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[Abstract] Objective To establish qualitative and quantitative analysis methods for the

chemical constituents of Mori Cortex and Mori Cathayanae Cortex, to systematically characterize
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and identify their chemical constituents, determine the contents of core differential components, and provide
technical support for the quality evaluation of Mori Cortex and the identification of its adulterants. Methods
UPLC-Q-TOF-MS/MS technology was used to collect the chemical component data of Mori Cortex and Mori
Cathayanae Cortex, and the components were identified by combining literature and reference standard
information. Using multivariate statistical methods, such as principal component analysis (PCA) and orthogonal
partial least squares discriminant analysis (OPLS-DA), to determine the differential components between the
two with the criteria of variable importance in projection (VIP) > 1.0 and P < 0.05. UPLC-QqQ-MS/MS
technology was used to determine the content of a specific marker (sanggenon C) in Mori Cathayanae Cortex,
and the HPLC-UV method was adopted to determine the content of mulberroside A in Mori Cortex. A
comprehensive methodological validation was carried out for the quantitative methods. Results A total of 34
chemical components were identified from Mori Cortex and Mori Cathayanae Cortex, including 24 flavonoids,
5 stilbenes, 4 coumarins, and 1 other compound. 14 differential components, such as mulberroside A,
sanggenon C, and cathayanon A, were screened out. Mulberroside A and sanggenon C showed good linear
relationships within the determined concentration range, and the precision, stability, repeatability, and sample
recovery all met the requirements of methodological validation. Mulberroside A (0.16%-6.46%) was detected in
all 33 batches of Mori Cortex, while no sanggenon C was detected; and sanggenon C (0.09%-0.42%) was detected
in all 9 batches of Mori Cathayanae Cortex, while no mulberroside A was detected. The contents of the two
constituents showed a highly significant negative correlation. Conclusion There are significant characteristic
differences in chemical components between Mori Cortex and Mori Cathayanae Cortex. Mulberroside A can be
used as the core index for the quality control of Mori Cortex, and the establishment of its quality control item
can effectively curb the adulteration of Mori Cortex with Mori Cathayanae Cortex. The qualitative and
quantitative methods established in this study can provide a scientific basis for the holistic quality evaluation of

Mori Cortex and the identification of its adulterants.

[Keywords] Mori Cortex; Mori Cathayanae Cortex; Chemical constituents; UPLC-Q-TOF-MS/MS;
UPLC-QqQ-MS/MS

FARIGHT (PfRARZ) 1, DifRAR R
XFHAPRAIC SR, AGHEEE S KIRI], &
R (RFEZ) MR E, AU
Ao (P EZHL) 2025 4F L — BB Af AL
& A KR RPHE Y 3& Morus alba L. )T HRH A,
HH . PEIE, Hhtigs, BIEHENG . FZKIE
ZRCR L e F O R RE W 4R F Morus
cathayana Hemsl. AUAR B, IFAEZ5 SIS, AL
FEBTIT. . 1R 54y 2 bR oA Bl
N = F R BEARML, DI sk s
TG B VAR S0 . I G ) A5 5 W M LA A% X
gy WA REL, HATFEREERELSRA
FARH . BN . B (REZEE) O
B CIIRPUR, RBEEE . ZRAK, il
B AR, WREE". ChERYE) 7 IR
failh, AERMEEERT . IR, ~EFRE,
T 24 FH 2% 1B B R O il 1) e i) R 3R AR B

https://yxqy.whuznhmedj.com

IS B (2 G B AT R 24 AP

FUATE & A B 585 f b7 B 15 B 01 ik
LB SIN: o2 SN S S5 RS U BN T2 SN
IR LR o AT R o AR
3% — H3 35 DY AR A K AT IR B 3 ( ula-
performance liquid chromatography coupled with
quadrupole  time—of—flight  mass
UPLC-Q-TOF-MS ) {R%54 MarkerLynx # {4,
X 5 H AR S8 B A = o T IR R G 5
FUTE, RNz 2 ougeit ki i — & ny 2
SRSy, I EST T EEE S AU E & AT
Jitke

1 RS

1.1 EFENF
Waters Acquity UPLC XEVO-G2 Q-TOF 5 73
B R RAT I A PR AL (SEE Waters 23 ) 5

spectrometry,



1516

Frontiers in Pharmaceutical Sciences, Sept. 2026, Vol. 30, No.9

LC30A-AB 4500 Q—trap B FHAL (i 1A
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FUEIX I 334R ARG (95 : SBP1 ~ SBP33)
KOHAET K 25kt (9’5 : HSP1~HSP9), £k
B B SR AT B 1 e Rl A2, g
HARBHEYIFR (Morus alba L.) NS (Morus
cathayana Hemsl.) BJTHRHLE . AEAER I 2,
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Table 1. Reference substance information

75 AR CAS % Ciin= 4Gz (%) PR R W (pg/ml)
1 A 102841-42-9  112086-202402 96.4 S EERE e e 6.3
2 Al 327-97-9 110757-202119 96.3 R 9.4
3 S K 88524-66-7  DSTDS045201 95.3 SRR R R E 7.0
4 S 62949-79-5  DST230614-103 98.7 AATIR 2w 10.9
5 71 B 62949-78-4  DST241008-653 98.9 117
6 RO 101664-32-8  DST250226-796 96.8 7.6
7 AL A 29700-22-9  0225-RG-0039 99.8 CATO Research 7.5
8 E S 62596-29-6  0416-RG-0041 98.9 Chemicals Inc. 6.8
9 FIZEIH 76472-87-2  0416-RG-0063 99.2 6.1

10 R G 75629-19-5  0416-RG-0064 98.8 7.0

11 SR C 80651-76-9  0416-RG-0061 99.3 11.7

12 FARED 81422-93-7  0416-RG-0062 96.3 113

13 AR 62949-93-3  STDYT250652 98.8 e L b i 24 4 A 10.1

14 U E 68401-05-8  STDWJ250503 96.8 ATRR 2 9.9

15 RIZET 100187-66-4  STDJH250031 97.6 105

16 F 7T A 62949-77-3  STDYR250642 99.7 10.9

17 SO 89200-01-1  STDYT250651 96.3 6.4

18 RIAFF 193483-95-3  STDWJ250506 99.4 10.7

19 AACAZE -3 -0-B-D-L I A T 144525-40-6  STDYR250635 97.0 6.0

20 FALHZE P EE-2-0-D-TL AT 392274-22-5  STDYR250501 99.1 10.6

21 KESEH 531-44-2 STDYT250664 99.5 6.7

22 75 3 19275-51-5  STDYT250655 99.9 8.7

2 HRER
Table 2. Samples information

G KA AL £ SRS A P RAEH A £ AR M A

SBP1 Wdber e SBP12 G SBP23 Wt HSP1 TR P e

SBP2 WAL SBP13 TR P e SBP24 D)%% HSP2 VAT PGk

SBP3 R RANT SBP14 1A g P Ik SBP25 Ui % HSP3 il ey7zR=Y

SBP4 Wi SBP15 T g P e SBP26 )1 %% HSP4 i El a7z =Y

SBP5 WAEEM SBP16 WAL & SBP27 1 RAT HSP5 WL pE

SBP6 il sl SBP17 WAL by B SBP28 P RAT HSP6 WAL R

SBP7 TR SBP18 i3z =3 SBP29 I RAY HSP7 il ayzR=Y

SBPS TR SBP19 1852220 SBP30 PE HSP8 WAL

SBP9 WAL SBP20 HIAEATIR SBP31 P E Y HSP9 il et

SBP10 LRIORFN SBP21 WL SBP32 mHkf R

SBP11 E< ol SBP22 Wdberi SBP33 PN
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1.0, MEMHE, BEHERIEHT, BHEMA
70% HEE20 mL, AL (% 40 kHz, I
Z. 300 W) 30 min, uExt, BPf5.

FHF SRR CE . RS AR 290.25 ¢,
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SRR AT R, FRA), UELE, RS AL IE
I mL, B 10mLEE T, MHPBERZIE, $#75],
FAMFLIERE (0.22 wm) BEd, BUEeigm, RIfE.
PEHON 1 SRR C A RS, [lE A8 e
HRER C A BAPERE S T

FATRETANE: WEARMAEL0.25 ¢,
WEME, BEHEEHIEHYT, KA 50% iz
50 mL, FRAEiE, /AL (Th5: 250 W, M
. 40 kHz) 30 min, ¥, BRFRERE, H
50% H AN IR T, BRA), BB, REE
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—35% B, 45~80 min, 35% —75% B, 80~81 min,
75% —95% B); FEili: 35°C; #HRERE: 1 pl; ¥
#: 0.3 mL/min, MM IE & (ESIY), %
£ (N, WifE . 600 L/, il i 57 < .
350 °C, BFURIEE . 100 'C, BHMEH K.
2.0 kV, HEFLHLIE: 40 V., MSE £ A6,
REfERE R : 20 ~40 V, KA AE: 50 Lh,
G Bl . mz 100~1 500, 52 24 2 ik MEBK (m/z
556.277 1, [M+H]") VENHMRHEAT T 52 AL
1E, WA 5 pl/min (o]
222 RARECHE

LC30A-AB 4500 Q-trap ¥ 57 B¢ AL o 4 3%
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(A)-2iF (B), BREEBEML (0~25 min, 55%—
50% B); AEil: 35°C; JiE: 0.25 mL/min, —H
PURE AT BRI AR, ESIHE, Z R BN, fBifr
o m/z 709.2-641.2 (E B FXF) . m/z 709.2—
339.1 fll m/z 709.2—531.2 VE ARG 25 %F . PEAE
REUN1 ul, BEFXHERE R KT 10 211,
223 FEFEFANZT

Agilent 1260 =5 20 W AH €035 4% . 8 3% 41 .
SHISEIDO CAPCELL PAK C, # (250 mm X
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(9:91); WiH: 1.0 mL/min; MK : 324 nm;
FEi: 35 °C, MEREARL: 10 pL M,
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Figure 1. Total ion chromatogram in positive ion mode

A ARG BLRGR MHT 1343 R A W ALE AT 1~34,
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BB, et AT — YR LHES A B R
Q¥ T A, HQM5 YRS S/ T 0, £
ARSI AR A A, O AR S #chr 1,
BRI 2,
242 EFRMhar

K H MetaboAnalystR 1.0.1 4387 5& H 2 4 5 1¢
R, RS RO
(variable importance in projection, VIP) > 1 I3
17 ANOVA PRI T 2 P < 0.05 (FEAERE 25, 1
N H SRS Y MR APUR, FEIEE T
2T e AT 2 2 DA S A8 14428 5 147
EEI A K2 FURE LA,
cathayanon A (19) . Z MM C (28) . FMHI A
(32) MHERBMFFIERLY . HI 2 P E 22 0] A
A HAR 11 RR 38 1 BRI )
25 REREERBFUFERITHEES
251 FRHRMFR

#2227 I “2.2.37 TiUE &SRR
Hexf IR . PR IR AT o0 A, IR
K3, SR, il d - xR s e 6
TEEZ AT TR, RUNZOrEL R R

®3 UERDLEERER

Table 3. Information on identified chemical constituents

B2 m/z SEL N » .
s AT T = BT feory KR
1 9.56 3551024 3551023 028  C,,H,0, 163.03 LRI eSS 7L =Y
2 1046  341.0867 341.0871 1.17  C;5H,0, 179.03 S-EFETF LR -T-0-B-D-L FHE
WA
1149 569.1814 569.1823 158  C,H,,0, 407.13. 245.18 SEHAFA” ESE) 7k Y
4 1334 3551024 3551019 141  C,H,0, 193.05 7-0-B-D-MLIG A Bl 18~ FHK
AR g
1653 567.1657 567.1655 035  CyH,0,, 405.11, 243.06 REHTF FH R IEF L
6 1722 407.1342 407.1343 025  C,H,,0, 245.08. 153.13 EIASE ol oS RO ik RAK
19.12 407.1342 407.1340 049  C,H,,0, 245.08. 153.13 S RE -3 -0 %) FHE
B
20.31 451.1240 4511236  0.89 G, H,,0,, 289.07 steppgenin—7'-0-glucoside FHkk
9 21.54 451.1240 4511232 1.77 G, H,,0, 289.07 steppgenin—4'-0-glucoside Ak
10 2599 2450814 2450811 122 CH,0, 227.07., 153.12 EVIARE o FRHK
11 2975  679.2543 6792538 074 C,Hy 0y 492.32, 340.25 SRHE ) RARMEFR K
12 3332 5951604 5951605 0.17  CyH,0, 567.35. 536.27. 509.88 kuwanon Z RAK
13 35.17 6292170 6292161 1.43  CyH,,0, 327.13 mulberrofuran K FHK
14 3918  327.1232 3271228 122 C,H,0 255.07. 203.55 REVRO R
15 39.49 3271232 3271229 098  C,H,O5 309.11, 223.07, 194.54 FVRP RS
16 4328 5832281 5832291 171  CyH, 0, 498.17 kuwanon Y FRIB
17 4919  627.1861 627.1867 096  CyHy0,, 609.17, 311.19 kuwanon L RHK
18 5387 6932387 6932384 043 C,H,O0, 421.16. 365.10, 203.07 ES e E3S):3

https://yxqy.whuznhmedj.com
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g3

B3 ki m/z =t N » N
iy W — R RAET ey KR
19 5395 7092336 7092334 028  C,HO,, 339.12, 203.07 cathayanon A 135l
20 5487 6952543 6952533 144 C,Hy 0, 437.16, 339.12 S G R
21 5536 423.1808 423.1802 142 C,H,0, 311.05 e RHK
22 5673 379.1904 379.1904 0.00  C,,H,0, 255.07 IR L FHE
23 5747 4251964 4251966 047  C,JH,0 369.13. 357.13 FMREEAQ (ZE]5AE) R
24 5778 7092336 709.2335 0.14  C,H, 0, 339.12. 203.07 SR DIO™ (Z1 54) =354
25 58.19  761.3011 7613011 0.00 C,H,,0, 341.14. 205.08 2 I H R
26 5827 7772960 7772959 0.13  C,H,0, 341.13. 205.08 SR E (=354
27 5925  423.1808 423.1808 0.00  C,5H,0, 311.05 AT FHK
28 59.73  709.2336 7092335 0.14  C,H 0, 339.12, 203.07 ZEH C R
29 6074 4211652 421.1654 047  CyH,,0, 301.07 WEFE FHE
30 60.74 4251964 4251959 118 C,gH,.0 301.07. 232.07 FHEE FRHK
31 63.75  421.1652 421.1652 0.00  C,H,,0, 365.10 e FRHK
32 6413 437.1601 437.1603 046  C,H,,0, 369.09, 301.14 FARHR A g==1354
33 65.68  421.1652 421.1645 1.66  C,5H,,0, 365.10 Z LB RHK
34 7097 4392121 4392120 023 C,H,,0, 42521 kuwanon U R RMEFR K

T AR R

B BRI
A 20 R'Y=0.885, 0'=0.684
r i 25
® R el b g
ol ERHAL ! \}j\ | .
~ S | -
S oste 48
o 10 ) A
{0 o S = A A
5 o2&, ) 4 a4 a
2T o e® & 4 § 0
I [ " = a ""i oR
& ® o do = ‘ A & ORY
2 -10 |- - 053 bl ‘ 1 .
H A Y
ol o5& ! 4
- A
A
=30 . A1
2
| 1 1 1 1 J 1 1 1 1 1 1
-15 -10 -5 0 5 -0.25 0 025 050 075  1.00
P AR (RX=8%) AR L

B2 RAKRESHERFEOPLS-DA K BT E
Figure 2. OPLS-DA score plot and permutation test of Mori Cortex and Mori Cathayanae Cortex groups
E: A. OPLS-DA; B. E#ctelh.
x4 ZRREMER
Table 4. Information on differential metabolites

257 VIP P wEY B3 IS VIP P [l a=L7] B3

19 2381  0.006  cathayanon A FEZE 3 1253 0.000 S A EIS)s
28 2285  0.009 ZEHLE C Pz 25 1.242  0.000 ZFZEIH RHKE
32 2.006  0.040 FRARMA A =353 20 1.186  0.000 FZHE G FHE
15 1752 0.040 R¥HEP EIE): 33 1.167  0.000 Z LT B RHKE
31 1.595  0.000 FAR R 2 1.081  0.000 S5-I THE-T-0-p-D-MLmHAMT  fHK
18 1.395  0.000 U G RHE 7 1.020  0.000 AR -3 -0 A B EE)
27 1321 0.000 LT R 29 1.016  0.000 WEE EE)
252 HMEXZRERIHEZK T Z G435k 5.240 3. 10.480 6. 20.961 2.

W B A XTI 13.59 mg, B 25 mLiHfl 41.9224. 83.8449. 125.767 3 pg/mL; HGRARAEC
Hr, ns0% HEREE OB EZIRE, ), AE WHRA5.63 mg, B SO mL A, RS
DR R, B AR ROE R, RUCRRE JFRREEZIE, RS, MR xR s R, B
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Figure 3. Specificity evaluation
VE: AR CK RS RER; B AR ARSI ER, CARERACH SR TERE,; D EARFANRBLHPLCH; E. &9 4K HPLC

B FAf i AR HPLC B; 1. 2RC; 2. FEFA,

IMERIGEE, RUFRREZE RIS 0.142 1,
0.1776. 0.3553. 0.8882, 1.7765, 4.4725 ug/mL.
IraFE 2227 K 2237 TR &S S
G, VIETBEN AR (Y) . #EFE R AR AR
(X, pg/mL), FEATLMERIE, BIHTER: V=
26.804X — 0.988 (FRIEZTHA), Y =169 039X (%
W C), BRRGEEXR, r351250.999 9,
0.999 7, #KF0.9990, LMFEHEIIHS5.2403 ~
125.767 3 pg/mL. 0.142 1~4.472 5 pg/mL. #—H
ofs R B L L 2 Tk R A VR 2 e R R T A
fEWELL (S/N) B3, RS, 1RRIRETT AR
HFR 4 0.03%, ZFEHER C A H R4 0.002%., %
WA R AT B R AU
253 HEE. TAMLEREMRE K
BUSAT AL AR C XIS R,
“22.27 }223" BN, #ELFE 6k, XIH
WEB L AT 5E, GRS RSD KM 0.29%
0.83% (n=6), HHHERL; 2 5lHR—Htx s
F 2 (45 : SBP-3) FIHERE (‘5 : HSPY)
WA 6y, e “2.1.17 TR )y sl 2 s i i
W, e “2.27 WURSMAMAT AT, XS i
T8, BERF AT A& R 4.06%, RSD
$}0.94% (n=6), FARMCFH5 54 0.135%,
RSD}0.90% (n=6), HEEMHRIF; 435 Ha—

MRFEARK (455 SBP-3) HIERK (45
HSP8) MyA, #& “2.1.17 W7kl 45 ik i i
W, ERACE, JFT 0. 20 4. 8. 12, 24h
fie “2.27 WS HERE AT, W R E MR AT
g%, GEHRRSDIKIR N 0.51%. 1.31% (n=6), Fa
FETERSF BHNZOERA AT,
2.5.4  mAEKERXIE

BOMERMFZAK (45 SBP-3) FifE
FIZ (45 . HSPS) ¥yAK0.125g, FA764y, K
R, AT BRI IR S R CRERh i
1/2), # “2.1.17 TS A R, iR
“2.27 TR SRR T, TR B A [l
W, SERFHH AL RRER C A5 [BISCRAK
W N 103.7%. 105.1%, RSD # % M 0.54%.
4.91% (n=6). ULIIZTIEAEIE R AT
2.5.5 TR LE R M

P RR LA b ST 0 1 SR R A A RN SRARER C
PEATRGIN , 2550 /R 33 L ILIF 3 (1 Je ke P SR
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