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Abstract. — OBJECTIVE: The safety of Non-
steroidal anti-inflammatory drugs (NSAIDs) use
in clinical practice has been questioned. Clinical
studies indicate that these drugs cause adverse
cardiovascular effects. The aim of this study was
to investigate the protective role of vitamin B
complex against the cardiotoxic potency of di-
clofenac sodium induced cardiac damage.

MATERIALS AND METHODS: Diclofenac
sodium was administered intraperitoneally to
rats at either 1.5 mg or 3 mg/kg body weight for
14 consecutive days. Vitamin B complex (1.6 mg
B1, 1.6 mg B6 and 16.7 pg B12/kg body weight,
i.p.) was co-administered daily for 3 weeks along
with diclofenac administration to rats intoxicated
by either of the two doses.

RESULTS: The results revealed that co-ad-
ministration of vitamin B complex with di-
clofenac to rats intoxicated by either of the two
doses, markedly ameliorated increases in
serum markers of cardiac damage, including,
(AST), creatine kinase-MB (CK-MB) as well as
decreases in phosphoglucoisomerase (PGl)
and lactate dehydrogenase (LDH) activities in
cardiac tissue compared with intoxicated rats.
The B complex also could markedly attenuate
the decreases in cardiac antioxidant enzymes
namely, glutathione reductase (GR), glucose-6-
phosphate dehydrogenase (G-6-PDH) and cata-
lase (CAT) compared with diclofenac intoxicat-
ed rats. Beside, the vitamin B complex suc-
cessfully modulated the increases in serum
glucose, serum lipid profiles, triglycerides
(TGs), total cholesterol (TCh) and low density
lipoprotein (LDL-C) as well as the decrease in
the high density lipoprotein (HDL-C) in re-
sponse to diclofenac toxicity.

CONCLUSIONS: These results support the use
of vitamin B complex along with diclofenac ther-
apy as a protective agent against cardiac tissue
damage induced by diclofenac toxicity.
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Introduction

Diclofenac Sodium (Voltaren) is one of the
most widely prescribed nonsteroidal anti-inflam-
matory drugs (NSAIDs) in the world. It is used
mainly to relieve symptoms across multiple clini-
cal indications, including inflammation, pain, 0s-
teoarthritis, rheumatoid arthritis and ankylosing
spondylitis'. NSAIDs are characterized by the
ability to inhibit cyclo-oxygenase enzymes, both
the COX-1 and COX-2 isoenzymes. COX-1 and
COX-2 catalyze the conversion of arachidonic
acid to eicosanoids, which play an important role
in the maintenance of gastrointestinal, renal, and
cardiovascular homeostasis®>. Nonselective
NSAIDs inhibit platelets in a reversible and in-
complete manner via COX-1 inhibition®. In re-
cent years, the safety of NSAIDs use in clinical
practice has been questioned, The evidence on
the increase in cardiovascular risk with the use of
NSAIDs is still scarce, due to the lack of ran-
domized and controlled studies with the capacity
of evaluating relevant cardiovascular outcomes.
However, the results of prospective clinical trials
and meta-analyses indicate that these drugs cause
important adverse cardiovascular effects*>, which
include increased risk of myocardial infarction®,
ischemic heart diseases’, heart failure®, and arter-
ial hypertension’. Over the last years, evidence
has accumulated showing that oxidative stress in-
duced by NSAIDs plays an important role in the
pathogenesis of cardiovascular disease'”.

In the absence of reliable cardio- protective
drugs in allopathic medical practices, B vitamins
plays a major and an important role in the man-
agement of various cardiac disorders''"!3.

The B vitamins are water-soluble vitamins re-
quired as cofactors for enzymes essential in cell
function and energy production. Several studies
have been investigated for the therapeutic mech-
anisms of B vitamins in experimental and clini-
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cal models of oxidative stress'>!*!3, In some
models, the vitamins demonstrated a multitude
of protective strategies that included antioxi-
dant, reactive oxygen species (ROS) quenching,
metal ion chelating and carbonyl scavenging ac-
tivities!®17.

Thiamin (vitamins B1) is a coenzyme for a
mitochondrial alpha- ketoglutarate and pyruvate
dehydrogenases that are part of the multienzyme
complexes which form a part of the citric acid
cycle!8, It also act as a cofactor of transketolase
(TK), a reversible cytosolic enzyme that cat-
alyzes the first and last step of the pentose phos-
phate pathway which plays a major role in the
production of NADPH for maintaining cellular
redox, glutathione (GSH) levels and protein sul-
phydryl groups'®. Vitamin B1 therapy can
counter the risk factors of cardiovascular dis-
eases. It can attenuate the development of strep-
tozotocin-induced diabetes and its complications,
such as dyslipidemia and atherosclerosis in ro-
dent models'>?. Vitamin B1 can act directly as
an antioxidant, it prevents microsomal lipid per-
oxidation as well as oleic acid oxidation'”?!. Vita-
min B1 also prevented cytotoxicity, ATP deple-
tion and formation of ROS. It decreases mito-
chondria, protein and DNA oxidative damage in-
duced by the mitochondrial respiratory inhibitors
or by iron-catalyzed oxidative damage!'®!. Vita-
min B1 supplementation protects NADP+-depen-
dent dehydrogenase activities that supplies
NADPH which helps in maintaining GSH in the
reduced form.

Vitamin B6, the collective name given to pyri-
doxine, pyridoxamine, pyridoxal and their phos-
phorylated derivatives, is an essential cofactor for
numerous enzymatic reactions. It acts as a cofac-
tor for enzymes involved in decarboxylation,
transamination, deamination, racemization and
trans-sulfuration reactions'®?2. It used as a thera-
peutic agent in the treatment of diabetes melli-
tus?, epilepsy** and cardiovascular disease!'®. The
antioxidant and radical scavenging properties of
the B6 vitamin have been previously document-
ed. It has a potential role in reducing oxidative
stress markers associated with homocysteine-
mia® or in preventing ROS formation and lipid
peroxidation in a cellular model®.

Cobalamins (Cbl; vitamin B12 derivatives) are
micronutrients essential as a co-factor for the
synthesis of methylcobalamin (MeCbl) and
adenosylcobalamin (AdoCbl), the respective co-
factors for cytosolic methionine synthase (MS)
and mitochondrial L-methylmalonyl-CoA
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mutase?’. It has fundamental therapeutic roles in
the treatment of different pathological conditions.
It modulates the immune response”. High doses
of Cbl have been used to treat pernicious anemia
for decades with no apparent toxicity?®. Cbl sup-
plementation is beneficial in treating many in-
flammatory diseases, and can protect against ox-
idative stress-associated pathologies®’3!. Cbl
therapy normalizes levels of TNF-a and epider-
mal growth factor in Cbl-deficient patients®. It
can act as a second-line of defense when O,*—
production overwhelms the SOD protection sys-
tem, a mechanism by which Cbl can protect cells
against oxidative stress’!. Beside, vitamin supple-
ments containing cyanocobalamin (CNCbl, vita-
min B12) decrease low-density lipoprotein oxi-
dation in both healthy individuals and patients
with coronary artery disease!!.

The current study was undertaken to study the
prophylactic potential action of vitamin B com-
plex (vitamins B1, B6 and B12) against risk fac-
tors for cardiac tissue damage induced by
NSAID, diclofenac sodium toxicity

Materials and Methods

Chemicals

All chemicals used were of high analytical
grade, product of Sigma and Merck Companies.
Kits used for the quantitative determination of
different parameters were purchased from
Biogamma, Stanbio, West Germany. Vitamin B
complex injection (Merck Company) with Na-
tional Agency for Food and Drug Administration
and Control [NAFDAC] registration no.
70/04059/07) containing B, (100 mg), B, (100
mg) and B, (1.0 mg) per 3 ml. Diclofenac sodi-
um (Voltaren) injection (Novartis Company,
NAFDAC no. 81-11-80) was used for the study.

Animals and Treatments

Animal experiments were performed with ap-
proval from the Local Ethics Committee.

50 Wistar male albino rats (120-150 g) were
used for the study. The animals were obtained
from Experimental Animal Center, King Abdel-
Aziz University. The animals were housed in
clean polypropylene cages and maintained in an
air-conditioned animal house at 20 + 2°C, 50-
70% relative humidity and 12-h light/dark cycle.
The animals were provided with commercial rat
pellet diet and deionized water ad libitum. Ani-
mal utilization protocols were performed in ac-
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cordance with the guidelines provided by the Ex-
perimental Animal Laboratory and approved by
the Animal Care and Use Committee of the Col-
lege of Sciences, King Abdulaziz University. Af-
ter one week acclimation, the rats randomly di-
vided into five groups.

G1: Normal healthy animals

G2: Animals intoxicated with low repeated dose
(1.5 mg/kg i.p) of diclofenac sodium for 14
consecutive days®

G3: Animals intoxicated with high repeated dose
(3 mg/kg i.p) of diclofenac sodium for 14
consecutive days*

G4: Rats intoxicated with low repeated dose of
diclofenac sodium and simultaneously in-
jected with vitamin B complex daily for
three weeks

GS5: Rats intoxicated with high repeated dose of
diclofenac sodium and simultaneously in-
jected with vitamin B complex

Vitamin B complex (1.6 mg B,, 1.6 mg B, and
16.7 ug B,,/kg body weight) was administered i.p
daily for three weeks. Three weeks later, the rats
of all groups were kept fasting over night (12-14
h), the blood samples were collected from each
animal in all groups into sterilized tubes for
serum separation. Serum was separated by cen-
trifugation at 3000 r.p.m. for 10 minutes and used
for biochemical serum analysis. After blood col-
lection, rats of each group were sacrificed under
ether anesthesia and the cardiac samples were
collected, minced and homogenized in ice cold
bidistilled water to yield 10% homogenates using
a glass homogenizer. The homogenates were cen-
trifuged for 15 minutes at 10000 g at 4°C and the
supernatants were used for biochemical tissue
analysis.

Biochemical Serum Assay

AST activity was determined according to the
method described by Bergmeyer et al®*. The
serum creatine kinase (CK)-MB level was mea-
sured with an auto-analyzer (I1ab-300; Bio-
Meérieux Diagnostics, Milan, Italy). Glucose level
was estimated using Diamond Diagnostic Kits?.
TGs was determined using enzymatic colorimet-
ric kits*”. Both TCh and HDL-C were estimated
in serum according to the method described by
Stein®®. From the results, LDL-C was calculated
According to Friedewald et al*, LDL-C can be
calculated as Follows: LDL-C = total cholesterol-
HDL-TGs/S.

Biochemical Cardiac Tissue Analysis

Phosphoglucose isomerase (PGI) activity was
measured in a reaction medium containing tris-
HCI buffer (0.2M, pH 7.4), fructose-6-phosphate
(6 mM), MgCl12 (10 mM), NADP (0.2 mM). The
increase in extinction at 340 due to NADPH pro-
duction was recorded (40). LDH activity was
evaluated in a reaction mixture containing tris
buffer (50 Mm, pH,7.5), sodium pyruvate (0.6
mM) and NADH (0.18 mM). The rate of NADH
consumption is determined at 340 nm and is di-
rectly proportional to the LDH activity*!. CAT
was determined by monitoring the decomposition
of hydrogen peroxide as described by Aebi (42).
GR activity was measured by the modified
method of Erden and Bor*. The reaction mixture
contained the following in the final concentra-
tion: 4.1 mM Tris-HCL, pH 7.5, 15 mM MgCl2,
5.7 mM EDTA, 60 mM KClI, 2.6 IU GSSG and
0.2 mM of NADPH in final reaction volume of 1
ml. The reaction was started by the addition of
tissue extract containing approximately 100 mi-
cro-gram of protein. The decrease in absorbance
was monitored at 340 nm. G-6-PDH activity was
assayed in a reaction mixture contained tri-
ethanolamine buffer (86 mM, pH 7.6), MgCl2
(6.9 mM), glucose-6-phosphate (1 mM), NADP
(0.39 mM). The reduction of NADP was fol-
lowed at 340 nm*.

Statistical Analysis

Data were analyzed by comparing values for
different treatment groups with the values for in-
dividual controls. Results are expressed as mean
+ SD. The significant differences among values
were analyzed using analysis of variance (one-
way Anova) followed by Bonferroni as a post-
ANOVA test. Results were considered significant
at p <0.05.

Results

Serum cardiac damage markers, namely AST
and, CK-MB, in the normal and different experi-
mental rat groups intoxicated with either low or
high repeated dose of diclofenac sodium are
shown in Figure 1. The results showed that injec-
tion of the two toxic doses of diclofenac induced
pronounced increases in these biomarkers com-
pared with normal animals, and the injection of
vitamin B complex simultaneously with di-
clofenac administration significantly down-mod-
ulated the deviation in these markers.
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Figure 1. Levels of serum cardiac function biomarkers in normal and diclofenac sodium (Diclo) different treated rat groups.
A, AST. B, CPK. Data are presented as mean + SD of 10 rats, %p < 0.001, °p < 0.01, °p < 0.05, n: non-significant compared
with normal group, *p < 0.001 compared with Diclo-low dose group, *p < 0.001 compared with Diclo-high dose group using
ANOVA followed by Bonferroni as a post-ANOVA test.

The activities of some glycolytic enzymes in
rat cardiac tissue including, PGI and LDH in the
normal and different experimental rat groups in-
toxicated with either low or high repeated dose
of diclofenac sodium are illustrated in Figure 2.
These enzymes were markedly decreased in the
cardiac of rats intoxicated with either of the two
repeated doses of diclofenac compared with the
normal group. Co-administration of vitamin B

complex with diclofenac injection markedly
ameliorated the alteration in these enzyme activi-
ties compared with the intoxicated animals.

The levels of some antioxidant biomarkers
namely G6PD, GR and CAT significantly de-
creased in the cardiac of rats intoxicated with ei-
ther of the two doses of diclofenac compared
with normal animals (Table I). Co-administration
of vitamin B complex, greatly up-modulated the
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Figure 2. Levels of some glycolytic enzymes in cardiac of normal and diclofenac sodium (Diclo) different experimental treat-
ed rat groups. A, LDH. B, PGI. Data are presented as mean + SD of 10 rats, %p < 0.001, °» < 0.01, °p < 0.05, n: non-significant
compared with normal group, *p < 0.001 compared with Diclo-low dose group, *p < 0.001 compared with Diclo-high dose
group using ANOVA followed by Bonferroni as a post-ANOVA test.
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Table I. Effect of vitamin B complex on the levels of some antioxidant enzymes in cardiac of normal and diclofenac sodium

(Diclo) different groups.

CAT GR G6PDH Groups
16.34 + 1.84 241.7 £ 12.5 64.39 £5.8 Normal (G1)
8.8 £0.34* 109.9 = 10.72 30.7 £ 1.28° Diclo-low dose (G2)
5.19 £ 0.30° 60.56 £5.7° 18.7 £2.22 Diclo-high dose (G3)
15.16 = 1.03™* 220.7 = 10.5¢* 56.6 = 6.2¢* Diclo-low dose + Vit B-complex (G4)
12.5 £ 1.56%% 200.46 + 10.6°% 48.81 + 6.2>* Diclo-high dose+ Vit B-complex (G5)

Data are presented as mean = SD of 10 rats, G6PDH and GR, are expressed in nmole/min/mg protein, CAT is expressed in
umole/min/mg protein. *p < 0.001, °p < 0.01, ¢p < 0.05, n: non-significant compared with normal group, *p < 0.001 compared
with Diclo-low dose group, *p < 0.001 compared with Diclo-high dose group using ANOVA followed by Bonferroni as a post-

ANOVA test.

great decreases in these biomarkers in cardiac of
diclofenac-intoxicated rats compared with intoxi-
cated, untreated animals.

The levels of some serum metabolic disorder
biomarkers (glucose, TGs, TCh, LDL-C and
HDL-C) in normal and different experimental
groups of rats intoxicated with low and high
doses of diclofenac are shown in Figure 3. In-
creases in the levels of glucose, TGs, TCh and
LDL-C with a decrease in HDL-C was noticed
in the sera of rats intoxicated with either of the
two doses of diclofenac compared with normal
animals. Rats that underwent co-administration
of the studied agent, with either of the two dos-
es of diclofenac showed marked attenuation of
diclofenac induced alterations in the serum lev-
els of these metabolic biomarkers compared
with diclofenac-treated rats. The B complex
was effective in ameliorating most of the above
tested markers to a normal level in rats intoxi-
cated with the low repeated dose of diclofenac
sodium.

Discussion

The increase in cardiovascular risk with the
use of NSAIDs currently on the market has been
observed (6-7).

In the present study, the beneficial role of vita-
min B complex (B1, B 6 and B12) in protecting
cardiac muscles from the toxic impact of di-
clofenac sodium was investigated. Diclofenac
was administered to rats using low and high re-
peated doses daily for two weeks to evaluate
dose-dependent cardio-toxicity. The used doses
of diclofenac sodium and vitamin B complex as
well as their route of administration were similar
to clinical condition in treatment dosage

The current study revealed that both repeated
doses of diclofenac sodium (1.5 mg/kg and 3
mg/kg) induced cardiotoxicity as indicated by ele-
vations in serum cardiac damage markers, namely
CPK-MB and AST and reductions in glycolytic
enzymes (PGI and LDH) in cardiac muscles com-
pared with normal animals. The alteration in these
enzymes was more evident in rats injected with
higher dose of diclofenac which may reflect the
severity of damaging impact of this NSAID was
dose dependent. The cardiotoxicity impact of di-
clofenac sodium was previously documented in
experimental animal model by biochemical and
histopathological studies (45). Some studies
demonstrated that metabolism of diclofenac by
CYP2C9, CYP3A4 and UGT2B7 is the most criti-
cal in diclofenac toxicity assessment due to the
formation of reactive metabolites*.

The prognostic value of the studied biomark-
ers has been proven to be high in terms of pre-
dicting adverse cardiovascular events, such as
death or myocardial infarction*’*%,

CK catalyzes the transfer of phosphate to
adenosine diphosphate, producing adenosine
triphosphate, which serves as an energy source
for many tissues, including muscle. Three differ-
ent isoenzymes of CK have been identified: CK-
MM, CK-BB, and CK-MB. CK-MB may be re-
garded as a sensitive and specific marker for my-
ocardial infarction*’. Elevated serum AST level in
human and animals has also been previously re-
ported for diclofenac*-°. CK-MB and AST are
released by damaged heart tissue and are fre-
quently used as diagnostic markers for myocar-
dial infarction'. In 2000, the European Society
of Cardiology and the American College of Car-
diology published a new definition of infarction
based on an elevation of these enzymes as one
criterion®?. Levels of cardiac damage markers
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Figure 3. Levels of serum glucose and lipid profiles in normal and diclofenac sodium (Diclo) different experimental treated
rat groups. A, Glucose. B, TGs. C, TCh. D, LDL-C. E, HDL-C. Data are presented as mean + SD of 10 rats, ?p < 0.001, °p <
0.01, °p < 0.05, n: non-significant compared with normal group, *p < 0.001 compared with Diclo-low dose group, *p < 0.001
compared with Diclo-high dose group using ANOVA followed by Bonferroni as a post-ANOVA test.

may be elevated as early as 4-6 h following the
damage inducing event>. Also, several fold de-
crease of glycolytic enzymes in liver, kidney and
testis was previously reported in rats treated with
sod diclofenac which can be taken as toxic mani-
festation of the drug>.
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Co-injection of vitamin B complex to di-
clofenac intoxicated rats with either of the two
repeated doses effectively ameliorated the car-
diac function biomarkers. This positive response
obtained by the used vitamin complex may at-
tributed to its ability to protect and stabilize cel-
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lular membranes by manipulating the diclofenac
toxicity. The anti-toxic and the cardio-protective
effects of B vitamins was previously ensured!®3!.
Vitamins B1, B6 and B12 was reported to have
beneficial roles in preventing cytotoxicity, forma-
tion of reactive oxygen species (ROS), lipid per-
oxidation and ATP depletion which have the ma-
jor in tissue injury and cell death!6263!,

Oxidative damage in the cell or tissue occurs
when the concentration of ROS generated ex-
ceeds the antioxidant capability of the cell (55)
or when the antioxidant capacity of the cell de-
creases. Some authors demonstrated the involve-
ment of oxidative stress during diclofenac-medi-
ated tissue toxicity>>¢. Levels of GSH metaboliz-
ing enzymes (GR and G-6-PDH) and CAT are
the main determinants of the antioxidant defense
mechanism of the cell.

The current study showed that either repeated
low or high dose of diclofenac induced oxidative
stress in cardiac tissues of rats as evidenced by
significant reduction in the activities of reduced
glutathione (GSH) metabolizing enzymes, GR
and G-6-PDH as well as CAT in cardiac tissues
of diclofenac intoxicated rats versus normal
healthy ones. This effect was a dose dependent
and may consider one of the diclofenac mecha-
nisms induced cardiotoxicity. GR is the key en-
zyme in the conversion of oxidized glutathione
(GSSG) back to the reduced form (GSH). G-6-
PDH, a rate limiting enzyme of the pentose phos-
phate pathway, is required for NADPH genera-
tion which is needed for the maintenance of GSH
in its reduced form. GSH, a non-enzymatic an-
tioxidant, has an important role in scavenging the
electrophilic moieties produced by toxic chemi-
cals and conjugate them to less toxic products®’.
CAT is an antioxidant enzyme widely distributed
in all animal tissues. It decomposes hydrogen
peroxide and protects the tissue from highly reac-
tive hydroxyl radicals®®. Thus the less amount of
GSH production due to inhibition of its metabo-
lizing enzymes together with reduction of CAT
activity in cardiac of diclofenac intoxicated rats
may reduce the capacity of the tissue to protect
itself from the diclofenac induced oxidative tis-
sue damage. Our result is supported by some au-
thors who stated the reduction in the levels of he-
patic and renal enzymatic and non-enzymatic an-
tioxidants of animals injected with diclofenac>*!6.
Administration of vitamin B complex prevented
the cardiac antioxidant depletion which was
more evidenced in rats intoxicated with low di-
clofenac repeated dose. The maintenance of an-

tioxidant capacity in protecting the cardiac tissue
against oxidative stress by B vitamins may con-
sider one of its cardioprotective mechanisms. The
antioxidant, antioxidative stress and free radical
scavenging potential actions of vitamin B1', vit-
amin B6%* and vitamin B12%* were previously
documented. Beside, vitamin B1 was found to
have the ability to protect NADP+-dependent de-
hydrogenase activities that supplies NADPH
which helps in maintaining GSH in the reduced
form!®.

Previous studies showed that metabolic disor-
der such as hyperglycemia and hyperlipidemia
were principle risk factors for cardiovascular dis-
ease>®.

In line with other NSAID, the current study
demonstrated that injection of rats with either
low or high repeated dose of diclofenac caused
hyperglycemia and hyperlipidemia which repre-
sented by marked increase in serum glucose and
lipid profiles including TG, TCh and LDL-C
with a concomitant decreased in HDL-C in rela-
tion to control ones®. This metabolic disorder
induced by the used drug was severe in rats in-
jected with high diclofenac repeated dose. The
increase in serum glucose in diclofenac treated
rats may be reflected that the drug either affect-
ed the insulin receptors due to its cytotoxicity
and/or it has damaging impact on pancreas. The
latter suggestion is supported by previous stud-
ies reported that treatment with diclofenac was
associated with acute pancreatitis®® which is the
major cause of impaired glucose metabolism
and hyperglycemia®-®*. However, hyperlipi-
demia induced by diclofenac injection may be
explained on the basis that enhancement of
lipolysis by diclofenac, leading to increased
concentration of plasma free fatty acids®. The
stimulating effect of diclofenac on lipolysis may
related to its potent inhibitory effect on
prostaglandins synthesis that are involved in the
feed-back regulation of lipolysis, and mediate
the inhibitory effect on lipolysis of lipoprotein
lipase activity®®. High plasma FFAs may consid-
er the major cause of hyperlipidemia through
influxing into liver for lipoprotein synthesis and
production®”8, On the other hand, it was found
that high plasma FFAs have been shown repeat-
edly to induce insulin resistance (ir)® which has
the principle role of elevated blood glucose and
hyperlipidemia. Dresner et al’ stated that in hu-
mans, high plasma concentrations of FFAs de-
crease insulin receptor substrate-1-associated
PI3-kinase activity and glucose transport in
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skeletal muscle. Additionally, some studies re-
vealed that hyperlipidemia (include hyper-
triglyceridemia, hypercholesterolemia, high of
LDL and low of HDL concentrations in blood)
is a well-recognized feature of ir and hyper-
glycemia’! and has been well documented in an-
imal models and in humans with ir72.

Specifically with respect to cardiac disease,
hyperglycemia and insulin resistance have been
associated with left ventricular hypertrophy” and
diastolic dysfunction’™. In addition, varieties of
adverse deleterious impacts associated with hy-
perglycemia have been reported, including direct
effects of hyperglycemia, consequences from hy-
perinsulinemia, or associated metabolic changes
such as increased FFA. Hyperglycemia may in-
duce nonenzymatic protein glycosylation, protein
kinase C activation, oxidative stress, and in-
creased TNF-a° with consequences that may in-
clude myocyte apoptosis and fibrosis. Hyperinsu-
linemia has been associated with collagen depo-
sition and myocardial fibrosis™. High free fatty
acid levels have cardiotoxic effects including dis-
ruption of plasma membrane integrity, elevation
of intracellular calcium, and increased sympa-
thetic activity”’. Beside, previous works demon-
strated that acute elevation of plasma FFAs in-
duces inflammation, oxidative stress, activates
the nuclear factor-kB pathway, impairs endothe-
lium-dependent vasodilation, and blunts insulin-
mediated vasodilation and NO production in hu-
mans® 7’8, Additionally, FFAs could also con-
tribute to endothelial dysfunction by triggering
endothelial cell apoptosis and inhibiting cell cy-
cle progression™.

In addition, hypercholesterolemia and high
level of LDL-C with a decrease level of HDL-C
induced in rats by diclofenac injection, may con-
sidered other serious risk factors and important
early events in the pathogenesis of atherosclero-
sis in both peripheral and coronary circulation®.
Lipid compounds and products of their oxidation
especially LDL-C accumulate during formation
of atherosclerotic lesions®'. LDL-C functions in
the atheroma formation whereas the HDL-C
plays an important role in inhibiting the forma-
tion of atheroma®!. The antiatherosclerotic action
of HDL consists in its ability to remove choles-
terol from vascular wall, stimulate prostacyclin
formation and inhibit the synthesis of adhesive
molecules®?. Furthermore, some studies have
linked hypertriglyceridemia to higher serum
small dense LDL particles, atherothrombosis and
impaired endothelial function, the hallmarks of
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several prevalent cardiovascular diseases as well
as their complications®33, These results may ex-
plain the adverse cardiovascular effects with the
use of NSAIDs®3.

Lowering the plasma lipid levels through di-
etary or drug therapy may be beneficial in de-
creasing the risk of vascular disease.

Co-injection of vitamin B complex along with
diclofenac administration to rats, effectively pre-
vented diclofenac induce metabolic disorder in
glucose and lipid profiles. The B complex suc-
cessfully normalized their levels in rats injected
with low dose of diclofenac indicating its hypo-
glycemic and hypolipidemic effects. This benefi-
cial action of vitamin B complex were previously
documented. It was reported that vitamin B1 mit-
igated metabolic disorders in hypertensive rats
through regulating blood glucose, TGs and total
cholesterol levels suggesting the deterrence of ir
and hyperlipidemia by treatment with vitamin
B1%. Vitamin B1 therapy can also counter the de-
velopment of streptozotocin-induced diabetes as
well as complications, such as dyslipidemia!?'2,
Also, the dietary intake of vitamin B6 reduced
serum total cholesterol level®. Additionally, vita-
min supplements containing vitamin B12 de-
crease LDL oxidation in both healthy individuals
and patients with coronary artery disease!'.

Conclusions

From the current investigation, it can be con-
cluded that the prophylactic administration of vi-
tamin B complex along with diclofenac sodium
administration may be beneficial in ameliorating
its toxic side effects induced cardiac tissue dam-
age.

Conflict of Interest

The Authors declare that there are no conflicts of interest.

References

1) BURKE A, SMYTH E, FITzGERALD GA. Analgesic-an-
tipyretic agents: pharmacotherapy of gout. In:
Brunton LL, Lazo JS, Parker KL, editors. Good-
man & Gilman’s the Pharmacological Basis of
Therapeutics. 11th edition. New York, NY: Mc-
Graw-Hill, 2006; 673-715.

2) VANE JR, BotTING RM. Mechanism of action of non-
steroidal antinflammatory drugs. Am J Med 1998;
104(Suppl 3A): 25-8S.



Amelioration of cardiotoxic impacts of diclofenac sodium by vitamin B complex

10)

11)

12)

13)

14)

15)

16)

17)

PATRONO C, CoLLER B, DALEN JE, FiTzGERALD GA,
Fuster V. GENT M, HirsH J, RoTH G. Platelet-active
drugs: the relationships among dose, effective-
ness, and side effects. Chest 2001; 119: 39S-63S.

GRosSER T, FREs S, FITzGERALD GA. Biological basis
for the cardiovascular consequences of COX-2 in-
ihibition: therapeutic challenges and opportuni-
ties. J Clin Invest 2006; 116: 4-15.

Minuz P. Nonsteroidal anti-inflammatory drugs
and cardiovascular risk: is prostacyclin inhibition
the key event? J Am Coll Cardiol 2008; 52: 1637-
1639.

GARCIA RODRIGUEZ LA, TACCONELI S, PRATIGNANI P.
Role of dose pontency in the prediction of risk of
myocardial infarction associated with nosnteroidal
anti-inflammatory drugs in the general population.
J Am Coll Cardiol 2008; 52: 1628-36.

ANDERSONH F, SCHADE R, Suissa S, GARrBe E. Cy-
clooxygenase-2 selective nosteroidal anti-inflam-
matory drugs and the risk of ischemia. Stroke
2006; 37: 1725-1730.

HEeerDINK ER, LEUFKENs HG, HERINGS RMC, OTTER-
VANGER JP STRICKER BH, BAKKER A. NSAIDs associat-
ed with incresead risk of congestive heart failure
in elderly patients taking diuretics. Arch Intern
Med 1998; 158: 1108-1112.

Ruorr GE. The impact of nonsteroidal anti-inflam-
matory drugs on hypertension: alternative anal-
gesics for patients at risk. Clin Ther 1998; 20:
376-387.

Li H, FORSTERMANN U. Cyclo-oxygenase 2-selective
and nonselective nonsteroidal anti-inflammatory
drugs induce oxidative stress by up-regulating
vascular NADPH oxidases. J Pharmacol Exp Ther
2008; 326: 745-753.

EARNEST CP. Woob KA, CHURcH TS. Complex multivi-
tamin supplementation improves homocysteine
and resistance to LDL-C oxidation. J Am Coll Nutr
2003; 22: 400-407.

BABAEIJADIDI R, KARACHALIAS N, KupicHC, AHMED N,
THORNALLEY PJ. High-dose thiamine therapy coun-
ters dyslipidemia in streptozotocin-induced dia-
betic rats. Diabetologia 2004; 47: 2235-2246.

Wierzeicki AS. Homocysteine and cardiovascular
disease: a review of the evidence. Diab Vasc Dis
Res 2007; 4: 143-150.

OrArA EC. Oxidative stress, micronutrients, dia-
betes mellitus and its complications. J R Soc Pro-
mot Health 2002; 122: 28-34.

VozivaN PA, HubsoN BG. Pyridoxamine as a multi-
functional pharmaceutical: targeting pathogenic
glycation and oxidative damage. Cell Mol Life Sci
2005; 62: 1671-1681.

MEHTA R, SHANGARI N, O'BRrREN PJ. Preventing cell
death induced by carbonyl stress, oxidative stress
or mitochondrial toxins with vitamin B anti-AGE
agents. Mol Nutr Food Res 2008; 52: 379-385.
MEeHTA R, DeEDINA L, O'BREN PJ. Rescuing hepato-
cytes from iron-catalyzed oxidative stress using
vitamins B1 and B6. Toxicol in Vitro 2011; 25:
1114-1122.

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

DePEINT F, BRUCE WR, SHANGARI N, MEHTA R, O'BRIEN
PJ. Mitochondrial function and toxicity: role of B vi-
tamins on the one-carbon transfer pathways.
Chem Biol Interact 2006; 163: 113-132.

BALk E, CHUNG M, RAMAN G, TATSIONI A, CHEW B IP S,
DeVINE D, Lau J. B vitamins and berries and age-
related neurodegenerative disorders. Evid Rep
Technol Assess 2006; 134: 1-161.

AHMED N, THORNALLEY PJ. Advanced glycation end-
products: what is their relevance to diabetic compli-
cations? Diabetes Obes Metab 2007; 9: 233-245.

LUKIENKO PI, MELNICHENKO NG, ZVERINSKII IV, ZABROD-
skAYA SV. Antioxidant properties of thiamine. Bull
Exp Biol Med 2000; 130: 874-876.

MitreNnHuBER G. Phylogenetic analyses and com-
parative genomics of vitamin B6 (pyridoxine) and
pyridoxal phosphate biosynthesis pathways. J Mol
Microbiol Biotechnol 2001; 3: 1-20.

Jan SK. Vitamin B6 (pyridoxamine) supplementa-
tion and complications of diabetes. Metabolism
2007; 56: 168-171.

GaBy AR. Natural approaches to epilepsy. Altern
Med Rev 2007; 12: 9-24.

MaHFouz MM, Kummerow FA. Vitamin C or Vitamin
B6 supplementation prevent the oxidative stress
and decrease of prostacyclin generation in homo-
cysteinemic rats. Int J Biochem Cell Biol 2004; 36:
1919-1932.

KanNAN K, JaiN SK. Effect of vitamin B6 on oxygen
radicals, mitochondrial membrane potential, and
lipid peroxidation in H202-treated U937 mono-
cytes. Free Radic Biol Med 2004; 36, 423-428.

SoLomoN LR. Disorders of cobalamin (vitamin B12)
metabolism: emerging concepts in pathophysiolo-
gy, diagnosis and treatment. Blood Rev 2007; 21:
113-130.

ScALABRINO G, VEBER D, Mutm E. Experimental and
clinical evidence of the role of cytokines and
growth factors in the pathogenesis of acquired
cobalamin-deficient leukoneuropathy. Brain Res
Rev 2008; 59: 42-54.

MANGIAROTTI G, CANAVESE C, SALOMONE M, THEA A,
Pacitmi A, GAIDO M, CALTRI V, PeELizzA D, CANAVERO
W, VERCELLONE A. Hypervitaminosis B12 in mainte-
nance hemodialysis patients receiving massive
supplementation of vitamin B12. Int J Artif Organs
1986; 9: 417-420.

WHeaTLEY CA. Scarlet pimpernel for the resolution
of inflammation? The role of supra-therapeutic
doses of cobalamin, in the treatment of systemic
inflammatory response syndrome (SIRS), sepsis,
severe sepsis, and septic or traumatic shock. Med
Hypotheses 2006; 67: 124-142.

MoreIrA ES, BrascH NE, Yun J. Vitamin B12 pro-
tects against superoxide-induced cell injury in hu-
man aortic endothelial cells. Free Radical Biol
Med 2011; 51: 876-883.

MiLLer JW. Vitamin B12 deficiency, tumor necrosis
factor-alpha, and epidermal growth factor: a novel
function for vitamin B12? Nutr Rev 2002; 60: 142-
144.

679



N.A. Abdulmajeed, H.S. Alnahdi, N.O. Ayas, A.M. Mohamed

33)

34)

35)

36)

37)

38)

39)

40)

41)
42)

43)

44)

45)

46)

47)

48)

TaB NT, JARRAR BM. Histochemical alterations in
the spleen of rabbits induced by diclofenac sodi-
um (voltaren). J King Saud Univ 2006; 19: 21-29.

TAKAYAMA F, EGASHIRA T, YAMANAKA Y. Effect of di-
clofenac, a non-steroidal anti-inflammatory
drug, on lipid peroxidation caused by ischemia-
reperfusion in rat liver. Jpn J Pharmacol 1994;
64:71-78.

BERGMEYER HV, HERDER M, REJ R. Approved recom-
mendation (1985) on IFCC methods for the
measurement of catalytical concentration of en-
zymes. Patr 2. IFCC method for aspartate
aminotransferase. J Clin Chem Clin Biochem
1986; 24: 497.

TrRiNDER P Determination of glucose in blood using
glucose oxidase with an alternative oxygen ac-
ceptor. Ann Clin Biochem 1962; 6: 24-27.

WAHLEFELD AW. In Method of Enzymatic Analysis,
HU Bergmeyer (ed.), Vol. 5, Academic Press,
New York, 1974; pp. 1831-1835.

STEIN, EA. In Textbook of Clinical Chemistry. WB
Saunders and NW Tietz eds. Philadelphia, 1986;
pp. 1818-1829.

FRIEDEWALD WT, LEvy RI, FREDRICKSON DS. Estimation
of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the prepara-
tive ultracentrifuge. Clin Chem 1972; 18: 499-502.

Wu R, Racker E. Regulatory mechanisms in carbo-
hydrate metabolism. Il Limiting factors in glycoly-
sis of ascites tumor cells. J Biol Chem 1959; 234
1029-1035.

BerGgMEYER HU. Determination of lactate dehydro-
genase. J Clin Chem Biochem 1975; 13: 269.

Aesl H. Catalase in vitro. Methods Enzymol 1984;
105: 121-126.

ERDEN M, Bor NM. Changes in reduced glu-
tathione, glutathione reductase and glutathione
peroxidase after radiation in guinea pigs. Biochem
Med 1984; 31: 217-227.

BERGMEYER HU, BERNT E, GrassL M, MicHEL G. Glu-
cose-6-phosphate dehydrogenase. In UH
Bergmeyer, Methods of Enzymatic Analysis, Ver-
lag Chemie Weinheim, Academic Press, New
York, 1974; pp. 458-459.

TAN JR, CHAKRAVARTHI S, JUDSON JP HALEAGRAHARA N,
SEGARRA |. Potential protective effect of sunitinib af-
ter administration of diclofenac: biochemical and
histopathological drug-drug interaction assess-
ment in a mouse model. Naunyn Schmiedebergs
Arch Pharmacol 2013; 386: 619-633.

DALY AK, AITHAL GP. LEATHART JB, SWAINSBURY RA,
DaNG TS, DAy CP. Genetic susceptibility to di-
clofenac-induced hepatotoxicity: contribution of
UGT2B7, CYP2C8, and ABCC2 genotypes. Gas-
troenterol 2007; 132: 272-281.

LewaNDROWsKI K, CHEN A, JaNuzzi J. Cardiac Mark-
ers for Myocardial Infarction. Am J Clin Pathol
2002; 118: S93-S99.

MUDAGAL M, KARIA S, DivakaR Goul D. Preventive ef-
fect of Rhododendron arboreum on cardiac

680

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

markers, lipid peroxides and antioxidants in nor-
mal and isoproterenol-induced myocardial
necrosis in rats. Afr J Pharm Pharmacol 2011;
5: 755-763.

Fry SW, SEerr LB. Hepatotoxicity of analgesics and
anti-inflammatory agents. In: JH Lewis (Ed.),
Drug-Induced Liver Disease, WB Saunders,
Philadelphia, 1995; pp. 875-906.

BARAVALIA Y, VAGHASIYA Y, CHANDA S. Hepatoprotec-
tive effect of Woodfordia fruticosa Kurz flowers on
diclofenac sodium induced liver toxicity in rats.
Asian Pacific J Tropical Med 2011; 4: 342-346.

Kar PK. Cardioprotective effect of ethanolic extract
of Urtica parviflora Roxb. against isoproterenol in-
duced myocardial infarction in rats. Indian J Phar-
macol 2013; 45: 513-516.

ALPERT JS, THYGESEN K, ANTMAN E, BassanD JP My-
ocardial infarction redefined-a consensus docu-
ment of The Joint European Society of Cardiolo-
gy/American College of Cardiology Committee for
the Redefinition of Myocardial Infarction. J Am
Coll Cardiol 2000; 36: 959-969.

Exici OD, Isik N. Investigation of the cardiotoxicity
of imidocarb in lambs. Revue Med Vet 2011; 162:
40-44.

SuBraMANIAN S. Diclofenac induced toxic manifes-
tations on adjuvant induced arthritic rats pheriph-
eral and reproductive organ of male wistar rats
rattus norvegicus. J Toxicol Environ Health Sci
2009; 1: 12-21.

SiEs H, StaHL W. Vitamin E and C, carotene and
other carotenoids as antioxidants. Am J Clin Nutr
1995; 62: 1315-1321.

Hickey EJ, RAE RR, RED VE, Gross SM, Rar SD. Di-
clofenac induced in vivo nephrotoxicity may in-
volve oxidative stress mediated massive genomic
DNA fragmentation and apoptotic cell death. Free
Radic Biol Med 2001; 31: 139-152.

ERUKAINURE OL, AuBoYE JA, ADEJOBI RO, OkaFor OY,
ADENEKAN SO. Protective effect of pineapple
(Ananas cosmosus) peel extract on alcohol-in-
duced oxidative stress in brain tissues of male al-
bino rats. Asian Pac J Trop Dis 2011; 1: 5-9.

DiNG G. Cardioprotection from oxidative stress in
the newborn heart by activation of PPARy is medi-
ated by catalase. Free Radic Biol Med 2012; 53:
208-215.

Nietson CT. Blood glucose and heart failure in
nondiabetic patients. Diabetes Care 2005; 28:
607-611.

AsGARY SASH, PARVIN MaHzouni PN. Effect of hy-
droalcoholic extract of Hypericum perforatum on
selected traditional and novel biochemical factors
of cardiovascular diseases and atherosclerotic le-
sions in hypercholesterolemic rabbits: a compari-
son between the extract and lovastatin. Pharm
Bioallied Sci 2012; 4: 212-218.

ABDEL Aziz IIS. Effect of Indomethacin suppository
on serum glucose, some lipids, non-protein nitro-
gen constituents and rectal mucosa of rabbit. An-
Najah Univ J Res 2001; 15: 1-14.



Amelioration of cardiotoxic impacts of diclofenac sodium by vitamin B complex

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

74)

KHAaN IH, EbwarRD N. Pancreatitis associated with
diclofenac. Postgrad Med J 1993; 69: 486-487.

V1AsaKOVA Z, BArTOs V, Spicak J. Diabetes mellitus
in chronic pancreatitis and insulin sensitivity. Vnitr
Lek 2002; 48, 878-881.

BURGE MR, GABALDON-BATES J. The role of ethnicity
in post-pancreatitis diabetes mellitus. Diabetes
Technol Ther 2003; 5: 183-188.

ZANABONI L, FasoLl A. Influence of two non-
steroidal anti-inflammatory drugs on lipolysis and
on lipolysis and on plasma post-heparin lipopro-
tein lipase activity in normal man Eur J Clin Phar-
macol 1981; 20: 263-267.

AxeLroD L. Coordinate control of lipolysis by
prostaglandin E2 and prostacyclin in rat adipose
tissue. Diabetes 1992; 41: 927-935.

Lewis GF, UrreLMAN KD, Szeto LW, WELLER B, STEINER
G. Interaction between free fatty acids and insulin
in the acute control of very low density lipoprotein
production in humans. J Clin Invest 1999; 95: 158-
166.

ADIELS M, OLOFssON SO, TASKINEN MR, BOREN J.
Overproduction of very low-density lipoproteins is
the hallmark of the dyslipidemia in the metabolic
syndrome. Arterioscler Thromb Vasc Biol 2008;
28:1225-1236.

TRIPATHY D, MOHANTY P DHINDSA S, SYED T, GHANIM
H, Auaba A, DANDONA P. Elevation of free fatty
acids induces inflammation and impairs vascular
reactivity in healthy subjects. Diabetes 2003; 52:
2882-2887.

DRESNER A, LAURENT D, MArcuccl M, GrIFFIN ME, Du-
FOUR S, CUNE GW, SLEZAK LA, ANDERSEN DK, HUNDAL
RS, RoTHMAN DL, PeTerseN KF SHuULMAN Gl. Effects
of free fatty acids on glucose transport and IRS-1-
associated phosphatidylinositol 3-kinase activity. J
Clin Invest 1999; 103: 253-259.

Lewis GF, STeINEr G. Hypertriglyceridemia and its
metabolic consequences as a risk factor for ather-
osclerotic cardiovascular disease in non-insulin-
dependent diabetes mellitus. Diabetes Metab Rev
1996; 12: 37-56.

CHAN DC, BARreTT PH, WATTS GF. Recent studies of
lipoprotein kinetics in the metabolic syndrome
and related disorders. Curr Opin Lipidol 2006; 17:
28-36.

RUTTER MK, PARISE H, BENJAMIN EJ, LEvy D, LARSON
MG, Meigs JB, NEsto RW, WiLsoN PW, VAsAaN RS.
Impact of glucose intolerance and insulin resis-
tance on cardiac structure and function: sex-relat-
ed differences in the Framingham Heart Study.
Circulation 2003; 107: 448-454.

OkURA H, INOUE H, ToMON M, NISHIYAMA S,
YOsHIKAWA T, YOSHIDA K, YosHikawa J. Impaired glu-

75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

85)

86)

cose tolerance as a determinant of early deterio-
ration of left ventricular diastolic function in mid-
dle-aged healthy subjects. Am J Cardiol 2000; 85:
790-792.

SHANMUGAM N, RebDDY MA, GUHA M, NATARAJAN R.
High glucose-induced expression of proinflamma-
tory cytokine and chemokine genes in monocytic
cells. Diabetes 2003; 52: 1256-1264.

MizusHice K, YAo L, Nowma T, Kivomoto H, Yu Y, Ho-
somi N, OHmMoRI K, MaTtsuo H. Alteration in left ven-
tricular diastolic filling and accumulation of my-
ocardial collagen at insulin-resistant prediabetic
stage of a type Il diabetic rat model. Circulation
2000; 101: 899-907.

BeLL DS. Heart failure: the frequent, forgotten, and
often fatal complication of diabetes. Diabetes
Care 2003; 26: 2433-2441.

STEINBERG HO, PARrRADISI G, Hook G, CROWDER K,
CrONIN J, BArRON AD. Free fatty acid elevation im-
pairs insulin-mediated vasodilation and nitric ox-
ide production. Diabetes 2000; 49: 1231-1238.

ARTWOHL M, RODEN M, WALDHAUSL W, FREUDENTHALER
A. Baumgartner-Parzer SM Free fatty acids trig-
ger apoptosis and inhibit cell cycle progression in
human vascular endothelial cells. FASEB J 2004;
18: 146-148.

PAEz FG, Gomez ABZ. Endothelial dysfunction and
cardiovascular risk factors. Diabetes Res Clin
Practice 2009; 84: 1-10.

MaLLika V., Goswami B, RaappA M. Atherosclerosis
pathophysiology and the role of novel risk factors:
a clinicobiochemical perspective. Angiology 2007;
58:513-522.

PAL M. HDL Therapeutics for the treatment of ath-
erosclerosis: a brief overview of the synthetic ap-
proaches. Tetrahedron 2009; 65: 433-447.

LUPATTELLI G, LOMBARDINI R, ScHiLLAcl G, CIUFFETTI G,
MARCHESI S, SIEPI D, MANNARINO E. MANNARINO, E.
Flow-mediated vasoactivity and circulating adhe-
sion molecules in hypertriglyceridemia: associa-
tion with small, dense LDL cholesterol particles.
Am Heart J 2000; 140: 521-526.

GinsBerG HN. New perspectives on atherogenesis:
Role of abnormal triglyceride-rich lipoprotein me-
tabolism. Circulation 2002; 106: 2137-2142.

TANAKA T, KoNo T, Terasaki F, Yasul K, Sovama A, OT
SUKA K, FUIITA S, YAMANE K, MANABE M, Usul K, KoH-
DA Y. Thiamine prevents obesity and obesity-asso-
ciated metabolic disorders in OLETF rats. J Nutr
Sci Vitaminol (Tokyo) 2010; 56: 335-346.

ACAR G, SATI L, SEVAL Y, AGAR A, DEMRR R. Effects of
excess vitamin B6 intake on serum lipid profile
and cerebral cortex in rats. Turk J Med Sci 2006;
36: 327-335.

681



