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Abstract

In this study, it was aimed to determine the effect of diclofenac administration on serum cardiac damage
markers in exercised and non-exercised rats. In the study, 28 rats were divided into 4 equal groups. No
application was made to control group, while the rats in the exercise group were floated for 30 min in a
day. Diclofenac group were received at the dose of 13.5 mg/kg (intraperitoneally) diclofenac once a day,
whereas the rats in the Diclofenac+Exercise group were floated for 30 min after than 1 h of
administration of diclofenac at the dose of 13.5 mg/kg (intraperitoneally) once a day. At the end of one
week, blood samples were taken from by cardiac puncture under general anesthesia and afterwards,
rats are immediately euthanized. Rat-specific cardiac troponin I, creatine kinase-MB, lactate
dehydrogenase, aspartate aminotransferase, alkaline phosphatase, gamma glutamyltransferase, blood
urea nitrogen and creatinine levels were determined in the samples. Cardiac troponin I, lactate
dehydrogenase and aspartate aminotransferase levels of Diclofenac group were statistically significantly
higher (P<0.05) than the all other groups, however, statistically significant (P<0.05) fluctuations were in
the creatinine levels in the experimental groups. In conclusion, it is stated that the diclofenac application
may cause heart damage and diclofenac may not increase heart damage when exercised together with
ingestion.
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Introduction
Non-steroidal Anti-Inflammatory Drug (NSAID) has anti-
inflammatory, antipyretic, and analgesic effects, and these
effects of NSAIDs are explained by the inhibition of
prostaglandins via inhibiting of Cyclooxygenase Enzymes
(COX). COX is mainly divided into two forms as COX1 and
COX2. COX-1 plays role in the normal physiological
functions, whereas COX-2 may intensely increase in the tissue
damage or inflammatory situations. NSAIDs have different
selective inhibitory effects on the COX2/COX1. Selective
effect of diclofenac on the COX2/COX1 is 4/1 [1]. Diclofenac
has the most prescribed NSAIDs in the human and veterinary
medicine because of its potent anti-inflammatory, antipyretic
and analgesic effect when compared to other NSAIDs [2-4].
Oral, topical and parenteral formulations of diclofenac is exist
and is extensively used for treatment of osteoarthritis,
rheumatoid arthritis, ankylosing spondylitis, and mild to
moderate pain. Diclofenac has the most inhibitor effect of
prostaglandin E2 production other than NSAIDs, and this
inhibitor effect of diclofenac may be over 3 to 1000 times
when compared to other NSAIDs [1,5].

NSAIDs are the most widely prescribed drugs in the world,
they are usually used in sports medicine, as well [6,7]. Cardiac
safety of the NSAIDs is still highly debated [4,6]. Although

selective COX-2 inhibitor NSAIDs has low gastrointestinal
side effects, it has been clearly observed that increased usage
of COX-2 is associated with myocardial infarction and stroke
[1]. NSAIDs caused imbalance between COX-1 and COX-2 is
the reason of cardiac side effects of these drugs [3]. It is well
known that diclofenac may show cardiotoxicty in human and
animals [3,4]. On the other hand, cardiac response may be
affected negatively by high intensity physical exercise and
acute exercise may raise heart failure markers [8-10].

Troponins are considered to be specific markers of heart
damage. It is considered that the levels of troponin are
associated with heart cell necrosis. Troponins are part of the
myocardial sarcomeric complex in the heart, and their primary
task is to maintain the relationship between thick myosin and
thin actin filaments. There are three different types of cardiac
troponin; Troponin C, troponin T and troponin I. Troponin I
inhibits actinomyosin bridge formation. The levels of cTnI
increase in the myocardial injury specifically at all ages.
Within 4 h after myocardial infarction an elevation is observed
and remains high for about 7 d [11]. Creatine Kinase-MB (CK-
MB) enzyme plays a role in cellular energy transport [12].
Creatine Kinase-MB (CK-MB) is a sub-isoenzyme of CK
enzyme and defines myocardial necrosis [13]. It is considered
to be one of the specific markers for determining heart damage
[3]. Lactate Dehydrogenase (LDH) and Aspartate
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Aminotransferase (AST) levels are also used as secondary
markers in determining heart damage. However, LDH is
considered to be a secondary marker with the short half-life
and the fact that AST is also present in the liver, just as it is in
the heart [14]. Secondary heart damage markers should be
evaluated with primary damage markers [3]. Serum Aspartate
Aminotransferase (AST), Alkaline Aminotransferase (ALT),
Gamma Glutamyltransferase (GGT) and Alkaline Phosphatase
(ALP) levels are measured to determine liver damage while
Blood Urea Nitrogen (BUN) and creatinine levels are used to
determine renal function [14-16].

It was hypothesized that the risk of developing cardiotoxicity
could be higher when exercising together with diclofenac
intake when possible cardiotoxic effects of diclofenac and the
heavy exercise on heart were taken into account together
[3,4,8].

The primary purpose of the current study was to determine the
effect of diclofenac on cardiac damage markers in exercised
and non-exercised rats. Secondly, it was to determine its effect
on liver and kidney damage markers.

Materials and Methods
In the study, 28 rats (male, 120-130 g, 30 d age) were used.
The research was carried out at Selcuk University
Experimental Medicine Research and Application Center and
the research protocol was approved by SUDAM (No:
2016-36).Animals were presented in plastic rat cages, at room
temperature 23 ± 2°C, 50 ± 10% humidity, 12/12 night/day
light period, daily fresh water and feed ad libitum during the
experiment.

Rats were divided into 4 equal trial groups as follows:

1. Control group: Standard rat diet and drinking water were
given as ad libitum for one week.

2. Exercise group: Standard rat diet and drinking water were
given as ad libitum. The rats were floated for 30 min for
one week.

3. Diclofenac group: Standard rat diet and drinking water
were given as ad libitum. This group was received
intraperitoneally at a dose of 13.5 mg/kg diclofenac once
daily for one week [17].

4. Diclofenac+Exercise group: Standard rat diet and drinking
water were given as ad libitum. Diclofenac was
administered daily at a dose of 13.5 mg/kg intraperitoneally
[17]. It was included in the 30 minute exercise program 1 h
after the application of diclofenac for one week.

Exercise program was briefly summarized. The rats in the
swimming exercise group were given a 30 min swimming
exercise per day for 1 week in a swimming tank. The water
tank temperature was filled with 25°C water and rested for 1 h
and then the average water temperature was 22-25°C. At the
beginning of the exercise, the rats were kept free in the water
for 10 min for water adaptation and then the swimming
exercise program was applied. At the end of the exercise
period, the water was removed from the tank and dried with a
towel.

All rats in all groups were euthanized by cervical dislocation
after blood was taken from their hearts under anesthesia
(ketamine 75 mg/kg, IM+xylazine 5 mg/kg, IM) at the end of
one week’s trial. Subsequently, serum was removed from the
blood samples and CK-MB, LDH, AST, ALP, GGT, BUN and
creatinine levels were measured with auto-analyser (Abbott
Architecet CI8200) and rat specific cTnI level was determined
with ELISA (MWGT Lambda Scan 200,Bio-Tec Instruments,
Winooski, VT, ABD) reader.

The results were presented as mean ± SE. Data were evaluated
with ANOVA and posthoc Duncan test (SPSS 22.0 for
Windows/SPSS® Inc., Chicago, USA). P<0.05 level was
considered as statistically significant.

Results
Effect of diclofenac on the organ damage markers of exercised
and non-exercised are shown in Table 1. Cardiac damage
markers cTnI and LDH levels of Diclofenac group were higher
(P<0.05) than all other groups, whereas cTnI and LDH levels
in Diclofenac+Exercise group were higher (P<0.05) than
control and exercise groups. Statistically significantly (P<0.05)
fluctuations were determined in the creatinine levels among
groups.

Table 1. Effect of diclofenac on the organ damage markers of exercised and non-exercised rats (mean ± SE).

Parameters Control Exercise Diclofenac Diclofenac+Exercise

cTnI, µg/L 14.91 ± 3.40c 40.36 ± 18.22c 123.11 ± 11.03a 78.98 ± 11.72b

Ck-MB, U/L 348.00 ± 48.70 262.57 ± 13.83 412.85 ± 91.83 295.85 ± 46.40

LDH, U/L 220.14 ± 54.32b 99.14 ± 11.66b 1082.14 ± 231.51a 1010.42 ± 263.51a

AST, U/L 61.14 ± 6.18b 71.28 ± 6.76b 191.85 ± 45.08a 69.28 ± 16.26b

ALP, U/L 229.85 ± 28.48 186.28 ± 12.52 294.57 ± 145.78 543.42 ± 256.03

GGT, U/L 3.42 ± 0.57 4.00 ± 0.01 19.71 ± 12.69 34.57 ± 15.81
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BUN, mg/dl 37.71 ± 2.90 41.00 ± 1.82 52.00 ± 12.78 72.71 ± 26.09

Creatinine, mg/dl 0.37 ± 0.03a,b 0.45 ± 0.00a 0.24 ± 0.04c 0.30 ± 0.02b,c

a, b, cDifferent letters in the same line are statistically significant (Duncan test, P<0.05). cTnI: Cardiac Troponin I; CK-MB: Creatine Kinase-MB; LDH: Lactate
Dehydrogenase; AST: Aspartate Aminotransferase; GGT: Gamma Glutamyltransferase; ALP: Alkaline Phosphatase (ALP); BUN: Blood Urea Nitrogen. 

Discussion
Diclofenac is frequently used in sports, especially because of
its strong anti-inflammatory and analgesic properties [7]. It is
known that NSAIDs are associated with heart failure [18].

In this study, exercise did no increase (P>0.05) any organ
damage markers including heart (Table 1), though it has been
mentioned that acute exercise may affect the cardiac markers
[9]. This difference may be due to species diversity and/or
exercise practice differences. Diclofenac administration
increased (P<0.05) the level of cTnI, specific cardiac damage
marker, and levels of LDH and AST, secondary cardiac
damage markers, and exercise did no increased the cardiac
damage markers of diclofenac (Table 1). NSAIDs including
diclofenac are the most widely prescribed drugs in the world
[6]. NSAIDs are usually used in sports medicine for treatment
and prophylaxis purposes, whereas the prolonged prophylactic
use of NSAIDs by athletes is unsafe and cardiotoxic side
effects of NSAIDs are well known [5,7,18-21]. NSAIDs show
these effects by disrupting the balance between COX1 and
COX2 [3]. Diclofenac may show important side effects
including cardiovascular [1,22]. It has been reported that
diclofenac could also demonstrate its cardiotoxic effect by
affecting mechanisms related to reactive oxygen species in the
heart’s cells [23]. Increases in cTnI, LDH and AST levels after
administration of diclofenac have been reported [3]. In order to
determine developing cardiac damage, LDH and AST levels
are used as secondary markers while measuring the level of
cTnI as a specific marker [11,14,24,25].

In this study, it was determined that exercise and diclofenac
administration did not have any effect on the liver (AST,
GGT), biliary tract (ALP) and kidney (BUN, creatinine)
damage markers [26,27]. Elevation of ALP level was detected
after diclofenac administration, but there were no changes in
GGT, BUN and creatinine levels [3]. In rats, it was reported
that diclofenac administration increased the BUN level at
different doses when creatinine levels were not affected [28].
Considering that diclofenac is the first choice in renal colic
patients and that the level of diclofenac-induced hepatotoxicity
is very low, it can be stated that diclofenac is safe from the
liver and kidney aspect and exercise does not increase the
adverse effects on the liver and kidney [5,29].

In conclusion, it is stated that diclofenac may cause cardiac
damage when used one week and its usage with exercise may
not have significant adverse effects on the heart and may not
cause serious adverse effects on the liver and kidney. However,
when diclofenac is used in exercised and non-exercise
situations, histopathologic examinations must be performed in

order to clearly demonstrate the adverse effects on heart, liver
and kidney.
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