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method for the simultaneous determination of scutellarin, rosmarinic acid, negletein, carvacrol and thymol in Moslae

Herba, which was more economical and effective for the quality control of Moslae Herba. Methods: The retention
times of the five components in Moslae Herba were determined using HPLC on 13 different Cis columns. The average
retention time of each component under each column was then used as the standard retention time for that component.
Rosmarinic acid (peak 2) and carvacrol (peak 4) were chosen as linear calibration standards. The chromatographic peaks
were localized by using liner calibration with two reference substances (LCTRS). Rosmarinic acid was used as the control
substance to determine the content of each component using a relative correction factor. And the results were compared
with those obtained from the external standard method. Chemometric analysis was used to excavate the differential quality
markers of Moslae Herba. Results: LCTRS had accurate prediction results for the measured components and enjoyed
a wide range of column applications. The correction factors of scutellarin, negletein, carvacrol and thymol to rosmarinic
acid were 0.853 3, 0.475 2, 3.034 7 and 2.738 6, respectively, and their relative standard deviations were below 2.0%.
There was no significant difference between contents obtained by the two methods. The contents of scutellarin, rosmarinic
acid, negletein, carvacrol and thymol in 21 batches of Moslae Herba were 0.05-2.87 mg* ¢!, 0.73-9.73 mg* g™, 0.04—
0.99 mg- g™, 0.36-8.52 mg* g and 0.61-10.2 7 mg * g”', respectively. The 24 batches of samples could be
clustered into three categories, and thymol, carvacrol and negletein ether could be used as differential quality
markers. Conclusion: TSDMC method for the simultaneous determination of the contents of 5 components in
Moslae Herba is stable and reliable, and provides a new idea for the overall quality control of Moslae Herba.

Keywords: Moslae Herba; relative correction factor; two reference substances for determination of multiple

components(TRSDMC) method; linear calibration using two—reference substances(LCTRS) method; content determination
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Tab.1 Column information

%5 (No.) SRS (column type ) 727K (manufacturer )
col 1 Symmetry Cys (250 mm x 4. 6 mm, 5 pm ) Waters
col 2 Shimadzu Shim—pack Cys ( 250 mm x 4. 6 mm, 5 pm ) Shimadzu
col 3 Zorbax SB Cy5 (250 mm x 4. 6 mm, 5 um ) Agilent
col 4 Intersil ODS-3Cys (250 mm x 4. 6 mm, 5 ptm ) GL Sciences
col 5 HALO Ci5(250 mm x 4. 6 mm, 5 pum ) Advenced material technolgy
col 6 XbridgeCis ( 250 mm x 4. 6 mm, 5 pm ) Waters
col 7 Phenomenex Luna Cis( 250 mm x 4. 6 mm, 5 pim ) Phenomenex
col 8 Titank Cys (250 mm x 4. 6 mm, 5 um ) JOMFEZ TR AR A R 2 F] ( Guangzhou FLM )
col 9 Acclaimtm C;5(250 mm x 4. 6 mm, 5 pm ) Thermo
col 10 capcell pak Cis( 250 mm x 4. 6 mm, 5 pum ) Shiseido
col 11 Eclipse plusCs (250 mm x 4. 6 mm, 5 pm ) Agilent
col 12 Eclipse XDB-Cs (250 mm x 4. 6 mm, 5 um ) Agilent
col 13 Acclaimtm C;5(250 mm x 4. 6 mm, 5 pm ) Thermo
col 14 Agilent 5 HC Cy5 (250 mm x 4. 6 mm, 5 pm ) Agilent
12 iK%y F2 UHBFHBKRER

X B BT B RS A (i 110842-202411, & i
91.0% ) EIEFER (HE5 111871-202408, 12 99.6% ).
TR IT By (415 111691-201704, 25 7 99.6% ). 5 7 &
13 (4t 100508201603, 5 f 99.9% ) 410 T~ rf [ £ 4
2 RE TR R RS R -7 HE (45 29550
13-8, & it 98.0% ) W4T LifgRe PHEA PR A F; g H
Pk A, K2R A i, Ak
I WCEEAN ] 7= b 11 24 HHEURE R R L 2% 2, 229178
2 RIS IS e T AR AT A e R TE
2 HiE54%R
21 EE&E

K H col 1~col 13 (1541, LA 0.1% W 2 7K ¥ W
(A)-ZNE(B) Jy i 3 #H, B B2 ¥ B (0~20 min,
15%B — 20%B ; 20~20.1 min, 20%B — 25%B; 20.1~
40 min, 25%B; 40~40.1 min, 25%B — 45%B; 40.1~
65 min, 45%B ), & 1.0 mL - min™", K%K 4 330 nm
( 0~40 min ) F1 275 nm ( 40~65 min ), H:iE 30 C, FFEE
7 10 pL,

2.2 JRAKT IR SRR A

HUCEF B R KRR A R -7 A
FT Ty R A T A 0T Rt 3 o, R R, o s
JFHE U 43 0.211 8.,0.187 2.0.184 2,1.207 5.,
0.498 9 mg - mL™" Y] R b A BV 5 0 AR 2% I I
WX IR A% A5 1.3.1.0.3.3 mL, & T[d— 10 mL
s I EER RS B, B4R

Tab.2 Source information of 24 batches of

Moslae Herba sample

%5 (No.) 773 (origin ) #t*5 ( batch No. )
Y1 TTPHAYT ( Yujiang, Jiangxi ) 20240301
Y2 VLPYAIT ( Yujiang, Jiangxi ) 2310003
Y3 VLPEAYL ( Yujiang, Jiangxi ) 2311003
Y4 TTPEAT ( Yujiang, Jiangxi ) 2312001
Y5 VEPGH4 ( Xinyu, Jiangxi ) 2312002
Y6 YEPE X FH ( Yiyang, Jiangxi ) 20240302
Y7 TLPE-RBH ( Yiyang, Jiangxi ) 2312003
Y8 YEPGHEM ( Fuzhou, Jiangxi ) 2312006
Y9 VT4 45 ( Shangrao, Jiangxi ) 2312005
Y10 TTV5 %% ( Yingtan, Jiangxi ) 2401002
Y1l 114t ( Hubei ) 20240303
Y12 WL ( Zhejiang ) 20240304
Y13 WITE3r T ( Xinning, Hunan ) 20240305
Y14 TR FH ( Shaoyang, Hunan ) 2312004
Y15 IR ARBH ( Shaoyang, Hunan ) 2311001
Y16 TTPEAYIT ( Yujiang, Jiangxi ) 20240601
Y17 WIEEARIH ( Shaotang, Hunan ) 20240602
Y18 YLPE - FH ( Yiyang, Jiangsi ) 20240604
Y19 TP ( Jiangxi ) 20240501
Y20 VLG ( Jiangxi ) 20240701
Y21 14k ( Hubei ) 20240502
Y22 4t (Hubei ) 20240702
Y23 W74 ( Hunan ) 20240703
Y24 Pu)i] ( Sichuan ) 24240704
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1. BFEEEAT (scutellarin ) - 2. B35 FFER (rosmarinic acid ) 3. B4 E ~7- Ik (negletein ) 4. FHITFE (carvacrol ) 5. BFFHLE) ( thymol )

1 REXRM (A )RR (B ) HPLC

Fig. 1 HPLC chromatograms of mixed references substance(A) and sample(B)

242 AEHEREK BC2.2" TR RSN AR,
Fie “2.17 TN S G AR 6 Y, TF I BT A
RS RR HE R -7 W FIRITE A
WAL RSD (n=6) 4 0.129%~0.62%.

243 LMERRFEE KEEWI “2.27 WU R A

PRV 1.2.5.10,20.40 pL, 4% “2.17 T R %1
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x3 STHRAKETEE
Tab.3 Linear range of five components
( component ) (linear equation ) ' (linear range )/ (pg - mL™)

HFHEAT (scutellarin ) Y=0.401 1 X-0.053 7 1.000 2.118 2~84.729
AR (rosmarinic acid ) ¥=0.351 5 X+0.099 6 1.000 5.617 4~224.697 6
HH R -7- Wk (negletein ) Y=0.746 4 X-0.160 4 0.999 8 1.842 4~73.696
FFHIITE ( carvacrol ) Y=0.1159 X+0.102 3 0.999 6 3.622 6~144.906

JB A5 519 ( thymol ) ¥=0.127 8 X+0.058 7 1.000 14.967~588.680 7

244 FEEMRE  WUE A (A5 20240302) F
TERE S, S A 42,37 WO Jy ik A R A W, AE
“2.17 WA AT SRR A, A AE 6 WK, Ak
PRk (ESM ) THEFE 5 & i, 85 R & 38 v B a5 4F
kR AR -7 R F RO R A
(RSP 24 & B 25k 1.339°9.3.5310,0.943 8.,1.907 3,
73529 mg- g, RSD 4350 1.2% .1.4%.0.62% .0.24% .
0.17% , = ik E 1 R

245 RoEtiAE  WUE 4 (45 20240302 ) F
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SRR, e “2.37 TR Jy vk e AR i T, AE
“217 WA FEFA T, 48T 0.2.4.8.12.24 hiff
RIS , 25 TP 54T R B R B -7 Wk
FrIIT I B 21 A e T AR E 24 h JCHA AR Ak,
RSD 43 % 5 0.63%.1.6% . 1.1% . 1.2% .0.74% , 3 Wi
2T IRRRE T

2.4.6  NFEEICRIAE:  HRIE 4t (445 20240302 )
THEMAR M, By 0.5 g, K% PR, B HIEHIL M
L FRRE S SR 80% . 100% . 120% JIn AT IR i, 1
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R B E -7- FEE AR T B A R ST 2 Il
RN 102.0% . 97.6% . 95.6% . 98.6% , 96.9% , H:
RSD 2350 1. 7% . 1.9% . 2.0% . 1.7% . 1.1%, = WHiZ 5
L DR AT

3 TRSDMC ;iR sT
3.1 AR IER T

R 2 WL “2.27 TR JRA X IR 1.2.5.10,
20,40 pL, K H col 1 ot 7 “2.17 T (o S f
o SPARTEEPREAT EER 7- WEE EIRTE R
B FE AR T 2R %A TR AR XA LE PR 7, 45 51 3% 4.
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Tab.4 Relative correction factor

TR IR LA

X IE K F ( relative correction factor )

(' mixed reference substance solution ) BEH RR -7- Wl R LR

('scutellarin ) ( negletein ) ( carvacrol ) ( thymol )

1 0.854 3 0.473 8 3.0151 2.738 5

| 0.8573 0.473 8 3.004 5 27227

I 0.8314 0.477 1 2997 1 27336

v 0.8617 04793 3.0387 2.7539

AY 0.864 0 0.4820 3.028 2 2.748 1

Vi 0.8510 0.465 3 3.1245 2.734 6

HJfE (mean ) 0.8533 04752 3.0347 27386

RSD/% 1.4 1.2 1.5 0.41

3.2 AHXTRCIE A By 5 56 VAR, AR E , ARE R TR IR BRI T I b v O B I )
321 ANFEMUESFEREER S R 3 HE 13 (26.866.58.811 min ) KREARAR , JEIE IR AFFAIIT I 5

MR TEAE, BPBEAT DRIE R AR —7- it &
IEIy B S E XA IE T RSD #< 2.0%, RBHTE
ARV B AT e 2 G R (R 5),
322 AN[RIFER A B SE I 7R AR [R] S5A
T, 2R Ultimate 3000 WAHETEHL S col 1 EiEH:E X
# (08,10, 1.2 mL-min™" ) FE{ (28.30.32 C) Flk
1+ (329.274.331.276 nm ) SO 35 S5 R AT B 58, 45
(K 6) TR, AHXKIER T RSD ¥ < 2.0%.

3.3 Rl gt i e T 5

331 AR MBS AR kg e
KRR IE (LCTRS ) 925 , ELAA R F A 5325 0S¢
HR [16-18]. 38 15k 0 5 XoJ R i ) S o A3 B B ) o 46 €2
T, A5 B TR R B Y SEBR AR BT E] . DA S AN
IR SRR SN RIS 0 F- 2408 BE R ] A bt
PR B[], 25 S AT R IE AR A R -7 Wk
T TT Iy | 55 7 55 0 10 s v A B 1S PR A YK Ay 18.779
26.866.48.641.58.811.61.375 min, LA 5 PNESHFRITE
TREARTIE] X SAf A, SEPRIR AT E] Y S AkAs 1T
K4 L FE B 2R P D R R 56 2R 40, L3 7, AT Al
B AT AEAS R AT () £ B B [R) 222 RAF IR PE G R o
332 LCTRS WXL AIE L col 14 (354
BEATIEAIE . 43Sk 28 W BBOUUR ok B 3 Y0 R A3

FrAf- BRI H] ( 26.434 . 58.183 min ) ZAALFR, 153 2 &
LRME TR : ¥=0.993 9X-0.267 2. 53 BIPKs P #2541
WASR 7 WK B 513 A bm o £ B ] ( 18.779
48.641,61.375 min ) 1% A 5 FE, 45 2 AH R B 43 A F0
1R EA 14510 18.397 . 48.077 . 60.733 min, 5 iR
A3 H4) S R i B I 1] ( 18.253 . 48.417 . 61.183 min ) #H
FoA, iR 2243 9l -0.14.0.34 . 0.45 min, i A& T30
P B s 1] 5 S PR AR B B E] 15222 AN A 0.5 min (2L
SR R BNZOT A YIS AT
3.3.3 LCTRS & SAEXOR B RIE AT L3S LCTRS
AR BT AT A E R SR &4, A DR BA
) 92 DA 2K 3k A BRAE o S I8 . W5 2] A 5 Bisf 1]
FOME A SEPRAESE TG, S5 W& 8. LCTRS 1
TN F14 266 %) i 22 << 0.5 min, A% {4 B B[] 3 13 00 {1
FI4 22 < 1.1 min, FHILAT UL, LCTRS 40 X% w22
TN HER LA, B WAL
3.4 ESM 5 TRSDMC B4 5B 1A

FEEEFRI 24 HEFTZR AR 1 g, 35 2. 37 T
R AR A A 3 2. 17 RS, 4 )
JH ESM il TRSDMC VX B 75 #4722 o3 & e D
FEXFEE R EAT L . 2 B i R PR % G A
FHEZES (RSD #< 2.0% ), W 9,

RO
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Tab.5 Relative correction factor durability of different instruments and columns

FHXFREIE A F (relative correction factor )

L L BHCE REER SR - WEE M e
('scutellarin ) ( rosmarincacid ) ( negletein ) ( carvacrol ) ( thymol )
Ultimate 3000 col 1 0.844 1 1.000 0480 5 3.0387 27539
col 2 0.866 2 1.000 04725 3.0419 27273
col 3 0.8690 1.000 04915 3.076 1 27922
col 4 0.845 0 1.000 0.483 0 2.994 4 27557
col 5 0.8456 1.000 0.494 7 3.0916 27570
col 6 0.8737 1.000 0.496 9 3.0557 27783
col 7 0.8316 1.000 0.4889 29788 27196
col 8 0.850 8 1.000 04875 3.0513 27870
col 9 0.847 1 1.000 04725 3.0419 27273
col 10 0.853 0 1.000 0.468 0 3.007'5 27922
col 11 0.848 6 1.000 0.493 1 3.0137 27355
col 12 0.8603 1.000 0.483 2 2.886 6 27258
col 13 0.8522 1.000 0.499 3 3.0449 2.803 3
Agilent 1260 Infinity 1T col 1 0.8520 1.000 04943 3.0577 2709 8
col 2 0.8570 1.000 0.483 9 3.0321 2.880 8
col 3 0.870°8 1.000 04780 29425 2.6754
col 4 0.876 4 1.000 0.487 3 3.0132 2728 1
col 5 0.869 3 1.000 04859 2.9387 2.7200
col 6 0.844 7 1.000 04795 3.089 1 2.769 0
col 7 0.8567 1.000 04979 3.0377 2.6947
col 8 0.867 4 1.000 0.509 2 3.006 2 27377
col 9 0.8757 1.000 0.497 0 3.0832 25769
col 10 0.8569 1.000 0.492 4 3.046 1 2.6478
col 11 0.8725 1.000 04769 3.080 8 27087
col 12 0.8769 1.000 0.498 0 3.0122 2.768 4
col 13 0.856 9 1.000 0.484 9 3.1416 27105
LC-20AT col 1 0.8357 1.000 0.496 8 3.049 1 27457
col 2 0.848 4 1.000 0.497 6 3.0739 2.776 4
col 3 0.864 1 1.000 0.504 3 29713 2774 4
col 4 0.869'5 1.000 04926 3.0180 27072
col 5 0.8852 1.000 0.490 2 29352 27535
col 6 0.8590 1.000 0.488 4 3.0640 27352
col 7 0.839 3 1.000 0.491 3 2.906 4 27432
col 8 0.865 8 1.000 0.489 2 3.090 4 2.788 0
col 9 0.865 4 1.000 0.480 2 2.948 4 27380
col 10 0.8639 1.000 0.496 6 3.024'5 2.6295
col 11 0.8825 1.000 0.496 8 3.0366 2.766 6
col 12 0.8737 1.000 0.505 2 3.021 3 2733 1
col 13 0.848 1 1.000 0.500 5 3.0755 27622
Y{E ( mean ) 0.86 1.00 0.49 3.03 2.74
RSD/% 1.5 0 1.9 1.8 1.8

AL HREL
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Tab. 6 Influence of other factors on relative correction factor
. AL IE P F- ( relative correction factor )
S AT — —, . N E——— e
(experimental condition ) B RIL TR B 7 AHITE i AL
('scutellarin ) ( rosmarinic acid ) ( negletein ) ( carvacrol ) ( thymol )
i34 (flow rate )/ ( mL * min™") 0.8 0.8457 1.000 0.497 5 3.030 2 2.761 0
1 0.845 3 1.000 0.483 7 3.088 1 2.789 7
1.2 0.8516 1.000 0.490 9 3.094 0 2.756 1
F: ( column temperature ) /°C 28 0.849 1 1.000 0.4858 3.000 2 2.7471
32 0.854 0 1.000 0.481 1 29343 2.736 5
4 (wavelength ) /nm 329.274 0.8516 1.000 0.485 8 3.0816 27152
331.276 0.866 7 1.000 0.480 1 2.9937 27212
HIfE (mean ) 0.85 1.00 0.49 3.03 2.75
RSD/% 0.85 0 1.2 2.0 0.93
xk7 AEBIEELERE
Tab.7 Linear equations of different chromatographic columns
{75 HE (column ) 275 %2 (linear equation ) r
col 1 ¥Y=1.001 9 X-0.195 1 0.999 8
col 2 ¥Y=1.0329 X+0.143 6 0.999 1
col 3 ¥Y=0.954 4 X+0.907 3 0.999 4
col 4 ¥=0.988 3 X+0.674 6 0.999 2
col 5 Y=1.008 4 X-0.497 2 0.999 7
col 6 ¥Y=0.996 6 X-0.568 9 0.999 6
col 7 ¥=0.961 4 X+2.725 1 0.999 7
col 8 ¥=0.988 9 X+0.594 6 0.999 3
col 9 ¥=1.005 3 X-0.176 9 0.999 0
col 10 ¥=0.925 X+3.893 7 0.999 5
col 11 ¥=0.967 7 X+1.983 5 0.999 3
col 12 ¥=0.985 9 X+0.191 4 0.999 2
col 13 ¥=1.002 7 X-1.931 4 0.999 3
F 8 2 MATETMENEIRE
Tab. 8 Absolute deviation of predicted values by two methods
ik (i S— - i@;ﬁ'ﬁﬂ% éi&solute devia\lion ) /min _—
( method ) ( column ) L eSSl IR WA -7- Hk BT A
('scutellarin ) ( rosmarinic acid ) ( negletein ) ( carvacrol ) ( thymol )
LCTRS col 1 0.134 8 - 0.356 3 - 0.4452
col 2 0.138 0 - 0.368 9 - 0.465 6
col 3 0.099 1 - 0.3425 - 0.4299
col 4 0.1427 - 0.3504 - 0.450 8
col 5 0.1322 - 0.3232 - 0.4499
col 6 0.128 4 - 0.299 2 - 0.4229
col 7 0.148 1 - 0.358 7 - 0.4477
col 8 0.1423 - 0.3328 - 0.480 6
col 9 0.1312 - 0.336 3 - 04164
col 10 0.148 0 - 0.381 4 - 0.469 4
col 11 0.1492 - 0.366 0 - 0.474 0
col 12 0.1357 - 0.3547 - 0.463 6
col 13 0.120 5 - 0.302 3 - 0.429 3

RO
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- - A _ 4% i 2 ( absolute dev@mn )/mlnA _
(method ) ( column ) Ui gones AR L H -7 Hk IRTF I B3 BT}
('scutellarin ) ( rosmarinic acid ) ( negletein ) ( carvacrol ) ( thymol )
AR U o T i col 1 0.318 3 - 0.836 1 1.000 7 1.044 0
(relative retention time ) col 2 03258 - 0.865 5 0.991 4 1.0917
col 3 0.2349 - 0.803 8 0.971 6 1.008 3
col 4 0.336 8 - 0.8223 1.0012 1.0570
col 5 03122 - 0.758 7 0.996 6 1.054 9
col 6 0.303 4 - 0.7027 0.994 8 0.991 9
col 7 0.349 4 - 0.8418 1.0162 1.049 8
col 8 0.3359 - 0.7813 1.006 8 0.8195
col 9 0.309 9 - 0.789 3 1.014 8 1.044 8
col 10 0.349 2 - 0.894 7 0.992 8 1.0323
col 11 0.3520 - 0.858 8 1.008 9 1.0430
col 12 0.320 6 - 0.8324 0.982 1 1.001 6
col 13 0.284 9 - 0.709 9 0.9752 0.989 7

®9 24 #HEEHHS ESM 5 TRSDMC iEELER
Tab. 9 Results of 24 batches of Moslae Herba sample obtained by ESM and TRSDMC method

i (content )/ (mg -+ g™, n=2)

G WP BT AR -7- Wk FIRIT B IR
(No.) ('scutellarin ) ( negletein ) ( carvacrol ) ( thymol ) ( rosmarinic acid )
ESM TRSDMC ESM TRSDMC ESM TRSDMC ESM TRSDMC ESM
Y1 0.82 0.83 0.16 0.16 0.59 0.59 1.81 1.83 9.73
Y2 2.87 2.93 0.99 1.01 1.53 1.54 10.27 10.38 6.68
Y3 0.11 0.11 0.07 0.07 1.28 1.28 2.38 2.39 1.46
Y4 0.60 0.61 0.16 0.17 1.23 0.23 1.89 1.91 5.02
Y5 0.65 0.66 0.18 0.18 3.16 3.17 3.54 3.58 8.95
Y6 1.39 1.41 0.87 0.89 1.38 1.39 7.45 7.53 3.57
Y7 0.17 0.18 0.24 0.24 0.58 0.58 5.06 5.12 0.99
Y8 2.85 291 0.14 0.15 1.14 1.15 0.61 0.62 9.2
YO 0.32 0.41 0.1 0.1 2.58 2.57 1.39 1.36 4.59
Y10 3.02 3.07 0.85 0.87 8.52 8.54 2.46 2.48 9.42
Y11 0.93 0.95 0.31 0.32 1.28 1.29 1.26 1.29 6.47
Y12 1.85 1.88 0.80 0.81 0.87 0.88 4.29 4.34 3.97
YI3 0.98 1.00 0.57 0.58 1.05 1.06 8.11 8.15 4.74
Y14 0.07 0.07 0.04 0.04 0.56 0.56 1.53 1.54 0.73
Y15 2.17 2.21 0.84 0.85 3.76 3.77 9.32 9.41 3.72
Y16 0.54 0.55 0.68 0.69 2.38 2.39 6.39 6.45 5.38
Y17 0.84 0.86 0.39 0.39 0.65 0.65 7.98 8.07 8.13
Y18 0.49 0.50 0.55 0.56 1.81 1.81 4.89 4.94 6.32
Y19 0.65 0.66 0.48 0.48 0.65 0.66 4.12 4.19 4.98
Y20 0.80 0.81 0.30 0.31 1.06 1.07 2.63 2.73 5.27
Y21 0.13 0.13 0.33 0.33 0.70 0.71 3.57 3.65 4.17
Y22 0.80 0.81 0.28 0.29 0.52 0.52 222 2.26 5.01
Y23 0.53 0.54 0.31 0.32 0.36 0.37 3.29 3.36 4.25
Y24 0.05 0.06 0.10 0.11 0.47 0.32 3.65 3.74 4.19

AL HREL
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Fig. 3 PCA score plot of 24 batches of Moslae Herba sample
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