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Abstract

Benzola]pyrene is an environmental pollutant, well known for its powerful genotoxic and carcinogenic effects in various
organs. Gallic acid, a widely distributed phenolic acid, possesses strong antioxidant, anti-inflammatory and anti-carcinogenic
activities. This study investigated the effects of gallic acid on chronic liver injury induced by benzo[a]pyrene in Wistar rats.
The intoxicated group received an intraperitoneally single dose of benzola]pyrene at 100 mg/kg, while the treated animals
were Intraperitoneally injected with benzola]pyrene at 100 mg/kg and then they orally received gallic acid at 100 mg/kg per
day for five consecutive days. The liver toxicity was assessed by evaluation of the serum hepatic markers (alanine
aminotransferase and aspartate aminotransferase), the enzymatic and nonenzymatic oxidative stress indicators and the
histopathological changes. The benzola]pyrene administration increased the levels of malondialdehyde with a concomitant
decrease 1n superoxide dismutase, glutathione-s-transferase and glutathione. Parralelly, liver histological alterations were
observed. The animals treatment with gallic acid restored the alterations in liver tissues, decreased lipid peroxidation and
serum marker enzyme activity and significantly improved the overall antioxidant capacity, suggesting that gallic acid was
responsible of a beneficial effects against oxidative stress and hepatotoxicity induced by benzo[a]pyrene in rat.
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1. Introduction

Benzola]pyrene or B(a)P is a widespread and ubiquitous
environmental pollutant who belongs to the polycyclic
aromatic hydrocarbon (PAH) group. PAH are found in
mcineration by-products from industries, exhaust fumes of
vehicles, tabacco smoke and charcoal-grilled food, and
also comes from natural sources such as forest fires and
volcanoes [1, 2|. Therefore, the human body is exposed to
this pollutant via various sources: polluted environment
and contaminated food representing the most important
paths [3]. B(@)P is the most extensively studied PAH, a
genotoxicant model used particularly in experimental
studies on animals [4].It is a powerful mutagenic and
carcinogenic agent which has been shown to induce gene
mutations, chromosomal aberrations and other types of
genotoxic effects in various experimental systems. It has
been suggested that B(a)P may induce cancers of lungs,
stomach, breast, urinary bladder, prostate and skin [5].
The metabolisation of B(a)P leads to the production of
chionone derivatives including B(a)P-6,12-dione, B(a)P-
3,6-dione and B(a)P-1,6-dione, via monoelectron
oxidation [6]. The result is the generation of oxygen free
radicals responsible for the oxidation of cellular
macromolecules such as DNA, RNA, proteins, lipids and
carbohydrates leading to structural damage, serious
alterations of cellular functions and hence, promoting

inflammation, necrosis, fibrosis and even carcinogenesis
[7, 8].

To deal with these detrimental and malignant effects,
researchers have recently focused their attention on the
dietary intake of medicinal plants, fruits and vegetables that
has been proven in the effective protection against cancer.
Such favorable effects are due to the antioxidant activity of
phenolic products, their strong capacity to scavenge free
radicals and their redox properties [9]. Gallic acid (3, 4, 5-
trihydroxybenzoicacid) or GA is a natural polyphenol
found in several plants species such as gallnuts, sumac, tea
leaves, apple-peels, grapes, bananas, lemon, mango and
blackberries [8,10]. Like other phenolic acids, GA
possesses an important pharmacological properties,
including, anti-allergic, anti-inflammatory, anti-tumoral,
antiviral, antifungal and antibacterial [11, 12]. GA-
anticancer effects involved the cell death of numerous
tumor cell lines by exerting cytotoxicity and antimutagenic
properties [9]. On the other hand, It has been reported
that GA showed strong antioxidant activities through
displaying free radical scavenging and reinstating the
antioxidant enzymes activities, such as catalase and
glutathione peroxidase [13, 14].

The B(a)P administration may lead to produce tumors in
animal models for various organs including the gastro
mtestinal tract, mammary glands and liver [15]. Moreover,
epidemiological studies suggested the association between
the PAH-DNA adducts and the elevated nsk of
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hepatocellular  carcinoma. Indeed, the environmental
exposure to high levels of B(a)P increases the risk of this
cancer, sugesting that B(a)P may be a cause of human
hepatocellular carcinoma [16]. However, B(a)P does not
cause cancers until it 1s metabolized to toxic intermediates
by cytochrome P450 enzymes. Liver tissues have the
highest capacity for such biotransformation, making it
sensitive to B(a)P exposure [17]. Consequently, in this
study, we aimed to determine the effect of GA on B(a)P-
induced oxidative stress and liver injury in Wistar rats, as
there are at this time no scientific reports related to GA
action against B(a)P hepatotoxicity and only few studies
described the long term effects of this pollutant in rats.

2. Materials and methods

2.1. Chemicals

B@)P (purity <969% HPLC) and GA were respectivelly
purchased from Sigma Aldrich Co (St. Louis, USA) and
Alfa Aesar, a Johnson Matthey Company (Karlsruhe,
Germany).

2.2 Amimals and husbandry

Wistar albino male rats weighing 180-200g
purchased from Pasteur Institute (Algiers, Algeria). The
rats were kept in a cross-ventilated room at 22+2°C under
relative humidity of 50-609% and light dark cycle of 12
hours. They had free access to standard pelleted food and
water. The animals received a minimum of 2 weeks
acchmatization  period before the beginning of
experimental procedures. Experiments on animals were
performed in accordance with the guidelines of the
Institutional Animal Ethics Committee.

were

2.8, Experimental design

Our study was conducted in collaboration with the study of
Lariche et al [18] where, Wistar rats were given a single
Injection of benzola|pyrene at 100 mg /kg
intraperitoneally in order to induce lung cancer. B(a)P
and GA were respectively dissolved in sunflower oil and
0.9% NaCl [3,11]. Their doses were selected according to
the literature [1, 8]. Twenty-four male Wistar rats were
divided into four groups of 6 rats each: the group 1
(control group) received an 1.p. injection of 1ml sunflower
oll and after 24 weeks, received 1ml of NaCl 0.9% by oral
gavage, per day for five consecutive days. The group
2 (intoxicated group) received a single 1.p. injection of 100
mg/kg of B(a)P and also received, after 14 weeks, 1ml of
NaCl 0.9% by oral gavage, per day for five consecutive
days. The group 3 (The treated group) received a single
L.p. injection of B(a)P and after 24 weeks, received orally
100 mg/kg of GA per day, for five consecutive days.
Group 4 (The GA-group) received orally 100 mg/kg of
GA per day, for five consecutive days and also received an
Lp. mnjection of Iml sunflower oil, at the start of the
experiment.

Forty-eight hours following the last injection of GA, blood
samples were collected by ocular vein puncture in
heparinized tubes and serums were separated by
centrifugation at 3000 r.p.m for 15 minutes. Rats were
then sacrificed by cervical dislocation and their liver was
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quickly removed, washed in an ice-cold saline solution and
stored in -80°C for different means of measurement.

2.4. Brochemical examination of liver tissue

The frozen liver tissue samples were quickly weighed
(0.5g) before being homogenized in ice-cold 3 volumes of
100 mM potassium phosphate bufter (pH=7.4) containing
1.15M KCL The homogenates were centifuged at 4000xg
for 15 min, at 4°C, then the supernatant was centrifuged at
10,000xg for 30 min at 4°C [19]. The supernatants were
separated and used for enzyme activity assays. Total
protein concentration was estimated by the technique of
Bradford [20].

2.4.1. Total Glutathione Estimation

The hepatic glutathione (GSH) content was estimated by
the method of Ellman [21]. Each reaction consists of 10
mM DTNB [5,5-dithiobis (2-nitrobenzoic acid)] in 0.1 M
sodium phosphate pH= 8.0, supernatant fraction and 0.1
M phosphate buffer. The absorbance was measured at 412
nm and the activity was calculated, based on a calibration
curve plot using GSH standard.

2.4.2. Antioxidant enzymes activities measurement

The Catalase (CAT) activity was measured as described by
Claiborne [22], the assay mixture consists of 0.1 M
phosphate buffer (pH 7.2), 19 mM hydrogen peroxide
(H:O:) and cytosolic fraction. The reaction was carried out
at 25 °C and the change in absorbance was recorded at
240 nm. The CAT activity was calculated in terms of umol
H.O. consumed/min/mg protein. The superoxide
dismutase (SOD) activity was assayed by evaluating its
ability to inhibit the nitroblue tetrazolium (NBT)
photochemical reduction at 560 nm [23]. The reaction
mixture was composed of sodium pyrophosphate buffer
(pH 7.8, 50mM), EDTA (0.66 mM), nitroblue tetrazolium
(33 uM), riboflavine (0.0033 mM) and methionine (10
mM). The samples were submited to the luminescent
lamps for 10 min, and then the SOD activity was obtained
by measuring the optical extinction at 560 nm. The
glutathione-S-transferase (GST) activity was determined as
described by Habig er al [24]. The reaction mixture (0.1 M
PBS (pH 6.5) and 20 mM 1-chloro-2, 6-dinitrobenzene)
was preincubated at 37°C, and then supplemented with 20
mM GSH and cytosolic fraction. The optical density was
measured every minute at 340 nm.

2.4.3. Measurement of lipid peroxidation level

Lipid peroxidation (LPO) was estimated by using a
modified method of Ohkawa [25], 0.5 ml of the
homogenate was added to 0.5 ml of trichloroacetic acid
(TCA) 20% and 1 ml of thiobarbituric acid (TBA) 0.67%.
The mixture was incubated in a boiling water bath for 15
min and, having cooled down, received 4ml of n-butanol.
This mixture was centrifuged at 3000 rpm for another 15
min. The supernatant was collected; absorbance was
recorded at 532 nm against the control blank.

2.9. Measurement of serum transaminase activities
The  enzymatic  activities  of aspartate
aminotransferase (AST), alanine aminotransferase (ALT)

serum
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were measured on serum using automate COBAS
INTEGRA® 400 plus, from Roche Diagnostics (Basel,
Switzerland).

2.0. Histopathological examination of liver sections

A small portion of fixed liver tissues in 10% neutral
buffered formalin from the experimental animals were
washed overnight, dehydrated through graded alcohols,
and embedded in paraffin wax. Serial sections of Sum
thickness were stained with haematoxylin and eosin (H&E)
for histological examination. All sections from the
experimental animals were observed and
photomicrographed under light microscope (Olympus
BX-51, Tokyo, Japan).

2.7, Statistical analysis

Data are presented as means + SD (standard deviation).
Assays were performed in duplicate, and the average
values were considered as one independent determination.
Statistical differences were determined by unpaired two-
talled student’s tests and p< 0.05 was accepted as
significant difference.

2. Results and discussion

3.1. Evaluation of liver oxidative stress

The changes in hepatic GSH content of each group are
depicted in Figure 1. In comparison with the basal value of
the control group, the oxidative stress caused by B(a)P
dramatically depleted the intracellular GSH (p< 0.001)
while post-treatment with GA  significantly altered the
reduction of GSH (p< 0.05). In fact, the glutathion
decrease 1n the intoxicated group was estimated at 65%,
versus a total recovery of GSH content in the treated

group.
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Figure 1. Level of GSH and MDA 1n liver tissue of rats, 14
weeks after intraperitoneal injection of 100mg/kg of B(a)P
and treatment by GA at 100mg/kg for five consecutive
days. Data are expressed as mean +SD (1=6). *
significantly different from the control group at <0.05 ;
*** significantly different from control group at P<0.001; #
significantly different from B(a)P treated alone group at
P<0.05 ; S significantly different from control group
P<0.05 ; NS: not significant, from the control group.

mB(a)P

The activity of GST dramaticaly decreased by 58% in the
itoxicated group compared with the control group (p<
0.001) while the treated group by GA presented a highly
significant activity of 63.19% compared to the intoxicated
group (p< 0.01) (Figure 2).

Tablel. Effect of GA on serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels (IU/L) in
B(a)P intoxication. A student test was used to measure the difference in serum AST and ALT among the four animal

* %

groups. Values are mean + SD (16);

significantly different from the control group at P<0.01; # significantly different

from the intoxicaed group at P <0.05; NS: not significant from the control group.

Control B@P B(@P+GA GA
ALT 57.3£15.3 107.5+14.9 ** 68+10.8 # 73.2+10.7 NS
AST 111.8+17.2 178.2+14.8 ** 106.3+18.5 # 112.5£13.5 NS
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Figure 2. Effects of B(a)P and GA administration on the
enzymatic activity of hepatic GST, SOD and CAT in the
four groups of rats, the control group receiving sunflower
oil and 0.99%6NaCl (control), the intoxicated group
receiving IP 100mg/kg of B(a)P (B(a)P), the intoxicated
and treated by 100mg/kg of GA goup (B(@)P+GA) and GA
group (GA). Data are expressed as mean + SD. **~
significantly different from control group at <0.001 ; **
significantly different from control group at P<0.01 ; #
significantly different from B(a)P-intoxicated group at
P<0.05 ; ## significantly different from B(a)P intoxicated
group at P<0.01 ; ### significantly different from B(a)P
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intoxicated group at P<0.001 ; S significantly different from
the control group P<0.05; NS: not significant, from the
control group.

SOD activity results showed the most obvious variations.
The enzymatic activity of B(a)P-intoxicated rats clearly
decreased from a normal value of 11.33 Ul/mg protein in
the control rats down to 4.35 Ul/mg protein (p< 0.001)
(Figure 2) whereas the GA-treated rats demonstrated a
higher increase in SOD activity than that of the control rats

(p< 0.001). The GA group showed no significant
difference compared to the control group.
The intoxicated group demonstrated an important

increase in CAT activity compared to the control (p< 0.01)
while it was back to normalcy in the group post-treated by
GA (p< 0.05) and no significant difference was observed
between the control and the GA groups (Figure 2).
Figure 1 shows that chronic intoxication with B(a)P caused
the highest liver MDA level of all the groups (p< 0.05),
however, the MDA level was significantly lower in the rats
post-treated with GA than those not treated and apparently
had the MDA level returned to normalcy (p< 0.05). The
GA group presented no significant difference compared
with the control group.
8.2, Statement of liver function
As shown in Tablel, treatment of rats with B(a)P induces a
highly significant increase in the plasmatic levels of both
transaminases (ALT, AST); the rats group receiving B(a)P
intraperitoneally at the dose of 100 mg/kg showed an
increased value of ALT in the intoxicated group (p< 0.01)
while a significantly decreased value of ALT was recorded
respectively in the intoxicated group post-treated with GA
and the GA group (p< 0.05). The same observations were
registered i AST values with a significant elevation in the
itoxicated group (p< 0.01) as well as a significant decrease
in the one treated with GA (p< 0.05).

"

o

Figure 3. Macroscopic appearance of livers from the
itoxicated rats receiving 100mg/kg of B(a)P revealing
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yellowish white irregular-shaped area in addition to
adjacent hepatic lesions (B(a)P) and the intoxicated rats
treated by 100mg/kg of GA for five consecutive days
following the chronic intoxication, revealing white spots, a
reddish  brown colour and no apparent lesions
B@P+GA).

Macroscopic analyses of livers from the B(a)P-intoxicated
and the GA-treated rats presented important variations. In
the B(a)P-intoxicated group, the hepatic lesion was explicit,
showing yellowish-white coloration and hardening with a
diameter between 1.0 and 1.2 cm, there were also
indications of adjacent hepatic lesions with a slightly more
extensive area (1.2 to 1.5 cm). These lesions were reddish-
white in coloration, cystic in appearance and with
mmprecise borders (although limited). The intoxicated rats
post-treated with GA 1lustrated no apparent lesions but the

presence of white spots and a reddish-brown coloration.
) Ao EAY R0 pn

Figure 4. Liver sections of histopathological evaluation of
the effect of GA on B(a)P-induced hepatotoxicity. Figures
are representative from the four animal groups: the
control group, receiving sunflower oil and 0.9% NaCl
(control); the intoxicated group, receiving 100 mg/kg of
B(a)P (B(a)P); the intoxicated and treated by 100mg/kg of
GA group (B()P+GA) and the GA-group, receiving
100mg/kg of GA alone (GA), at 10x (a) and 40x
magnification (b).
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H&E staining and microscopic examination (10%, 40x) of
liver sections from the four different groups (Figure 4)
explain that liver sections from the control and GA-groups
showed normal morphological and histological features,
with normal hepatocytes without any inflammation or
necrosis. Liver sections from rats intoxicated with B(a)P
showed obvious infiltration of inflammatory cells in the
periportal tract, hemorrage, hydropnic degeneration,
pycnosis, sinusolds dilatation, hepatocytes degeneration
along with necrotic damage. However, livers from the
group of rats treated with GA after B(a)P chronic
mtoxication showed markedly improved histological
features as well as a reduced infiltration of inflammatory
cells and necrotic damage.

The main ctiology of lung cancer beside intrinsic factors
(such as heredity) 1s smoking, air pollution and occupation
factors. Consequently, B(a)P, as a carcinogen found in
cigarettes 1s used for inducing lung cancer in animal
models. In fact, in a recent study [26], rats were exposed to
B()P and had developed lung cancer, at the end of four
months, in a previous study [27] the production of an
experimental model of pulmonary carcinogenesis in
Wistar rats, was realised by giving a single itrapulmonary
mstillation of B(a)P at doses of 10 and 20 mg/kg and the
animals were killed after 8, 10, 12 and 14 weeks and
reduction in the antioxidant defense mechanism 1s one of
the major reasons behind BaP-induced carcinogenicity, is
related to a reduction in the activities of anti-oxidative
enzymes including SOD, catalase and GSH which are
responsible for ROS scavenging in synergy.

As B(a)P carcinogenicity in organs such as lungs and
skin i1 no longer to be proven, in the present
ivestigation we focused on liver which 1s primarily
exposed to this xenobiotic, in order to highlight remote
effects and further pathways of a unique administration of
this carcinogenic coumpound. In this purpose, we
examined the changes in toxic biomarkers and oxidative
stress indicators through the activiies of ALT, AST,
CAT, SOD, GST, the levels of GSH and LPO, as well
as the macroscopic and the histopathologic aspects of the
rat liver. The results obtained after B(a)P intoxication
generally indicate a reduction of the antioxidative
defense system capacities, since the most Important
antioxidant enzyme activities decreased.

GSH is a key antioxidant that 1s determinant in the
regulation of redox cellular state, in the protection against
ROS, regeneration of vitamine C and E and thus in the
prevention of oxidative stress and detoxification [28]. The
changes 1 hepatic reduced-GSH content demonstrated
that the oxidative stress caused by B(a)P dramatically
depleted mtracellular GSH while post-treatment with
GA significantly altered the reduction of GSH. Indeed, the
difference was obvious between the glutathione decrease in
B(a)P intoxication and the almost total recovery of GSH
content in the GA-treated group. GST, which catalyses the
conjugation of reduced  glutathione  (GSH)  with
xenobiotics allowing their excretion [28, 29],
demonstrated a clearly significant low activity along with
the GSH low content. This may be the result of their
excessive use in the neutralization of important amounts
of free radicals generated in this situation and the
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mhibition of enzymes involved in the synthesis and
the regeneration of GSH, as glutathione
peroxidase and glutathione reductase, facts that would
induce oxidative stress and cause severe damage to liver
cells [29]. GSH level also significantly increased in the
mtoxicated group post-treated by GA, in line with the
experiments of Navabi et a/ [10] who brought to light
the enhancement of GSH/GSSG ratio and the
supression of reactive species generation by GA. SOD 1s
responsible for dismutating superoxide anion into H.O.
and molecular oxygen to ensure the defense against free
radicals [30]. Its reduction in the present study reflects not
only the mability to eliminate superoxide anion but also, a
susceptibility to oxidative diseases.

Suprisingly, CAT which 1is responsible H.O.
detoxification into water displayed a notably increased
activity in the mtoxicated group. Then, it gets back to a
normal value in the intoxicated group treated by GA. This
can be explained by high concentrations of H.O. produced
not only by SOD but also by peroxisomal and microsomal
enzymes [7] and B(a)P activation pathways. GPx enzyme,
in charge of hydrogen peroxide elimination at low
mtracellular levels - case of low intensity oxidative stress -
soon reaches saturation. CAT 1s therefore more efficient
because 1t cannot be saturated even at very high
concentrations of H.O..

Similar to other studies of Ma et al and Reckziegel et al [8,
31], treatment with GA seems to reverse the results above
by increasing the enzymatic activity of GST and SOD and
getting CA'T back to normal value, thanks to its powerful
antioxidant capacity and ability to scavenge free radicals.
This can be explained by a structure-activity relationship as
this phenolic acid possesses three hydroxyl groups at para
position to the carboxylic group (see Figure 1), a very
effective position to form stable phenoxy radicals by
donating a proton from their O-H.

Oxidative damage can also be measured through lipid
peroxidation [28] and its end-product MDA. Even if LPO
1s a normal physiological process mediated by non
enzymatic and free radicals chain reaction, its level is
raised by excessive oxidative stress [6]. The chronic
mtoxication by B()P induces an important lpid
peroxidation indicating cell membrane damage and
mtercellular membrane disruption, as a result of high rate
generated reactive oxygen and nitrogen species as well as
decreased antioxidants [32]. Treatment with GA of B@)P
mtoxicated rats reduces significantly the MDA level, due to
free radical scavenging activity of GA and, in so doing,
protects membrane structure and function.

One sign of liver cells ijury is the release into the
bloodstream of intracellular enzymes like transaminases.
The elevation of ALT and AST activites after B(a)P
administration  explains the leakage of functional
hepatocytes and membrane integrity, whereas the reduced
values of serum transaminases in the intoxicated rats
treated with GA reflect the restoration of hepatocytes
physiological integrity [33].

Finally, the obvious variations in liver macroscopy and
histology among the different groups revealed serious
histological changes and abnormalities predicting a
possible hepatocarcinogenesis in B(a)P intoxicated rats

such

for
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whereas the treatment with GA showed, in correlation with
previous studies of [11, 13] that this antioxidant had the
ability to improve the hepatic tissue towards a physiological
structure  with normal features,
mtegrity of hepatocytes, attenuated cell infiltration,
sinusoidal dilatation and reduced necrosis for a well
preserved histological architecture.

re, restored cellular

4. Conclusion

Data of the present study demonstrate clearly that
B(@)P has deleterious effects on rats liver. GA, with a
curative potential, has a great capacity to counter the
noxious carcinogenic action of B(a)P by checking the
spread of free radicals with a powerful scavenging action,

restoring the antioxidant status, inhibiting lipid
peroxidation and improving the hepatic physiological
function, thus confirming its  “super-antioxidant”

appellation. These results are an enticement to investigate
in future studies, the possible role of GA in the protection
against the various toxic effects arising from the activation
of these harmful compounds through other signaling
pathways
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