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ABSTRACT-Effects of 4-acylaminophenol derivatives, novel 5-lipoxygenase inhibitors, on the neutrophil 
infiltration in arachidonic acid (AA) (10 mg/site)-induced skin inflammation in rats were examined. 
Myeloperoxidase (MPO) activity in the skin lesion, used as an indicator of neutrophil infiltration, was 
significantly increased after intradermal injection of AA. Dual inhibitors of cyclooxygenase and 5-lipox

ygenase, phenidone (100 mg/kg x 2, i.p. and p.o.) and BW-755C (50 mg/kg x 2, p.o.), and 5-lipoxygenase 
inhibitors, AA-861 (100 mg/kg x 2, i.p.) and the 4-acylaminophenol derivatives T-0799 and T-0757 

(10-100 mg/kg x 2, p.o.), inhibited the increase in MPO activity 5 hr after AA-injection, but the cycloox
ygenase inhibitor indomethacin (5 mg/kg, i.p.) showed no effect. These results suggest that products of 
lipoxygenase, but not of cyclooxygenase, are involved in the MPO activity increase (i.e., neutrophil infiltra
tion), and that this model is useful for in vivo evaluation of 5-lipoxygenase inhibitors. It is suggested that 
the 4-acylaminophenol derivatives may be useful as orally active drugs for treatment of some leukotriene
mediated diseases.
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 The acute inflammatory reaction is implicated as a host 
defense mechanism at the site of the microcirculation that 
comprises exudative and cellular responses. These 

responses are manifested by increased vascular permeabil
ity and leukocyte infiltration. The exudative response is 

relatively easy to study because of the paw (1) or ear (2) 
edema formation technique. However, simple and quan

titative methods for evaluation of the leukocyte infiltra
tion are scarce. It has been reported that various cytotoxic 

inflammatory mediators are produced and released by 
leukocytes infiltrating into the inflamed tissue, causing 
the later phases of inflammation. Therefore, regulation of 

the leukocyte infiltration is important in the treatment of 
inflammatory diseases, and can be an attractive target for 

the development of new anti-inflammatory agents. 
 Many reports have shown that leukocyte infiltration is 

induced by various chemotactic mediators such as comple
ment fragment (C5a), leukotriene B4 (LTB4) or platelet ac

tivating factor (PAF). It has also been reported that anti
inflammatory steroids inhibit the leukocyte infiltration by 
inhibiting production of chemotactic mediators (3) and 

leukocyte motility (4). On the other hand, arachidonic

acid metabolites, leukotrienes (LTs) in particular, are like
ly to be implicated in various inflammatory diseases such 

as asthma (5), rheumatoid arthritis (6), hepatitis (7), 

glomerular nephritis (8, 9) and psoriasis (10). Therefore, 
much effort has been focused on the development of inhi
bitors of 5-lipoxygenase, the rate limiting enzyme of LT 

synthesis, trying to regulate the production of the biologi
cally active LTs in various disease states (11). 

 In the present study, we used AA-induced skin inflam
mation to evaluate the cellular response caused by AA
metabolite(s) and measured myeloperoxidase (MPO) 

activity at the inflammation site as an indicator of neu
trophil infiltration (12, 13). With this model, we evaluated 
the efficacies of novel lipoxygenase inhibitors, 4-acyl

aminophenol derivatives (14), and compared them to 
those of other known inhibitors.

MATERIALS AND METHODS 

Animals 

  Seven-week-old male Wistar rats (Charles River Japan, 
Atsugi) were used.



Materials 
 Casein (Nacalai Tesque, Kyoto); N-(hydroxyethyl) 

piperazine-N 2-ethanesulfonic acid (HEPES), o-dianisi
dine, hydrogen peroxide, arachidonic acid (AA), hexa
decyltrimethylammonium bromide (HTAB) and indo

methacin (all from Sigma, St. Louis, MO, USA); horse 
radish peroxidase (Boehringer Mannheim GmbH, Mann

heim, Germany); and phenidone (Tokyo Kasei, Tokyo) 
were obtained commercially. AA-861, BW-755C and 

4-acylaminophenol derivatives (shown in Fig. 1, T-0799: 
N-(3, 5-dimethyl-4-hydroxyphenyl)-3-thenoic amide and 

T-0757: N-(3,5-dimethyl-4-hydroxyphenyl)-3,7-dimethyl

(2,E)-2,6-octadienoic amide) were synthesized in the Or

ganic Chemistry Research Laboratory of Tanabe Seiyaku 
Co., Ltd. Other chemicals used were of the special grade. 

Preparation of rat peritoneal neutrophils 
 Rats were injected intraperitoneally with a 2% sterile 

casein solution (100 ml/kg). Sixteen hours later, the rats 
were killed by bleeding from the carotid artery, and 

neutrophils were collected by washing the peritoneal 
cavity with 20 ml of 25 mM HEPES containing Hank's 

Balanced Salt Solution (HBSS). The neutrophils were 
centrifuged at 750 x g for 5 min at 4 1C, and contaminating 

erythrocytes were removed by hypotonic lysis. The cell 
density was adjusted to 1 x 107 cells/ml. The purity of this 
neutrophil preparation was more than 90%. 

Assay of MPO activity 

 MPO activity was measured according to the methods 
of Bradley et al. (12) and Lundberg and Arfors (13) with 
a slight modification. Ten milliliters of 0.5% HTAB con

taining 0.05 M potassium phosphate buffer (pH 6.0) was 
added to 1 ml of the above neutrophil suspension in

HBSS. After vigorous shaking, the mixture was 

homogenized with a PolytronTM, and the homogenate 
was centrifuged at 12,000 x g for 30 min at 151C. Three 
milliliters of the supernatant was mixed with 3 ml of chlo

roform, vigorously shaken for 3 min and centrifuged at 
1,500 x g for 5 min at 151C, and the aqueous phase was 

used for the MPO assay. A 100-,ul aliquot of the aqueous 

phase was preincubated at 371C for 3 min, mixed with 3 
ml of 0.05 M potassium phosphate buffer (pH 6.0) con
taining 0.17 mg/ml of o-dianisidine and 0.0005% of 

hydrogen peroxide and then incubated for 15 min. The 
reaction was terminated by adding 2 ml of 0.1 N NaOH. 
The absorbance at 460 nm of the resultant reaction mix

ture was measured. MPO activity was expressed in units 
as the total activity of the homogenate using horseradish 

peroxidase as a standard. The activity of the standard 
horseradish peroxidase showed a good linearity to the 

absorbance below 2 units (background, 0.014 abs; 1.06 
unit, 0.619 abs; 2.11 unit, 0.965 abs). The MPO activity 
was stable for 48 hr at room temperature, and the color 

was stable for 2 hr at least. 

Induction of rat skin inflammation 
 AA (100 mg/ml) was suspended in divalent cation-free 

phosphate-buffered saline (PBS(-)100 mg/ml) and soni
cated in an ice bath. Rats, previously shaved on the dorsal 

skin, were injected intradermally with vehicle (PBS(-)) 
or an AA suspension (0.1 ml) of various concentrations 

under halothane anesthesia using a 1-ml syringe for tuber
culin with a 27 gauge needle. After a designated time, the 
rats were killed by decapitation and bleeding, and the skin 

lesion was isolated from the dorsal skin with a punch 

(r=9 mm) and scissors with a scalpel. The skin lesion was 
cut into fragments, suspended in 10 ml of 0.05 M potas
sium phosphate buffer (pH 6.0) containing 0.5% HTAB 

and homogenized by a PolytronTM. The homogenate was 
centrifuged at 12,000 x g for 30 min at 151C, and the su

pernatant was mixed with 3 ml of chloroform, shaken for 
3 min and centrifuged at 1,500 x g for 5 min at 151C. The 
aqueous phase was used for MPO assay. 

Drug preparations and administration 
 Drugs were evenly suspended in distilled water or phys

iological saline with Tween 80TM, for oral or intra

peritoneal administration, respectively, and the control 
rats were administered a corresponding vehicle. Since 

pharmacokinetic data were not available, the drugs were 
given twice, 0.5 hr before and 2.5 hr after AA injection, 
except for indomethacin, which was administered once 

0.5 hr before AA injection. The rats were fasted for 24 hr 
before oral administration.

Fig. 1. Chemical structures of T-0799 and T-0757.



Statistics 

 The data were statistically analyzed by Student's t-test. 

A P value of 0.05 or less was considered to indicate a sig

nificant difference.

Fig. 3. Time course of changes in MPO activity at the lesion of 
AA-induced skin inflammation. The rats were sacrificed at the in
dicated time after AA injection. The MPO activity at the skin lesion 
was measured. Each point represents the mean±S.E.M. of 3 to 4 
rats. The data were statistically analyzed by Student's t-test 

(*P<0.05, ***P<0.01, ****P<0.001).

Fig. 2. Relationship between the number of neutrophils and MPO 
activity in vitro. The rat peritoneal neutrophils were lysed in HTBA 
solution. The MPO activity was assayed by the method of Bradley 
and Lundberg with a slight modification (see the text). Each point 
represents the individual data of a triplicate assay.

Fig. 4. MPO activity at the skin lesion of AA-induced skin inflam
mation. The suspension of AA was injected intradermally. Five 
hours later, the MPO activity of the inflamed skin was measured. 
Each column represents the mean±S.E.M. of 5 rats. The data were 
statistically analyzed by Student's t-test (***P<0.01, ****P< 
0.001).

RESULTS 

Correlation between the neutrophil number and MPO 
activity 

 Correlation between the number of neutrophils and 
MPO activity was examined. The MPO activity was 

proportional to the number of neutrophils in the range 
of 1 x 105 to 1 x 10' cells as shown in Fig. 2 (R=0.997, 
P <0.001). 

Time course of the skin inflammation 

 MPO activity of the inflamed skin homogenate 0, 1, 3, 
5 and 7 hr after intradermal injection of 3 and 10 mg/site 

of AA was examined. As shown in Fig. 3, the MPO activ
ity increased dose-dependently, and its increment was 

statistically significant 5 hr after AA injection at either 
dose. For evaluation of drug efficacy in the following ex

periments, we sacrificed the animals 5 hr after AA injec
tion at the dose of 10 mg/site. 

MPO activity in the skin lesion 5 hr after injection of AA 
at various doses 

 AA (0, 1, 3 and 10 mg/site) was injected intradermally 
in the dorsal skin of rats. Then, the MPO activity of the 

skin lesion was measured 5 hr after AA injection. As 
shown in Fig. 4, the MPO activity increased dose-depend

ently above the AA dose of 1 mg/site. 

Effects of oral or intraperitoneal treatment with known in
hibitors of 5-lipoxygenase and cyclooxygenase on the skin 

inflammation 
 The dual inhibitor phenidone was administered at a



dose of 100 mg/kg intraperitoneally or orally 0.5 hr be
fore and 2.5 hr after AA injection. As shown in Fig. 5, 

phenidone showed a significant inhibition of MPO activ
ity by either route of administration, suggesting a good

bioavailability of the compound. 
 A 5-mg/kg dose of the cyclooxygenase inhibitor indo

methacin (0.5 hr before AA injection) or 100 mg/kg of 

the lipoxygenase inhibitor AA-861 (0.5 hr before and 2.5 
hr after AA injection) was intraperitoneally administered. 

As shown in Fig. 6, AA-861 inhibited the MPO activity 
under the conditions used, while indomethacin was 
without effect. 

 When 100 mg/kg of AA-861 or 50 mg/kg of the dual in

hibitor BW-755C was orally administered, AA-861 was 
not effective while BW-755C inhibited the MPO activity 
as shown in Fig. 7. 

Effects of oral treatment with the 4-acylaminophenol 

derivatives T-0799 and T-0757 on the skin inflammation 
 The 4-acylaminophenol derivatives T-0799 and T-0757 

were orally administered 0.5 hr before and 2.5 hr after 
AA injection at doses of 10, 30 or 100 mg/kg. As shown 

in Fig. 8, both compounds significantly inhibited the 
inflammation at doses above 30 mg/kg.

Fig. 5. Effect of phenidone on MPO activity at the skin lesion. 
Phenidone was administered intraperitoneally or orally 0.5 hr before 
and 2.5 hr after AA injection. Five hours after induction, MPO activ
ity at the skin lesion was measured. Each column represents the 
mean±S.E.M. of 7 rats. The data were statistically analyzed by 
Student's t-test (**P<0.02).

Fig. 6. Effects of indomethacin and AA-861 on MPO activity at 

the skin lesion. Indomethacin was administered intraperitoneally 

0.5 hr before induction, and AA-861 was administered intra

peritoneally 0.5 hr before and 2.5 hr after induction. Five hours 
after induction, MPO activity at the skin lesion was measured. Each 

column represents the mean±S.E.M. of 5 rats. The data were 

statistically analyzed by Student's t-test (***P<0.01).

Fig. 7. Effects of oral treatment with AA-861 and BW-755C on 
MPO activity at the skin lesion. AA-861 and BW-755C were ad
ministered orally 0.5 hr before and 2.5 hr after AA-injection. Five 
hours after induction, MPO activity at the skin lesion was measured. 
Each column represents the mean±S.E.M. of 5 rats. The data were 
statistically analyzed by Student's t-test (***P<0.01).

DISCUSSION 

 There are no suitable experimental systems for studying 
leukocyte infiltration except for the techniques using a 

body cavity (i.e., pleural or peritoneal cavity) or artificial 
body space (i.e., air pouch). Since these systems are not 

disease models, one of the purposes of the present investi

gation was to establish a simpler and more quantitative



method to measure leukocyte infiltration than histologi

cal examination, in a setting similar to inflammatory skin 
diseases such as psoriasis. Instead of histological examina

tion which requires complicated procedures, we tried to 
use tissue MPO activity as an indicator of neutrophil 
infiltration according to Bradley et al. (12) and Lundberg 

and Arfors (13). However, their method to measure MPO 
activity is time-consuming, and hence inconvenient to 

assay many samples, because it is necessary to read the 
change of absorbance with time (rate assay). Thus, we 

modified the method to an endpoint assay by using 0.1 N 
NaOH to stop the reaction and make the endpoint color 

stable (see Materials and Methods). This modification en
abled us to deal with many samples in a shorter time.

Fig. 8. Effects of 4-acylaminophenol derivatives on MPO activity 
at the skin lesion. T-0799 (A) and T-0757 (B) were administered oral
ly 0.5 hr before and 2.5 hr after AA injection. Five hours after induc
tion, MPO activity at the skin lesion was measured. Each point 
represents the mean±S.E.M. of 4 to 5 rats. The data were statistical
ly analyzed by Student's t-test (*P<0.05, **P<0.02, ***P<0.01).

 In the time course study, MPO activity was significant

ly increased 3 to 7 hr after induction (Fig. 3). These 
changes in MPO activity were similar to the data by 

DiMartino et al. (15), and the MPO activity of the time 
course study in the present study was higher than in the 

dose-response study because of fluctuation between ex

periments from unknown reasons. Although we did not 
measure the MPO activity beyond the 7th hour after AA 

injection, the MPO activity may most likely level off, be

cause the neutrophil infiltration is not considered to be a 
lasting biological response in inflammation. 

 We have already reported that some of the 4-acyl

aminophenol derivatives are relatively selective 5-lipoxy

genase inhibitors (14). The IC50 values of T-0799 for 
5-lipoxygenase and cyclooxygenase were 0.81 and 140 

tiM, respectively, and those of T-0757 were 0.23 and 7.0 
pM, respectively. Another purpose of the present study 
was to evaluate their effects on the in vivo leukocyte 
infiltration system. To clarify first how AA metabolites 

are involved in this neutrophil infiltration system, the 
effects of phenidone (a dual inhibitor of cyclooxygenase 

and lipoxygenase) (16), indomethacin (a cyclooxygenase 
inhibitor) and AA-861 (a lipoxygenase inhibitor) (17) on 

the system were tested. Phenidone, which has been report
ed to inhibit AA-induced paw edema reaction (1) and 

ex vivo synthesis of LTB4 in rats (18), inhibited the skin 
inflammation, suggesting that prostaglandins (PGs) 

and/or LTs are involved in this model. However, the fact 
that AA-861 but not indomethacin inhibited the reaction 

suggests that production of lipoxygenase metabolite(s) 
induced by AA injection is likely to be involved in this 
inflammation model as reported by DiMartino et al. (15). 

 In this in vivo model of LT-mediated neutrophil infiltra
tion, our novel lipoxygenase inhibitors (14), the 4-acyl

aminophenol derivatives T-0799 and T-0757, were shown 
to be effective (Fig. 8). Since these compounds are rela
tively selective inhibitors of 5-lipoxygenase and capable 

of inhibiting LTB4 production (14), one of the chemo
tactic factors involved in the model is likely to be LTB4. 

It has been reported that 5-lipoxygenase inhibitors of 
the redox type, such as NDGA, were inactive when ad
ministered orally (19). However, in our evaluation by oral 

treatment with AA-861, BW-755C (20) and the 4-acyl
aminophenol derivatives, all of which are of the redox 

type, the latter two, but not AA-861, were effective (Figs. 
7 and 8). These results suggest that the oral efficacy of a 

lipoxygenase inhibitor may not depend on the type of 
inhibition mechanism, but simply on its bioavailability. 

The fact that the 4-acylaminophenol derivatives are orally 
active suggests that these compounds may be useful as 

therapeutic agents for the treatment of various LT-mediat
ed inflammatory diseases.



Acknowledgments 

  We wish to thank Drs. S. Takeyama, Y. Iwasawa, T. Oh-ishi and 

T. Iwasaki of Tanabe Seiyaku Co., Ltd. for their encouragement 

and advice on the manuscript. We thank Dr. H. Inoue and Mr. M. 

Nagasawa for providing the 4-acylaminophenol derivatives.

REFERENCES

1 DiMartino MJ, Campbell GK Jr, Wolff CE and Hanna N: The 

   pharmacology of arachidonic acid-induced rat paw edema. 
   Agents Actions 21, 303  305 (1987) 

2 Young JM, Spires DA, Bedrord CJ, Wagner B, Ballaron SJ and 
   De Young LM: The mouse ear inflammatory response to topical 

   arachidonic acid. J Invest Dermatol 82, 367  371 (1984) 
3 Kurihara A, Ohuchi K and Tsurufuji S: Reduction by dex

   amethasone of chemotactic activity in inflammatory exudates. 
   Eur J Pharmacol 101, 11-16 (1984) 

4 Rivkin I, Foschi GV and Rosen CH: Inhibition of in vitro neu
   trophil chemotaxis and spontaneous motility by anti-inflamma

   tory agents. Proc Soc Exp Biol Med 153, 236-240 (1976) 
5 Lee TH, O'Hickey SP, Jacques C, Hawksworth RJ, Arm JP, 

   Christie P, Spur BW and Crea AEG: Sulphidopeptide leuko
   trienes in asthma. Adv Prostaglandin Thromboxane Leuko
   toriene Res 21, 415-428 (1990) 

6 Davidson EM, Rae SA and Smith MJH: Leukotriene B4, a medi
   ator of inflammation present in synovial fluid in rheumatoid 

   arthritis. Ann Rheum Dis 42, 677-679 (1983) 
7 Tiegs G and Wendel A: Leukotriene-mediated liver injury. 

   Biochem Pharmacol 37, 2569-2573 (1988) 
8 Lianos EA and Noble B: Glomerular leukotriene synthesis in 

   Heymann nephritis. Kidney Int 36, 998-1002 (1989) 
9 Fauler J, Wiemeyer A, Marx K-H, Kuhn K, Koch KM and 

   Frolich JC: LTB4 in nephrotoxic serum nephritis in rats. Kidney 
   Int 36, 46-50 (1989) 

10 Grabbe J, Czarenetzki BM, Rosenbach T and Mardin M: Iden
   tification of chemotactic lipoxygenase products of arachidonate 

   metabolism in psoritic skin. J Invest Dermatol 82, 477-479 

  (1984) 
11 Salmon JA and Garland LG: Leukotriene antagonists and

   inhibitors of leukotriene biosynthesis as potential therapeutic 
   agents. Arzneimittelforschung 37, 9-90 (1991) 

12 Bradley PP, Periebat DA, Christensen RD and Rothstein G: 
   Measurement of cutaneous inflammation: estimation of neu

   trophil content with enzyme marker. J Invest Dermatol 78, 
  206-209 (1982) 

13 Lundberg C and Arfors K-E: Polymorphonuclear leukocyte 
   accumulation in inflammatory dermal sites as measured by 51Cr

   labeled cells and myeloperoxidase. Inflammation 7, 247-255 

  (1983) 
14 Kikuchi M, Hashimura Y, Tsuzurahara K Nagasawa M, Inoue 

   H, Taniguchi T and Uchida T: 4-Acylaminophenol derivatives 
   as novel lipoxygenase inhibitors: synthesis and inhibitory effect 

   on 5-lipoxygenase and leukotriene B4 production. Biol Pharm 
   Bull 17, 1038-1046 (1994) 

15 DiMartino MJ, Wolff CE, Campbell GK Jr and Hanna N: The 

   pharmacology of arachidonic acid-induced rat PMN leukocyte 
   infiltration. Agents Actions 27, 325  327 (1989) 

16 Blackwell GJ and Flower RJ: 1-Phenyl-3-pyrazolidone: an inhi
   bitor of cyclic-oxygenase and lipoxygenase in lung and platelets. 

   Prostaglandins 16, 417-425 (1983) 
17 Yoshimoto T, Yokoyama C, Ochi K, Yamamoto S, Maki Y, 

   Ashida Y, Terao S and Shiraishi M: 2,3,5-Trimethyl-6-(12-hy
   droxy-5,10-dodecadinyl)-1,4-benzoquinone (AA861), a selective 

   inhibitor of the 5-lipoxygenase reaction and the biosynthesis of 
   slow-reacting substance of anaphylaxis. Biochim Biophys Acta 

   713, 470-473 (1982) 
18 McMillan RM, Millest AJ and Proudman KE: Evaluation of 

   lipoxygenase inhibitors ex vivo. Br J Pharmacol 87, Supp 53P 

  (1986) 
19 Bhattacherjee P, Boughton-Smith NK, Follenfant RL, Garland 

   LG, Higgs GA, Hodson HF, Islip PJ, Jackson WP, Moncada 
   S, Payne AN, Randal RW, Reynolds CH, Salmon JA, Tateson 

   JE and Ehittle BJR: The effect of a novel series of selective inhi
   bitor of arachidonic acid 5-lipoxygenase on anaphylactic and 
   inflammatory responses. Ann NY Acad Sci 524, 307  320 (1988) 

20 Carey F and Haworth D: Effect of the mixed cyclooxygenase/5
   lipoxygenase inhibitor, BW755C in a model of yeast-induced 

   inflammation. Br J Pharmacol 86, Supp 652P (1985)


