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Abstract: Objective To compare the differences of characteristic components of Baiyaojian fermented by Aspergillus niger
(BYJ.H-1), Rhizopus oryzae (BYJ.G-1), and mixed strains of Bacillus cereus (HMB2), Bacillus megaterium (HMB5), Burton Pichia
pastoris (HMY1), and Kluyveromyces (HMY2), analyze the potential molecular biological mechanism of Baiyaojian to exert the
effects of “moistening lungs and eliminating phlegm, stopping bleeding and diarrhea, relieving fever and promoting fluid
production”, so as to provide reference for the production and clinical application of the decoction pieces. Methods Four
characteristic components including gallic acid, epigallocatechin, 2,4,6-tri-O-galloyl-p-D-glucose (TGBG) and 2,4,6-tri-O-galloyl-a-
D-glucose (TGaG) were selected, and then the HPLC characteristic peak areas of the four components were used as indicators to
compare the differences of three different strains fermented products through principal component analysis (PCA) combined with
cluster analysis (CA). Simultaneously, on the basis of traditional Chinese medicine theory, network pharmacology was used to
predict the molecular biological mechanism of Baiyaojian for the treatment of respiratory disease (RD), water metabolism imbalance
(WI) and alimentary tract hemorrhage (AH). Results There was a cross phenomenon in the clustering results of different strains
fermented products, the clustering trend of clusters was irregular and not related to the type of strain. There were 99 common targets
between five active ingredients including gallic acid, epigallocatechin, methyl gallate, ethyl gallate and epigallocatechin gallate and
RD/WI/AH, then 98 core targets were obtained after protein interaction and network topology analysis that mainly including AKTZ,
STAT3, EGF, MAPK1/3 and so on. GO analysis results showed that these targets mainly involved molecular biological functions
such as kinase activity, ligase binding, and receptor protein binding, etc. KEGG analysis results showed that there were 154 signal
pathways related to Baiyaojian to treat RD/WI/AH, such as viral infection, canceration and cytokine regulation. Conclusion There
was no significant difference in the external characters and internal components of three dominant strains/groups of fermented
Baiyaojian. The efficacy of Baiyaojian was the result of multi-component, multi-target and multi-channel synergy. This study
provides a reference for the production, quality control and clinical application of Baiyaojian pieces.

Key words: Baiyaojian; strains; characteristic components; principal component analysis; cluster analysis; network pharmacology;
Aspergillus niger; Rhizopus oryzae; Bacillus cereus; Bacillus megaterium; Hyphopichia burtonii; Kluyveromyces; gallic acid;
epigallocatechin; 2,4,6-tri-O-galloyl-p-D-glucose; 2,4,6-tri-O-galloyl-a-D-glucose; respiratory disease; water metabolism imbalance;
alimentary tract hemorrhage
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Table 1 Peak area of four characteristic components in different strains fermented products of Baiyaojian

. V& TH F/mAU . VEH A /mAU . V& I AR/mAU

TR - " R — " TR — "

BT EGC TGuG TGPG BETR TGoG TGPG BT EGC TGuG TGPG
BM1 4966 272 807 949 38948 83 258|BH1 4968119 809 660 100 278 219 979|BA1 4889246 823710 0 0
BM2 4960862 798010 31754 74 738|BH2 4997 877 818 180 0 0[BA2 4966166 822861 0 0
BM3 4952288 823060 34700 78176|BH3 4996 734 818842 105427 232 141|BA3 4774339 827148 0 0
BM4 4961577 811329 32818 74049|BH4 4977333 819830 101 690 0[BA4 4741520 795133 0 0
BM5 4 985087 842767 27925 63298|BH5 4976 157 815959 0 0[BA5 4837108 798774 0 0
BM6 4 956 063 828 713 0 0|BH6 4971436 827 965 101298 228 686 BA6 4894800 800829 0 0
BM7 4831217 802 811 0 0|BH7 4971610 823246 0 222974|BA7 4952171 810866 0 12461
BMS8 4933963 790 351 0 0|BH8 4971767 823545 99249 226 131|BA8 4865669 807868 0 15550
BM9 4970865 806 335 0 0|BH9 5017 233 853 094 0 0[BA9 4926160 839941 0 19649

®2 ERNSFHHERBRNERE

Table 2 Principal component eigenvalues and explained total variance

NN B OEAR SIS E N
it J7 ZE TR Y SRR 22 TTRRAE % &t J7 ETTRRA % ST TR %
1 2.130 53.26 53.26 2.130 53.26 53.26
2 1.093 27.33 80.59 1.093 27.33 80.59
3 0.521 13.02 93.61
4 0.256 6.390 100.00

®3 ERSBERFERE
Table 3 Principal component loads and eigenvectors
A REAIE )
FRA L ERSr 2 ERHS L ERGT 2
Zscore (X B&THK) 0.723 0.402 0.49551 0.38442
Z score (EGC) 0.436 0.801 0.29898 0.766 25
Z score (TGoG) 0.840 -0.394 0.57531 —0.37679
Z score (TGPG) 0.844 —0.367 0.57802 —0.350 87

FEAAR R

i/, TCMSP 8 I RBGRAE RS B, ARSLIRAE
BT I 77 Lt 7ME ) PubChem $58i e %) 11 24 i)
TR BT REBE (R 5), ARG LA B R 9%
a8 TCMSP A1 Uniprot 200 e 3R BUR S S0 bR
FRUEA TR, 45 4E155) 158 AN, K] Cytoscape
AR R -HE057 nIRAE s, LA 3.

(2) HRIERRITIE: AHE b B 2 3 ati
WA TR RES UE” A BERTE 24 R Th RN FH AT
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Table 4 Standardized data of feature components and scores of principal components
- FRUELEIE (Z score) ERA1F5 . FrUEALEIE (Z score) FER 15
BETH EGC TGaG TGPG FEAr1 LS 2 BETE EGC TGaG TGPG TS 1 EHS 2
BM1 0471 -0580 0.355 0.298 0.436 -0.502 |BH6 0.546 0.759 1937 1976 2754 —0.632
BM2 0392 -1.245 0.172 0.200 0.036 -0.938 [BH7 0548 0443 —0.634 1910 1.144  0.119
BM3 0268 0431 0247 0239 0542 0256 |BH8 0550 0463 1.885 1.947 2621 —0.827
BM4 0.403 -0.354 0.199 0.192 0319 -0.259 |BH9 1210  2.440 -0.634 -0.663  0.582 2.806
BM5 0744 1.749 0.075 0.068 0974 1574 |BAl -0.647 0474 —0.634 —0.663 -0.927  0.586
BM6  0.323 0.809 —0.634 —0.663 -0.346 1215 |[BA2  0.469 0417 —0.634 -0.663 -0.390  0.972
BM7 -1.489 -0.924 —0.634 -0.663 -1.762 -0.809 |[BA3 -2.315 0.704 —0.634 -0.663 -1.684  0.121
BMS8 0.002 -1.758 —-0.634 —-0.663 -1.272 -0.875 |BA4 2791 -1.438 -0.634 -0.663 -2.561 —1.703
BM9 0.537 -0.688 —0.634 —0.663 -0.687 0.151 |BA5 -1.404 -1.194 -0.634 -0.663 -1.800 —0.983
BH1 0498 -0.466 1911 1.876 2291 -1544 |BA6 -0.567 -1.057 -0.634 -0.663 -1.344 —0.556
BH2 0.929 0.104 -0.634 —0.663 —0.256 0.908 |[BA7 0.266 -0.385 —0.634 -0.519 -0.648 0.228
BH3 0913 0.149 2042 2016 2.837 -1.012 |BA8 -0.989 -0.586 —0.634 -0.484 -1.309 -0.421
BH4 0631 0215 1.947 —0.663 1.114 -0.094 [BA9 -0.111 1560 —0.634 —0.436 -0.205  1.544
BH5 0.614 -0.044 -0.634 —0.663 -0.457 0.673
37 i Bﬁg‘ chemokine ligand 8, CXCL8) %%.
, | A X3 ' 232 WHE-IIHE A T Jvenn S E X
;o B T 2 B T O S B AT S A B, 4535 99
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24 Th---- sk BOE T 3 (signal transducer and activator of
T T T j T I transcription 3, STAT3) %%,
PCAL 2.3.3  HZHEITIRRTE A L T AAL TR R A

B2 ATREMELZER K-IERLHSE
Fig. 2 K-mean cluster scatter plot of different strains
fermentation products
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ANFHOCEERR, FBW K& 2 R KT 25 A 10
( multiple epidermal growth factor-like domains
protein 100 HLZELEE I (dystrophin). & R
1524k 1A (bone morphogenetic protein receptor type
1A). C-X-C &bl r 3 Friicik 8 (C-X-C motif
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Cytoscape 3 fF43 AL “ F 2RI FEPERCSS FHOGHE
2~ RDIWIAH” A5 55, 4 F R OULEE 2R h N 4%
JE A, HEE AR -RE - T RS (B
6), AIBYEE H 25 FE DL 2 A o P R 1 2
MR FVAIT RT/IDS/HS [H1E .

2.3.4 LHMSREAEIEKL PPl MEHINHT
ik — B R 7T E 25 HTVRTY RDIWIAH FI4> T/EFIHL
Hl, BILE S EALE STRING -4 A v #E S 1A )
HERZR (BEE=0.7), JiEEYIEE 22080
R PPI M2 GIBREL R [ PP W28 A B ik
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&5 BHRUEMRIERER
Table 5 Basic information of active ingredients of Baiyaojian
2 77 1D T MXSTRE AR KA
WETIR (gallic acid) MOLO000513 C7HsOs 170.12 31.69 0.04
EGC [ (-)-epigallocatechin ] MOLO006791  CisH1407 306.27 24.18 0.27
WETEHEE (methyl gallate) MOL001906  CgHsOs 184.15 30.91 0.05
BETIR L Cethyl gallate) MOL001907  CoH100s 198.17 25.61 0.06
EGC % & FHifE [(-)-epigallocatechin gallate] ~ MOL006821  Cz2H1801 458.40 55.09 0.77
TGBG (2,4,6-tri-O-galloyl-B-D-glucose) - Ca27H2401s 636.08 - -
TGaG (2,4,6-tri-O-galloyl-a-D-glucose ) - Ca27H2401s 636.08 - -

B AR UGR TGaG M TGPG, AHRAE Bk AEH LI E /> % E

TGaG and TGBG has not been included in the database, the relevant information comes from the isolation and identification of the author's laboratory

‘ ": 0000
0% o0

5 ., / \ 3

.‘/ /

El3 BHR “AHo-HER7 MEE

Fig. 3 “Component-target” network diagram of Baiyaojian

1E M filh R A Cytoscape % A4 H ) Network
Analyzer Xf 3 NG AT RN AT, FRAKTE T SRS
EA bl AU o A e S ] TN 9 T AN < O

235 ZLEESR) GO K KEGG &4 FIH
Bioconductor “F- & Fl R 15 5 X LA B & HAEKRT
O BE ST GO It KEGG B #0017, 53 112 4
GO % H i1 154 % KEGG {55l #, TEHER KR
(FDR) <<0.05 (i N4 P AR FHEF 55 51
JEHCHT 20 ANHEAT 3 HAAT AL AR EE . 25 BRI,
iR GO % HY S0P IR G, FEAH
EAZARIP AR S (protein serine/
threonine kinase activity). V2 ZFEHE FIERERELE &
(ubiquitin-like protein ligase binding). RzRE4: &
(phosphatase binding). 7 XEHEEBLE &
(ubiquitin protein ligase binding). i [l 1521445
4 (cytokine receptor binding)Z%, ILIKE 8; Fik KEGG
55K T A PISK-Akt {55 (PI3K-Akt

2 B ) ( Ko geshi7 )
- T Y /0 N
|[ WL A U WO ] o | !( L) . vr ||
ISSEN N
¢ KA 2 ég" ﬁ% |
P! P VE %I% : N :’_'
(L. ARIBAL. 7S ] el Comann 1. ma_)

4 BHRINBIE R XA
Fig. 4 Analysis of efficacy search key words of Baiyaojian

signaling pathway). - 78 PRIJR 960 12 B Jak L1 it
( Kaposi sarcoma-associated herpesvirus infection
pathway )+ A 28 E 4 ffl 75 5 /2% 4% 38 2% ( human
cytomegalovirus infection pathway). Z B! 438 %
( hepatitis B pathway ) . J& & [ F @ %
(proteoglycans in cancer pathway) %%, W& 9. XJ#x

NEER PIBK-Akt 15538 B 1E FHHLEIEI T IR
PRI, Ryl i@ 2 A B0 A FTE @ B rh
AE, B 10 AR @S, B AR LR AR
PR S AR
3 it

HAT, T H 28 28 5 B i N TR
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