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Abstract: Objective To predict and analyze the potential quality markers (Q-Markers) of Huangbo (Phellodendri Chinensis
Cortex) based on the “five principles” of Q-Markers combined with fingerprint and network pharmacology methods from the
perspectives of chemical composition validity and measurability and so on, so as to provide a mathematical evaluation method for
determining the importance of Q-Marker to reflect the commonness of medicinal materials. Methods The sources of Phellodendri
Chinensis Cortex Q-Marker were integrated by existing literature, and a “component-target-pathway” network was constructed by
using network pharmacology and the core components of Phellodendri Chinensis Cortex were predicted, and the qualitative and
quantitative research of 10 batches of Phellodendri Chinensis Cortex was carried out to further determine the potential Q-Marker,
and the results were verified by using multivariate statistical analysis. Results Literature studies had determined that alkaloids,
flavonoids and phenolic acids were the main source of Phellodendri Chinensis Cortex Q-Marker. The results of network
pharmacology showed that alkaloids and flavonoids were its main active ingredients with high connectivity. At the same time, 10
batches of Phellodendri Chinensis Cortex fingerprints were established, and eight common components, neochlorogenic acid,
phellodendrine, magnoflorine, 4-O-feruloylquinic acid, jatrorrhizine hydrochloride, chlorogenic acid, palmatine chloride, berberine
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hydrochloride, were identified. Combining network pharmacological activity and component measurability as well as Q-Marker
concept, it is preliminary predicted that phellodendrine, 4-O-feruloylquinic acid, and berberine hydrochloride could be the potential
Q-Markers of Phellodendri Chinensis Cortex. Finally, mathematical statistics methods were used to further verify the importance of

Q-Marker reflecting the commonness of medicinal materials. Conclusion

Using network pharmacology to make preliminary

predictions, and establish a method for quality control of Phellodendri Chinensis Cortex with fingerprint and mathematical statistics,
which provides a reference for the research on the quality control and mechanism of Phellodendri Chinensis Cortex.

Key words: Phellodendri Chinensis Cortex; Q-Marker; network pharmacology; fingerprint; multivariate statistical analysis; neochlorogenic
acid; phellodendrine, magnoflorine; 4-O-feruloylquinic acid; jatrorrhizine hydrochloride; chlorogenic acid; palmatine chloride; berberine
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Table 1 Source information table of Phellodendri Chinensis Cortex
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Fig. 1 Protein-protein interaction (PPI) network
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h BEATIE, DUNBERRIE NS R, THR S IEE G
FRIAFDR R B R TR R AR 1y, 25 SR S8 U AFR (R B Bk [
RSD <0.15%, HiXfIgmE RSD <2.44%, FHIE A
1.000, #FAHBEMLTIERTE 24 h RS I R4
235 fRGUENEREL SHPES T B 10 #E3
FAZERI A, 1% “2.3.37 TR K7 0 4 A s
W, R “2.3.17 TR e AT I E, il
ScEGEE . B B 10 M2 E) HPLC il
B3 N B R 2R o B A AL PR R4 (2012 4F
WO, KA ALERE, BRIE R 0.1, FELAIIE Y
10 HEFATRE S S1ORE S I SR A= BRI 5
[ s A Bt R RS (R, A% J ot HARBLRE 3B 47941
S5 R ILhRE 16 N U, AT 26 e o B gt
T2, SRWE 5. ML REERE, FMzitt
Fe o BE AL AE 0.994~1.000, S1~S10 AH1L
FEH R 0.999. 1.000. 1.000. 1.000. 1.000. 1.000.

1.000. 0.994. 1.000. 0.999, FBA[H]— /=12
A ot AR e 35— . 10 AR 4R S0 B LA I 3 16
NILFIE, 250 5IR-E X IR I RS e, 48
T H A 8 MRk, 7350 1 SIS R IR 4
SUELREIR . 6 SUETMTR. 7 SUEAR AL, 95
W 4-O-FiFAMEZE T . 14 SUEEIRZGIRIL. 15 5
W Eh R 10 YT L 16 ‘SR /NEER, WL 6.
24 IEXxms/NZFEFIF53HT (orthogonal partial
least squares discriminant analysis, OPLS-DA)

AT PR E A ZI TS /E Q-Marker X%
MAERIRBIRRRE, ¥ 10 SLZGMBENLA N 2 41,

: JRY U W \ T
0 5 10 15 20 25 30 35
t/min

5 10 #tEaHmIELEIEE N E
Fig. 5 HPLC fingerprints of 10 batches of Phellodendri
Chinensis Cortex
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1R AR 6-3M 7-RZAE 9-4-O-F Bk
T 14-HRRAMRIL 15-5hRE DT 16-Eh RN
1-neochlorogenic acid  4-chlorogenic acid  6-phellodendrine
7-magnoflorine

9-4-O-feruloylquinic  acid 14-jatrorrhizine

hydrochloride 15- palmatine chloride 16- berberine hydrochloride
El6 RAxRmEIEE (A) FHEsEELERAE (B)
Fig. 6 Chromatogram of mixed reference substances (A)
and reference fingerprint (B)
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2H 5 #HZb, HRA A B OPLS-DA it
AT AR IE) 5 AT o BB A S50 R%=0.609, R%=0.896,
BRI TN 24 Q*=0.543, KT 0.5, FRHIFrEL
(B RS HL TN e 0%, 10 #LEsAiAe & ¥ OPLS-
DA #3535 B B L 7

' |
6
— 4 W
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&
o 4
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7 10 #tEMFFRA OPLS-DA 157 E
Fig. 7 OPLS-DA score of 10 batches of Phellodendri

Chinensis Cortex

T IR R AR S () et AR ) B LR,
F A VIP B LI 8. >k F Y )1 10 #E3EAaZitt
% VIP B H /N B K034 H 28 1) BA SR8 ibs SV ik
55 VIP AR, BRI 2G4 S ) B 2K,
RIS A M R4 (6 S I B ARRR) 1ARBIL B AA
M EES R K. BT 450 (R
A1 S0 CGRrsrRig) fE2 Mg fere, K
IEANIE AR N 20 o3 2 AR B %4« 24 8. 3.
5. 13. 11, 10. 12 SR IAE R BAARS 5. 15
S (EDYT), 14 50 (ZHRED f17 50 OK
22AEH0 R HATEAUKIE RS ERIK, AEEN
R Fa bR sy 16 ‘S CNEERRD K 9 51§ (4-O-
FIZREEZE T /) VIP IR, BeB U R s An 2y
ML, EEAEATEMZM T Q-Marker.
2.5 EHAZAH Q-Marker IS EME

LR 75 IR 2 25 B B I FE AR, W
AILA B oy EEVETTIR L, BB A, 4-O-F 2
ME2E TR . ERIR/INEEDIGHEAT & B E

3

2 .

- F1mm
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1
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VarID (primary)

B8 FEMAMAITHI VIP
Fig. 8 VIP of Phellodendri Chinensis Cortex

VIP[1+1+0]

251 @ik [H “23.17 WNEGE.
252 WTRESVESEIIHIS RS AR T AR, 4-O-
R R 22 7 IR DA S BRI /N BE B 0 R o &, B H
Pl B & BEAA B 18.75 pg/mL. 4-O-Fi BBk ZE T 1R
200.00 pg/mL. ER/NEER 20.00 po/mL (17 &%
RTINS

253 MRS IEIE % “2.3.37 TR AR
st VR R ) 8 T VAT ) 4

254 JiRiEFELR

(D TREMRE: R LRMEREEE 25
W 2 R AR T VAT B 0o B A VA R
SERHA FKIERIERL T T, A ia o AR i
VTP, VAT T ERA RIGHT R, 4R
LK 9.

(2) FEIPR 5w mBR: LL 3 £ 145 e L Al
PR, 10 fEIEME L e IR, Sl 1o s An B A
IR 0.06 pg/mL, E&RHA 0.27 pg/mL, 4-O-FiT
B T RRIAIIIR N 0.56 ug/mL, 28RN 1.36
pg/mL, EHER/NEER AR Ay 0.25 pg/mL, €&
FRA 0.51 pg/mL.

(3) LMERRHELE: R “2.5.2”7 TURH
REXTRSE, AR EMRE—EAEs, %
“2.3.17UF T S AR EREI E , 43 50l D B AR
A4-O-Bi FRME2E TR . EhIR/NBERR I e sy, DA B
FERBEALRR (XD, X HR U m AR (YD, 22
filbRdERh 2, TFEEETHE, 45K W 2.

(4) FEE R RBEMPGEMAES (SD,
& “2.3.37 WURINEAT AL IR ) 2%, I
FIF “2.3.17 OUR RS 82k i 6 IR, 115
AR VAR AR TR . 4-O-FrBEEE S TR . ERER/D
BER )& = RSD 43734 0.67%-. 0.57%. 0.25%, #*
AN R 2 P R UF

(5) HEEMWIRKE: RIS (SD %
6 1, % “2.3.37 TUN BT V2 AT A 5 v v )
%, % “23.17 TURNEISFGETIE, THHE
BOR A P AR 4-O-FBEEEZE TR . EhER /N
BER K5 =534 RSD 43 3114 2.01%- 2.16%- 1.42%,
FKWZIENEI R LT

(6) FaE M. RBEMPGEAMAES (SD),
& “2.3.37 WURWINEAT AR I %, A
Al “2.3.17 BUNK GRS %LE 0L 2, 4. 8. 12,
24 h FHATIE , TR S R B AR 4-O-FiT
BRIE 2 7 R SRR /NEER1 U =5 RSD 43 1K 2.44%.,
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6-WANI  9-4-O-FiZRMEZE TR 16-FhWR/NAEH
6-phellodendrine  9-4-O-feruloylquinic acid  16-berberine hydrochloride
B9 =THKFR #HXmERMdBRERNaEE
Fig. 9 Chromatogran of blank aqueous solution, sample
solution and reference solution

1.73%. 1.57%, FEEAMIR AL 24 h N E
PER TS

(7) IEERI R RS AR e B AR
MR (S 94, ¥HAM 3 M, HH3 W, HH
F1:08. 1018010 1.2 (LB S0 AR AR
4-O-BiERIEZE T . ERIR/NBERION A, 4% “2.3.3”
TR ()7 AT Bl i I VR ) il 2%, FERIA “2.3.17
IO P €0 Bl 2 AR HE R 32 T S R 0 PR 0 v DA K
THES BB . IR R e 45 B0 R B bR
A-O-Bu BRI TR ERIR /NBERRRT - X8 RS (AT Yfg 6
239 101.50%. 99.50%. 99.80%, RSD 4%l A
1.28%- 0.61%. 1.40%, 3RBA A& SLI0& =E s
RHERAE R 4T
255 BEHIFEMIE R EAREL 10 HEEAAFE
a, AERE €2.3.37 TR I AT B A R )
%, JE% “23.17 TURN GG AHTIE, THE
TR 4-O-BELMEZE TR SRR/ NEERIN & &,
SE R R 3.
3 g

T sUEE 7532 B AT A R SR
U, BPFEAE B BON G T . AR FR A
T A O B, R B S ik —
AT TR O R M S M ) R,
T T A AT H PR O Q-Marker $RAE T
B SRS ATV . AR B R I 256 SRV VIP
HATH/NRIRHET, BT RS ENkshiE
DL I bR B, BB BE AT AR B F
P 2t B A

WA 4 25 B 22 0 M A5 50 AKT1 (degree=44).
MAPK1 (degree=41). JUN (degree=41). TP53
(degree =37 ) %5 #I i 0] B8 /E H T i oA 3@ %
PI3K-Akt {5 53 5% DL K2 CAMP {5 530 1% A 4% G 1
TER . WHICRE, AR B AP R o3 72 VR 97 R

®2 3IMNMERMERO LIRS E

Table 2 Linear regression equation for three labeled components

A& 5] )= 5 R? LR /(ug-mLT)
EUiEL Y=2536.1 X+0.128 6 0.999 8 3.13~18.75
4-O-FZhME2E TR Y=960.35 X—0.206 5 1.0000 6.25~200.00
EhER/INBETH, Y=2037.9 X—0.203 7 0.999 2 3.75~20.00

PR AR FE DL R S 25 B B — e 7 w24,
A 2E A I AR S B IE SRR R AR IR R AN
BEDR AT T PISK/AKL 38 B 411 e Hep2 20

(RIBETHE | 1RZRAILARE , WD A% —E BRI T 1R,
ARSI FLAE R — B
FE A% 0 B WL R, degree (B HEA4 SERT
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3 0HAEHEEREENESER
Table 3 Determination results of 10 batches of Phellodendri
Chinensis Cortex

RS HU(mg-g™)

.
o hm sommmET® | &mIR
S1 2.05 18.66 35.18
S2 3.10 27.53 52.29
S3 2.28 19.16 40.36
S4 2.63 20.83 41.15
S5 3.06 26.95 51.67
S6 3.10 26.12 47.43
S7 2.74 25.12 43.97
S8 1.65 8.00 26.54
S9 2.85 24.29 4491
S10 2.17 17.66 32.04

AW R B-A BB AR, ARETEm. 7-%
AT S EE . USRI O, DU/
B STOCKIN-14407. FFRM Wl &5 (000, R4k
TV N-FEZEFR. T &M 4-[(2)-3-hydroxyprop-1-
enyl]-2,6-dimethoxyphenol. JEFT F . & 500
Na FEPDESEE . Wl B I i -5 A R o 7K
THE. OB, WER. MHEEE. ADNEETR. BT
JER s P-4 H I DA SR A S B A SR 57 il A A
[FI X JURR S i 2 AR E T 2 /b g, BAf
Z Fh AL TEPERS-281, (RIS BEAE N R T 250 I 5 (1)
PR B S) o X 24 24 BE 27 310 45 30 1Y) 7- 25 S T B I
S EE . DO ARG OBl PO/ NBERS . R4ET .
JEBT Fi . STOCKIN-14407. F} M. N-HI3E 2
. T & B . 4-[(2)-3-hydroxyprop-1-enyl]-2,6-
dimethoxyphenol. JEFT Fr i 23S0 Nas bl
BRI AR RER . T A R, et
B, ARZETE. WRiE ST, B yTEFMIRE
TERBAC, TR TS, AEE AV
IS 2T % Wi s O Al A 4| B S % VA
HPLC 255 )1 B v i) SRR /N BERRHE AT 25 2 S
FVBEETEVEOY, UE B Eh RN BERR K H B /R F 5 B A
TEHUR G T T 25 B E A — 2, w25 AR v
(1) Q-Marker. B8 ] @it 8 it 4% TLR4/NLRP3
5 R R PEARHLAAR A ) A R 17K, i e
BHEE0, F4h, BADHRAE T 3 ) g% N,
RAF G ATEHBY, AR S e 52
REA —E MMM, E&FEREMT Q-Marker
BT o

B 33 It 28 T B R4k B R B R FEPUAAL . P
98 UL S B AR N B PR R A5 22 T 282381, A A ik
TE AR IR R B BT mT LR B JBk: 5 e 0 52 25 <05
Wi, BISTERS 4-O-B RN 2E 7 B /2 Bb)
FHFPER MR B R ERB, B, XTHE
Y 4-O-F] BRIL 2 T BRAE B A 25 M vh A FE i AN T
2, H5%HAE 2019 4£ R HPLC-DAD-ESI-MS/MS
FORXT AR 4-O-Fi BRI 28 T BR AT 2 1t e &=
I3 BT,

ARSI R P 25 2 a5 R L, SRR
BER (A HE B 5EAT, JE T2 o A v A FE D
X 2 Bl AR A AR 1) 5 E AR B LS Q-Marker,
RIEFR SRS B Gt & 20 E 45 R 504, 4-O-
FERE S T Ie o ERm, ATvELE, HRRRCAAGE
PERRIAN [F S 2GR 3, iE SR Nt n
Q-Marker f 7o PRI AR 5256 16 £ LA AR 4-O-i
ML TR . DEEBEATEE SN, FaH
Q-Marker 5.

R A, T R R o A i A
FLAe LR R 2Pk e I i &2, 1 Q-Marker
MESIRHG, P25 S I A RO AT o R 4
F ARSI T TE Q-Marker AT 2G4 HE 0k 1) H B
AL THIECE T, SRR GUKIRIGHAT B AD 4R
SR 8 1 Soe R T, RN 55 X 25 24 1 207 1k
HET Q-Marker “FE N7, MALZRIEYE B2
(1) 1 TR B A 245 M4 P TE 1Y) Q-Marker, AJEHIRA
W FE Hh 25 TR (A AL R AL S 2 1 .
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