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Study on anti-inflammatory activities in vitro and in vivo and relation of fingerprint
with pharmacodynamics of Notopterygii Rhizoma et Radix from three commercial
specifications

LIU Yang, GUO Hui-qing, YANG Le, CHENG Ya-ru, SHI Xiu-jia, YANG Li, GONG Yi-ting, DONG Ling
Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To explore the difference of anti-inflammatory effects in vitro and in vivo between Canqiang, Tiaoqiang and
Datougiang, and to obtain the anti-inflammatory active substances by relation of fingerprint with pharmacodynamics. Methods
Dimethylbenzene for the induction of a mouse ear edema in vivo and LPS-stimulated RAW 264.7 cells in vitro were used to
investigate the anti-inflammatory activity, inflammatory factors such as nitric oxide (NO), tumor necrosis factor-o (TNF-a)) and
interleukin-6 (IL-6) were determined by NO kit and ELISA kit, and the gray correlation analysis method was used to analyze the
correlation between the peak area and the anti-inflammatory activity of the fingerprint features of each sample. Results Different
commercial specifications presented inhibition on acute inflammation of ear edema and inflammatory factors NO, TNF-o and IL-6,
and anti-inflammatory effects were Canqgiang > Datougqiang > Tiaoqiang. The chemical composition represented by 40 characteristic
peaks was related to anti-inflammatory activity, and 17 characteristic peaks were highly correlated with this effect, among which
three peaks were known components, namely chlorogenic acid, ferulic acid and isoimperatorin. Conclusion The anti-inflammatory
effect of Canqiang was the most significant, which was consistent with Canqiang being the most expensive and effective in the
market, also with traditional grading standards. This study initially obtained anti-inflammatory active substances were chlorogenic
acid, ferulic acid and isoimperatorin.
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correlation analysis method; spectrum-effect relationship; chlorogenic acid; ferulic acid; isoimperatorin.
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FEFEFUUNIBTHL, 4aPH . H At St I8 £7~
THN . HREHE, B EsRs N “&IE”
TR, G IEIE R CRTET R RKFE,
FETE I i S A LE 5 TR 5K 24 B B B )
Je DA 1984 4RI 1 -H7SFh 244 i b A%
e EARE, (KRR, CARREN T
A, VP22 N B N TFIT R 5
PRAERFEFESY, BT R R R G4 A E B AR A
R AR, Seae st RAIAFIEZE . IR ZEE
SR, NS R AIAE R . DU, BT
JREE PUM/MRIRAE . Prias . (E2k et iS5 EH
He, KT RIEPRIGTEIB RRE R N2,
IR Z 0TI I /S RS RRALAARYE . /INBR = F 2R S i
MK R ERERTE PR R MK S5 S SRR I ST K SR K
THOT /N BREROK BR 28 E N AL LA R FH 10,
1 Blunder S50M@ /) BREEAZ E VR0 RAW 264.7
HER I8 s SR IR I T ) R SR LUk S A
AIHBRARIERIEF, ARXT T K AP VR F I Bk
W) o At R A [ T o R TS T ) 24 R S LA
b R ) 2 AP RO R VN R O FE AR
AN 7 T RIS 6905 2 380 AN s M A b S o
TEG R 24 b rfa etk AR S DAAS [R] 7 o Rk 76
TR RGBT ZHREUN R K Sk
RIEHR 58205 (LPS) 755 /)N R B A% B 40 g
RAW 264.7 it fi i 6. 696 KRLFERME NI
TERZE SR, FREIE KGR e SRR 67
PR WTEIEY R, e FETE LR YR R Bl
R 53 P ot S A B 1 2 M T R SR R S
FEGHE FEAl
1 {EEHH
1.1 {4

CPA225D HL¥ RV (fE[H Sartorius 2] );
KQ-400KDE i /A BiEveA CE 1L A A #AT FR
AF]D; DFT-50A Ap#EpL GRS T AROHLIRA PR A
F]); SHB-3A fEH/KZHEZSE CFIMAL A
J7): SB-2000 Je¥ez& kA (Bl E AR ARA
7]);  ALPHA 2-4 LSC plus H 2545 T1EHL (1
Christ AH]); 5424R A E 0L (ZEE Eppendorf
AFD; 3-18N Gl B Ol GHFTE B %
HIRAT]D;—80 ‘CYKFH(ZEE Thermo Forma A &]);
DZKW-4 HIEIR KB (AEat 4R A TR
A1) ; HERAcell vios 160i CO, 355746 (Z£ [ Thermo
Scientific 2 #]); CKX53 BB BME (HA

Olympus A #)); 1300 SERIES A2 W24t (3
Thermo Scientific A ] ); Spectramax i3x BEHR{X
(Z£EH Molecular Devices Ao
1.2 @5

B = VAR s (S 20171202, T BH B 754
2R A D AFE K 4B (Orfral, Jbnith
T s WEE orfrdl, b T D ZHA (4
Mraf, b b T) ); DMEM 374 (£[E Corning
AFED; JRFEIME (FBS, ZEE Corning AF); &
HR-BEHEZR (PS, EME Invitrogen AF]); BEREL
ZepP (PBS, YLAPUIEAEDE AR AR A FD;
“HEK(DMSO, 3 [H VWR Life Science A #]);
CCK-8 il & ( LR R AR AR D; LPS
(£H Sigma AF]; NO MMAFIE CGEaRKAEY
HARARAFD; ADNBRIBEARIE T -0 (TNF-0).
4 A E-6(IL-6)ELISA 7 & ( 35 E Proteintech
AT,

FETELIMRIET UNZETE . HIN G B
%76, HmiEEESME LI, iR RS
PNE R B L AT RHEY FETE  Notopterygium
incisum Ting ex H. T. Chang B{ %M JE7% N. forbesii
H. de Boiss. [FJ5AR 25 A .
1.3 LWz S 4

SPF ZifEPE ERBHFI/INGR, RE (20£2) g, 1
TACE W DA AEMHEARB IR AR, WY NE
5 SCXK (5) 2016-002. RAW 264.7 40 H b
I U 2 B 4
2 Rk
2.1 FEIEHEIERSIE

HIRISIRZGM K 50 g, BN 8 152 LN
RIRFEE 3 K, BHIK 1h, 3L, AIFIER, R
LI REIRY), 280K MRFR RN 1 g/mL (k45
W, BTUKH 4 CHAAE&H, ATARNLR. R2
BT RIRIR . RACHTEAT . PUBRRR . JETE EE AR K
AT AR I 738 B B AR & 8 228 SOk U7 1.

WOEIEIR AR, 3 RSHAFRE 5 g, 0 10 £%
2 F A O F AR X 30 min, JEIT, HUSERIEM
WARIEE T H R R TR 37 B R T,
BETH . FEHFRE 100 mg FEWHEHETR, A
i DMSO WA 84, BHl 100 mg/mL
IERE, PRAFIE—20 C# M. INZiET, 7 L0 DMEM
TMER IR ((UE 1% ER-HHER) MREEN
[ (DMSO ZJi &340 0.1%), 4 0.22 um
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LRI pERR A, BPAE, FHFAARAMREG . EER
SYERIRIR S RACHTEATER . BUERRR . JETE B AN R R AT
BRI E 751 K B & 525 S0k .
2.2 Z“HEREUNREMKSMERIESLR

R BF/NR 110 J, BEPL 11 4, &4 10
W, BRI (AR BHIEXTERZL (B ] JEAK
0.2 g/kg) Al 3 MA[EIF b HUAS G IE PR AT 4
CEERPRE SRS 3 41, &40 10 1), ig #5245 10 mL/kg
B4 EN 1 gmL), BH 1R, ES4L27d,
KR Z 45 min J5, TE/NRAHEMEE - ZH
A, FH 50 L, AHWR EERAMK. 25 min j5
W/ N R I SE, WHEE A, 42 H, DL
8 mm FIFLAAEM HAHFERBA AT R, a2
—HFRPRREE, THE/NREMKE. ik
s IE{AIT e

LA 1 = 5 R e — A R

i 2 = (A HE R R — A HL )/ R

) 2 = (R 7R LS 240 o K — 0 245 4L 240 i K 2 )/
TG ST 2o i g
2.3 CCK-8 JAHMFE/ERT RAW 264.7 4REE Y
Al

BUS B K RAW 264.7 40, % 3X 107
ANFLH S B 5 5138 R0 T 96 LA (4541 100 uL), Ff:
BT 37 C, 5% CO 3G FRAH TG 7% 12 ho Frgmful
BEJE, W BiEW, A (A4 XFHRA.
LU, FHRE S ANESL. K, HadAANEg
i, AN 100 pL 5 0.1% DMSO ) DMEM . IfiLi#
Bh Rk o EZH B4t nN 100 puL 5 0.1% DMSO
(1] DMEM JCIfiis 725 h2iH & dn, Hol
TN R EWRE A 104 20, 40, 80 pg/mL [RIFETE At
WAIEIR (R &% KkF), BT 37 C. 5%
CO, ettt 12, 240 J5, #ELER, 81
TN 10% CCK-8 [ TC I R 772 100 pLCEEE),
TEFFTIEE 2 h 5, FBEEARCRI 450 nm A
NHIMOCEE (4D, FEEAHMME ).

MITE ST = (A4 55— A we)/(A sm—A we)
2.4 LPS iESHI RAW 264.7 40 NO FRHENE

BOS B KR RAW 264.7 418, % 1X10°
ALY AT 48 FLAR (BEfL 200 pL), FFET
37 C. 5% CO, ¥ 7R 44597 12 ho fr4iMliEE f5,
5 LIEW, S, HHRE 4ANEA. LR
Iy NTIEZE . BRI (LPS %13, 0.1 pg/mL) A4
WAL BRZE (3 P i S TE TR I B IR B AR A 20

40, 80 pg/mL). LPS 55 RAW 264.7 4H Ui 8%
BTS2, BARRHZYE LPS IRE
YEH . %2505 (8441200 uL), F-TF 37 C. 5%
CO, BE AR GVER 24 h 5, W Bis, 1%
NO Far 7 & 1t B P8R4, 7E 540 nm ALl e & 21
AME, FHEeHtrEiigk, THHS4H NO K.
2.5 LPSiESHI RAW 264.7 ZHPf TNF-o BEHENE
HOGEUA KA RAW 264.7 4HIff, % 1.5X 10
ANFLA PR T 96 FLAR (&FfL 100 pL), FFET
37 C. 5% CO, ¥ F- 44597 12 ho 4B f5,
FEEER, EsY, FHRE 4ANEA. LR
YNNI, LPS BERUAL . Z5pab ], o, Xf
TR I 100 uL %5 0.1% DMSO ) DMEM I iE
B BIAMAE NSRS 0.1% DMSO (1)
DMEM L5755, W E 4 h J5, FAIIA LPS (&
JRERE N 0.5 ng/mL) Hk 2 hy 254 Ab 34 5353
TIN5 B A 20 40, 80 pg/mL (K FETEAHR M
Wl (\FE. KT KK, MRy 4n)5,
TN LPS (&R EWKRE N 0.5 pg/mL) Hil# 2 he Uk
SN _ETE TR, T8 ELISA W57 & Ui B BilE, £
450 nm AIE SH A H, HEHibrEihsk, HHE&
2H TNF-o 7K.
2.6 LPSiFESH RAW 264.7 {AAf IL-6 B ENE
HUOGHE K1) RAW 264.7 40, 1% 310
LA R T 96 fLAR (BfL 100 pL), FHET
37 C. 5% CO, ¥ FRA 55 7% 12 ho Fr4ufultiBe 5,
5 EIEW, HSY, BHRE 4NEA. SR
Iy RN, LPS BIRIA . ZyWabEia ., o, X
FEZELIN 100 pL & 0.1% DMSO ) DMEM T IiLi& 14
Frdik s AL S NN SRR 0.1% DMSO [ DMEM
TMER TR, W E 4h 5, BN LPS (K&K
FEA 1 ng/mL) Hil¥ 6 hs Z54AEERLE 3 AN i
BIREE N 20, 40, 80 pg/mL (KFEVEHHA VAR (&
FE KIS KKID, AMAYT 4 hE, BN LPS
(ZFEREN 1 pg/mL) 31 6 ho WEAIAE_FIER,
FH8 ELISA 1277 &1t B A, 7 450 nm A& %
HAMH, Fehbruiiiz, 554 IL-6 KT
2.7 FEIEMRAERRIENR & KL E i
271 FUIABEERAIE  JEEEHE BT 5 A A
F S ENAFE, AMET R, R IR GBI 5
Wrz m, EHAT IR DL ig 45
iR NREM KRS E T, DAREH AT T
3 Pl A RS TETE TR 40 ANMFFIEEIETIFRI2Y
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EEEUFA, RAENA T, e Rk &4
PP oG R 3ME, SR F R A i 5 A SR AR 24
R LAY B 3548, B S B0 s i EdE 21, BpYy
fHAES .
272 RBEREIITE N T2EH) X 56T
MEBEES X, Xa o X FHEESESHELH
FIR KRR EL (k) ATH R A AR H .
&(k)=[A(min)+pA(min)]/[Ao(k)+pA(min)]
p NSRS, —RAE 0~1, B 0.5; Awu(k) st
H 5B HFHILNS 2 A(min)Fl A(max) 2 HFRRFTE
PO 41 4 oxt 22 v (R R M 5 B oKl s ASESe T A(min) A
0.005, A(max)A 5.587
273 REERHE  WRITFH X ANESETH Xo
KRR TR A KR .

ri= Y E(kyin
k=1

FAERREIT 1, VBRI R KT 0.6, TR 04
REB M o 5 2R R R KT 0.8, U
SRR 022 By 5 2 R R AR RSO ISR i KT
0.9, NI EIEARR M RS 2 BER PR R IR K n
I I H
3 #R
3.1 3 MRS EENERITAEN

H IR BN BRI S S OE SR 4 R LR
1o HHEERTTHN, SRR, ARSI SLIERT /N
SCEF P B AEIER  (P<<0.05), HERTH]
VCAREHLLEL, ZRARE; KIEN/DRE MK TG %
Z R

F1 3 HERAREEERREYN ZRRBUNREMAKEIE (X £5,n=10)

Table 1 Effects of three commercial specifications of alcohol extract on acute inflammation of ear edema (Xx s, n =10)

5] FEAgkg™) i K B /mg i K 22/% it 2/%
it — 26.90+3.04 1.88+0.38" —
Ri] =] T R 0.2 11.78+3.59 0.88+0.29" 0.55+0.16
wwH 1 10.0 14.91+4.09 1.0940.36" 0.4440.18
#IE 2 10.0 14.05+5.64 0.8120.44" 0.4610.26
#IE3 10.0 15.90+5.48 0.91+£0.43" 0.4020.21
%E1 10.0 19.86+7.01 1.3940.73 0.2620.26
%962 10.0 19.12+4.17 1.4040.32% 0.2840.20
%93 10.0 21.204+4.07 1.5940.36 0.2120.12
KT 10.0 17.32+6.02 1.174£0.39" 0.35+0.21
KK 2 10.0 16.70+5.57 1.18+0.44" 0.37+0.22
NS 10.0 17.62+6.49 1.21+041° 0.34+0.25
SRAA R "P<0.05; SBEI DL LLE: *P<0.05
P < 0.05 vs model group; *P < 0.05 vs aspirin group
32 3 MRS SIEREIMAK RN 160 -
3.2 EIEXT RAW 264.7 4IHU5E RIS g0k
X RAW 264.7 4N S LR 1. R 1 ahdl J
M, . KRTE. HTERHRMIME 10~80 pgmL X T s
RAW 264.7 QRIS HERHWMW (HifrmE> 2 "

95%). DA, TEJSESEI0 T, PR RRIIRE & &
WP 3 4E 10~80 pg/mL.

3.2.2  FiEXT RAW 264.7 4iill NO B 1) 5200
Mg (B 2) mln, 3 Fi s Je s R e e
20~80 pg/mL )£ RAW 264.7 4l il 5 FE K T NO
PR 23 TR, &IE. RRIEMHNHIE R & 24
Yo R P (B OK TT BG 5, AR S R F e A 24

OXﬂ”H.ﬁ 10 20 40 80 10 20 40 80 10 20 40 80
#FE/(ngmL™")  KkFE/(ngmL™") FKFE/(ugmL™)
1 3 F78 AR TS TR EZ IR 17T RAW 264.7 4RAE7E IEVSS
fll (X £s,n=3)
Fig. 1 Effects of three commercial specifications of alcohol
extract on viability of RAW 264.7 cells (X x5, n=3)
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NO/(umol-mL"")
< — [38] w EN W N -

20 40 80
A IE/(ugmL™") KkFE/(ngmL™") %kJE/(ugmL™")

AR R 20 40 80 20 40 80

HXTHEA LR #P<0.01; SEUMALLE: "P<0.05; FEF
#P <0.01 vs control group; "P < 0.05 vs model group; same as below
2 3 MBS ITIEER RN RAW 264.7 RERKRERF
NO HIZME (X s, n=3)
Fig. 2 Effects of three commercial specifications of alcohol
extract on inflammatory factor NO of RAW 264.7 cells
(X £s,n=3)

W R P BGOSR S S . 3 B RIS T
TEEEHEYIRT LPS i S 1 RAW 264.7 41 il NO BTt
MANHIER, Sk R A IE > Kk B> %58
3.2.3  FIENT RAW 264.7 41 TNF-o BR i (1) 520
HZES (B 3) nThn, FEiEEEHRYI7E 20~80 pg/mL
P12 RAW 264.7 41 98 i K+ TNF-o B iR i3
N EE, ELAEIAE FH B A 2540 o A PR K
MR RIS > KCLkIE > 4.

3.2.4  JFEIENT RAW264.7 i TL-6 R0 15
MR (Bl 4) ars, JFEiEEHRY 20~80 pg/mL fifi
RAW 264.7 418 45 K ¥ 1L-6 Bl 53 N, H
A FH Bl o 2540 o R B 3 K T B o, SR BAA
S FEIR A . 3 Fh R RS JE T R SR X

1200~ i

1000

800

6001

TNF-o/(pgmL™")

400}

200

XTHE BER 20 40 80 20 40
FFe/(ngmL ™) KkIE/(pgmL") ¥/ (ugmL )
3 3 MR ARSI IERHRYIXT RAW 264.7 HRERER T
TNF-0 B9800 (X *s,n=23)
Fig. 3 Effects of three commercial specifications of alcohol
extract on inflammatory factor TNF-a of RAW 264.7 cells
(x£s,n=3)

80 20 40 80

IL-6/(pg'mL™")

20 40 80

AR R 20 40 80 20 40 80
F=I (ugmL™) RIIE(ugmL™) I/ (ugmL™)

4 3 MERINEIIEERIIXT RAW 264.7 ALK AER F
IL-6 FE20 (X £s,n=3)

Fig. 4 Effects of three commercial specifications of alcohol
extract on inflammatory factor IL-6 of RAW 264.7 cells
(X Lts,n=3)

RAW 264.7 48 i IL-6 B & a1 H Sk 207
> KKFTE> %%
33 FEEUFERS SR EMEKERERKEKERF

¥ n ANHCEUF AR R — 2% P 5[ B OR
NITFHER, AT RORERY s DUR B & LE T 51
XFSETHIRIRE R FR. 3 PR AR TSR 8
Bl 40 MFAEIEAER AL 52 025 /N BROH- i
IR ARG RN 2. HZESRATA, 40 PMRFIEIE
RERMF B SHURAE A G, Hf 17
AMRFIEIEE S HR AR DCBERCR (:>0.8), Tl It ARk
anEEXT, 3 AMNMERNTHS, A ARRIERR. BIEEER
FIFBRATEZR .
4 e

FNE S MUK 45245 1 A o ) R 2 B R
B4 s RS, BB IOR S R G, Sl I EFIK
MBI I JORE A BURE T 40 A 15 hn
S0, RSO AR, WS A
TR S A 4 B LV R B A5 ORE A PURE TG, kT 5]
ST EE I, RIFIEIRIE. &
PEVS A R PE KRN, NO & —Fh E ZH K AEN
Ji, TE9$RE R LA AT DL B S A A LA B2 R
Pigi, EERN NO S 5HEMET (0;) K
A R E AR IR B, S EUR AR, (et
RIETIRIRE . TNF-o 2 B RIE AR EY), BE
N F 9ENE G SN S 2234545, (H IS E 1) TNF-a
i S AN SORE R T 0974, ATTINEE S8 RE S .
IL-6 E# T 4 E VRN i, fEN—F2 )
FE A0 L DA AT DA 2 40 B G 2 SN« 9% E A 1L )
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*2 BEHEESIMAERRIKE
Table 2 Relevance results of characteristic peaks and

anti-inflammatory activity

W5 ORHKEE %y WS OREKEE Ry
18 0908 — 6 0716 —
27 0903 — 19 0712 —
9 0889 — 1 0704 —
2 0889 4EER 38 0.693 —
11 0.880  Bi#fRz 20 0.693 —
14 0873 — 17 0689 —
4 0867 — 24 0689 —
13 0859 — 25  0.688 —
34 0852 — 39 0688 —
5 0850 — 12 0688 —
70843 — 33 0.688 —
16 0831 — 26  0.688 —
28 0.828 — 23 0.688 —
15 0820 — 30 0.688 —
3 0816 — 32 0.686  FEiEEE
36 0.804  FERATEAE 8 0683 —
22 0804 — 40 0682 —
21 0760 — 35 0678 —
10 0754  EAERTEAE | 37 0674 —
29 0718 — 31 0666 —
“— FORIRAY AR

“—" indicates unknown composition

A, HOd BRSNS R Z M B S R, A
KRIBMERTT R T TERIZER R ITT % A K
BRER S 2 PR E R . R, FH X L R E A
(R TBORT LA R 98 R S

AW TR, 3 PR AR FE TE T R BN
SR K SobE JORERR Y 5 LPS 5 5 /N B RAW 264.7
S i 9 RE PRl T390 — E FE B B E A, Hos k2
B IE> Kk >4, S48 R 5 ERIBAK
U AN S I IRAR AT, 5 4% Go S 2K 59
HE— 20 U5 A I G A [ 7 o R S VS 2 A 1
HPLC fe g Bt 78 FR 0121, SRA « A 2 il e UK
TEFUE T RGRME” (2004 R A) BET LA IE
BN AL VAN . NZEZEHRbRE T 22 N LAIE,
FEHARE T 23 NI, RRIFEPIRE T 29
AN AU PN 45 TR, 3 PR SRR G
TE 2 R AL FE RRA , A2 1 o0 AH RORD 75 1 22 5714
s T A [ R AR TR VS AL B B, A

BN B, RA/NE ORI S R
Sto DRIERTHEN, 3 i bt DURS 535 B4 272 ey 21
J 5 RN 22 A i L BT A A P 9 55 110 2R
o BN, SREALLE AR RS dh MRS 85 10 b &= A
W, BT, b, RIRS S
ML S 2 1o € B Hrit 7t 3 M i FUA% J63E 5
Fhpesy (SRR BIBRIR . KACRT AT . Jilms.
SEERRTIERD SHERMMEEZESR, 5 HA R
RS JE G 5 Bl o 5 45 R ) & B2 A BOR,
HH K Sk 98 10 28 3% I R 5 BRCRT 90 38 & 2 A A R
T B A A B 2 I E 5 T M AN R 73
PrafiRimoR, TEFERE, %8I, KhTER
ZE o AHFACHTIIAT SRR b, SR e i 5 {4
FURAE R IR G IRIRSE 73 M, P RS FE TR DL AE
VEPD ORI IR« ol R AT 5 WO W3R, D UL 3
Tof ol o DR 5 e 2 S M 6 S B ) (R A2 e
PIRBI K RER R —. Hl5 (hEZ ) 2015
S RO E PR S B8 % B i s 8 1 T N S BT 3R A
e B, Ui W DLZ HUbR HE A 18 ST 25 R0 MR 5
FIREAFAERIRIE . AHE TS Y 17 NFIEIE S 5T R
PR SRERIERUR , AR KA X IX LR AR I HE4T 2R ST
T B T A5 B IR A2 R TE TG LR V) i
it I RIS AN R il UG 63 0 25 20022 ST AU AR
b, FeiE B M AL GERE SRR o B IR 1 Ak
TACEIRT, $hZ 08 2520 E s, AR T 5L
SN 7 5 B PR R il ARG S5 2 s v RIS 5 3 24 41
[jER7 8

SE 3k
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