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Exploring chemical composition differences of different processed products of
Polygoni Multiflori Radix based on UPLC-Orbitrap Fusion Lumos Tribrid-MS
combined with DESI-MSI
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Abstract: Objective To compare the differences in chemical components between fresh, raw, and processed Polygoni Multiflori
Radix (Heshouwu), and reveal the regularity of component changes during the processing of Polygoni Multiflori Radix . Methods
UPLC-Orbitrap Fusion Lumos Tribrid-MS/MS technology was used to characterize the components of fresh Polygoni Multiflori Radix
and its processed products. The change index (CI) before and after processing was calculated based on the peak area to evaluate the
overall change trend of component content. Principal component analysis (PCA), partial least squares discriminant analysis (PLS-DA),
and orthogonal partial least squares discriminant analysis (OPLS-DA) were employed to screen differential markers before and after
processing of fresh, raw, and processed Polygoni Multiflori Radix based on variables importance in projection (VIP) values >1, P <
0.05, fold change (FC) >2, or FC < 0.5. Desorption electrospray ionization mass spectrometry imaging (DESI-MSI) technology was

used to visually analyze the spatial distribution characteristics and change trends of differential markers. Results A total of 74
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chemical components were identified from fresh, raw, and processed Polygoni Multiflori Radix. Among them, 18 differential

components were found, mainly including anthraquinones, stilbene glycosides, and flavonoids. DESI-MSI results revealed that

differential markers exhibited characteristic distribution in various tissues of Polygoni Multiflori Radix, mainly enriched in the vascular

bundles of the “cloud-patterned” region, such as emodin, catechin, and chrysin-8-glucoside. Conclusion Anthraquinones, stilbene

glycosides, flavonoids, and other compounds are the main and differential components of fresh, raw and processed Polygoni Multiflori

Radix, mainly distributed in the vascular bundles and cortex. Their content tends to decrease during the processing. This study

systematically elucidates the changing patterns of chemical components during the processing of Polygoni Multiflori Radix, providing

data support for the scientific connotation and quality control of Polygoni Multiflori Radix processing.
Key words: Polygoni Multiflori Radix; processing; UPLC-Orbitrap Fusion Lumos Tribrid-MS; DESI-MSI; differential ingredients;

emodin; catechin; chrysin-8-O-glucoside
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Fig.1 Total ion current diagrams of fresh Polygoni Multiflori Radix and its different processed products in positive and

negative ion modes
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Table 1 Identification results of chemical constituents of fresh Polygoni Multiflori Radix and its different processed products

. , . HiplH el BE . s L SRR I
/5 wmin TR BTES ) my (X109 ZHERS () WERG s sty e 0
1 084 CuHxOu [M—H]" 34110893 34110846 138 341.108 46, 179.056 17, HEfil WE o+ o+t
71013 86,59.013 86

2 08 CpHxOn [M—H] 34110893 34110849 129  341.108 49, 119.035 04, oo-HFkE WE o+ o+
5001386

3 109 CHOr  [M—H]" 19101972 19101933 204 191019 33, 111.008 71, #EHE wEo+ o+ o+
87.00867

4 263 CsHuOr [M—H" 30506667 30506659 026 305066 59, 261.076 93, %&T /LKA HEOOo+ o+

219.066 12, 125.024 48
5 1042 CpHzOw [M—H] 44511402 44511200 454 445112 00, 283061 34, K#HZEME-1-0p-D-# M
269046 63,241,046 14 %jEHE

B
fic
=
+
+
+

6 1048 CaHxOn [M—H]" 43109837 43109860 -—0.53 431098 60, 269.045 56, K # % -8-O-p-D-# 4 HE  + + +
241050 16, 22505569 L
7 1279 CusHuOs [M—H]" 26004554 269.04553  0.04 269045 66, 241050 78, P AHZM WEO+ o+ +

225055 68, 197.060 62
8 937 CxHzOu [M—H] 47310893 47310861 068 473108 61, 283060 91, k% %-8-0-6-0-Z W HE  + + +
269.04562,241.04930  H)H AT

9 088 CHiNO, [M+H]" 11607060 11607059 009 11607059,7006519  FHEMM ER O+ o+

10 090 CHuNQz [M+H]* 17511895 17511891 023  175.118 91, 158.092 74, FEEML TER o+ o+ o+
72.081 14

11 091 CHpOs [M—H 19105611 19105687 -398 191056 87, 111.008 84, %Jefk* R+ o+
87.00876

12 101 CeHuOP [M—H]" 25902244 25002231 050 259.022 31, 223.000 43, o-D-H ZEih-1-ThRG* pizk + 0+ o+
168.990 80, 96.969 56

13 121 CHsOr  [M—H 19101972 19101974 —0.10 191.019 74, 111008 75, FFrER* w® o+ o+ o+
87.00871

14 121 CHN:0 [MHHF 12305529 12305528 008  123.055 28, 106.028 62, A e o+ o+ 4
96.044 46, 78.033 82

15 12 CHOs [M—H 17300916 17300902 081 173009 02, 111.008 71, Ii&ki&* B®mo+ o+
85.02969

16 123 CHOs  [M—H 13099860 13099857 023 130.99857,87.00862  HZM' oo+ 4

17 123 CsHiOs [M—H]" 11100877 11100880 —0.27  111.0088,67.019 iy
18 123 CsHgOs [M—H]" 12001933 12901935 -0.16 129019 35, 111.008 60, FXHHR*
85.02942, 67.018 97

EES
+
+
+

19 135 CHO:  [M—H]" 11701933 11701937 034 117.019 37, 99008 73, H&m" /{17 S S
7302948

20 424 CisHuOr  [M—H 30506667 30506616 167 305066 16, 219.065 90, gallocatechol® W+ o+ o+
167.035 45, 125,024 25

21 462 CisHpOs [MAH[r 27307575 27307578 -0.11 273075 78, 255.065 80, pinobaksin’ #Wooo+ o+ o+
227070 05

2 462 CisHuOs [M—H]" 28907176 28907159 059 289.071 59, 245081 82, )& W+ o+ 4+
203.071 37,123,045 22

23 544 CisHuOs [M—H]" 28007176 28907184 —028 289.071 84, 245081 94, F)LFKZEM i + o+ 4+

203.071 37, 151.039 96,
125.024 44, 109.029 49
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v _ . Hipf WEE  RE - o BT AT T

5% wmin - AFR ETER ) m) (X109 R (miz) R VIS i ¥t

% 748 CoHxOp [M—H]" 54113514 54113470 081 541134 70, 313.056 46, HEE-4-0-6-0-% —HKLHE + + +
22707138,169.01421  fx-Fk)-Hi & pHE

25 75 CpHzOw [M—H 44511402 44511395 0.6 445113 95, 297.075 10, K# & H-8-O-% 4 ME + o+t
260044 77,241.04657  HEH0

26 1041 CpHpOs [M—H]" 28306119 28306110 032 283061 10, 254057 31, K% FHRH el ot ot
241.046 25, 212.047 65

27 58 CygHpOs [M—H 29905611 20905603 027  299.056 03, 255.066 27, ik K it o+ 4+
241,046 46, 213.051 06

2 617 CeHpOs [M—H]" 29905611 299.05698 -291  299.056 98, 255.066 24, o-FHEAER-S-HRHY  HE + o+ 4+
24104829

29 667 CaHzOs [M—H 40511911 40511874 091 405.118 74, 243066 28, 2354-TUfEH /M- —HKM + + +
225.05572,173.06080  2-O-Hji ity

30 950 CuHaOw [M—H]" 43109837 43109845 —0.19 431098 45, 203.046 33, HHZEL i o+ 4+
269.045 65, 225,055 85,
1864312

31 1023 CyHuOr [M—H] 32906667 32906680 -0.40 329.066 80, 299.019 78, E7EZM i o+t
227,035 60, 161.024 63,
11018283

32 676 CxHxOu [MHH]" 569.18648 56018628 035 569.18648,24508148  2354-JUAEH-FKZM- —HKZKE + + +

2,3-0-p-D- — % &
:E':[ll]

33 634 CaHaOun [M—H]" 44709328  447.09329 —0.02 447093 29, 285.040 46, %zt H o+t
243,066 28, 73.060 80

3% 648 CuMaOn [M—H] 88115706 88115631 085 881156 31, 720146 42, [RiE&EX B2-33-2-0-% il o+t
559.124 27,407.076 81, BT
260045 41, 125.024 44

35 649 CyHxnOs [M—H] 60914611 609.14545 108 609.145 45 284.032 64, 5712 H o+t
255.087 41, 227.056 11

36 662 CaHzOs [M—H] 38912419 38012340 203 389.123 40, 260.571 66, JEktF* L o+ o+ +
227,071 37,185,060 81

37 663 CisHpOs [MHH]Y 27307575 27307574 004  273.075 75, 255.065 19, pseudosindorin® i + o+ 4
163.038 97, 147.044 06

38 672 CuHpOs [M—H]" 24306628 24306624 016 243.066 24, 225.056 05, [IHAZHE SR o+ o+
21507037

39 976 CisHuOs [M—H]” 28504046 28504056 035 285.040 56, 241.050 75, HAEKHRM ol +o+ 4
197.060 87

40 947 CuHaOp [M—H] 43109837 43109824 030 431098 24, 269.045 50, KMZK-1-O-&MHI WA + o+ 4+
241.050 06, 225.055 76

41 730 CHeOs  [MHH]Y 17102880 17102912 -187 171029 12, 125023 23, W& TR AR +o+ 4+
81.03345

) 801 CuHuOo [MHH]* 41913475 41913300 418  419.133 00, 257.080 72, F KM TEUE o+ o+t
23907037

43 1247 CisHeOs [M—HI" 28302481 28302104 272 283021 04, 254.988 97, AR Joli o+t
241.046 11

4 72 CuHpOs [M—HI 22707136 22707144 035 227071 44, 185061 07, a\-AZE @ TERUE o+ o+

157.065 22, 143.050 40
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v _ . ity WEl RE = . L BT AR

5% wmin - AFR BEER ) M) (<109 R (miz) WA VIS ——

45 1461 CisHpOs [M—H]" 26904554 26904553 004 269.045 53, 241.050 81, K%L i + o+ o+
225,055 77, 213.055 08,
210,031 65, 197.060 56,
181.065 70, 153.071 27

46 665 CuHaOrp [M—H] 46308820 46308811 019 463088 32, 300.027 65, 4Z4pk 6™ H + o+t
271.024 96, 151.003 72

47 667 CiHpOs [MHH]F 27307575 27307608 -121  273.076 08, 225.066 31, Hif¥&" i + o+ 4
153,018 52

48 668 CpHisOn [MHH]" 44309727 44300726 002 443097 26, 291.086 31, FMHEE X-3-0-K& T H#ild o+t
153018 24,139.03897,  Eafg*
123.044 06, 95.049 14

49 68 CsHwO; [M—H 30103538 30103537 003 301035 37, 257.045 55, Hip&” H +o+ 4+
213,055 72, 185.060 80

50 696 CaHxoOw [M—H] 43109837 43109921 -195 431099 21, 269.046 13, &K #H%-8-0-pD-H M +o+ 4+
241.04862,225.05575  AjfEL

51 709 CaHzOw [M—H] 43311402 43311472 -1.62 433114 72, 271061 16, MhB/&-O-&ifEH i o+ 4+
253,050 43

52 724 CaHxOp [M—H] 54113514 54113507 0.3 541135 07, 313056 67, 354-=HE - KZMH- —HKZHE + + +
22707144,169.01428  4"-O-p-D-(6"-O- % &

TR TR )- M e &
A

53 669 CuMuOs [M—H] 22707136 227.07138 —0.09 227071 38, 185.061 28, FZEffltetel R o+ o+ 4+
157.065 56, 143.050 49

54 758 CusHuoOs [M—H] 28404046 28404056 —035 284040 56, 241050 58, 2-%JEk#H %! B +o+ 4+
226,027 07

55 775 CaHxOs [M—H]" 57114571 57114526 079 571145 26, 327.072 63, rhaponticin-2"-O-gallate’ —FZM + + +
243066 15, 183.029 85

5 794 CuHwpOs [M—H]" 20905611 29905609 007 299056 09, 255066 48, 2-FH-K#MA-L-FRF B + o+ 4+
213,055 73, 211.076 35

57 795 CaHaOp [M—H]" 43109837 43109799 088 431097 99, 269.045 38, &K &K-0-0-p-D-4 HE +o+ 4
241.04755,225.05562 At

58 801 CusHuOs [M—H] 28504046 28504031 053 285040 31, 241.050 78, protoapigenone’ i + o+ 4+
23519170

59 857 CusHuOs [M+H]" 24310150 24310130 082 243101 30, 215.069 05, AL AT “EUE O+ o+ —
183.080 11, 149.059 48

60 863 CusHwOs [M—H 25305063 25305057 024 253050 57, 224.047 58, K#WH" i + o+ 4
208.052 86, 197.060 39

61 879 CauHaOp [M—H] 43109837 43109842 -0.12 431098 42, 260.045 59, P4 K &-1-0-p-D-# HEE + o+ 4
241.05014,225.05582 At

62 881 CusHuOs [M—H]" 269.04554 26004572 —0.67 269.045 72, 241.050 40, JisE& A +o+ 4+
225,055 66

63 883 CyHpOs [M—H 31105611 31105743 -424 311057 43, 283.062 04, ZBEALAHE" i ot ot
255.067 25, 241.048 98

64 885 CxHpOu [M—H] 47310893 47310794 209 473107 94, 269.045 41, ML AHE-8-0-6-0-2 K + o+ 4+

241,047 62, 225.055 86

[ES Gl
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. _ . iRl WEl RE = . L R R

f5 wmin - HTH BTES ) my (X109 ZREER (i) WA VIS sty D

65 904 CyHpOs [M—H 31105611 31105643 -1.03 311056 43, 283.061 83, 2-ZBALKHE! BRSO+ o+ 4+
269.046 11,241,051 01

66 934 CxHuOs [M—H]" 407.13475 40713467 020 407134 67, 245081 82, BIEi-8-HAjMtH MR + + +
215034 70, 205.499 33

67 969 CyHuOs [M—H] 20707684 20707684 000 297.076 84, 279.067 11, FHiEyidr FER W+ o+ o+
254,058 76, 211.038 76

68 998 CuHpOs [M+H]" 27307575 27307568 025 273065 64, 255.050 77, naringeninchalcong® — #FE  +  +  +
22761058, 155.368 41

69 1012 CusHuOs [M—H]" 28504046 28504056 —035 285040 56, 241050 75, ARHE* ®HOo+ o+t
197.060 87

70 1050 CusHpOs [M—H]" 28504046 28503943 361 285039 43, 269.039 89, &M HHoOo+ o+ o+
257,045 84, 241.046 74

71 1069 CasHzOun [M—H] 47310893 47310846 099  473.108 46, 269.045 44, 6"-O-acetylgenistin® HHOOo+ o+ o+
241,049 88, 225,055 71

72 1111 CyHiOs [M—H] 28306119 28306110 032 283061 31, 254.057 60, k#%-8-FRk* B+ o+ 4+
241,046 25

73 1226 CyuHuOs [M—H]" 28306119 28306122 —0.11 283061 22, 268.037 11, ¥UHE* ®Hoo- -+
241,046 63, 212,047 65

74 1734 CuHznOs [M—H] 24319657 24319656 004 24319656,50.01385  3-FHANTHM" BB o+ o+ o+

HRMBRZACE By s AR IMBNZACZE RS * 50 W s #5580 PR xS

+ the chemical composition was detected; — the chemical composition was not detected; *compared with reference standards; # compared with the

database.
BRRAE W) S o i HERRIRAT IR OB 15,

L ED) 45 K3 NI R A YR
AT IR . FE A B AR N A T B T
m/z269.045 53 [M—H]", {REANAIY 14.61 min,
M1 XA CisHwOs, —HREEF BN m/iz
269.045 53, 241.050 81. 225.055 77. 213.055 08.
210.031 65 197.060 56. 181.06570. 153.07127 H
R TIE, BE SN E R ER, iz
HYH 2 BT RERIRRIR . RRET 1 #EST
B mlz 269.045 53 [M—H] %2 1 701 CO, M
W F m/z 241.050 81 [M—H—COJ, #E&HRKE
1 431 CO, e m/z213.05508 [M—H—CO—
COJ: B WEFT m/z 241.050 81 [M—H—COJ #i%
1 501 COy, AEHER m/z 197.060 56 [M—H—CO—
CO.l, HEEFIK 1 201 COx 153 m/z 153.071 27
[M—H—CO—CO,—CO:] I Fi 85 TV . ki
12 2: WO T BT m/z269.045 53 [M—H] k2 14>
T COy, JEHRHEF m/z 225.055 77 [M—H—CO4],
kSR 2 1 731 CHs, RIS BT m/z210.031 65
[M—H—CO>-CHs]s BLE T m/z225.05577 [M—
H—CO:] £k 1 731 CO, A m/z197.060 56

[M—H—CO,—COJ; B m/z 225.055 77 [M—
H—CO] k% 1 40F CO2s 31F m/z 181.065 70 [M—
H—CO,—CO,] R BT, SEEat) 45 NRER
322 mlER MEHES. AFEL. HiffES
HILEE 24 DNEEEIL G . EERAE IR
BERZ RN 2- KB O J5HR, &4 Ce-Cs-Co 170, K4
DL BT e SR SS & T L TR ARE: &R
AR, WEEF RS 5 W 2R 7 A e O RRE R
WA M C 35 KA R BB /K8 (RDA)
R RO, Rz HO. CO. CO, By
PEIERE 7 R IR A ) 3 BRI A, XSk
TEWE Fr RE R IZ R AV 25015 B

DALED) 46 & 22 Bk NG TR0 A
FRIBARBEATIR o 4 22 Bk 78 S B TR A 20T 1
T BTN m/z463.088 11 [M—H], {REHIN & A
6.65 min, T3S T 20N C2iH20012, 251 K]
7R m/z 463.088 11, 300.027 65. 271.024 96.
151.003 72 FIREF & 76 B PR IE THA S
B, AR ETREN: WX TET m/iz
463.088 11 [M—H] 2k ZHli%: CoH11O0s JE L3 i H 7o
WA B 7 m/z 300.027 65 [M—H—CeH10s], 4k4:
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KE 14T CO M1 44T HERETHER m:z
271.024 96 [M—2H—CeH;;05—CO]~, FH& = ekl
T, A RDA 2, S5 A 3+ m/z 151.003 7201,
MRAE L ERE A S FE R, ARSI S S B AL
MRZM T IUEEXS, SE B 46 G2 pk e,
323 OROMEE MEETE LS. AEME S, HlET
w11 AR OERE Y. R L
WA E B DB a5 45 &8 A 1
ARG FENRE RN IR, BER
FIRIR B, B 4 67 _EREURIE, AR IR R
INEAL, B 3. 5 A7 B HUARES, SR bn R A 2,
HAE ESI-MS i Bt 2 /N o 1 itk oy 1A
STV BT TR SRR ISR 1) R TV

DIM&Y 53 B IEONE], RIS
5 RN R OB E M ERRR AT . e h
Y 53 1E B TR N TR TR m/z 227.071 38
[M—H]", fREEEA 6.69 min, 34N
CiaH1203, % B A B IR m/z 227.071 38,
185.061 28+ 157.065 56+ 143.050 49 [R5l
RYE TSR AR, S EYIRARIRETT R
N: HES T BT miz227.071 38 [M—H], %2141
CsH40,, FRIGFHEF B T8 m/z 143.050 49 [M—H—
C4H40o] s AT B FIE v AT ZRLRER | 2, 3 Al
4. 5 AL A A BT 2R 25 1 40 CoHLO, AR i
BT m/z 185.061 28 [IM—H—C,H,01, 4345 Fiok
210 CH0, A m/z 143.050 49 [M—
H—C,H,0—C,H 0175 B v 85 F m/z 185.061 28
[M—H—CH,0O] 112k 1 431 CO, B m/z157.065 56
M—H—CH,O—COJ WIWE B 7. It 5 k(5 2
X R OSCHREE ], e b &) 53 N ZE P il 18],
33 MBHEUERSEENTHEE

FEIE. B FRUN, ) 5 A AR i )
UG OR BA INFIA) L 7231 B8 108 Je — R Bl i S S
BRI R —8E, TS a2 T
BOHAT EATEAS, AT RERAEAH NG S By B & &
LI, AR1FEEL (change index, CDD =/l
5 U P e TR R/ o5 5o N7 R A o [) 2 - U Sy 0 T
TR0, CI>1 Rz por T M e 2 E3g i,
CI<1 Rz i R H 5 & 2K ClI=1 %
N G IDERE A AR 5% == o W a8

SERIN, AT ST S R B A R
FFRRRIRA . FAT B SR 1 AN SRR 3
TR, HBUER 1 DRI B KET,

LA A 57 B A2 J 1) 1T S5 A7 AE B & B (K
A, BETE SRR EE SR, 10 Mea?E
R ETE (C1>1.50, P<0.01), 4352 R a,0-
HEEENE . TEER . JHMER% . rhaponticin-2"-O-gallate
KRBHEZ. Bigm. WEH. KER. KER: 21
A B B RIL (CI<<0.67, P<0.01), 435K
R o-D-HEEHE-1-B5R . FIrER. Rk,

BETILRR. LR RILFRER. xR, 2-
FRIE- R ER-1-PEE . 72 KR -0-0-B-D-H & BE
T R, REEREE. K. HERE
2-1-O-B-D-HEHEH . R LB Z KR,

PSR 3 -8-0-(6-0- LTIk R B HE 1 . KB -8-
O-(6"-O-Z I ZHitF . BRI R, K K-8-
ik, KR @BEEGE, 9 MUEwS
BRETE (CI>1.50, P<0.01), 4352 HEHE.
Mkl IS Sk T P2 RIE 3R -8-0-B-D-Hi &
PEEF . B7E & . 6"-O-acetylgenistin, K¥ 2. 3-Fo 4
WEERR: KM, KER-1-0-HaT. HE
KRERF 19 MREMRE, B BEEF 4-
O-(6"-O-B & T HE)- M & E T . L RTHH S 6 4> —
KOIRHE, WBETILEER. JLRER. SLHE.

W RS 17 NI 4 MRIRELL o-D-H #&
BE- 1-BERR & &R FEIC (C1<<0.67, P<<0.01).

25 R ILEETE SRS S 2 BN EER . R O
TSRS i AR I T PR S, H DI S 5
(U AR N PR BE O R AT 5 S AN RS )
FEIE . SR RN B I AR AR AR BN 2.
34 ERGUSH

3.4.1 EK M (principal component analysis,

PCA) 74 MLEWIRIETIARH MetaboAnalyst
6.0 FERATIH AT, FrREHE 2 SIMCA
14.1 AR HEAT PCA AMfis /> —3fe 53] 734 (partial
least squares discriminant analysis, PLS-DA) (& 2).
PCA R Ry (RBUERERE SIS HD 058 0.747, Q?
(TR EE F1ZH0 H 0.665; PLS-DA BRI R2y (R
HEREEE IS0 68 0.935, 02 (TG 50
fH79 0.981, T 0.5, BB AR E P AN T
PERYF, BERC A TH LR WLRE S B 2 5. A
[FIREA fU 3 RAE — S, BBV, BRI
PR . S AT S S
HHRAEREAN XN, BAYESEES, R
AT S SR SRR A R R, A
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*2 BUESRETEEHREFIERREHRTRELER
Table 2 Change indexes of ion peak area of fresh Polygoni Multiflori Radix and its different processed products

. - TIRE . o Bk
e ey s | e R U
1 TERE 194 167 3B AKPE 085 0.67
2 o0-fEENE 200 142 39 BREKEX 0.60 0.35
3 ER 062 039 40 KEE-LOHEMHLE 0.70 045
4 BEFIFER 060 029 4 HETR 0.77 046
5  KEZFR-1-0-p-D-H A HH 081 067 42 LREY 0.64 037
6 KiE&E-8-0-p-D-H& T 067 037 43 KHER 307 140
[NEIN ¥ 3 065 037 M RA-AEE 1.05 0.74
8 KHE-8-0-(6-0-Z B WA 062 045 45 KEER 242 182
9 HER 166 079 46 HUpk 0.79 048
10 FER 081 102 47 MiEE 082 052
1 ERR 052 056 48 RPEEE-3-0- B 071 045
12 oD-HERH-1-HR 018 034 49 WEE 0.75 0.44
13 RTER 063 038 50  PEKHEK-8-O-pD-EEMEL 1.08 1848
14 B 198 2111 51 hhBE-O-Eim 0.88 0.46
15 JRSkER 144 179 52 354"-=HHEFKLNE-4"-0-p-D- 083 038
(6""-O-% £ T FA G-It w0 4
16 HZR 148 078 53 AEME 087 0.35
17 R 082 080 54 2RIEKEER 0.75 0.34
18 KRR 132 11 55 rthaponticin-2"-O-gallate 173 145
19 B 123 125 56 2-FE-KHE-LWEE 0.65 021
20 gallocatechol 067 056 57 PERFEE-0-0-B-D-HEMHH 061 040
21 pinobaksin 0.75 0.57 58  protoapigenone 131 0.89
2 ER 064 036 50 FEAIKHT 063 R
23 FIEEK 057 038 N 0.66 0.36
24 AZFE 4-0-(6"-O-R B TE)-EAMT 092 042 61  PERHEEK-1-0-p-D-H &M 0.66 035
25 KHEKWEE-8-O-H HRE 081 061 62  ARE 0.66 024
26 KEEWE 077 057 63 LBEMERHR 054 022
21 EAE 084 036 64 PEREEK8-0-(6-0- LB WkibEL 045 024
28 o-RIRE-8- 085 052 65 2-CEAERHR 0.90 043
29 2354 — K L HE-2-OH G R 078 068 66 JBAM-8-T A 0.70 051
30 AHE 079 047 67 B EHE 0.89 0.66
31 HEE 176 189 68 naringenin chalcone 0.78 046
32 2354-MUEH—FK L M-23-0pD-—H4E 085 067 69  AKEEER 171 1.20
Wit
3B KRN 061 068 0 LEH 2.15 1.04
34 JRIEHE B2-3,3-2-0- I & FHRHE 074 027 71 6"-O-acetylgenistin 0.80 2.34
3B HT 087 569 72 RAE-8-HE 0.66 0.50
36 SRR 107 066 73 WEEE - bR
37 pseudosindorin 086 045 74 3RENTHER 098 458

3.4.2 XA /D ZIRIE-FH 4 Corthogonal
partial least squares discriminant analysis, OPLS-DA )
Nt — BRI 2 R, R S, AR
E 5 il E ST P41 OPLS-DA. K 3-

A. D. G iR, B vs BT AR R
fRRERE IS HL R Ry KTRNIGE IS4 O* WIE S
SN 0.917. 0.997. 0.994, fEA]E 2 vs i E
B R2. R?y Q% 739079 0953, 0.998. 0.996,
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A /\ Wy g A W ey
: ] ® : | EX

* e | mes . . F _INNER R

A-PCA 737y ; B-PLS-DA #1735,
A-PCA score plot; B-PLS-DA score plot.

B2 #HUESREAEEFRNEERTERESH

Fig. 2 Difference analysis of chemical compositions of fresh Polygoni Multiflori Radix and its different processed products
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REBEIEHN S-plot
Fig.3 OPLS-DA plots, 200 permutation tests, and S-plots of fresh Polygoni Multiflori Radix and raw Polygoni Multiflori

Radix (A—C), fresh Polygoni Multiflori Radix and processed Polygoni Multiflori Radix (D—F), raw Polygoni Multiflori Radix
and processed Polygoni Multiflori Radix (G—I)
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AATE S vs A ST Ry Ry O 5N
0.883. 0.994. 0.985, ¥IKT 0.5, UtBHEE LB
e ME AN TN I 38 R a2, R R Y R AR B
HLHEF] 200 JOHAT B AL, B4k e i WK 3-B.
E. H, #%>0, 02<0, UiIAEEM S vs A H S,
ST B S vs AT B . AT S v AT B S EEGIX
I, RIS A AL, RedER AR, W
TlRerE Rif, AEETIEIRE, KP4 (i
HY vs ATES., SAEY v B ES, EAE
5 vs WM E S ARS8, RAE S A
[ e 1) 774 e 8 03 A 27 B o3 R O 5 B
343 ZERrEVNIELE /£ OPLS-DA Al
BE— DA AR AL S-plot B, AT (R BBl brid: VIP>
1. P<0.05. FC>2 8{ FC<<0.5 [KAL2E R0 %
TEZ SR o ST S vs A S, BEA[ 5 vs
BT S A S vs i) B AR AL A3 15 2 14
17, 17 NMEBAERREY (K 3-Cy F. D, 15 3T
G 4 MRS EAE UERE. wo-lEERE. R
R KIER), 10 Ml S ERIK (BRERKR. 7R
2. ILZEE. BILEEK. 23,54 U FEE 2 15-2-0-
AL, P RIE R -0-O-B-D-F A . VLR -
S FET . KNIER-1-O-F B . HfER. K%
F-8-HE); ST S BT ARE 4 MRS
BT m GERE. oo-MFHERE, WEER. KEE),
1B R (BRRR. AR, 3,54"-=
I T I IF-4"-0-B-D-(6"-0-1 1 T FR g )-PH IR 4
BMEE . RATER. JLERR. RILEKER. 23,5411
BRI CIE2-O-F I HEF . P2 K FK-0-0-B-D-
WA . RE R -8 A . K
WR-1-O-ME P A KER-S-HEE); 5
ARE S, GRS 4 MRS SRS, B
TR, 13 M AR S B, SR
A S P s R A AR —
It 18 NEFYERY, WHERENE. oo EENE . il
AR R RATIFER . LR R RILE K. 2,3,54"-
VUt — R O M-2-O- M EibEH . HEAZRE, 3,5,4"-
=IO 2 )-4"-0-B-D-(6"-O- B T RIS )- M I
WEFEF . TS KIE R -0-O-B-D-F & B . &8+
K BEH | e B -8 A W L K R -1-O- I A HE
M. K R-S-HEF. WEHR. KK, LF
ZEF VR 124, 2R . a,a-i e . AT
BIR. JLRE . RILKRER. 2,3,54-VBRILIK 2 05-2-
O-FIEHE . PR R -0-O-B-D-H &M R

-8 BT . R E=-1-O- M. Ao, K
FR-S-HE. K&,
3.5 ERMEMNRES

B 18 N ZE MR M EdE 5\ Metware Cloud
FERATRE T, RBGERNE 4. HE ST E
N, FE SR AL B Bl S BT R SR,
ERNGERSE, BRI T F R R F AR
W25 . BROIEE R R R E SR A
A BTSSR 3 R EAL K
oy E B EFEZER X . X HriEsek
il FE AT B R A S B e, BN R Dy
B A B ER. A S RENTE RN
—K, MEETE S MR, AR B S e
S AL SRR AE B AR B T . TR SR
Fobr, LR RILER. 23,5400 K
CIF-2-O- R R HET « [ B AZIE | e B )-8 - 48] A6 B 7
KIER-1-O- M E . K ER-8-HEESE 13 Mus
AT BN, IX B 7 AR 1 AR A A
5 T A A S ZE T B S R AR A, R R
&S MR, a,a- R, IHER. O ER.
KR S MEER RN —, Al i X sy,
G AR ) A R R DAL,
AfTE SIS ER .
3.6 MEFIEREEETHLERTHIBRIERE

5O SIS R E R, Ba 4
KR, ZERIESURFER S . XA HDIv1.8 #43
S 5 BB AR A B A SR D) b
BRI AE 1A 7945, DESI-MSI 45 5 SR A o 7E
fif, A, W SMEEREAREER (B 6). 1k
LA FEERARBG RN, FEWRE N GO>
grte >, Horh g E-8- A AR . I BASEE
23,54 MU HE — K ZMG-2-O- B BEHF AEARR 2
B EEHRESE, KR, KHRS-HlF. KHR-1-
O EREFF . KR -0-O-p-D-FE B . HIH
FEALRE T FES M TP R4S W 0,0
FEME . R R AR RS TR R R AT
B, LA R RBILE R TZBEAET AR ENLEE
o RIEER-8-FHlE. JeOR-8- &Mt [ A
fiE . 2,3,5,4-PUFRIE — 2K 20 -2-O- /i & T . KE+
KREH . KEE-1-O-HEPEE . FERER-0-0-B-
D-EFEE . MR, LR RILKER. #E
FRAEEEf o S o i dem, MM SR T, HA
MG ARAH G SRR KPR o,0- A
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K3k #-8- ik
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RILHE

FR K

I E

A2 1
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B4 SUESHEEREEETUNFRIARIEKE
Fig. 4 Cluster heat map of chemical components with significant changes in content after processing of fresh Polygoni
Multiflori Radix

— AR

BJE
AR R
R Ep A A

5 EBHUESEYIESHREE
Fig. 5 Structure schematic diagram of transverse section
of fresh Polygoni Multiflori Radix

FERAEAT o B & e, TEBEAT 1 S & R,
X 5 TSN 25 SR AR i A AR — B
4 g

A TS 8 o i B AR ] 2 5y A fe]
S TR S A2 R AT, 4 AIAE IE
B0 AR 3 ] 2 2 R LA [ ) 34
G, LS 74 MEEERSY, XA HA D
% P, PLEEE. B WIAR. WEoR s —
RIVEYE MR, [N, 953 e—kE&H
2, REWE SR SO R G #HE RS IR

GUEEA R RO, KBS R ORI RS
FRAMAEIE, T PRGSO 1 B 1 Y
FeEZGROMBERNE, BRI 2 ORI K
WAEIE, TERGIE AT PR AR T AR 4L,
I AL A P )t e B2 O B PR R7-281 2
HIVE R E A AL S 2 L2, X2t 2 v
DIRBAAEEL W, MWRIESH AR #1E
B B 2 AR BV R BG. (ARFILF) i
Be “HEHENR, 1EHE. ERE, 25HR,
PRI TG B SR BRI 1 S ) EE . AL
P 28 8 5 5 B 28 B S Ak 2 R
M2 5, REICBEER A 28 C IR Ry £ &
Z120, MR B S IR BT E S A
B RAR L. A, BRER 3 S CORE LR B, A
JE RO E RN S BRI RIT R
P, BIECURIAE . B SESEYE) LDso 7
A 287.87 g/kg F1 606.88 g/kg. =W AESEBIHE I ]
B GXR IR0 SRR R, RIVAETE
5 5 1 R 5 24 2 B AT 5] Ak I e 401 5 RN ZE 2 B
SO, AT R A A P R R A A
510 4 £, UE W o PERALRART o 5 B R el 3
DA B 25 5 AR 58 M) 5 SR 2R R — 2K R 2R
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m/z 191.01

H B AZ I
m/z 243.06

ILRRRILR R
m/z 289.07

FE K
m/z 243.10

TRE W o, -
m/z 341.01

2,3,5.4- DU dE — 2R 2 0-2-O- 6 E i
m/z 405.11

R A -84 5 W
m/z 407.13

K R-8-0-H1ik
miz 283.06

MNIEAEFAR AT 1

FLEKHER- 0-0-B-D-H E L/ K ER-1-0- H /4R

m/z 431.09

v ERTE S i

From left to right: fresh Polygoni Multiflori Radix, raw Palygonz Multzﬂorl Radiix, processed Polygoni Multiflori Radix.

Ee6 BHAESHEFHESEEETHUUFRIMRIERGE

Fig. 6 Mass spectrometry imaging of chemical components with significant changes in content after processing of fresh
Polygoni Multiflori Radix

FEEBRRER 8 HTESE TSR, BUitE
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BE. REAER-8- B . K HR-1-O-FE FE |
K R-8-0-H WS A & A%, ZIEES >E
it > i) b s R B, DL T S R R e
I .

il SR ER AR R, RO H
R HERERSY, HAP RN R S E
FLFRRPE I B 232, ) i 55 AP AT I A

fERE S THITIE S IR, S SR
PR, R Y, BB A B G T 8
TEAIZGR AW ORI B 5 S KRR RS
A% TR A S BRI, A
IREERR I KA B R AR, 2R T S il
(A P AT B S A IR RV AE R 3R R
T A ORI & R AR 55 M bL T A= e SE T ]
2, ATRERE AT AR BRI AR SR R 2 — B9, XA
o S5 OVRI 5 B2 AR 5 AR ) i 1 % 56 R
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I BB BUEAAE, AR 7 5 2R AR BRI
IeAh, AW R A P SR, PR B S
PRI A 27 T 23 E A PN 8% 4L 30060 43 A1 R 5 AR DA 7 ]
H YRR, SR RITE SMEEERS
2,3,5,4- MU Hk — K 245 -2-0-B-D-F H T (—H L
I ORI R CERRZS I 207, H
A E SR SR 2 R R IR, R
REAE S EaEn, DN R TR
A G EERIEE . IR AR A
Y. PrAL. Brdk. WERG . IR, Bt
BNKEFEREAL S 25 B, SRR BA P
Priadb, OIMERY . RITFEAEEN, ITH Y
W E TGRS . BEERS], 2 RUEMEZAE
i, HEREShm T ke B Gy rE G s
#, HEW TR R AR R AT AR o BbAb, ) B e
B AR, 2,3,54-T0% 98 2 -2-0-5
BMET . LR, KER-S-HlE S REMFIK, &
T ZGRRGE P, WA ) R R ek 55 A 1 b R
= WIMAEEThR, R PG A8 138300, i
PEnT L, kA B 18 A2 R AL A LR T ]
B B RO FEE Ry . R LT
KBNS ETN S HAWER. RERES
5, A RE A A B M e R K B TR R A,
F 28 B 20 AR B o 2 I 24 A AR DR i B 0 AR
a5, M2 IR AR B R AR A . B IR T
Wi B — IR A TS B R R T B S
Hlf5 o,o-ME EERE R RERE IO & 2T, UESSMI S
] B 5 25 R FH 3 R 140,

i LATIR, AWFFEKHA UPLC-Orbitrap Fusion
Lumos Tribrid-MS % DESI-MST 357 AR 32FAN A [F) 4@
PaRr K ENERE AR a i diio) -2 I 2 = TN S )
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