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Abstract

Background
In spite of the cardiotoxic effect of selective cyclooxygenase-2 inhibitors, they are most widely used as
anti-inflammatory and analgesic drugs. Today, valdecoxib and rofecoxib have been withdrawn on the
market but celecoxib remains. In this study, we focused on an analysis of celecoxib toxic effects on
isolated mitochondrial.

Methods
isolated rat heart mitochondria were obtained using differential centrifugation. Using flowcytometry and
biochemical assays we searched succinate dehydrogenases (SDH), mitochondrial membrane potential
(MMP), reactive oxygen species (ROS) formation, mitochondrial swelling, lipid peroxidation and
mitochondrial complexes activity in rat heart isolated mitochondria.

Results
In here our results indicated a significant decrease in activity of complexes IV after exposure with
celecoxib (16 µg/ml). This decrease in activity of complexes IV is paralleled by the MMP collapse, ROS
formation, mitochondrial swelling and lipid peroxidation.

Conclusion
For the first time, this introductory study has showed a significant decrease in activity of complexes IV
and mitochondrial dysfunction after exposure with celecoxib in rat heart isolated mitochondria.

Background
For the management of various inflammatory conditions and short and long-term pain, nonsteroidal anti-
inflammatory drugs (NSAIDs) are most widely used in the clinic (1). The long usage of this drug class is
associated with wide array of side effects including stomach pain, stomach ulcers, a tendency to bleed
more, headaches and dizziness, ringing in the ears, allergic reactions, liver or kidney problems, high blood
pressure and increased risk of cardiovascular complications (2). NSAIDs inhibit the cyclooxygenase
(COX) enzymes and in this way, have an important role in the pain relieving in the various inflammatory
conditions (3). Also, COX enzymes play a key role in conversion of arachidonic acid into prostaglandins
(PGs) and thromboxanes (TXs) (4). The coxibs such as rofecoxib, valdecoxib and celecoxib are potent
COX-2 inhibitors that are categorized under the class of NSAIDs (5). Disbalance between the prostacyclin
(PGI2) and thromboxane A2 (TXA2) amounts is due to coxibs responsible for the cardiovascular
abnormality such as atherosclerosis, thrombosis, and etc.(6). It has been reported that use of celecoxib is
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associated with increased risk of myocardial infarction (7). Previous studies have been reported that long
term use of celecoxib is associated with risk factor for the cardiovascular complications such as
myocardial infarction, stroke, and heart failure (8). Ahmad et al. in an animal study reported that
celecoxib produced cardiotoxicity in rats as evident by the release of myocyte injury markers into serum
(9, 10). The exact mechanism by which celecoxib might prompt cardiotoxicity is not clearly identified
therefor further investigations are needed.

Multiple lines of evidence strongly suggest that the cardiotoxicity of NSAIDs direct or indirect are
associated with mitochondria, which is comprised of inhibition of the important mitochondrial enzymes,
interference with the mitochondrial respiratory chain and inhibition of the mitochondrial DNA replication
which eventually leading to an increase in mitochondrial oxidative stress, loss of mitochondrial
membrane potential and cell death (11–13). Mitochondria play a critical role in supplying ATP (adenosine
triphosphate) for the cells. Therefore, the cells and tissues with a high aerobic energy requirement is more
sensitive to mitochondrial toxic agents (14). Also, the very important enzymes such as heme synthesis,
fatty acid urea synthesis and β-oxidation reside within the mitochondrial matrix (14). As a result, tissues
like cardiac tissues that rely heavily on these processes are almost targets of mitochondrial toxins.
Cardiomyocytes contain a large number of mitochondria, when enough mitochondria are irreparably
damaged and the cell cannot provide its energy requirements, in this condition cellular injury or
dysfunction will occur (15, 16). These unique functions of mitochondria in cardiomyocytes stimulate
researchers to pay more attention to the interrelationships between drugs and mitochondria for both the
toxic and therapeutic aspects. Also, a published work indicated that the predictive performance of the
mitochondrial assays for evolution of cardiotoxicity is 33% (17).

In spite of significant efforts for identification drug-related cardiotoxicity in preclinical assessments,
safety concerns still remain. This is most likely due to the lack of sufficient understanding of the
molecular pathways leading to cardiotoxicity (18). The exact mechanism by which celecoxib induce
cardiotoxicity is not known. Mitochondria have an essential role in myocardial tissue homeostasis; thus,
deterioration in mitochondrial function could result in cardiomyocyte and endothelial cell death and
consequently cardiovascular dysfunction. To our knowledge, there are no reports to date about the effect
of celecoxib on heart isolated mitochondria and mitochondrial complexes. Thus, the present study aims
to study the effect of celecoxib on mitochondrial complexes and toxicity parameters.

Methods

Animals
A total of 30 male wistar rats weighing 200–300 g was obtained from the Pasteur Institute of Iran
(Tehran, Iran). The rats were placed in the animal house facility of the School of Pharmacy of the Ardabil
University of Medical Sciences. The rats were housed in a 12-h dark/light cycle with an air-conditioned
room and temperatures 25 ± 2 C°. The rats were fed with standard rat chow ad libitum and water. Animals
were acclimated in the animal house prior the experiments for 2 weeks. The study was performed
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according to the institutional and international guidelines for the Care and Use of Laboratory Animals. All
protocols were approved by the Ethics Committee at the Ardabil University of Medical Sciences.

Chemicals
Cytochrome c (Cyt c), 2,6-dichlorophenolindophenol (DCPIP), decylubiquinone (DUB), decylubiquinol
(DubH2), 5,5′-dithiobis 2-nitrobenzoic acid (DTNB), potassium cyanide (KCN), potassium phosphate
buffer (KP), ubiquinone1 (Ub1), antimycin A, cyclosporin A (Cs.A), gallic acid (GA), Malonate, Tween-20,
bovine serum albumin (BSA), N-(2-hydroxyethyl) pi-perazine-N ′-(2-ethanesulfonic acid) (HEPES), Ethylene
glycol-bis(β-aminoethyl ether (EGTA), Rhodamine123, Trichloroacetic acid (TCA), Coomassie Brilliant
Blue, 4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), Celecoxib, Dimethyl sulfoxide
(DMSO), 2 ′,7 ′-dichlorofuorescin diacetate (DCFH-DA), Thiobarbituric acid (TBA), Butylated
Hydroxytoluene (BHT), 2,2',2'',2'''-(Ethane-1,2-diyldinitrilo)tetraacetic acid (EDTA), Monopotassium
phosphate, 2-Amino-2-hydroxymethyl-propane-1,3-diol (TRIS), Dimethyl sulfoxide (DMSO), 3-
morpholinopropane-1-sulfonic acid (MOPS),Sucrose, D-mannitol, Rotenone, Sodium succinate,
Potassium chloride and Magnesium chloride were purchased from Sigma (St. Louis, MO USA)
(Cambridge. UK). Xylazine (CEVA Santé Animale, Naaldwijk, the Netherlands), Ketamine (Ketaset®,
Eurovet Animal Health, Bladel, the Netherlands).

Mitochondrial Isolation
Cardiac mitochondria were isolated from male wistar rats. Briefly, animals were deeply anesthetized by a
combination of ketamine (50 mg/kg) and xylazine (10 mg/kg) via intraperitoneal (i.p.) injection and were
euthanized by decapitation, then heart was dissected, chopped, cleared from blood and minced with
10 ml glass homogenizer in the isolation buffer (225 mM D-mannitol, 75 mM sucrose, and 0.2 mM EDTA,
pH 7.4) on ice. The obtained samples were centrifuged at 1000 g for 10 minutes and the pellet was
removed. The supernatant with mitochondria was poured into ice-cold tube, followed by centrifugation at
10000 g for 10 minutes (19). The mitochondrial enriched pellets were suspended in appropriate buffer for
each test including SDH activity, MMP collapse, ROS formation and lipid peroxidation (LP) assay. The
Bradford assay was used for the protein content of mitochondria to standardize (20). Protein
concentration of the mitochondria for reach test was adjusted to 1 mg/mL. The integrity and purity of
mitochondria were tested by using SDH and lactate dehydrogenase assays.

Mitochondrial Function
The SDH activity or complex II was measured as mitochondrial function in isolated mitochondria using of
MTT reduction at 570 nm (21). Briefly, after incubation of rat heart isolated mitochondria in assay buffer
(3 mM HEPES, 5 mM succinate, 70 mM sucrose, 2 mM Tris-phosphate, 230 mM mannitol and 1 µM of
rotenone) with celecoxib (0-100 µg/ml) at 37 °C for 60 min. After 1 hour 0.4% MTT was added to the
medium and incubated at 37 °C for 30 min. The purple formazan crystals were dissolved in DMSO and
the absorbance was measured at 570 nm with an ELISA reader (BioTek, USA) (22).

Determination of mitochondrial swelling
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Swelling of mitochondria as an indicator of mitochondrial permeability transition pore (mPTP) opening in
the presence or absence of celecoxib was determined by monitoring the decrease in light scattering at
540 nm as described previously (23). Rat heart isolated mitochondria were incubated at 37 °C in 100 µl
buffer containing 230 mM mannitol, 70 mM sucrose, 3 mM HEPES, 5 mM succinate, 2 mM Tris-
phosphate and 1 µM of rotenone. The absorbance was monitored at 540 nm during 60 min with an ELISA
reader (BioTek, USA). A decrease in the absorbance indicates an increase in mitochondrial swelling.
Cyclosporine A (5 µM), a PTP inhibitor, was added to verify PTP dependence of mitochondrial swelling.
CaCl2 (100 µM), as a known inducer of mitochondrial permeability transition (MPT) was used as a
positive control.

Measurement of mitochondrial ROS Formation
After incubation of rat heart isolated mitochondria in the presence or absence of celecoxib in 100 µl
respiration buffer containing 10 mM Tris, 50 µM EGTA, 0.32 mM sucrose, 20 mM Mops, 0.1 mM KH2PO4,
0.5 mM MgCl2, 5 mM sodium succinate and 10 µM DCFH-DA at 37 °C. Gallic acid (50 µM), an antioxidant
and ROS scavenger, was added to verify celecoxib-induced ROS formation. Hydrogen peroxide (H2O2)
was used as a positive control (100 µM). The mitochondrial H2O2 production was measured by
flowcytometry (Cyflow Space-Partec, Germany) in the period of 60 min. Mitochondria were read on the
FL1 channel of flowcytometry and mean of fluorescence intensities were compared between groups (22).

Determination of MMP collapse
Using rhodamine 123 staining, MMP collapse was measured. Rhodamine 123 can enter the
mitochondrial matrix and the fluorescence strength reflects mitochondrial transmembrane potential.
Briefly, rat heart isolated mitochondria were suspended in the presence or absence of celecoxib in 100 µl
MMP buffer containing 68 mM D-mannitol, 220 mM sucrose, 5 mM KH2PO4, 10 mM KCl, 50 µM EGTA,
2 mM MgCl2, 10 mM HEPES, 2 µM rotenone, 5 mM sodium succinate and 10 µM of rhodamine123 at
37 °C for 60 min. Cyclosporine A (5 µM), a PTP inhibitor, was added to verify PTP dependence of MMP
collapse. CaCl2 (100 µM), as a known inducer of mitochondrial permeability transition (MPT) was used
as a positive control. The fluorescence was measured using flowcytometry (Cyflow Space-Partec,
Germany). Mitochondria were read on the FL1 channel of flowcytometry and mean of fluorescence
intensities were compared between groups (22).

Quantification of Lipid Peroxidation
Lipid peroxidation was measured by using the thiobarbituric acid assay and MDA formation. The rat
heart isolated mitochondria were exposed with and without celecoxib at 37 °C for 60 min. Then,
mitochondria were lysed in a tube containing 1 ml 0.1% (w/v) TCA and centrifugated at 10,000 x g for
10 min. The obtained supernatant was transport to a new tube containing 4 ml of 20% TCA and 0.5%
TBA. The mixture was boiled at 95 °C for 15 min and quickly cooled on ice. The tubes were centrifugated
again 10,000 x g for 5 min and the optical density of supernatant measured at 532 nm (24).

Mitochondrial complexes estimation
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Complex-I (NADH dehydrogenase activity)

In order to maximize the enzymatic rates, isolated mitochondria were subjected to three cycles of freeze-
thawing in hypotonic buffer, before measuring complex I. To complex I activity, 50 µg of rat heart isolated
mitochondria were added to 700 µl of distilled water in 24-well plates. In the following, 60 µl of fatty
acid–free BSA (50 mg/ml), 100 µl of potassium phosphate buffer (0.5 M, pH 7.5), 30 µl of KCN (10 mM)
and 10 µl of NADH (10 mM) were added. The well was adjusted to the volume 994 µl with distilled water.
In parallel, a separate cuvette containing the same quantity of reagents and sample but with the addition
of 10 µl of 1 mM rotenone solution was prepared. After mixing the baseline was read at 340 nm for
2 min. The reaction was started with adding 6 µl of ubiquinone 1 (10 mM), and followed the decrease of
absorbance at 340 nm for 2 min (25).

Complex-II (succinate dehydrogenase (SDH) activity)

To assay the complex II activity, 10 µg of rat heart isolated mitochondria, 50 µl of potassium phosphate
buffer (0.5 M, pH 7.5), 600 µl of distilled water, 20 µl of fatty acid–free BSA (50 mg/ml), 50 µl of
succinate (400 mM), 30 µl of KCN (10 mM) and 145 µl of DCPIP (0.015% (wt/vol)) were added to 24-well
plates. In the following, the well was adjusted to the volume 996 µl with distilled water. After mixing, the
sample was incubated inside the spectrophotometer at 37 °C for 10 min and then read the baseline
activity at 600 nm for the last 2 min. The reaction was start by adding 4 µl of 12.5 mM DUB and followed
the decrease of absorbance at 600 nm for 3 min. The specificity of complex II activity was checked by
running the assay after the addition of 10 µl of 1 M malonate before starting the reaction (25).

Complex III (c III, decylubiquinol cytochrome c oxidoreductase)

To assay the complex III activity, 1 µg of rat heart isolated mitochondria, 730 µl of distilled water, 75 µ l of
oxidized cytochrome c, 50 µl of potassium phosphate buffer (0.5 M, pH 7.5), 10 µ l of Tween-20 (2.5%
(vol/vol)) 50 µl of KCN (10 mM) and 20 µ l of EDTA (5 mM, pH 7.5) were added to 24-well plates. In
parallel, a separate well containing the same quantity of reagents and sample with the addition of 10 µl
of 1 mg/ml antimycin A solution was prepared. In the following, the wells were adjusted the volume to
990 µl with distilled water. After mixing the wells the baseline at 550 nm for 2 min was read. The reaction
was started by adding 10 µl of 10 mM decylubiquinol and mixed rapidly, and immediately observe the
increase in absorbance at 550 nm for 1–2 min (25).

Complex IV (cytochrome c oxidase)

To assay the complex IV activity, 400 µl of distilled water, 500 µl of potassium phosphate buffer
(100 mM, pH 7.0), 60 µl of reduced cytochrome c (1 mM) were added to 24-well plates and read the
baseline activity at 550 nm for the last 2 min. in the following, was adjusted the volume to 995 µl with
distilled water. The reaction was started by adding 5 µl of sample (2.5 µg of rat heart isolated
mitochondria proteins) then after the mixing was monitored the decrease of absorbance at 550 nm for
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3 min. The specificity of complex IV activity was checked by adding 30 µl of 10 mM KCN in a separate
reaction prepared as described above (25).

Complex I + III (NADH cytochrome c oxidoreductase)

To assay the complex, I + III activity, 6 µg of rat heart isolated mitochondria in 700 µl of distilled water in a
4-ml well was incubated for 2 min to induce an osmotic shock. In the following, 100 µl of potassium
phosphate buffer (0.5 M, pH 7.5), 20 µl of fatty acid–free BSA (50 mg/ml), 30 µl of KCN (10 mM) and
50 µl of oxidized cytochrome c (1 mM) were added to the 24 well plates. The volume was adjusted to
980 µl with distilled water. In parallel, a separate well containing the same quantity of reagents and
sample plus 10 µl of 1 mM rotenone solution. After mixing the wells, the baseline was read at 550 nm for
2 min. The reaction was started by adding 20 µl of 10 mM NADH, and then followed the increase of
absorbance at 550 nm for 2 min. Specific complex I + III activity is the rotenone-sensitive activity (25).

Complex II + III (succinate cytochrome c reductase)

To assay the complex II + III activity, at a 24 well plates, was added the sample (1 µg of rat heart isolated
mitochondria), 800 µl of distilled water, 25 µl of succinate (400 mM), 30 µl of KCN (10 mM), 40 µl of
potassium phosphate buffer (0.5 M, pH 7.5), and then was adjusted the volume to 950 µl with distilled
water. After mixing, the plate was incubated for 10 min inside the spectrophotometer at 37 °C. In the
following, the reaction was started by adding 50 µl of oxidized cytochrome c (1 mM), after mixing the
well, the increase of absorbance at 550 nm was followed for 3 min. The specificity of this assay was
checked by adding 10 µl of 1 M malonate or 1 mg/ml antimycin A in a separate well prepared as
described (25).

Statistical analysis
Using Graph Pad Prism (version 5, Graph Pad Software Inc., La Jolla, CA, USA), the results were analyzed.
Results were analyzed using the one-way ANOVA test, followed by the post-hoc Tukey posttest and two-
way ANOVA followed by the posttest Bonferonie in triplicate. Data were presented as mean ± SD.
Statistical significance was set at p < 0.05. Also, the flow cytometric data was obtained with Cyflow
Space-Partec and analyzed by FlowJo.

Results

Celecoxib decreases mitochondrial function in rat heart
isolated mitochondria
MTT assay was performed for evaluation of SDH activity as an indicator of mitochondrial function.
Isolated mitochondria were treated with various concentrations of celecoxib (0, 1, 10, 20, 50, 100 µg/ml)
at 60 minutes. As shown in Fig. 1, the mitochondrial metabolism of MTT to formazan significantly (P < 
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0.001) decreased by celecoxib. Celecoxib at concentration 16 µg/ml decreased %50 the mitochondrial
function in isolated mitochondria (Fig. 1).

Celecoxib increases mitochondrial ROS in rat heart isolated
mitochondria
As shown in Fig. 2, the mean fluorescence intensities of DCF as an indicator of the ROS (H2O2) formation
in isolated mitochondria at 60 minutes significantly (P < 0.001) increased in presence celecoxib
(16 µg/ml). While in the isolated mitochondria cotreated with celecoxib + GA, the mean fluorescence
intensities of DCF significantly decreased compared to celecoxib group.

Celecoxib induces mitochondrial swelling in rat heart
isolated mitochondria
Mitochondrial swelling and mitochondrial membrane permeability was monitored at 540 nm. Decrease in
absorbance at 540 nm is indicator of mitochondrial swelling. As shown in Fig. 3, celecoxib (16 µg/ml)
significantly (P < 0.001) decreased the absorbance at 540 nm. Decrease absorbance at 540 nm as an
indicator of mitochondrial swelling was significantly (P < 0.001) inhibited after exposure of isolated
mitochondria with combination of Cs. A + celecoxib.

Celecoxib induces MMP collapse in rat heart isolated
mitochondria
The mean fluorescence intensity of the rhodamine 123 as an indicator of MMP collapse was monitored
after 60 minutes of exposure. As shown in Fig. 4, celecoxib (16 µg/ml) significantly (P < 0.001) induced
the MMP collapse in isolated mitochondria during 1-hour of exposure. Collapse of MMP was inhibited
after treatment of rat heart isolated mitochondria with combination of Cs.A and celecoxib.

Celecoxib causes lipid peroxidation MMP collapse in rat
heart isolated mitochondria
MDA as by-product of lipid peroxidation in the sample reacts with TBA to generate an MDA-TBA adduct.
The MDA-TBA adduct can be easily quantified calorimetrically at 532 nm as an indicator of lipid
peroxidation. There was a significant elevation in MDA (P < 0.001) in celecoxib group in comparison with
untreated control (Fig. 5).

Celecoxib decrease complex I V activity in rat heart isolated
mitochondria

Mitochondrial complexes estimation
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Conditions for spectrophotometric assays of respiratory chain enzymes activities and mitochondrial
complexes enzymatic activity in the presence or absence of celecoxib in rat heart isolated mitochondria
were presented in Table 1. Complex I V activity was significantly reduced by celecoxib to 47.48% of
control activity. Activities of complex I, complex II, complex III, complex I + II and complex II + III were not
affected by celecoxib. In summary, these results confirm that complex IV is the principal oxidative
phosphorylation (OXPHOS) target for celecoxib in rat heart isolated mitochondria.
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Table 1
Conditions for spectrophotometric assays of respiratory chain enzymes activities in the rat heart isolated

mitochondria.

  Complex I Complex
II

Complex
III

Complex
IV

Complex
I + III

Complex
II + III

Conditions

λ (nm) 340 600 550 550 550 550

Buffer KP KP KP KP KP KP

pH 7.5 7.5 7.5 7 7.5 7.5

Substrates/

electron

acceptors

NADH,
100 µM

Ub

1, 60 µM

Succinate,

20 mM

DCPIP,
80 µM

DUB,
50 µM

DubH

2, 100 µM

Cyt c,
75 µM

Cyt c H2,

60 µM

NADH,
200 µM

Cyt c,
50 µM

Succinate,

10 mM

Cyt c,
50 µM

Detergent - - Tween-20

(0.025%

(vol/vol)

- - -

Specific

Inhibitor

Rotenone

10 µM

Malonate,

10 mM

Antimycin
A,

10 µg ml− 

1

KCN,
300 µM

Rotenone,

10 µM

Malonate,

10 mM

Results

Absorbance in
control group

0.344 
± .03

0.601 
± .04

0.042 
± .004

0.676 
± .07

0.043 
± .003

0.042 
± .001

Absorbance in
celecoxib group

0.304 
± .04

0.640 
± .03

0.039 
± .001

0.321 
± .04a

0.04 
± .001

0.039 
± .002

Absorbance in
positive control

0.201 
± .02a

0.504 
± .01a

0.027 
± .002a

0.224 
± .04a

0.02 
± .001a

0.019 
± .002a

Abbreviations: λ, selected wavelength for the assay; Cyt c, cytochrome c; Cyt c H2, reduced
cytochrome c; DCPIP, 2,6-dichlorophenolindophenol; DUB, decylubiquinone; DubH2, decylubiquinol;
DTNB, 5,5′-dithiobis (2-nitrobenzoic acid); KCN, potassium cyanide; KP, potassium phosphate buffer;
Ub1, ubiquinone1. Control group was exposure to celecoxib solvent (DMSO 0.01). Celecoxib group
was exposure to 16 µg/ml. Data are expressed as mean ± SEM., n = 3, a shows significant difference
(p < 0.001) with control group.

Discussion
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Cardiovascular disorder is one of the outstanding causes of death in the worldwide (26). There are many
documents that demonstrated a strong relationship between the mitochondrial dysfunctions and cardiac
diseases (27). However, understanding of cellular and molecular mechanisms of mitochondrial
dysfunctions in creating cardiac disorders and the development of safe prescription drugs without the
cardiac toxicity is still considered a challenge (16). Notwithstanding toxic side effects, celecoxib, as a
selective COX-2 inhibitor, is usually prescribed, because the its benefits in the different cases (28). Based
on such controversy and given the role of mitochondria in causing cardiac toxicity, in the current study,
we analyzed the effect of celecoxib on the rat heart isolated mitochondria.

In a dose-dependent use of celecoxib, mitochondrial function decreases considerably. In our experiments,
the rat heart isolated mitochondria treated with 1-100 µg/ml of celecoxib for 1 hour showed a similar
pattern in cellar study by other (29). This experiment showed that 16 µg/ml of celecoxib decreases %50
the mitochondrial function in rat heart isolated mitochondria. This preliminary result showed that
concentrations of 1 µg/ml of celecoxib is relevant to clinical exposure (1.28 µg/ml) (30), although higher
concentrations of the drug, such as 10–100 µg/ml are largely used in cell culture models (29, 31). The
16 µg/ml concentration as IC50 was kept to search celecoxib effect in the rat heart isolated mitochondria,
as in patients under high doses of celecoxib administration (32).

ROS have a main role in controlling the cell growth and death of cardiac cells. Mitochondria are major
targets for ROS damage and also, they are major source of ROS in the cardiomyocytes. In clinical studies
and numerous experimental have been reported that accumulation of ROS lead to the failing
myocardium. In cardiac pathological conditions such as cardiac ischemia–reperfusion injury (IRI),
cardiac hypertrophy, heart failure (HF), and diabetic cardiomyopathy, dysregulated ROS formation and
oxidative stress have been indicated. The main source of ROS formation in the heart is related to
uncoupling of mitochondrial electron transport chain at the level of complexes. Our results on the rat
heart isolated mitochondria indicated that celecoxib could cause ROS formation and oxidative stress.
The functions of mitochondrial respiratory chain and other proteins in the mitochondria are sensitive to
oxidative changes and ROS formation particularly as a major phospholipid in the inner mitochondrial
membrane which is called cardiolipin (33). Cardiolipin is responsible for maintaining the functional
integrity of the respiratory chain complexes and other proteins in the mitochondria. Also, overexpression
of ROS in the cardiomyocytes can result in mitochondrial dysfunction, mitochondrial swelling, oxidative
damage to lipids, proteins and DNA and finally activation of the mitochondrial-permeability transition
pore (MPTP) and cell death. Obtained results in this study confirmed that exposure with celecoxib leads
to mitochondrial swelling, lipid peroxidation and MMP collapse in rat heart isolated mitochondria.

The greater part of ROS in the cell are generated as a by-product of mitochondrial respiration. The main
sites of superoxide formation in mitochondria are complex I and complex III (34). However, in addition to
above complexes, complex IV has also an important role in ROS generation (35). It is known that changes
in complex IV activity lead to alteration of the electron transport chain with an increase in the generation
of ROS (36). Furthermore, alterations in the mitochondrial membrane could be related to an increase of
the oxidative stress and cell death (37). The role of complex IV to the activities of complexes I and III
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following their assembly into supercomplexes has been demonstrated (38). Also, there are other potential
sources of ROS that are located within the mitochondria including monoamine oxidases (MAO‐A and ‐B),
NADPH oxidase 4 and p66Shc (39). Unlike COX-1, COX-2 is not limited to endoplasmic reticulum (ER) and
is reported to be located in nucleus and other organelles (40). COX-2 in primary cultured human cells has
been reported to localize to endoplasmic reticulum, nuclear envelope, nucleus and other organelles such
as mitochondria. Our data indicate that celecoxib inhibits mitochondrial complex IV and probably triggers
mitochondrial damage and oxidative stress in isolated mitochondria. It has been reported that drug-
induced cardiotoxicity is closely associated to mitochondrial damage and oxidative stress (41).

Conclusion
In conclusion, the presented data in the current study showed that celecoxib induces mitochondrial
dysfunction in rat heart mitochondria owing to, its ability to induce ROS production and complex IV
inhibition which lead to permeabilizing the mitochondrial membrane and mitochondrial swelling.

Abbreviations
NSAIDs: Nonsteroidal Anti-Inflammatory Drugs; COX: Cyclooxygenase; PGs: Prostaglandins; TXs:
Thromboxanes; PGI2: Prostacyclin; TXA2: thromboxane A2; SDH: Succinate Dehydrogenases; OXPHOS:
Oxidative Phosphorylation; ROS: Reactive Oxygen Species; DCFH-DA: Dichlorofluorescein Diacetate; DCF:
Dichlorofluorescein; MDA: Malondialdehyde; MMP: Mitochondrial Membrane Potential; MPTP:
Mitochondrial-Permeability Transition Pore; IRI: Ischemia–Reperfusion Injury; HF: Heart Failure
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Figures

Figure 1

Effect of celecoxib on succinate dehydrogenase activity in isolated rat heart mitochondria. Mitochondrial
succinate dehydrogenase activity was measured by MTT assay within 1 h. Presented data showed
celecoxib significantly decreased succinate dehydrogenase activity compared to control. 16 µg/ml of
celecoxib decreases %50 the mitochondrial function in rat heart isolated mitochondria. Values were
expressed as mean ± SD of three separate determinations. *** indicates p<0.001 vs. control.
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Figure 2

Effect of celecoxib on ROS formation in isolated rat heart mitochondria. Changes in ROS generation were
measured in isolated mitochondria after treatment with celecoxib (16 µg/ml) for 1 h. The fluorescence
intensity of DCF was significantly increased in celecoxib-treated mitochondria.



Page 18/21

Figure 3

Effect of celecoxib on mitochondrial swelling in isolated rat heart mitochondria. Mitochondrial swelling
was monitored by following 540 nm absorbance decrease. Celecoxib at concentration 5016 µg/ml
induced mitochondrial swelling in in isolated rat heart mitochondria in a time depending manner. Values
were expressed as mean ± SD of three separate determinations. *** indicates p<0.001 vs. control.
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Figure 4

Effect of celecoxib on ΔΨm in isolated rat heart mitochondria. Freshly isolated mitochondria were
incubated with 16 µg/ml celecoxib for 1 h. ΔΨm was measured following rhodamine 123 staining with
flow cytometry. The presented data revealed that exposure to celecoxib caused a significant increase in
the fluorescence intensity of rhodamine 123 and it reflects MMP collapse.
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Figure 5

Effect of celecoxib on lipid peroxidation in isolated rat heart mitochondria. Induction of lipid peroxidation
in isolated mitochondria and after incubation with celecoxib. Lipid peroxidation significantly increased
when isolated mitochondria were incubated with celecoxib (A). Values were expressed as mean ± SD of
three separate determinations. *** indicates p<0.001 vs. control.
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