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Study on anti-inflammatory quality markers of Euodia rutaecarpa based on
spectrum-efficacy correlation analysis
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Abstract: Objective To explore quality markers (Q-Marker) of anti-inflammatory activity of Wuzhuyu (Euodia rutaecarpa) by
spectrum efficacy correlation analysis and provide basis for the quality control of anti-inflammatory effect of E. rutaecarpa. Methods
Fingerprints of 24 batches of E. rutaecarpa were analyzed by ultra performance liquid chromatography (UPLC). LPS was used to induce
RAW?264.7 cells to establish an in vitro inflammatory cell model, the effect of 24 batches of E. rutaecarpa on nitric oxide (NO) levels in
supernatant and intracellular inducible nitric oxide-synthase (iNOS) level were detected; SPSS software was used to correlate the
relationship between fingerprint chromatographic peak area and anti-inflammatory drug efficacy. UPLC-quadrupole time-of-flight mass
spectrometry (QTOF-MS) was used to identify anti-inflammatory active ingredients of E. rutaecarpa. Results NO inhibition rate of 24
batches of E. rutaecarpa extracts was 12% — 82%. A total of 14 potential anti-inflammatory components of E. rutaecarpa were screened
out by spectrum-efficacy correlation, including indolequinazoline alkaloids such as evodiamine, rutaecarpine, dehydroaevodiamine, quinic
acid, chlorogenic acid, and quinolone alkaloids. Compared with model group, limonin, evodiamine, rutaecarpine, quinic acid,
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dehydroaevodiamine, dihydroevodiacarpine, chlorogenic acid, and neochlorogenic acid significantly inhibited NO level in supernatant and

iNOS level of RAW264.7 cells (P < 0.05, 0.01). Conclusion Limonin, evodiamine, rutaecarpine, quinic acid, dehydroaevodiamine,

dihydroevodiacarpine, chlorogenic acid, and neochlorogenic acid may be anti-inflammatory Q-Marker of E. rutaecarpa.

Key words: quality marker; Euodia rutaecarpa (Juss.) Benth.; ultra performance liquid chromatography; anti-inflammatory;

spectrum-efficacy correlation analysis; limonin; evodiamine; rutaecarpine; quinic acid; dehydroaevodiamine; dihydroevodiacarpine;

chlorogenic acid; neochlorogenic acid
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Table 1 Contents of principal components in 24 batches of E. rutaecarpa

Ji 3 #U(mg-g )

o o N
Mk WS i TR Bl & S T
S1 20190810 W G A T 2.90+0.05 1.2140.01 0.69+0.03 0.5140.01
S2 20170826 WA A 2.1340.01 0.70£0.02 0.68+0.01 0.36+0.01
S3 20180812 WEE A A 3.3240.07 0.66+0.01 1.55+0.01 1.08+0.01
S4 20170902 W R4 2 BH T 2.704+0.02 3.924+0.03 0.15+0 0.59+0
S5 20170826 W 44 AR RE T 0.50+0.01 0.9740.01 0.17+0 0.12+0
S6 20190907 WA A4 AR FE T 3.10+0.02 0.50+0 1.55+0.01 0.91+0.01
S7 20170929 HIF A AEE 1.804-0.02 0.1840 0.2540.01 0.1840
S8 20170908 WA 2.63+0.01 0.55+0.01 0.73+0 0.7240.01
S9 20170817 WHLE B2 B 7.00+0 5.70£0.01 0.68+0 0.69+0
S10 20160916 WL G2 X 5.22+0.03 1.6040.01 0.2740 0.2040
S11 20170816 WL LS E 8.4640.03 6.6740.04 0.7940 0.6940.01
S12 20190923 WA 2ZEN 4.07+0.12 5.0340.01 0.77+0 0.5240
S13 20180725 WL AG sy 6.31+0.07 3.49+0.01 0.53+0 0.4040.01
S14 20190912 WA @ 4.98+0.04 2.49+0.02 0.34+0 0.20+0
S15 20190926 WA s 3.76+0.05 5.27+0.02 0.6310 0.49+0.01
S16 20160925 SRS 0.81+0.02 0.76 +0.07 0.04+0 0.1740.01
S17 20160928 M B AT 2.36+0.01 3.014+0.02 0.15+0 0.52+0.01
S18 20170917 MINILE Sy =0 o) 2.65+0.04 2.64+0.03 04710 0.39+0
S19 20190831 PINILE Sy =0 o) 3.72+0.04 4.62+0.07 1.16+0.01 0.7310
S20 20171008 YLV 8 TR 2.0240.02 3.0340.01 0.0840 0.134+0
S21 20170804 LG8 v 4.13+0.07 0.9540.02 1.3240.01 1.0940.01
S22 20171011 MINILES I NIN) 0.84+0.02 1.44+0.01 0.38+0 0.21+0
S23 20190716 LR M RT) 4.2340.01 0.70+0 1.08+0.01 0.95+0.02
S24 20190723 ] PR b 2.6340.08 0.454+0 6.714+0.05 4.4240.07

1.4 {438 FRSE 5.00 g SRR AR E 100 mL A, A

Acquity = R €3 (UPLC) H-Class i#f
ROBAR % R4 (£ Waters A F]); Milli-Q #84f
KAHEE R G0 (fEE Merck 22 7]); KQ300DV %z
AR PE e A (R LT A IR AR AFD; 1510
T L KB (35 Thermo Fisher Scientific 24
a); FMEKRT Gt Mettler Toledo A 5] ).

2 HESH#R
2.1 BiEEH

Acquity BEH Cig tai54E (100 mmX2.1 mm,
1.7 pm), VEIAH N B (A) -0.1%F FR/KIETR (B),
T S - 0~0.3 min, 6.0% A; 0.3~5.0 min, 6.0%~
8.0% A; 5.0~8.0min, 8.0%~14.5% A; 8.0~15.5
min, 14.5%~22.0% A; 15.5~18.5 min, 22.0%~
48.0% A; 18.5~20.5 min, 48.0% A; 20.5~23.5 min,
48.0%~70.0% A; 23.5~25.5 min, 70.0% A; 25.5~
27.5 min, 70.0%~95.0% A; 27.5~29.0 min, 95.0%
A:29.0~29.2 min, 95.0%~6.0% A; 29.2~31.0 min,
6.0% A; R EN 0.4 mL/min; #EFEEN 0.5 pL;
H AR IEE N 20 °Cs #RIRN (30+5) C; £
WK 254 nms K28 A6 AR RS
2.2 HERIBRHMNXTEEARNE &

221 FERIERIIHIS K RABE AT, R

50 mL 70% L, JRAEE 1h, AR 40 min,
eI, RAMERZAROORYE, T 5 mL BHESR.
B 0.075 mL ¥, LA 70%ZEFiREAE 1.5 mL, &
0.22 pum JEMEE 5 3EFE, FT UPLC 40#fr; HX 2.5
mL R A K&EZAT, B 2.5 mL 50%
DMSO #f#, T —20 CLRA7, HT4ifuses.
2.2.2 W SEREIHS AR R
HP = T 2 5 2 B R 5 2 B VR PR 45 R ZRAL
Y, BA RGP EER), HIERA iy
i, AR FUIG N 25 S R B 1 % 82 8
BRI KBTI S R R, RACIR
Bl FeE R IR TR 4,16 3.86. 4.54. 8.10 mg
B 10mL &, HIKOEERIFER, 20
FCETINES

23 FEFER

231 ARdEMIZRRISIR  REREFER . M R
1SR 2B B 1) e KRS KO 216 nm, SRR BE IR
TRl 25 IR TR K Ay 225 o K555 FRR 7 Y VR A 5
B, 4 “2.17 TUR R S AR ERE 2 A, DA HE BT
BIREABALRR (XD, & ik I TR AL
br (YD, HHATERYERIE, SEFRHEMZL TR £E
RGBT RN Y=5 195.50 X—10 414.00, £k
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PEYER N 810.00~1.58 pug/mL; FriF & EIHTFEN
Y=58723 X—312.16, LM N 416.00 ~3.25
ng/mL; RASHEHHEH RN Y=9 711.50 X+2 003.30,
LRAMETERLAN 386.00~0.37 pg/mL; 528 84 K [a] A 5
&N Y=7179.80 X+6 056.30, 47ty 454.00~
3.55 pg/mL; A RIETEE r $20.999 0.
232 REHAEALS  HURZEGIRESIAW, % “2.17
TR B 2RISR IR 6 Ik, iR, RER
YT FBEE R RGN SR O IR i U
W& T AR RSD 235914 0.98%+ 1.63%10.49%+0.68%,
ELNE T LR R T
233 EEMRE % “2.2.17 W% 60
[F] — IR RZE G S, % €217 TUR A %A
HBERE, o . & o (i I TR Y RSD )
T 2.66%, RIZITRELERI
234 FEMEilE  BURZRGEREMIER, % “2.17
TR it 44, F 0. 1. 2. 4. 6. 8. 10, 12, 16,
18+ 24 h HEFE A HT o % o (it I I THI AR ) RSD 43
/NT 1.43%, RAFEMIERAEZIR T 24 h WRRGE .
2.3.5  fOFEECRRLS R FRE 2.50 g RIEH
K6, AMMANEEARET . IriFEER. R
BB 52 2 B8 VB FR A, 4% “2.2.17 TR ik
B RIRTAERIAW, BEREIE, e EIEE. Sk
I3 LTSRN 95.97%~104.65%, 225 52 2 B bl
PR AR RORBEGN. SR 2 B U €0 il g Ueg I AR 1)
RSD 73515 0.99%-. 3.33%-. 0.80%. 1.72%.
2.3.6 PRSP EENE B 24 HEREDE
Zibt, % “2.2.17 WUR I PAT RIS 3 Uk ST
€217 WU IS FAREERE, dREIERE, THER
P R RKE. TEE R R, R
BRI R, R 1.
24 24 L RFTEAMIELENEHRIL S

¥ 24 #HERZEER GRS AR AT SUE
A P R4 (2012.130723 i), LA S13 ik
[ RZEE ARSI NS IR, R A R AR ot
HRIg QU 42 s IR H BhUTHEL G A2 Rl R A B
TROUETE WL 1o AHIE WETEAH R ) € i 0t A
N BA RSB E LA, B 1 AT LUEH,
A 28 NMLHE, HSIERE 90%LA E, ANEHE
R SRR T o AN, & o3 o B 70
ANE, AT RLH TSRO S A . HARMLEE 3B 45 2R
MR 2, HHEIR SR ZE 55X e a0 B AU
0.658~0.959, & B 24 #L R B ZMAFAE — B 2 5%

t/min
1 24 HIRFTEHEY UPLC $RLEIE
Fig. 1 UPLC fingerprint of 24 batches of E. rutaecarpa

®2 24 HRFEAMHELEERE S
Table 2 Fingerprint similarity analysis of 24 batches of E.

rutaecarpa
#LX HEABLE X A
S1 0.948 S13 0.950
S2 0.900 S14 0.910
S3 0.959 S15 0.944
S4 0.893 S16 0.867
S5 0.760 S17 0.867
S6 0.976 S18 0.945
S7 0.909 S19 0.939
S8 0.932 S20 0.917
S9 0.940 S21 0.849
S10 0.954 S22 0.903
S11 0.942 S23 0.943
S12 0.931 S24 0.658

2.5 24 #tRIFTEAMEIMARITEHERINE

2,51 dHfEsIE RAW264.7 400 S 1%

10%Ji6 4 M3 ) DMEM K572, 37 ‘C. 5% CO;
B IR RS TR, R FEIA R 70%~80%H &1

252 RIS 109 E RAW264.7 4HHELL 4 X
105/mL T 96 FLAH, 100 uL/fL, £53% 6 ho ¥
BT B, HIFEKAS (5 pmol/L) ZHFISR
ZK8d (0.4 mg/mL) 2, 45254 IMNFE R 259 Tikb
2 h 5, B K 5o 4 B DN LPS(1 pg/mL),
XTREAIMAA LR TR AL, HifR 40h. AL
B IMAE 10% CCKS LG DMEM K577,
T 37 CWEE, RHEEFCT 450 nm AW e R
(A fH. ZFWE 2 Fror, 42h W 85%LL bR R
ZEBIZRI 0T RAW264.7 40 3% 7170 B B 540

2,53 4if Bt NO KSEIE % “2.5.27
T A iEACBRANND, 42 B R 6 idd B H 0 e 4 e -
TERF NO KF. Rk 3 for, ARHLKT R
REAMTRIEREERZESR, WL, ) /=i
152588 (S9~S15. S23. S24 #t) HARMEHE
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1.0+ 1.0 1.0
0.84 0.84 0.8
< 0.61 I s 0.64 T 067
~ < <
0.4 0.41 = 04
0.24 0.2 0.2+
0 d 0 4 0 -
XtHE S1 S2 S3 S4 S5 S6 S7 S8 XtHE S9 S10 S11 S12 S13 S14 Si5 & S16 S17 S18 S19 S20 S21 S22 S23 S24
EXE S A
2 24 HLREB M RAW264.7 HHSE NN (x+s,n=3)
Fig.2 Effect of 24 batches of E. rutaecarpa on viability of RAW264.7 cells (;i s,n=3)
3 24 HREWEHHIT RAW264.7 FRED NO IR IIS
(;is,n=3) A \112 ‘
Table 3 Inhibition rate of NO of 24 batches of E. rutaecarpa | IJ ”\l [‘ ‘ | 1;1
— 3 11 | i
on RAW264.7 cells (x+s,n=23) 8 d AVW N
T U S v |V Pl B A O ‘\"‘-"k't JW l
11774 52/ % 11774 I/ % L
S1 63.09+0.92 S13 82.15+1.15 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
S2 36.25+3.15 S14 74.04+2.57
S3 3436+2.42 S15 66.62+2.14
S4 36.40+4.51 S16 49.08+2.29 B
S5 12264223 S17 45.82+3.51 |
S6 58.36+1.49 S18 25.33+4.05 5= 6 I \
S7 41.10£1.40 S19 39.07+1.67 _l&l_\ Vo, W W S W IE || || P OV s
S8 29.56+2.55 $20 42.64+4.37 e P ——— e
S9 67.88+1.62 s21 31.17+1.55 0 2 4 6 8 1012 t};inm 1820 22 24 26 28
S10 70.80+2.33 S22 31.76+3.34
Ed =5 5 = & I T /g
S11 59764105 | $23 67204286 3EBT W SOAETF B RATH
S12 65.58+1.48 S24 65.63+1.56 UPLC-QTOF-MS BE TR EIEE

Fig. 3 UPLC-QTOF-MS total ion chromatography in

positive ion (A) and negative ion (B) mode

58, NO I ZIE 60% AL, il HIRH ™ M i 52 2%
B (S5 LU0 HLRMAIESES, NO Iy 12%,
I HE H T R BRI RA S A7 I 1)L SRS R 2 AN R4 RRFAOERMRA?
HERIEIAE, SEAE. X R R 2E gt Table 4 Main anti-inflammatory components in E.
W R, BETTE AR T Sk R gy b Tlaecarpa

PORIEVERZE S B, KT 24 HERRBEZGHMIOE %% wmin jfg;z%[ P ey

ST LAHEAT J5 SR O A AT

1 0664 0529 0008 ZE7H

2.6 IEWAEX S 2 2191 0511 0011 ¥HgEm

Pearson #HC REE —Fh G i 7%, vl LUE & 32531 0581 0.003 WnER 4-H AR
AR (A A DG, )32 N i E El s R 4 2707 0575 0003 JRIEFE BI
HIAPHE . (EHRGRA IR, RO bR 5 B0 0504 0012 BIRE
AT HASR, NO 2 AR, e
LIEZEH 20 /> Pearson AHC RECKT 0.40 [ S g 13:167 0:621 0:001 icgk;&;—gg@ﬁ*
& . %] UPLC-QTOF-MS AR X} S3 itk 2824 9 14472 0.620 0.001 RZEFETHL
MIRBGE AT T SRR, BB e E 10 19481 0.697  0.037 FFfRHR"
3, SRR IR 14 MESRA SRR 11 20303 0887 0018 SRR
EMNE 4, B Bm AR R L2 sy 12 20564 0839 0037 SURKUH

s 13 24843 0434  0.034 2-F=kid-4-(1H)-"EEI

>y it =1 s e =] ST Zs e WA =
(jﬁi ﬁ%‘éiﬂ%fwa;‘é iéﬁfyj\@i‘ f:@“ i;jk 14 28604 0463  0.023 1-FS2-AFbiiE4-(1LH) Vil
RGN SRIFTR  FRaRJRIR . W B 2R A s ) “xr Tl Sl IR
Iﬁ’/ﬂtﬁg&ﬁﬁﬁfﬁ‘ri%lﬁ ’ T«%&&*ﬁ%ﬁ*ﬁﬁ%jﬁ uuj E‘J “*” means compound has a reference substance
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IS T T S A B 3 o0 TEi RS, DA R 2 e v
KA — AR R IO

2.7 REFEBEMRIFEYIIIE

2.7.1 AR LIERCR NO AKCFRIIIE AR s
56, WENIRA., BAA, HIEEKF (5 umol/L)
. FPEEER (100 20 40 umol/L) 41, RZEH
(1.25. 2.50. 5.00 pmol/L) #H. RZEH VK (20
40, 80 pmol/L) 4. ZE T (20. 40. 80 pmol/L)
4. ERREFER (5. 10, 20 pmol/L) 4. —F
ST T (54 104 20 pmol/L) 41 4% J5iE (0.25.
0.50. 1.00 mmol/L) M f&%% 5L (0.25. 0.50. 1.00
mmol/L) 4, #% “2.527 Wi K7k BRAn A, 4&/E
BT U0 B P A IS NO K. g5 R an
Bl 4 R, SEBAIE, FFEER. RAEHER.
RN BT FEARKER. A REH
RO, SRIFERR. Rk SR RIS AT W2 A 4H e i
Wi NO 7K°F (P<<0.05. 0.01), SFIEAHFME.
2.7.2 I INOS ZKSPIME  RAW264.7 4if
LA 8 X 10%/mL T 6 LA+, 2 mL/AL, 1537 6 h.
F “2.7.17 WAL BN, RIS A,

KA BCA HE A ERERAFGENEE O RERE, #%
FRRTR) S Ul B B IE A A INOS /K. S5 A an ]
5 s, SEBALE, rEER. RAREM. =
R TR KEAREY . CHRKE R
B SRR R Bk IR R I ) 35 H 40 B Y INOS
KT (P<0.01), ZFEHFM.
28 BIUEFES

5 DL x £ 5 Ko, KA SPSS 21.0 A A
K725 (One-way ANOVA) #EATHLHL, 18 )
Graphpad Prism 5.0 244 1K .
3 Wie

AT FEIE IS N 2K B M FR SIS AT NO 1]
RITE I T, B2 24 HERZE 250 Fa SR B
R DL BRI SRR I S RS PR S A
7, 28R H 20 4™ Pearson A5 REAKT 0.40 1L
W, @i UPLC-QTOF-MS EME4HT, L% e
14 MUY, FEONFTEE R ETREMT
SRIRBRIS LSy R IR AE YIS . NO H INOS
FHFMA=E, NO MBSt — DN 50 R B
PR I R RTINS 28T Kk

20 iid 20 fidid 20 #it
T 3k & *k
— k% ¥k = | k% kk
- sk O PO _’f s
—_— (=}
£ 10 g 10 g 10
s g xx =
Z 2 sk %
0 0 -
PR R HhZE 10 20 40 SR AR HhZE 125 2.50 5.00 PR R HhZE 20 40 80
Kb 7 R/ (pmol- L) Kby R/ (umol- L) KA SRACHE YA/ (umol- L)
15 #it 20 #it 25
Kk ok oo -
~ “:\ *ok k% T 20 H#Ht
.\_] 10 3k _] *k - j « o
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