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Abstract

Hexachlorobutadiene (HCBD) is a potent nephrotoxin which nowadays contaminates human
foods and water. On the other hands, it has been reported that rutin is a chemopreventive
flavonoid which exerts some protective effects on the kidney. Therefore, in this work,
the possible effect of rutin on HCBD-induced nephrotoxicity was investigated in female rats.
The animals were divided into five groups. Groups 1 and 2 were treated with vehicle and HCBD
(100 mg/kg, i.p.), respectively. Groups 3–5 were pretreated with rutin (100, 500 and 1000 mg/kg,
i.p.) 1 h before HCBD injection. The level of serum urea and creatinine as well as urinary glucose
and protein were measured. Total thiol content and lipid peroxidation level were also
determined in the kidney homogenate. When compared to control group, a significant increase
in the level of serum creatinine and urea (p50.001) as well as urine glucose and protein
(p50.001) were observed after 24 h of HCBD administration. HCBD also caused a significant
decrease in total thiol content (p50.001) and a significant increase in lipid peroxidation level
(p50.001). Pretreatment with rutin could decrease serum creatinine (p50.001) and urea
(p50.001) as well as urine protein (p50.001) concentrations when compared with HCBD
treated rats. No significant modification on urine glucose was seen (p40.05). Rutin also
reversed the HCBD-induced depletion in thiol content (p50.001) and elevation in lipid
peroxidation (p50.001) in the kidney. The results of present study showed that rutin clearly
attenuated HCBD-induced nephrotoxicity and has the potential to be considered as a
nephroprotective agent.
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Introduction

Hexachlorobutadiene (HCBD) is a halogenated aliphatic

compound which extensively is used in industry for compos-

ition of elastomers, rubbers, heat-transfer liquids, transformers,

hydraulic fluids, insecticide, herbicide and fungicide.1,2 It is

dispersed in the environment and contaminates human foods

and water with measurable quantities. Several studies have

shown that HCBD induces deleterious effects in the body due

to its toxicity3 Increased levels of reactive oxygen species and

lipid peroxidation products involved in the toxicity of HCBD

on the body.4,5 It has been well documented that HCBD is a

potent nephrotoxin and its bioactivation results in formation

of toxic electrophilic metabolites which causes degeneration

of renal tubular epithelial cells.6–8

Rutin (3,30,40,5,7-pentahydroxyflavone-3-rhamnogluco-

side) is a flavonoid constituent which abundantly found in

some foods and plant-based beverages such as buckwheat,

onions, apples, berries and tea.9 It has several pharmaco-

logical effects including cytoprotective, anticarcinogenic,

hepatoprotective, anticonvulsant and cardioprotective activ-

ities.10–13 Experimental studies have revealed some renopro-

tective effects of rutin. Korkmaz and Kolankaya demonstrated

that rutin attenuates renal injury following ischemia/reperfu-

sion (I/R) condition probably by inhibiting inducible nitric

oxide synthase (iNOS).14,15 Khan et al. also suggested that

rutin prevent oxidative renal damage in rat treated with

potassium bromate by antioxidant activity.16 Arjumand et al.

found that pretreatment with rutin inhibits cisplatin-induced

renal toxicity in rats. This effect was accompanied by marked

decrease in the peroxidative, inflammatory and apoptotic

pathways.17 Also, beneficial effects of rutin on streptozotocin

(STZ)-induced nephrotoxicity have been shown mediated by

reducing reactive oxygen species (ROS) and lipid peroxida-

tion levels.18 Moreover, it was shown that the preventive

effect of rutin on the development of STZ-induced diabetic

nephropathy is closely related to inhibit oxidative stress and

the expression of connective tissue signaling pathways.19

Therefore, the present study was designed to investigate

the possible protective effects of rutin on HCBD-induced

nephrotoxicity in rats.
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Materials and methods

Chemicals and reagents

HCBD and rutin were obtained from Fluka (St. Gallen,

Switzerland) and Sigma (St. Louis, MO), respectively. Tris

(hydroxymethyl) aminomethane (Trizma base), 2,20-dinitro-

5,50-dithiodibenzoic aid (DTNB), 2-thiobarbituric acid,

n-butanol, ethylenediaminetetraacetic acid disodium salt

(Na2EDTA), ether and tetramethoxypropane were purchased

from Merck (Darmstadt, Germany).

Animal groups

Adult female Wistar rats weighing 250–300 g were used in

this study. The animals were housed in a pathogen-free

facility on a 12 h 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. After acclima-

tization, animals were divided into five groups (n¼ 6). Group

1 was treated with saline as control. Animals in group 2

received a single dose of HCBD (100 mg/kg, i.p.).20,21 Groups

3–5 were pretreated with rutin (100, 500 and 1000 mg/kg, i.p.,

respectively) 1 h before HCBD injection.14,15,17 The animals

were sacrificed under ether anesthesia 24 h after HCBD

injection.

Blood and urine biochemical assays

Blood samples were taken out by cardiac puncture for

measuring the level of serum urea and creatinine. Also, 24 h

urine samples were collected and used for measuring glucose

and protein concentration. Urea concentration was determined

colorimetrically by Autoanalyzer (Technicon RA-1000,

England) using urea kit (Man Lab Company, Tehran, Iran).

Glucose level was measured by glucose oxidase reagent

(Ziest Chem Diagnostics, Iran). Concentration of creatinine

and protein was determined by the Jaffe’s technique and

turbidimetric method, respectively.22,23

Lipid peroxidation assay

The lipid peroxidation level in the kidney homogenate sample

was estimated by measuring malondialdehyde (MDA) which

is the end product of lipid peroxidation. The MDA combines

with 2-thiobarbituric acid as a thiobarbituric acid reactive

substance to give a red colored complex which has peak

absorbance at 530 nm.24 In our experiment, 3 ml phosphoric

acid (1%) and 1 ml thiobarbituric acid (0.6%) was added

to 0.5 ml of tissue homogenate 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 and centrifuged at

5000 rpm for 10 min. The organic layer was transferred to

a fresh tube and its absorbance was measured at 532 nm.

Measurement of total thiol content

Total sulfhydryl groups were measured using DTNB reagent.

This reagent reacts with the sulfhydryl groups to produce

a yellow colored complex which has peak absorbance at

412 nm. In our assay, 1 mL Tris-EDTA buffer (pH 8.6) was

added to 50 mL kidney homogenate and sample absorbance

was read at 412 nm against Tris-EDTA buffer alone (A1).

Then 20 mL DTNB was added to the mixture and after 15 min

the sample absorbance was read again (A2). The optical

density of DTNB reagent was also read as a blank (B). Total

thiol concentration was calculated from the following

equation.25

Total thiol concentration ðmMÞ
¼ ðA2 � A1 � BÞ � 1:07=0:05� 13:6

Statistical analysis

Data were expressed as mean�SEM. Statistical analysis

was performed using one-way 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

Effect of rutin on serum urea and creatinine

As shown in Figure 1A, a significant elevation of serum

urea (112� 2.8 mg/dL, p50.001) was observed 24 h after

administration of HCBD as compared to control group

(33� 1.5 mg/dL). Pretreatment with rutin at all concentra-

tions caused a significant (p50.001) decrease in HCBD-

induced hyperuremia.

Figure 1. Effects of rutin on concentration of serum urea (A) and
creatinine (B) in rats treated with hexachlorobutadiene (HCBD). Rutin
was administrated intraperitoneally 1 h before HCBD injection (100 mg/
kg, i.p.). Control rats were received saline as vehicle. Data are shown
as mean� SEM (n¼ 6). #p50.001 compared to control; *p50.001 as
compared with HCBD group.
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Injection of HCBD also resulted in sever increase in serum

creatinine level (2.4� 0.14 mg/dL, p50.001) when compared

with control animals (0.5� 0.05 mg/dL). Again, pretreatment

with rutin significantly (p50.001) inhibited this effect of

HCBD in a concentration-dependent manner (Figure 1B).

Effect of rutin on urine glucose and protein

A significant increase in the level of urine glucose was seen

following HCBD injection compared to control rats (37� 3.3

vs. 8.2� 1.3 mg/dL, p50.001). Although rutin decreased

concentration of urine glucose, but its effect was statistically

insignificant (Figure 2A).

Figure 2(B) shows the effect of rutin on urine protein. In

the groups received 100, 500 and 1000 mg/kg of rutin, the

protein level was 0.5� 0.05, 0.3� 0.07 and 0.2� 0.04 mg/dL,

respectively, which significantly lower than that of HCBD

group (9.4� 0.26 mg/dL, p50.001).

Effect of rutin on lipid peroxidation

The level of MDA in kidney homogenate significantly

increased in HCBD group (81� 1 nmol/g tissue, p50.001),

when compared with that of control rats (34� 1.5 nmol/g

tissue). The content of MDA was significantly decreased in the

animals pretreated with 100 mg/kg (19� 2 nmol/g tissue,

p50.001), 500 mg/kg (16� 1.5 nmol/g tissue, p50.001)

or 1000 mg/kg (15� 1 nmol/g tissue, p50.001) of rutin

(Figure 3).

Effect of rutin on total thiol content

As shown in Figure 4, a significant decrease (50%) in the

content of kidney thiol was found in the animals received

HCBD. Compared to control group (0.6� 0.02 mM), rutin at

high concentrations could reverse the HCBD-induced deple-

tion of thiol content (0.4� 0.04 and 0.5� 0.03 mM for 500

and 1000 mg/kg, respectively).

Discussion

Our results, in agreement with previous studies, demonstrated

that HCBD is a potent nephrotoxin compound.6,7,26,27 It

increased urinary excretion of glucose and protein and

elevated levels of serum urea and creatinine. The antioxidant

status of kidney was also lowered in the HCBD treated

animals. The increase in lipid peroxidation level and decrease

in total sulfhydryl content suggest enhanced oxidative stress

in the kidney following exposure to HCBD. This increase

in lipid peroxidation has also been shown to be involved in

Figure 2. Effects of rutin on concentration of urine glucose (A) and
protein (B) in rats treated with hexachlorobutadiene (HCBD). Rutin was
administrated intraperitoneally 1 h before HCBD injection (100 mg/kg,
i.p.). Control rats were received saline as vehicle. Data are shown as
mean� SEM (n¼ 6). #p50.001 compared to control; *p50.001 as
compared with HCBD group.

Figure 3. Effect of rutin on lipid peroxidation in the kidney homogenate
of rats treated with hexachlorobutadiene (HCBD). Rutin was admini-
strated intraperitoneally 1 h before HCBD injection (100 mg/kg, i.p.).
Control rats were received saline as vehicle. The lipid peroxidation level
was estimated by measuring the concentration of malondialdehyde
(MDA). Data are shown as mean� SEM (n¼ 6). #p50.001 compared to
control; *p50.001 as compared with HCBD group.

Figure 4. Effect of rutin on total thiol content in the kidney homogenate
of rats treated with hexachlorobutadiene (HCBD). Rutin was admini-
strated intraperitoneally 1 h before HCBD injection (100 mg/kg, i.p.).
Control rats were received saline as vehicle. Data are shown as
mean� SEM (n¼ 6). #p50.001 compared to control; *p50.01 as
compared with HCBD group.
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the toxicity of HCBD in other tissues such as liver and

brain.4,5 Sulfhydryl groups are highly-reactive constituents

of protein and non-protein molecules and they participate in

varying biochemical process including detoxification mech-

anisms.28 The HCBD-induced sulfhydryl depletion in the

kidney homogenate is also in accordance with the results of

Kluwe et al. who showed single injection of HCBD decreased

hepatic and renal sulfhydryl concentrations.29

Previous studies have shown that renal toxicity of HCBD

is due to its conjugation with glutathione to form glutathione

S-conjugate by glutathione S-transferase. Subsequently, fur-

ther processing by the enzymes of the mercapturic acid

pathway leads to formation of toxic electrophilic intermedi-

ates which damage renal epithelial cells by a combination

of covalent modification of macromolecules, thiol depletion

and initiation of lipid peroxidation.7,30–32

Our present results demonstrated that rutin improved the

HCBD-induced abnormalities in renal parameters (serum urea

and creatinine and urinary protein), which are in agreement

with previous reports. Rutin has been shown to improve renal

dysfunction induced by numerous conditions such as high

fructose or cholesterol diet, ischemia–reperfusion injury or

chemotherapeutic agents like doxorubicin or cisplatin.14,33–35

In this work, we also showed that rutin can reverse the

HCBD-induced depletion of thiol content and restore the

increased level of lipid peroxidation. It has been reported

that rutin acts as anti-lipoperoxidant and free radicals

scavenger agent.36,37 A similar decrease in renal dysfunction

and oxidative stress has been shown in rutin treated diabetic

rats.38 Same authors also reported that rutin, by improving the

renal antioxidant status and reducing the plasma glucose

levels, effectively prevent matrix remodelling in the kidney

of streptozotocin-induced diabetic rats.39,40 It has been shown

that rutin can prevent the development of experimental

diabetic nephropathy by decreasing the oxidative stress and

accumulation of extracellular matrix components in rats,

in vitro or in vivo.19,41 Furthermore, it was reported that

rutin attenuate renal ischemia–reperfusion injury as a result

of reduction the oxidative stress markers and inhibition of

inducible nitric oxide synthase (iNOS).15 Also, our findings

are in accordance with those reported by Arjumand et al. who

demonstrated an inhibitory effect of rutin on the level of lipid

peroxidation products in the kidney of cisplatin treated rats.17

There are several studies in which the anti-inflammatory

and anti-apoptotic properties of rutin has been demonstrated.

It was noted that rutin at 50 and 100 mg/kg inhibited renal

NOD-like receptor 3 (NLRP3) inflammasome activation,

renal pro-inflammatory cytokines overproduction, inflamma-

tion and lipid accumulation in the kidney of fructose-fed

rats.42 Similarly, Arjumand et al. found that the beneficial

effect of rutin pretreatment is mediated partially by its

inhibitory effect on NFkB and TNF-a pathway mediated

inflammation, caspase-3 mediated-tubular cell apoptosis, as

well as by restoration of antioxidant enzymes activity and

renal functional parameters.17

Beside its antioxidant activities, protective effect of rutin

against HCBD-induced nephrotoxicity can be achieved

through inhibition of enzymes involved in the bioactivation

of HCBD. Glutathione-S-transferase is of the main enzymes

responsible for nephrotoxicity of HCBD and its urinary

excretion is recommended as sensitive biomarker of HCBD-

induced renal toxicity.8 Interestingly, inhibitory effect of

quercetin, the active metabolite of rutin, on glutathione-

S-transferase activity was shown in both rat and human.28,29

In conclusion, the results of present study showed

that rutin attenuates HCBD-induced nephrotoxicity. This is

supported by improvements of renal functional tests and

by decrease of renal oxidative stress. Therefore, it has the

potential to be considered as a potent nephroprotective agent.
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