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Purpose: Although nonsteroidal anti-inflammatory drugs are widely used to treat a variety of
disorders, their administration is associated with gastrointestinal side effects, acute kidney injury
and liver enzymes’ elevation. Accordingly, researchers are encouraged to create novel agents
with better safety profile. The aim of the current study was to evaluate the chronic efficacy and
safety profile of two compounds previously proven to have acceptable acute anti-inflammatory
and analgesic activities.

Materials and methods: Doses were determined through formalin-induced mice paw edema-
based dose-response curves. Granuloma weight was used to assess the chronic effect of the
investigated compounds as compared to the vehicle and diclofenac representing the positive
and the negative controls, respectively. Mice kidneys, livers and stomachs were histologically
examined. Moreover, troponin I, alanine aminotransferase, aspartate aminotransferase, serum
creatinine and blood urea nitrogen levels were measured.

Results: The results highlight that the granulomas and exudates developed in mice after 7 days
of treatment, with compound I and compound II were significantly lower than that of the negative
control group. Moreover, compound I showed significantly better anti-inflammatory effect than
diclofenac. Troponin level was undetected in all groups. Histopathological examination of the
stomach revealed normal mucosa for both tested compounds and controls. Likewise, kidneys
showed neither significant histologic alteration nor biomarkers increase as compared to the
control over both 7- and 30-day treatment periods. Mice that received the tested compounds or
diclofenac exhibited transient liver damage specifically; congestion, vacuolization, necrosis and
inflammation after 7 days of treatment which decreased significantly after 30 days of treatment
as emphasized by the Suzuki score and biomarker levels.

Conclusion: Since the tested compounds, specifically compound I, presented a satisfactory
chronic safety profile as well as anti-inflammatory effect, it is worth conducting further molecu-
lar pharmacological, toxicological and bioavailability studies to elucidate the efficacy of these
potential anti-inflammatory bipyrazole compounds.

Keywords: peptic ulcer, hepatic injury, kidney injury, nonsteroidal anti-inflammatory drugs,
pyrazole, histology

Introduction

Osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, gouty arthritis, dysmen-
orrhea, dental pain and headache are varieties of disorders treated by nonsteroidal
anti-inflammatory drugs (NSAIDs).! The main NSAIDs mechanism of action is the
inhibition of prostaglandin (PG) production via the cyclooxygenase (COX) pathway.
The COX enzymes catalyze the rate limiting step of PGs, thromboxane and eicosanoids
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biosynthesis. Initially, COX converts arachidonic acid, a
PG precursor, to prostaglandin G2, which is reduced sub-
sequently to prostaglandin H2 through peroxidase action.??
Two isoforms of COX enzymes exist, namely, COX-1 which
is constitutively expressed in the gastrointestinal tract and
many other tissues and COX-2 which is completely absent in
most cells but induced mainly at inflammation and pain sites.
NSAIDs are classified according to their COX inhibition
selectivity into traditional agents and COX-2 selective ones.
Since traditional NSAIDs inhibit both COX-1 and COX-2
enzymes, they are associated with increased gastrointestinal
side effects mainly due to inhibition of the production of
cytoprotective PGs, explicitly PGE2 and PGI2 found in the
stomach, which in turn lead to reduced intestinal mucus
formation, disturbed micro-circulation causing increased
intestinal motility, and increased mucosal permeability to
many inflammatory mediators including neutrophils and
cytokines.* These gastrointestinal side effects can range from
dyspepsia to severe peptic ulcer and bleeding, endoscopically
ranging from subepithelial hemorrhages and erosions to total
destruction of epithelial membrane and full thickness ulcer.”
Other NSAIDs side effects include renal, hepatic and
cardiovascular adverse reactions which are related to the
agent as well as the duration and frequency of therapy.*
Specifically, NSAIDs can cause acute kidney injury; elec-
trolyte and acid-base disorders; acute interstitial nephritis,
which may be accompanied by the nephrotic syndrome; and
papillary necrosis.’ These side effects are mainly mediated
through inhibition of PG which is involved in the regula-
tion of sodium reabsorption in the renal tubules and acts as
a counter-regulatory factor under conditions of increased
sodium reabsorption. It also increases potassium secretion
mainly through activation of the renin-angiotensin system,
resulting in increased secretion of aldosterone. Moreover,
PGs increase renal blood flow and glomerular filtration
rate under conditions associated with decreased circulat-
ing volume, causing a greater tubular flow and secretion of
potassium. In healthy, hydrated individuals, renal PGs do
not play a major role in sodium and water homeostasis while
under conditions of decreased renal perfusion, PGs serve as
a vital compensatory mechanism. Thus, renal side effects are
relatively mild and rare in healthy individuals.*!°
Prolonged administration of NSAIDs is commonly asso-
ciated with elevation of liver enzymes, even though this is
true, liver failure rarely occurs. The serum aminotransferase
enzymes return to normal levels upon discontinuation of the
drug. In a retrospective study, out of 625,000 patients who

received NSAIDs, only 23 cases developed acute liver injury
over 4 years. Among NSAIDs, sulindac showed the greatest
hepatic disorders induction.!'"13

Both nonselective and COX-2 selective NSAIDs increase
risk of cardiovascular events specifically ischemic cardio-
vascular disease, heart failure, increased blood pressure,
and possible atrial fibrillation which are agent, dose and
COX-2 selectivity-dependent. Selective COX-2 inhibition is
associated with reduced prostacyclin production by vascular
endothelium with little or no inhibition of thromboxane A2
production.'*!5 Consequently, some selective NSAIDs were
withdrawn from the market, but not celecoxib.!®7

The indispensability of NSAIDs medical use accompanied
by their side effects encourages continuous research to create
novel agents with better safety profile. As an example, Huang
et al developed three novel modified NSAIDs, phospho-aspi-
rin, phospho-ibuprofen and phospho-sulindac. Their results
are suggestive but not definitive that the three compounds have
good efficacy with less gastrointestinal toxicity.'® Moreover,
Pan et al synthesized novel benzimidazole derivatives and
identified, in vitro, out of 34 compounds, several with an anti-
inflammatory effect.'” Faour et al also evaluated four series
of newly synthesized bipyrazoles for their anti-inflammatory
and analgesic activities. Two compounds showed superior
anti-inflammatory activity compared to diclofenac and similar
analgesic activity with minimal ulcerogenic side effect.’ In
fact these compounds reduced COX-2 protein expression as
well as inducible nitric oxide synthase (iNos) to levels com-
parable to control unstimulated cells.?

In the light of the aforementioned by Faour et al,* the
purpose of the current study is to evaluate the chronic efficacy
and safety profile of two bipyrazole compounds previously
demonstrated to have a good acute anti-inflammatory effect.
Based on the probit method, doses were determined to assess
the chronic anti-inflammatory effect of the investigated
compounds. Troponin I was used to assess drug induced
cardiac toxicity. Histological and biochemical markers of the
kidney and liver function were evaluated after chronic use
of the tested compounds. Moreover, histological features of
the stomach were studied.

Materials and methods

Experimental animals

Male BALB/c mice weighing 25-30 g were used. Animals
were housed under standard laboratory conditions, kept under
diurnal light and had free access to water and a standard chow
diet throughout the experiments.
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Ethical consideration

All experiments were performed at Beirut Arab University
laboratories after obtaining approval from the Investigation
Review Board, number 2016A-0043-P-P-0165. Animal care
and handling for the research were performed in accordance
with the regulations and guidelines stipulated by the Institu-
tional Animal Care and Use Guidelines (IACUG) at Beirut
Arab University, Lebanon, authenticated by the Ministry of
Public Health (1/141).

Drugs and drugs preparation

Compounds I and II were synthesized in the pharmaceuti-
cal chemistry laboratory, faculty of pharmacy, Alexandria
University, Egypt. The chemical entities (Figure 1) were
dissolved in equivalent volumes of dimethyl-sulfoxide and
polyethylene glycol 400 for intraperitoneal administration.
Diclofenac sodium, supplied by Novartis Pharmaceuticals
Corporation (East Hanover, NJ, USA), was dissolved in nor-
mal saline to achieve appropriate concentration. Benzathine

Compound |
H,CS CN
(0]
O
CN N
CH
N N N  CH,
N H CH
N
HN H
CHy
Cl

3-(Chlorophenylamino)-2-cyano-N-(4-cyano-3-
(methylsulfanyl)-1-(phenyl-1H-pyrazol-5-yl)-3-
(2,3-dihydro-1,5-dimethyl-3-oxo-2-phenyl-1H-
pyrazol-4-ylamino)-acrylamide

Light brown crystals (2.35 g, 74%), mp: 294-295°C.

IR (KBr, cm-1): 3376, 3312, 3187 (NH), 3041, 2923 (CH), 2224
(CN), 1662, 1631 (C=0), 1590 (C=N), 1561, 1496 (C=C), 1308,
1093 (C-S-C)

1H-NMR (300 MHz, DMSO-d6, & ppm): 2.38 (s, 3H, CCH3),
2.52 (s, 3H, S-CH3), 3.17 (s, 3H, N-CH3), 7.35-7.59 (m, 14H,
aromatic-H), 7.82, 11.30, 12.43 (3s, each 1H, 3NH, D20
exchangeable).

3C-NMR (75 MHz, § ppm): 13.58 (C-CH3), 14.94 (SCH3), 35.88
(N-CH3), 97.56 (pyrazole C4), 99.25 (acrylamide C2), 99.73
(pyrazolinone C4), 113.04, 116.92 (CN), 120.56 (pyrazolinone
phenyl C2,6), 123.94 (chlorophenylamino C2,6), 124.38
(pyrazolinone phenyl C4), 125.73 (phenyl C4), 127.71 (phenyl
C2,6), 128.13 (chlorophenylamino C4), 129.24 (pyrazolinone
C5), 129.54 (pyrazolinone phenyl C3,5), 129.83(phenyl C3,5),
129.89 (phenylamino C3,5), 139.14 (pyrazolinone phenyl C1),
139.69 (phenyl C1), 142.45 (phenylamino C1), 149.02
(pyrazole C3), 150.28 (pyrazole C5), 155.44, 157.57 (C=0)
161.53 (acrylamide C3).

C32H26CIN902S; MW: 636.13

Compound Il
N
H,C— S

NH,

(0]

N
N NH NH
N
H3C S

5-Amino-N-(4-cyano-3-(methylsulfanyl)-1-
phenyl-1H-pyrazol-5-yl)-3-(methylsulfanyl)-1H-
pyrazole-4-carboxamide

Beige crystals (1.34 g, 70%), mp: 235-236°C.

IR (KB, cm-1): 3353, 3299, 3208 (NH), 3058, 2922 (CH), 2225 (CN),
1646 (C=0), 1613 (C=N), 1548, 1520, 1434 C=C), 1289, 1213, 1106,
1031 (C-S-C).

1H-NMR (300 MHz, DMSO-d6 ppm, & ppm): 2.59, 2.65 (2s, each 3H,
2SCH3), 5.84 (s, 2H, NH2, D20 exchangeable), 7.30-7.78 (m, 5H,
phenyl-H), 9.55, 11.25 (2s, each 1H, 2NH, D20 exchangeable).

3C-NMR (75 MHz, ppm): 14.12 (CH3), 92.10, 94.87 (pyrazole C4),
123.24 (phenyl C2,6), 128.89 (phenyl C4), 129.23 (phenyl C3,5),
138.45 (phenyl C1), 141.15 (aminopyraxole C5), 141.86

(pyrazole C3), 150.56, 152.69 (pyrazole C5), 162.62 (C=0)

C16H15N708S2; MW: 385.47

Figure | Chemical structure and molecular data of the investigated compounds.
Abbreviation: MW, molecular weight.
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benzylpenicillin (Retarpen; Sandoz GmbH, Kundl, Austria)
was dissolved in normal saline and administered intramus-
cularly. Ether supplied by POCH SA (Gliwice, Poland) was
used to anesthetize the animals when needed. Formalin sup-
plied by Sigma-Aldrich Co. (St Louis, MO, USA) was used
for the determination of the doses of compounds I and II.

Procedures

Assessment of chronic anti-inflammatory activity
Formalin-induced mice paw edema method
Formalin-induced mice paw edema was used to assess the
acute anti-inflammatory activity of different doses of the
tested compounds as to determine the dose-response curve
and the equivalent doses to 10 mg/kg diclofenac sodium.
After 1 h of injecting each compound in five different doses
as well as the control, the mice were challenged by a 200 pL.
subcutaneous injection of 5% v/v (volume/volume) formalin
solution into the plantar side of the right hind paw. The paw
volume was measured plethysmographically immediately
after the injection and 4 h later.?'?2 The doses of compounds
I and II equivalent to 10 mg/kg diclofenac sodium were
calculated using probit analysis with 95% CI.

Cotton pellet induced granuloma method

Chronic anti-inflammatory effects of the different compounds
were studied using the cotton pellet granuloma test. Male
mice were anesthetized with ether. The back skin was shaved
and disinfected with 70% v/v ethanol. An incision was made
in the lumbar region. With sterile forceps, a subcutaneous
tunnel was formed, and a sterilized cotton pellet was placed
in the scapular region. After the surgery, each mouse was
given 60,000 IU of benzathine penicillin intramuscularly.
Each group of mice was treated with either vehicle or tested
compounds, or diclofenac sodium for 7 consecutive days.
On the 8th day, the animals were sacrificed, and the cotton
pellets surrounded by the granulomatous tissue were removed
surgically. Extraneous tissues were removed, and then, the
moist pellets were weighed (wet weight). The granuloma
weight was considered as the wet weight minus the weight of
the original cotton which was 10 mg. The pellets were then
dried at 90°C for around 3 h until reaching a constant weight
which was considered the dry weight.?>%

Chronic safety profile of compound | and

compound Il

Cardiac biomarker

Before sacrificing the mice to remove the cotton pellet, blood
was collected by cardiac puncture from the anesthetized mice

to determine the cardiac troponin I which is a sensitive bio-
marker of drug-induced cardiac toxicity.* A chromatographic
immunoassay test device for qualitative detection of cardiac
troponin I in serum supplied by ACON Laboratories Inc. (San
Diego, CA, USA)was used for this purpose.

Renal and hepatic functions biomarkers

Blood collected was also used to determine the sub-chronic
toxicity of compounds I and II on both the liver and kidneys.
Another group of mice also kept in single cages during the
whole procedure with free water and food either received
the vehicle, compound I, compound II or diclofenac sodium
intraperitoneally for 30 consecutive days to determine the
chronic toxicity. Creatinine, blood urea nitrogen (BUN),
alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) were determined using a ready-made chemical
kit supplied by SPINREACT Co., Girona, Spain.?

Histological features of the stomach, kidney and liver
After sacrificing the animals for biomarkers’ study, their
stomachs, kidneys and livers were removed for histological
analysis.

The isolated stomachs were opened along the greater cur-
vature, washed with normal saline and examined macroscopi-
cally for any apparent damage. The isolated stomachs were
then fixed in a buffered neutral formalin solution, trimmed
after, dehydrated and embedded in paraffin, cut and stained
with hematoxylin and eosin appropriately then subjected to
microscopic evaluation for any histological changes.?

Kidneys were also trimmed and fixed in neutral buffered
formalin solution. Paraffin blocks were made and cut into sec-
tions and adhered to glass slides using egg albumin. Tubular,
endothelial, glomerular and tubulointerstitial tissues were
scored according to the endothelial, glomerular, tubular and
interstitial (EGTI) histology scoring system.?’

Livers were immediately fixed with Carnoy’s solution.
Samples were then embedded in paraffin wax, cut into 6-pm
sections, and stained with hematoxylin and eosin prior to
microscopic examination. Liver damage was graded accord-
ing to Suzuki score.?®

Three expert pathologists who were blinded to the experi-
mental conditions examined the specimens using a standard
light microscope.

Statistical analysis

Results were analyzed using Statistical Package for the Social
Science version 20 (IBM Corporation, Armonk, NY, USA).
Continuous data was expressed as mean = SD. One-way analy-
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sis of variance (ANOVA) followed by post hoc analysis was
used when appropriate. Difference was considered significant
at P-value less or equal to 0.05. The effective concentration
was calculated using the regression analysis, probit.

Results

Assessment of chronic anti-inflammatory
activity

Formalin-induced mice paw edema test

Through the construction of the dose—response curves for
compounds I, II and diclofenac sodium, the equieffective
doses of the two compounds to 10 mg/kg diclofenac sodium
calculated using probit analysis method were 25.66 mg/kg
and 17.01 mg/kg, respectively (Figure 2) which were used
in all other tests.

Cotton pellet granuloma test

After 7 days of treatment, the tested compounds as well as
diclofenac sodium showed an anti-inflammatory activity
illustrated by the significant lower weight of the granuloma
and exudate developed in mice receiving these compounds
compared to the control group. Moreover, compound I

90

80
c 70
8
E 60
=
£ 50
>
& 40
é 30 Compound |
o
T 5 Compound I

Diclofenac
10
0
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Log dose (mg/kg)

Figure 2 Dose-response relationship of compounds I, Il and diclofenac sodium

based on formalin-induced paw edema method.

showed a significantly lower granuloma development as
compared to diclofenac sodium as shown in Table 1.

Chronic safety profile of compound | and

compound |

Cardiac biomarker

The cardiac biomarker, troponin I, was not detected in mice
groups treated with either compound 1, compound 2, or
diclofenac comparable to the control.

Renal and hepatic functions biomarkers

The biomarkers of the renal function, BUN and serum cre-
atinine (Scr), of the three treated groups did not show any
significant difference compared to the control group over both
periods, 7 and 30 days. Liver enzymes ALT and AST showed
significant increase compared to the control after 7 days but
not after 30 days. Nevertheless, all levels were within normal
limits (<45 IU/L) (Table 2).

Histological features of the stomach, kidney and liver
Histological examination of the gastric structure revealed an
intact mucosa for all tested compounds as well as the control
group after 7 days treatment, while for 30 days, minimal
petechia was noticed in mice treated with compounds I and
11, as well as diclofenac sodium.

Table | Effect of compound I, compound Il and the standard
drug diclofenac sodium on granuloma and exudate weights in the
mice cotton pellet granuloma test

Agent Granuloma Exudate
weight (mg)* weight (mg)
Control 102.124+20.82 21.6248.50
Diclofenac sodium 53.92+56.87° 7.67+0.85°
Compound | 7.98%1.130¢ 7.98%1.31°
Compound Il 66.20+5.24° 8.32+0.53°

Notes: Number of mice per group =6. Data were reported as mean + SD. ANOVA
test was used to compare the means followed by Tukey test.*Granuloma weight
= dry weight — initial weight of the cotton pellet (10 mg); *significant difference
compared to control group (P <0.01); ssignificant difference compared to diclofenac
sodium.

Table 2 Renal and hepatic function biomarkers after treatment period of 7 and 30 days

Treatment period 7 days 30 days

Biomarkers BUN Scr AST ALT BUN Scr AST ALT
Agents mg/dl mg/dL 1IU/L IU/L mg/dL mg/dL 1IU/L IU/L
Control 19.30£7.02 0.83+0.07 16.70+4.62 16.00+3.46  20.6£9.99 0.82+0.20 18.448.17  23.849.71
Diclofenac 32.00+6.93 1.03£0.12 32.746.35*  32.719.45° 22.4+12.22 0.80%0.19 16.8+13.01 17.0£12.33
Compound | 26.00+11.36 0.93+0.10 37.0£5.29*  38.00+2.00*° 26.5+4.20 0.99+0.15 26.0+9.38 30.0+9.93
Compound Il 28.30+11.02  1.03+0.25 31.3£0.58*  30.7£2.31° 19.8£13.28 0.82+0.27 283+12.01 31.0£11.37

Notes: Number of mice per group =5. Values were presented as mean = SD. ANOVA test was performed to compare the groups mean. *Significant difference compared

to the control.

Abbreviations: BUN, blood urea nitrogen; Scr, serum creatinine; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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Concerning the kidney histological structures, EGTI
scores of mice on compounds I, IT and diclofenac sodium for
7 days treatment period, were significantly higher than the
score of the control group while after 30 days of treatment
only compound II and diclofenac sodium showed statistical
difference compared to the control. In fact, EGTI score for
compound I was comparable to the control and statistically
lower than that of diclofenac sodium group (Table 3). Even
though there was an increase in some scores, different treat-
ment modalities induced no actual damage. In fact, in less
than 25% of the tubular cells, a minor loss of the bundle
brush was detected. Retraction of the glomerular tuft was
noticed in most of the studied samples. Moreover, non-
effective endothelial swelling and inflammation were noticed
as shown in Figure 3. These changes did not indicate any
alteration in the kidney functions other than a transient and
mild histologic change.

Regarding the hepatic side effects of compound I, IT and
diclofenac sodium administered for 7 days to mice, it was
obvious that they cause liver changes manifested as conges-
tion, vacuolization, necrosis as well as inflammation. In the
group treated with compound I, the mice liver showed mild
lobular and portal inflammation while in those treated with
compound II, the liver showed only lobular inflammation.
Additionally, diclofenac sodium group showed discrete portal
inflammation (Figure 4). The control group did not show any
significant changes. Suzuki score was used to evaluate liver
damage extend depending on; the congestion, vacuoliza-
tion and necrosis. There was statistical difference between
the different groups and control animals in Suzuki scores.
Alternatively, hepatocytes showed binucleation and nuclear
activation in compounds I, and II, and diclofenac sodium
groups. After 30 days of treatment, compound I, and II, and
diclofenac sodium also showed an elevated Suzuki score as
compared to the control, but those scores were significantly
lower than the corresponding ones after 7 days of treatment
(Table 4).

Discussion

NSAIDs are the most widely used drugs worldwide for a diverse
range of conditions. Nevertheless, several side effects are conse-
quences of their administration especially with chronic use. For
this purpose, researchers are still investigating new molecules
to discover ideal anti-inflammatory drugs with better safety
profile than the former ones. Compound I and compound 11
showed not only acute anti-inflammatory effect as suggested
by Faour et al,? but also chronic efficacy as demonstrated by
the results which were obtained in our current study with the

Table 3 EGTI scores of compounds |, Il and diclofenac sodium mice kidneys after treatment periods of 7 and 30 days

30 days

7 days

Treatment period

Endothelial/3 Glomerular/3 Tubulo/ Total Tubular/4 Endothelial/3 Glomerular/4 Tubulo Total

Tubular/4

Agent/score

linterstitial/4

0.7+0.58

interstitial/4
1.3+0.96
1.5+0.58
2+0.82

2.3+3.21°

0.7£1.15

0.31£0.58
1.3£0.50
|.4+0.552
0.6+0.55

0.7£1.15

6.8+1.89*

1.5x12
1£1.15

1.5+0.58

1.8£0.5

2.5+1.00?

Compound |

6.8+1.712

1.5+0.58¢
1.6+0.552
0.2+0.45

2.5+0.58:
2.440.55*

6.312.06*
83t1.71°

2.0£1.15°

Compound Il

7.0+1.58°

1.6+0.552
0+0.00

1.5+0.58 2+0.00*

0.7+0.58

2.840.50*
0.3+£0.58

Diclofenac sodium

1.2+0.84

0.4+0.55

1.7£1.15

0.7£1.15

0+0.00

Control

5. ANOVA test was done followed by Tukey test.Significant difference compared to the control (P <0.05); “significant difference compared to diclofenac taking the treatment for 7 days (P <0.05).

Abbreviation: EGTI, endothelial, glomerular, tubular and interstitial.

Notes: Number of mice per group
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Figure 3 Histological features of mice kidney after treatment with compounds |, Il or diclofenac for 7 and 30 days.

Notes: (A) Kidney of mice taking compound | for 7 days showing hemorrhage and retraction of glomerular tuft (arrows); (B) kidney of mice taking compound Il for 7 days
showing some retraction of glomerular tuft (arrow); (C) kidney of mice that received diclofenac for 7 days showing tubular destruction, hemorrhage and necrosis (arrow);
(D) kidney of the control after 7 days; (E) kidney of mice taking compound | for 30 days showing hemorrhage, retraction of glomerular tuft, loss of brush border integrity
and thickened basement membrane (arrow); (F) kidney of mice taking compound Il for 30 days showing hemorrhage, retraction of glomerular tuft, loss of brush border, cast
formation and necrosis (arrows); (G) kidney of diclofenac receiving mice for 30 days showing loss of bundle brush border and casts in tubules (arrow); (H) control kidney

after 30 days. Photos were taken at 40x magnification.

cotton granuloma test. In fact, on chronic administration of
the investigated compounds and diclofenac for 7 days, both
granulomas and exudates formation were significantly lower
than those of the group receiving only the vehicle.

As a second step, drug safety is one of the crucial aspects
which is evaluated during preclinical, early clinical, late stage
clinical and post-marketing phases of the pharmaceutical
discovery process. For this purpose, monitoring of the pos-
sible side effects of the molecule in question is a necessity.?
Most important side effects of NSAIDs include cardiovascu-
lar problems, alterations in gastrointestinal mucosal integrity,
renal function disorders and hepatic injuries.'

The motive to introduce more efficient anti-inflammatory
and analgesic agents with reduced adverse effects led to the
evolvement of selective COX-2 inhibitors, nevertheless,
these agents showed higher cardiovascular side effects.?
Since compound I and compound II were not considered as
selective NSAIDs having a COX-11C50/COX-2IC50 ratio
of 1.75 and 1.59, respectively, as suggested by Faour et al,*
cardiovascular side effects are less probable. Moreover, since
troponin I is a useful tool to assess drug induced cardiac
toxicity in laboratory animals,” it was measured in in all
treated groups to reveal a negative value implicating a safe
cardiovascular outcome.
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Figure 4 Histological features of mice liver treated with compounds |, Il or diclofenac for 7 and 30 days.

Notes: (A) Liver of compound | treated mice showing vacuolization, edema and some hepatocytes necrosis after 7 days (arrows); (B) liver of compound Il treated mice
showing severe ballooning and congestion after 7 days (arrow); (C) liver of diclofenac sodium (arrow indicates congestion); (D) liver of control mice showing normal
architecture; (E) liver of compound | treated mice showing vacuolization after 30 days (arrow); (F) liver of diclofenac treated mice showing congestion after 30 days (arrow).

Photos were taken at 40x magnification.

However, traditional NSAIDs are associated with a sig-
nificant risk of serious gastrointestinal side effects mediated
by inhibition of COX-1 which plays an important protective
role in the gut by stimulating the synthesis and secretion
of mucus and bicarbonate, increasing mucosal blood flow
and promoting epithelial proliferation. Thus, when NSAIDs
inhibit this enzyme, they create a gastric environment prone
to ulceration.”*® Even though this is true, the obtained results
revealed that compound I and compound II caused no altera-
tion in the gastric mucosa when administered for 7 days and
minimal petechia occurred after continuous administration
for 30 days comparable to diclofenac sodium. In fact, the risk
of gastric bleeding induced by traditional NSAIDs may vary
from one product to the other. As mentioned by Van Walsem
et al, for example, major gastrointestinal bleeding events with
diclofenac were lower compared to naproxen and ibuprofen,
comparable to celecoxib and higher than etoricoxib.’!

NSAIDs can cause acute kidney injury mainly mediated
by PG inhibition.’ In the current study, compounds I and II
as well as diclofenac showed some histologic changes but
no real damage to the kidneys with no elevations in serum

creatinine and BUN in both 7 and 30-day time periods.
This is explained by the fact that NSAIDs induced acute
kidney injury is relatively mild and rare in healthy hydrated
individuals since renal PGs serve mainly for compensatory
mechanism in case of decreased renal perfusion.®!?
Drug-induced liver injury (DILI) is the most challeng-
ing disorder upon continuous administration of NSAIDs.
Two types of DILI are defined namely; intrinsic and idio-
syncratic. The intrinsic type refers to liver injury caused
by drugs when given at high doses exemplified by acet-
aminophen, while the idiosyncratic type is less common as
it affects only susceptible individuals, has less consistent
relationship to dose, and is more varied in its presentation.*
NSAIDs are an example of DILI the idiosyncratic type.** In
fact, NSAIDs along with anti-infectious agents are listed as
the most common cause of DILI. Several NSAIDs have been
abandoned after being developed or introduced into prac-
tice, due to serious liver injury such as bromfenac, ibufenac,
oxicams and sudoxicam.*? In fact, these hepatic injuries may
be present in a variety of forms as it may be asymptom-
atic, transient, hypertransaminasemia or fulminant.* The
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exact mechanism of NSAID-induced liver injury is still
fully unexplained but mitochondrial toxicity, endoplasmic
reticulum stress and inflammation may play a role. The
liver toxicity of NSAIDs appears to be compound specific
rather than class or family effect. In the same chemical
family, some compounds carry this side effect while others
do not. The most common agents that have been reported
to have relatively high risk of liver injury are: diclofenac,
ibuprofen, naproxen, nimesulide, piroxicam and sulindac.
In the current study, the liver injury detected after compound
I, compound II and diclofenac sodium administration for
7 consecutive days was most probably transient since ALT
and AST levels increased significantly as compared to the
control but upon continuation of administration over 30 days
these levels decreased. Nonetheless, all levels were within
normal limits (<45 [U/L). Similarly, even though the histo-
logic results showed significantly elevated Suzuki scores for
compounds I, IT and diclofenac as compared to the control
after 30 days of treatment, those scores significant dropped
as compared to the 7 days treatment samples. Hepatocytes
after 7 days of treatment with compound I, IT and diclofenac
sodium also showed bi-nucleation and nuclear activation
which is a sign of liver regeneration. These results match
with the fact that elevations in AST and ALT values occur
in 5 to 15% of patients taking NSAIDs as a class, remain
less than three times the upper normal limits, and in some
cases may resolve despite continuation of the NSAID.*

Conclusion

The investigated compounds showed a marked anti-
inflammatory activity in the chronic experimental animal model
which was approved via a statistically significant lower forma-
tion of granuloma and exudate. Moreover, these compounds
showed a satisfactory safety profile, specially demonstrated by
neither gastric nor kidney side effects. In fact, compound I had
an even better anti-inflammatory and kidney safety profile as
compared to the standard US Food and Drug Administration
approved NSAID, diclofenac sodium. The chronic administra-
tion of the tested compounds resulted in transient liver changes
comparable to those of diclofenac sodium. As a consequence
of'the adequate anti-inflammatory efficacy and favorable safety
profile of the investigated bipyrazole compounds, particularly
compound I, advanced investigation is recommended.
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