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( Molecular Devices ) o 100 pg * L7'LPS
2 ( 1525 mg
2.1 100 g L7 6 ho 100 pmol *
( »2010 XD L' ?H - - (1:1)
o 2 mL 2 mL
3000 r * min~"' 10 min
1. 7% 0.82 g+ mL™ N, 100 pL - (3:1)
DMSO o LC-MS PEA o LCMS
2.2 NAAA NAAA 2.2 20 C 5L
HEK293+NAAA 300 mg * L™'G418 A B 1 mL -
o NAAA  min”' :0 min 75% B 5 min 85% B 25 min
BCA o NAAA 95% B 30 min 100% B. ESI
1 g+ L"NAAA 20 plL N, 350 C m/z 50 ~400.
( 10 50 250 mg * L") 2 pL H PEA M +Na * m/z 326 PEA
1 mmol « L™ ( heptadecanoyl eth— M+Na * m/z322 o
anolamide) 5 wL. NAAA (50 mmol « L' 2.5 Real time-PCR TNF-«« iNOS IL-6
pH 5.0 0.1% Triton X400 3 mmol mRNA RAW264.7 6
- L7 ) 173 ulo 37 C 80% 100 pg °
30 min 1.6 wmol * L~ (hep-  L7'LPS
tadecanoic acid) 200 pL ( 1525mg-L") 6
LC-MS o LC-MS h. RNA TRIzol - 80
ZORBAX Eclipse XDB-C,; (4.6 C o
mm X 150 mm 5 pm) 20 C 5 :37 °C 15 min 98 °C 5 min,
pl A ( 0.25% 5 mmol * L™ ¢DNA -20 C - Real time-PCR
) B 1 mL* min~" 95% : 95
B 10 min, ESI N, C 30 s PCR 95 °C 5560 °C31s40 o IN-
350 C m/z 50 ~400. 0S: sense 5-CCCGTCCACAGTATGTGAGGAT3" anti—
M-H ~ m/z 269 NAAA sense 5"-CATTACCTAGAGCCGCCAGTGA-3"( 195 bp);
17:1 M-H =~ m/z267 o IL-6: sense S"AATTAAGCCTCCGACTTGTGAAG3" an—
2.3 GC-MS GCMS tisense 5-CTTCCATCCAGTTGCCTTCTTG-3"( 141 bp);
o GC-MS TNF-o: sense 5 AATGGCCTCCCTCTCATCAGTTCT3-
DB-5 (0.25 mm x30 m 0.25 anti-sense 5-TGAGATAGCAAATCGGCTGACGGT37( 297
m) 260 C 3 C * min~' bp) ; GAPDH: sense 5 -TTGCTGTTGAAGTCGCAGGAG-
80 °C( 10 min) ~240 °C( 10 min) 3’ antisense 5-TGTGTCCGTCGTGGATCTGA-3~
He 1 mL * min~' 0.2 uL. GAPDH mRNA o
El 250 C m/z 30 ~ 2.6 ELISA TNF-« RAW264. 7
500, 6 80%
Xcalibur NIST 100 pg * L™'LPS
( 1525
. mg + L") 12 h 100 pL
2.4 PEA RAW264.7 TNF-a ELISA 450 nm
10 cm 80% A TNF-« o
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2.7 Griess NO RAW264.7 1 NAAA (x5 n=3)
6 80% /mg L7 NAAA
100 pg » L™' LPS - 0.007 6 +0.000 8
( 15 25 mg NAAA - 0.1732+0.013 9"
-1
L) 24 h 100 pL RAP 10 0.066 8 +0.005 0?
100 |.LL Griess 540 nm A 50 0.040 2 +0.005 0%
NO o 250 0.036 8 £0.002 0?
2.8 xts GraphPad D pP<0.001; NAAA 2 p <0.001.
Prism 2
t P <0.05 . 9.181%;4-  =2- (4-hydroxy2-
3 methylacetophenone) 9.092%
3.1 NAAA
(10 50 250 mg * L")
NAAA
NAAA 1.
3.2 GC-
MS 1o \ |
20 2 l | N
( osthole) 17.943% ;1 2- -H4- i
(1 2-dihydrod -thioxophthalazine)
. 1 GC-MS
16.411% ; o— ( a-bisabolol)
2
IR
No.
/min 1%
1 4.283 ( 1R) -a-pinene CioHyg 136.23 1.467
2 6.681 1-methyl 2 1-methylethyl) -benzene CioHyy 134.22 3.042
3 6.876 4-methyld { 1-methylethyl) -bicyclo 3.1.0 hex2-ene CioHye 136.23 6.261
4 10.057 3-ethylidene- -methyl-eyclopentene CgHy, 108.18 2.063
5 17.809 1-methoxy-4-methyl2~ 1-methylethyl) -benzene C;H,s0 164.24 1.738
6 18.052 2-methoxy-4-methyld { 1-methylethyl) -benzene C; H,s0 164.24 3.111
7 20. 181 4-hydroxy2-methylacetophenone acetic acid CoHy0, 150.17 9.092
8 20.699 1 7 7-rimethyl-bicyclo 2.2.1 hept2-yl ester Cy,Hyy 0, 196.29 3.769
9 23.654 1 2-diethyld -methyl-cyclohexane C, 1 Hy 154.30 3.462
10 28.797 (S) 4 -methyl-4~ 5-methyld -methylene-4-hexenyl) -cyclohexene CysHyy 204.35 1.656
11 30. 331 (4aR-rans) -decahydro4a-methylH -methylene-7 1-methylethylidene) — CisHyy 204.35 1.870
naphthalene
12 31.103 3R{3a 3aB 7B 8ad) -2 3 4 7 8 8a-hexahydro3 6 8 8-tetramethyl- CisHyy 204.35 2.834
1H3a 7-methanoazulene
13 32.373 1 3 3+rimethylricyclo 2.2.1.0(2 6) heptane CioHyg 136.23 2.277
14 35.522 1233a4a5 67 89 9a 9b-dodecahydrocyclopenta def phenanthrene CisHy, 202.34 1.732
15 35.733 2 6 6 9-etramethyl-ricyclo 5.4.0.0(2 8 undec9-ene CisHyy 204.35 1.912
16 36.592 1 2-dihydro- -thioxophthalazine CgHgN,S 162.21 16.411
17 37.289 2 6-dimethyl-6{ 4-methyl 3—-pentenyl) -bicyclo 3.1.1 hept2-ene Ci3Hy, 176.30 4.564
18 37.883 a-bisabolol Ci5Hy O 222.37 9.181
19 39.358 ( Z) 41-pentadecenol CysHz0 226.41 5.613
20 52.647 osthole CisHig05 224.28 17.943
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3.3 LPS RAW264.7 3.4 LPS RAW264. 7
PEA 100 wg * L7'LPS TNF-« iNOS  IL-6 mRNA
PEA (P <0.05) 100 pg * L™" LPS
PEA TNF-« iINOS IL-6 mRNA
PEA (P <0.001) LPS RAW264. 7
TNF-e« iNOS IL-6 mRNA.
LPS RAW264. 7 PEA 3. TNF-«« iNOS IL-6 mRNA
3 LPS RAW264.7 LPS RAW264. 7
PEA (x+s n=3) TNF-o iNOS 1L-6 mRNA 4,
/mg* L~ PEA/pmol * L~ 3.5 LPS RAW264. 7
‘ - 5.637 £0.633 41) TNF-« NO 100 pg * L™' LPS
o 1 R e N0
5 4.620 +0. 316 8 (P <0.001) LPS RAW264. 7
25 6.189 +0. 529 8% TNF-«« NO,
: D p<0.05; LPS 2p<0.05 ) P< TNF-« NO
0.01 YP<0.001( 45 ),
4 LPS RAW264.7 TNF-«« iNOS IL-6 mRNA (x£s n=3)
/mg + L7 TNF-« iNOS L6
- 11.82 £0.527 1 0.02 +0.000 2 0.01 +£0.001 2
LPS - 97.38 £0.921 4" 20.50 £0.747 3" 66.33 £1.762 0"
APR 1 96.43 +0.797 1 21.10 +0.500 2 68.67 +0.700 8
5 91.37 +0.300 6% 16.08 +1.200 0¥ 64.86 +0.965 7
25 67.01 +2.332 0¥ 14.72 £0.747 7°) 42.20 +1.205 0%
LPS RAW264. 7 TNF-««  NO PEA
5. -a( peroxisome proliferator activated re—
ceptor-« PPAR-«)
5 LPS RAW264. 7 5
TNF-«« NO (x+s n=3) NAAA
/mg « L~} TNF-a/ng * L™ NO/pmol » L~!
- 0.0+0.0027  0.1309+0.012 1 940 RAW?264. 7
_ . 1) . 1)
D el
5 203.3 £0.156 8 0.183 0+0.006 77 N- ( N-acylethanolamines NAEs)
25 124.3 £0.449 49 0.105 3 £0.008 5% PEA NAAA K,
35 ~97 pmol = L' ""** . NAAA PEA
4 PEA
PEA 20 70 o NAAA
! PEA
PEA N P . NAAA
N N-cyclohexanecarbonylpentadecylamine
. PEA (ccp) ™ N- ( 3S) 2-oxo-3-oxetanyl 3-phenyl-
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Identify nature N-acylethanolamide—hydrolyzing acid amide ( NAAA) inhibitor:
effect of Angelicae Pubescentis Radix on anti—inflammation

SUN Wenchang YANG Longhe QIU Yan REN Jie HUANG Rui FU Jin®
( Department of Pharmacology Medical College of Xiamen University Xiamen 361005 China)

Abstract  Objective: To investigate the effect of Angelicae Pubescentis Radix ( APR) on the activity of endocannabinoid
hydrolase and N-acylethanolamine-hydrolyzing acid amidase ( NAAA) and to demonstrate the mechanism of anti-inflammatory effect of
APR by in vitro lipopolysaccharide ( LPS) -induced inflammation model. Method: APR essential oil was extracted by steam distil-
lation and the chemical components were identified by GC-MS. Enzymatic activity was performed by using recombinant NAAA-overex—
pressing protein and detected by LC-MS. Lipids were extracted by methonal/chloroform mixure and analyzed by LC-MS. mRNA and
protein expression levels of proinflammatory genes were examined by Real time-PCR and ELISA assay kit respectively. The content of
nitro oxide ( NO) was detected by Griess reaction. Result: Twenty active components were identified from APR essential oil which in—
hibited NAAA activity in a dose-dependent manner. On the LPS-induced RAW264.7 cells APR essential oil reversed LPS—suppressed
N-palmitoylethanolamide( PEA) contents in a dose-dependent manner and reduced LPS-induced proinflammatory genes TNF-o and IL-
6. Moreover APR essential oil reduced the mRNA expression of iNOS subsequently reduced the release of NO a classic inflammato—
ry marker. Conclusion: The research demonstrated that the effect of APR on inflammation is mediated by the inhibition of NAAA ac-—
tivity which increase the cellular endobioactor PEA levels and decrease proinflammatory factor. The results suggest that APR can serve
as a nature NAAA inhibitor.

Key words  essential oil from Angelicae Pubescentis Radix; N-acylethanolamide-hydrolyzing acid amide ( NAAA) ; N-palmi—
toylethanolamide ( PEA) ; LPS-induced inflammation
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