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Abstract:

Background: QUAN-0808 (6-(4-chlorophenoxy)-tetrazolo[5,1-a]phthalazine), a new phthalazine tetrazole derivative, was evalu-

ated for the anti-inflammatory and analgesic effects.

Methods: Xylene-induced ear edema, carrageenan (Carr)-induced paw edema, and acetic acid-induced capillary permeability hy-

peractivity in mice were used to assess the anti-inflammatory effect; acetic acid-induced writhing and hot plate responses for the

analgesic activity.

Results: In the present study, QUAN-0808 (100, 200, 400 mg/kg) and indomethacin (Indo) significantly decreased xylene-induced

ear edema by 33.3, 37.5, 46.6, and 45.1%, respectively, decreased Carr-induced paw edema at 1, 2, 4 h after Carr injection, and de-

creased the prostaglandin E2 (PGE2) and nitric oxide (NO) levels on the edema paw at 4 h after Carr injection; QUAN-0808 (100,

200, 400 mg/kg), and aspirin (Asp, 200 mg/kg) significantly decreased Evans blue exudation in acetic acid-induced capillary perme-

ability hyperactivity model by 26.7, 28.7, 32.3 and 29.1%, respectively, and decreased the numbers of acetic acid-induced writhing

response in 15 min by 40.4, 53.6, 66.4, and 64.5%, respectively. Morphine (10 mg/kg) significantly increased the latency of the hot

plate response by 136.5, 117.4, 67.5, and 22.7%, respectively, at 30, 60, 90, 120 min after intraperitoneal injection of morphine; how-

ever, QUAN-0808 (100, 200 and 400 mg/kg) did not produce significantly antinociceptive effects in the hot plate test, suggesting

that its antinociceptive action occurs via peripheral rather than a central-acting mechanism.

Conclusions: These results show that QUAN-0808 produced potential anti-inflammatory and peripheral antinociceptive effects,

and indicated that the antinociceptive effects of QUAN-0808 were related to its anti-inflammatory activity in a dose-dependent man-

ner. Therefore, as inflammation is a peripheral process, it is suggested that QUAN-0808 exerted peripheral effects. The peripheral ef-

fect mechanisms of QUAN-0808 may be related to a decrease in the production of PGE2, NO, bradykinin and other inflammatory

mediators.
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Introduction

Inflammation is a common pathophysiology of many

different diseases and the most primitive protective

response of the body to noxious stimulation. Al-

though there are many possible causes of inflamma-

tion, the basic pathological changes and clinical

symptoms are quite similar. The basic pathological

changes include partial response for microvascular

leakage of blood components, tissue and cell degen-

eration, necrosis, hyperplasia and repair, whereas the

clinical symptoms include redness, swelling, fever,

pain and dysfunction [24, 33, 35, 40]. Chronic and un-

controlled inflammation can be common in various

diseases, such as cardiovascular diseases, autoim-

mune rheumatoid arthritis, systemic lupus erythema-

tosus, cancer and Alzheimer’s and Parkinson’s dis-

eases [18, 21, 34]. Therefore, in some cases, effi-

ciency and low toxicity are essential for anti-

inflammatory drugs. In recent years, tetrazole con-

taining compounds have attracted increasing attention

both because of their pronounced anti-inflammatory,

antimicrobial [16] and anti-hypertensive [19] biologi-

cal activities and because of their inhibition of benzo-

diazepine receptor binding [2]. QUAN-0808 is a new

phthalazine tetrazole derivative and its low toxicity

(TD50 > 4500 mg/kg in mice) was confirmed in our

previous experiments [36]. In addition, in the present

study, 20 mice were given an orally administered dose

of 6000 mg/kg of QUAN-0808 and no death was ob-

served following continuous observation over a pe-

riod of seven days. Thus, three different experimental

models of acute inflammation and two experimental

models of pain were employed to determine the anti-

inflammatory and analgesic effects of QUAN-0808.

Furthermore, a preliminary study of its anti-inflam-

matory mechanism was carried out.

Materials and Methods

Animals

The experiments were carried out on adult KunMing

mice (18–22 g), housed in a quiet, temperature- and

humidity-controlled room (22 ± 1°C and 55 ± 5%, re-

spectively) with a 12-h light/dark cycle. All experi-

ments were performed at the same time of day during

the light period. All procedures in the present study

were performed in accordance with the Guide for the

Care and Use of Laboratory Animals as adapted by

the National Institutes of Health (Washington, DC,

USA, 1996). Local ethical committee approval was

also obtained (License number: SCXK(Ji) 2002–

0005). All efforts were made to minimize animal suf-

fering and to reduce the number of animals used. All

tests were conducted under the guidelines of the Inter-

national Association for the Study of Pain [42].

Except in hot-plate model, male mice were used in

rest of the tests. In each study model, fifty mice were

taken to the laboratory to adapt for 3 days, and were

randomly divided into 5 groups, and administered per

orally (po) with QUAN-0808 (100, 200, and 400 mg/

kg). Indo (12 mg/kg, po), Asp (200 mg/kg, po), or

morphine (10 mg/kg, ip) were used as positive con-

trols, while 0.3% sodium carboxymethyl cellulose

(CMC-Na, 20 ml/kg) solution served as a negative

control, administered at 8:00 – 9:00 a.m. for 3 con-

secutive days once daily.

Drugs

The tested compound QUAN-0808 [36] was synthe-

sized and provided by the Yanbian University medici-

nal chemistry laboratories. Xylene, Asp (Western

Shanghai Pharmaceutical Co., Ltd., China), Indo

(Sigma, USA) were suspended in 0.3% CMC-Na

(Loba-Chemie, Shanghai, China), and were freshly

prepared prior to use at a volume of 20 ml/kg of

mouse weight. Morphine hydrochloride, acetic acid

(Shenyang Northeast Pharmaceutical Group Daiichi

Pharmaceutical Co., Ltd., China) and carrageenan

(Carr, Sigma, USA) were prepared with sterile saline

before the test. The dose, route and timing of admini-

stration of each compound were based on preliminary

experiments and pharmacokinetic considerations, to

prepare suitable forms of the dosages, immediately

before the start of experiments. All doses of the re-

spective drugs were expressed as milligrams per kilo-

gram body weight.

Xylene-induced ear edema in mice

The xylene-induced ear edema model was performed

according to the method of Kim et al. [22, 30].

QUAN-0808 (100, 200, and 400 mg/kg), Indo

(12 mg/kg) and 0.3% CMC-Na (20 ml/kg) were orally

administered at 1 h prior to xylene application to the
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anterior and posterior surfaces of right ear of mice

(20 µl/ear). Thirty minutes after xylene application,

the mice were sacrificed and both ears were removed.

Circular sections were taken, using a cork borer of

6 mm diameter, and weighed with an analytical

balance (Mettler Toledo Instruments, Switzerland).

The degree of ear swelling was expressed as an

increase in ear weight (in mg) between the treated and

the untreated ear, and then the inhibition percent of

ear swelling was calculated by using the following

equation:

Percentage anti-inflammatory activity =

(C–T) / C × 100 (%)

where C and T indicate the non-treated and drug-

treated edema, respectively.

Acetic acid-induced peritonitis in mice

According to the method of Barros et al. [3, 33], ani-

mals were pretreated with QUAN-0808 (100, 200,

and 400 mg/kg, po), Asp (200 mg/kg, po), or the vehi-

cle (20 ml/kg, po); 1 h after the last administration,

each mouse received an intravenous injection of 0.5%

Evans blue solution (w/v, in 0.9% of saline, 0.1 ml/10 g),

and then injected ip with 0.8% acetic acid solution

(0.2 ml/mouse) to induce inflammation. Twenty min-

utes after administration of acetic acid, the animals

were sacrificed, and the peritoneal cavity was washed

with 6 ml of cold normal saline (divided into several

washings), with a gentle manual massage, the exu-

dates were retrieved and their volume was added to

10 ml of saline, followed by centrifugation for 15 min

at 3,000 rpm. The supernatant optical density was

measured at 590 nm wavelength in a spectrophotome-

ter (Shimadzu U2010, Japan). After making a stan-

dard curve of Evans blue’s concentration-absorbance,

the dye extravasations was quantified from the stan-

dard curve and expressed in µg according to the

method described previously [11, 38]. Calculation of

the percentage of inhibition of dye leakage was done

according to the formula:

Inhibition percentage of the leakage =

(the amount of Evans blue exudation of control group

– the amount of Evans blue exudation of the drug

tested group) / the amount of Evans blue exudation of

control group ×100 (%).

Carr-induced paw edema in mice

Carr-induced hind paw edema model was used for de-

termination of anti-inflammatory activity, and the pro-

cedure was based on the method of Winter et al. [17,

22, 25, 31, 37, 39]. Animals were administered po

with QUAN-0808 (100, 200, and 400 mg/kg), Indo

(12 mg/kg), or the vehicle, 1 h prior to injection of 1%

Carr suspension (freshly prepared in sterile 0.9% w/v

saline, 30 µl/mouse) in the plantar side of right hind

paws of the mice. Paw volume was measured before

and at 0.5, 1, 2 and 4 h intervals after Carr injection

using a homemade plethysmometer (by the principle

of capillary glass tube amplified, Fig. 1). The degree

of swelling induced was evaluated by the difference,

which is the volume of the right hind paw after and

before Carr treatment. The difference between the two

readings was taken as the volume of edema, and the

edema percentage was calculated using the equation:

Edema percentage (%) = (Vh – V0) / V0 × 100, where

Vh is the paw volume after the Carr injection and V0 is

the initial paw volume. Moreover, the percentage

anti-inflammatory activity was calculated using the

equation:

Inhibition percentage (%) = (Vt – Vc) / Vc × 100
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Fig. 1. A diagram of the homemade plethysmometer with the princi-
ple of capillary glass tube amplified



where Vt is the paw volume average of the group

treated and Vc is the control group paw volume aver-

age. The animals were sacrificed at 4 h after Carr in-

jection. The Carr-induced edema paws were dissected

and soaked overnight in 2.5 ml of saline at 0–4°C, and

then centrifuged at 3000 rpm for 15 min, the super-

natant of inflammatory paw soaking solution was col-

lected and stored at –80°C, for later determination of

NO and PGE2.

Measurement of PGE2

Half milliliter of the supernatant of inflammatory paw

immersion was added to 2 ml KOH-methanol solution

(0.5 mol/l) and kept in a water bath at 50°C for

isomerization for 20 min, then methanol was added to

a total capacity of 5 ml and thoroughly mixed. After

standing for 5 min, the absorbance was measured at

278 nm with a UV spectrophotometer (Shimadzu

U2010, Japan). Then, by per ml of inflammatory exu-

dates corresponding to the optical density values to

indicate PGE2 content, the capacity of inflammatory

exudates (in ml) was expressed by the difference be-

tween the volumes of the right hind paw before and at

4th h after Carr treatment [9, 26, 37].

Measurement of NO

Nitrate reductive method was used for the determina-

tion of NO content. NO production was indirectly as-

sessed by measuring the nitrite levels in the super-

natant of inflammatory paw immersion. Adding the

appropriate reagents according to the procedure re-

quired in the kit instructions (nitric oxide assay kit,

Nanjing Jiancheng Bioengineering Institute, China),

after 10 min of color development at room tempera-

ture, the absorbance was measured at 550 nm with

a spectrophotometer (Shimadzu UV-1601, Japan).

Then, the inflammatory exudates protein content was

detected by Coomassie brilliant blue method, and NO

content was calculated, according to the formula:

NO content (µmol/gprot) =

(absorbance of measured tube – absorbance of blank

tube) / (absorbance of standard tube – absorbance

of blank tube) × standard concentration (20 µmol/l)

– sample protein concentration.

Acetic acid-induced writhing response in mice

The test was performed as described previously [3, 9,

14, 23]. Writhing was induced by an ip injection of

0.8% acetic acid solution (0.2 ml/mouse). QUAN-

0808 administered group was pretreated with 100,

200, or 400 mg/kg (po), positive control animals were

pretreated with Asp (200 mg/kg, po), and the negative

control group received only vehicle (20 ml/kg) of

0.3% suspension of CMC-Na at 1 h before acetic acid

injection. Five minutes after the ip injection of acetic

acid, the number of writhing response (abdominal re-

traction, hind legs straighten, raising the buttocks)

was recorded for 15 min. The antinociceptive activity

was expressed as the reduction of the numbers of ab-

dominal writhing. The antinociceptive percentage was

calculated according to the following formula:

the antinociceptive percentage (%) =

(writhing numbers of control group – writhing

numbers of drug-treated group)

/ writhing numbers of control group × 100.

Hot-plate test

The hot plate test was performed following the method

of Brito da Matta et al. [7] and Eddy and Leimbach

[15]. In this experiment, female mice were placed on

the hot plate kept at 55 ± 0.5°C and the reaction time

was recorded as latency when the animals licked their

hind paws. Selecting mice before the experiment,

only those with the latency within 5–30 s were used in

the study (the mice of less than 5 s or in excess of 30 s

or jumping response in the selection process were ex-

cluded). Measurement was done before the test twice

with an interval of 10 min, the mean value of the lick-

ing hind paws response latency was expressed as

the basal pain threshold. QUAN-0808-administered

group was pretreated with 100, 200, or 400 mg/kg

(po), positive control animals were pretreated with

morphine 10 mg/kg (ip) as the reference drugs, and

the negative control group received only vehicle (20

ml/kg, po) of 0.3% suspension of CMC-Na. The treat-

ment latencies were recorded at the following time

points: 30, 60, 90 and 120 min. During the experi-

ment, in order to prevent tissue damage in mice to de-

termine the time of 60 s for the interruption, over 60 s

were recorded as 60 s. The increase percentage of

pain threshold was calculated according to the for-

mula:
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the increase percentage =

(pain threshold after administration – pain threshold

before administration) / pain threshold before

administration × 100 (%).

Statistical analysis

The data are expressed as the means ± SEM and were

evaluated by one-way analysis of variance followed

by Bonferroni’s multiple comparison tests; p < 0.05

was considered to be statistically significant. The

ED50 values were calculated by probit analysis.

Results

Xylene-induced ear edema

The anti-inflammatory activities of QUAN-0808 were

measured on mice ear by using xylene as an inducer.

It was found that 100, 200, or 400 mg/kg QUAN-

0808, and Indo caused significant inhibition of edema

as compared to the control group [F (4, 45) = 9.751,

p < 0.0001, Fig. 2], the inhibition percentage was

33.3, 37.5, 46.6%, and 45.1%, respectively. Further-

more, the inhibitory potency of QUAN-0808 200 or

400 mg/kg was similar to Indo 12 mg/kg at 30 min af-

ter inflammatory induction. According to the positive

response percentage of QUAN-0808 on edema inhibi-

tion in mice, the calculated ED50 value is 41.7 mg/kg,

and 95% confidence interval is 11.0– 157.2 mg/kg.

Acetic acid-induced peritonitis

The anti-inflammatory activities of QUAN-0808 were

measured in mice by using acetic acid as an inducer to

increase abdominal capillary permeability. The results

(Fig. 3) showed that 100, 200, or 400 mg/kg QUAN-

0808 and 200 mg/kg Asp significantly suppressed

the abdominal cavity dye leakage as compared with

control group [F (4, 45) = 4.783, p < 0.01]. Further-

more, QUAN-0808 200 mg/kg was comparable with

the reference drug Asp 200 mg/kg, and QUAN-0808

400 mg/kg seems to show more inhibitory potency

than the reference drug Asp 200 mg/kg.

Carr-induced paw edema

The results of the anti-inflammatory effect of

QUAN-0808 on Carr-induced paw edema in mice are

presented in Figure 4. There was a gradual increase in

edema paw volume of mice in the control group-Carr

treated (the edema percentage is 16.3, 26.4, 36.7, and

51.6%, respectively) at 0.5, 1, 2 and 4 h after Carr in-

jection. Hundred, 200, or 400 mg/kg QUAN-0808

and Indo didn’t show a significant reduction in the

edema paw volume as compared to control group at

0.5 h after Carr injection [the edema inhibition per-

centage is 6.1, 14.7, 15.3, and 23.3%, respectively,

F (4, 45) = 1.280, p > 0.05.]. However, in the test

groups treated with 100, 200, or 400 mg/kg QUAN-

0808 and Indo it was observed a significant reduction

in the edema paw volume as compared to control

group [the edema inhibition percentage is 23.1, 32.6,

33.3, and 37.1%, respectively, at 1 h after Carr injec-
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tion, F (4, 45) = 3.664, p < 0.05; the edema inhibition

percentage is 29.4, 37.9, 47.4, and 35.7%, respec-

tively, at 2 h after Carr injection, F (4, 45) = 7.730, p <

0.0001; the edema inhibition percentage is 28.7, 32.6,

49.0, and 75.2%, respectively, at 4 h after Carr injec-

tion, F (4, 45) = 13.772, p < 0.0001]. Moreover, the

QUAN- 0808 at the concentration of 100 mg/kg ex-

hibited lower inhibitory effect as compared to Indo,

however, 200, and 400 mg/kg QUAN-0808 was better

than Indo at 2 h after injecting; for QUAN-0808

400 mg/kg there was no significant difference, but

200 mg/kg exhibited lesser inhibitory effect as com-

pared to Indo at 4 h after injection, suggesting that the

anti-inflammatory effect of QUAN-0808 began to

weaken at 4 h after injection of Carr. These results

show that QUAN-0808 exhibits anti-inflammatory ef-

fects on Carr-induced paw edema in a dose-dependent

manner, and the peak intensity is between 2–4 h.

According to the positive response percentage of

QUAN-0808 on edema inhibition effect at 3 h after

oral administration, the calculated ED50 value is

65.6 mg/kg, and 95% confidence interval is 15.2–

283.5 mg/kg.

Effects of QUAN-0808 on PGE2 level

In Figure 5, 100, 200, or 400 mg/kg QUAN-0808, and

12 mg/kg Indo significantly decreased PGE2 level in

the edema exudate at 4 h after Carr injection, and the

inhibitory percentage is 41.6, 44.2, 51.9, and 51.1%,

respectively, as compared with control group [F (4, 45)

= 6.733, p < 0.0001]. The inhibitory potency of

QUAN-0808 400 mg/kg was similar to Indo at the 4 h

after induction.

Effects of QUAN-0808 on NO level

In Figure 6, 100, 200, or 400 mg/kg QUAN-0808, and

12 mg/kg Indo significantly decreased the exudate NO

level at 4 h after Carr injection, and the inhibitory per-

centage is 37.0, 43.4, 45.1, and 35.9%, respectively, as

compared with control group [F (4, 45) = 5.205, p <

0.01]. The inhibitory potency of QUAN-0808 100 mg/kg

was similar to that of Indo 12 mg/kg, and QUAN-

0808 200 and 400 mg/kg was better than Indo.

Acetic acid-induced writhing response

The effects of different doses of QUAN-0808 on the

number of writhes/stretches movement in 15 min in-
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duced by acetic acid in mice are shown in Figure 7.

Administration of 100, 200, 400 mg/kg QUAN-0808

and Asp 200 mg/kg significantly reduced the number

of writhes induced by the injection of acetic acid in

mice by 40.4, 53.6, 66.4, and 64.5%, respectively, as

compared to control group [F (4, 45) = 11.733, p <

0.0001]. The inhibitory effect of QUAN-0808 200,

400 mg/kg was comparable with the reference drug

Asp 200 mg/kg. According to the positive response

percentage, the calculated ED50 value of QUAN-0808

for analgesic effect is 48.6 mg/kg, and 95% confi-

dence interval is 15.8–150.0 mg/kg.

Thermally-induced pain

The results (Fig. 8) showed that QUAN-0808

(100–400 mg/kg) did not elicit a significant increase

in the latency response in mice in the hot plate test, so

QUAN-0808 (100–400 mg/kg) did not produce a sig-

nificant anti-nociceptive action when compared to the

control group. However, morphine (positive control,

10 mg/kg, ip) elicited a significant increase in the la-

tency response by 136.5%, 117.4%, 67.5%, and

22.7%, respectively [F (4, 45) = 13.436, p < 0.0001;

F (4, 45) = 11.046, p < 0.0001; F (4, 45) = 7.184, p <

0.0001; F (4, 45) = 1.591, p > 0.05, respectively], at

30, 60, 90, 120 min after ip injection of morphine.

Discussion

This study was performed to evaluate the putative

anti-inflammatory and antinociceptive activities of

QUAN-0808, using various animal models to clarify

the pain and inflammation relieving effects.

Xylene-induced ear edema is a model classically

used to evaluate the anti-inflammatory activities of

compounds. As a chemical agent, xylene can cause

the release of some inflammatory mediators, includ-

ing histamine, kinins and fibrinolytic enzyme. The re-

lease of inflammatory mediators leads to increased lo-

cal capillary permeability and inflammatory cell infil-

tration, resulting in acute exudative inflammatory ear

edema [3, 5]. It is clear from results of the xylene-

induced mouse ear edema assay (Fig. 2) that QUAN-

0808 significantly inhibited xylene-induced ear

edema in a dose dependent manner. This effect may

be produced by a reduction in the levels of histamine,

kinins and other inflammatory mediators

The injection of Carr into mice produces a typical

biphasic edema associated with the production of sev-

eral inflammatory mediators, including bradykinin,

prostaglandins (PGs), NO and cytokines. The first

phase peaks at 3 h and the delayed phase peaks at 48 h

after Carr injection [31, 37, 39]. Development of

edema induced by Carr is commonly correlated with

the early exudates stage of inflammation, which is

one of the important processes of inflammatory pa-

thology [26, 39]. Following the injection of Carr into

the paw of a rodent, several mediators are sequen-

tially released, including histamine, serotonin and

bradykinin in the initial phase (0–1 h), followed in the

later phase (1–6 h) by an increase in the production of

PGs through the activation of cyclooxygenase-2

(COX-2) and the release of NO [20, 31, 33]. During
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the inflammatory process, large amounts of the proin-

flammatory mediators, NO and PGE2, are generated

by inducible iNOS and COX-2, respectively. It is

well-known that reactive oxygen species, NO and

PGE2 are considered as inflammatory factors and play

important roles in the damage of tissues by inflamma-

tion [5, 6, 12, 41].

It was found that the injection of Carr into the mice

paw induced the liberation of bradykinin, which later

induced the biosynthesis of PGs and other autacoids

that are responsible for the formation of the inflam-

matory exudates [8, 17, 26]. PGs play an important

role in the inflammatory response and it is currently

recognized that a variety of organizations stimulated

by physical, chemical and biological factors lead to

the synthesis and release of a variety of PGs. As ara-

chidonic acid metabolites from the cyclooxygenase

pathway with a wide range of biological activities,

PGE2 and PGI2 are important and closely related with

the inflammatory response. Their proinflammatory

role mainly involves dilation of blood vessels, sensiti-

zation of pain nerve endings and fever [9, 26]. The

paw edema induced by Carr in rodents contained con-

siderable PGE2, which was dehydrated by treatment

with alkali and then isomerized into PGB1. PGB1 has

a UV absorption wavelength of 278 nm, allowing for

the content of PGE2 to be determined [9, 26, 37].

NO is an important mediator and regulator of in-

flammatory response [32]. In an inflammatory re-

sponse, NO is overproduced and this highly reactive

molecule reacts with superoxide, leading to cytotoxic-

ity and tissue damage. NO is also responsible for

vasodilatation, an increase in vascular permeability

and edema formation at the site of inflammation [30].

In studies into the mechanism of inflammation, it has

been proposed that the L-arginine-NO pathway plays

an important role in Carr-induced paw edema. Fur-

thermore, iNOS was expressed in this model within 4

h of Carr injection and the subsequent production of

NO maintained the edema [30, 41]. Our present re-

sults also confirm that the Carr-induced paw edema

model results in the production of NO. The Carr test

is highly sensitive to nonsteroidal anti-inflammatory

drugs (NSAIDs) and has long been accepted as a use-

ful phlogistic tool for investigating new drug thera-

pies [29]. We also evaluated the anti-inflammatory ef-

fects of QUAN-0808 on paw edema induced by Carr

in mice and detected the levels of NO and PGE2 in the

paw edema 4 h after Carr injection, to understand the

anti-inflammatory mechanism of QUAN-0808.

It is clear from Figure 4 that QUAN-0808 pro-

duced a dose-dependent inhibition of Carr-induced

paw edema. Statistical analysis revealed that QUAN-

0808 and Indo (an indole arylacetic acid class of non-

selective cyclooxygenase inhibitor and widely pre-

scribed NSAID [1, 20]) significantly inhibited the de-

velopment of edema 1–4 h after treatment (Fig. 5) and

they both showed anti-inflammatory effects in Carr-

induced mice paw edema. In the current study, the

levels of NO and PGE2 were decreased significantly

in a dose dependent manner by treatment with 100,

200 and 400 mg/kg of QUAN-0808. The results sug-

gest that the anti-inflammatory mechanism of

QUAN-0808 may be related to the L-arginine-NO

and PGE2 pathways. Additionally, as shown above,

QUAN-0808 significantly inhibited the development

of the edemas induced by either xylene or Carr after 1

h of treatment, suggesting that the anti-inflammatory

mechanism of QUAN-0808 may also be related to

a reduction of histamine, kinins and other inflamma-

tory mediators.

The acetic acid-induced peritonitis test represents

a well-characterized model for the study of acute peri-

toneal inflammation [3]. In the capillary permeability

model, dye leakage is generally used as an indicator.

Evans blue dye can bind to plasma protein and when

the inflammatory cytokine induces capillary perme-

ability in a certain area, the amount of dye leakage re-

flects the amount of plasma protein leaking from the

capillaries. Evans blue in the exudates can be detected

by colorimetric assay. In this study, mice were in-

jected with acetic acid leading to abdominal capillary

permeability and leakage of blood components. Evans

blue can bind to plasma proteins and leak out from

capillaries with other blood components, dyeing the

surrounding abdominal cavity blue following its intra-

venous injection. The impact of any drugs tested on

capillary permeability in mice can be observed by

measuring the optical density of the peritoneal exu-

date [3, 30]. Figure 3 shows that QUAN-0808 signifi-

cantly inhibited the leakage of dye, in spite of the in-

crease in capillary permeability. In addition, the in-

crease in vascular permeability induced by acetic acid

is known to correspond to the initial exudative inflam-

mation [3, 30] and, conversely, its inhibition may con-

tribute to the reduction of edema formation.

The classification of antinociceptive drugs is usu-

ally based on their mechanism of action either on the

central nervous system or on the peripheral nervous

system [35]. Two different analgesic testing methods
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were employed to identify the possible peripheral and

central effects of the test substance. Thus, both the

acetic acid-induced abdominal constriction and hot-

plate methods were used to analyze peripheral and

central activity, respectively.

Acetic acid induces inflammatory pain by inducing

capillary permeability [3, 33], whereas hot plate-

induced pain indicates narcotic involvement [11]. It

has been proposed that acetic acid acts indirectly by

inducing the release of endogenous mediators which

stimulate the nociceptive neurons sensitive to

NSAIDs and opioids. Acetic acid-induced writhing is

a visceral pain model which, despite its low specific-

ity, has been widely used for the evaluation of periph-

eral antinociceptive activity because of its high sensi-

tivity [3, 4, 33]. Oral administration of QUAN-0808

significantly reduced the number of writhings induced

by acetic acid in mice (Fig. 7) and the activity was

comparable to that observed with 200 mg/kg Asp

(used as a reference drug, po). Figure 7 shows that

QUAN-0808 inhibited acetic acid-induced abdominal

constrictions in mice, thereby exhibiting an antino-

ciceptive effect. Acetic acid stimulates the release of

several mediators, including bradykinin, substance P

and PGs [10, 28]. The antinociceptive activity demon-

strated by QUAN-0808 in this model implied that it

inhibited these mediators and the activation of chemo-

sensitive nociceptors that contribute to the develop-

ment of inflammatory pain.

The hot-plate test is commonly used to assess nar-

cotic analgesia. Although the central and peripheral

analgesics respond by inhibiting the number of con-

tractions provoked by chemical pain stimuli, only the

central analgesics increase the time of response in the

hot plate test, because the hot plate is a specific cen-

tral antinociceptive test in which opioid agents exert

their analgesic effects via supraspinal and spinal re-

ceptors [13, 15, 27]. In the hot plate test (Fig. 8), treat-

ment with morphine (10 mg/kg, ip) caused a marked

increase in the latency time of the animals, whereas

QUAN-0808 (100–400 mg/kg, po) did not signifi-

cantly modify latency time relative to the control.

Thus, at the doses of 100–400 mg/kg, QUAN-0808

protected mice against chemically-induced noxious

stimuli, but not thermal-induced noxious stimuli.

These data suggest that the antinociceptive effects

of QUAN-0808 occur via peripheral rather than

centrally-acting mechanisms. The peripheral antino-

ciceptive effect of QUAN-0808 may be mediated via

the inhibition of PGs, bradykinin, substance P and

other inflammatory mediators.

In conclusion, these results show that QUAN-0808

produced potential anti-inflammatory and peripheral

antinociceptive effects assessed using both chemical

and thermal methods, suggesting that the antinocicep-

tive effects of QUAN-0808 were related to its anti-

inflammatory activity in a dose-dependent manner.

Therefore, as inflammation is a peripheral process, it

is suggested that QUAN-0808 exerted peripheral ef-

fects. The peripheral effect mechanisms of QUAN-

0808 may be related to a decrease in the production of

PGE2, NO, bradykinin and other inflammatory media-

tors. Thus, further studies are necessary to understand

the underlying and implicated mechanisms for the pe-

ripheral antinociceptive and anti-inflammatory activi-

ties of QUAN-0808.
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