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Abstract: Whole Gentiana scabra bunge plants were subjected to extraction using an aqueous solvent, combined with
heating and stirring, to obtain gentiopicroside. Optimal extraction conditions were determined using a nine-run, four-factor,
three-level orthogonal test. The G. scabra bunge extract was purified using an AB-8 macroporous adsorption resin. Optimal
purification conditions were determined by single-factor experiments, and the antioxidant, antibacterial, and anti-inflammatory
activities of gentiopicroside were examined. The optimal extraction process required a solid:solvent ratio of 1:15, extraction
temperature of 85 “C , stirring extraction duration of 1 h, and three extraction cycles. The extraction yield of gentiopicroside was
88.77%. The purities before and after purification were 5.70% and 13.34%, respectively. The optimal purification process
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involved a wet resin:medicinal material ratio of 2.5:1, loading liquid concentration of 0.15 g/mL, loading volume of 2.67 BV, loading
flow rate of 1 BV/h, volume of 3 BV, and elution flow rate of 2 BV/h for pure water, and a volume of 4 BV and elution flow
rate of 3 BV/h for 30% (V/V) ethanol. The corresponding elution rate and purity of gentiopicroside were 82.14% and 50.63%,
respectively. The purified gentiopicroside exhibited a scavenging rate of 93.36% for DPPH radical, inhibitory zone diameter
of 15.50 mm for Malassezia, and inhibition rates of 97.67%, 93.50%, and 97.03% for NO, TNF-a, and IL-1a, respectively.
Gentiopicroside significantly inhibited ear swelling in mice, resulting in a reduction of the ear swelling rate to 126.88%.
Using the optimized techniques for gentiopicroside extraction and purification resulted in an increase in the purity of the
active substance by approximately 8 fold. The antioxidant, antibacterial, and anti-inflammatory activities of gentiopicroside
were preliminarily assessed. It was speculated that gentiopicroside activity could be enhanced by improving its purity
through optimization of the extraction and purification processes. This study clarified that gentiopicroside exhibits excellent
antioxidant, antibacterial, and anti-inflammatory effects, establishing a crucial foundation for the rational development and
utilization of G. scabra bunge.
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Fig.1 Molecular structure of gentiopicroside
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S VR AR D 0 L e R B 2R () s G ] S i
TNo IR BN 30% K LEER R N 1. 24 3.
4. 5. 6. 7. 8 BV I, o IH 3 )86 B 2 70 0
25.62%- 38.77%- 13.45%. 1.21%- 0.09%. 0% 0%-
0%, TEMEWRFH &y 6~8 BV I, WEVEMISE I 2 N
0%, LI MEEY B E £ T 1~5 BV IR
W, ARSI IR B, 2 5 BUE AR 9 AN ST
IR PeEE g . Seah sk AR, FEARR
RN 2 BV B, 0 JH 1 36 23 08 B i KA, i
JE AW IR, DR, %A W MR ) RD e E o 3
KGR, EPE 4BV AERNBAEMRIR A & .

235 MRRRABLRRA A2 H AL E M H

AR R YR B Pt T K R R e P R Fr e G ] 5
PR 2R H0R 30% I 5 B L 40 A 1
2. 3 BV/h B, e AHTEFE 5 R 2 3 80.13%-
79.05% 82.95%. SLUGEEFRY, =Pk Bl I
3B PP 22 R, MBEBIRIE A 3 BV/h B,
JERH R e, Rk, SRS B 1R A
PR VE LR 5 58, 5 3 BV/h /BN AR R
Ve M

24 AT ¥ RE R4

R A T2 %4, RIEWNIEH &
(mL) NZGH (@) W25, EFEWREIREN
0.15 g/mL (EZ#), LAEE N 2.67 BV, LFEE
N1 BV/Mh, 4iKHEN3 BV, FHFEN 2 BV/,
R H0R 30% B CBE &2 4 BY, Pl iiiis
3 BV/h. &E 3 H AT T TZRIE. 4ift T
ZEERE S RN 4 s, BRI e IR
(ISP Y 3RE R N 0.08%, 40 /K e Jid 8 Hh 8 JIE 35 1)
SEYJIRER Y 4.37%, WHTHCN 30% I LEEGE
ORI (BB A 82.14%, SEEREE K
B, % LZEARBIFEINE. 41k mr e iEH2E
T Iy AR AR RN 13.34%,  4lifk fa 1) e R
Ve E A R e R Al N 50.63%, FKAHLL L
alith T2 BA BT 8CR], NS LR
FNTFF 1 FH $2 A S B0 A 4

F4 GUIERIFRBER

Table 4 Experimental results of purification process
verification (n=3)

R ARALE IR /%%

% "‘3— . o~ F S 0,
M m%mzﬁ&gﬁy
1 0.08 439 81.30
2 0.09 442 82.68
3 0.08 430 82.43
FHME 0.08 437 82.14
RSD/% 6.93 1.43 0.90

2.5 WEHIRKEER

2.5.1 DPPHA wmAFRiRIE4R

AN [F) ot 2R FE (1) R H A 5 6 DPPH [ BH 55 (137
PRIEFWE 6 fin. DLRE TR, 452
R 0T B BE AL 0.01 mg/mL 34 1 %) 0.20 mg/mL
I, 1 R Z B W T 5o 52 S BRI N 0.10,
0.20 mg/mL B}, JEBRFESEETFIRME Y, 25N
91.49%- 93.07% 1 93.36%-+ 95.68%. 524 45 H
FW, RRHE N DPPH H H3 B A B 15K
Aedy, HENHEA RIGFMPTEE .

22 SCHR R BF AT AT, Olennikov 252" ) 4% fiH o 23
AR 137 N RR A, HAR s R, I
X H AT B SE A TE R T R B, e H ¥ () DPPH
L3 B R N <10 mg trolox/g. XI5 3
e R A ) e E v AT SR E 44k, - I4S 3L DPPH
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Fig.6 Scavenging rate of gentiopicroside to DPPH free radical
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Table 5 Size of inhibitory zone of gentiopicroside against
Malassezia (n=3)

FRERE ABAL FIME/

K (mg/mL) #2/mm mm AR
RpeEFiad  8.00  15.00*0.56
RpeEFaa  8.00 1600032 1550 SR
RpeEFiaw  8.00 15.50%0.89
ZaAL 0.40  31.00%0.33
ZAA 040  2550%0.74 2920  ARHK
Zak 0.40  31.00+0.52

o JEL 5 A 0T G B 4 B A gk 5 R 7
Fii7ne 8.00 mg/mL [ 0 5 7 1 00 S o €8 B 1) 411
W RCR i B, PS4 el EA2 4 15.50 mm.
0.40 mg/mL [ BH P X R it = A= A 00 BT 28R S A B
B, PR B E AR N 29.20 mm. SEG 45 R R,
o B R Ty €5 B B R A AR AR

S8 SCHRIRAIE AT RN, AR T o A 4 B v
BT, KRE2RELERGITE. FSERPRE. &
T (0] 2 BR A R 6 R R A R Y SE  R B, T
X T Ly 0 B A R AT TR AR R, BRI, AR S
3o m gk — P R R R MR SR B 2
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Fig.7 Diameter of inhibitory zone of gentiopicroside
against Malassezia
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TR AR i 6 A 8 Bz, 7E LPS ®I¥ T,
RAW264.7 40 il % i Al 7 (NO. TNF-a fil IL-1a)
BRI . 5 LPS A AL, FiEkE N
2.00 mg/mL AR T X NO Al IL-1a A 235 140
FIVEF, P50 31.93% 1 19.24%. i &
WIEN 4.00 mg/mL B, X} NO F IL-1a A . 3 1410
FIVEF, H0H R 55N 56.70% 1 68.17%. 4 i &
W~ 10.00 mg/mL i, %F NO. TNF-a. IL-la &
TEWAMEIEH, 25008 97.67%- 93.50%-
97.03%. SEUG S5 RN, e H A8 5 o 3 1
LPS i 5 1) RAW264.7 i % 5EK 7 (NO. TNF-a
AIL-1a) FIRET
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Fig.8 Effect of gentiopicroside on the release of inflammatory

cytokines from RAW264.7 cells stimulated by LPS
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Table 6 Experimental results of inhibition of secretion of macrophage inflammatory factors (n=4)

3 HRREIRE/(mg/mL) NOpHE/% REFMH TNF-a#HE/% SHFMH  IL-ladHE/% IHEHR
xt R840 0.00 100 +0.00 ok 100 +0.00 ok 100 = 0.00 ok
LPS 48 0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00
%ehin 2.00 31.93+9.93 *x 0.65 = 8.41 ns 19.24 £2.38 o
2 thn 4.00 56.70 £5.35 sk 2.53+4.95 ns 68.17 + 6.47 ok
e 2hn 10.00 97.67£0.31  *kx 93.50 * 0.95 ok 97.03 +0.97 ok

E: BEMAR P, ek F R P<0.000 15 %% FR P<0.001, ** ZF P<0.01, #H3LAL LPS A 2 EH £ 5 ns

%7 P>0.05, $.9Y5 LPS ARt A B EMH £ 7.

ZCHRARE AT %0, Deng S 5T T Jo iH T 46}
LPS Hll RAW264.7 21 58 5 R B 1) s, Sk
56 R W R IHTFE X NO TNF-a Al IL-18 ¥4 &40
FIVEF, 62 B N 38.94%. 78.87%- 62.62%.
SIAR T, A S50 2 I H B A A A
Ji IR AT e 22 b0 ot e E S SR A a4 T2k
i, WAREIFA S E, MO EE v e, ATk —
NIRRT PR IS IR R 25 .
2.54 ) RIFAFARIL K R 4 R

o IR R ) /) BRCE I )47 98 AR R 7 B
/N BORCE ) B IR 22 S i B R, B IR &N
173.87%. BHYEZL /N R EMAK 2 5 &/, Bk 2
N 66.81%, & BRRIRSOKAA LB Aeff W25 30 /N B
FRPHK . B2 R /N R Bk 22 R fE R, HR K
HK 126.88%, 3% B SZ AR T RE A2 T 3 H0 ) /N BRUCH-
K . SEEGSERRE, JRRAE T BE S 3 HI ] /N R
LR, A A R AF v It 2 AE

x7 NEEMERKAREER

Table 7 Experimental results of ear swelling and anti-
inflammatory in mice (7=8)

287 FAPIRE /mg  FATIRE /% BEE

waxtBa 11.08+5.68 173.87 £4.51
FEMESTRBLE 520+3.42  66.81 %521 o
ZiRAERE 798221  126.88 £3.48 *

E: OREMLERP, v 5 P<001, X kow
P<0.05, HHLALE = a3 RBAMILA D EMEF.

ZSCHER BT AT &0, Zhang 25UV 2 T S RH
X R IR BN BRCE T AR AR N D P, SRIR R
B e BE S B 2 I OR (P <<0.05), H
oOE K B N 8.40 mg, HIHIR N 34.17%. ASE
56 0 7 P HR R 0N B T I R A 0 ) 1
R AR B R R Ak R, R B

BN 7.98 mg, H K %N 126.88%, I ffil] N
27.03%, K, ASLIEHE MRS T dE— b EE
TIRPHTE ST A i T

3 g

AT FE LA IR A B JERE, i i i AR B Y
AREU BT T, 4 Ly (3%) IEAT IR IR 15 3 Bt AR 3R Y
T 2% RIATSEL ZiM A 15 /52
MERZK, B30 min, JHEE 85 C, PR
BU1h, REU3 K. AT EEMT, BHEER
Ay 88.77%, $2& BT J5 B 26 BE 43 7] 4 5.70% Al
13.34%, RPN TZEHF -2 EE£0E. 8
it AB-8 HY K LW BB i ot Dl RE B B 3k AT 44k,
2 B A 2RI 1F B B AR Ak T 244 N 1B R
&= (mL) NZH (g) W25, EFERRERE
015 g/mL (AZ581), EFEEN2.67BV, L
FEVLE A 1 BV/h, 4iKHEN 3 BY, BEliiE A
2 BV/h, RFRH0N 30% ) B &8 4 BV, %
L IE A 3 BV/he ERLEEAE TN, R H B BE I 2
N 82.14%, 4l K 50.63%, FAH4ilh T2 B A%
GFARAE AR . eAh, WIS R B, e E
DPPH [ HZE7EBR R AN 93.36%, HiEMEE)1 5%
TR TRRAN 2 o R E T 1 0k 5 iz €5 T A4 3900 1 P
BAEH 15.50 mm, IR m B BUR . AR
W REMS 225 4] LPS 153 1) RAW264.7 4 il 48 JiE K]
¥ (NO. TNF-a Al IL-1a) FIREH, #0412 5N
97.67%- 93.50% F1 97.03%. 7 HH 75 H 5% /s L H- Jil
Tk EA B EMEER, BMIKER 126.88%. %0
Foxt S RHE R B AL T2 RET T AL, S T
Vst 8 f5 . ok, VDB ERA T AR
TP FEE PRGN, R A SR H
afifh T2, ArCABR s IR I A B, A L3
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