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Abstract: Objective In this study, the common ginsenosides in Panax notoginseng flower (PNF) were converted into rare
ginsenosides by adding food-grade amino acids, and the anti-inflammatory activities of the extracts before and after the
transformation were compared. Methods Single factor and orthogonal experiments were used to investigate the effects of different
amino acid types, amino acid concentration, reaction temperature, reaction time and liquid-solid ratio on the conversion of rare
ginsenosides. The effects of PNF extracts before and after research transformation on the proliferation and anti-inflammatory activity
of RAW264.7 cells induced by lipopolysaccharide (LPS) were analyzed. Results Aspartic acid was the best catalyst. When the
temperature was 120 °C, aspartic acid was 5%, the liquid-solid ratio was 30 mL/g, and the reaction time was 2 h, the total conversion
of four rare ginsenosides was (47.12 +0.52) mg/g. The PNF extract before and after transformation significantly inhibited the
activity of RAW264.7 cells induced by LPS in the range of 1.56—200 pg/mL (P < 0.05), and significantly inhibited the release of
NO and IL-6 (P < 0.05). When the concentration was greater than 6.250 pg/mL, PNF extract after transformation significantly
inhibited LPS-induced inflammation of RAW264.7 cells (P < 0.05), and the secretion of NO and IL-6 pro-inflammatory factors was
also significantly reduced (P < 0.05). Conclusion This article provides a green, safe and efficient transformation method for the
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transformation of rare ginsenosides PNF has a significant inhibitory effect on the inflammatory response induced by LPS after
transformation, which provides a new idea for the development and utilization of PNF.
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lipopolysaccharide; RAW264.7 cells; cell viability; orthogonal test; aspartic acid; IL-6

—-t Panax notoginseng (Burk.) F. H. Chen .
RN EHY), ©F 600 L ERZ AL, &
KEL M. BT, SO R, T
TR =B Rz, ZRIA D EM TR
{5 N IIE B IRE2 = b — B RRRIEAN
BEVE” B, =tk Edhd 7 Bemst. (h
EZ80) #E = LR 25 AR RAR 2N, =+
1£ (Panax notoginseng flower) £y =-LHIEI=¥,
—HARBAEANNH KSR . 7] =127 2016
FErA DA T R E At =]
DL B R B SR T B, EE =L
e ERBEN B TR, =t E5E A B,
Yerb 3w AERFZIEFRKY, K ASEHZ
= BRI EER RO, SRR, NS
AR A IR E G R AN ORI Y . Horr, IR Eh b
B UR =R AS B H S NEANS R R
[ 41 A= 2T Rbi. Rbaw Re. Rd (Rbi. Rba. Re.
R ] FEANZ =M B [IMAS 21 Re. Rg:
(Re. Rg ] M, pbsbh, F —HRBFANSEF, ©
HEE M B P& 'R, WASEH 20(S)-Rgs.
20(R)-Rgs~ Rki. Rgs [20(S)-Rgs- 20(R)-Rgs- RKi-
Rgs] &Fixse A 84 n] DLk — & in T3R5,
MR RNEE NS 2B, AEHRERH, %f
NS BN — Lol 3 1T 3% Ak AR AE
R PR 0 98 i 5 B AT R 2 ) 24 B A PO, o e
filiges . B AR T R RO, e
BHEBHTCRIRN, TIAHA NS B H 5 K IR
B, IR T—MERs e A2 HEE
TERRHEL,

WA N2 n] Lol it 2838 0, BRK R, ik
A R A R 4 S T A S OIS T Bk AT
{HIX BTV EBR S 4% XFERT, XS ANEAR I ) & &
PN S 25 R B, R Gy i ARG . HE R
1H, RAZRR I FREEIRN S R SRR
138G N2 2 D6, (I P AL AT R RHE SR
B, FAOOTIEE R BAE, AERT kA
P M=t BESEFE, ME=t&HBNE
Ar0r18, HSC T =Ll A NS B E AR A,
il . ARSLIOHTT T AR, FIHRIKE . K

RN VA TR A s o0 s we E 2 e R S NG L)
HHRALRI I . Rt DI T #efknr . 5 =tk
RIIXTREZ BE (LPS) 311 RAW264.7 4Hfut
RIGHERIRE, DU = A R R SR AT 1
H
1wt
1.1 PRk

=18, WH =AW=t kAT,
ZE MR K FFEHEIR L E N TUINFIAS B EY)
=-t P. notoginseng (Burk.) F. H. Chen {148 (4
SEAE); RAW264.7 /N B, Hh b [E B 25 Rl
Be 40 B H oo SR flE s IR RS 2R (Arg, S
1008J033). & E: (His, fit5 816L031). R&A&
2 (Asp, #it5 1784M052). K& (Glu, L5
1005L047) Az (Lys, b5 2395H145), Ik
HEEFERHARAT; SIS AS 21 20(S)-Rgs
( fit 5 Z15D8X50607 ) . 20(R)-Rgs ( fit =
YA0417YA14). Rk (#t'5 P20N6F6254). Rgs (Hlt
5 P26N7F25707). Rg: (fit*5 Z1308L45576). Re
(#t5 H1I5M6X1). Rby (Jit'5 Z16J9X52719). Rb,
({it5 P25D8F51140). Re (#it'5 Z10J6B1). Rd ({it
5 Z1308L45576). LPS (iS5 S18A9168132), Jii
B H=98%, FEHAVRRAERAFR: &
AR, (aikal, SE[E Fisher A F); DMEM 1595
. BB4-MiEM PBS, Gibco AF; CCK-8, HA
AR A NO A&, B RAAHF; IL-6
ELISA i{7fl&, ZHEERCAEMRHARAR-.
12 UHBESHEE

BioTek Epoch2 Rbri, 32EMAMEIXARA IR A
7] ; Acquity UPLC H-Class it i Rl (11543, PDA
il #g, JEE Waters A#]; EX125D2H HLF R,
B CEMD HIRAF; GZX-9140 MBE £
BENTER, DRI A RA R R W&
Cis Sep-Pak®SPE A (ilif:, Z/RZFENBHEA
7]; Milli-Q Advantage A1 FB4l/KHL, 35 [F% A
Al 022 pm AHLRE LKA IERS, RS SL
365 %A PR A 7] ; LDZM-40KCS-11 373Uk /17815 K
Wy, PR ZRIT SR s SW-CJ-2FD i TAE
G, IMFLRTSEARAR AR CO HiFRM, 7§



- 704 - ¢8 % 202028 $52% B3 Chinese Traditional and Herbal Drugs 2021 February Vol. 52 No. 3

BRCHRBH: (RED FIRAF; 7A07015 R,
BARELT (R ED FIRAF; TGL-16G 2 &0,
R IR AT KA PR A 7] Alpha 1-4LD
plus %41, #&[E Christ A .
2 FESHR
2.1 [EMRIALIE

W=t 60 CHET Kk 60 H AN M
PR R, T Pl TEAL, #H.
22 ASEHRNZE
221 XTESVETREHE  AEFPRIC 20(S)-Rgs.
20(R)-Rgs~ Rki+ Rgs % 5mg T 5 mL &+, HEE
VAR IE 78 25 5 T 1) TR A %o FE i RV MERFI Y 0.1
0.2.0.4.08.1.6 mL T 5mL &+, €%, 20 C
FAE AT
2.2.2 BEASIEB IR & B RSE I TSR
F10.22 pm FEFLIEMSIERE, USRI, VR AR
W R LT
223 %M @ik Acquity UPLC® BEH
Cig#t (50 mmXx2.1mm, 1.7 um); FshHNK-2
&, B E VAR 0~5.8min, 13%~22%Z.ff;
5.8~18.75 min, 22%~38%Z. /5 ; 18.75~22.05 min,
38%~40% 2 fi; 22.05~23.55 min, 40%~45%Z.
i : 23.55~24.25 min, 45%~58% £ fi# ; 24.25~30.00
min, 58%~62%Z./}#%; 30.00~30.75 min, 62%~80%
ZJi%: 30.75~37.75 min, 80%~100%Z.fi; 37.75~
40 min, 0%~87%7K; fHii 35 C; A= 04
mL/min; #EFEE 3 pl; A K 203 nm.
224 LMERFRFEHE FEEWHL “2.2.17 TUF R
ENTHE S AE AT, H% “2.2.37 TR Rk S AT I
5, PAEISRESIETAUPASR (YD X R 5 i &k
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F1 TEEEBRMENHEASSTHLOPN (X£s,n=23)
Table 1 Effects of different amino acids on conversion of rare ginsenosides (X £ s, n=3)
AL R (mg g ™) ‘
20(S)-Rgs 20(R)-Rgs Rk1 Ros B
His 1.68+0.12 1.35+0.11 2.80+0.06 0.54+0.02 6.371+0.08°
Lys 1.06+0.04 0.70+0.04 1.49+0.15 0.22+0.04 3.4740.07¢
Glu 10.40+0.77 3.87+0.33 6.12+0.42 7.17+0.47 27.56+0.48°
Asp 10.71+0.77 3.34+0.32 6.27+0.45 8.58+0.26 28.90+0.45?
Arg 0.95+0.09 0.67+0.07 1.404+0.04 0.20+0.02 3.2240.08¢

EREHRAFRRRTRENZER, TR RAREEEZER (P<0.05)

The superscript containing the same letter means that there is no significant difference, otherwise it means that there is a significant difference (P < 0.05)

20. 30. 40. 50 mL/g) AljzMiit[A] (0.5, 1.0 1.5,
2.0, 25, 3.0h) X#AH NS 21 20(S)-Rgs. 20(R)-
Rgs. Rkiv Rgs #AL& &M . Rl4E FIR R R
WIRIEE R, Wit T 4 R 3 /K IEAS g 0t 4
W22, FrafEmES 3.

251 RMIRFEXIA NS BH A S BN
WREMH, AT RLSHERES, BE A3
BEHNGESHENM, RB\EEZZWEA NS
BHBRMELZRR., RLRPFRER (R 2) &£
B, BERERT R, 4 A ASETNERLS

BRI = R RERES . /£ 110 CHF, 4 Fh
WAANZ BT 20(8)-Rgs\ ZO(R)-Rgs\ Rki Rgs i3]
el & B, 20 )N (11.084+0.88).(3.63+0.60).
(6.63+0.52). (8.06+0.38) mg/g, 5 HhH L%
HREMEZER (P<0.05). Kb, HLEE 110 C
VE R BRI SRR FEE

2.5.2  Asp WRFEXIA NS 2 H AL & 2 150
ASZIGHF R R R (R 3), BERFERRIKE I3 N
(1%~5%), WA NSBHWENSEM Asp WEE
BnmEE . £ 5% A A NS B E RS Bk

*2 TRBEMHBEASEFRUNEM (X+s,n=23)
Table 2 Effects of different temperatures on transformation of rare ginsenosides (X x s, n=3)

52 5 (mg-g ™)

BEEIC :
20(S)-Ras 20(R)-Rgs Rk1 Rgs N
80 0.46+0.02 0.3610.01 0.234+0.01 0.23+0.01 1.29+0.01°
90 1.12+0.20 1.12+0.06 0.7240.04 0.77+0.04 3.7340.08¢
100 2.60+0.07 2.27+0.05 141+0.16 2.17+0.01 8.50+0.70°
110 11.08+0.88 3.63+0.60 6.6310.52 8.06+0.38 29.41+0.59°
120 5.954+3.20 2.72+0.53 3.50+1.94 4.16+2.27 16.33+2.08°
ERREARFE T REFRR RERER (P<0.05)
The superscript containing the different letter means that there is a significant difference (P < 0.05)
&3 TR Asp REXNHBEASEBEHEUNEME (X£s,n=3)
Table 3 Effect of different Asp addition on conversion of rare ginsenosides (X £s, n=3)
ASP WK FE/% Py Al ¢ )
20(S)-Rgs 20(R)-Rgs Rk1 Rgs M
1 6.39+0.11 4.001-0.06 3.834+0.09 4.094+0.19 18.31+0.11¢8
3 11.08+0.88 3.63+0.60 6.624+0.52 8.06+0.38 29.4140.59°
5 15.49+1.15 3.77+0.57 9.514+0.98 11.174+0.52 39.9540.802
10 12.61+0.64 2.32+0.01 7.78+0.29 7.78+0.29 30.49+0.31°
20 8.53+0.24 1.47£0.50 5.514+0.70 6.75+0.26 22.27+0.16¢

FhREARFRTRRRE BEEER (P<0.05)

The superscript containing the different letter means that there is a significant difference (P < 0.05)
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P, 20(S)-Rgs+ 20(R)-Rgs~ Rki. Rgs 735K
(15.49+1.15). (3.77+057). (9.51+0.98).
(11.17+£0.52) mglg, FF5HALH LLEA B3E %=
Jt (P<<0.05). M2 FEFRIKELHI 5%, Mg NS
B S BRI . KL, &k Asp i
& H R B 5%,
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WE L A NS BB R 4 Fos,
b W E L, WA NS B EH RS ERI
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x4 TERELENHEEASE

(1548 +1.15). (3.77+£057). (9.51+0.98).

(11.17+0.52) mg/g, H &3 mTHALH S
T (P<<0.05) . i 8346 7 fJd B R ] b >y 20 mL/g.
2.5.4 [N IADN A N S R AL R R
SBE [0 R A NS B IR 5 s, WA
NS AT (18 F b s S 8] [ 38 I sz i . 4
REBL 2.0 h i, 4 FiA NS BH RS 21X 3]
B, 20(S)-Rgs. 20(R)-Rgs< Rki. Rgs 73K
(15.49+0.64). (3.77+0.57). (9.51+0.98).

(11.174+0.52) mg/g, H &3 & T HAh (P<0.05).
Y N 2.0 h JE, A AS BN SRR

HEAHFME (X+s,n=3)

Table 4 Effect of different liquid-solid ratios on transformation of rare ginsenosides (X + s, n=3)

WA L (mL-g?)

B9 H (mg-g ™)

20(S)-Rgs 20(R)-Rg3 Rk1 Rgs B
10 10.434+0.09 3.26+0.15 6.87+0.19 9.36+0.14 29.9240.14°
20 15.48+1.15 3.77%£0.57 9.514+0.98 11.17+£0.52 39.94+0.80°
30 14.934+0.38 3.85+0.26 8.45+0.02 10.80+0.20 38.04+0.22°
40 14.364+0.58 3.94+0.08 8.22+0.15 10.54+0.23 37.06+0.25¢
50 14.08+0.51 2.88+0.15 7.75%0.15 10.47%0.13 35.18+0.23¢

ERE AR RS B ER (P<0.05)

The superscript containing the different letter means that there is a significant difference (P < 0.05)

*5 TRIREMEMNEBEASEFEZLFNME (X£s,n=3)

Table 5 Effects of different time on conversion of rare ginsenosides ( X £s, n=3)

X Ji RS> H (mg-g )
SR [/
20(S)-Rgs 20(R)-Rgs Rk Rgs RE
0.5 6.43+0.11 4.05%0.16 3.95+0.18 4.254+0.21 18.53+0.25¢°
1.0 12.10£0.78 3.83+0.72 6.75+0.58 8.08+0.39 30.024+0.31°¢
1.5 10.43+1.15 3.25+0.15 6.88+0.20 9.36+0.14 29.92+0.14¢
2.0 15.49+0.64 3.77+£0.57 9.51+0.98 11.174+0.52 39.95+0.802
25 14.93+0.24 3.85+0.26 8.45+0.02 10.80£0.20 38.04+0.222
3.0 14.36+0.56 3.94+0.08 8.22+0.15 10.54+0.23 37.06+0.25°

LR EMA TR R E N ER, SR RAEEEER (P<0.05)

The superscript containing the same letter means that there is no significant difference, otherwise it means that there is a significant difference (P < 0.05)
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A>C>D>B, ffEi %72 AsBoCasDao HITT 2
SRR, IREEX AL SRR, Asp WREL.
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BAL A REIRE N 120 'C. Asp IKEN 5%, W[
tth 30 mL/g Al BT [E] M 2.0 he
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x6 ZtEPHRBASEFEN LBHEXRRELER
Table 6 Lo(3*) orthogonal test results of conversion of rare
ginsenosides from PNF

" . B WA NS REH
RIS AC B% C/(mLg?l) Dh
BE/(mg-g™)
1 100(1) 3(1) 10(1) 20(1) 8.39
2 100(1) 52 202 25() 12.70
3 100(1) 103 30(3) 3.0(3) 17.58
4 1102) 3(1) 20(2) 3.0(@3) 30.47
5 110(2) 5() 30(3) 20(1) 39.41
6 1102 103 10(1) 25(2) 39.15
7 1203) 3(1) 30@3) 25(2 46.84
8 120(3) 5() 10(1) 30(3) 4310
9 120(3) 10(3) 20(2) 20(1)  33.97
K1 38.67 85.70 90.64  81.77

Ko  109.03 9521 77.14  98.69
Ks 12391 90.70 103.83 91.15
R 85.24 951 26.69  16.92

RT EXREHFESH
Table 7 ANOVA of orthogonal test

RZE R ST A H F1H e
A 1381.9780 2 91.6025 P<0.05
B (i %) 15.086 7 2 1.000 0
c 118.731 4 2 7.8699
D 47.902 5 2 3.1751

2.6 E£ERIHE

P8 IR AS IR T tH M B 2% 1 AsB2CsD2 it
ITHRAE, HEE 5K, 4iRER, HiLE 4 FfE A
ZBH 20(S)-Rgs. 20(R)-Rgs. Rki. Rgs ML &
=N (17.804+0.43). (5.40+0.64). (10.62+
0.68). (13.10+0.22) mgly, TFHM LA EEN
(47.12+0.52) mglg, RUFRIIGHEMHE NS
BT R E B RCR . S B E
AR fE xS EE BT Bl 1 s o
27 HUBIBE=ZtHERIX LPS H &
RAW?264.7 £RE;E RS20

WA SCERiIE, =-LIEX BB RIE. Bl
PERE DA S/ BREIOK SRER DG I IR . 2 T ik 55456 417
HlFE RS2, JRRE P SRR AL A% S % Bk
B EOK B R Bk B4 il A i PRI N, 3R mT gD SO
B YR PGE & 522230, i =B B A RIFH
HMHLR IR WA NS RH 20(S)-Rgs. 20(R)-

t/min
1-20(S)-Rgs  2-20(R)-Rgs 3-Rk 4-Rgs
1 =tEWKET (). F (b)) AZEH UPLC xfttE
Fig. 1 UPLC comparison of PNF before (a) and after (b)
ginsenoside transformation

Rgs. Rkiv Rgs X T 45E f B A 5 25 i i (24250,
R, wFEL#E AT E =B8R Bt LPS il
RAW264.7 4 f 4 i S o
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RAW264.7 cells stimulated by LPS (X £ s, n=23)
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