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Abstract

The toxic effect of diclofenac (DCF) sodium and
Ciprofloxacin (CIP) on gene expression of cytochrome
P450 oxidase (CYPs) and the histology of liver and
kidney of male albino rat has been evaluated in this
study. DCF and CIP were chosen since they are inhib-
itors for specific CYP enzymes.

Thirty-five adult male albino rats were divided into
7 groups of 5 animals each (A, B, C, D, E, F and G)
and were treated orally with drugs for 21 consecutive
days. Group A served as the control while B and C
were treated with 5.3, 10.6 mg/kg body weight (bw)
DCF sodium and groups D and E were treated with
40 and 80 mg/kg bw CIP, respectively. Groups F and
G were treated with a mixture of the low and the high
doses of both drugs, respectively.

Both drugs significantly downregulated the mRNA
expression of CYP1a2, CYP3a4 and CYP2c9. They
caused hepatorenal histological changes. In the liver,
massive fibrosis, necrosis, inflammatory cell infiltration
with hemorrhages and hydrophilic degeneration have
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been observed. A massive tissue injury with glomeru-
lar and tubular damages due to sever necrosis, degen-
eration of concomitant inflammatory cells and blood
vessels congestion have been shown in renal tissues.

Although DCF and CIP are still used as therapeu-
tic drugs, their use should be limited as their chronic
administration induces a toxic effect on human health.
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1. Introduction

Diclofenac (DCF) has a distinct chemical compo-
sition and shows a significant anti - inflammatory ef-
fect on animals and humans [1]. It shows pharmaco-
logic activities, antipyretic and analgesic properties
[2]. DCF sodium acquires a broad therapeutic scope.
Its gastrointestinal endurance is also better than
other highly active anti-inflammatory non - steroid
drugs. Biologically active metabolites are presented
in humans during the biotransformation of DCF sodi-
um. The activity of DCF metabolites is considerably
weaker than unchanged DCF sodium [2] and compa-
rable to or more powerful than phenylbutazone [3].

Ciprofloxacin (CIP) is a fluoroquinolone which
acts as an antimalarial drug [4]. CIP, a well used
second-generation quinolone characterized by being
a suppressor of bacterial DNA gyrase, was shown
to inhibit topoisomerase Il in the mammalian cells.
It also induces cell cycle suppression, creates DNA
double-strand breaks and initiates in-vitro apoptosis
in cancer cells. Based on these actions, its antican-
cer effects were evaluated in human and murine can-
cer cell lines [5]. It is practiced managing bacterial
infections of gastrointestinal tract, intra-abdominal,
lung, skin, bone and joints [6].

Metabolism of different endogenous and exoge-
nous substrates is catalyzed mainly in liver tissues
by cytochrome P450 enzymes (CYPs) [7]. These cy-
tochromes represent the common enzyme families
for metabolizing different toxic chemicals and drugs
including therapeutic ones [8]. They also catalyze
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most lipophilic xenobiotic oxidative biotransformation
and are thus of high value for clinical pharmacolo-
gy [9]. Enhancing or inhibiting CYP3a4 expression
is a primary clinical key for drug-drug interactions in
patients administered with repetitive CYP3a4-metab-
olising drug doses. CYP 1a2, CYP3a4 and CYP2c9
are among the enzymes included in DCF and CIP
metabolism [10-14]. More than half of clinically used
drugs are catalyzed by CYP3a4 [15]. Co-administra-
tion of CIP abolished the enterohepatic circulation of
DCF, leading to reduction in the plasma content of
DCF [16].

Despite its therapeutic benefits, DCF induced
hepatorenal toxicity in rats by triggering histological
injury in both organs [17-20]. CIP also induces his-
topathological alterations in the hepatorenal tissues
like necrosis, vacuolar degeneration, inflammatory
cells infiltrations, and congestion in blood vessels
[21]. Administration of CIP during pregnancy caused
oxidative damage in fetal liver tissue. The drug
caused central vein dilation, portal vein congestion,
pyknotic nuclei and cytoplasmic vacuolization in fetal
rat liver [22].

Therapeutic administration of DCF and/or CIP
could induce different pathological alterations on mo-
lecular and histological levels indicating their toxic ef-
fects. The present study, therefore, aimed to explore
the toxic effect of both drugs on some molecular and
histological parameters of male albino rat after ther-
apeutic administration of both drugs for 21 consecu-
tive days.
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2. Materials and Methods
2.1 Animals

Thirty-five male Wistar rats 12-week-old (220-
260g) were obtained from the Animal Care Center,
College of Pharmacy, King Saud University, Riyadh,
Saudi Arabia. Animals were maintained on a 12 h
light/dark in cycle polypropylene cages (six rats in
each) at ambient temperature of 22 + 1 °C and rel-
ative humidity of 50-60% with food and water pro-
vided ad libitum. All experiments were carried out
according to the recommendation of Experimental
Animals Ethics Committee in Naif Arab University
for Security Sciences which operates in accordance
with the international standards for handling of ex-
perimental animals. The rats were acclimatized for
1 week before the experiment.

2.2 Chemicals

Kits used for gene expression of CYP450 were
from QIAGEN Inc, USA. DCF sodium was 50 mg
tablet's form and CIP were 500 mg tablets from
Hikma Pharmaceuticals (Jordan). Tablets were
dissolved in double distilled water before use. Sub-
acute toxicity study (21-day repeated oral admin-
istration) was carried out according to OECD 407
guidelines [23].

2.3 Drug dosage

We chose the concentration accordioning (1/10
LD50) for the low dose and (1/5 LD50) for the high
dose. For DCF, the maximum human therapeu-
tic dose (150 mg/kg) was adjusted to suit the rat's
weight [24] so, the dose used in this study was be-
low the maximum daily dose (5.3 — 10.6 mg/kg). CIP
dosage was based on the therapeutic dose given
to Wister rats twice daily [25]. The equivalent con-
centration of drug dose was dissolved in 1 ml dou-
ble distilled water and given orally once a day. The

rats were administrated the doses by oral gavage
up to 21 consecutive days as this period is usually
elapsed for treatment.

2.4 Experimental design

Rats were randomly divided into seven experi-
mental groups of 5 rats each and were orally treated
for 21 consecutive days. Rats in group A served as
control and received distilled water. Rats in groups
B and C were given DCF sodium (5.3, mg/kg bw
and 10.6 mg/kg bw, respectively). Rats in groups
D and E were given CIP (40mg/kg bw and 80mg/
kg bw, respectively). Group F was given DCFS 5.3,
mg/kg bw and CIP 40mg/kg bw. Group G was given
DCF sodium 10.6 mg/kg bw and CIP 80mg/kg bw.
Rats were observed twice daily for recording any
clinical signs, the time of onset, duration of symp-
toms, mortality and morbidity. Body weight was re-
corded once before the start of dosing, once weekly
during the treatment period and finally on the day of
sacrifice.

2.5 CYP450 gene expression

100 mg of the liver tissue was homogenized
in 1 mL QIAzol (QIAGEN Inc., Valencia, CA). 0.3
mL chloroform was added to the homogenate. The
mixture was shaken and centrifuged for 30s at 4°C
(12,500 rpm) for 20 minutes. The supernatant was
isolated in a new tube and an equal volume of iso-
propanol was added, then vortexed for 15s and
centrifuged at 4°C and 12,500 rpm for 15 minutes.
Pellets were washed by 70% ethanol and dried at
room temperature. The pellets were dissolved using
nuclease-free water. The concentration of the ex-
tracted RNA was measured by a Nanodrop device
(NanoDrop™ 8000 Spectrophotometer, Thermo
Scientific™, USA) at wavelength 260 and 280nm.

Following the protocol provided by Promega Inc.
(Reverse Transcription System, Promega Corpora-
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Table 1- Primers used for gene expression.

AnnealingTemp

Name Sense 5°....3’ Sense 3'....5’ (°C) bp
B-actin  GAGCACAGAGCCTCGCCTTT AGAGGCGTACAGGGATAGCA 62 360
CYP1A2 GCAGGTCAACCATGATGAGAA  CGGCCGATGTCTCGGCCATCT 56 334
CYP2C9 CTTGACACCACTCCAGTTGTC AGATGGATAATGCCCCAGAG 58 133
CYP3A4 CCCCTGAAATTAAGCTTAGGAG TAATTTGAGGTCTCTGGTGTTCTCA 54 162

tion, USA) cDNA synthesis was carried out in PeX
system 0.5 Thermal Cycler (Thermo Electronic Cor-
poration, Upland, CA 91786, USA) as described by
Ibrahim et al. [26]. The obtained cDNA was kept
at -20°C to perform the reverse transcription-poly-
merase. 25-uL reaction mixture tube contained
0.075 pl of 10 uM forward and reverse primers (Ta-
ble-1), 12.5 pyL of SYBR green universal Master-
mix, 11.15 pL of nuclease-free water and 1.2 pL of
cDNA sample was prepared. The fold change in the
expression of the targeted CYP isoforms between
drug-treated and control rats was corrected by the
levels of a reference control. Assay controls was
incorporated onto the same plate, namely, no-tem-
plate controls to test the contamination of any assay
reagents. The RT-PCR data was analyzed using the
relative gene expression (i.e., AA CT) method [27].
Briefly, the data are presented as the fold change
in gene expression normalized to the endogenous
reference gene B-actin and relative to a calibrator.
The fold change in the level of target genes be-
tween treated and untreated cells, corrected by the
level of B-actin was determined using the following
equation: fold change = 2. (untreated)CtA- (treat-
ed) CtACt) =A (Aand actin)-(B-Ct).

2.6 Histology

After 3 weeks of treatment, 3 rats from each
group were killed under diethyl ether anesthesia
to identify gross lesions. Liver and kidney were
weighed and preserved in 10% neutral buffered for-
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malin and trimmed. A 5u thickness of tissue sec-
tions were stained with hematoxylin and eosin for
histopathological study.

2.7 Statistical analysis

The mRNA expression was calculated for the
control and drug treated rats by using the average
relative Ct values (2-AACT method). Significance
of the mRNA expression was statistically calculat-
ed by the two-tailed, two sample t-test with equal
variance. p-value less than 0.05 were considered
statistically significant [28].

3. Results
3.1 Gene expression

The present study selected one representative
isoform from three families of CYP450 enzymes
(1a2, 2c9 and 3a4) and investigated their mRNA
gene expression in detoxifying DCF and CIP effects
since these isoforms play a dominant role in the me-
tabolism of drugs and other xenobiotics.

The effect of DCF and/or CIP on rat liver mRNA
expression of CYP1a2, CYP2c9 and CYP3a4, re-
spectively are shown in Figure-1. Either DCF and/or
CIP significantly downregulated the mRNA expres-
sion levels of CYP1a2 as compared to control rats (p
<0.01, p<0.001). The low dose of DCF (group B) did
not significantly affect the mRNA expression of CY-
P1a2 although the expression decreased with 0.64
times more than in the control group. The range of
the gene downregulation was between 0.64 in rats
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Figure 1- The effect of DCF sodium and/or CIP on rat liver CYP mRNA expressions. Results are mean + SE (n=5). ("p

<0.05, *p <0.01, ***p <0.001 treated compared to the control).

treated with low dose of DCF to 0.29-fold in rats
treated with high dose of the same drug (p <0.001).
Similarly, the expression of CYP3a4 mRNA levels
was also significantly downregulated in rats treated
with each of the two drugs or both (combined) by
0.71 and 0.15 times. The most downregulated gene
was shown in Group G rats treated with the high
dose of both drugs (p < 0.001). Meanwhile, the ex-
pression of CYP2c9 exhibited a gradual significant
decrease from 0.75 times in rats treated with low
dose DCF (Group B) to 0.22 times in rats treated
with high dose (group G) of both drugs (p <0.001).

3.2 Histopathology

There were no microscopic changes in liver
tissues of the control rats (Figure-2A). Acute his-
topathological changes include liver necrosis, few
lymphocytes infiltration, dilated sinusoids and cen-
tral artery congestion were observed in the liver tis-
sues. 5.3 mg/kg bw DCF sodium (group B) showed
focal necrosis, focal inflammatory cell diffusion,
degeneration with nuclear pyknosis and vessels
congestion (Figure-2B). DCF sodium of 10.6 mg/
kg bw (group C) showed central zonal necrosis, cell
infiltration around portal triads, focal necrosis, pyk-

ASFSFM 2021; Volume 3 Issue (2)
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Group D

Figure 2- Normal hepatic tissues (group A) show cords of hepatocytes (green arrows), central veins (black arrows) and portal triad
area (white arrows). Injured hepatic tissues (group B) in the form of necrosis (black arrows), focal inflammatory cell diffusion (white
arrows), degeneration (yellow arrows) with pyknosis (red arrows) and vessels congestion (blue arrows). Liver tissues of rats of group
C show central zonal and necrosis (black arrows), cell infiltration (red arrows), and hemorrhages (blue arrows). Liver sections of
group D show sever inflammatory cells infiltration (white arrows) with an eroded portal triad, central zonal bridging necrosis (black
arrows), sever parenchymatous degeneration (yellow arrows) and congested sinusoids (blue arrows).

nosis and hemorrhages (Figure-2C). 40 mg/kg bw
CIP (group D) showed inflammatory lymphocytes
infiltration with an eroded portal triad, central zonal
bridging necrosis, sever degeneration and congest-
ed sinusoids (Figure-2D). 80 mg/kg bw CIP (group
E) showed massive necrosis and onset of fibrosis
develops inflammatory lymphocytes diffusion, de-
generation and vessels congestion (Figure-3E). A
mixture of 5.3 mg/kg bw DCF sodium and CIP of 40
mg/kg bw (group F) showed lymphocyte infiltration,
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hydrophilic degeneration (cell swelling) and focal
necrosis with disorganized hepatocyte cords and
vessels congestion (Figure-3F). A mixture of 10.6
mg/kg bw DCF sodium and 80 mg/kg bw CIP (group
G) showed massive fibrosis, necrosis, inflammato-
ry cell infiltration with hemorrhages and hydrophilic
degeneration (Figure-3G).

There were no microscopic changes in kidney
tissues of the control rats (Figure-4A). DCF sodium
of 5.3 mg/kg bw (group B) caused massive cellular




{E7Al Abdelgadir et al.

Group E

Group F

Group G

Figure 3- Liver sections of group E show massive necrosis (black arrows), onset of fibrosis (green arrows), inflammatory
cell diffusion (white arrows), degeneration (yellow arrows) with and vessels congestion (blue arrows). Group F liver shows
cell infiltration (white arrows), hydrophilic degeneration (cell swelling; yellow arrows) and focal necrosis (black arrows) with
disorganized hepatocyte cords and vessels congestion (black arrows). Liver sections of group G show massive fibrosis (green
arrows), necrosis (black arrows), pyknosis (red arrows), inflammatory cell infiltration (white arrows) with hemorrhage (blue

arrows) and vacuolar degeneration (yellow arrows).

infiltration, tubular necrosis and dilation, glomerular
cells degeneration and blood vessels congestion
(Figure-4B). DCF sodium of 10.6 mg/kg bw (group
C) revealed glomerular atrophy, intratubular inflam-
matory cell diffusion and tubular dilation (Figure-4C).
CIP of 40 mg/kg bw (group D) showed sever dam-
age of renal tissues and mesangial, podocytes and
tubulointerstitial cells were affected. Glomerular and
tubular hypertrophy in addition to tubular necrosis
and dilation have been observed (Figure-4D). CIP

of 80 mg/kg bw (group E) showed sever tubular ne-
crosis, inflammatory cell diffusion and disturbance
in distal and proximal convoluted tubules and ves-
sels congestion (Figure-5E). A mixture of 5.3 mg/kg
bw DCF sodium and CIP of 40 mg/kg bw (group F)
showed cell infiltration, tubular necrosis, glomerular
atrophy with basement membrane distracted, tubu-
lar dilation, vacuolization due to degeneration (Fig-
ure-5F). A mixture of 10.6 mg/kg bw DCF sodium
and 80 mg/kg bw CIP (group G) showed massive

ASFSFM 2021; Volume 3 Issue (2)
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Group C

Figure 4- kidney tissues of group A show normal glomeruli (white arrows), normal renal tubules (black arrows) with intact well
organized cellular boundary. Kidney tissues of group B show massive glomerular and tubule-interstitial infiltration (black arrows)
led to tubular necrosis (white arrows), glomerular cell degeneration (yellow arrows) and blood vessels congestion (green arrows).
Severe renal injury in group C shows glomerular atrophy (red arrows), tubule-interstitial inflammatory cell diffusion (black arrows)
and tubular dilation (blue arrows). Kidney tissues of group D show severe damage in mesangial cells, podocytes and tubule-
interstitial cells (white arrows), glomerular hypertrophy (red arrows) and congestion (green arrow), tubular necrosis (black arrows)

and dilation (blue arrows).

renal tissues injuries with glomerular and tubular
damages due to sever necrosis, degeneration con-
comitant inflammatory cell and blood vessels con-
gestion (Figure-5G).

4. Discussion

Among 57 putative functional CYPs, a dozen is
categorized under CYP1, 2, and 3 families. Approxi-
mately, 80% of clinical drugs biotransformation hap-
pened by these three families. The present study se-
lected one representative CYP enzyme from these
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families which are: 1a2, 2c9 and 3a4. The mRNA
gene expression of these enzymes has been inves-
tigated since they play a dominant role in the me-
tabolism of drugs and other xenobiotics [8,15,29] as
they obviously vary in their expression and activities
through drug pharmacokinetics. Among the highest
expressed forms in the liver are CYPs 3a4, 2c9,
2c8, 2e1 and 1a2 [30]. Their activities vary by the
variability in their coding genes polymorphisms or in
the regulatory mechanisms of drugs by either inhibi-
tion or induction [13]. Among these three isoforms,
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Group E

Group G

Figure 5- Kidney tissues of group E show tubular necrosis (black arrows), inflammatory cell infiltration (white arrows), distal and
proximal convoluted tubules disturbance and vessels congestion (green arrows). Kidney tissues of group F show tubule-interstitial
cells infiltration (white arrows), tubular necrosis (black arrows), glomerular atrophy (red arrows), tubular dilation and vacuolar
degeneration (yellow arrows). Massive renal tissues injury of group G show tubular and glomerular damage due to severe necrosis
(black arrows), degeneration (yellow arrows), concomitant inflammatory cells (white arrows) and blood vessels congestion (green

arrows).

CYP3a4 is the highest common isoform metabo-
lizing the widest varieties of drugs and other xeno-
biotics [29,31]. Different combination mechanisms
and factors could affect the CYP expression in liver.
These factors include induction by hormones, xe-
nobiotics, disease, polymorphisms, sex, cytokines,
age and others. Inflammation induces downregula-
tion in the mRNA expression of most CYP isoforms
[28]. CYP 1a2, 2c9 and 3a4 metabolize different
drugs among which are DCF and CIP [11]. CYP1a2

and CYP3a4 are inhibited by CIP while CYP2c9 is
inhibited by DCF [13]. Ohyama et al. [10] found that
DCF inhibited human cytochrome CYP1a2 and CY-
P3a4 mRNA expression.

CIP is one of the potent inhibitors of CYP1a2
[14], while the non-steroidal anti-inflammatory DCF
is one of the main substrates and inhibitors of CY-
P2c9 [32]. The increase in the inhibition of the CYP
mRNAs after the co-administration of both drugs
could be explained by the increase in maximum

ASFSFM 2021; Volume 3 Issue (2)
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plasma concentration of CYP2c9. It could be also
explained by a decrease in total body clearance of
CIP with concurrent administration of DCF [16]. CIP
attenuates enterohepatic circulation of DCF and
moderates DCF-induced enteropathy, through the
inhibition of intestinal B-glucuronidase activity [16].
Meanwhile, co-administration of DCF and CIP sig-
nificantly inhibit CYP2c9. Amino acid polymorphism
in the expressed CYP2c9 protein exhibits leucine
amino acid at the position 359 which could dimin-
ish the metabolic capacity of DCF and CIP [33].
In agreement with Zhong et al. [16], the inhibitory
effects of DCF, in the present study, was more on
the expression of CYP2c9 than on the expression
of the other two CYP isoforms. On the contrary, the
expression of CYP1a2 and CYP3a4 mRNAs was
more in the group "D" treated with CIP.

As reported by Adeyemi and Olayaki [18], hepa-
totoxicity by administration of 10 mg/kg body weight
DCF was found in the form of a significant distortion
of the hepatic tissue integrity. Similar dose of this
drug given to adult male rats for 28 days induced
an increase in the levels of inflammatory infiltra-
tion of the hepatorenal tissues [19]. Administration
of 30 mg/kg bw DCF sodium for 30 days to male
rats caused hepatorenal like injuries that record-
ed in the present study [20]. Similarly, hepatorenal
histopathological abnormalities were shown by CIP
toxification. Male Wistar rats administrated 100 mg/
kg bw CIP for 30 days showed necrosis, vacuolar
degeneration, inflammatory cells infiltrations and
congestion in blood vessels of the hepatorenal tis-
sues [21]. Liver tissues of the fatal rats treated with
20 mg/kg bw CIP exhibited central vein dilation, por-
tal vein congestion, pyknotic nuclei and cytoplasmic
vacuolization [22].

A significant decrease in clearance and signifi-
cant increase in maximum serum concentration of

ASFSFM 2021; Volume 3 Issue (2)

CIP have been reported when CIP is administrated
in concurrent with DCF sodium. Co-administration
of both drugs also causes an increase in peripher-
al tissue distribution of CIP as DCF increases the
extent of absorption, serum concentration (Cmax)
and the area under the curve (AUC) while decreas-
es the total body clearance of CIP [34]. This may
explain that co-administration of CIP could attenu-
ate enterohepatic circulation of DCF and alleviated
DCF-induced enteropathy. Sever hepatic injuries
and nephrotoxicity have been reported to be in-
duced by DCF and by CIP as well [35-38]. On the
other hands, DCF causes dose-dependent signifi-
cant increase in renal and hepatic fibroses [39] but
CIP does not [40,41], however, the molecular mech-
anism is not yet fully explored. Based on the above-
mentioned information and due to the significant
inhibition of the primary DCF metabolic pathways
(CYP2c9 and CYP3a4) particularly when used in
combination with CIP, the alternate metabolic path-
way (UGT 2B7) may be increased, resulting in for-
mation of DCF-protein adducts that can induce hep-
atotoxic immune response [42]. This may explain
how DCF and CIP combination are responsible for
hepatotoxicity.

5. Conclusion

DCF and CIP induced hepatorenal injuries by
affecting CYP450 gene expressions and inducing
histopathological alterations. Meanwhile, co-admin-
istration of CIP could attenuate enterohepatic circu-
lation of DCF and alleviated DCF-induced enterop-
athy in rats [16]. The medical use of both drugs,
therefore, should be limited or co-ameliorated by
natural vitamins or antioxidants.
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