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Abstract

Background: Nonsteroidal anti-inflammatory drugs (NSAIDs) are generally used to reduce pain in different diseases
acting as anti-inflammatory, antipyretic, and analgesic. Paracetamol is a nonprescription drug extremely used for
antipyresis and analgesia. In spite of their beneficial effects, NSAIDs have been notified to be linked with some
adverse effects. The present study was conducted to elucidate the comparative biochemical and immunological
changes in mice treated with diclofenac (Diclo), ibuprofen (Ibu), or paracetamol (Para).

Methods: Swiss albino mice were divided uniformly into seven different groups. Mice were intraperitoneally (i.p.)
administered with Diclo (74 and 14.8 mg/kg), Ibu (60 and 120 mg/kg), and Para (36.7 and 73.4 mg/kg) daily for

1 month against saline-treated mice served as control. Blood samples were collected, and the assessments of some
biochemical and immunological markers were measured.

Results: No significant change was observed in total WBC count; however, relative values of leukocytes indicated
relative neutropenia, lymphopenia, monocytosis, and basophilia in all treatments. Furthermore, all tested drugs
caused elevation in the number of bone marrow (BM) cells; however, splenocyte count was significantly decreased
post Para and Ibu administration, but Diclo treatment showed increase in splenocyte count. Additionally, the
number of thymocytes and lymph node cells had no significant changes. Alternations of levels of serum ALT and

levels of serum urea and creatinine.

biological system.

AST were markedly changed in a dose-dependent manner, but no significant differences were monitored in the

Conclusions: It could be concluded that administration of diclofenac, ibuprofen, or paracetamol may induce
immunological and biochemical perturbations and further investigations are required to assess their toxicity in the
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Background

There are three general categories of analgesic agents
that frequently used for the most widespread types of
pain: acetaminophen, nonsteroidal anti-inflammatory
drugs (NSAIDs), and opioids (Labianca et al, 2012;
McCarberg & Gibofsky, 2012; Barr, Fraser, Puntillo,
et al., 2013; Blondell, Azadfard, & Wisniewski, 2013).
NSAIDs are effective analgesic agents in relieving pain
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and inflammation by a variety of diverse mechanisms
(Ong, Lirk, Tan, & Seymour, 2007; Roelofs, Deyo, Koes,
Scholten, & Van Tulder, 2008; Ripamonti, Bandieri, &
Roila, 2011). There are two main types of NSAIDs, trad-
itional nonselective NSAIDs (tNSAIDs) that nonspecifi-
cally inhibit both COX-1 and COX-2, and selective
COX-2 inhibitors (Nalamachu, 2013; Fonseca, 2017).
One major target of NSAID action is their ability to
inhibit the activities of cyclooxygenase enzymes (COX-1
and COX-2) that are responsible for the conversion of
arachidonic acids into prostaglandins employing a
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variety of different mechanisms (Zerbini et al, 2011).
NSAIDs are connected to a number of potential toler-
ability issues, most notably gastrointestinal, renal, and
hepatic effects in addition to their influence on clotting
function (Siroka & Svobodova, 2013) and direct relation
to their biliary excretion (Mohammed, 2015). NSAIDs
such as aspirin, ibuprofen, naproxen, and diclofenac are
extensively used as analgesics and anti-inflammatory
agents producing their therapeutic effects through the
inhibition of prostaglandin synthesis (Klaassen, 2001).

One of the ordinary used analgesics, diclofenac (Diclo)
which is one of the most frequently prescribed nonselective
NSAIDs worldwide, has strong analgesic, antipyretic, and
anti-inflammatory effects and generally used in human and
veterinary practice (Ramesh, Jayakumar, Narayana, &
Vijayasarathi, 2002) as premier treatment for inflammatory,
degenerative rheumatic diseases and pain conditions
(Morgan, 1999; Oaks et al., 2004). It has severe pathologic
effects such as peptic ulceration, gastrointestinal bleeding,
hepatotoxicity, renal papillary necrosis, and renal failure on
long-term treatment of the drug (Aydin et al,, 2003). As
well it reduces intracellular concentrations of free amino
acid in leucocytes, perhaps by altering release or uptake
(Juni, Rutjes, & Dieppe, 2002). Therefore, a considerable
concern should be taken to study the toxicity of diclofenac
due to its clinical use and adverse effects.

Ibuprofen (Ibu) is an over-the-counter (OTC) drug
and widely used as an analgesic, antipyretic, and anti-
inflammatory drug globally (Bushra & Aslam, 2010),
both acutely and chronically (Rainsford, 2009). The
mechanism of action of Ibu, like other NSAIDs, is the
inhibition of both COX-1 and COX-2 and its analgesic,
antipyretic, and anti-inflammatory activities are accom-
plished basically through COX-2 inhibition; however,
inhibition of COX-1 is responsible for its undesired
effects on gastrointestinal mucosa and accumulations of
platelets (Shafi et al.,, 2012). They are commonly associ-
ated with gastrointestinal (GI) toxicity (Higuchi et al,
2009) and alterations of renal function (Aprioku & Uche,
2013). The frequent and widespread use of Ibu and other
NSAIDs is likely to increase the prevalence of their
adverse effects.

Paracetamol (Para) is vastly utilized as an over-the-
counter analgesic and antipyretic drug. At therapeutic
doses, it is conceived a safe drug; however, it can give
rise to adverse effects such as nephrotoxicity, extrahe-
patic lesions, hepatic necrosis, and even death in experi-
mental animals and humans when taken in overdose
(Bessems & Vermeulen, 2001; Hinson, Roberts, & James,
2010; McGill, Williams, Xie, Ramachandran, & Jaeschke,
2012). Its overdose is also associated with an elevation in
the levels of inflammatory cytokines and nitrogen oxide
(NO) in serum, macrophages, and hepatocytes (Jaeschke,
Williams, McGill, Xie, & Ramachandran, 2013).
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Because of widespread and frequent usage of NSAIDs,
regular toxicological evaluation becomes essential. Also,
literature review has revealed a lack of sufficient reports
about repeated dose pathogenicity study of Diclo, Ibu,
and Para regarding immunological and biochemical
changes in mice. Therefore, the current research has
mainly been intended to inspect the immunological and
biochemical perturbations in mice which were adminis-
tered with repeated doses of Diclo, Ibu, and Para for
1 month.

Methods

Mice

Male Swiss albino CD-1 mice were obtained from the
Egyptian Company for Production of Vaccines and Sera
(VACSERA), Cairo, Egypt. Animals were 6 weeks old and
weighed between 20 and 28 g at the onset of the experi-
ment. They were handled and kept in a specific pathogen-
free facility at the Faculty of Science, Tanta University, in
agreement with the ethical guidelines of Egyptian National
Research Center, Cairo, Egypt. All animals were settled
under the same environmental conditions for 1 week
before experimentation for acclimatization and to ensure
normal growth and behavior. The mice were held under
typical laboratory conditions (temperature 22 °C+2 °C;
12 h light-12 h dark cycle and kept in plastic cages with
free access to the commercial basal food and water.

Drugs

The tested drugs, diclofenac sodium (Diclo) (each tablet
contains 50 mg diclofenac sodium, Novartis Pharma,
Cairo, Egypt), ibuprofen (Ibu) (each tablet contains
200 mg ibuprofen, Kahira Pharmaceuticals & Chemical
Industries Company, Cairo, Egypt), and paracetamol
(Para) (each tablet contains 500 mg active drug, Arab
Drug Company, Cairo, Egypt), were purchased from a
public drug store (Tanta, Egypt). Each tablet was crushed
to fine powder and dissolved in saline at appropriate
concentrations.

Experimental design

Mice were divided into seven groups of 10 animals each.
Groupl was administrated with saline (i.p.) as a control
group; group2 and group3 i.p. inoculated with Diclo
(14.8 mg/kg, five times less than LD50 and 7.4 mg/kg,
10 times less than LD50 respectively (EC-SDS diclofe-
nac, 2014)); group4 and group5 i.p. injected with Ibu
(120 mg/kg, five times less than LD50 and 60 mg/kg, 10
times less than LD50 correspondingly (Adams, Bough,
Cliffe, Lessel, & Mills, 1969)); and group6 and group?
i.p. injected with Para (73.4 mg/kg, five times less than
LD50 and 36.7 mg/kg, 10 times less than LD50 separ-
ately (EC-SDS Acetaminophen, 2015)) daily for a period
of 1 month. At the end of treatment, three mice from
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each group were euthanized by cervical dislocation at
fasting state. Prior to the scarifying, blood samples were
collected from the retro-orbital plexus for immuno-
logical and biochemical analyses.

Hematological analysis

Blood parameters were proceeded for hematological ana-
lysis using a Nihon Kohden automated hematology
analyzer (model MEK-6318K, Japan), including leuco-
cytes (WBC) (103/ul) and their differential relative%
(neutrophils, lymphocyte, basophils, and monocytes) in
peripheral blood (PB).

Preparation of sera samples

At the end of experiment, mice were sedated with light
ether and blood was drained from their retro-orbital
plexus before being euthanized by cervical displacement
at fasting state. Blood samples were gathered in plastic
test tubes and allowed to stand for 3 h to confirm
complete clotting. The clotted blood samples were
centrifuged at 3000 rpm for 10 min and the clear sera
samples were aspirated off and stored frozen at - 80 °C
for biochemical analyses.

Analysis of liver and kidney functions

The activity of the subsequent markers was determined
colorimetrically using the standard ready-to-use kits and
methods of Human (Human Gesellschaft Fiir Biochem-
ica and Diagnostica MBH, Germany) using a fully auto-
mated biochemistry analyzer (Vita lab Selectra E,
Germany): serum aspartate aminotransferase (AST) (U/
1), alanine aminotransferase (ALT) (U/l), creatinine (mg/
dl), and urea (mg/dl). The manufacturer’s instructions
for each biochemical parameter were firmly pursued in
the course of the investigations.

Thymocyte, splenocyte, lymph node, and bone marrow
cell counting

Spleen, thymus, lymph nodes, and tibia and femur bones
were aseptically removed and placed individually in a
60 mm x 15 mm petri dish with PBS. Single-cell suspen-
sion and count of cells were prepared as described previ-
ously by Lutz et al. (1999) and Diaz-Montero et al.
(2009). Briefly, splenocytes, thymocytes, and lymph node
cells were isolated by dissociating spleen, thymus, and
lymph node respectively on 60-pm mesh sieve screens
(Sigma, St. Louis, MO) and lysing of RBC was carried
out with ACK (Ammonium-Chloride-Potassium) buffer.
Isolated cells were washed and diluted in supplemented
PBS. Tibia and femur were extracted aseptically and the
bone marrow (BM) cells were flushed from tibia and
femur of mice. BM cell suspension was subjected to
ACK buffer for the depletion of RBC then washed and
diluted in PBS. Cell viability and count analysis had been
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done by the trypan blue exclusion method using a
hemocytometer.

Statistical analysis

The data were expressed as mean + standard error of the
mean (n = 3). Statistical differences among the prospect-
ive groups and their counterparts were analyzed using
one-way analysis of variance (ANOVA) as part of an
SPSS software package (v.16.0 for Windows, 2007; SPSS,
Inc., Chicago, IL) by a post hoc test followed by
Dunnett’s for several comparison tests to compare
treated groups against respective controls. Significant
differences were indicated by p values < 0.05.

Results

The current study was conducted to evaluate whether
daily administration of different analgesics: Diclo, Ibu,
and Para induced immunological and/or biochemical
changes in mice. The present findings indicated that
1-month continuous treatment with Diclo, Ibu, and Para
has altered the immuno-biochemical parameters in the
processed mice.

The present study revealed a minor increase in the
total WBC count in Diclo- (7.4 and 14.8 mg/kg), Ibu-
(60 and 120 mg/kg), and Para (36.7 and 73.4 mg/kg)-
treated mice comparing to saline-treated mice (Table 1).
Also, there was slight decrease in the relative percentage
of lymphocytes in all examined drugs. The treatment
with Diclo (7.4 mg/kg), Ibu (60 mg/kg), and Para
(36.7 mg/kg) caused obvious increase in relative% of
monocytes and increasing dose of Diclo (14.8 mg/kg)
and Ibu (120 mg/kg) decreased their relative%; however,
increasing dose of Para (734 mg/kg) significantly
increased the relative% of monocytes compared to
control mice.

Data presented in Table 1 further showed that admin-
istration of Diclo (7.4 mg/kg), Ibu (60 mg/kg), and Para
(36.7 mg/kg) showed a decrease in neutrophil relative%,
whereas increasing dose of Ibu (120 mg/kg) and Para
(73.4 mg/kg) more reduced relative% of neutrophils, but
increasing dose of Diclo (14.8 mg/kg) increased relative%
of neutrophils to basal level when compared to the con-
trol mice. Further, all tested drugs caused high increase
in the relative% of basophils when compared to control.

In Fig. 1a, all tested drugs had increased BM cell count
compared to saline-treated mice. Administration of
Diclo (7.4 mg/kg) and Para (36.7 and 73.4 mg/kg)
showed significant increase in BM cell count. Total
numbers of splenocytes had increased with treatment of
Diclo (7.4 and 14.8 mg/kg) related to control mice, while
administration of Para (36.7 and 73.4 mg/kg) or Ibu (60
and 120 mg/kg) reduced splenocyte count (Fig. 1b).

The total number of thymocytes slightly decreased
with Para (36.7 and 73.4 mg/kg) compared to saline-
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Table 1 Cellular alternation in peripheral blood leucocytes profile of mice treated with Diclo, Ibu, and Para daily for 1T month

Treatments WBC count Leucocytes relative%

(<107 Lymphocytes Monocytes Neutrophils Basophils
Control 553+ 070 79.80 + 440 349 + 0.54 12.81 £ 046 195+ 0.24
Diclo (7.4 mg/kg) 7.80 £ 0.60 779 £ 257 6.17 £ 038 8.66 + 042%** 723 £ 1.01%%%
Diclo (14 mg/kg) 807 +1.10 7763 £0.20 593 + 044 1272 £ 138 389 + 044
Ibu (60 mg/kg) 6.90 = 040 7810 £ 7.11 13.00 £ 0.81*** 10.24 £ 0.08 369 £ 0.71
Ibu (120 mg/kg) 7.10 £ 0.68 75.80 £ 3.26 4.87 £ 0.10 8.30 + 0.65*** 2.89 £ 0.21
Para (36.7 mg/kg) 6.60 + 0.91 80.46 + 7.50 14223 11.30 + 046 352+023
Para (734 mg/kg) 803 £ 1.11 7522 £ 279 9.73 £ 1.17%%* 1091 £ 0.29 470 £ 0.16*

Data were represented as mean + SE (n = 3)

“Statistically significant comparison of control group and other treated groups (p < 0.05), ***highly significant (p < 0.01)

treated mice; however, administration of Diclo (7.4 mg/
kg) elevated thymocyte count that was reduced by
increasing dose of Diclo (14.8 mg/kg). Ibu (60 mg/kg)
had no change on thymocytes, but increasing dose of
Ibu (120 mg/kg) revealed elevation of thymocytes
(Fig. 2a). Similarly, the total number of lymph nodes
increased with treatment of Diclo (7.4 mg/kg) which
highly decreased with increasing dose of Diclo (14.8 mg/
kg), although Para- (36.7 and 73.4 mg/kg) and Ibu (60
and 120 mg/kg)-treated mice did not differ significantly
from the control mice in terms of their total number of
lymph nodes (Fig. 2b).

In the term of serum biochemical analysis as shown in
Fig. 3a, Diclo (7.4 and 14.8 mg/kg), Ibu (60 mg/kg), and
Para (36.7 and 73.4 mg/kg) treatments had significantly
changed values of ALT, though higher dose of Ibu
(120 mg/kg) significantly reduced the elevation of ALT
activity compared to the saline-treated group. Similarly,
AST values were significantly decreased with increasing
the dose of Diclo and Ibu when compared with saline-
treated mice; however, increasing dose of Para resulted
in the significant elevation of AST suggesting the differ-
ence in AST activity is due to the mechanism of action
of each drug (Fig. 3b). Moreover, there was a minor
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increase in urea and creatinine activities in all treat-
ments compared to the control group, but not signifi-
cantly (Fig. 4a, b).

Discussion
NSAIDs are effective and widely available in over-the-
counter formulations without considering the relative
contraindications, because they have analgesic, antipyr-
eticc and anti-inflammatory actions (Am, 2009;
El-Maddawy & El-Ashmawy, 2013; Elazem & Abo-Kora,
2015). Further, paracetamol is scrutinized as a derivative
of para-aminophenol class of NSAIDs and broadly used
in analgo-antipyretic purposes without medical prescrip-
tion especially in childhood (Aghababian, 2010; Hamza
& Al-Harbi, 2015; Mati¢ et al., 2016). The major goal of
the current work was to explore the immunological and
biochemical changes in mice after administration with
repeated doses of Diclo, Ibu, and Para for 1 month.
WBC count is frequently used as indicators of health
status. These cells are the important constituents of
innate immune defense and are included in the control
of immunological function in the organism (Ballarin,
Dall’Oro, Bertotto, Libertini, & Francescon, 2004).
Current data revealed that administration of Diclo, Ibu,
and Para for 1 month had no significant differences on
total WBC count; however, the relative values of leuko-
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monocytosis, and basophilia in all tested drugs depend-
ing on dose toxicity.

Similar results were speculated by Dadhaniya (2007)
who observed that there was no significant change in
the total WBC count in all the treatments of diclofenac
sodium; however, leukocytes% revealed relative lympho-
penia in a dose-dependent manner (Thanagari et al,
2012) and significant neutropenia (Ibanez, Vidal,
Ballarin, & Lapote, 2005), possibly due to immune
modulatory effects. Further, paracetamol treatment
showed nonsignificant changes in total WBC (Oyedeji,
Bolarinwa, & Jeniran, 2013). Ibuprofen and other
NSAIDs have been found to hinder the production of
prostaglandins (Dawood, 1993) by the act of cyclooxy-
genase (COX) enzymes reducing the proliferation of
human T-lymphocytes due to inhibition of binding of
IL-2 to its receptors (Hall & Wolf, 1997).

The present investigations further indicated that Diclo,
Ibu, and Para drugs induced deleterious effects on
immune-related organs (bone marrow, thymus, spleen,
and lymph nodes). These results are in line with those of
Liu et al. (2006) who revealed that infiltration of inflam-
matory cells into the liver in cases of direct drug-
induced hepatotoxicity deplete neutrophils from the
periphery proposing a role of the innate immune system
(e.g., neutrophils and macrophages) in protection against
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Fig. 4 Changes of level of a urea and b creatinine in PB after administration of Diclo, Ibu, and Para. Mice treated with saline (control), Diclo 1
(7.4 mg/kg), Diclo 2 (14.8 mg/kg), Para 1 (36.7 mg/kg), Para 2 (73.4 mg/kg), Ibul (60 mg/kg), and Ibu 2 (120 mg/kg) intraperitoneally (i.p.) daily for
1 month. Data were represented as mean + SE (n = 3). *Statistically significant comparison of control group and other treated groups (p < 0.05),
***highly significant (p < 0.01)
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metabolized into a toxic reactive metabolite that damage
hepatocytes releasing danger signals, which triggers an in-
nate immune response, leading to inflammation and col-
lateral tissue damage to the liver and this may reduce
leucocytes in the blood (Rainsford & Velo, 2012). NSAIDs
may cause thymocyte developmental defects and bone
marrow suppression monitoring by the decrease in pro-
duction of cells responsible for providing immunity
(leukocytes). Also, they may differentially exert immuno-
modulatory effects on activated macrophages, granulo-
cytes, and extrathymic T cells that become cytotoxic
effector counter to self-tissues or self-cells when overacti-
vated and these activated leukocytes may be closely related
to the etiology of the tissue impairment inducible by
NSAIDs (Yamamura, Arai, Toyabe, Takahashi, & Abo,
1996; Cho, 2007; Aronson, 2009).

The biochemical markers used to assess liver function
were ALT and AST which are the most sensible bio-
markers promptly involved in the extent of hepatocellu-
lar injury (Chun, Tong, Busuttil, & Hiatt, 2009; Singh,
Bhat, & Sharma, 2011) and their increase in serum is a
marker of cellular outflow and lack of the functional
integrity of cell membranes of hepatocytes (Rajesh &
Latha, 2004). The current investigations further showed
that levels of serum ALT and AST were markedly chan-
ged by administration of Diclo, Ibu, or Para depending
on dose and drug type. The present study draws a paral-
lel with the research work of Bessone (2010) and Kishida
et al. (2012) who reported that liver injury resulted from
NSAIDs may be proposed to their acidic moiety or
reactive metabolites that bind to host proteins causing
cellular injury. Further, paracetamol is metabolized into
a toxic reactive metabolite that binds to and depletes
glutathione in the hepatocytes resulting in the impair-
ment of mitochondrial function causing hepatocyte
damage and necrosis. And this damage leads to cellular
leakage and loss of functional integrity of cell membrane
in liver releasing high levels of serum markers in the
blood, notably AST and ALT that represents 90% of total
enzyme and better index of liver injury (Watkins & Seef,
2006; Ansari & Asif, 2012).

Creatinine and urea levels are used as markers of
kidney function due to chemical stresses, but the test for
creatinine is more sensitive than urea (Vasudevan &
Sreekumari, 2007; Orinya, Adenkola, & Ogbe, 2016).
The results obtained herein revealed that, Diclo, Ibu,
and Para administration for 1 month had no significant
alternations in renal function (levels of urea and creatin-
ine). In agreement with the present data, Qi et al. (2008)
and Borges et al. (2013) reported that NSAIDs have a
slight risk and effect on renal function and blood pres-
sure in healthy humans and the incidence of hyperten-
sive difficulties prompted by NSAIDs in patients may be
associated with the degree and the selectivity of
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suppression of COX-2 in the kidney. And there were no
significant variations relative to renal markers; however,
negligible fluctuations in renal function were observed
in ketoprofen and nimesulide groups, despite the normal
clinical conditions of the studied dogs and the short time
of therapy.

Conclusions

Based on the current results, it could be concluded that
administration of diclofenac, ibuprofen, or paracetamol
may induce immunological and biochemical perturba-
tions, and their toxicity may increase depending on the
dose. Further studies are desired to evaluate their
toxicity in the biological system.
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