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Anti-inflammatory Activity of N-Naphthoyl D-Alanine in vivo
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Figure 1. Zigzag structure in naproxen, ibuprofen and R-1.

Table 1. Results of inhibition assay of carrageenan-induced mouse 
foot-pad swelling
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Compound R1 R2 X % of inhibitiona S or NSb

R-1 H CH3 O 45.68 ± 9.87 S
S-1 CH3 H O 1.8 ± 7.99 NS
2 H H O 15.43 ± 7.35 NS

R-3 H CH3 S 9.68 ± 6.67 NS
aAssays were carried out at a dose of 150 mg/kg (ref. 11).  Cf. Percentage 
inhibition of naproxen: 40.68 ± 4.4 (30 mg/kg, p.o.). Each value 
represents the mean ± S.E. for 5‑7 mice. bS means to differ significantly 
and NS means no significant difference from the control group 
(statistically analyzed by Dunnett’s method, P < 0.05).

Ibuprofen and naproxen are widely used for the clinical 
treatment of inflammatory diseases and are classified as 
propionic acid type anti-inflammatory drugs. Such acid type 
anti-inflammatory drugs exert their effect by inhibiting the 
catalytic activity1,2 of cyclooxygenases (COXs)3 that catalyze 
the biosynthesis of prostaglandins from arachidonic acid. For 
expression of COXs-inhibitory activity, such compounds 
requir 1) a carboxylic function4 2) S-configuration at the 
chiral center,4 and 3) a zigzag structure5 drawn in bold lines as 
shown in Fig. 1. 

We attempted to have N-naphthoyl D-alanine (R-1)6,7 
expressing anti-inflammatory activity in a COXs-inhibiting 
manner by reproducing the zigzag structure of naproxen in 
R-1 as shown in Fig. 1. The reasons for expecting such 
anti-inflammatory activity are as follows; 1) the stereo-
chemistry at the chiral center (C3) was the same as that of 
D-alanine 2) the planarity between C4-C5 in naproxen might 
be replaced with the double bond nature of the amide function 
(N4-C5) 3) the zigzag structure in naproxen could be 
mimicked as the zigzag structure drawn in bold lines in Fig. 1 
4) the planarity between C5-C6 in R-1 might be obtained by 
the π electron donation from the aromatic ring to the amide 
carbonyl function 5) R-1 had a naphthalene ring that might 
settle on the planar domain of the binding site of the COXs 
advocated by Gund et al.8 

First, anti-inflammatory activities against four com-
pounds,9 R-1, S-1, 2, and R-3, were evaluated by carra-
geenan-induced mouse foot-pad swelling assay10,11 at a dose 
of 150 mg/kg and statistical analyses were performed by 
Dunnett’s method. Obtained data on the percentage inhibition 
and judgments on significant differences from the control 
group are summarized in Table 1. 

R-1 reduced carrageenan-induced mouse foot-pad swelling 
by 45.68 ± 9.87% and this reduction was judged to be a 

significant difference (judged as “S”), but S-1 did not exhibit 
anti-inflammatory activity, that is, compound S-1 showed no 
significant difference (judged as “NS”). These two results are 
consistent with the structure-activity relationship of propionic 
acid type anti-inflammatory drugs. Compound 2, which had 
no methyl function at the 3rd position, showed no inhibitory 
effect on carrageenan-induced mouse foot-pad swelling. This 
meant that the down methyl group at the 3rd position was 
necessary to exert the reduction effect on carrageenan-induced 
mouse foot-pad swelling.

In order to determine whether the planarity between N4-C5 
by the double bond nature of the amide function was 
important for the activity, the inhibitory activity of compound 
R-3 was examined. The features of R-3 were to have the same 
stereochemistry as R-1 and a poorer double bond nature 
between N4-C5 than that of R-1 because of having a 
thioamide function instead of an amide one. This assay 
revealed that R-3 had no effect on carrageenan-induced 
mouse foot-pad swelling. This result indicates a significant 
planarity between N4-C5 for exertion of the inhibitory 
activity against carrageenan-induced mouse foot-pad swelling. 
In addition, the offset of the inflammatory activity of R-3 
might be partially due to the absence of planarity between 
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Table 2. Results of inhibition assay of carrageenan-induced mouse 
foot-pad swelling and calc. log P values of aromatic ring moiety
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Compound % of inhibitiona S or NSb Calc. log P valuec of 
aromatic ring moiety

R-4 0.10 ± 6.34 NS 4.03
R-5 25.44 ± 14.12 NS 2.94
R-6 -1.4 ± 5.1 NS 3.36
R-7 9.20 ± 3.8 NS 3.69
R-8 36.97 ± 8.59d  S* 3.71
R-9 31.69 ± 8.94 S 3.03

aAssays were carried out at a dose of 150 mg/kg (ref. 11). Cf. Percentage 
inhibition of naproxen: 40.68 ± 4.4 (30 mg/kg, p.o.). Each value 
represents the mean ± S.E. for 5‑7 mice. bS means to differ significantly
and NS means no significant difference from the control group 
(statistically analyzed by Dunnett’s method, P < 0.05). Asterisk indicates
significant difference (P < 0.01). cSee, ref. 12. dThis datum was obtained 
at a dose of 300 mg/kg.

C5-C6 by changing the amide moiety to thioamide function. 
All the results obtained from the assays using R-1, S-1, 2, 

and R-3 were thought to support the exertion of anti-inflam-
matory activity by R-1 being attributed to the inhibition of 
COXs activity, although indirectly (not in vitro assay).

Next, we performed assays on the anti-inflammatory effect 
of amides constructed by D-alanine and aromatic acids other 
than naphthoic acid. We evaluated six compounds (R-4 ‑ R-9)9 
for anti-inflammatory activities by carrageenan-induced 
mouse foot-pad swelling assay10,11 with a usual dose of 150 
mg/kg. The percentage inhibition, determinations of S or NS, 
and log P values12 of aromatic ring moiety are listed in Table 
2. Since the hydrophobicity of the active site of the enzyme is 
generally recognized to be high, a highly hydrophobic com-
pound might have an advantage as a candidate COXs inhibitor 
binding to the active site of COXs.

Compound R-4, which had considerably high hydro-
phobicity (log P value of anthracene moiety: 4.03), did not 
have the potential to reduce carrageenan-induced mouse 
foot-pad swelling. This invalidity was attributed to the 
anthracene ring of  R-4 being too large compared with the size 
of the planar binding domain in the active site of COXs. 
Compound R-7 had the same aromatic ring moiety as 
ibuprofen, and compound R-5 and R-6 had ones whose side 
chain length on the benzene ring was shorter than the side 
chain length of R-7. Compounds R-5 ‑ R-7 were expected to 
have anti-inflammatory activities because of the same or 
greater than log P values (2.94 for R-5, 3.36 for R-6, and 3.69 
for R-7, respectively) compared with R-1 (3.03). However, 
none of them had any inflammatory activity. These results 
indicate the importance of there being no side chains on the 

benzene ring but rather the size of the aromatic ring for 
exertion of anti-inflammatory effect. Reproducibility of S or 
NS could not be obtained for compound R-8 with the usual 
dose of 150 mg/kg, so assay at a dose of 300 mg/kg was 
performed. In this case, clear anti-inflammatory activity was 
observed reproducibly, athough it was weak (inhibition by 
36.97 ± 8.59%). 

Finally, anti-inflammatory activity against compound 
R-9,7,13 which had sulfonamide moiety instead of an amide 
part, was investigated. This R-9 was predicted not to have the 
activity since the polarity of the sulfone function was too high 
to bind to the hydrophobic binding site of the COXs. 
Unexpectedly, this compound exhibited a significant inhibition 
effect on carrageenan-induced mouse foot-pad swelling by 
31.69 ± 8.94%. 

In conclusion, carrageenan-induced mouse foot-pad swelling 
assay revealed the significant potential of anti-inflammation 
of N-naphthoyl D-alanine (R-1). This anti-inflammatory 
activity was attributed to COXs inhibition because of no 
activity by N-naphthoyl L-alanine (S-1). As aromatic ring 
moiety was adopted, not a benzene ring having an alkyl chain, 
but a naphthalene ring was suitable for exertion of anti- 
inflammatory activity. The zigzag structure, especially the 
planarity between N4-C5 derived from the double bond 
nature of the amide function, was important.
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