg) treated rats,
Arrows indicate hepatocyte degeneration, necrosis, and inflammatory cells infiltration, etc. Original magnification x400. CV denotes

central vein.

Conclusion

Quantifying liver mitochondrial ATP
content along with the other , including
biochemical and oxidative stress related factors
in response to CCl, yielded greater insight
into the mechanism of hepatoprotectivity
of quince fruit. Furthermore, from the data
presented here it could be concluded that the
protective effect of ACOF on mitochondrial
dysfunction could have an important role in
its hepatoprotective activity against CCl -
induced hepatotoxicity.
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