
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=irnf20

Renal Failure

ISSN: 0886-022X (Print) 1525-6049 (Online) Journal homepage: informahealthcare.com/journals/irnf20

Role of Cytochrome P4502E1 Activation in
Proximal Tubular Cell Injury Induced by Hydrogen
Peroxide

Dr. Saeed S. Al‐Ghamdi, Prabal K. Chatterjee, Martin J. Raftery, Christoph
Thiemermann & Muhammad M. Yaqoob

To cite this article: Dr. Saeed S. Al‐Ghamdi, Prabal K. Chatterjee, Martin J. Raftery, Christoph
Thiemermann & Muhammad M. Yaqoob (2004) Role of Cytochrome P4502E1 Activation in
Proximal Tubular Cell Injury Induced by Hydrogen Peroxide, Renal Failure, 26:2, 103-110, DOI:
10.1081/JDI-120038483

To link to this article:  https://doi.org/10.1081/JDI-120038483

Published online: 07 Jul 2009.

Submit your article to this journal 

Article views: 432

View related articles 

https://informahealthcare.com/action/journalInformation?journalCode=irnf20
https://informahealthcare.com/journals/irnf20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.1081/JDI-120038483
https://doi.org/10.1081/JDI-120038483
https://informahealthcare.com/action/authorSubmission?journalCode=irnf20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=irnf20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.1081/JDI-120038483?src=pdf
https://informahealthcare.com/doi/mlt/10.1081/JDI-120038483?src=pdf


RENAL FAILURE

Vol. 26, No. 2, pp. 103–110, 2004

LABORATORY STUDY

Role of Cytochrome P4502E1 Activation in Proximal Tubular
Cell Injury Induced by Hydrogen Peroxide

Saeed S. Al-Ghamdi,* Prabal K. Chatterjee, Martin J. Raftery,
Christoph Thiemermann, and Muhammad M. Yaqoob

Department of Experimental Medicine and Nephrology, St. Bartholomew’s

and the Royal London School of Medicine and Dentistry,

Queen Mary-University of London, London, UK

ABSTRACT

Background. There is now good evidence to suggest that cytochrome P450 (CYP450)

may act as an iron-donating catalyst for the production of hydroxyl ion (OH�), which

contributes to proximal tubular cell injury. However, it remains unclear which isoform

of CYP450 is involved in this process. Cytochrome P4502E1 (CYP2E1) is a highly

labile isoform which is not only involved in free radical generation, but has also been

shown to be a source of iron in cisplatin-induced renal injury. This study investigates

the role of CYP2E1 in the proximal tubular cell injury induced by hydrogen peroxide

(H2O2). Methods. Porcine proximal tubular cells (LLC-PK1) were incubated with H2O2

(1 mM) for 4 h in the presence or absence of 0.1 mM of two CYP2E1 inhibitors; diallyl

sulfide (DAS), or disulfiram (DSF), desferrioxamine (DFO) (0.1–0.4 mM), or catalase

(CT) (78, 150, 300 U/mL). Cell death was determined by measuring LDH release.

CYP2E1 activity was determined by p-nitrophenol hydroxylation after 2 h incubation

with H2O2. Results. Exposure of LLC-PK1 to H2O2 significantly increased cell death.

CT, DFO, DAS and DSF significantly reduced H2O2-mediated cell death. Incubation

with H2O2 increased CYP2E1 activation in time- and dose-dependent manner, which

was significantly reduced by CT, DFO, DAS and DSF. Conclusion. We propose that

CYP2E1 activation occurs possibly due to OH� and contributes to H2O2-mediated LLC-

PK1 cell necrosis by acting as a source of iron and perpetuating the generation of OH�
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via the Fenton reaction. Inhibition of CYP2E1 may be a novel approach for the

prevention of tubular injury caused by oxidative stress.

Key Words: Cytochrome P4502E1; Hydrogen peroxide; Proximal tubular cells;

Catalase; Diallyl sulfide; Disulfiram; Desferrioxamine.

INTRODUCTION

Reactive oxygen species [ROS] are important

mediators of ischemic, toxic and immune-based tissue

injury.[1 – 4] Acute tubular necrosis is a striking feature

of ischemic acute renal failure (ARF) and it has been

shown that the proximal tubular (PT) epithelial cells

are the major sites of injury.[5,6] ROS produce cellular

injury via several mechanisms including peroxidation

of membrane lipids, protein denaturation, and DNA

damage.[7] Moreover, inhibition of ROS generation can

protect PT cells against oxidative stress by attenuation

of the activation of DNA repair enzyme, poly (ADP-

ribose) polymerase.[2,4]

The ability of oxidants to induce loss of cell

viability in renal tubular cells has been studied ex-

tensively.[5,8,9] Superoxide anion (O2
��) and hydrogen

peroxide (H2O2) appear to be the primary species

generated. These species generate more reactive

species, including the highly reactive hydroxyl radical

(OH�) via a reaction in which iron plays a catalytic

role, commonly referred to as the ‘‘metal-catalyzed

Fenton reaction.’’[6] H2O2 appear to be the major re-

active oxygen metabolite responsible for tissue injury,

presumably because it is both stable and able to freely

penetrate cellular targets and produce toxicity via the

generation of other ROS.[1,8] H2O2 has been implicated

in the pathogenesis of acute renal injury in models of

rhabdomyolysis, ischemia/reperfusion (I/R), and in

toxic nephropathy in which the main site of injury is

at the PT level.[2,4,9]

It has been shown that iron chelates reduce cell

injury in PT cells on exposure to H2O2.[2,8] The source

of the iron, which participates in H2O2-mediated

cellular injury, is not fully known. Several observations

suggest that the source might be the extracellular heme

protein such as hemoglobin and myoglobin, whereas

others suggest that the iron storage protein ferritin and

iron-rich mitochondria are the principle sources of free

iron.[10 – 12] Several recent studies indicate that the iron

rich enzyme, cytochrome P450 (CYP450) may also

serve as a source of iron in I/R and H2O2-induced PT

cell injury.[9,13] However, the exact isoform of CYP450

involved in these reactions is unknown. It was shown

recently that the cytochrome P4502E1 (CYP2E1)

isoform served as a significant source of catalytic iron

in cisplatin-induced nephrotoxicity.[14]

The CYP2E1 isoenzyme is expressed mainly in

liver and possibly in extrahepatic tissues such as

kidney, lung, and lymphocytes.[15] CYP2E1 is induced

by various agents such as ethanol, acetone, isoniazid,

pyridine, and isopropanol. It also can be induced by

conditions such as starvation and diabetes mellitus.[15]

It is involved in the metabolism of low-molecular

weight compounds such as ethanol, vinyl chloride, and

carbon tetrachloride.[16 – 18] It has been shown previ-

ously that CYP2E1 induction is involved in hepato-

toxicity subsequent to ROS generation.[19 – 21] However,

its role in oxidant induced PT injury has not been

previously shown. Therefore, this study was undertaken

to evaluate the role of this CYP450 isoform in oxidant

induced PT cell injury and the possibility of attenuating

the cell injury by inhibiting this enzyme. We chose a

simple previously employed model that utilizes H2O2

as the agent of injury and PT epithelial (LLC-PK1)

cells as the target.

MATERIALS AND METHODS

Chemicals

The cell culture solutions and media, catalase,

disulfiram (DSF), diallyl sulfide (DAS), dimethyl

sulfoxide (DMSO), 4-nitrocatechol 10 M HCl, potas-

sium phosphate, potassium chloride, Dulbecco’s mod-

ified Eagle’s medium (DMEM), and H2O2 (30.7%)

were purchased from Sigma Chemical Co. (Poole,

Dorset, UK). Sterile culture flasks and plates (6 and 96

well) were obtained from Corning Incorporated (New

York, USA). Ethyl alcohol, Methyl alcohol, Isopropyl

alcohol, and agarose gel were obtained from BDH

(Poole, Dorset, UK).

Cell Culture

LLC-PK1, which are immortalized renal PT

epithelial cells derived from pig, were obtained from

European Collection of Cell Culture, (Salisbury,

Wiltshire, UK). Cells were routinely grown in 75 cm2
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flasks in DMEM in a humidified atmosphere of 95%

air and 5% CO2 and sub-cultured at 3–4 days

intervals.[22] DMEM was supplemented with 10% fetal

calf serum (FCS) and 1% [v/v] antibiotics (penicillin

and streptomycin). Cells were used for experiments

within eight passages to ensure cell line stability. For

LDH assay, cells were cultured in 6-well plated at a

density of 4�104 cells/well in a final volume of 2 ml.

For CYP2E1 activity, LLC-PK1 cells were plated in

75 cm2 flasks at a density of 4�106 cells/flask in

volumes of 12 mL of the medium. In all experiments,

cells were studied as a 70–80% confluent monolayer,

and incubated in a humidified atmosphere at 37�C and

5% CO2.

Cell Treatment

A stock of 100 mM H2O2 was prepared freshly in

DMEM medium. In all experiments, cells were treated

with a final concentration of 1 mM H2O2. For the free

radical scavenger experiments, 78, 150, and 300 U/mL

of CT, was added along with H2O2 (1 mM) to assess

protective effects.[23] The CYP2E1 inhibitors, DAS and

DSF were dissolved in DMSO (99.9%) and in two

separate experiments, cells were pre-treated with

0.1 mM of the inhibitors for 2 h followed by 1 mM

of H2O2.[13] Cells were pre-treated with DFO (0.1–

0.4 mM) dissolved in DMEM medium for 30 min prior

to H2O2 treatment.[19]

Measurement of Lactate
Dehydrogenase (LDH) Release

Cell death was assessed by measuring the index of

LDH release in the supernatant leakage from LLC-PK1

cells. LDH release was measured using the cytotoxicity

kit obtained from Roche (Lewes, Sussex, UK). Briefly,

100 mL of media was mixed with the reagent and

incubated at room temperature for 5–10 min. The

absorbance was measured at 490 nm using a microplate

reader (MRX II Dynex technologies, Billingshurst,

Sussex, UK. The results are expressed as a percentage

of the positive control, which was cell incubated with

2% [v/v] of Triton X100 for 10 min.

Preparation of Microsomes from
LLC-PK1 Cells

Preparation of microsomes was conducted as

described previously. Briefly, 3–4�106 cells were lysed

in ice buffer A [0.25 M potassium phosphate, 0.15 M

potassium chloride, 0.25 M sucrose, 1 mM EDTA, pH

7.5]. The lysate was sonicated for 5 min, using a

Jencons-plus sonicator (Leighton Buzzard, Bedfordshire,

UK) and centrifuged at 12,000 rpm for 15 min at 4�C.

The supernatant was spun a further 60 min at 38,000

rpm. The resulting microsomal pellet was re-suspended

in 100 mL of buffer B [0.1 M sodium phosphate, 2 mM

MgCl2, pH 7.4].[24] The protein concentration deter-

mined was by the Bradford method.[26]

Measurement of Cytochrome
P4502E1 Activity

Cytochrome P4502E1 activity was assessed by using

the substrate p-nitrophenol as described by Watt et al.[27]

Briefly, the LLC-PK1 cell monolayer was detached

using cell scraper, and re-suspended in 1 mM of buffer A

[0.25 M potassium phosphate, 0.15 M potassium

chloride, 0.25 M sucrose, 1 mM EDTA, pH 7.5]. The

sonicate was centrifuged as 18,000 r.p.m at 4�C, and re-

suspended in 5 mL of buffer A, which was further

centrifuged for 60 min at 38,000 r.p.m at the same

temperature. The microsomes were suspended in 100 mL

of buffer B [0.1 M sodium phosphate, 2 mM MgCl2, pH

7.4]. The reaction was initiated with 10 mL of 10mM

NADPH and incubated at 37�C for 60 min. The reaction

was stopped with 30 mL of 20% [w/v] trichloroacetic

acid and centrifuged for 5 min. 10 mL of 10 N NaOH

was added to the supernatant and the wavelength

was recorded at 450 nm against the standard 160—2.5,

p-nitrocatechol and expressed in mM/mg/min.

Statistical Analysis

Results are presented as mean ± SD. Means were

obtained from four experiments performed in dupli-

cates. Paired t tests were used for statistical analysis

differences. Statistical significance was assured when

P < 0.05.

RESULTS

Attenuation of H2O2-Mediated
LLC-PK1 Cell Injury by CYP2E1

Inhibitors, Catalase and
Desferrioxamine

Incubation of LLC-PK1 for 4 h with 1 mM of

H2O2 caused significant LDH release compared to

controls (3.5±5.1% vs. 62.2±19.2% P < 0.001). Com-

pared to LLC-PK1 treated with H2O2, pre-treatment

with CYP2E1 inhibitors, DAS or DSF significantly

reduced LDH release to 19.2±4.4% and 21.7±2.1%

Cytochrome P4502E1 Activation in Proximal Tubular Cell Injury 105
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respectively (P < 0.005 vs. H2O2) In addition, catalase

(78,150, 300 U/mL) and DFO (0.1, 0.2, 0.3 and 0.4 mM)

reduced the LDH release in dose dependent manner

with maximal effect seen at 300 U/mL (13.6±12) and

0.4 mM (15.9±3.7) for catalase and DFO respectively

(Fig. 1A).

CYP2E1 Activity in LLC-PK1 Cells
Treated with H2O2

Incubation of LLC-PK1 cells with H2O2 produced

a significant increase in CYP2E1 activity. The activity

was found to be time dependent after exposure of cells

to 1 mM of H2O2. After 60 min of incubation with

H2O2, the activity of CYP2E1 increased to 6.9±1.1

(P < 0.05 vs. control), whereas after 90 min and 120

min, the activity increased further to 8.9±0.8 and

8.7±0.7 respectively (P < 0.01 vs. control). This in-

crease in activity preceded LDH release (data not

shown). Prolonged incubation (150 min) was associated

with decline in CYP2E1 activity compared to 120 min,

due to ongoing cell death (Fig. 2A). Additionally,

CYP2E1 activity was found to be dose-dependent after

exposing cells to increasing concentration of H2O2

(Fig. 2B).

Inhibition of H2O2-Mediated CYP2E1
Activation by CYP2E1 Inhibitors,

Catalase and Desferrioxamine

The increase in CYP2E1 activity caused by

incubation of LLC-PK1 cells with 1 mM of H2O2 for

2 hrs was significantly reduced by pre-incubating cells

with 0.1 mM of DAS and DSF. Incubation of cells

with 1 mM of H2O2 for 2 h activated CYP2E1 by

6.7±1.5 mM/mg/min (P < 0.01 vs. control). This

elevation in CYP2E1 activity was reduced by DAS

and DSF to 2.6 ± 0.5, and 2.5 ± 0.6 mM/mg/min

Figure 1. (A) Cytotoxicity of H2O2 on LLC-PK1 cells; Cells were treated with 1 mM of H2O2 with and without CT (300 U/mL),

CYP2E1 inhibitors, DAS (0.1 mM), DSF (0.1 mM) and DFO (0.4 mM) and incubated for 4 h at 37�C. Cell death was assessed by

measurement of LDH release and expressed as a percentage of the positive control (LLC-PK1 cells incubated with 2% [v/v] Triton

X100). Data shown are mean value±SD of duplicate from four experiments. Significance was evaluated with student t-test.

*P < 0.001 versus control, +P < 0.005 vs. H2O2, **P < 0.001 vs. H2O2. (B) Effect of CYP2E1 inhibitors, catalase and

desferrioxamine on increased CYP2E1 activity caused by H2O2; LLC-PK1 cells were incubated with H2O2 (1 mM) for 2 h with

and without CYP2E1 inhibitors, DAS and DSF (0.1 mM), catalase (300 U/mL) and DFO (0.4 mM). CYP2E1 activity was assessed

from the isolated microsomes and expressed as mM/mg/min. Data shown are mean value±SD of four experiments. *P < 0.01 vs.

control, +P < 0.05 vs. H2O2.
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respectively (P < 0.05 vs. H2O2) (Fig. 1B). This

increase in CYP2E1 activity was also significantly

reduced to 2.7±1.2 mM/mg/min by DFO (P < 0.01 vs.

H2O2). In addition, H2O2-induced increase CP2E1

activity was inhibited in a dose-dependent manner by

catalase at 78, 150, 300 U/mL to 5.8±0.7, 4.2±0.5,

and 2.5±0.2 mM/mg/min respectively. However; the

significant reduction in activity was caused by the

doses of 150 (P < 0.05 vs. H2O2), and 300 U/mL of CT

(P < 0.01 vs. H2O2).

DISCUSSION

The role of CYP2E1 isoform in H2O2-mediated

proximal tubular cytotoxicity has not been previously

examined. Our results indicate that prior treatment of the

cells with CYP2E1 specific inhibitors result in a marked

attenuation of H2O2-induced cell injury in parallel with

significant inhibition of H2O2-stimulated CYP2E1 ac-

tivity. Furthermore, catalase, which converts H2O2 to

H2O and O2, afforded cytoprotection in parallel with

prevention of CYP2E1 activation. Moreover, iron

chelation with DFO prevented both CYP2E1 activation

and cell injury. Interestingly, H2O2-stimulated CYP2E1

was both dose and time dependent and preceded cell

injury by 2 hours. It was also seen at a sub-lethal H2O2

concentration suggestive of cause and effect relationship.

In addition, CYP2E1 activation seen within two hours

of exposure is indicative of stimulation of pre-formed

enzyme rather than de-novo synthesis.

The mechanism by which CYP450 mediates H2O2

cytotoxicity in LLC-PK1 cells is not clear. However, it

has been shown before that CYP450 acts as a source of

iron in the kidney tissue,[28] and in reperfusion of

injury in rabbit lung.[29] Iron is known to catalyze the

Fenton reaction whereby H2O2 is converted to OH�,

which is regarded a potent mediator of I/R injury.[28] In

Figure 2. (A) Effect of H2O2 on CYP2E1 activity in LLC-PK1 cells (increasing time); LLC-PK1 cells were incubated with H2O2

for increasing time periods. At the end of incubation time, microsomes were isolated as described in Materials and Methods section

and used for CYP2E1 activity assessment, which was assessed by measuring the hydroxylation of CYP2E1 substrate, p-nitrophenol

and expressed as mM/mg/min. Data shown are mean value±SD of four experiments. Significance was evaluated with student t-test.

*P<0.05 vs. control, **P<0.01 vs. control. (B) Effect of H2O2 in on CYP2E1 activity in LLC-PK1 cells (increasing concentration);

LLC-PK1 cells were incubated with H2O2 in dose dependent manner for 2 h. At the end of incubation time, CYP2E1 activity was

assessed from the isolated microsomes and expressed as mM/mg/min. Data shown are mean value±SD of four experiments.

Significance was evaluated with student t-test. *P<0.05 vs. control, **P<0.01 vs. control.
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this regard, prevention of iron release by iron chelate is

protective against cell injury caused by H2O2.[2,30 – 32]

Moreover, infusion of iron chelate DFO during the

postischemic reperfusion phase of renal I/R signifi-

cantly improves glomerular filtration rate and reduces

histological signs of renal injury.[2,33] Our data extends

these observations by identifying the isoform of P450

involved in H2O2-mediated injury of renal PT cells.

The role of other isoforms of CYP450 was not

investigated in the current study. Our results however

are suggestive of CYP2E1 being an important isoform

involved in the oxidant injury. Selective inhibition of

CYP2E1 by two chemically dissimilar and cell perme-

able inhibitors (DAS and DSF) markedly attenuated

H2O2-mediated cell necrosis. Chelation of H2O2 by

catalase prevented not only cell injury but also CYP2E1

activation. This finding implicates activation of CYP2E1

as a pivotal reaction in H2O2-induced cell death. More-

over, DFO an iron chelate, which inhibits the catalytic

Fenton reaction and OH� generation, protected against

necrosis and prevented CYP2E1 activation suggestive of

a role for OH� in the activation of CYP2E1.

Interestingly, the CYP2E1 enzyme has also been

shown to act as an oxidant, which on activation, can

result in ROS generation and perpetuation of oxidant

injury. It is a loosely coupled enzyme, which produces

ROS such as O2
�� and H2O2 in high amounts relative to

other CYP450 isoforms,[34,35] because CYP2E1 is

rapidly reduced even in the absence of substrate.[36]

Previous studies have demonstrated the contribution of

CYP2E1 induction in the generation of ROS and the

initiation of liver disease[37] or cytotoxicity in Hep G2

cells.[38] CYP2E1 was found to display high NADPH

oxidase activity with production of O2
�� and H2O2

during NADPH oxidation.[34,35] It has been shown that

CYP2E1 induction is involved in hepatotoxicity by ROS

generation.[19 – 21] Inhibition of CYP2E1 by DAS com-

pletely blocked lipid peroxidation and prevented liver

pathology in rats due to ethanol.[39] Furthermore, in rats,

DAS ameliorated ethanol-induced changes in hepatic

fatty acid composition, which is CYP2E1-dependent

lipid peroxidation process.[40] Our data support these

findings in LLC-PK1 cell death caused by H2O2.

Taken as whole, these data are consistent with the

suggestion that an increase in CYP2E1 activity plays a

role in oxidant-induced PT injury. Thus, inhibitors of

CYP2E1 activity may be useful in conditions associ-

ated with oxidative stress of the kidney. This study

should stimulate further investigations to elucidate the

effects of potent safe inhibitors of CYP2E1 in renal

disorders associated with oxidative stress. Certainly,

one of the inhibitors used in our study (DSF) is com-

monly used to prevent the carbon tetrachloride-

mediated hepatotoxicity and help reduce alcohol

consumption via the inhibition of CYP2E1.[41,42]

In conclusion, this study demonstrates that the

cellular death caused by H2O2 in LLC-PK1 cells is

partially mediated and perpetuated by hydroxyl ion-

mediated activation of CYP2E1. Our data is also

consistent with activated CYP2E1 being a source of

iron in oxidant renal cell injury. We therefore propose

that inhibitors of CYP2E1 provide a novel approach for

the therapy of I/R injury and other renal conditions

associated with oxidative stress.

ABBREVIATIONS

CYP2E1 cytochrome P4502E1

CT catalase

DSF disulfiram

DMEM Dulbecco’s modified Eagle’s medium

DMSO dimethylsulfoxide

LDH lactate dehydrogenase

mg milligram

min minute

mM millimolar

rpm round per minute

U/mL unit per milliliter
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