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Purpose: Nonsteroidal anti-inflammatory drugs (NSAIDs) and cyclooxygenase (COX)-2 selective inhibitors are the most widely used
drugs to treat pain. Conventional NSAIDs and COX-2 selective inhibitors, however, cause several side effects such as gastric damage,
kidney damage, and cardiovascular problems. Our previous study showed that 2-acetoxy-5-(2-4-(trifluoromethyl)-phenethylamino)-
benzoic acid ie, flusalazine (also known as ND-07), which exerts dual actions by serving both as an anti-inflammatory agent and a free
radical scavenger, is an effective and safe treatment for severe inflammatory diseases in mice. The goal of the present study was to
examine the potential analgesic action and safety of flusalazine in mice models of pain.

Methods and Results: Flusalazine showed a significant analgesic effect in an acetic acid-induced abdominal constriction model.
Likewise, total paw licking was reduced significantly in neurogenic (early stage) and inflammatory (late stage) pain induced by
formalin in flusalazine-treated mice. In the tail immersion test, flusalazine significantly increased tail withdrawal time at 2 h after its
administration. Also, the formation of paw edema in the flusalazine-treated group was significantly inhibited in a carrageenan-induced
inflammatory pain model. Gastric damage was not induced by flusalazine even up to 1000 mg/kg, while aspirin and indomethacin
caused critical gastric bleeding.

Conclusion: These findings suggest that flusalazine’s safety profile and analgesic effects have high translational potential for the
clinical treatment of patients experiencing pain.
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Introduction
Pain is defined as an unpleasant sensation and emotional experience associated with actual or potential damage to a specific part
of the body. It is one of the most common symptoms in many medical conditions and can significantly diminish quality of life.
Over the decades, nonsteroidal anti-inflammatory drugs (NSAIDs) have been commonly prescribed for the management of acute
and chronic pain, bringing about their effects by inhibiting the cyclooxygenase (COX) enzyme.' COX is responsible for
converting arachidonic acid into prostaglandins, which plays a key role in the inflammatory response and mediation of pain.
The two currently identified isoforms of COX, COX-1 and COX-2, are known to perform unique functions. COX-1 exists as
a constitutive form and plays an important role in regulating normal physiological functions such as platelet activation and
gastrointestinal protection. On the other hand, COX-2 exists as an inducible isoform that mediates pro-inflammatory activity by
creating prostaglandin E, (PGE,), resulting in the sensation of pain when activated by inflammatory stimuli such as proin-
flammatory cytokines and bacterial toxins.' Thus, the prolonged use of non-specific COX inhibitors for attenuating inflamma-
tory responses leads to numerous side effects due to the cytotoxic effects caused by inhibiting the COX enzymes. To overcome
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the side effects of NSAIDs observed frequently in association with gastro-intestinal lesions, the COX-2 selective NSAIDs were
developed. Unfortunately, selective COX-2 inhibitors have been linked to an increased risk of myocardial infarction and renal
toxicity due to the inhibition of prostacyclin (PGI,) and thromboxane A2 (TXA,) as with pathogenic PGE, resulting in gastro-
intestinal, renal, and cardiovascular complications.”’ There are three different PGE synthases (PGESs): cytosolic PGES
(cPGES) and two microsomal PGES (mPGES-1 and mPGES-2). cPGES and mPGES-2 are constitutive enzymes, whereas
mPGES-1 is induced by inflammatory stimuli.* '" Therefore, a selective mPGES-1 inhibitor to only inhibit the terminal PGE,
biosynthesis might be a potential alternative with much safer gastro-intestinal, renal, and cardiovascular complication profiles
than traditional NSAIDs and COX-2 inhibitors in treating patients with acute or chronic pain."*

On the other hand, evidence supports the central role of oxidative stress in the pathogenesis of pain. Elevated
oxidative stress generated by superoxide anions, hydroxyl radicals, and hydrogen peroxide plays a central role in multiple
pathological pain states, such as neuropathic pain, migraine-related pain, and inflammatory pain, suggesting that
antioxidant therapy might be beneficial in patients experiencing pain.'® '

We previously reported that 2-acetoxy-5-(2-4-(trifluoromethyl)-phenethylamino)-benzoic acid ie, flusalazine (also
known as ND-07), reduces the severity of acute pancreatitis through targeting both free radicals and PGE,-mediated
inflammation.”® Furthermore, flusalazine has anti-inflammatory action through specific mPEGS-1 inhibition, not COX-1
or COX-2 inhibition.?® In the present study, we evaluated the anti-analgesic action and safety of flusalazine in animal

models to confirm its potential as a novel analgesic agent for treating pain.

Materials and Methods

Experimental Animals

Male ICR mice with a body weight of 20-25 g were supplied from Orient Bio Co., Ltd. (Seoul, South Korea) and
acclimated for 7 days. Animals were maintained in separate cages with laboratory chow and water ad libitum. During the
experiment, animals were kept at 23+3°C with a relative humidity of 50+10% in a 12-h light-dark cycle. Animals were
handled in accordance with a protocol approved by the GNT Pharma Institutional Animal Care Committee.

Abdominal Writhing Induced by Acetic Acid in Mice

In the writhing test, male mice were divided into six groups. The procedure described by Gaertner et al*' was used with
slight modifications. The mice received an intraperitoneal injection of 1% acetic acid solution in normal saline at a dose
of 10 mL/kg. The number of writhes was counted starting 5 min after the injection and lasted for 15 min. The response
consisted of abdominal wall contractions and pelvic rotation followed by hind limb stretches. Antinociceptive activity
was expressed as a reduction in the number of abdominal constrictions between the control animals and the mice that
were treated with the compounds. Flusalazine (10-250 mg/kg), aspirin (25-300 mg/kg), indomethacin (10, 100 mg/kg),
and vehicle (10% Lutrol F127 in water) were administered orally 30 min prior to acetic acid injection.

Formalin Test in Mice

The procedure described by Santos et al*® was used with slight modifications. Pain was induced by injecting 0.05 mL of
2.5% formalin in normal saline in the subplantar of the right hind paw. The amount of time spent licking the injected paw was
indicative of pain. The number of lickings from 0—5 min (first phase) and 25-35 min (second phase) were counted after the
injection of formalin. Antinociception was calculated as a percentage of inhibition of writhing constrictions by using the
formula [(control group mean — test group mean)/(control group)] 100%.>* Mice (six per group) were given flusalazine (25,
100 mg/kg), aspirin (300 mg/kg), indomethacin (10 mg/kg) and vehicle 30 min prior to injecting formalin.

Tail Immersion Test

Tail immersion was conducted as described by Asongalem et al.>* It involved immersing the extreme 3 cm of the
mouse’s tail in a water bath containing water at a temperature of 55°C. Each animal served as its own control and two
readings were obtained for the control at 0- and 10-min intervals. The average of the two values was the initial reaction
time (pre-treatment value). Flusalazine (25, 100 mg/kg), aspirin (300 mg/kg), indomethacin (10 mg/kg), and vehicle were
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administered orally to mice. Thirty minutes later, tail reaction response was tested with one-third of the tail immersed in
a water bath heated to 55°C. The response latency between the onset of immersion and the withdrawal of the tail was
recorded.

Carrageenan-Induced Hind Paw Edema and Hyperalgesia

Acute hind paw edema and thermal hyperalgesia were produced by injecting 0.05 mL of carrageenan (4% suspension in
normal saline) locally into the subplantar of the right hind paw of mice. Animals were divided into five groups with five
mice per group. Flusalazine (25, 100 mg/kg), aspirin (300 mg/kg), and vehicle were administered (P.O.) 30 min prior to
injection of carrageenan in the right hind paw subplantar of each mouse. The thermal hyperalgesia and paw edema were
measured 2 h after the injection of carrageenan. The paw edema was measured by a plethysmometer (Ugo Basile S.R.L.,
Gemonio, Italy) just before and 2 h after the injection of carrageenan. Edema was expressed as the difference between the
vehicle, flusalazine, aspirin, or vehicle and the basal level.

Thermal hyperalgesia was assessed using latency of paw withdrawal®’

from a radiant heat source applied to the plantar
surface of the hind paws. Animals were placed in transparent acrylic boxes for 20—30 min to adapt before application of radiant
heat through the glass flooring. Latency from stimulus onset to paw withdrawal was measured across three trials with a cutoff
of 30s. The formula used for calculating the percent change was (baseline latency-postdrug latency) x 100 (baseline latency) '

or [(latency observed) — (latency control) x 100] / [(cut-off) — (latency control)].>¢

Gastrointestinal Safety Test

Mice were divided into four groups (n = 5 each) and deprived of food but not water for 24 h prior to treatment. Flusalazine
(1000 mg/kg), aspirin (100, 300 mg/kg), indomethacin (10, 100 mg/kg), and vehicle (1% Lutrol F127 in water) were
administered orally to mice. Animals were anesthetized with 2% isoflurane 5 h after drug administration. The stomachs
were removed and then inflated with 3.7% formalin and placed in fresh formalin before assessment. The following day, the
stomachs were opened, and gastric mucosal lesions were examined microscopically. The stomach was removed, opened along
the greater curvature, washed with normal saline, and flattened on a piece of cardboard. The gross damage of the gastric
mucosa was assessed by an experienced gastroenterologist, who was blind to the treatments, using a gross ulcer index.?” The

gastric mucosal membrane was exposed on a microscope with a video camera (Kaiser, Seda Media).

PGES Activity Assay

PGES activity in cell lysates was analyzed by measuring the conversion of PGH, to PGE, as previously reported.”® PGES
activities in cell lysates were measured by assessment of the conversion of PGH; to PGE,. The cells were scraped from the
dishes and disrupted by sonication (10 s three times at 1 min intervals) in 250 uL 0.2 M Tris-HC], pH 8.0. After centrifugation
of the sonicates at 15,000 rpm for 10 min at 4°C, the supernatant fluids were used as the enzyme source. An aliquot of each
lysate (90 pg protein equivalents) was incubated with 2 ug PGH, for 30s at 24°C in 100 uM 0.1 M Tris-HCI, pH 8.0,
containing 2 mM glutathione and 14 uM indomethacin. After terminating the reaction by the addition of 100 mM FeCl,, PGE,
contents in the supernatant fluids were quantified using an enzyme immunoassay (EIA) kit (Cayman Chemical Inc., Ann
Arbor, MI, USA; Cat. No. 514010 for PGE.,).

Prostaglandin Production in the Peritoneal Cavity of Mice
Acetic acid-induced prostaglandin formation in the peritoneal cavity of mice was based on the method described by Tong

et al,”’

which was used with slight modification. At 20 min after injection of 1% acetic acid, the mice were killed by
cervical dislocation. The peritoneal cavity was exposed through a 15 mm incision, and the lavage fluid was pipetted off
and transferred to a polypropylene tube. The samples were centrifuged at 2500 rpm for 10 min at 4°C and the supernatant
(0.5 mL) was used for PGE, measurement. The level of PGE, in the peritoneal cavity was determined by an EIA kit

(Cayman Chemical Inc., Ann Arbor, MI, USA) in accordance with the manufacturer’s instructions.
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Statistical Analysis

Data are expressed as mean = SEM. Data were analyzed with the SPSS software package (Statistical Program for Social
Science, version 12.0, SPSS Inc., Chicago, IL, USA). Different groups were compared using a one-way analysis of
variance (ANOVA) and Tukey analysis. Statistical significance was set at p<0.05 and p<0.01.

Results
Flusalazine Rescues Acetic Acid-Induced Abdominal Pain in Mice

The analgesic activity of flusalazine was evaluated using the abdominal writhing test. The acetic acid-induced abdominal
constriction method is widely used for the evaluation of peripheral antinociceptive activity.”' As shown in Figure 1, 25,
50, 100, and 250 mg/kg of flusalazine showed significant inhibitory effects of 64%, 63%, 68.8%, and 70.2%,
respectively. Aspirin (25-300 mg/kg) and indomethacin (10, 100 mg/kg) were used as positive controls, and they
produced writhing inhibition in a dose-responsive manner. The inhibition of writhes in percentage ranged from 52.7—
70.3% and 62.7-73.5% after the administration of aspirin and indomethacin, respectively.

Flusalazine Reduces Formalin-Induced Neurogenic and Inflammatory Pain in Mice

The formalin test was performed to examine the antinociceptive effect of flusalazine in neurogenic and inflammatory
pain. The intraplantar injection of formalin into the right hind paw generated a biphasic (early and late) nociceptive
response. The early (neurogenic) phase was probably a direct result of stimulation of nociceptors in the paw and reflects
centrally mediated pain while the late (inflammatory) phase appeared to be dependent on the combination of an
inflammatory reaction in the peripheral tissue.>® As seen in Figure 2, flusalazine significantly reduced nociception in
both the early (neurogenic) and late (inflammatory) phases in a dose-dependent manner (69.5% and 73.6% at 25 mg/kg;
50.0% and 66.0% at 100 mg/kg, respectively). The licking time in both the early and late phases were also significantly
reduced in the aspirin (64.0% and 78.7% at 300 mg/kg, respectively)- and indomethacin (55.4% and 52.3% at 10 mg/kg,
respectively)-treated groups.
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Figure | Analgesic effect of flusalazine on acetic acid-induced writhing in mice. The mice received |% acetic acid solution in normal saline injected intraperitoneally at a dose
of 10 mL/kg. The number of writhes was counted starting 5 min after injection and lasting for |5 min. Flusalazine (10, 25, 50, 100, and 250 mg/kg), aspirin (25, 50, 100, and
300 mg/kg), indomethacin (10, 100 mg/kg), and vehicle (1% Lutrol F-127 in water) were administered orally 30 min prior to acetic acid injection. Data are expressed as mean
+ S.E.M. *p<0.05, **p<0.01 versus vehicle group compared by one-way ANOVA followed by Tukey.
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Figure 2 Antinociceptive effect of flusalazine on formalin-induced licking (early phase (A) and late phase (B)) in mice. Pain was induced by injecting 0.05 mL of 2.5% formalin
in normal saline in the subplantar region of the right hind paw. The amount of time spent licking the injected paw was indicative of pain. The number of lickings from 0-5 min
(early phase) and 25-35 min (late phase) was counted after the injection of formalin. Flusalazine (25, 100 mg/kg), aspirin (300 mg/kg), indomethacin (10 mg/kg) and vehicle
(1% Lutrol F127 in water) were administered orally 30 min prior to formalin injection. Data are expressed as mean * S.E.M. *¥p<0.05, **p<0.01 versus vehicle group
compared by one-way ANOVA followed by Tukey.

Flusalazine Prevents Thermal Nociceptive Pain in Mice

In an acute thermal nociception mice model, the effect of flusalazine was investigated. As shown in Table 1, flusalazine
had anti-nociceptive effects in a dose-dependent manner. The most prominent analgesic effects for the 25 and 100 mg/kg
of flusalazine were observed 90 and 120 min after oral administration, respectively. Aspirin (300 mg/kg) and indo-
methacin (10 mg/kg) also exhibited analgesic effects at 90 min after the treatment.

Flusalazine Reduced Carrageenan-Induced Inflammatory Pain in Mice

Additionally, a carrageenan model was performed to examine the effects of flusalazine on inflammatory pain. The effects
of orally administered flusalazine on paw edema and paw withdrawal induced by carrageenan are shown in Figure 3. Paw
edema was significantly reduced by 46.5% at 25 mg/kg of flusalazine, and significantly decreased up to 52.9% in
100 mg/kg of flusalazine compared with the vehicle (Figure 3). Aspirin (300 mg/kg) also significantly inhibited (45.2%)
the edema during the same period as compared with the vehicle. In paw withdrawal latency, vehicle decreased paw

Table | Effect of Flusalazine on Pain Induced by the Tail Immersion Test in Mice

Treatment Dose (mg/kg) Withdrawal Latency Time (Sec)
0h 0.5 h lh 1.5h 2h
Vehicle 1.47 £ 0.05 143 £0.11 1.63 £ 0.10 1.68 £ 0.15 1.68 £ 0.10
Flusalazine 25 1.73 £ 0.11 1.45 £ 0.02 219 £ 0.11 2.50% + 0.08 2.30% £ 0.06
100 207 £ 0.15 1.66 + 0.07 204 +0.15 237 £0.12 2.86%F +0.14
ASP 300 2,18 +0.17 1.53 £ 0.04 236 +0.21 247 +0.24 241% £ 0.13
Indo 10 2.08 +0.19 1.97 £ 0.11 3.04¥+£ 025 | 3.34%+0.28 291% £ 0.21

Notes: Flusalazine (25, 100 mg/kg), aspirin (300 mg/kg), indomethacin (10 mg/kg), and vehicle (1% Lutrol FI27 in water) were administered
orally to mice. Thirty minutes later, the tail reaction response was evaluated with one-third of the tail immersed in a water bath heated to 55°C.
The response latency between the onset of immersion and the withdrawal of the tail was recorded. Value expressed as + S.E.M., n = 6 mice.
*p<0.05, **p<0.01 versus vehicle group compared by one-way ANOVA followed by Tukey.

Abbreviations: ASP, aspirin; Indo, indomethacin.
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Figure 3 Effect of flusalazine on carrageenan-induced paw edema (A) and thermal hyperalgesia (B) in mice. The acute hind paw edema and thermal hyperalgesia were
produced by injecting 0.05 mL of carrageenan (4% suspension in normal saline) locally into the subplantar region of the right hind paw of mice. Flusalazine (25, 100 mg/kg),
aspirin (300 mg/kg), and vehicle (1% Lutrol FI27 in water) were administered (PO.) 30 min prior to injection of carrageenan in the right hind paw subplantar region of each
mouse. The thermal hyperalgesia and paw edema were measured 3 h after the injection of carrageenan. Data are expressed as mean + S.E.M. ¥p<0.05, **p<0.01 versus
vehicle group compared by one-way ANOVA followed by Tukey.

withdrawal latency compared with normal. However, 100 mg/kg of flusalazine significantly improved paw withdrawal
latency by 45.7% compared with vehicle. Also, aspirin increased paw withdrawal latency by 24.0%.

Flusalazine Causes No Gastric Damage

We evaluated the degree of gastric mucosal damage after the oral administration of flusalazine, aspirin, and indomethacin
by macroscopic examination. While oral administration of 100 mg/kg aspirin and 10 mg/kg indomethacin caused severe
gastric bleeding 24 h later (Figure 4), oral administration of flusalazine even up to 1000 mg/kg was not associated with
any gastric damage.

Prostaglandin Production in the Peritoneal Cavity of Mice

The effect of flusalazine on the inhibition of PGE, levels in the peritoneal cavity of mice is shown in Figure 5. The levels
of PGE, in the peritoneal cavity of mice significantly increased at 20 min after acetic acid injection, however, flusalazine
was associated with reduced levels of PGE,. The PGE, level in the flusalazine group was similar to the control group and
not significantly different compared to the NSAIDS group (aspirin, celecoxib, and indomethacin).

Therapeutic Index Between the Effective Dose and Toxic Dose

Based on our current findings of gastric damage and acetic acid-induced pain models, the therapeutic index was
considered. The therapeutic index was calculated from the following formula: therapeutic index = gastric toxic dose /
maximum effective dose. The therapeutic index of flusalazine, aspirin, and indomethacin were represented above 40,
below 1, and 1, respectively (Table 2).

Discussion
The present investigation provides new evidence supporting the therapeutic benefits of flusalazine for treating pain. We
previously reported that the potent spin trapping and anti-inflammatory action of flusalazine has significant preventive
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Figure 4 Gastrointestinal safety of flusalazine in mice. Mice were deprived of food but not water for 24 h prior to treatment. Flusalazine (1000 mg/kg), aspirin (100, 300 mg/
kg), indomethacin (10, 100 mg/kg), and vehicle (1% Lutrol F127 in water) were administered orally to mice. Animals were anesthetized with pentobarbital sodium (45 mg/kg)
by an intraperitoneal injection 5 h after drug administration. The stomach was removed, opened along the greater curvature, washed with normal saline, and flattened on
a piece of cardboard. The gastric mucosal membrane was exposed on a microscope with a video camera.
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Figure 5 Inhibitory effect of flusalazine against PGE, level on acetic acid-induced writhing response in mice. At 20 min after intraperitoneal injection of 1% acetic acid in
normal saline, the mice were killed by cervical dislocation. Flusalazine (25, 100, 250 mg/kg), aspirin (100, 300 mg/kg), celecoxib (100, 300 mg/kg), indomethacin (10 mg/kg),
and vehicle (1% Lutrol F-127 in water) were administered orally 30 min prior to acetic acid injection. The lavage fluid in the peritoneal cavity was collected and PGE, was
quantified by ELISA. Data are expressed as mean * S.E.M. *¥p<0.05 versus vehicle group compared by one-way ANOVA followed by Tukey.
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Table 2 Therapeutic Index of Flusalazine

Group Flusalazine Aspirin Indomethacin
Maximum effective dose 25 mglkg 300 mg/kg 10 mg/kg
Toxic dose = 1000 mg/kg 100 mg/kg 10 mg/kg
Therapeutic index 2 40 < |

effects in severe inflammatory disease models.”® Because free radicals and the ensuing inflammation are principally
involved in the pathogenesis of pain, we hypothesized that flusalazine would exhibit beneficial effects against pain
through its potent ability to inhibit oxidative stress and inflammation. In the present study, flusalazine rescues the various
pain responses induced by visceral, neurogenic, and inflammatory pain, successfully supporting the hypothesis. Although
NSAIDs are the most commonly used analgesic, they have the limitation for treating pain patients due to undesirable side
effects. Consistently, traditional NSAIDs such as aspirin and indomethacin cause severe gastric damage, whereas
flusalazine even up to 1000 mg/kg does is not associated with any gastric damage, suggesting that flusalazine is
a much safer compound. This report appears to be the first to demonstrate the therapeutic benefits of flusalazine in pain.

The acetic acid-induced writhing is a visceral pain model that is widely used to evaluate antinociceptive activity.”' Acetic acid
produces pain via the activation of nociceptors or damage to the visceral surface, which leads to the release of histamine,
bradykinin, prostaglandins, and serotonin.>' Among these mediators, increased levels of PGE, in peritoneal fluid mainly
contribute to the development of inflammatory pain.** In addition, recent reports indicate that mPGES-1 plays a key proin-
flammatory role in fever and pain.**~* This implies that, to prevent the development of pain, it is necessary to inhibit PGE,
production, which is generated by the activation of mPGES-1. The administration of 25 mg/kg of flusalazine inhibited acetic
acid-induced abdominal constrictions as much as 50 mg/kg of aspirin and 10 mg/kg of indomethacin. We observed that the level
of PGEj; in the peritoneal cavity of mice significantly increased in the acetic acid-induced writhing model but flusalazine inhibited
the increased level of PGE, Flusalazine reduced conversion of PGH, to PGE, with an ICsy of 0.33 puM in extracts of
lipopolysaccharide (LPS)-treated BV2 cells, suggesting that flusalazine has a role as a mPGE-1 inhibitor at submicromolar
concentrations in cells (data not shown). These findings indicated that flusalazine exerts a remarkable antinociceptive action
through PGE, reduction by selective mPGES-1 inhibition. This is supported by the efficacy of flusalazine in formalin or
carrageenan-induced pain mice. In the formalin test, there is a distinctive biphasic nociceptive response termed the early phase
and late phase. The early phase corresponds to neurogenic pain and is caused by the direct effect of formalin on the nociceptors of
C-fibers (non-inflammatory pain).*>>> Drugs acting on the CNS such as morphine and codeine can inhibit this phase. The late
phase is related with the inflammatory response development, releasing the nociceptive mediators in peripheral tissue and
functional changes in the dorsal medulla body (inflammatory pain). This phase can be inhibited by NSAIDs and centrally acting
drugs. Peripheral nociceptor in inflammatory process was sensitized by COX-2-derived prostanoids, which caused localized pain
hypersensitivity.%2¢

Interestingly, flusalazine and NSAIDs revealed the analgesic actions in both phases of the formalin test in the present study.
As mentioned above, it has been believed that only neurogenic pain is involved in the early phase of formalin. However, there
are some controversial data.”® *° Those reports showed the analgesic effects of NSAIDs in not only the late phase but also the
early phase, indicating that prostaglandins production might be induced even in the early stage of the formalin test. Analgesic
action during the early phase of flusalazine treatment may be caused by a reduction of prostaglandins production in the CNS.
In the second phase, the antinociceptive effect of flusalazine may be ascribed to the inhibition of PGE, production and other
mediators involving in this test. In the carrageenan test, we also observed a significant decrease in paw edema and a significant
increase in paw withdrawal latency with administration of flusalazine 2 h after administration of carrageenan. These results
suggest that flusalazine has analgesic activities by decreasing PGE,-mediated inflammatory activity. Furthermore, accumu-
lated reports showed that only opioid agonists (eg, morphine) could completely inhibit nociceptive pain.*' Interestingly, our
results revealed that 25 and 100 mg/kg flusalazine significantly reduced the licking time during the early stage of formalin, and
the reaction time was significantly increased at 2 h after administration of 100 mg/kg flusalazine in tail immersion test
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compared with vehicle. This result allows us to suggest that flusalazine can interfere with either the production or the release of
nociception-related neuropeptides.

Taken together, flusalazine has analgesic activity not only against inflammatory pain but also against nociceptive pain,
which suggests the possibility that at least some of the antinociceptive effects of flusalazine could be mediated via activation
of the opioid receptor. Some evidence indicates that oxidative stress can play an essential role in the pathogenesis of pain.
Superoxide, hydroxyl radical, and hydrogen peroxide-induced oxidative stress were involved in the inflammatory response
of pathological pain states, such as neuropathic pain, migraine-related pain, and inflammatory pain.'®'® Reactive oxygen
species (ROS) are one of the mediators of neuroinflammation, leading to an accelerated pain response.** In addition,
antioxidants such as 4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxy (TEMPOL), phenyl-N-fert-butylnitrone (PBN),
N-acetyl-L-cysteine (NAC), and 2-acetylphenothiazine (ML171; a specific inhibitor of NOX1) are known to attenuate
both acute and late (tonic) formalin-induced nociceptive responses in mice.***** However, the intrathecal injection of
TEMPOL effectively reduced nociception during the late (tonic) phase, implying that peripheral site of action of ROS may
be more important in mediating acute phase of formalin-induced nociceptive responding.*’ In the previous finding,
flusalazine showed potent spin trapping of hydroxyl radicals. It was expected that flusalazine showed 120-fold better
than vitamin E in a similar set of hydroxyl radical scavenging assays.’**> Although further research might be needed to
reveal the anti-oxidant roles of flusalazine in the pathogenesis of pain, these results suggest that the pharmacological
property of flusalazine as a spin-trapping molecule helps to provide more analgesic effects.

Due to adverse effects such as gastrointestinal damage, the use of traditional NSAIDs has been limited in terms of
their use for pain relief, in spite of their excellent analgesic effects*> mainly caused by the inhibition of COX-1 in the
gastrointestinal tract. In this study, aspirin and indomethacin caused evident gastric mucosal damage at doses of 100 mg/
kg and 10 mg/kg, respectively. However, flusalazine showed no association with gastric mucosal damage up to a dose of
1000 mg/kg. In a mPGES-1 assay using microsomal fraction purified from an LPS-pretreated BV-2 murine microglial
cell line, flusalazine directly inhibited mPGES-1 activity with an ICsy of 0.33 uM but with much weaker inhibition
against ovine recombinant COX-1 (IC5p=16.2 uM) and COX-2 enzymes (IC5p=651.1 uM; data not shown). These results
imply that flusalazine has a much higher safety margin compared to traditional NSAIDs.

It is important to note that anti-oxidants protect against NSAID-induced gastric injuries in rats, supporting that
flusalazine could have an additional safety profile through its powerful spin trapping action. To examine the safety
profile of flusalazine compared with NSAIDs such as indomethacin and aspirin, we also calculated the therapeutic
index for the efficacy of each drug according to the pain model. This showed that the maximum effective dose of
flusalazine, aspirin, and indomethacin was 25 mg/kg, 300 mg/kg, and 10 mg/kg, respectively. However, the
therapeutic index of aspirin and indomethacin was either lower than or equal to its maximal efficacy doses. This is
consistent with previous reports demonstrating that NSAIDs could cause gastric damage.*® Compared with NSAIDs,
flusalazine showed a higher therapeutic index with an approximately 40-fold difference, suggesting that flusalazine
could be substituted for NSAIDs without causing gastric damage during treatment. In addition, the no observable
adverse effect levels (NOAELs) of flusalazine in a rat and dog during a 4-week repetitive toxicity study were 125 mg/
kg (P.O. once daily) and >125 mg/kg, respectively, without significant adverse events to kidney, stomach, and heart
which are the main toxic target organs of traditional NSAIDs including COX-2 inhibitors.

Conclusion

Our results demonstrate that flusalazine, (a compound with dual pharmacological antioxidant and anti-inflammatory
actions), has analgesic effects with a much wider safety margin compared to traditional NSAIDs. Although further
studies are required to verify the exact mechanism of the analgesic effects of flusalazine against pain, we suggest that
flusalazine could be a potential drug candidate for pain management.

Ethics Approval
All procedures were conducted in compliance with the Animal Experiment Regulations of GNT Pharma Co. Ltd., the
Animal Experiment Committee Regulations, and the Animal Experiment Approval Provisions (approval no. 20-0002).
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