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Scientific connotation of “summer withering with good quality” based on
dynamic monitoring of chemical constituents at different growth and
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Abstract: Objective  Based on the UV and HPLC fingerprints of Prunella vulgaris samples, combined with
multi-component quantitative analysis and chemical pattern recognition methods, the changes of chemical components in 49
batches of P. vulgaris samples at different growth stages were evaluated, so as to clarify the evolution process of P. vulgaris
from herbs to medicines, and explain the scientific connotation of “summer withering with good quality” of P. vulgaris.
Methods UV and HPLC holographic fingerprints of 49 batches of P. vulgaris samples at different growth stages were
established, which were evaluated by principal component analysis (PCA) and partial least squares-discriminant analysis
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(PLS-DA). The specific absorption bands affecting the classification of P. vulgaris were screened out. The chemical
constituents that cause the difference of P. vulgaris at different growth and development stages were determined. Results UV
and HPLC fingerprints of 49 batches of P. vulgaris samples at different growth stages were established. PCA and PLS-DA
analysis intuitively showed the dynamic changes of total chemical components in P. vulgaris samples at different growth
stages. The withering period of P. vulgaris can be clearly distinguished from the other four periods, and the other four periods
had a trend of dynamic gradual change towards the withering period. The specific absorption band of UV fingerprint was 261
nm through PLS-DA. By using the VIP distribution map of PLS-DA, two peaks with VIP value greater than 1.3 were screened
out by HPLC fingerprint. Isorosmarin and rosmarinic acid were identified as the main differential chemical components.
Determination of chemical components of P. vulgaris in different growth stages was carried out, The content of rosmarinic
acid was 0.020%—0.344%. The content of isorosmarin was 0.0016%—0.0988%. Multi-component quantitative results showed
that the contents of isorosmarin and rosmarinic acid increased significantly in the withering period of cluster. The results of the
content determination were consistent with the fingerprint pattern recognition results, and they can be verified mutually.
Conclusion Fingerprint combined with chemical pattern recognition methods and multi-component quantitative analysis was
used to monitor the overall chemical information of P. vulgaris during the whole growth and development process from herbs
to medicines. This method is comprehensive and easy to operate. It can be used as a reference for elucidating the “summer
withering with good quality”, standardizing the collection of P. vulgaris and comprehensively evaluating its quality.
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Fig. 1 Ultraviolet fingerprint of 49 samples of P. vulgaris



2086

FEB 2024E4 8 $52% HT7H  Chinese Traditional and Herbal Drugs 2021 April Vol. 52 No. 7

Rl B 27 () A 22 S ik, 49 HLARE B TR B B SN
SIMCA 14.1 #47 PCA 4341, M PCA 1543 KW LLE
WE H B EAN A AR B I AR AS B4y 5 38,
SREER WP 2-A iR, BRI RiHERE S5
R2X=0.987, il /111Z=% Q2=0.964, Q?>0.5,
Tt BFAZAS Y (1) X 2 R FE RN TR FE R AR e iy, L4
1E SN EAG XM N KRR TE. Bboh, BrkhZH
AN, AR TELRHA . FERSHA
TEE A R TS a5, Ui B AL R
MG Y R WK TG, B A ZE s
AR, AT RIS, AHARAN 2 R DU 2 R A
A DY I 2ok, E i B S A AR AL AR
LR, ERRIA. JEEW, BN “RET, A2,
AN T2 ARG ZE I, BOA “ B2, 3R 5
—3K, ULBB A “ELY B2 R AR

3.1.3 PLS-DA 7rtr&i R v 1 B IF R % AN [H
A A B AT X 53, 53 % F A e /s — 3fe i - )
AT ER AT — 2508, PLS-DA 43 #r4h S an
2-B iz~ B 2 % R2X=0.949, R2Y =0.523,
H &5 R AE 95% B A5 X 8] Y Ui B 73 K 45 R nl 15
PLS-DA 137 EEMLE R T 49 ftA[F AR K A
AR R BT S A R BN ARG R . 2R

55 PCA ot & SERRAEAL, DLAR R A 7
FRAFES KRB o 2 25, iy “RusE”, A
NI

314 PLS-DA HEA Rk br &M E @Y
PLS-DA 75 & # Z K F (Variable important for the
projection, VIP) 734Kl 7ptfr, Jiiikth 49 i B Al
FE o AR SUEIE X O ECR IAs S, VIP
{E AT LA AL PLS-DA RN S5 7 2R (1 5Tk, VIP
(B K, 0 5 7 B A AN [ A K B 1) 2 Sk 3
Kl 2-C o, BEARIKIX A 190~210 nm,
Pk, MEL R I 261 nm AT, VIP K,
VIP>1.6, #tif 261 nm 1y iy BORAH T S KIS 1R
Mk, wEl 2-C fs.

32 SMEHEELEILEZTHITSITER

321 mRRMIELEIENEY RAERZ
Zoler ALk fe SCENE ML E VR R RV
(2004A hiz) #5749 ft B AL R RCEE, 458
LK 3-A.

39 BN A] 98 A 0.1 min, AP 3804 ilox R 4
W, 12 SRS BB, e 13 AMRHIEE
VEVE AR B AR bR . IR G e T HR A,
WiE 10 11, 12 SIS RN T Rk A& iR H A

A B =%
104 v 10 Ci "
E40 E49 5 B: B16
SO g .;! A C1g BLgTCA 2 gt
S0 ¥ Fas BPRE D25 C2 219 < 0 G 20 EAIO 1 £aq ® 0
L 1= oo RRCED I CIO%L B o E45E€€451
—51 B2 E® D30 RL pog -5 Dsghlez 52 B§g = T
D34 D34 D29
-101 it -10
-15 i . -15
-40 -30 -20 -10 0 10 20 30 -40 -30 -20 -10 0 10 20 30
t[1] t[1]
i C 261 DS2.A1
16 286 322
| 0.05
14
305
12 0.04
1.0 0.03
E { S—
% 0.8 0.02
0.6
0.01
0.4
0.2 0
0 " I—O.Ol
220 240 260 280 300 320 340 360 380 Missing

VarlD ($Original D)

A-SREEEAE PCA TR B B-E AL 44 PLS-DA #343E  C-PLS-DA K%Y VIP K
A-UV PCA scores plots of P. vulgaris B-UV PLS-DA scores plots of P. vulgaris  C-VIP plot of PLS-DA

2 EIMELUEILAY PCA 1 PLS-DA 51
Fig.2 PCA and PLS-DA results of ultraviolet fingerprint



FEB 2024E4 8 $52% HT7H  Chinese Traditional and Herbal Drugs 2021 April Vol. 52 No. 7

= 2087 »

HIEFR, AR WE 3 AR,

DL A 1 O o B Fe SUE S, o 49 i A
BT S EIRE AT AL PRANY, BERG E AR BB 7
0.24~1.00, 3 B [RIA= K K B B 1 58 A R ARABL RS 2
%, ZERER, BALET 455K A s B
S, i 4 B . (e 22 57 K UL B AU 2 57K,
P AR AR 55 1D 2 T B AR ACLFE S0 /IN ), S BB e (1 3
179525, Tt —0 R A HAb AL 2 =GR 1 g ki,

KHABERAGIME R R SORE AH,
FEVH R (2004A JiRD 3 HT EAGEL HPLC $84(
BlEEHE, DOLFEEmPCATE, HEESA
SIMCA 14.1 #4347 PCA. PLS-DA 4.

322 PCA 7rtrgif N 7 MEEAS [F] IR I A
Z IR ZE St N PCA 1543 B mI A, AL BEAN A AR
KRB HREIEA S N 52, R R K 5-A Bt

TR

TN FENLIBLRY BT RS R2X=0.773, ThllfE
JIMIZ% Q*=0.512, Ui B AR A (1) [X 7374 FE AT
DT P HR L UT o 65 R 5 R AMR SIS T 45 3R — 5L
APLEH, RIRMAERK . Teaa. 1o, 165
B oy B R B AT a5, ARG 2
AT DABA S A A 4 IR X 0 TPk, XA EIES
AT a5 AR SRR 1) o B 45 R — 2

3.2.3 PLS-DA 7r#fraift XA EAK K E B
BOMG R RO A fe st B g Rk — D it AT
PLS-DA 73253 #r. 4R R unEl 5-B fw, i 2 &
B> R2X=0.744, R2Y=0541, 82245 58]
&, PLS-DA 1547 B ) — > s — AR,
23R8 {5 B AE PLS-DA 55 I A BB /R AN
A AR K B I HARNRE S 2 (B R &, B AR A
i SRR A DX, P 22 e K PR o SRR B0z X 3,

o e i T R

i
o ,II Il AWJ‘JII s

(NP
12

1
0 11

I DU S

0 4 8 12 16 20

t/min

28 30 36 40 44

10-77  1-RREFHRY  12-RIEEFR

10-contrast chromatogram of rutin  11-isorosmarinic acid 12-rosmarinic acid

E 3 49 #HtEMEAMIRRENEERLBIERA
Fig. 3 HPLC fingerprint overlay of 49 batches of P. vulgaris and common peak designation



- 2088 » PER 2024F4H8 #52% H7H  Chinese Traditional and Herbal Drugs 2021 April Vol. 52 No. 7

SEAASAARES

4 BRERMEFNER

Fig.4 Similarity evaluation of P. vulgaris

A
4 0 A3
3
2 E‘w § %1
E4P 4 1§13
— 1 E427E30 o 1 €17
& 9 Eame t  Cipmeciog =
-1 E4l D25 D 189 on ) =
D3P 10
2 %5‘5“90 ar
3 D34%%%31
-4
-8 —6 —4 -2 0 2 4 8
t1]
C
[}
2.0
15 -
— ~
g 10 T g
T [T -
o ] | [

-0.5
12 1 11 3 13 6 9 4 5 8 10 7 2

Var ID (Primary)

15 =
s D2hap”® poe s
10 D30 D34 92 ca3 4
05 25 D BiogZeg Ela s
0' B4y, D32 éfa gllfB'?m
E4§' 43 T oeB® .
-05 E4%Ex ®E38 D37 cztsﬁ:lb
-1.0° A B 0%
15" Aoy
20, 5 5 a1 o 1 2 &
t1]
D
A
15 mm | -
0 Hlm..
-05
-1.0

12 1 11 3 13 6 9 4 5 8 10 7 2
Var ID (Primary)

A-EAHEAH PCA 1353 [ B-EAGELAH PLS-DA #3458 C. D-VIP fx &% 57 K
A-HPLC PCA scores plots of P. vulgaris B-HPLC PLS-DA scores plots of P. vulgaris  C, D-VIP of differentiation markers

E5 RiBESEIEE

PCA # OPLS-DA &%

Fig.5 PCA and OPLS-DA results of HPLC fingerprint

Pl PR I A 5 At 4 AN R 2 S
K, FRULRERGT X, EAE AR, Thh
W, TEREIA. TEFEM, 4 A R EER ZER
MRV, BT, RAEBGLHIXER, 3B R
FEWFAR AR . R BB T R R
FIZH AR iR . PCA A PLS-DA 73745 5 H ) %h

78, MIIAE, PS4 R BA R E.

AR SZIG 4k 4% F PLS-DA F7 kgt —35 4. i

P VIP>1.3, P<<0.05 {78 & Kk T80 7
FEAERSY, HEEL PLS-DA #iffirh 13 NS E ()
VIPAE, % 13 LA I AR VIP B K/ N T HES
g5 R 5-C. 5-D Fw, 164% VIP E KT 1.3 ()L



FEB 2024E4 8 $52% HT7H  Chinese Traditional and Herbal Drugs 2021 April Vol. 52 No. 7

= 2089 »

B, KN 12 S (VIPE: 15641), 11 54
(VIP ffi: 1.327 1), UtBHLL BAR2E R0 5 B A B
AR BE R, XA R S A A K
N P B2 B R Ay 22 e () R AR VRS . TN
BIg, A 11 S RREEFRE, 12 Si%
NRIEFRE, 10 SN T, 1M 10 S UEEH R H
PAE VIP>13 [aiigry, MR AR Z
AN [ B R PN T G 22 S ) 3 R o A

33 FHEFER

331 KEEERL 1% “2.6.27 WiN kA
FE S . EREIR, SIS - 5 i A [ RSD
4 0.45%, &I A AR ) RSD A 1.23%,
BI/NT 3%, ULIAACERRE T R IT

332 EEMRAK % “2.6.3”7 W RN HEHE L
MEEM., SR ER, & Ok R B I A
RSD A 0.27%, & il xfuEmfm RSD M
2.23%, ¥1/NT 3%, ULERZITIERNEE R
333 etk % “2.6.47 TN k4R
AR IR E . SEHREOR, SR R R
[E][¥) RSD N 0.58%, % (hiif g AH X i HIAN ) RSD
N 2.42%, PN 3%, Ui E AL ANR SIS RAE
24 h WHRE T R .

34 FHERSTHIRENE

XF 227 WURAXHMIZ “2.6.17 TR (i 2%
iR, BEFERE AN 1. 2. 4. 6. 8. 10 L, id
SRUETAR . BL 2 Bl i AR eR (XD il
AN ER (YD) FAThRAEMZERE, 15 5 %
IR EARE M 26 7 FE A 2R 1 YE Ty Y =213 600 X—
1945.7, ZMEEHEIN 0.052~0.520 pg, R2=0.999 7;
PRIE IR AR M 2 7 BRI 2R MESGE Ly Y=264 756
X—8535.1, ZkM:IEHIA 0.004 4~0.140 8 ug, R?=
0.999 7. DibrdEhZ NS, X E AL R AN F I 2
PR & AT E, RN 1.

N B 1 S A B A R A P A A B R A A
th, Hrp SRk AR ARIE AR 2 AR
W EFER . AE—28 00t 2 Fhid it o 72 2 A B
AT FE AR, SR HPLC vEX Hdk T & &
W5, SRER, FREERR RS RAE A A
%, HEEWRENM, hENaERE, RREE
T ()4 &9 0.001 6%~0.098 8% (P<<0.01); %
AR A B A AL AT IR, BEE RAEANT
fkhZs, HEEARMIE, BRSNS EERRGE,
PRIEFRR S BN 0.02%~0.344% (P<<0.01).

#x1 BERHEFERE2HEISE2LK
Table 1 Content changes of two components of P. vulgaris
in different periods

A KR FRIEFR /% RIEFRI%
AR 0.001 6+0.005 0 0.02040.005
TeL6 0.001 9+0.007 0 0.029+0.007
TeRE 0.002 3+0.008 0 0.027+0.006
M 0.018 9+0.065 0 0.11940.031*
K25 0.098 8+0.074 0™ 0.344+0.050™

“P<0.01, BEMER
"*P < 0.01, significant difference

HEMEIIN (hEZR) Lok, RERRSE
—EAENE AR R b, (PEZGH) 2015 FERN
ERIEFR S EASET 0.2%, XRG4 E 4
TSR, HAROUTRARbRME, XX “ B AR
e BT T R, B B BRI S K
o RN S Rk A IR A B e 45 R St
SR RE R IR 45 5, P A BRI
4 g

BRI EE AR BNE SR, AR
FUSEEL A A SRR & BAFAE S ARSI XA
MOBREUA T IRFIIREE . SREU [ HEfT 55, DL AL
FER TR R, HERFREL 0.100 Og #4h 3 43, 73
AN AEK BB AN 2B, #E 7S $2 AL, 7k “2.3”
Tl U2 RAMEIE . 25 AN R FR A TR I
WO R H , RIS, e SRR IUA . AR
FH 409% H i 8 7 $ X 60 min 7 Ay Bl AL B 7 v . 1% 5%
PEFFR ISR SRR 2, HEERE.

Hh 24 35 SC PR 43 M 5 10K 22 B DL B 1 4R U
WONE, EER, BT 2SR IO A AR
SRSy, JeiER SR TE T RE N . Bk
TSR BT & A = B T RS R . Kk
A BE 8 S WURE S R BT TR AL 2 (XL
B, . PR R KBVERD MRRERER(E R,
WRABUETE . ORI S E I, a3t &
LR RERAREZE S, TR 2R TR A
BRIz, BN IR AT A B R L AT
TV, A AN R S Re i 2 B Kb LA
(0 H 289630 PRI 48 S0 B0 mT DL B (i 48 2L
Pt N EE A& b SBGT Hh 2 R 22 A FURIVEARY

TR BSR4 G A 2R S R RO X A
A AR K B IS AL BERE f, FoHh PCA 237 AT BASE
PN KB (738 B DA 2 1 — 2 2% () BOHE, PRI I 2
R 4est, DERBUR EZEREE, mEehasd
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LA T2 553 RIAT 5 KRR b A B s v, XA
a LA 43 S IR ANtk G B AR s P
= E ] LAYE PCA A PLS-DA 753> I B B 7 B A
BRE SR A 2R TE R R AR K B AS 1 AR
I A, BRE B 2 A 0T B S AT AR S B X 2 ok
T B A 22 W BT A0 2 Ah 22 B To v AL R ER: B B A
RAET RIS, ki B A B “ B AR (1)
FBEE N, BT NELR 2.

(HREZG ) 2015 AFRELE 1 5 Ak 5o 428 |
oy RRIEFIR, KA 330 nm, A FEH
WABTE SRS R A R AR R AR BT 3 T
I PLS-DA A% & # B ER T VIP 2047 B ik X
AECR AR E MR K, B 261 nm. 24 b 2 DL —
Ho Ve N =R bsiE, (HRZRGRAZ P
SRS, DL —ZH R T 2 I B AN A
AR SES R AT E AR o A S A B AR — AR,
WLEE 49 HEAS [FIA KR B I 3 B A FRE i, Sl 58
MBS . SRR ARSI 5 PCAL PLS-DA
BN IEMG &, DR 2 R Ay e 0 7
s SRECEAS [FI I 2R B i 22 St . AT
HH A B B 2 AR R . AR, RS T
— AN EEFRE S BRI K 261 nm, X T EERE
iR )i B hbn R —E % BN, Hl, H
T RS [ By B g B TR 0, SO P A 8 A
AR S HEGE AR LD, 5 S5 86 v] LASE A i
ek, A FI R (8] D73, ASErig ik
SRR B

H i B A S SO i, BRI
RHEFE B DAESCHRN A R A Kk & I 1 A
AL oy AR R A Tt R PR T — . BANER
JURZERI bR, e DA TH] I BB A, S A AR 4
FEV) AR . AR DL R BRI N A
MWIEANTESNZS K E AT 208, B4R L) BH
SRS RS R RS [F) AR K 2 TR R R,
PREFEANMER K E IR, DR T BB E Ak
CERNROL IRRE R, ZITR AT AT BRAEE
i, RPVEE R EAM R R AR SR T

TR E RS

RBAR AL FAREEAGF R
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