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Study on Spectrum-effect Relationship of Anti-inflammatory and Analgesic Effects of Ethyl Acetate Extract
from Zhuang Medicine Stahlianthus involucratus

LIANG Jie"*?, CHEN Huihua', YANG Chuanchuan', CAO Yupin', CHEN Jun', LI Yaohua', CHEN Xiaosi', LIU
Xianfu'(1. School of Pharmacy, Guangxi University of TCM, Nanning 530200, China; 2. Guangxi Zhuang Yao
Medicine Center of Engineering and Technology, Nanning 530200, China; 3. Guangxi Superior Chinese Patent
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ABSTRACT OBIECTIVE: To investigate the spectrum-effect relationship of analgesic and anti-inflammatory effects of ethyl
acetate extract from Zhuang medicine Stahlianthus involucratus from different habitats. METHODS: Ten batches of S. involucratus
from different habitats were used as samples to investigate the anti-inflammatory and analgesic activities of ethyl acetate extracts by
xylene induced ear swelling test and acetic acid induced writhing test in mice. HPLC fingerprints of 10 batches of ethyl acetate
extract from S. involucratus were established and their similarity was evaluated by using Similarity Evaluation System of TCM
Chromatogram Fingerprint (2012 edition) , and the common peaks were identified by comparison with the control. The
spectrum-effect relationship of anti-inflammatory and analgesic effects of ethyl acetate extract from S. involucratus were analyzed on
the basis of Pearson correlation coefficient (auricle swelling degree and writhing times in 15 min as pharmacodynamic indexes) and

Grey relational analysis (inhibition rate of ear swelling and

ASESTH 0 A RBE I 4 T B0 H (No.2020GXNS-
FAA238026) ; ] Vi H:BR 2 5 & 9250 = #8 (No.GXZ Y ZZ2020-05) 5 |~
PO A2 T 44 TP AR T 2Ol B B 1R (No B AL (201955 5

Pi— AR 4 B (No AR ZURHIF (2018 ) 1245 ) 5 1 P AL BR 2 b R A1)
Bt (No HEZRHIF(2013)20 5 ) 5 ) PRILRE 2 T AU SC 00 = 4% 5 St
(No RHEF (2014325 ) 5 PR /AL B A X ARIE 4 RELT A\ 51 44
H(NoFE AA B F-(2019] 135 ) 5 ) 74 = 2 e ZKF- BT 1] A B o a2

analgesic rate as pharmacodynamic indexes). RESULTS: Ten
batches of ethyl acetate extract from S. involucratus had
obvious anti-inflammatory and analgesic effects; inhibition
rates of ear swelling in mice were 46.43% -55.16% , and the
analgesic rates of mice were 45.56% -52.72% . A total of 18

common peaks were identified in 10 batches of samples, and
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the similarity between them and the control fingerprint was
0.994-0.997. Compared with substance control, the peaks 1, 2
and 4 were identified as protocatechuic acid, p-hydroxy-

benzoic acid and p-hydroxybenzaldehyde, respectively. Results
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of Pearson correlation analysis showed that peak 10 and peak 18 were significantly negative correlated with auricle swelling degree and

writhing times in 15 min (» were values — 0.853, —0.738, P values were 0.002, 0.015, respectively). Results of Gray correlation

degree analysis showed that the correlation degree of 18 common peaks with inhibition rate of ear swelling and analgesic rate were all

greater than 0.65; among them, peaks 14, 1 (protocatechuic acid), 17, 9, 4 (p-hydroxybenzaldehyde), 2 (p-hydroxybenzoic acid) ,

16, 7 and 6 showed the relatively high correlation degree (correlation degree >0.7); peak 1 (protocatechuic acid), 17, 14, 9, 16, 2

(p-hydroxybenzoic acid) and 4 (p-hydroxybenzaldehyde) showed the relatively high correlation degree (correlation degree >>0.7).

CONCLUSIONS: The ethyl acetate extract of S. involucratus show good anti-inflammatory and analgesic effects. Peak 1

(protocatechuic acid), 2 (p-hydroxybenzoic acid), 10, 14, 17, 18 may be its main active ingredients.

KEYWORDS  Stahlianthus involucratus; Ethyl acetate extract; Anti-inflammatory; Analgesic; Spectrum-effect relationship;

Pearson correlation analysis; Gray correlation analysis
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20 g:0.2 g( L C,H,CLNNaO, 1)1 A Jb 5t it el 254
PR 28wl 5 i L 25 R X BE i (It 5 RP190605, 4fi JiF =
98% ) X & A 2R HH R T B (k5 RP190609, 4 =
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Tab 1 Information of S. involucratus sources
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sl MRS 2018441 56 INIERS 201845 A
s2 L 201843 4 §7 IR 2018431
$3 I TN 201845 S8 J Tk 201845
S4 J AN 201844 59 J sk 201843 A
55 J TN 201843 S10 IR 201844
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(x+s,n=10)
Tab 2 Results of degree and inhibition rate of ear
swelling in mice of each group(x+s,n=10)

it i IR mg Ik, %

SR 475+1.05

SRRk AL 206+ 113 56.63

“ERCBCGA sl 2464130 4821
s 2214120 5347
3 2134149 55.16
st 2274082 5221
s 235136 50.53
s6 254413 4643
§7 2374153 50.18
S8 241+14% 924
) 2204155 53.68
$10 2404121 947

T 528 I B g, P<<0.01

Note: vs. blank control group, **P<<0.01
BUEE R T B AR TR AR I 265 2 R (9: 00 F1 17:00) ,
UURIR 0.3 mL (DU SRR T BB AL HE) , IRk 4
K28 FOM BRZ/ N SRR A IR AR AE R /K 0.3 mL. TR
WL b5 A5 /N R I s 45 0.6 % Z RV (0.2
mL/H)  WEHTES CRRIE RS 15 min N AYHLIRUCECR
FHATE ORI (RIS 1 OCHLAR SR BRI ), I3 1A%
LR 2N RO BRI 3R RO R (%) = (25 F X R4 -3
FHAAUREL — 25 25 2P B AR /725 O BRELSP- B A
WH=100% o F52.2.27 1T J5 360 Bl A5 42 it o3
Bro 254N BRAATE R 1 . 15 min PSR BORIEUR 2%
AIMELS R I 3.
F3 FBAHNBHAEEKE 15 min AR FEHRE

EHMELER (x+5,n=10)
Tab 3 Results of writhing latency, writhing times in
15 minutes and analgesic rate of mice in each

group(x+ts,n=10)
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2 HATIRA 360+ 1.17 3490341

JE vy rawa i 740+ 158" 15804527 5473

“ERCRCERGA sl 460£171 18.60+7.11" 4670
) 550+227 16704533 5015
S3 5302177 17.204630° 50.72
s 5.00£1.97 17914566 4368
55 470+189 18.10£ 740" 43.14
56 460+151 18.7046.82°* 464
§7 460£1.90 18304733 4756
S8 460£2.07 19.004 625" 4556
59 550+172 16.50+5.64°* 501
s10 490£179 18.00£6.06™ 84

TE: 528 A IR AR, *P<<0.01
Note: vs. blank control group, “*P<<0.01
P 3 TN, 525 0 B LU AR, USROS IR — L
JBE R AL/ B FHAR AR (2 25 8 K (P<<0.01), 10 HEA
[ 7 b = 22 LR TR 20 /)N B FHAA T AR 30 A
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GrEE
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B bR B3 BB R EE 3 ) 0.212,0.236,0.149 mg/mL
(AR A3 BE VAo (2) =B 2R SV TR 2 BIFRBOR
] 7= 1 = 22 R CBREE YD 0.1 g AE % Fk e , H1 5 mL
FH s 7 (23248 250 W, 43188 50 kHz) $2 X 5 min, ] H B
FEZSE) 10 mL it VR AT, 08, B LA 13 000 r/min
B0 10 min, BUF W, 18 0.22 pwm (AL g AR, BRSE E
FE R A

2.3.2 %4 DL Phenomenex Kinetex XB Cis(250
mmx4.6 mm, 5 pm) R EFEFE, L 0.1% B RIE R (A)-4
i (B) A shAH R4 736 B (0~20 min, 60% B; 20~
50 min, 60% B—80% B; 50~75 min, 80% B—100%B) ;
i A 0.8 mL/min Kl % 4 2 260 nm A 9R 30 C;
HEFE R 10 pl.
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J, DL 2 SRR SR R 0 & AR A A B
K47 H R ) S IR (S ), THEAS & AT WA X
A A A9 RSD 9/ F 0.18% (n=6) AN U4 1H ALY RSD
BI/NF1.80% (n=6) , B NG5 R AT

234 fEtEil LX) (%S
$9)0.1 g, #2.3.1(2) "3 T Jy i il s il i s i, F=
JEFHCE 0.2.4.8,16,24 h 43 51l442.3.27 101 F (4% 4%
PEHEFEINE , O SR ETE IR . 55, DL 2 S h S IR it
SAAT A5 AT o 0 A X O B B[R] 79 RSD 9/ F 0.34%
(n=6) FHXT I AL RSD ¥/NT-2.12% (n=6) , W]
ZHER IR T SR S 24 h NEREPE R AT

2.35 BEMWRE KM =-LEIMRIERIY (455
S9)0.1 g, KW FRAE 6 1, 43 5ll4% “2.3.1(2) " 3K Jy v il
AR VAU, ARG 2.3.27 U 3k SR HERE I A
SRR, 255, L2 S S g ARG
T RE X (4 B 5 6] Y RSD 29/ F 0.34 % (n=6) AN
16 AL RSD H)/NF 1.77% (n=6) , & B A )y 3 8 &
R A7

2.3.6 HPLCHS LU TSR A i 430l B 10 HEAS [R] 7 1
L FELFRR ORI 0.1 g, 3% “2.3.1(2)” Wi F ik
il £ Bt AR TR, SR 4 €2.3.27 T T (3 A 1 R RE I
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Fig 1 HPLC superimposed fingerprint and control

—R

fingerprint of ethyl acetate extracts of S. invo-

lucratus from 10 different habitats
2.3.7 MAFIEMFEIA BC2.3.1(0) "W RGN IR
VBOE B, $2.3.27 UT (3 A% R HERE DN GE L 3 % 3
Bl 3l HEXHZ IR A % BE Al [ 1% 5 6 BR 4 2 135 (&
1B) H 2% B3 W ) O B IR T, 8O I 1O D) Lo R (e
2 RXT IR IR (W 4 Ry PR B F I . TR G0 BELA
) HPLC & LI 2.

2(s)|4
1200
1000 .
L 800
g 6004
s
400 4
200 4
O T T T T T T T
0 10 20 30 10 50 60 70
t,min
T LISULASER ; 2 3R BEOR HY IR 4 X YR IEAE 1
Note: 1. protocatechuic acid; 2. p-hydroxybenzoic acid; 4. p-hy-
droxybenzaldehyde

B2 E&XHRmEHPLCE
Fig2 HPLC chromatogram of mixed control
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2.38 AHRIEEIEM  FF L0t =122 LM SRR

HPLC #5 801385 5 A 25 (3545 0 IS AR DL PPN &

48 (2012 MO YA TARLEE PEA o 25251, TOHERE T i £

T IE] A5 008 B RT3 A AR DL 0.944~0.997, K T

0.900, & B A HEAF: iy b2l 7 19— B BT o 10414

[ 7 M = 5 22 LR £ TR 2 JBUH) 9 AR E 3P40 45 2R I

x4,

F4 10HAEFH=LZE 28 ZERIMHEIEE

MER

Tab 4 Similarity evaluation results of ethyl acetate
extracts of 10 batches of S. involucratus from
different habitats

BE oSl 020y s 85 s6 ST s 89 Sl0 R
S 1000 0820 0895 0856 0939 09% 0991 0996 0897 0958 0963
20821 1000 0989 099 0952 0792 0877 0785 0986 0941 0944
30895 0989 1000 0996 0982 0871 093 0866 0998 0978 0982
S4 0856 099% 0996 1000 0971 0829 0904 0823 0993 0959 0963
S5 0939 0952 0982 0971 1000 0914 0958 0912 0981 0982 0989
6 099 0792 0871 0829 0914 1000 098 0997 0872 0943 0948
ST 0991 0877 0936 0904 0958 0986 1000 0984 0937 0981 0985
S§ 0996 0785 0866 0823 0912 0997 098 1000 0871 0944 0945
90897 098 0998 0993 0981 0872 0937 0871 1000 0983 0982
SI0 0958 0941 0978 0959 0982 0943 0981 0944 0983 1000 0997
Ro0963 0944 0982 0963 0989 0948 0985 0945 0982 0997 1000

24 Z=LEZBZERIINRK EEIE-HXR
2.4.1  FETF Pearson AKX REL A IS - R T 44 10
FEAS[R] 1 = 22 LR S FERF U Y 18 A HAT g (1% i
TR /N BRCE IR BE (G2 81) <15 min P9 /)N BRI YR 5L
(I8 K B) 43 3G A SPSS 23.0 B, DL 1O LA A i 18
A W T A AS G 2R (B B.) R AR HE i
17 Pearson #H AT, 45 R ER 181018 58 2 8
Z A (r 43 5 —0.853, —0.738, P 43 5l 0.002
0.015) , H & 10, 18 [A] B 5 B, 52 i 2 61 AH 5C (r 43331
2y —0.821,—0.809, P35 2 0.004,0.005) . LA F-&5
PR, 010,18 5 = LR LR LERIEBII PR IR AE
B BEMEME 181 3H &5, B/ Pearson 156
PES T 0 W2 5 . 3K 6.
2.4.2 BT IRESCHEMIE-ROCR T BT 1040A
[F] 7 b = 2 22 2R < TR U iy e A e g TR 5 /8 B
28R A (R 28 B b i) 22 18 i 0 A — 20, AN
T HOHE, DR AT K A8, DB B2 43 B I, 7 S %) i i
AT e AR B AHFSE A 10 HEAS[A] ™ #h — L 2%
LR LRI H A W T AR R 7 41 /INER 2 3
P A BEF 91, SR FHAMEL Ak 728 48 2 X6 B8 144 7 T e 2 A Ak
ey

W TC i A ALK B 1) 0 FEEF 5 BB A AR
R AL Al = | 200k)—2i(k) | o R, 2ik)
TR b = 22 LR LRI i A g T AR i
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£R5 181 HEAEIESS A Pearson HHE M4 R
Tab 5 Pearson correlation analysis results of 18 com-
mon peaks and f,

5 HRRE P %5 MR P

1 0.046 0.900 10 —0.853"" 0.002
2 0.171 0.637 11 0.462 0.178
3 0.286 0423 12 0.366 0298
4 0.260 0.469 13 0.367 0297
5 0.336 0.342 14 0.274 0.444
6 0.171 0.637 15 0.156 0.607
7 —=0.070 0.848 16 —0.072 0.843
8 0.138 0.704 17 0.306 0390
9 —0312 0.380 18 —=0.738" 0.015

Tk "FRIRTE 0.05 7K (UM F ARG % % "RIRAE 0.01
S G DNRTEZFS
Note: “* ” means significant correlation at 0.05 level (bilateral) ;

“* % ” means significant correlation at 0.01 level (bilateral )
F6 18NMHFIESL.H Pearson HXMESITER
Tab 6 Pearson correlation analysis results of 18 com-
mon peaks and f.

5 HERE P g5 HEERY P

1 —0.053 0.884 10 —0821 0.004
2 0415 0233 11 0437 0.206
3 0452 0.189 12 0.360 0.307
4 0458 0.184 13 0332 0.349
5 0.594 0.070 14 0.157 0.604
6 0.123 0.735 15 0.148 0.683
7 =0.119 0.744 16 —0.081 0.824
8 0378 0.281 17 0.127 0.727
9 —0.304 0393 18 —0.809°" 0.005

T % % EIRTE0.0LKF- OBUill) | 1 AR 2%

Note: “* *” means significant correlation at 0.01 level (bilateral)
FoRF A IERIES (1~18) kR IR S 5520 () &
IRAN[E] P = A R SRS TR VERTEAR &
FORA T HAE SR IR PR UM AR AR A e (1~
10) o SR PR 2GR AR A% 22 A 5 KA IR/ IMEL, 331
TEH Anac s Anine B, Aspmemsrsemac= 1.743 6 L Asgpemsrsemin =
0.005 3, Agesipemes= 1.783 7 Agsisemin=0.005 2, ¥ il fx
KAE AR/ IMEAA KA IR RBO T AKX, 115 184
A WESHR R ARER PR R 5 b p o)
BERBAEO~1 NI, BUE BN, R0 IR R s
SRR, p 0.6 I 453 10 HEAS ] L — 2%
LR CTREEBUYIHR SRS H 18 NI I TR B2y
RARRZ 8] 1 SCHE R B I A i DIk R A5 ¢
W RE (ORI SE T E I P 91 LA 56 R 1 A, S BE v 4]
5T 908 I 20 i G I R B -2 (1Y), IR0 gk
AT HEFP ARy 45 R R T,

7 AT, 10 S R 7 b —-£ 2 R L R 4R B
(1 18 A A7 g 5 — W RS0/ N BLE I IR A B0 2R A K 5
CTRBU N LR 1 BRI 58 00 DI B 7 0.65 DL, 2%
A3 XL ARAEFH TTHR % /NI R Ry e 14> U 1> i
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RT I0HARFH=LEZR IR F 1844
AESHK HREERKEKENXEF
Tab 7 Correlation degree and order between common
peaks and analgesic and anti-inflammatory ef-
fects of ethyl acetate extracts of 10 batches of
8. involucratus from different habitats

SRS SRR
KB KEKF HIRIE IR
07327 2 0.7322 1
0.7074 6 0.7044 6
06959 14 06929 13
0.708 7 5 0.7030 1
06997 10 0.6947 10
0.700 7 9 0.6950 9
0.7049 8 06998 8
06937 15 0.689 1 18
9 07151 4 0.708 9 4
10 0.6879 18 0.6893 17
11 0.6983 11 0.6928 14
12 06973 12 0.6919 15
13 0.696 8 13 0.6913 16
14 0.7341 1 0.7262 3
15 0.6947 16 0.6930 12
16 0.706 4 1 0.704'5 5
17 0.730'5 3 0.7284 2
18 0.6919 17 0.693 6 11

it

SO —a oN h = Lo b —

17> 1 9> 16 4> I 2> I 16> 6 7> 1% 6> 14 5> i
11> 106 12> 06 13> I 3> U5 8> I 15> 15 18> 14 10, %%
J 43X R AR FH BTk ) A/ NI AR IR Ay e 1> g 17 > i
14> 1 9> 16 16> g 2> I 4> 6 7> 1% 6> 14 5> %
18> 16 15> I 3> 14 11> 6 12> 1% 13> 1§ 10> I 8.,
[, 0 14 TORULASER ) (17,9 A (RHRSERHEE ) 2 O
BIEEHR) (16.7.6 5 =L LR OTRIEIIIPLR 2
BRI IR JEE AR 3¢ vy (ORI BE 34 85 7 0.7) , 0 1 (Jt L%
f2) 17.14.9.16 2 EER IR ) (4 (R R IR )
5 =2 O1R C TR UYL 24 8500 ST BE AR X A8 g
(RECBE R F0.7) 0 1RG5 BRI = 1Y
W CHC PP A5 O o U LAS R VR FE iR ) e 0k
IR F AT ) W RB R — L2 TR SRR R 2GR0 &
RS
3 itig
3.1 BILEHNIHIE

AR H W 52T 2 R 498 A (COSMOSIL
5Cis-PAQ . Hypersil ODS2 # Phenomennex Kinetex XB
Cus 55 ) 3 B ROR , 45 3 e B8 1% A Phenomenex Kine-
tex XB C5(250 mmx4.6 mm, 5 pwm ) X 2% B4 B 500
BB AL F A A . BLAh , ARSI AT IR 58 T A
[i) A6 0 9% 4 (220, 260,280,300, 320 nm) . /A~ [R] i 21 A
(HBE-7K I BE-0.1 9% B PRV WK LI -7/K . 2N -0.1% 1
PRI . N5 -0.1% VK SRS - L6 -0.1% R W)
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ANTAIHE4 (0.8 .1, 1.2 mL/min) X 45 B0 O3 BSR4
SRR, Y g 260 nm RSN Z)1E-0.1 % Wik
VSV A 0.8 mL/min B, 45 i I 1) 43 1 50 i
TR, BT AR A W I A1 Y, Wi 24
FE T 42.3.27 0 N gk At

32 ZLEEZEBRZERNYNA BERENE-BXR
ST

AWEFT T B RGET S-EE AN PR R
FH DR T A2 1 52 5 T TR FE KA B AU
ISR LU R BT HE 2 . o & O SR
Hb FERANRET AW B i 22 SR e R b P 4%
REPEREIE IRYT , AR " WIS R — 3L
FIA TG IR 2 A A R, A RER I AT SIR R 1A
B, BT B EIRAE A, I BB R B, DI I K
I Sk, e 2R BAY T RICR™,

AHFFE R F HPLC a5 104t A ) 7= 4 = £ 2 2R
CBRFEBUHEA T T He SCRIE AT, 2ehnE T 184k
U FEFR N T Ho 3R o 32 ANBIFSR 40l R
Pearson FH5¢ Z H05 ALK (B SCIHHridxd i 18 /A
T 5 =2 LR O BRI PR ERAE T T
AHFMEHT . Pearson HIMEMHTEE IR LM, 5 =L%E 2
M2 CPRSEIIPT A R A TR 1 3 ARG 2 0 10
18 KT IR (0 S HK B A e B, X = -£ 25 1R IR HX
PHt RAE DTk R R0 14 1 (R LZRRR ) (17.9.4
PR H ) 2 BRI H IR ) 116,76, X AR
YEF ik K 1 (R LZRIR ) (1714916 2 (K%
SRR AR ) . DL E&RHiEE S = 3%
LR L TRFEICHRT N 2434 0 S IR B FR A AE 25 5 (ORI
JEI T 0.7, AT BEN — L 22 LR L BRIR B KPR
BRI ) R B R AT

T PRSI B A e (1 g i b v B R T L
AR X R FETR R X R IR X 3Rl A 4o i M
SEUSE A W R LS BRAE ARSI X LA A R 1B T 48
i B AN I A 2 ), TR SE T L RE AR MR R A A
KLU B JEREFE LD MMP-13 3635 . ZE8 45097
KGEEHT S RAE 280 ORI T R B, i 2 Kk
B A REMERS LIS AR IILEARA
%, Dikmen Z"F 5T & B, S5 LAS BRI i Y IR KRR
R ARGERAMBNPEIR N o Arslan 252058 328 /)y B 5256
CAAE 254 R0 ) FR EL IR A S50 (AR RS ) & B, Ji
IR A SRR . FIAE S0 R B, W AR
M AT HURIG T o XU A IR 52 2R B, JRR AR A % 2
AR EAVREM . oL, JFILASER SR H
W R R BE o =L 2R BT R U 1S T
AT Z—
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FRIRAE A 2 RS . (AR FRAUE AR T8R4
XTHTAE VB VR TR K 1 Ak 22 i 43, b Al G K
A2 1 AT UL A3 AT s 425 R R R - DU AR - R AT
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