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ABSTRACT

Hexachlorobutadiene (HCBD) is a potent nephrotoxin in rodents. Pharmacological studies have shown that pome-
granate fruit preparations have antioxidant, anti-inflammatory chemopreventive effects. In this study, the effect of
pomegranate seed oil (PSO) on HCBD-induced nephrotoxicity was investigated in adult male rats. Animals were
divided into five groups. Group 1 was treated with corn oil (1 mL/kg, i.p.). Group 2 received a single dose of HCBD
(50 mg/kg, i.p.). Groups 3–5 were treated with PSO (0.16, 0.32, and 0.64 mg/kg, i.p., respectively) 1 h before HCBD
(50 mg/kg, i.p.) injection. A significant elevation of serum creatinine and urea (p < 0.001) levels as well as urine
glucose and protein (p < 0.001) concentrations (as markers of acute renal failure) was observed 24 h after adminis-
tration of HCBD as compared to control group. HCBD also caused a significant decrease in total thiol content
(p < 0.001) and a significant increase in thiobarbituric acid reactive species (TBARS, as an index of lipid
peroxidation) levels (p < 0.001) in kidney homogenate samples. PSO pretreatment resulted in a significant and
dose-dependent decrease in serum creatinine (p < 0.001) and urea levels (p < 0.001) as well as urine glucose
(p < 0.001) and protein concentrations (p < 0.001) when compared with HCBD treated alone. PSO also significantly
reversed the HCBD-induced depletion in total thiol content (p < 0.001) and elevation in TBARS (p < 0.001) in kidney
homogenate samples. The results of this study showed that PSO clearly attenuated HCBD-induced nephrotoxicity,
but explanation and mechanism of this protection need further explorations.
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INTRODUCTION

Hexachloro-1,3-butadiene (HCBD) is a halogenated
aliphatic compound, mainly used as a solvent for elas-
tomers and rubber compounds, heat-transfer liquid,
transformer, and hydraulic fluids as well as an insecti-
cide, herbicide, fungicide, and algicide. It is currently
formed in considerable quantities as a by-product in
the manufacture of chlorinated hydrocarbons such as
tri- and tetrachloroethane and tetrachloromethane.1,2

HCBD is dispersed in the environment, and fre-
quently human foods are contaminated with measur-
able quantities of HCBD. In addition, HCBD is found
in drinking water. The solvent is also detected in
aquatic organisms, birds, and mammals.3 HCBD
has deleterious health effects due to its toxicity and

carcinogenicity.4–7 HCBD is a potent nephrotoxin in
rodents. Its bioactivation resulted in formation of toxic
electrophilic metabolites which cause degeneration
and necrosis in renal tubular epithelial cells.8

Pomegranate, Punica granatum L., is an ancient medici-
nal food plant which natively grows from the Himalayas in
northern India to Middle East but has also been cultivated
and naturalized in many other regions including Medi-
terranean, Southeast Asia, tropical Africa, and American
Southwest.9 In addition to extensive uses of pomegranate
in folk medicine of many cultures, pharmacological studies
have shown that pomegranate fruit preparations have anti-
oxidant and anti-inflammatory,10,11 antimicrobial,12–15

anticancer, and chemopreventive16,17 effects.
Plants have formed the basis of sophisticated

traditional medicine systems which have given rise to



Protective effect of pomegranate seed oil 613

© 2010 Informa UK Ltd.

some important drugs still in use today. The searches for
new drug molecules, nowadays, guide the researchers
across the globe toward natural products as an alternative
source and class of medicinal compounds.18 This study
was designed to examine the influence of pomegranate
seed oil (PSO) on HCBD-induced nephrotoxicity in rats.

MATERIALS AND METHODS

Adult male Wistar rats (Bu-Ali Research Institute,
Mashhad, I. R. Iran), weighing 250–300 g, were used
for all experiments. These animals were housed in a
pathogen-free facility on a 12-hour light/dark schedule
and with ad lib access to food and water. All animal
procedures were approved by the university ethics
committee and were in compliance with national laws
and with National Institutes of Health guidelines for
the use and care of laboratory animals.

DTNB (2,2′-dinitro-5,5′-dithiodibenzoic acid), TBA
(2-thiobarbituric acid), n-butanol, NaOH (sodium
hydroxide), NaCl (sodium chloride), Na2EDTA (ethyl-
enediaminetetraacetic acid disodium salt), Trizma base
(Tris (hydroxymethyl) aminomethane), phosphoric
acid, HCl (hydrochloric acid), KCl (potassium chlo-
ride), ether, and TMP (tetramethoxypropane) were
purchased from Merck (Darmstadt, Germany). HCBD
was obtained from Fluka (St. Gallen, Switzerland).
PSO (d = 0.81 g/mL at 25°C) was a gift from Urom
Narin Co. (Uromeya, I. R. Iran).

After acclimatization, animals were randomly
divided into five groups (six each) and individually put
in the metabolic cages. Group 1 (control group) was
treated with corn oil (1 mL/kg, i.p.). Group 2 was
injected with a single dose of HCBD (50 mg/kg, i.p.).
Groups 3–5 were treated with PSO (0.16, 0.32, and
0.64 mg/kg, i.p., respectively) 1 h before HCBD (50
mg/kg, i.p.) injection. All procedures were carried out
between 10 and 12 am. The animals were killed 24 h
after the injection of HCBD using ether anesthesia;
blood samples were taken out by cardiac puncture for
measuring the level of serum urea and creatinine.
Twenty-four-hour urine samples were also collected
and used for measuring glucose and protein concentra-
tion. In addition, the kidney tissues were homogenized
in cold KCl solution (1.5%, pH 7) to give a 10%
homogeny suspension and used for biochemical assays.

Urea concentration was determined colorimetri-
cally by using Autoanalyzer (Technicon RA-1000,
England) and urea kit (Man Lab Company, Tehran, I.
R. Iran). Creatinine concentration was measured by
the Jaffe’s method.19

Glucose concentration was estimated by the enzy-
matic assay (glucose oxidase) and protein concentra-
tion was measured by the turbidimetric method.20,21

The lipid peroxidation level of the kidney tissues
was measured as malondialdehyde (MDA), which is
the end product of lipid peroxidation and reacts with
TBA as a thiobarbituric acid reactive substance
(TBARS) to produce a red-colored complex which has
peak absorbance at 532 nm.22 Briefly, 3 mL phospho-
ric acid (1%) and 1 mL TBA (0.6%) were added to
0.5 mL of homogenate in a centrifuge tube and the
mixture was heated for 45 min in a boiling water bath.
After cooling, 4 mL of n-butanol was added to the
mixture, vortexed for 1 min, and then centrifuged at
20,000 rpm for 20 min. The organic layer was trans-
ferred to a fresh tube and its absorbance was measured
at 532 nm. The standard curve of MDA was con-
structed over the concentration range of 0–40 μM.23

Total SH groups were measured using DTNB as
the reagent. This reagent reacts with the SH groups to
produce a yellow-colored complex which has peak
absorbance at 412 nm. Briefly, 1 mL Tris–EDTA
buffer (pH = 8.6) was added to 50 μL kidney homoge-
nate in 2 mL cuvettes and sample absorbance was read
at 412 nm against Tris–EDTA buffer alone (A1).
Then 20 μL DTNB reagent (10 mM in methanol) was
added to the mixture, and after 15 min (stored in labo-
ratory temperature), the sample absorbance was read
again (A2). The absorbance of DTNB reagent was also
read as a blank (B). Total thiol concentration (mM)
was calculated from the following equation24:

Statistical analysis
Data were expressed as mean ± SEM. Statistical analysis
was performed using one-way analysis of variance
(ANOVA) followed by Tukey–Kramer post hoc test
for multiple comparisons. The p-values less than 0.05
were considered to be statistically significant.

RESULTS

No observable toxicity or any gross changes in kidney
tissues of animals pretreated with PSO were seen.
A significant elevation of serum creatinine (3.4 fold,
p < 0.001) and urea (2.4 fold, p < 0.001) levels as well
as urine glucose (3.8 fold, p < 0.001) and protein (4.9
fold, p < 0.001) concentrations was observed 24 h
after administration of HCBD as compared to those of
control animals (Figure 1A–D). HCBD also caused a
significant decrease in total thiol content (50.8%,
p < 0.001) and a significant increase in TBARS levels
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(1.3 fold, p < 0.001) in kidney homogenate samples
(Figure 1E, F). PSO pretreatment resulted in a signif-
icant and dose-dependent decrease in serum creati-
nine (0.88 ± 0.07 vs. 2.30 ± 0.38 mg/dL, p < 0.001;
0.64 mg/kg) and urea (35.33 ± 4.89 vs. 115.75 ± 3.97
mg/dL, p < 0.001; 0.64 mg/kg) levels as well as urine
glucose (3.00 ± 0.93 vs. 36.00 ± 2.74 mg/dL, p < 0.001;
0.64 mg/kg) and protein concentrations (0.52 ± 0.10 vs.
9.85 ± 0.76 mg/dL, p < 0.001; 0.64 mg/kg), when com-
pared with HCBD alone (Figure 1A–D). PSO also sig-
nificantly reversed the HCBD-induced depletion in total
thiol content (0.53 ± 0.02 vs. 0.29 ± 0.02 mM, p < 0.001;
0.64 mg/kg) and elevation in TBARS levels (33.83 ± 2.65
vs. 81.17 ± 3.57 nmol/g tissue, p < 0.001; 0.64 mg/kg) in
kidney homogenate samples (Figure 1E, F).

Preliminary experiment showed that PSO alone did
not significantly modify these biochemical parameters.

DISCUSSION

It is believed that natural compounds and their deriva-
tives represent a source of potential chemotherapeutic
agents. Dietary supplementation with these products

rich in antioxidants is associated with inhibition of
toxicity of many chemicals.18 The results obtained in
this study suggested that PSO has an overall protective
effect against HCBD-induced nephrotoxicity in rat
model. The observed protective effects can be attrib-
uted to the antioxidant properties of PSO.

This study showed that HCBD with a dose of
50 mg/kg could induce renal dysfunction as revealed
by increased urinary excretion of glucose and protein
and elevated levels of serum urea and creatinine. These
data agreed with our previous findings.25,26 Age, sex,
and strain are well-known factors conditioning neph-
rotoxicity caused by HCBD in rats.27 Therefore, only
young male adult rats (10 weeks) were used. Pretreat-
ment with PSO completely restored the altered renal
function tests in a dose-dependent manner. The anti-
oxidant status of kidney is also significantly lowered in
the HCBD-alone-treated rats. This finding is inconsis-
tent with previous reports.28,29 Actually, the increase
in TBARS levels and decrease in total thiol contents
suggest enhanced oxidative stress causing tissue dam-
age and renal functional failure. On the other hand,
PSO pretreatment resulted in a significant and dose-
dependent improvement in the renal antioxidant status.

FIGURE 1. Effect of pomegranate seed oil (PSO) on concentration of serum creatinine (A), serum urea (B), urinary glucose (C), urinary
protein (D), renal malondialdehyde (E), and total thiol (F) contents in male rats treated with hexachlorobutadiene. All injections were
carried out intraperitoneally. PSO was injected 1 h before HCBD. Data shown as mean ± SEM (n = 6).
∗∗p < 0.01; ∗∗∗p < 0.001 as compared with HCBD-treated animals.
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Sulfhydryl (SH) groups are highly reactive con-
stituents of protein and non-protein molecules (e.g.,
glutathione, GSH, or thioredoxin), and they participate
in important biochemical and metabolic processes such
as redox signaling, detoxification mechanisms, mainte-
nance of protein systems, and function of metabolic
enzymes. They are also important scavengers of oxy-
gen-derived free radicals.30,31 In this study, the thiol
content, which is well known to be depleted following
the toxicity of many haloalkenes,32,33 was measured as
an indicator of HCBD-induced nephrotoxicity. HCBD
caused significant SH depletion in the kidney homoge-
nate samples while PSO pretreatment resulted in a sig-
nificant improvement. Several authors investigated the
thiol contents (especially non-protein) in the liver and
kidney of HCBD-treated rats. Lock and Ishmael
reported that single i.p. administration of HCBD to
male rats at 300 mg/kg produced a marked decrease in
the total non-protein SH content (NP-SH) of the liver,
whereas renal NP-SH remained unchanged.34 On the
contrary, Kluwe et al. showed that single i.p. injection
of HCBD decreased hepatic and renal NP-SH concen-
trations in mice in a dose-related manner.35 According
to the Hook et al., treatment of rats with diethyl male-
ate, a compound which decreases tissue NS-PH con-
tent, markedly potentiated the nephrotoxicity of
HCBD.27 The inhibitory effect of HCBD on renal glu-
tathione reductase in rat has also been reported.36

Recently, Trevisan et al. found that, unlike liver, kidney
GSH content significantly increased 24 and 48 h after
treatment with HCBD in male rats but not in female
rats or in renal cortical slices, in vitro.3

PSO is a rich source of conjugated fatty acids of
which punicic acid is the most common.37,38 Polyphe-
nolic compounds are also present in the seed oil of the
pomegranate.10,38 These components from PSO have
antioxidant and anti-inflammatory activities by inhibiting
pro-inflammatory enzymes and expression of pro-
inflammatory cytokines.10,39,40 PSO has also been
shown in experimental studies to enhance B-cell function
in vivo,41 to suppress proliferation of several different
tumor cell types in vitro,16,42–44 and to reduce skin
carcinogenesis in mice,45 mammary carcinogenesis in
a mouse mammary organ culture model, and colon
carcinogenesis in rats.46 Pomegranate seed also contains
coniferyl 9-O-[beta-D-apiofuranosyl(1–6)]-O-beta-D-
glucopyranoside, sinapyl 9-O-[beta-D-apiofuranosyl
(1-6)]-O-beta-D-glucopyranoside, sterols (daucosterol,
beta-sitosterol), and hydroxybenzoic acids (gallic,
ellagic and its derivatives) which exhibited antioxi-
dant activity and decreased lipid peroxidation.11,47

Vivancos and Moreno showed that beta-sitosterol
reverts impaired glutathione/oxidized glutathione ratio
and modulates antioxidant enzyme response in RAW
264.7 macrophage.48

Several hypotheses may explain the protective effect
of PSO against HCBD-induced nephrotoxicity. As
mentioned before, the renal toxicity of HCBD is due
to bioactivation by glutathione-S-conjugate formation.
Subsequently, further processing by the enzymes of
the mercapturic acid pathway leads to formation of
toxic electrophilic intermediates which damage renal
epithelial cells by a combination of covalent modifica-
tion of macromolecules, thiol depletion, and initiation
of lipid peroxidation.8,25,29,40,44,49 PSO may decrease
HCBD-induced nephrotoxicity by quenching these
toxic metabolites. Other possibilities are the inhibitory
effects of PSO on enzymes involved in the bioactiva-
tion of HCBD such as glutathione-S-transferase
(GST) or cysteine-S-conjugate b-lyase. Recently,
decreased GST activity and transcription were
observed in mice that ingested pomegranate. The
authors claimed that GST inhibition could reflect the
decrease in protein damage, which will, most likely,
translate into less GST activity.50 The inhibitory
effects of plant polyphenol on GST(s) has also been
shown in vitro.51 Experimental studies have also
demonstrated that inhibitors of cysteine-S-conjugate
b-lyase (such as aminooxyacetic acid) reduced HCBD-
induced nephrotoxicity.52,53

CONCLUSION

In conclusion, the results of this study showed that
PSO clearly attenuated HCBD-induced nephrotoxicity.
This is supported by improvements of renal functional
tests and by the decrease of proteins and lipids dam-
age, but explanation and mechanism of this protection
need further explorations.
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