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Abstract

Background and Objective: Gastric ulcers are a global health problem, in part caused by the frequentadministration of NSAIDs. To reduce
gastrointestinal damage, these drugs are often co-administered with gastroprotective agents, which also have severe adverse effects.
The objective of this study was to evaluate the protective activity of methyl eugenol against diclofenac- and ketorolac-induced gastric
damage and explore the pharmacokinetics of a possible drug interaction of the combined treatments. Materials and Methods: Rats were
orally administered methyl eugenol at different doses and 1 h later given diclofenac (80 mg kg™') or ketorolac (35 mg kg™'). The control
groups were treated with diclofenac or ketorolac only. After 4 or 6 h, respectively, the animals were sacrificed and the stomachs removed.
Gastric damage was quantified to calculate the percentage of gastroprotection. Additionally, a pylorus ligation was performed to test for
an anti-secretory effect of methyl eugenol. Other animals received 10 mg kg~ of diclofenac or ketorolac with or without methyl eugenol
co-administration (100 mg kg™') to analyze possible drug interactions. The plasma concentrations of diclofenac and ketorolac were
determined by HPLC and pharmacokinetics parameters were assessed. Results: Methyl eugenol decreased gastric lesions induced by
diclofenac and ketorolac, achieving the maximum protection of 74.4 and 49.0%, respectively, at 100 mg kg~". No anti-secretory activity
was detected. With the co-administration of methyl eugenol, the bioavailability of diclofenac was unchanged but that of ketorolac
declined. Conclusion: Methyl eugenol provided greater protection against diclofenac- than ketorolac-induced gastric lesions. It affected
the bioavailability of ketorolac (due to alterations in absorption) but not that of diclofenac.
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INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs) are
frequently prescribed as an analgesic, anti-inflammatory and
antipyretic agents. Their chronic use, however, is associated
with adverse effects on the cardiovascular, neurological and
renal systems and especially increased risk of gastrointestinal
ulceration and bleeding'. It has been proposed that NSAIDs
provoke gastrointestinal lesions by inhibiting cyclooxygenase-
1 (COX-1), leading to decreased prostaglandin synthesis and
reduced gastrointestinal protection®.

The reduction of gastrointestinal damage in patients
taking NSAIDs is primarily accomplished by co-administering
gastroprotective agents such as H, receptor antagonists,
misoprostol or proton pumpinhibitors*. Nevertheless, there is
evidence of adverse side effects produced by the prolonged
use of these agents®. Proton pumps can be taken as an
example. Although the profile of proton pump inhibitors
appears to be the most favorable among such protective
agents, offering the best efficacy and quality of life, their
consumption is associated with a deficit in the absorption of
vitamin B12 and calcium’,cardiovascular problems® and renal
failure®.

It is necessary to find pharmacological alternatives that
reduce these adverse effects. One plausible strategy is the
combination of NSAIDs with an extract or compounds
isolated from plants'®"'. Methyl eugenol , alkenyl benzene
found in a wide variety of plant species, is known to have
gastroprotective activity on ethanol-induced gastric lesions'?
as well as an antinociceptive effect in the mouse formalin
model3. Hence, it may also protect against diclofenac- or
ketorolac-induced gastric damage. A possible interaction of
the elements of a combined treatment must be considered,
based on pharmacodynamics and/or pharmacokinetics™.

A modification in one of the stages of pharmacokinetics
(absorption, distribution, metabolism or elimination) will
probably cause an alteration of the blood concentration of
a drug. Pharmacokinetic interactions that give rise to a
blood concentration of the drug outside the therapeutic
range are the most harmful. The more rapidly a change in
blood concentration occurs, the more problematic the
interaction, which could lead to an undesirable increase or
decrease in the activity and/or bioavailability of either
substance .

The present study aimed to evaluate the protective effect
of methyl eugenol against diclofenac- and ketorolac-induced
gastric damage in rats and to explore the possible
pharmacokinetics of interaction between methyl eugenol and
the respective NSAID.
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MATERIALS AND METHODS

Study area: The study was carried out at the Multidisciplinary
Unit for Experimental Research of the Facultad de Estudios
Superiores (FES) Zaragoza, UNAM, from June, 2019 to March,
2020.

Chemicals: Methyl eugenol, diclofenac sodium salt, naproxen
sodium and ketorolac tromethamine were purchased from
Sigma Aldrich. Methanol and HPLC-grade acetonitrile were
acquired from JT Baker. The other reagents were of analytical
grade. Methyl eugenol was suspended in 0.5%
carboxymethylcellulose, while diclofenac sodium, ketorolac
tromethamine, omeprazole and carbenoxolone were
dissolved in water.

Animals: Applicable international and national guidelines for
the care and use of lab animals were followed. The current
protocol was approved by the Internal Committee of the
Escuela Superior de Medicina, Instituto Politécnico Nacional,
(CICUAL-01/19-06 2014). Wistar rats (200-250 g) were provided
by the FES Zaragoza, UNAM. The animals were individually
housed in cages with wire-net floors and deprived of food for
18 h before experimentation, having free access to water. All
assays involved 6-8 animals per group.

Diclofenac-induced gastric lesions: Methyl eugenol (10,
56 and 100 mg kg™), the reference drug carbenoxolone
(100 mg kg™") or the vehicle were administered orally
(0.1 mL/100 g of body weight). After 1 h, gastric lesions were
induced with diclofenac (80 mg kg~', p.0.)'>. Rats were
sacrificed in a CO, chamber 4 h later. The stomach of each
animal was removed, filled with formalin (2%) and
Subsequently opened along the greater curvature.
Henceforth, the methodology described by our workgroup
was followed to determine the ulcerindexand the percentage
of gastroprotection®.

Ketorolac-induced gastric lesions: Methyl eugenol (10,
30 and 100 mg kg™), the reference drug carbenoxolone
(100 mg kg™") or the vehicle were administered orally. After
1 h, gastric lesions were induced with ketorolac (35 mg kg,
p.0.)"”. The animals were sacrificed in a CO, chamber 6 h later
and the percentage of gastroprotection was calculated.

Anti-secretory effect (pylorus ligation): Rats previously
fasted for 18 h were anesthetized and immediately afterward
the pylorus was ligated. The animals were then treated with
methyl eugenol (100 mg kg™', p.o.) and sacrificed 4 h later to
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dissect the stomachs and collect the gastric content. This was
centrifuged at 3000 rpm for 5 min to determine the pH of the
supernatant with a pH meter. Vehicle control and positive
control (omeprazole) groups were included in the evaluation.

Pharmacokinetics study: Blood was sampled (200 pL)
through a PE-10 catheter previously inserted in the caudal
artery. The catheter was rinsed with heparin in saline solution
(1 mgmL™") after each sampling'. Either the vehicle or methyl
eugenol (100 mg kg~") was given orally and 30 min later
diclofenac (10 mg kg~', p.0.)" or ketorolac (10 mg kg~', p.o.)
was administered. Subsequently, blood samples were
obtained at 0, 5, 10, 15, 20, 45, 60, 120, 240 and 360 min for
diclofenac and at 0, 5, 15, 30, 45, 60, 90, 120, 180, 240 and
360 min for ketorolac. For blood sampling, the extracted
volume wasimmediately replaced with physiological saline to
avoid changes in the circulating volume. Plasma samples,
obtained by centrifuging the blood samples at 12000 rpm for
10 min, were stored at -20°C to wait for processing.

Evaluation of the diclofenac and ketorolac plasma
concentration: The plasma concentration of the drugs was
determined by high-performance liquid chromatography
(HPLQ). For diclofenac, this was carried out according to the
previously described method® and for ketorolac by a method
formerly developed in our laboratory. Briefly, plasma samples
(100 L) were spiked with 200 pL of naproxen (30 ug mL=") as
an internal standard and then 700 pL of methanol was added
as the precipitant solvent. The mixture was shaken in a vortex
for 3 min before centrifuging at 12500 rpm for 35 min.
Supernatants were analyzed by HPLC at 40°C on a C18
(Zorbax Eclipse Plus®) column: 3.5 pm and 4.6 X 150 mm. The
mobile phase: 0.04 mol L=' potassium phosphate
monohydrate buffer (pH 3.3) and methanol (57:43) v/v, at a
flow rate of 1.5 mL min~" monitored at 320 nm. Retention
times for ketorolac and the IS were 3.3 and 6.4 min,
respectively.

Statistics: Data are expressed as the mean*standard error of
the mean. The values of gastroprotection were examined by
the Kruskal-Wallis test followed by Dunn’s multiple
comparisons. The pharmacokinetics studies were analyzed by
the Student’s t-test. A value of p<0.05 was considered
statistically significant for all experiments.

RESULTS

Gastroprotection and anti-secretory activity: Methyl
eugenol decreased diclofenac-induced gastric lesions in a
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Fig. 2(a-b): Concentration-time profiles of (a) Diclofenac and (b) Ketorolac in plasma, in each case with and without methyl

eugenol, *p<0.05, based on the Student’s t-test

Table 1: Anti-secretory activity of methyl eugenol

Treatments Dose (mg kg™) N Volume (mL) pH
Control - 7 1.68+0.19 1.66+0.12*
Methyl eugenol 100 7 1.48£0.07 1.50£0.07*
Omeprazole 30 7 1.37+0.07 5.85+0.36

*p<0.05, based on the Kruskal-Wallis test followed by Dunn’s multiple comparison

dose-dependent manner. The maximum protective effect was
74421+3.86% for methyl eugenol (at 100 mg kg™') and
44.82+5.28% for carbenoxolone (the reference drug, at the
same dose). Based on this substantially lower value for
carbenoxolone, methyl eugenol is more potent (Fig. 1a).

Regarding the gastric damage caused by ketorolac, the
protective effect of methyl eugenol was not dose-dependent
(Fig. 1b). With a dose of 100 mg kg~', 49.00%+5.62%
gastroprotection was found for methyl eugenol and
56.95+6.50% for carbenoxolone, indicating a similar effect for
both drugs.

In relation to anti-secretory activity (Table 1), there was a
similar volume (1.48£0.07 mL vs. 1.68+0.19 mL) and pH
(1.50£0.07 vs. 1.66£0.12) for methyl eugenol and the control
group. However, the comparison of the pH of methyl
eugenol and omeprazole (1.50%+0.07 vs. 5.85+0.36) showed
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a significant difference. Overall, the results indicate that
methyl eugenol has no anti-secretory activity.

Pharmacokinetics studies: When comparing diclofenac
administered alone or with methyl eugenol (Fig.2a), there are
no significant differences in the pharmacokinetic parameters.
This can be appreciated concerning the pattern of the plasma
concentration of diclofenac, the maximum concentration
(Craw 2461104 vs. 2.54£0.79 ug mL™"), the area under the
curve (AUC,,,317£119.31vs.344.94+101.66 pg X minmL™");
AUC,.., (384.171162.39 vs. 417.57£149.20 ugXmin mL™")
and the T,., (45£16.43 vs. 62.51+24.03) (Table 2).

The pharmacokinetics of ketorolac followed a different
pattern. Compared to ketorolac given alone, its
co-administration with methyl eugenol significantly decreased
the Chax (68.04£12.25 ug mL™"vs. 45.29+12.06 ug mL™;
Fig.2b). The same pattern was observed with the AUC,



Int J. Pharmacol, 16 (4): 375-381, 2020

Table 2: Pharmacokinetics parameters related to the oral administration of
diclofenac with or without methyl eugenol

Parameters Diclofenac Methyl eugenol+Diclofenac
Conax (Hg ML) 2461+1.04 2.54%+0.79

Tonax (MiN) 45.00+16.43 62.501+24.03
AUC,, (ug X min mL™") 317.00+£119.31 344.94£101.66
AUG,... (ugXmin mL™") 384.17%£162.39 417.57%+149.20

Data are expressed as the mean=+SEM of six replicates for each treatment

Table3: Parameters of the pharmacokineticsinvolved inthe oral administration
of ketorolac with or without methyl eugenol

Parameters Ketorolac Methyl eugenol+Ketorolac
Conax (Hg ML) 68.042+12.25 4529+12.06*

Trnax (Min) 5.00%0 5.00£0

AUCq, (ugXmin mL™") 6329.90+1164.65 2931.55+597.96*

AUGC,... (ugXmin mL™") 6721.041+1427.09 2989.11+634.61*
Data are expressed as the mean®SEM of six replicates for each treatment,
*p<0.05 vs ketorolac administered alone

(6329.911164.65 vs. 2931.551+597.96 ugXmin mL™") and
AUC,..(6721.04%£1427.09v5.2989.11%£634.61 ug X minmL™")
(Table 3). The T,,,, values (50 vs. 5x0), however, were not
significantly different (Table 3). Therefore, the administration
of methyl eugenol reduces the bioavailability of ketorolac.

DISCUSSION

Methyl eugenol was herein evaluated as a possible
candidate for co-administration with NSAIDs to help
counteract the gastrointestinal lesions generated by these
drugs. Accordingly, the gastroprotective activity of methyl
eugenol against diclofenac- and ketorolac-induced damage
was quantified in a rat model. The pharmacokinetics of drug
interaction was examined for methyl eugenol with diclofenac
and ketorolac.

The capacity of non-selective NSAIDs to provoke gastric
ulcers is based on a multifactorial process encompassing the
production of reactive oxygen species, leukotrienes,
inflammatory molecules from COX-2 and other molecules, as
well as the activation of phospholipase A2, the process of
lipidic peroxidation and the inhibition of antioxidant
enzymes?'2, Another mechanism that contributes to the
development of gastric ulcers with the inhibition of
prostaglandin synthesis is increased gastric motility, which
promotes the restriction of blood flow?*.

In the current study, the gastroprotection afforded by
methyl eugenol was greater for diclofenac- than ketorolac-
induced damage (Fig. 1a, b). Methyl eugenol is known to
inhibit COX-2?> but not COX-1 and diclofenac preferentially
inhibits COX-2%. The overall effect is the inhibition of the
prostaglandin E, (PGE,) synthesis resulting from COX-2 but not
from COX-1 and therefore the continuing existence of
gastroprotection furnished by PGE, synthesized from the latter
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enzyme.Ketorolac, however, inhibits both COX-2 and COX-1%,
thus decreasing the synthesis of PGE, from each of these
enzymes and avoiding gastric protection by methyl eugenol.
The integrity of the gastric mucosa depends mostly on the
synthesis of PGE, from COX-1. Although prostaglandins from
COX-2arealsoinvolvedin gastroprotection, their participation
is minimal?'.

According to previous studies, nitric oxide, sulfhydryl
groups and prostaglandins do not participate in the
gastroprotective mechanisms of action of methyl eugenol'.
The present study demonstrated that methyl eugenol does
notactasan anti-secretory agent (Table 1). The gastric volume
and gastric pH detected after treatment with methyl eugenol
at the dose of 100 mg kg™' differed significantly from the
values found with the reference drug omeprazole, but not
from those of the vehicle control group. Further research is
needed on the possible mechanism of action of the
gastroprotective activity of methyl eugenol, which may be
related to its antioxidant capacity.

Several studies have described pharmacological
interactions between natural products and drugs (e.g.,
NSAIDs)?%, Most of the reported interactions affect the
absorption or metabolic process of drugs®'. Regarding drugs
that dissolve in the stomach, any pharmacological,
physiological or pathological circumstance capable of
modifying gastric emptying can significantly alter absorption
and, consequently, the pattern of pharmacokinetics. Since
drugs must dissolve to access the bloodstream, absorption
depends on their lipophilicity as well as the pH of the
absorption site®,

Methyl eugenol is a natural compound with rapid
absorption (due to its lipophilic properties), enabling it to
cross gastric membranes rapidly®. Ata dose of 100 mg kg,
it does not modify gastric pH (Table 1). Moreover, the
co-administration of methyl eugenol does not substantially
change the degree of ionization of diclofenac or ketorolac. As
a result, methyl eugenol should not alter the rate or
magnitude of absorption of either of these NSAIDs.

The data presently obtained in relation to the
pharmacokinetics of diclofenac agree with reports in the
literature'®**. The co-administration of diclofenac with methyl
eugenol did not affect the pharmacokinetics of the former
(Fig. 2a). Hence, the biocavailability of diclofenac would not be
modified by its co-administration with a single 100 mg kg™
dose of methyl eugenol.

The inhibition of COX-2 by methyl eugenol® impedes the
synthesis of PGE, and this in turn is involved in hypermotility
and reduced blood flow in the gastric mucosa?,
However, such physiological processes did not change the
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bioavailability of diclofenac when used in a combined
treatment with  methyl  eugenol.  Contrarily, the
co-administration of methyl eugenol with ketorolac
diminished the values of Cmax (65%), AUC at time t and AUC
at infinity by about 45% compared to the treatment with
ketorolac alone (Fig. 2b, Table 3).

As aforementioned, ketorolac inhibits both COX-2 and
COX-1 and methyl eugenol inhibits COX-2, thus eliminating
the synthesis of PGE, by both enzymes. The gastric
hypermotility reportedly caused by ketorolac is somehow
associated with a prostaglandin deficiency generated by
COX-1 inhibition,?" resulting in the modification of
physiological processes and a decrease in absorption. Since
these alterations lead to increased gastric motility and
reduced blood flow, they should impede the bioavailability of
ketorolac.

Concerning the pharmacokinetic interactions between
two drugs, when the metabolism of a drug is promoted or
inhibited by another drug concomitantly administered, the
cytochrome P450 (CYP) system of enzymes is necessarily
involved?, Accordingly, diclofenacis known to be metabolized
mainly by CYP2C9 and CYP3A4'%" and ketorolac by CYP2C8
and CYP2C9%3, Meanwhile, CYP2E1, CYP2B7 and CYP2A2
participate in the metabolic pathway of methyl eugenol in
rodents® 38, Therefore, methyl eugenol does not promote the
metabolism of diclofenac or ketorolac, which reinforces the
idea that the pharmacokinetic interaction is due solely to the
absorption process.

CONCLUSION
The current results demonstrate the good
gastroprotective activity by methyl eugenol against

diclofenac-induced damage and moderate effectiveness
against ketorolac-induced lesions. Methyl eugenol did not
modify the pharmacokinetic behavior of diclofenac.
Furthermore, it was found that methyl eugenol does not have
anti-secretory activity, thus ruling out this route as its
gastroprotection mechanism.

SIGNIFICANCE STATEMENT

In the clinical setting, the treatment of pain with NSAIDs
is associated with various adverse effects, including gastric
damage. The latter condition negatively affects the quality of
life of patients and can lead to serious systemic complications.
Overall, the present findings suggest the advantage of
co-administering methyl eugenol with diclofenac to reduce
gastric injury. The results are congruent with the fact that
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methyl eugenol by itself exerts analgesic and gastroprotective
activity and that gastric damage is one of the adverse effects
of NSAIDs.
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