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ABSTRACT

Background: Hydroxyethyl Ester of Mefenamic acid (HEMA), which is an available derivative of mefenamic
acid (MFA) in the literature, was shown to exert a strong resistance to enzymatic hydrolysis in various buffer
solutions as well as in the plasma. However, there are no studies yet that investigate the biological effects of HEMA
as a possible active drug in-vivo. This study provides an in-vivo investigation of the efficacy and toxicity of HEMA
in comparison to those of a related drug, MFA, that has a similar chemical structure.

Methods: Acute toxicity evaluations were conducted in various groups of mice following administration of high
equimolar doses of HEMA and MFA and were measured at various parameters including the percentage of
catalepsy, seizure score, percentage of clonic-tonic seizure and death, grimace scale score (GSS) and locomotor
activity. In addition, the anti-inflammatory and anti-nociceptive effects of HEMA were evaluated in the
carrageenan-induced paw edema test and acetic acid-induced writhing test, respectively.

Results: The findings of this study revealed that the percentage of catalepsy, clonic-tonic seizure and death as well
as seizure and grimace scale scores were lower in mice treated with HEMA than those treated with equimolar
doses of MFA. In addition, treatment with HEMA caused a comparable anti-inflammatory activity in the
carrageenan-induced paw edema test and a significantly (p<0.05) higher anti-nociceptive effect in the acetic acid-
induced writhing test than that of MFA.

Conclusion: Results obtained from this study may indicate that HEMA has superior therapeutic advantages for
the management of acute and inflammatory events with a less potential risk of neuromuscular adverse effects.

Keywords: Mefenamic acid, Ester, Seizure, catalepsy, antinociceptive.

1. INTRODUCTION

Structural modification of existing drugs is a well-
established approach in drug design and development &2,
This approach involves the alteration, addition, or removal of
functional groups in drug structure that could help to produce
new drug derivatives with improved functional properties ©.
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The main objective of such an approach is to enhance the
clinical outcomes in term of enhancing the therapeutic effects
and reducing drug toxicities ©.

Mefenamic acid (MFA),which is a common non-steroidal
anti-inflammatory drug (NSAID), is a highly lipophilic agent
that is rapidly absorbed across the gastrointestinal tract and
distributed throughout tissue fluids ©. It can cross the blood-
brain barrier and interacts with various molecular targets in the
brain including the cerebral cortex and hippocampus®®- From
the clinical point of view, the presence of MFA in the plasma,
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above the minimum effective level, is associated with a high
risk of muscle twitching that ends by grand mal convulsion in
38% of the patients (7,8). A couple of comparative
investigations also revealed that MFA treatment in humans is
implicated in a large number of central nervous system (CNS)
convulsions compared to other NSAIDs (9). On the other hand,
a line of emerging evidence has recently shown that MFA
exerts multiple biological effects that potentiate its use in a wide
range of clinical applications (10). For example, MFA has
emerged as a potent drug to treat schistosomiasis (11). In
addition, MFA is thought to reduce depressive symptoms and
improve cognitive impairment disorders in the rodents (12,13).
MFA use was also reported to be effective as adjuvant therapy
in the treatment of castration-resistant prostate cancer in a
randomized control trial (14). These together may indicate that
MFA is a promising therapeutic for various diseases, but its
neuromuscular adverse effects may considerably offset its
therapeutic advantages. In line of these, the present study was
conducted with the assumption that reducing the
neuromuscular adverse effects of MFA using the structural
modification approach may constitute an inflection point on its
clinical development. Therefore, there is a constant need for
developing various analogs of MFA that inherit great
therapeutic benefits and pose minor adverse effects on the
biological systems.

Hydroxyethyl ester of MFA (HEMA) is an analog of
MFA that has been available in the literature since 1979.
Structurally, the hydroxyethyl moiety of HEMA binds via
an ester bond to the carboxylic acid group of MFA, which
is responsible for the development of seizure in MFA
treatment (15). The ester bond of HEMA showed strong
resistance to enzymatic degradation and exhibited high
stability in the plasma and various buffer solutions (16,17).
It is therefore expected that HEMA has less toxicity on the
neuromuscular system than MFA while its therapeutic
effects remain to be answered. Based on the findings of
previous studies, there is a contradiction in the research
regarding the functional role of the carboxylic group as an
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essential pharmacophore in various NSAIDs. However,
the recent trend of the research may incline to refute the
functional relationship between the carboxylic acid group
and the therapeutic response (18). In light of this, the
present study provides a comparative investigation on
neuromuscular toxicity, antinociceptive activity, and anti-
inflammatory effect between HEMA and MFA.

2. Chemicals and methods

2.1. Chemicals and instruments

Mefenamic acid, dimethyl sulfoxide, 2-chloroethanol and
carrageenan were purchased from Sigma, US. Acetic acid and
formalin were obtained from BDH, UK. The *H- NMR of
HEMA was recorded on a Bruker 500MHz spectromter
(Bruker DPX-500) and was analyzed using TopSin 3.2
Windows software. Activity cage (Ugo Basile, Italy) was
used for measurement of locomotor activity in mice.

2.2. Synthesis of HEMA

Synthesis of HEMA was conducted according to a
procedure described previously (16). A mixture of the sodium
salt of mefenamic acid (3.0 g, 0.011 mol); in dry DMF (15 ml)
with potassium iodide (0.18 g, 0.0012 mol) was stirred for 5-10
minutes to obtain a suspension, and then bromoethanol (1.5 g,
0.012 mol) was added in a dropwise manner. The reaction
mixture was stirred for 7 hr with heat at 70°C. After the reaction
was completed, the reaction mixture was treated with 30 ml
ethyl acetate to form a precipitate, which was filtered on a
Whatman ® cellulose filter paper (Grade 40 Ashless Filter
Paper 150 mm). The filtrate was treated with 15 ml of aqueous
solution of sodium thiosulfate (5% wi/v) for 3 times. After
evaporation of the organic solvent, the obtained oil was poured
into a beaker containing ice water to produce a solid precipitate.
The precipitate was filtered by a Buchner funnel and
recrystallized by ethanol to yield 2.4 g. melting point 80°C; IR
1680 cm-1 (ester),lHNMR (CD3CN), d, 2.1(s, 3H, CH3), 2.3
(s, 3H, CH3), 3.8 (t,2H, CH2), 4.3 (t, 2H, CH2), 6.6-8 (m, 7 H
aromatic), 9.2 (s, 1H, NH). Scheme 1 shows synthesis reaction
of HEMA.
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Scheme 1. General scheme for HEMA synthesis

2.3. Animals

Male Swiss albino mice weighing between 21-33 g
were used in various experiments. These mice were born
and reared in the animal facility of Isra University, Jordan.
All animals were subjected to controlled conditions (22-25
C, 67-79% humidity and 12/12-hour light/dark cycle), and
were housed in polypropylene cages (30*22*16 cm?®)
provided with a free access to pelleted diet and tap water.
All experiments were conducted between 9am-5pm with
the permission granted by Scientific Research Committee
of Isra University (2019/2018/17-174). All procedures of
animal use and handling were conducted according to the
laboratory guidelines of animal care (19).

2.4. Toxicological evaluations

Acute toxicity study was conducted according to
procedures described by OECD guidelines (OECD
Guidelines, 2010). The main objective of this study is to
evaluate the acute adverse effects of HEMA in comparison
to those of MFA. The adverse effects were evaluated
across various measuring parameters using various
experimental sessions. For each session, mice were
distributed into three groups (n=6/each group) as follows:

Group I (Vehicle control): Each mouse of this group
received a single non-toxic dose of drug vehicle (DMSO,
1.2 mL/kg), via the intraperitoneal (i.p) route. The dose

was selected based on a previous study (20)

Groups Il (Positive control): Each member of this
group received a single dose of MFA via the i.p. route.
Different doses were used in various experimental sessions
for induction of the adverse effects via the i.p. route. All
doses were selected based on a previous study (15).

Group Il (test group): Mice of this group were
received HEMA at equimolar dose to MFA.

Details of experimental procedures were presented in
subsections as stated below.

2.4.1. Assessment of acute distress after drug dosage

Acute distress that is associated with HEMA side
effects was evaluated in comparison to the distress
produced by MFA treatment (40 mg/kg) using the mouse
grimace scale (Fig.1). At 30 minutes after the treatments,
mice were transferred individually in a glass box
(30*30*30 cm?®) and observed for 15 minutes. During the
observation, a series of photos (n=60 photos) was taken
randomly by pointing the camera directly at the mouse’s
head. These photos were cropped to create a clear focus on
the mouse’s face and reduce the risk of bias due to body
posture. The feature of the mouse’s face in these photos
was analyzed across five action units: orbital tightening,
nose bulge, check bulge, ear position and whisker change
(Fig.1). Each action unit was taken a value of 0 (indicates
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the action unit was absent in all photos), 1 (indicates the
action unit was present in at least one photo with a mild
feature) or 2 (indicates the action unit was obvious). The

Not present

Moderate

Islam Adel, et al.,

sum of scores was taken in each mouse and the totals were
averaged in each group.

Severe

Whisker change

Fig.1. Grimace scoring scale for assessment of distress following drug dosage

2.4.2. Assessment of catalepsy

Catalepsy was evaluated in mice treated with HEMA
in comparison to those treated with MFA at 40 mg/kg.
After 30 minutes of the treatments, mice were placed
individually in an open arena and were gently forced to
place their front paws on a 5-cm high wooden bar. The
mouse which showed no resistance against the bar for 20
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seconds were considered as cataleptic mice. The
percentage of catalepsy was calculated in each group and
used as index for measuring muscle spasm in mice.

2.4.3. Assessment of seizure

Seizure was evaluated in mice treated with HEMA in
comparison to those treated with MFA at 80 mg/kg.
Immediately after treatments, mice were transferred to a
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glass beaker for observation. The percentage of seizure
was calculated in each group and seizure score was

estimated using the scoring scale presented in Table 1.

Table 1. Scoring scale of seizure in mouse

Score

Observation

Y
J

AN ,f_)\g_

1 Akinesia (loss of voluntary movement)

4! O

2 Head nodding (head movement in alternating up and down
arcs along the vertical cervical axis), partial myoclonus

o [
B 7

3 Contentious whole-body myoclonus

s/

4 Rearing tonic seizure (The mouse shows standing up position
with clonic bilateral forelimb movements)

72

N

5 Tonic-clonic seizure, wild rush and jumping

2.4.4. Assessment of death

Death was evaluated in mice treated with HEMA in
comparison to those treated with MFA at 80 mg/kg. The
number of deaths over 14 days post-treatment was counted in
each group and the mortality percentage was then calculated.

2.4.5. Assessment of locomotor activity

The locomotor activity of mice treated with HEMA was
evaluated in comparison to that seen in mice injected with
MFA (40 mg/kg) using the actophotometer model. After 30
minutes of treatments, mice were placed individually for 10
minutes in the actophotometer for evaluation of the locomotor

activity. The number of light beam interruptions that resulted
from the horizontal movement of mice was counted and was
used as index for the locomotor activity.

2.5. Therapeutic evaluations

The therapeutic effects of HEMA was evaluated using
various in-vivo experiments. For each experiment, mice
were distributed to three groups and treated as follows:

Group I (Vehicle control): Each mouse of this group
received drug vehicle (DMSO, 1.2 mL/kg), via the
intraperitoneal (i.p) route.

Groups Il (Positive control): Each member of this
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group received intraperitoneal dose of MFA (20 mg/kg)

Group 111 (test group): Mice of this group were injected
intraperitoneally with HEMA at an equimolar dose to MFA.

3.5.1. Assessment of anti-inflammatory effect

The anti-inflammatory effect of HEMA was evaluated
in comparison to that of MFA using the carrageenan-
induced paw edema test as described previously (21). After
30 minutes of drug treatment, mice were challenged with
sub-planter injection of carrageenan solution (1%, 0.1 mL)
in the right hindpaw . Paw thickness was measured
immediately (at time 0) and at 1,2,3 and 4 hours after
carrageenan injection using a digital caliper. Reduction in
paw thickness in comparison to those of vehicle control
was used as index of anti-inflammatory effect.

3.5.2. Assessment of anti-nociceptive effect

3.5.2.1. Acetic acid-induced visceral pain test

The acetic acid-induced writhing test was used to

evaluate the anti-nociceptive effect of HEMA according to
a procedure described previously (22,23). After 30 minutes
of drug treatment, each mouse was injected intraperitoneally
with 0.6% of acetic acid solution and was then placed in
transparent Perspex box for observation. Following a 5-
minutes lag period, the writhing responses which
characterized by limb extension, tail erection and body
elongation were cumulatively counted over a period of 30
minutes. Reduction of writhing effects in comparison to
vehicle mice was used as index of anti-nociceptive effect.

3.5.2.2. Formalin -induced paw licking test

The anti-nociceptive effect of HEMA against formalin-
induced paw licking was evaluated in comparison to that
of MFA using a method described previously (24). After
30 minutes of drug treatment, mice received sub-plantar
injection of formalin into right hind paw for induction of
pain that characterized by repeating paw licking behavior.
The time spent for licking the paw was measured during
the initial phase (0-10 minutes) and during the late phase
(15-30 minutes). Reduction in the licking time was used as
index for anti-inflammatory effects of drugs.
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2.6. Statistical analysis

Data obtained from different animal experimentations
are presented as an average of duplicate trial + standard
deviation (SD). The statistical difference between groups
was calculated by one-way analysis of variance (ANOVA)
followed by post hoc Tukey’s test using Statistical
Package for the Social Sciences (SPSS) program, version
22.0 (IBM). A probability value of less than 0.05 (p<0.05)
was set as a significant difference.

3. Results

3.1. Acute toxicity test

Data obtained from the acute toxicity study revealed
that treatment with MFA, via the intraperitoneal route, was
capable to induce multiple side effects in a dose-dependent
manner. At 40 mg/kg, mice showed a prominent change in
grimace score with a marked decrease in the locomotor
activity that was associated with muscles spasm and
catalepsy. On the otherhand, treatment with 80 mg/kg
induced tonic-clonic seizures that are usually ended up
with death. In this study, HEMA was synthesized as a
modified structure from MFA aiming to reduce the acute
adverse effects, particularly on the nervous system. The
results showed that mice treated with HEMA had
significantly lower grimace scores than those received
MFA (Fig.2), which were manifested by a significant
decrease in the severity of eyelid close with normal ear
position and check and nose bulges that were almost
similar to vehicle control. In addition, mice treated with
HEMA showed a lower decrease in locomotor activity as
compared to mice treated with MFA (Fig.3). The incidence
of catalepsy and seizure was less evidenced in mice
injected with HEMA (Fig.4 and Fig.5 respectively). The
severity of seizure was also reduced in mice treated with
HEMA as they exhibited non-fatal head-nodding whereas
mice treated with MFA showed tonic-clonic seizures
(Fig.6). Moreover, the number of deaths during 14 days
period was higher in the group that received MFA than that
treated with HEMA (Fig.7).
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Fig.2. Mean of grimace score in mice received vehicle, MFA and HEMA. (*) Indicates significant (p<0.05)
difference from vehicle group. (#) Indicates significant (p<0.05) difference from MFA group.
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Fig.3. Mean of photo cell counts in mice received vehicle, MFA and HEMA. (*) Indicates significant (p<0.05)
difference from vehicle group. Note that there is a significant decrease in locomotor activity in the group treated
with MFA but not group treated with HEMA
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Fig.5. Percentage of seizure in mice received vehicle, MFA and HEMA
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Fig.6. Mean of seizure scores in mice received vehicle, MFA and HEMA. (*) Indicates significant (p<0.05)
difference from vehicle group. (#) Indicates significant (p<0.05) difference from MFA group.
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Fig.7. Percentage of mortality in mice received vehicle, MFA and HEMA
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3.2. Carrageenan-induced hind paw edema test

Measurements of hind paws thickness following
carrageenan injection showed a maximum increase of paw
edema at 3-4 hours post injection. Pretreatment with MFA
and HEMA caused significant decrease in paw thickness
as compared to vehicle effect at 3 hours following
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carrageenan injection (Fig.8). Although mice treated with
MFA showed higher decrease of paw thickness than group
treated with HEMA at various time points, the statistical
analysis didn't find any significant difference between
these groups (Fig.8).

—m—Vehicle

—8— MFA

—&— HEMA

3 4 5

Time after carrageenan injection (hours)

Fig.8. Mean of paw thickness in mice received vehicle, MFA and HEMA. (*) Indicates significant (p<0.05)
difference from vehicle group.

3.3. Acetic acid-induced writhing response test

Observation of mice following acetic acid injection
showed writhing responses that were represe nted by
multiple attack of hind limbs extension and waist twisting.
However, pretreatment with MFA and HEMA
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significantly reduced the number of writhing responses as
compared to the effect of vehicle (Fig.9). In addition, the
reduction of writhing effects was significantly lowered in
group treated with HEMA than group treated with MFA

(Fig.9).
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Fig.9. Mean of writhing effect numbers in mice received vehicle, MFA and HEMA. (*) Indicates significant
(p<0.05) difference from vehicle group. (#) Indicates significant (p<0.05) difference from MFA group.

3.4. Formalin-induced hind paw licking test the time spent for paw licking during the late phase only
Observation of mice following formalin injection as compared to the effect of vehicle (Fig.10). No
showed paw licking behaviors at two distinctive phases. significant difference in paw licking time between group
Pretreatment with MFA and HEMA significantly reduced treated with HEMA and group treated with MFA.
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Fig.10. Mean of paw licking time in mice received vehicle, MFA and HEMA.. Subfigure (A) represents the first
phase of the formalin induced licking test. Subfigure (B) represents the second phase of the formalin induced
licking test. (*) Indicates significant (p<0.05) difference from vehicle group.
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4. Discussion

Chemical modifications on drugs is a common
pharmaceutical approach that has a great potential to enhance
the pharmacodynamics and pharmacokinetics and create
novel drugs (25,26). For example, many efforts have been
made for enhancing the therapeutic activity of NSAIDs and
reducing their toxicity by developing chemical derivatives or
using prodrug approach (27). Concerning MFA, which is a
potent analgesic and antipyretic drug, the CNS toxicity
manifested by serious convulsions is common in a clinical
practice after ingestion of high doses (8,9). Therefore, the
recent trend in MFA development is to reduce its CNS
toxicity by masking the carboxylic acid moiety. A previous
study demonstrated that binding MFA with alpha-tocopherol
reduced the CNS toxicity by increasing the latency to the
convulsions (15). In this study, the potential risk of CNS
toxicity of HEMA was evaluated in comparison to that of
MFA. The finding revealed that mice treated with HEMA
showed less seizure percentage, seizure score, catalepsy
percentage and mortality percentage. These results together
indicate that treatment with HEMA has less potential to cause
CNS adverse effects than MFA. The neurobiology of CNS
convulsion, catalepsy and motor dysfunction is thought to be
caused by disruptions in the GABAergic, glutamatergic, and
dopaminergic systems (28-32). However, a line of molecular
research revealed that MFA is capable to interact with
GABAergic function in a dose-dependent manner. (33,34). In
this regard, the ability of HEMA to prevent CNS toxicity is
assumed to be attributable to pharmacokinetic changes or a
change in drug release profile that reduce the risk of
GABAergic disruption.

Paw edema thickness of mice, following a sub-planter
injection of carrageenan, has been frequently used in
experimental works as an index for development of acute
topical inflammation in paw tissues (35,36). It was well
identified that development of edema due to carrageenan
injection has a biphasic nature (37). The initial phase is
attributed basically to histamine and serotonin secretion
due direct tissue damage following carrageenan injection.
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On the other hand, the late phase, which start at 3-6 hours
after carrageenan injection, involves a massive production
of prostaglandin that works as a potent inflammatory and
nociceptive mediator. In this study, mice treated with
HEMA showed significant reduction in paw thickness at
the second phase only when compared with vehicle mice.
These results may indicate that treatment with HEMA
produced a considerable anti-inflammatory effect in vivo
that may relate to a possible inhibitory effect on
prostaglandins synthesis. The results also revealed that the
anti-inflammatory of HEMA in carrageenan-induced
licking test was statistically comparable to that of MFA,
indicating that HEMA attained the anti-inflammatory
properties of MFA.

Pain is abnormal sensory perception characterized by
uncomfortable sensation that works as alarming signal to
harmful stimuli (38). It constitutes a fundamental symptom
in various diseases and pathological conditions including
acute and chronic inflammations (39). It has been
identified by various health care organizations as one of
the most disabling disorders that reduces the quality of life
and interferes with social activities(40,41). The
pathogenesis of pain has a complex nature that involves
dysregulation of various molecular and biochemical
pathways in the peripheral and central nervous system
(42). Treatment of pain with opioid and non-opioid
analgesics has been reported with suboptimal therapeutic
effects or associated with serious adverse effects(43,44).
Therefore, it is always coveted to develop safer and
effective drugs for the use in the pharmaceutical and
clinical practice. In this study, HEMA was evaluated, for
the first time, as possible analgesic drug in acetic acid
induced writhing test and formalin induced paw licking
test in mice.

Acetic acid induced writhing test is a well-accepted and
validated method for evaluating of anti-nociceptive activity in
mice (45,46). Injection of diluted acetic acid in the abdominal
cavity renders mice to exhibit a pain response that basically
manifested by arching of back, limb extension and tail
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erection that together known as "writhing response " (46). A
line of evidence revealed that common analgesics were
effective in reducing writhing response following acetic acid
injection (45,47). In this study, HEMA caused significantly
stronger inhibition that produced by the vehicle and MFA.
This may indicate that HEMA exerts a sufficient analgesic
property for the clinical use.

Formalin test demonstrates a biphasic response of paw
licking in mice following formalin injection (24,48). The
initial phase, which also known as neurogenic phase, starts
immediately after formalin injection and last for
approximately 5 minutes. The second phase (inflammatory
response) occurs during 15-30 minutes following formalin
injection. It is reported that active drugs act differently on
both phases based on its mechanism of actions (49).
Centrally acting drugs were found to inhibit both phases,
whereas most NSAIDs tends to inhibit the second phase
only. Therefore, it is well accepted that generation of pain
during the second phase may occur basically due to a serial
of inflammatory events following paw tissues damage
after formalin injection. In this study, HEMA caused a
significant inhibition in the second phase which was
compared to that produced by MFA. These results may
indicate that the analgesic effect of HEMA owes to it is
anti-inflammatory properties in-vivo.
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