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BRFGINTF LR X XV 40 S 2T R4 2 X X VAT K 2 g it i i B ¥ . ik & H FOF 8 MUK & 5k 2
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Exploring of Transformation Rule of Saponins in Polygalae Radix Before and After

Processing Based on Simulated Processing Technology
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[Abstract] Objective: To investigate the transformation mechanism and content variation of saponins
from Polygalae Radix before and after being boiled with licorice juice and water. Method: Simulated licorice
juice boiled products and simulated water boiled products of onjisaponin B, onjisaponin Z, onjisaponin F,
polygalasaponin X X VIl were prepared by simulated processing technology, and analyzed by ultra-performance

liquid chromatography-quadrupole-electrostatic field orbitrap high resolution mass spectrometry (UPLC-Q-
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Exactive Orbitrap/MS). Then the contents of onjisaponin B, onjisaponin Z, onjisaponin F, polygalasaponin
X X Wl and tenuifolin in Polygalae Radix, licorice-boiled Polygalae Radix and water-boiled Polygalae Radix
were determined by UPLC-triple quadrupole tandem mass spectrometry (UPLC-QQQ-MS/MS). Result: During
the boiling process with licorice juice and water, onjisaponin B could be hydrolyzed to produce
4-methoxycinnamic acid, desacylsenegin Il , polygalasaponin X X VIl and tenuifolin, onjisaponin Z could be
hydrolyzed to produce 3, 4, 5-trimethoxycinnamic acid, onjisaponin TF, polygalasaponin X X VI and
tenuifolin, onjisaponin F could be hydrolyzed to produce 3, 4, 5-trimethoxycinnamic acid, onjisaponin G,
polygalasaponin X X VI and tenuifolin, and polygalasaponin X X VIl was hydrolyzed to produce tenuifolin. After
being boiled with licorice juice or water, the content of onjisaponin B decreased significantly( P<0.05, P<0.01),
but the contents of onjisaponin Z, onjisaponin F, polygalasaponin X X Vll and tenuifolin increased significantly
(P<0.05, P<0.01) in Polygalae Radix. Compared with the water-boiled products, the contents of onjisaponin Z
and tenuifolin increased significantly (P<0.05, P<0.01) , and the change of tenuifolin content was the most
significant in the licorice-boiled products. However, there was no significant difference in the content of
onjisaponin B, onjisaponin F and polygalasaponin X X VIl between the water-boiled products and the licorice-boiled
products. Conclusion: Being boiled with licorice juice or water can hydrolyze onjisaponin B, onjisaponin Z,
onjisaponin F and polygalasaponin X X VI, and generate secondary glycosides and aglycones (organic acids)
through deglycosylation, which leads to obvious changes in the contents of onjisaponins after Polygalae Radix
being processed. It is inferred that licorice juice can promote the hydrolysis of some onjisaponins in Polygalae
Radix to onjisaponin Z and tenuifolin. This study provides an experimental basis for revealing processing
mechanism of Polygalae Radix.

[Keywords] Polygalae Radix; saponins; simulated processing; ultra-performance liquid
chromatography-quadrupole-electrostatic field orbitrap high resolution mass spectrometry (UPLC-Q-Exactive
Orbitrap/MS) ; hydrolysis reaction; bioling with Glycyrrhizae Radix et Rhizoma juice; reduce toxicity and

increase effectiveness
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2.1.1  HHROFAEIS FRBGR R R 20 g, fm 1248
HOKG B2, —RI2h, 811 h, JEt, 508,
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B Z G RE AT FORF 4 2 XX VI R i
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G A AT B O R VR4S 0.4 mL, A3 H R T
2 wL, 100 °CAR 43 Mk 2 .4 6.8 h, L 2 % 5
AN K 2 25 % 1 mL &b, BPAR I 7 2 A B AL
HHEITE2.4.6. 8 hiF M iF I . K% BUL K 21
B AL, By 28 AN [ B[] i 9 W 4% 0.2 mL, fin /K
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JECUE 3k, BSE 8 T, BP0 i R A B SR w0t
AW . M HR TS B Z &2 FOUNF

T SR K, At 4 AR TR AT A B AR R
BHBOEEEHZ EERHFIRFEBT X XV
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2.1.4 {4 3% 4 fF  Halo C, 4 3% # (2.1 mmx
100 mm, 2.7 pm) , Ji s #4 0.05% H R K I W (A) -
ZNE(B) B B ¥E M (0~5 min, 5%~12% B;5~10 min,
12%~25% B; 10~18 min, 25% B; 18~23 min, 25%~
30% B;23~28 min,30%~37% B;28~40 min,37% B),
P 0.3 mL-min”, A 35 °C, #EFE & S pLl.
2.1.5 Bk R LW g5 B 1 IR (ESD , £ B
T I, SR — S R4 & A sl ik —
5% (Full MS/dd-MS?) 5 i #5 =X, Joit i SR 4 3 [
m/z 130~1 950, — K JiT 1% 43 B4 70 000, — L Jii 1% 43
PR 17 500, ¥ K 45 arb, 5 B 10 arb, W5
%5 LK 3.00 kV, B 414 I 350 °C, Bl B A A2
M JE 350 °C, m R AL B+ 3 A8 5 oL % 55.0 V., Al
HRER 10.20.35 eV,
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Fig. 1 Total ion chromatograms of simulated processing samples of four onjisaponins

AR R K AR EAE TR H R Tk
222 RAXMEBEBRE S R BGL R R B,
AR Z e R F KT 4 24 X XV 40
RO IR O RS PR E I 50% HY e ) R B
oWk B 4 % A 3210, 20.00, 40.00, 32.40,
20.80 mg- L™ AR A X BRI o

2.2.3 A B W A R B RO R OB R
0.2 g(id =50 ), B HIEHETE b oK % A 50%
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Table 1 Identification of simulated processing samples of four onjisaponins
No.  t,/min S/ PR sy ¥ [ERR S BB T m/iz  3/ppm LY
1 1458  JRFaREX XM C,,H,,0,, [M-H] 1103.5273  0.09  455.3167.425.3059.,113.022 8
2 30.45 LERH B C,H,,0,, [M-HJ 1571.690 6 0.00  1169.5880,567.193 4,425.306 2
3 3154 kAT z C,,H,,0,, [M-HJ 1469.657 3 1.09 1245598 5.1007.5259.425.305 6
4 3207 GEEEAFF C,H,,,0,, [M-H] 1587.683 2 145 1557671 6.1 126.5654.425.306 6
5 11.14 X P A A B R C,H,0, [M-H] 177.054 4 452 162.0315.107.0450.133.064 3
6 14.00  desacylsenegin I "'’ CysH 0,0, [M-H] 1411.6385 021 1249.5847.455.3144.425.305 6
7 20.60 g R C, H, 0, [M-HT 679.368 1 191 455.3132.425.3053.167.321 5
8 1072 3,4,5- = HUAE N HER C,H,,0, [M-H] 237.0762 042 229.6214.177.054 5.133.063 9
9 1556 iEdRAF TFT C4H,,0, [M-H] 1249.5848 040 1206370 1.506.439 0.425.307 0
10 2852 GEAETFGHY C,oH 0,05, [M-H] 1455.6403 1.99  710.248 7.455.319 6.425.304 5
225 PFUESAMF CRMHEBIZEE T, 708 TR0 BRARE, T 50% Y mS RE I  SCR Sk I

RN, 22 15 R 0 WE AR =8 (MRMD) 1 4, 18 S
11 Lemin™, TSR E 300 °C, BAHE HE 4 kV, 5
L 2% TE 71 30 psi(1 psi~6.895 kPa) . 5> 1k4 4l &
) MRM 250000 3¢ 2, 45 RS 3t 1] L 348 5 o B B
ok

*x2 SHIZEEHEANMRMSEH

Table 2 MRM parameters of five onjisaponins

b& 2 BB T mlz - mlz WEERE/V RiEGE/eV
LR B 1571.9 567.2 380 92
LERITZ 1469.6 405.1 380 80
BT F 1587.4 455.5 380 88
INTF4RFEX XM 11035 337.0 360 73
A T A 679.3 425.2 240 36
22,6 LMEXRFEH WEEBMW 22200 FIRA X

K3 SHEZEEHEAUXRER

Table 3 Linear relationships of five onjisaponins

B it T i W 4 o8 32.10.6.420, 1.284
0.256 8.0.192 6 mg- L ; 1L ik B4 Z o i Uk & 0 0l
20.00.4.000,0.800 0,0.160 0,0.120 0 mg-L"'; it &
AT F SRR 4 9 4 40.00.8.000.1.600,0.320 0,
0.240 0 mg- L R4 ' H X X VILJT &k B 73 51 oy
32.40.6.480.1.296.0.259 2.0.194 4 mg-L"; 40 i} it
AR BT A Uk B 4 il A 20.80. 4160, 0.832 0,
0.166 4.0.124 8 mg- L', 71 2.2.4 T {4 3% 5% {4 Al
2.2.5 T T U5 A5 R A DU G, D e T R (Y) X A
Wl (X)) WEATLRME T, 2 Rl Ar e dh 28 . IR & %t
RS W A0 B R VDU, 43 ) DA MR L SR 3R 10
Bk Xsf R e B AR Ay e A AR 00 PR R e (I i PR . 4
LR 3, ZE R SR G WIAE 4 A 1 3EFE R B
FEl R PE G R R AT

AL/ [EYEpx r LR Fl/mg- L o IS T B /g - L I i /g L
T B ¥=320.28X+147.32 0.999 6 0.192 6~32.10 4.89 14.29
T Z Y=635.65X+143.44 0.999 4 0.120 0~20.00 2.47 9.22
PP UER e Y Y=14.992X+6.530 4  0.999 8 0.240 0~40.00 62.88 149.61
JRF4 X X Y=218.55X+155.11 0.999 5 0.194 4~32.40 3.17 11.56
A A Y=861.48X+1 035.7  0.999 5 0.124 8~20.80 0.29 0.93

2.2.7 REERE MR A R, R R 2.2.4
TR 3% S5 A 2.2.5 T oG Sk R S AR 6 IR,
3 HNE SRR B AT B Lk B AT Z e BT FORT
A2 1 X OXOVI . 40 i 37 2 2 A 0 e AR, TSR AE X
br #E M 22 (RSD) 43 5l b 1.64%, 2.43%, 2.14%,
1.85%,2.20% . & WIZAL ARG % B R 47

228 faatilsm  HE R i iR R 2.2.4

TR 3% 55 R 2.2.5 0T IS SR A N TE 0,2, 4,
8,12, 24 hib eI E 45 R KR H B E R Z.
e RAT F R T 421 X X VI 40 0328 2 2 1 0 i
FAIRSD 43 %14 2.57%,2.36%,2.62%,2.21%,2.69%,
2 WA A S VAR 24 h NERE &

22,9 HEMKE BRI RS AT 60, 4 2.2.3
T 5 s i 4 3 V4 2.2, 4 TR A3 S R AN
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2.2.5 00 T ik S R A L 45 SR R R B g 2201 FESYEEIE B EAS R R

B ZGeEBHFIRF4 21 X XV 41 g & e
T F ¥ 5T & 4 B0 5 R 378.90.12.04. 1 018.35,
355.61,29.48 wg-g', RSD %3 %l N 2.42%, 2.95%,
2.39%,1.50%,2.01% , £ Wiz Iy i dH 2k R 47

2.2.10  JnkEEIMGREE  BE F0 A Y A — R SR
A6, 52502 g KEEFRAE , 43BN AR A X -

AW I mLGEE R F B mERT Z mEEHF.,
JRF 4 T XXV 48 i3 7 2 19 5 o 4 2500 Sl
4 55.00, 2.50, 180.00, 60.00, 6.00 mg-L") , ¥ IR
2.2.3 500 J7 o A A A T e IR 2.2.4 00T (55
SR 2.2.5 00T J0T RS A% 0 AR A L SRR ]l
K, GRLERFB IEERET Z mEBHF LT
G B X X VI 4 e 5 52 0 7 2 Rl 243 51 Ry
97.82%, 98.20%, 96.77%, 98.90%, 97.29% , RSD 4}
WK 2.40%, 2.44%, 1.70%, 2.02%, 1.54% ., % W i%
D5 ¥ LR A G B oK,

®4 EXTEEHBPSHTZEEFRESBLR Gts.0=3)

0.2 g, K% FRAE , ?”anzslﬁFﬁvz%ﬂ%'J%1 IENTR
W, EAT 045 30, 4% IR 2.2.4 0 F (3% 44 1 Fn 2.2.5
TR 0T i 2% 1 R I A AN 25 A6 A el A
BotESHEMPEERTB EEREFZ.nER
P F R4 52 1 X XV 40 3 2 52 45 09 T 43
iﬂz SR JFH B0 26 22 4 T XoF 6 7 AN [R) e i 5 e S b

,U\%Hﬁ%iﬁé&ﬂi TESF L, P<0.05 £ R E R

BAESGI RN, ER BN, EESH T &K
Ela,mE R BEE/\%&i&J%EF&ﬁE(RO 05, P<

0.01),ZEERFZ mEREFILFE&EHX XV,
4 m R B o B0 B W g (P<0.05, P<

0.01); 5KE ML, HEHZMPEER T Z. .41
3t S R R A B B 5 (P<0.05,P<0.01), X
éEH[H“ :u\%ﬁﬁ ﬁﬁi‘ﬁﬂfﬁi% ﬁﬁﬂlu\

HB LR F N @ X X VI & Bz ik
TGt E Lo Wik4.

Table 4 Contents of five onjisaponins in different Polygalae Radix processed products (x+s,n=3) g g’
No. it FE & R B LERHZ R HF JNFERAFX X ginfim & g1
1 210701 P 352.53£15.32 11.07+0.41 1020.69+10.02 320.13£6.71 29.69+1.07
KA & 295.97+2.92" 12.26+0.32% 1195.58+11.54” 346.05+1.86 308.15+1.62%
b #imE  284.2249.27Y 13.29+0.24>% 1222.61£22.97% 356.88+3.95 349.43+2.61>%
2 20211103 i 281.05+10.32 13.69+0.38 885.00£18.75 297.02+1.94 27.35+1.06
KA 237.33+8.60 15.14+0.31% 1012.72+18.52% 354.85+5.56 269.05+4.86
HErZmE  233.13+4.24Y 16.33+0.42>% 1023.52+33.78% 366.83+10.85% 339.89+3.31>%
3 A210801 i 253.94+4.73 20.96+0.49 1 065.06+38.30 339.94+1.96 19.28+0.48
KA & 240.10+2.18" 36.33+0.24% 1183.90+13.55" 354.49+1.20" 298.83+1.34%
R &L 238.00+5.34" 37.57+0.45% 1 235.75+35.44% 357.57+5.42" 401.39+1.35>%
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R ZEE  219.93:2.91" 18.87+0.68% 951.35+26.55" 311.59+2.27 377.23+5.44%%
T - 5 A G 5 H A 1 P<0.05, % P<0.01 ;45 [t Yk 253 75 He i P<0.05, % P<0.01
3 it EERHFB EERT Z Z2E2HFINFE& BT

PR 2 B 2% 9K R | UPLC-Q-Exactive
Orbitrap/MS 4 AR H i il 27 B g i 2 1 Z g 7
B FJRNF & B4 X X VI AR 6 8 h =4 iF
AT AR & BURF 4 A X X Ve & 24 B g
AR ZIm R B F R R 7 ek
K B AR e A, B AW AT e A .
AT G I T 4 B S BB 6] 2.4 .6 .8 h ()™
YA Dy A o V8 R AT L M . RS CR A

UPLC-QQQ-MS/MS ¥ [F] Bk I 5 378 55 AN [] 6 ] b v
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B AL G B A O G R 22 T T A R g
W TH BRBR R , I T 384 5 22 1 23 A T, (5 G 7
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i R T 2 S I B W - = L i S G
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A FESE R VR Sy T ) s v A Ak 5 A R
J6L ) e H 2 a3 K i R DTAH 0% o

25 LR IR, A 58 R TR UL ) R UPLC-Q-
Exactive Orbitrap/MS 73 B T 3 i H % y 2& FloK &
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B X X VI % 4k AL, JF & H UPLC-QQQ-MS/
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Bl =, 70 350 A S A R 28 R e A A v AN
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