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Establishment of quantitative method for analyzing multi-type components of
Scrophulariae Radix and its application in Mailuoning Oral Liquid
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1. School of Traditional Chinese Pharmacy, China Pharmaceutical University, Nanjing 211198, China
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Abstract: Objective One method of ultra-performance liquid chromatography-tandem triple quadrupole mass spectrometry (UPLC-
QqQ-MS/MS) was developed for the simultaneous determination of multi-type components in Xuanshen (Scrophulariae Radix), and
this method was subsequently applied to Mailuoning Oral Liquid (ik%% T I Jg ¥, MOL), providing a basis for their quality evaluation.
Methods The chromatographic separation was performed on a Waters HSS T3 column (100 mm X 2.1 mm, 1.8 um) with the mobile
phase of water containing 0.1% formic acid solution and acetonitrile under gradient elution. The electrospray ionization source (ESI)
and multiple reaction monitoring (MRM) method were used for MS quantitative analysis of four types of components including iridoid
glycosides, phenylpropyl glycosides, organic acids and nucleosides, and chemometrics was adopted to analyze the quantitative results
of different batches of samples. Results The chemometric results showed that samples of Scrophulariae Radix of different regions

could be distinguished effectively, and their quality difference might be related to the growing environment. In addition, MOL of four
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years (2019, 2020, 2021 and 2022) were grouped into one category each, respectively, suggesting that the quality of medicinal materials

in the indicated year was relatively stable. Seven differential chemical components, including isoacteoside, p-methoxycinnamic acid,

adenosine, 1-(3-hydroxy-4-methoxyphenyl)ethyl-3-a-L-rhamnopyranosyl-6-caffeoyl-p-D-glucopyranoside, p-hydroxybenzoic acid,

ferulic acid and protocatechuic acid, were figured out as the markers of quality control by orthogonal partial least squares-discriminate

analysis (OPLS-DA) in MOL of different production years. Conclusion This new method is specific, accurate, and stable, which

could provide a scientific basis for the selection of Scrophulariae Radix and the quality evaluation of MOL.

Key words: Scrophulariae Radix; Mailuoning Oral Liquid; quality control; chemometrics; isoacteoside; p-methoxycinnamic acid;

adenosine; 1-(3-hydroxy-4-methoxyphenyl)ethyl-3-a-L-rhamnopyranosyl-6-caffeoyl-p-D-glucopyranoside; p-hydroxybenzoic acid,

ferulic acid; protocatechuic acid

k2% 7 D AR (Mailuoning Oral Liquid, MOL)
VL IAE I 25T T T BT 5 5045 1R 2H A i PR 5
BRI LR E T, e R 2 A R A m A S
A=, BEBERER. SRR DI 477 hE
R BAXS EAAR EASETEM LR
16 5 WRH 2 Lk, IR b F TR YT A P ZE
KB 2 WK TR Bl BRI A ZERE L i i
IR AILGEE . RA XS RIET XSR XS R
HEW) % 2 Scrophularia ningpoensis Hemsl. [ T-/EAR 11,
WAL, XS HBUREA RPN SR A4 5t
BNIK AL VR G e o O 2 B IE % o [RIE, X
Z RIS T REN MOL R A5 25 300 8 57
H2 Mk B Hin KT x. HitxZ
() 85353 B R 2 e I 79 T 29 i e b 22
S R SRR, I T J7 vk -SRI 2 B A - 15)
LB TEY, H g b 3 A — SR E b H
JUANBRFRER T 2. 24 81k, AR DL E &
Lo 4 ARy, WINEEEREE . KRR
APUR S Az K5, HT PPN AR H 24547 o7 & (1)
FHORHRIE .

BT RS0 Bk oy E E s & &
IS, AT FE R FH AR e RIGRUR €00 5 T = 3 DU AR A o
i ( UPLC-QqQ-MS/MS ) Jj L 7E £ fx b Wi
(multiple reaction monitoring, MRM) #&z0T, B IX
B XS AT . RN RET . AR S
4 KA BRI, FER TR E RS T
MOL, SEHLT ZZZ58 25 ANz At MOL H 15
AN E B . dEW TR ITEN AN
HZ S MAARFRALR MOL #HT &I, B7E
4 MOL HJ7h XS 25 1) 35 L H AR 7 1 o 4%
il FR it 5 2 Bl AR .
1 {FEEHH
L1 Y25

Waters Acquity® UPLC H-Class i 5 R0 A (15

1%, Waters XEVO® TQD system % = = PUFRAF 5 115
1, SEERAF A 7 ; KQ-200KDE FU % 8 75 1 1t
&, RILmEAMERERAR: XS105 B+ a2
—HFRY, WEEE-SERZ AT .
1.2 ##

XTI (R1, fit5 N24D11W135689) #l
X HSEEE R (R22, #ib'5 A31J100L94348) 14 H
FHRENAEYRHA R A 2-BsA R E (R2, it
5 AF21081054). &iF (R3, #t'5 AF20073153)
M EEEF (R18, b5 AF21102904) W H AR
EREARAR s MBI (R4, HE5
DSTDT000401). P& EH (RS, #t*5 DST210329-
059). i JLZEE (R6, fit'5 DSTDY008101). *}#%
FEIHFER(RT, L5 DSTDDO11401) %} & S (R9,
fit’'5 DSTDD005701). FEZAMEH (R13, #t's
DST210601-060 ) . % #%i& & C (R14, it 5
DST211010-009). Fg LA (R20, k5 DST220312-
058) FIKAERR (R21, #it'S DSTDGO016801) 4 H %
AR AR E AR AR MR (RS, #t5
PRF20070342) ) H B8 5 A RHE T KA FRA 75
BEFET (R10, #E5 20122101) 8 H SHIE
EAEYBEAERAR; PR (R12, #t'5 110773-
201915) W H H E &2 A e b Hrél e
A (R11). WRZEE C (R15), 8-O-%f FE LM E
1 (R16). 1-(3-hydroxy-4-methoxyphenyl) ethyl-3-a-
L-rhamnopyranosyl-6-caffeoyl-f-D-glucopyranoside
(R17). i3 (R19). scrophuloside Ay (R23).
scrophuloside Bs (R24) Fll keolzioside (R25) HA
SRS AR DA ST IR S T 2 £ = 98% s
] B S PR 80 =95%. O (B E Merck
AT FHER [FREHRBH (R ED FIRAF ]
YN LC-MS 2%, /KA Milli-Q RG] £ HAa4liK,
HARH ot

FHEKT (SI. S2). Ti/H4 (S3~S5). WilA
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(S6~S8) LHiF4 (S9. S10) F=Huf % S 2451 i
SRR A R AR ks (S11~S13),
WAL (S14~S16) 52 (S17~S19) =HuiK)
LMWL T ZING M. XS4 hEZ
BERZF R 222 BB TR B S E N X SR X S E
Y% 2% S. ningpoensis Hemsl.It) T-£4R . 53 #it MOL
H &2 A R A R 3L, FEmERIE 1.
®1 S3itMOL#ERER
Table 1 Sample information of 53 batches of MOL

Fir s WS FEN w5 LS [F0 GS dits

2019 M1 190404(2021 MI19 2101042022 M37 220201
M2 190406 M20 210105 M38 220205
M3 190503 M21 210106 M39 220207
M4 190506 M22 210107 M40 220301
M5 190509 M23 210108 M41 220402
M6 190510 M24 210201 M42 220405

2020 M7 200601 M25 210202 M43 220410
M8 200603 M26 210904 M44 220501
M9 200701 M27 210905 M45 220502
M10 200703 M28 210907 M46 220505
M11 200712 M29 211101 M47 220606
M12 201201 M30 211103 M48 220607
M13 201202 M31 211107 M49 220610
M14 201205 M32 211114 M50 220613
M15 201207 M33 211204 M51 220614
M16 201208 M34 211214 M52 220703

2021 M17 210102 M35 211218 M53 220705
M18 210103 M36 211219

2 HESHR

2.1 BIESRIEEHE

2.1.1 it K Waters Acquity UPLC® HSS
T3 ik (100 mmX2.1 mm, 1.8 pm); WEIHN
0.1% T E/KIE B £, #6EEHERL: 0~3.0 min, 0~
10% M 3.0~5.0min, 10%~20%ZfiE; 5.0~12.0
min, 20%~30%Zfff; 12.0~13.0 min, 30%~100%
i 13.0~15.0 min, 100%ZfE: AFRHE 0.3
mL/min; FEiR 30 ‘C; #HFEE 2 ul.

2.1.2 JRIEZAME HIWEZ (electrospray ionization,
ESD B, MBI ESIYEST, 4§77 20K A
%2 Jx MY (multiple reaction monitoring, MRM)
P, BB FVSARIRE 650 Lih; BLIAEFISIEE
650 C; B TIRIEE 150 C; HEFLARIR & 50 L/h;
BAEHIE 2.0kV; 25 M RAL S B BTSN

R 20 BT ER S IR VA VORI v R AR
BTREIE 1, SnfER MRM G E LK 2.
®2 25 MESTH MS/MS 5%
Table2 MS/MS parameters of 25 compounds

R THET ML it ET

e "

(m/2) (miz)  WIE/NV  RER/NV O B
RI 268.02  136.00 26 17 ESI*
R2 25203 136.02 19 13 ESI*
R3 284.03 15202 15 14 ESI*
R4 39112 183.06 23 13 ESI-
R5 363.12  201.07 34 14 ESI”
R6 155.08  93.05 31 12 ESI*
R7 139.05  95.02 27 12 ESI*
RS 179.02  135.18 30 13 ESI-
R9 163.04  119.00 26 15 ESI”
RI0 62352  161.02 58 37 ESI-
RI1 47112 147.02 35 20 ESI-
RI12 19510  145.00 20 20 ESI*
RI13 62321 161.02 62 40 ESI”
R14 78315 175.04 62 42 ESI”
RI5 63723  160.95 50 35 ESI-
R16  509.12  163.05 42 20 ESI”
R17  637.15  161.02 68 45 ESI-
RIS 65138 175.04 55 31 ESI-
R19 65135 175.04 56 35 ESI-
R20  539.17  147.03 22 23 ESI”
R21 149.05  131.05 20 11 ESI*
R22 17851  161.00 21 11 ESI*
R23 89342 161.03 80 49 ESI*
R24 86345  685.08 80 35 ESI*
R25  833.52  131.09 43 42 ESI*

22 MERMAARAHE

Y ARG ERRE 25 MIRAER, I 70% H
il B 0 HE i A . U R i DS
B R1~R25 JFRE R 5708 20.00. 0.084. 4.70.
40.00. 388.80. 12.90. 5.50. 31.20. 10.30. 72.00.
20.00. 10.10. 18.56. 320.00. 16.00. 10.80. 10.50-
10.00. 5.25. 153.60+ 63.60+ 5.05. 5.40. 11.30. 5.30
ng/mL KRS XTI, BT 4 CMRAE, &M,
23 Hi@mARnElE
231 XZHMLIER WX UMK G
50 Hif) £50.5g, K%FRE, B 100 mL HIEHETE
i, REEFEEL 70%H EE 30 mL, %%, FriE,
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1 LAY R1~R25 (1~25) FERANRSE (A). XE%H# (B) #1 MOL (C) FHRABETFARE
Fig. 1 Total ion chromatograms of compounds R1—R25 (1—25) in mixed standard solutions (A), Scrophulariae Radix (B) and
MOL (C)
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B2 &% RI~R25(1~25) ERAXRSR (A XS4 (B) # MOL (C) i MRM &ifE
Fig. 2 MRM chromatograms of compounds R1—R25 (1—25) in mixed standard solutions (A), Scrophulariae Radix (B) and
MOL (C)

AL 40 min (200 W, 40 C), ¥4, =, H 232 MOL #H{ABH %W E MOL I mL, &
70% AN R IR A T, BEA, i 022 um HHL 10 mL =i, IKERZEZIEL, 4, 022
JERR, WNSEW, RIS Z S s um A WL, BXEEET, RIS MOL iR 5his .
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24 FEFER

2401 ZMEXRR. WNRSEERHELE L “2.27
TR IR AW AW, 1% 2 SRS HB-1~
HB-12, T Ei& “2.17 BURNE244F NIE . Do
i TR BE R AR bR (X0, TR AL KR (V) #E

AT, e HIbRiE -l 22 (/D 6 NFREIRE 5D,
PUEMEEL SIN=3 FIl SIN=10 435+ SLAG I PR A &
BIR. g5 BNE 3, L0 25 MLAELYEEE N
LR R R

242 FEEEERE EIRAX IR BIER, %R

®3 5 MLAYMMNEMXRERER

Table 3 Linear range investigation of 25 compounds

AW [ )= 75 FE 2R MEVE Fl/(ug-mL ™) R? KPR /(ng-mL) SE = R/(ngmL™)
R1 Y=73109.00 X—4 266.00 0.02~20.00 0.999 1 4.41 14.69
R2 Y=92945.00 X—13.38 0.001~0.084 0.999 0 0.000 3 0.000 9
R3 Y=59 785.00 X—2 491.90 0.01~4.70 0.999 2 0.004 0.01
R4 Y=36.80 X—9.13 0.31~40.00 0.999 4 3.07 10.22
RS Y=38.55X+147.59 0.76~194.40 0.9972 5.48 18.26
R6 Y=2241.30 X—49.71 0.01~12.90 0.998 5 3.05 10.15
R7 Y=3940.90 X+166.31 0.02~5.50 0.999 9 3.58 11.92
RS Y=492.94 X+260.37 0.02~31.20 0.994 0 0.03 0.11
R9 Y=1171.30 X—5.53 0.02~2.58 1.000 0 0.09 0.31
R10 Y=266.23 X+60.53 0.14~36.00 0.999 2 0.16 0.52
R11 Y=437.18 X—31.82 0.08~20.00 0.999 3 0.40 1.32
R12 Y=8578.90 X—453.94 0.01~10.10 0.999 5 4.38 14.60
R13 Y=472.42 X+13.09 0.02~9.28 0.999 8 3.45 11.50
R14 Y=83.56 X+17.72 0.31~80.00 0.999 7 0.20 0.64
R15 Y=338.85 X—17.55 0.03~8.00 0.999 3 0.04 0.13
R16 Y=250.17 X—15.68 0.04~10.80 0.999 5 0.05 0.17
R17 Y=672.30 X+30.307 0.04~5.25 0.998 3 0.07 0.22
R18 Y=379.78 X—25.63 0.08~10.00 0.999 7 0.04 0.13
R19 Y=215.85 X—18.76 0.04~5.25 0.999 0 0.06 0.19
R20 Y=17631 X+112.27 0.15~76.80 0.998 9 1.52 5.08
R21 Y=24038.00 X—1 514.80 0.03~31.80 0.999 9 2.97 9.91
R22 Y=2167.10 X—95.05 0.02~5.05 0.999 6 0.005 0.02
R23 Y=5851.80 X—40.99 0.02~5.40 0.999 5 0.004 0.01
R24 Y=119.00 X—9.59 0.17~5.65 0.997 9 0.30 0.97
R25 Y=2707.50 X—27.01 0.01~2.65 0.998 3 0.01 0.02

“2.17 TSRS 6 IR, TS Ao VT AR
(1) RSD, 3 H WHRE#RE; &8 3 d R E —TR
A0TSR, EAEERE 6 IR, THE & o I AR
) RSD, 19 HIERE% . 4558 %W, R1~R25 HN
K] RSD 73514 1.84%.2.08%+0.83%-1.61%-1.22%-
1.90%- 2.65%- 1.93%-+ 4.08%- 2.47%-+ 2.45%- 1.77%-
1.97%- 1.39%- 2.46%- 2.09%- 2.48%-+ 3.07%- 2.40%-
3.67%- 1.50%- 5.65%- 4.41%- 5.99%. 4.38%, H
[B]fF) RSD 4354 3.77% 2.66% 4.26%- 5.74%-

7.42%- 3.74%- 3.72%-. 1.38%-. 7.33%-. 7.09%.

10.41%. 6.08%- 7.11%. 5.42%. 6.78%- 5.38%-
6.03%- 7.34% 5.44% 4.45% 4.35%. 7.76% 4.26%-
4.98%- 2.12%, RIAIEHNEHFE R U o

243 FEEVEFEL <237 TR BT H
% 6 X ZZH (S1) F1MOL (M26) KAt A
W THE 6 10 X S HEHGR A & RS W T AR/ HURE 2 1)
RSD 1 MOL #¥ it A &l /0 Ve AR ) RSD. 255 12
N, XBZk R1~R25 () RSD 43514 1.93%.
4.29%-2.16%- 2.26%- 1.02% 4.22% 3.16%+ 4.76%-
4.90%- 0.95%- 1.66%- 3.24%- 2.40% 2.40%- 1.09%-
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2.43%-+3.14%- 2.96%+ 5.27%- 3.57%- 0.93%- 1.25%-
2.75%- 3.77%- 2.22%, MOL ' R1. R3. R5~R9.
R11~R13. R17. R19~R22 ] RSD 454 1.00%-
2.58%-+3.01%- 2.45%+3.05%- 0.66%- 1.51%2.67%-
1.87%12.92%- 2.14%-7.71%- 7.57%- 2.75%+ 5.14%,
KZ TR ERE R

244 FOEMEEL WA OSSR, %R
“2.17 WREME AT 00 24 4. 8. 120 24 h HEFE
IR, THES A IE AR RSD. SRR, X2
ZiMESL (S1) o R1~R25 i RSD 23515 2.15%-
6.13%+3.23%- 4.88%+2.75% 8.82%- 6.94%.3.91%.
3.50%+2.24%- 4.02%+ 5.90%- 5.23%- 4.10% 4.47%-
5.45%+4.08%- 5.91%-7.02%- 1.99%-2.82%- 6.03%-
5.69%-. 9.91%. 2.04%, MOL (M26) 1 R1. R3.
R5~R9. R11~R13. R17. R19~R22 f#] RSD 4}
AN 1.70%- 1.26%- 2.88%- 0.98%- 2.40%- 0.94%-
1.99%+5.01%- 0.91%-2.21%- 2.56%- 3.00%- 3.43%-
1.39%- 4.82%, Z5HREH, HHXMERIE 24h WER
M RUF o

245 IFEREERFELE Rk OE CE R bR
BT B 0.25 ¢ XS AMEER (S1) 9 M AkE %
W HY L 5 6 bR 4> & MY 0.5 mL MOL ¥
(M26) 9y, #3401 4. DR, . =3
AN (50%+ 100%- 150% ) K5 55 i N6 B8 i v
2 “2.37 WUR ikl i, % “2.17 R
PR AT, IPEMEE RS, SR ER, X
Z UM R1~R25 -7 35 I F B 2 4 5 A
97.10%-91.82%- 112.22%- 84.80%- 84.75%-87.90%-
108.27%+ 107.69%- 98.92%. 101.40%-. 98.51%-
104.42%. 104.66%- 104.74%. 89.82%. 111.28%.
107.02%- 100.79%. 86.35%-. 110.01%. 101.65%-
107.10%- 104.04%-. 107.72%- 109.49%, RSD 437
N 5.52% 3.54%. 7.20%- 4.12%- 5.09%-. 5.51%-
7.84%-+6.00%- 6.66%- 1.56%- 1.38%- 7.02%- 2.66%-
3.87%- 3.13%- 3.32%- 3.55%- 2.57%- 6.54%- 9.48%.
1.75%- 6.14%-+ 6.91%- 9.01%- 4.11%; MOL #
1 R1. R3. R5~R9. R11~R13. R17. R19~R22
()~ 35 I FE W 22 53 N 106.20% « 94.06% -
111.92%. 97.42%. 105.71%- 100.64%. 86.09%-
105.02%- 100.34%. 101.61%- 106.47%- 92.74%.
102.90%. 105.82%-. 93.28%, RSD 437l 4.28%-
3.44%-8.52%- 4.38% 4.34%- 2.61%- 7.47%- 3.35%-
8.33%-7.39%- 5.34%- 3.83%- 7.48%-+ 3.09%- 4.32%:;

SE R R R R T e
25 HmEENE
WA FEHEIR X S 25 FE i MOL 5, 4%

“2.37 WUR AR IR, R 4217 TR %
PEERE T AR DR TR RS G &,
BHORFER S ENE 4. 5, BIisERME 3. 4 B
N ANEFEHE L S 2 A ISR (1) MOL H & il
NREEANEES. XSUMFB 25 PR e
FEUAEIHX GrdbE) NEE, WHLEIRZ .
MOL 2021 #1 2022 A 15 MPali o e & 25
T 2019 SEAT 2020 FEIRE S

2.6 WEITEFNMH

2.6.1 5 (cluster analysis, CA) K H Heml
BRI AN TR R b R A 22 1 o0 B iR AT SRR
I3 BT VA — O U S AT X ] SRR,
SR LK 5 F 6. 19 #HEX SIS IE I 7
4 2% PUEEHLIX (EJK S1. S2, HtH S3~S5) N
128, BRI G S6~S8) N 22, 1
RNBE R X (2280 S17~S19, THE§ S9. S10,
WAL S14~S16) A% 3 26, HEJbhhX ik S11~
S13) NE 4 3K, B XS & B S &
Al fE S HA K IR A OC . 53 it MOL REM N 2
% RS (MI~MI11) A% 135, SEMNEK
i REWIEERS (M12~M53) N 2 2K, SEM
XT35%5), FB MOL 1A S0 AN & 5o & ik,
HHARE S S R S B N R Ak, 2 R AEAE
B (PR ST PR R R — /N, AT RE A FH I 2
A IR B A X R A L B AT

2.6.2 E Mt (principal component analysis,
PCA) B AR KFE 5 & 40 & Py i i AR 3 N
SIMCA 14.1 #fF, #47 PCA, WK 7-A F18-A. %
SUMPER KRB N 2 28, e X Qb)) %
SUMRE BN — 28, BRAR B b 5 HoAd b X 43T F,
KERRLER -, HEERMX XS HMFENX
SIS, ATREARRUONEE 1 ISR 2 FRRAIERE S
HBEAEE(E . MOL #4344 28: 2019 4F. 2020
L2021 AR5 2022 EFESL S R —K, UL
ANFEFA I MOL & S AAE — € £ 5, 58K
i REEA—EL
2.6.3  IEA /N —3f- ) 53 # Corthogonal partial
least squares method-discriminant analysis, OPLS-DA )
N UL X 73 AN R X S 258 T MOL A i 4. 11)
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Table 4 Contents of 25 compounds in 19 batches of Scrophulariae Radix samples
e e B B perg )
R1 R2 R3 R4 RS R6 R7 R8 R9 R10 R11 R12 RI13
SI  EHJK 19575 042 56.61 1086.78 517293 1.56 7.00 1.82 542 24827 17832 17.76 40.30
S2 167.65 0.67 59.88  544.04 500420 1.75 6.60 1.25 5.14 291.94 148.00 18.13 61.94
S3 MM 12456 024 32.67 31.08 3725.68 1.61 9.69 1.56 3.61 8795 95.16 1590 11.62
S4 128.09 0.24  40.87 37943 470936 1.79 9.82 1.68 9.56 113.26 12990 21.15 25.86
S5 124.75 030 27.73 149.73 414486 2.58 9.65 4.86 9.09 106.61 86.67 2537 19.28
S6 WL 17525 0.29 10572 26833 6522.18 1.65 3.21 3.21 9.44 86.56 195.60 48.93 15.84
S7 26248 044 168.37 1662.65 7651.14 1.57 3.29 1.61 4.48 220.51 153.94 49.04 46.26
S8 319.78  0.64 221.44 184340 7811.86 1.22 5.18 1.32 2.86 22573 135.67 53.28 37.27
S9  JME 6239  0.17 2327 152.81 3126.00 3.32 1248 495 26.10 56.80 145.05 2293 15.72
S10 108.97 0.32  38.21 131.12 398575 16.65 28.87 2134 53.60 30633 152.06 54.21 39.99
SI11 e 12237 0.15 13.04 2783.12 9520.09 1.81 6.91 472 2296 286.95 206.56 7829 5791
S12 125.76  0.14 12.28 2429.67 9260.07 2.55 8.61 5.00 19.59 31240 21438 69.24 63.71
S13 113.45 0.23 12.03 175036 8310.55 1.69 6.40 434 15.07 209.87 179.61 76.32 39.19
S14 #de 15771 033 7443 421.58 338820 8.07 19.76 13.56 4396 268.47 288.33 73.20 55.88
S15 147.54  0.27 69.71 23444 3869.56 4.65 16.80 12.61 3261 212.61 253.94 69.32 33.94
S16 158.16 0.28 60.15 385.87 4363.13 4.81 12.88 832 3746 18597 39538 66.52 31.34
S17 Zf 13252 025  65.01 25336 2601.00 6.43 18.86 8.72 2626 164.74 23191 54.86 30.51
S18 233.07 037 101.11 949.89 439371 6.17 1545 6.24 2774 146.54 675.22 50.67 23.22
S19 247779 040 95.13 914.86 5573.40 9.40 20.72 8.15 37.07 267.19 897.18 61.44 49.96
f REN e )
R14 R15 R16 R17 R18 R19 R20 R21 R22 R23 R24 R25
SI  HEFK 145432 47.77 1491 9.22 35.82 4.36 691.99 479.68 1530 4152 36.12 23.89
S2 1156.57 40.38 11.10 10.72 27.05 3.43 578.77 547.33 20.56 2238 27.06 14.24
S3 M 1069.09 2238 9.43 4.84 16.81 3.09 750.30 419.11 21.50 3940 31.47 23.15
S4 1290.55 2637 14.04 7.35 21.82 4.46 875.89 512.75 33.82 3193 30.71 26.78
S5 136732 3049 9.74 7.49 25.76 3.72 529.06 488.10 41.79 42.08 3936 2642
S6 WL 1036.17 22.68 10.07 5.48 31.10 2.60 793.89 812.22 14.79 7.64 19.18 0.85
S7 137250 5297 7.98 11.37 63.30 3.93 740.43 709.64 9.85 9.90 3122 1.06
S8 146494 64.76 5.13 10.31 55.59 3.64 930.25 688.73 1586 1137 29.73 0.95
S9  E 644.12 14.15 23.89 4.04 13.72 249 1093.60 639.21 16.23 1435 69.63 3.70
S10 1319.85 33.57 21.24 6.46 24.86 3.67 992.75 437.11 12.06 23.57 84.54 4.62
S11  jdEk 2873.03 44.18 18.43 8.47 19.44 4.07 2412.18 676.51 41.28 88.61 213.24 26.03
S12 395449 53.03 21.58 9.57 20.22 493 2711.72 703.43 40.85 109.25 220.67 31.62
S13 2433.15 38.35 12.05 7.00 14.77 3.51 241748 690.60 60.56 45.75 90.39 10.57
S14 4 123437 3789 7.13 8.22 23.75 2.81 77595 676.24 4745 7.95 2428 0091
S15 934.87 3253  6.93 6.64 19.17 2.53 575.64 719.48 57.84 9.07 3228 1.38
S16 109597 27.05 7.08 5.46 19.37 3.39 512.56 530.94 55.90 7.65 2837 290
S17 723.84 2240 6.82 5.15 20.75 2.88 723.80 797.58 44.27 7.09 32.19 1.26
S18 116634 2247 9.26 4.84 37.40 5.07 338.07 557.25 2354 1473 3645 1.14
S19 2228.80 36.39 12.92 6.75 62.62 6.18 622.21 634.99 2720 25.68 8494 538




¢EH 2023F6H £54% B 1M Chinese Traditional and Herbal Drugs 2023 June Vol. 54 No. 11 * 3453 -
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Table 5 Contents of 15 compounds in 53 batches of MOL samples

B IRE/(ug-mL ™)

Feah 0
RI R3 RS R6 R7 R§ RY RIl RI2 RI3 RI7 RI9 R20 R2I R2

M1 2019 6736 1.11 4932 61.57 1039 93.82 888 1.54 1854 4228 2489 1145 67.63 14397 8.86

M2 81.57 097 4545 69.55 1344 73.04 9.68 2.87 16.63 4493 2640 11.61 9447 18580 8.79
M3 7834 132 48.60 65.56 11.60 8032 834 244 1648 37.61 2261 998 6856 171.34 7.93
M4 75.00 1.58 50.15 5093 1132 66.00 821 1.99 1515 3297 1826 8.10 6498 16947 7.50
M5 73.50 1.12  38.03 49.85 1044 52,61 7.63 196 13.01 30.08 17.81 8.18 56.61 179.10 7.68
M6 74.09 091 3471 5420 1136 64.08 8.48 231 15.18 36.72 21.12 9.46 6399 17475 6.71
M7 2020 69.68 0.56 8.48 6128 1795 88.86 8.13 0.80 14.03 21.22 17.07 1247 50.62 15584 7.35
M8 73.00 1.04 20.87 78.26 22.06 133.29 10.02 1.00 16.60 23.84 18.46 12.74 54.16 153.56 7.23
M9 58.06 090 19.63 59.79 17.35 107.04 9.05 097 1584 16.11 1320 8.55 4538 15936 6.80
M10 5498 0.83 19.12 4830 1349 8883 825 095 1521 1276 11.03 7.13 40.67 15991 6.56
M11 59.94 1.06 19.59 50.57 17.58 77.50 823 098 14.43 13.86 12.75 829 4848 14931 6.31
M12 58.75 093 56.82 5630 1320 7740 828 1.60 16.10 1644 1349 7.33 4781 18833 7.68
M13 60.71 1.03 4148 4345 11.58 5040 892 2.09 1434 1427 1254 7.57 6239 204.80 8.09
M14 60.20 0.66 4136 49.56 12.08 68.12 9.05 1.69 1563 1295 1192 7.02 50.17 210.57 8.53
M15 6243 099 6291 62.89 1148 74.07 9.03 2.56 1622 1229 13.03 6.39 5543 220.88 8.04
M16 60.79 0.69 59.72 5471 1038 76.66 927 1.78 16.16 1242 11.89 6.50 56.22 220.80 8.79
M17 2021 59.76 1.84 77.88 67.85 8.79 127.79 8.77 252 18.67 2897 1599 9.11 6839 11790 16.20
M18 55.04 1.87 89.52 67.30 838 10580 851 2.62 17.88 23.66 13.82 6.52 66.03 12594 16.98
M19 50.30 1.96 88.17 65.50 8.61 97.79 840 2.79 1755 1647 11.78 498 60.14 136.52 17.44
M20 5128 198 71.77 6698 824 8776 832 2.65 17.19 16.02 12.10 558 65.11 138.69 16.80
M21 52.52 198 8385 67.90 854 97.14 8.66 2.85 17.57 1635 11.57 5.78 58.12 14595 18.30
M22 57.55 1.73 7335 61.72 8.60 93.12 889 2.55 17.75 19.89 1331 544 5924 160.67 20.08
M23 61.71 1.73 64.63 67.73 841 90.17 929 2.72 1746 2043 13.64 6.11 61.18 166.07 21.27
M24 6198 1.71 64.55 71.04 10.62 9720 9.28 2.15 19.16 20.06 1242 6.44 5598 189.49 23.83
M25 61.70 1.74 5736 70.17 990 9484 944 239 1871 1840 12.73 6.47 64.65 190.86 23.91
M26 63.26 3.85 7429 7448 8.04 9225 9.14 524 21.66 20.72 1032 7.16 71.16 186.58 22.18
M27 66.39 3.53 5928 77.66 9.73 9643 987 531 2133 2398 11.18 7.83 7335 22640 28.46
M28 63.58 398 7348 72.60 934 93.61 957 549 2187 2159 1020 729 7132 19641 28.53
M29 76.63 4.24 117.32 58.86 7.63 131.30 10.44 140 2087 1027 7.77 639 6751 179.57 29.91
M30 70.85 534 135.01 66.13 9.04 11626 9.62 198 1888 10.80 8.12 7.37 64.81 160.95 26.89
M31 66.71 4.64 191.30 76.01 11.36 188.13 12.20 1.79 2492 1524 1038 8.78 58.68 199.59 29.16
M32 63.40 4.69 240.10 70.08 11.17 226.25 10.75 1.71 2321 1535 9.89 8.76 54.02 155.81 28.19
M33 5422 440 193.13 7247 11.13 17720 874 4.44 21.75 2295 1498 7.13 84.48 20238 31.22
M34 63.64 6.11 181.72 66.05 9.82 153.83 8.06 4.16 21.14 1640 12.84 5.83 64.05 204.16 2743
M35 55.02 6.09 149.78 55.63 11.03 130.85 8.56 528 21.45 14.09 1046 538 79.05 196.86 23.53
M36 56.02 7.38 149.37 53.71 9.71 105.53 874 583 20.72 1433 11.10 5.59 8298 207.59 24.85
M37 2022 4191 293 92.62 3034 6.16 113.23 11.12 491 1691 14.61 11.18 6.63 74.67 140.82 8.13
M38 43.06 3.18 98.88 2828 584 10430 10.77 5.34 16.54 13.50 11.23 7.33 84.10 145.19 9.43
M39 5223 3.43 10542 32.79 6.20 103.92 1094 6.61 1726 12.69 10.16 6.96 82.87 141.39 10.57

M40 5346 327 9884 3220 6.07 103.35 1221 7.32 1733 12.78 1023 6.33 7895 140.65 10.98
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R1 R3 RS R6 R7 RS R9 RI11 RI12 RI3 R17 RI19 R20 R21 R22

M41 2022 5521 458 91.84 33.65 590 101.11 11.64 6.53 16.61 13.55 1126 7.42 82.15 147.17 10.24
M42 5529 4.80 10021 36.21 6.31 103.65 11.44 796 17.17 13.42 11.13 6.57 86.05 142.04 9.92
M43 4631 7.16 13425 4322 577 9894 11.72 934 17.20 26.70 1931 10.35 127.80 178.53 11.90
M44 53.71 492 109.75 56.05 694 123.08 12.66 8.14 18.14 43.90 2338 17.13 124.00 198.83 13.11
M45 55.10 631 105.64 59.19 6.96 13494 1291 8189 1830 50.08 2626 19.60 121.34 200.21 13.20
M46 4630 6.65 9748 4948 596 109.55 12.03 7.82 16.78 29.73 19.58 11.04 112.07 168.91 10.78
M47 4577 8.82 89.68 4821 6.20 117.60 11.45 6.80 17.90 28.61 1735 12.54 89.65 167.60 10.69
M48 4428 7.67 7647 4247 596 10494 11.63 595 1649 2329 1553 9.64 80.55 164.03 10.84
M49 52.54 10.15 78.12 46.51 539 97.06 1341 791 18.19 21.15 1491 943 12229 18583 1143
M50 49.01 1035 93.51 45.79 530 102.55 13.55 7.75 19.06 1691 13.45 9.06 116.13 192.67 12.17
MS51 46.98 1148 90.53 4443 566 94.11 12.76 833 18.50 16.79 1253 8.02 107.03 183.62 11.77
M52 49.02 1126 80.82 40.21 564 8625 13.11 8.18 17.79 2351 1621 9.04 116.27 191.03 12.22
M53 54.13 9.81 140.19 57.13 577 11414 950 571 1428 17.81 17.61 7.53 98.07 172.57 13.57
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RIEH R22-BAMRHE R3-5H RA-BRHHIHE RS-GEH R6-FILAME R7-WEEETE RS-NMER RO-WHLR RI0-EE
EHEH  RU-BTEEH A RI-FTHEE RI-RESEHE RI4&-ZHIEH C RIS-WHHEYE C RICS-O-X FEBERDOH RI17-1-3-
hydroxy-4-methoxyphenyl)ethyl-3-a-L-rhamnopyranosyl-6-caffeoyl-B-D-glucopyranoside RI18-H1#5+H RI19-FHuEEF  R20-M R  R21-AH:
R R22-%F FEIEAHEER  R23-scrophuloside Ay R24-scrophuloside By  R25-keolzioside, & 4 [

R1-adenosine R2-2'-deoxyadenosine R3-guanosine R4-aucubin RS5-harpagide R6-protocatechuicacid R7-p-hydroxybenzoic acid R8-caffeic
acid R9-p-coumaric acid RI10-acteoside RI1l-sibirioside A RI12-ferulic acid R13-isoacteoside R14-angoroside C Rl15-jionoside D R16-8-p-
coumaroyl harpagide RI17-1-(3-hydroxy-4-methoxyphenyl)ethyl-3-a-L-rhamnopyranosyl-6-caffeoyl-B-D-glucopyranoside ~ R18-martynoside R19-
isomartynoside ~ R20-harpagoside =~ R21-cinnamic acid R22-p-methoxycinnamic acid R23-scrophuloside A;  R24-scrophuloside B,  R25-

keolzioside, same as Figure 4

B3 19 MERZESEMHERT 25 MRS SENENREE

Fig. 3 Overlay diagram of contents of 25 compounds in 19 batches of Scrophulariae Radix samples
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Fig.4 Overlay diagram of contents of 15 compounds in 53 batches of MOL samples
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Fig. 5 Cluster analysis of contents of 25 compounds in 19 batches of Scrophulariae Radix samples
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Fig. 6 Cluster analysis of contents of 15 compounds in 53 batches of MOL samples
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