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TH BRI 2Y 3 A K 258 S0 (50233758) (1), 1
T H HTA& AR TR K 25 RS 4FLBLAE R A )
NXFREGRL, EISY), Ah S F ARG AR Zanthox-
ylum ailanthoides Sieb. et. Zucc.. Z={EMZanthoxylum
molle Rehd.. TUIIRHEYIHIMKalopanax septemlobus
(Thunb.) Koidz., RHEEHEYIAN Bombax ceiba L. .
S RHEYI R Erythrina variegata L., Y 1 E  ER
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TFCTABH I ik, WA St M7 SCEM S % Meyer
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Figure 1 “Haitongpi” medicinal materials from imperial pharmacy in Qing Dynasty (GU233758). (a) External surface; (b) internal surface; (c) cross-
section
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Table 1 Information on living specimens

WAL B4

HEdh "

F&MAEZ. ailanthoides AR JUVRAE R A X T A
FeMAEMZ. ailanthoides ZEHRL TR TET T
HALMZ. molle EHF GRR TG E E R E A SRR X
HALZ. molle EHF TRUAR TR TP 4
HIMKK. septemlobus Fome A GITEE %
AKHEB. ceiba PN SRR M
FIMIE. variegata SR fRA S

B #6140 7 (shotgun sequencing).

(i) BT BT T PP SR T B
#1101 {di Fj AdaptorRemoval (v2.3.2)P 24514323 FINGs,
BRI BT P51, @ id fastp (v0.23.2)
BIYIFESI A ipoly-X, FBREE MAKE AP,
Jrig A Tsgal ik — b i AR A A4 K B /N300
P4, it vsearchP Yk —5 LB A 41l [] st 7
AR EHE ), FLAENCBI (https://www.ncbi.nlm.nih.gov/)
1 4 A% BR B IE FENCBI-nt  (20234E7 H 31 H MiAS) 1
NCBI-RefSeq (release 218). ¢ i 45 5 A4 # i bowtie
DA R PE VAT LEXT A3, i samtools T )
B A B sam S A S bam SCUFIFHER . X TFAFE L
UCHXTHYFS, {# FingsLCA  (v1.0.5)P S8 R 23 4
M2, BB S B RRR FE T S G 7 8 Fn S 25
PRI ZH ) e RAR L RO 2. AR AR A5 A 1 W b i e 4
W, EESMIETRHE S E. 2R, KRR B AR A
KT 51 I NCBI blast5 2% Yy F it 5L 85 51 4 775
ULERT,  BRAG G B K 25 M SCHIDNA ST 1 B,
ITS. ETSHItrnH-psbAFFH.

1.3 {EEAM SCRES SRR UPLC-Q-TOF-
MS/MSH ¥t

(i) 128 S5#1RE Acquity UPLC-I-Class # = 3508H
FRISynapt-XS IMS Q-TOF/= 43 #E Tk {X, FiA Mas-
slynx 4.2 T/l (Waters, Z5[E). GL2241-ISCN%}
Mr K- (Sartorius, fE[E). SB-800-DTD#A I i AL
(T U Z AR A RA ). B.0HL(Eppen-
dorf, fH[E). JXFSTPRP-48L4> [ Bk i bk BR 1Y
(s Sk & A RN . Bt (Eppendorf, 7
FE). 1.5 mLE.0 4 (Axygen, E[E)FI4 mLig B2 3%
R AL PGSR R AT BR A A).

(i) B HER. OiE. WE(@i%4l, Merck, 8
), HaK(EERK). XS #8 FHesperidin (CAS
No.: 520-26-3, L5 21120608) . Y {EHLIZ Xanthyle-
tin (CAS No.: 553-19-5, it 24061154)¥0 A Jb A%
RO E R A R A ], ZKZE Sesamin  (CAS
No.: 607-80-7, #lt5: COTM7H10462), A *:4EHiMag-
noflorine (CAS No.: 2141-9-5, #it5: A18113223349)
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W R R BRA ], B % BE S 4l 1>98%.

(iii) FEAACER. 435 B B VAR R A A B
AERER, BRI RS R SR AR B AR RS 24 mLA%
FER A, A2 mL 35 H B, 85 $2 30 min,
12000 r/min# 0> 10 min, B VWA G5 H B R 2
5.0 mg/mL, BISAHAS AR, 25, 5HE500 pLta s H
FEIA LS mLICH B0, RIS bR, B1S2s
X AR, o U B AT . SEUNAEMER | ZIREFIR
SEAERET IR IS B, RS RRRE, N A AR, 5
I E N 1 mg/mLBA— X IR S AR A, TRA IR A
Wi k0.2 mg/mL, B8 T4 CLEAE.

(iv) fiE&E. gt Acquity PRM BEH C18
(2.1 mmx100 mm, 1.7 um); FEHFHA: 0.1%H fR-KiF
W WohAHB: 0.1% P R- LG BAEEVERR(0~1 min,
90% A; 1~12 min, 90%~75% A; 12~22 min, 75%~45%
A; 22~24 min, 45%~40% A; 24~26 min, 40%~20% A;
26~27 min, 20% A; 27~28 min, 20%~90% A; 28~30 min,
90% A); H:i40 °C; Hii#0.3 mL/min, #FFEE1 pL.

(v) Ui S B RAER: ESLIE . B 1AL,
MSF continuum R MR BANE HEE2.5kV (-) /0.5 kV
(+); HEFLHLE 40 V, BREFISA AR, HE 900 L,
IRVEFIRRE 450 °C, B TFIRIREE100 °C; FTERm/z
50~1500 Da, flfffE AR @A, IEEFHN SRgis
TG BB o 20~40 eV, BT 5y B Rl
BT A140~60 eV; VR 5T et B8 5 20 i ME AR AS0RE 1E
(1B 1-554.2615, 1FB51-556.2771).

1.4 BUEFESIDNATRIL. PCRY B4 Kl

(1) DNAFRI. 25 BORCE 1 LA S e AT
FERRE 2930 mg, B TR REERI O B0 T, W)
RO, R FHQIAGENM Y HE K ZH DN A /MK
& DNeasy Plant Mini Kith& U AHE i S DNA. 2R
ASCRG e B AN, {6l FH 1 B B BRI FL T 1 G T 4

%2 ITS. ETSHtrnH-psbASIH)
Table 2 Primers of ITS2, ETS and trnH-psbA

DNARY T E, HIRDNAMEASH EPCRY K. 12
B DNARE & B T-20 C kA IRAT

(i) PCRY H4 M. #HHUTS . ETSKtrnH-psbA
AIE B 1Y)(FR2), T BEARET Y W &4 . PCRY 4
R ZM20 uL: 2x MS Super FastTag PCR MasterMix
10 uL, SIHFMGIYR (10 pmol/L)450.5 uL, DNAKHR
2 uL, ddH,O 7 puL. PCRY HEFEF: 95 CHiAAE3 min,
94 °C 105, 56 °C 155, 72 °C 10's, 30MEER, 72 CHEf
5 min. PCRP™HIZ1 %S HHEEIE LUK AN,  PCR™ 4
AR TAY TR B A R A w7, 46
b By

L5 REKRE T

BT A58 FIDNAJF 515 GenBank i T 1)
ZHFRHEYINTS ., ETS. trnH-pshbAF 5 EE(FRS1), 7
UL RHEY) 545 8 Tetradium ruticarpum (A. Juss.)
T. G. Hartley. ‘HE# Citrus cavaleriei H. Lév. ex
Cavalier. C. limetta RissoffRAPRRENE241 i f
PAUP*4.0b10** | raxmlGUI2.0M% | MrBayes 3.2.714%
S BIXFETS . trnH-psbA . 1TS SETSHEA F M H i R
& ZI (MPR) | e K ABLSRBRE (ML AR ) i1 DL 1 S8 4 L v
(BIW). HIFigTree v1.4.4" (3G CAGHE R 58 K B A
BEAT TR

2 iR
2.1 (ST 2504 SO PRI ERAE

TH AR B2 250 SCHIRE (5023375 8) S vl AR HR Bk
KRR, meteill. A SRR iR Bk 4, A K
OBESL, ZA AR NS 1(a)). PRI
Bl AR, S, AMPS(E (D). A BHFLIRET
i, SR LD TR DR TR S IR 1(c)). BEEITAS G, B
YR, AT RIWHZAE IR A R AR A A 2

BlkZE ERGIY SIS —=3) SR
- ITSIF TCCGTAGGTGAACCTGCGG [(37]
ITS4R TCCTCCGCTTATTGATATGC
ETS F ATAGAGCGCGTGAGTGGTG [38]
R GACAAGCATATGACTACTGGCAGGATCAA [39]
F CGCGCATGGTGGATTCACAATCC [40]
trnH-psbA
R GTTATGCATGAACGTAATGCTC [41]

588



&
K

2.2 e 2 SRR S e

AFEAL
T8 B VAR B2 258 SRR d i DN AT L kA5
56785428 %kreads, Zoit BT EHIALIR1F50033142 5547
reads, HH17880355% 5 il HEATHFIERE. F2BRas
RS AR RS QP80 (25 R I B P FR e 51)), B
AR ARG, T B AR R A DNA S T 2
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222 fhEFHEAE

XV B A K 25 08 SCHIRE S HEA T AR 22 R AE 43 #T

FRAE AL ) i 2L i R R it XoF Ll 23 B 2 2
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FIEMIER (L A 2 FN4), MEmSE(ib & H19F110), /NEERK
KBTS L) K 2-ME Mkl (L& 43), W EHRHE
HUB Y ) E BRI A S0 TR B A
2R SRR SR R N A RHEUE Y, DR
RACMIZ. molle. TMBHRIMKK. septemlobus. ARFFF}
AKMEB. ceiba X GRMRAIMRE. variegataI |z it FRAE
i, FEIEEFRLCT 20 AR AR BUSEE (K12). 458 %
W, 5B ARV S P 5 AR R L SR )
HAERUIR B ARRL(12),  HERTE B R KR 2 RHE
WUBHEY, 553175 i 45 FoA B EIE.

2.3 B 29 SO R %

FETHARERIE . 2 F 50 S ALSFERE, HEWS
TR B A2 B RE USRI M B2 ITS . ETS. trnH-

0 5233758

Z. molle

Z. molle

A M I
| \ I :
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\ |
‘\ | : : A l 1 |
it I 1
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Figure 2 The basic peak ion chromatogram of “Haitongpi” from imperial pharmacy in Qing Dynasty (GU233758) and modern samples by UPLC-Q-

TOF-MS/MS in positive ion mode
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%3 ETUPLC-Q-TOF-MS/MSX &5 H it Bz (#233758) B fL £ K &0

Table 3 Identification of chemical components in “Haitongpi” from Qing Dynasty Palace (GU233758) using UPLC-Q-TOF-MS/MS
PAEFE] SZINAE . 15 o N N N
No PRHIMIEL STy o gy B2 MS/MSHE H 857 ey HHON  RPPRE ot
(min) miz (ppm)
1 214 3561521 CyHnNOs [M+H]' 6.5  344.1869, 314.1788, 298.1455  Zanthosin ‘MK Z“”’h"flif:m M 149]
297.1134, 282.0887, 265.0878,
237.0884, 222.0695, 219.0799,
2 3.01 3421724 CyHyNO," [M]" 56  209.0963, 207.0809, 205.0652, Magnoflorine A ‘EWIHZE  Z nitidum  [50~52]
194.0742, 191.0854, 179.0890,
177.0789, 165.0717, 153.0677
N 297.1134, 283.1358, 265.0878, . . . .
3 326 3281920 CyH,,NO; [M+H] 2.1 189.0913. 107.0482 Simulansine  ‘EWIBZE  Z simulans [53]
297.1134, 282.0887, 265.0878,
237.0938, 222.0695, 219.0799,
4 413 3421724 CuHuNOZw [M]T 56 209.0963, 207.0759, 205.0652, Magnoflorine B®  A:¥Ji82¢  Z nitidum ~ [50,51]
194.0742, 191.0854, 179.0842,
177.0696, 165.0717, 153.0721
. 463.1257, 301.0755, 287.0516, _— S -
5 918 609.1835 CyHs30;5 [M+H] 2.5 286.0449. 153.0546, 149.0625 Diosmin WEIHYE  Z onitidum  [50,54]
N 465.1349, 303.0878, 286.0687, i e -
6 938 611.2003 CyHssO;5 [M+H] 4.4 2850755, 153.0198, 149.0582 Hesperidin WETFZE  Z nitidum [50]
7953 3541691 CyH,uNO,” [M]* 4.0 190.0895 N'meti}s‘gﬁz‘:adme YIS Z veneficum  [55]
. ... Z. veneficum; Z.
+ + a 2K g 4
8 12,63 354.1691 C,HyNO," [M] 4.0 190.0895 N-methylcanadine A= 418i2% brachyacanthum [55]
215.0616, 200.0368, 186.0549,
9 1547 230.0804 C;3H,NO; [M+H] ™ 5.7 172.0389, 158.0626, 144.0441, y-Fagarine YIRS Z nitidum [50]
116.0485
- . s Z. bungeanum;
: H ;
10 1500 299.0569 CH; 05 [M-H 43 299.0569, 284.0336 Kaempferide — SEEK 7 ) itotium 156
11 1646 200.0716 C;,H;(NO, [M+H]" 2.0 185.0530, 11262'%‘;2679’ 129.0601, 1 amnine YIRS Z nitidum [50]
Ci-HNO N-( 4-methoxyphe-
12 1842 292.1300 ”21‘\]2 2 [M+Na] * -4.5 270.1540, 135.0817 nethyl) -N-methyl- 4882  Z. ailanthoides  [57]
benzamide
N 388.1130, 373.0918, 348.1219, (7S, 8'S)-Bilagre- ok )
13 18.69 403.1409 C,;H,03 [M+H] 4.0 301.0694, 183.0287 win P IES Z. avicennae [58]
364.1194, 3541360, 339.1132, | L
14 19.06 382.1323 CyHyNOg [M+H] ™ 84  292.0699, 277.0518, 264.0689, Amoti qe B Znitidum  [49.59]
201.0784, 167.0353 rothianamide
213.0587, 199.0376, 185.0577,
171.0434, 169.0654, 159.0774,
15 1936 229.0886 C;H;30; [M+H] " 8.7  157.0643, 155.0858, 143.0490,  Xanthyletin® HFHEZ  Z avicennae [60~62]
131.0507,
115.0536, 103.0554, 91.0550
N 349.0944, 348.1219, 334.0707, o s -
16 2020 364.1194 CyH;sNOs [M+H] 2.5 3200048, 306.0789, 290.0765 Oxynitidine  EWZE  Z nitidum [50]
N 305.0700, 277.0753, 248.0719, . [T -
17 20.65 320.0948 C,oH;4NO, [M+H] 7.8 219.0695, 201.0435 Zanthoxyline  A=¥B2 Z. nitidum [59]
355.1168, 353.1036, 337.1071,
N 323.0925, 319.0945, - s
18 21.12  377.0995 C,0H;s0¢Na [M+Na] 1.6 289.0884, 261.0922, 231.0796, Sesamin ABBEIS  Z armatum  [63~65]
203.0845, 135.044977.0393
N 334.1093, 319.0819, 304.0934, . o . -
19 2437 350.1406 C,HyNO, [M+H] 40 290,082, 247.0751, 219.0799 Dihydronitidine A#2E  Z. nitidum [50]
20 2534 3501406 CyHuNO, [M+H]® 40 334.1093, 319.0819, 304.0934, Dihydrochelerythr- . yyvse [50]

290.0825, 247.0751, 219.0799

ine

a) *, XM LT AL & YK S2~87)
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Figure 3 Compound structure diagram in “Haitongpi” from imperial pharmacy in Qing Dynasty (GU233758)

psbA, ETSHITSECS FFHIFEAEAURE PyFKF-m] LA 2L
SEHLLE OO, He T B AR BB B DNA%UE, FRER
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Figure 6 Illustrations of “Haitongpi” in historical Chinese herbal texts. (a) Illustration of “Haitongpi”from Bencao Tujin ; (b) illustration of
“Haitongpi” from Bencao Pinhui Jingyao ; (c) illustration of “Haitongpi” from Compendium of Materia Medica ; (d) illustration of “Haitongpi” from
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Bencao archaeology applies modern archaeological theories and methods to explore the intricate relationship between
humans and medicinal substances, with a particular focus on unearthed drugs, medicinal sites, and related relics. This field
aims to reconstruct the temporal and spatial frameworks of cultural remains and trace the historical evolution of Traditional
Chinese Medicine (TCM). From ancient to modern times, the origin of medicinal materials has often undergone changes. A
critical task in bencao archaeology is the accurate identification of the origins of medicinal relics. Conducting research on
the origins of ancient medicinal materials can promote the inheritance and development of TCM, providing a foundation
for ensuring clinical efficacy and safety. Haitongpi, first recorded in the Haiyao Bencao during the Five Dynasties period,
has a long history of medicinal use. It was later recorded in the Qing Dynasty’s Yizong Jinjian, where it was featured as a
key ingredient in Haitongpi Decoction, used to dispel wind-dampness and alleviate pain. However, the precise botanical
origin of Haitongpi is difficult to determine based solely on historical texts, as the modern medicinal use of this term
encompasses plants from four families and six species distributed across different regions. The imperial palace, as the
residence of the highest rulers in China’s feudal society and the center of state power, maintained a meticulous standard for
the selection and quality of medicines used in the Qing imperial pharmacy. Medicinal relics of Haitongpi preserved in the
National Palace Museum provide crucial material evidence for exploring its historical usage and origin during the Qing
Dynasty. In this study, a multidisciplinary approach combining molecular archaeology, and chemical profiling was
employed to identify the origin of Haitongpi relics (GU233758) from the Qing imperial pharmacy. Initially, ancient DNA
was extracted from the relics, and shotgun metagenomic sequencing was conducted, identifying the sample as belonging to
the genus Zanthoxylum. Complementary chemical analysis using UPLC-Q-TOF-MS/MS revealed 20 characteristic
compounds, including alkaloids, flavonoids, lignans, and coumarins, consistent with the chemical profile of Zanthoxylum.
To further narrow down the species, a molecular phylogenetic tree was constructed using ITS, ETS, and trnH-psbA
sequences. The results demonstrated a close genetic relationship between the Haitongpi sample and Zanthoxylum
ailanthoides Sieb. et Zucc. By integrating morphological analysis, molecular techniques, and chemical characterization,
this study established a systematic identification model for Qing Dynasty medicinal relics, progressing from family to
genus to species. The findings confirmed that Haitongpi (GU233758) originated from the bark of Z. ailanthoides. This
research not only provides a robust bencao archaeological foundation for tracing the origins of Haitongpi but also
contributes to the preservation of Qing medical records and the inheritance of classic formulations. Moreover, it holds
potential for improving clinical efficacy and medication safety through a deeper understanding of historical medicinal
practices.
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