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Quality Markers Prediction of Blumea balsamifera Based on Fnger-
print, Chemical Pattern Recognition and Network Phar macology

ZHANG Zhengwei, CHENG Bin, GUO Changmao, YAO Shi, MU Kailang, SHA Shan, PANG Yuxin®

Guizhou University of Traditional Chinese Medicine, Guiyang, Guizhou 550025, China

Abstract: In order to clarify the chemical composition characteristics of Blumea balsamifera, screen anti-inflammatory
active components, and identify quality markers (Q-markers), and to provide a scientific basis for the quality control of
B. balsamifera, a total of 15 B. balsamifera raw herb and 14 powder herb from Zhenfeng, Ceheng and other regions in
Guizhou province were utilized for the research. Gas chromatography-mass spectrometry (GC-MS) was employed to
establish fingerprint profiles. Hierarchical cluster analysis (HCA), principal component analysis (PCA), and orthogonal
partial least squares-discriminant analysis (OPLS-DA) were applied for data processing. To predict the core an-
ti-inflammatory components, a “component-target-pathway” network was constructed using network pharmacology.
This prediction was further supplemented by molecular docking verification. A total of 31 compounds were identified.
In the GC-MS analysis, 22 and 16 common peaks were calibrated for the B. balsamifera raw herb and powder herb, with
sample similarities ranging from 0.971 to 0.997 and 0.991 to 0.999, respectively. The consistency in chemical profiles
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indicates that the overall quality of the materials is stable. HCA classified B. balsamifera raw herb into 3 clusters and
powder herb into 4 clusters. PCA extracted 4 principal components for each sample type, with cumulative contribution
rates of 87.137% and 88.495%, respectively, which could effectively characterize sample quality. OPLS-DA identified 5
differential markers (including L-borneol and camphor) from B. balsamifera raw herb and 6 differential markers (in-
cluding fS-caryophyllene and xanthoxylin) from powder herb. Network pharmacology analysis suggested that palmitic
acid, 3-octanol, a-eudesmol, p-eudesmol and perillaldehyde might be the core anti-inflammatory components of B.
balsamifera. The components could act on key targets such as EGFR, PTGS2, ESR1, JAK2 and PPARG, and regulate
inflammation-related pathways including arachidonic acid metabolism, Th17 cell differentiation, PPAR signaling path-
way and JAK-STAT signaling pathway. Molecular docking results showed that the 5 anti-inflammatory components had
good binding affinity with target proteins, with binding energies<0 kcal/mol. L-borneol, camphor and y-eudesmol were
identified as the Q-markers of B. balsamifera. The results would provide support for the quality evaluation, an-
ti-inflammatory mechanism research, and efficient resource utilization of B. balsamifera.
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1.2.1 Bksmimik ey d & FRBCLEF MR
0.5 g( 3 2 i ), B THIEHILHM T, MA 10 mL
LR TRV, 552 (TR 400 W, A
7 40 kHz ) 40 min, JH 0.45 pm ALIERTIE, B
UEW . FRECCH 10 mg, BT 10 mL i, LU
LR R W ESZ, 1 0.45 pm LB L
U, BB

122 &#4%&4  SH-1-5Sil MS ffiff: (30 mx
0.25 mmx0.25 um ) FHEA)T N WIIRIRE 50 C,
4% 2 min, A 4 °C/min FHE %= 140 C,/£4F 6 min,
PL'5 “C/min {4 Z 190 C, f#%F 6 min, F-LL 4 “C/min
FHRZ 210 °C, 154% 10 min; FHRE HEE N 250 °C;
A RAIES W 1 mL/min; 430 10 ¢ 15
HERERCH 1 ul, B (ED) B &R
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Tab. 1 Sources of B. balsamifer raw herb and powder
herbs
Eiig ) i
Raw herb Powder herb
%' 7 b G e
No. Origin No. Origin
S1 B BLUKIH= B | Al BRBELUKNE S B
S2 B BAT KT EE A A2 B BT K - B
S3 A BAAREAE U A3 BT\
S4 i BRUTAL B A4 P BT RN b
S5 it B RUT AN b A5 HIELELERMIE
S6 B T RANE A6 BRI WIR
S7  HE D ARBLTEN A7 HERB R WIR
S8 I AELTEIN A8 HEEE B R WIR
S9  EEITEL A A kY A9 EEEE A A R
S10 B E A RELE A A10 R B RAR ) iU
Sl BB E B RETRISEAS ALl R B RAR ) iU
S12 HETE A ey A12 R A A
S13 pi B R Y Al13 PR B R AL Y
S14 LIy BAERMEFEPE Y Al4 EERIE A S
S15  ZJp T W I

£ 200 °C; #2 HRER 250 °C ;¥ I AER 4 min;
F#i 7 X o4, Bimg t (m/z ) TSR 50~550,
123 maob b @i#Ends Eil X Eg
FEXF A NITS11 Bkl Efe m e fb a4, H
“rh2h ke SUREAHUE PRI R G (2012.1 W
A A AR S, AL

1.2.4 wFEXRAIN>HF LW FLGH ML
PR L EE R 22 ANF 16 A A 0G A i i AL
JE AR B L SR FH OriginPro 2024 #k 4 HE4T R 250
Br, RH SPSS 26 #{Fitfr PCA 7#r, RH
SIMCA 14.1 #4347 XF 1F 52 fi B /1 — 9 —H] 51
( OPLS-DA ) 4347+

1.2.5 M%HEFE 54 RH PubChem %%
Y5 SwissADME 4 % # 4% - i e v e v Ak &
Yy, % SwissTargetPrediction £ 7 M 4L &9
#1045, >R GeenCards #1 OMIM (4 2 , L “anti-
inflammatory ” & 5 Bt 1] A 8 %< 95 HE 05 . R H
STRING ¥ 2 A 3 S FEBE PR AR IBUOC R AR 1
K H Cytoscape 3.9.1 #17n]#i4k, >KH Metoscape
B P X AZ R 5 E AT GO F KEGG & S04,
KA GRATIT AL, BEBdE, ME s
AN SEEK S, BN ARG . M TCMSP %4
P N AR ARSI 3D 453, M Uniprot

HHuE S PDB i A I T O EN T
3D 45# 3, I AutoDock Tools #4474 1
YRS & g, H Discovery studio FFi#E47 AT
AL
1.3 #IELE

fdi il WPS Office Excel {4 %% P i 56 B 4
i Fii Adobe Illustrator 2022 F A4 EE H# & -,

2 BERE5HH
21 EYBEEREISHALEE
2.1.1 #wu ARy PO FELM (S1) &L
¥y CAL) Hl &AL IA RS |, o0l seif A
6 X, Lho6 S (ZEhEleh) hZ Mg (S), it
A% A 0 118 R X 06 T 5 AR G A B I RDC =6 )
SN A 25 5 A DR 1) R XS W TR P R X o o
7 (RSD) fE 0.79%~2.64%=[a], %34 Wi+
XA B2 ] 6] RSD 7E 0.02%~0.33%22 [], 3y 4% 4k
A W PR RE T U8 T AR B RSD AE 0.54%~2.36% 22 1],
25 FEAT W (R A TR B2 B ] RSD 7E 0.03%~0.11%Z
B, YI/NTF 3.00%, FAGRE®E R

BOCF LM (S1) B30k (A1) il &tk
WA 1y, T 0, 2, 4,8, 12, 24 h ik
K, L6 S0 (AR ) g (S), iHH
5 AT W R X PR B BT 1) 55 AR X TR (=6 )
YN B 24 bF 45 LA 05 1 AH G 04 TR RSD 7
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RSD 7£ 0.02%~0.16%Z [A], Ay 4% FLA M () AH ot
I T AR RSD 7E 0.99%~2.77%2Z 1], 4% FLA7 W ()
AHXH 4 B2 5] RSD 7E 0.03%~0.15%22 ], $/N T
3.00%, 2B A v TR e e e R A

il & XA AL (S1) Rk (A1) Hil%
P TIAAS 6 1, Feik R ildire, L6
S (AR ) NS RIE (S), MRS IE g
(A FE G (4 B B (] S5 AR X 0 AR (=6 ). LANEHZY
A 45 A 08 Y RH T DG TR AR Y RSD #F 1.27%~2.72%
Z 0], £ A WA X O/ B B ] RSD 7 0.01%-~
0.11%Z[H), SCHRy £ A7 W (R AR X 6 T FR A RSD
TE 1.22%~2.68%Z 1], 25 A W A AH X O5 B B ]
RSD 7£ 0.06%~0.50%2 [, ¥J/NT 3.00%,
Tk EE MR AT

SR 15 JSENE M S 14 0B &t
AW, OISR I e SR s 5 s,
PR g A 24 ks SCERE AR LR P
A4 (2012.1 A )", ¥ S1. Al NEHRIE, &
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B1 15#IBEHT (A) R 14HZ5H (B) B GC-MSIEL AL
Fig. 1 GC-MS fingerprints of 15 B. balsamifera raw herb (A) and 14 powdered herb (B)

£2 GC-MSHHYTE

Tab. 2 GC-MS component identification

. R N T Eq ]
¥ 5 k& ezl Retention time/min
No. Compound Molecular formula
Zj#F Raw herb 2% Powder herb
1 a-JR M o-pinene CioHis 7.757 7.771
2 M “camphene CioH6 8.280 8.296
3 p-IEHS" B-pinene CioHyg 9.202 9.214
4 3-3% [ 3-octanol CsH,s0 9.866 -
5 D-#7 8 D-limonene CioHis 10.985 -
6 F5 % EE Tinolool CioH 50 13.518 13.535
7 % i3 “camphor C1oH,60 15.223 15.233
8 72 i€ ¥ % "L-borneol CioH 50 16.192 16.221
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Tab.2 GC-MS component identification (continued)

s waEY
No. Compound

Molecular formula

A B4 k)

Retention time/min

(e

2k Raw herb 2 ¥ Powder herb

9  2UREf L-perillaldehyde
10 LRSI isobornyl acetate
11 silphiperfol-5-ene”
12 o-WAIAK a-guaiene
13 ()-p- 22 M (+)-y-gurjunene
14 H AR e
1,4-dimethoxy-2-methyl-5-propan-2-ylbenzen
15 B-fitrks"p-caryophyllene
16 a-fi17 ¥ a-caryophyllene
17 M alloaromadendrene
18  #HE i aromadendrene
19 AT #E ALY caryophyllene oxide
20 A BIEE guaiol
21 BIHUEEE ledol
22 B-#ENEE B-eudesmol
23 y-FENEEy-eudesmol
24 F:ARN juniper camphor
25 a-H M (-)-a-gurjunene
26 a-tEM B a-eudesmol )
27 BAEA TRE(+)-viridiflorol
28 {EARIH % xanthoxylin
29 | L% pentadecanal
30 HHi M neophytadiene
31 EEMARR palmitic acid

CioH140 19.688 19.709
Ci2H50, 20.031 20.052
CisHos 21.416 21.436
CisHos 22.039 22.059
CisHos 24.112 24.130
Ci2H;50, 24.260 24.277
CisHay 24.522 24.533
CisHos 25.610 25.712
CisHos 25.857 25.881
CisHos 26.728 -
CsH,40 31.382 31.417
Ci5H60 32.144 32.175
Ci5Hy60 32.457 32.49
C15H230 32.819 32.664
C,5Hy50 33.220 33.243
C,5H,60 33.652 33.678
CisHos 33.819 33.847
CisHy30 34.497 34.515
Ci5Hy60 34.624 34.65
Ci1H 404 34.889 34915
C,5H300 36.739 -
CyoHss 40.230 -
Ci6H3,0, 43.750 _

I RN MRE I R RSP

Note: ~ indicates a calibrated common component; — indicates that the compound was not detected.

2.1.3  AAMAESRS AR PR SSRILE 3. 4%
eI F 25 60 5 300 0 A L 4y S AE 0.971~
0.997 F1 0.991~0.999 Z [a], FEHHAHMIEE 425 .
22 WEEKXIRINFH

22.1 BE454 (HCA) LIFHERRHEEEN
2 F IR B A AT RIS, BB R o
N2 B R 325, S12. S13. S14 W y—2%&,
S3. S6. S7. S8. S9. S11. S15 &K%, HA
FEHLR N —ZE; RN 435, A3 A9, AS KR
H—2E, A6, A10. A12 B HN—2, Al4, Al3,
All BHR—35, AL, A2, A4, A7 LIS A8 H—
2 (E3),

222 EmHoH (PCA)  HEFEELKT 1,
B BRI ) 4 DS, RiFsiekRas 5k
F| 87.137%7i1 88.495% (£ 4 ), LLFEMITH T4

il 2 R WA 18, SRR S AR 2R RSO R
B BT 4 RN T RORERER (181 4), &5
RFRT, RO F2 ol e R R A SN
A 2GR RSORS  BEAR RO AR AL, RESEAS S W25 11
SHERE R, HA N L9 250 08 B

BRI AT
223 AR % D = FE-H) A 5 H ( OPLS-
DA) UAFHGMBHZRIGIEE () N

0.792, HASERIIAHEE (RYy) Jy 0.842, HERIFH
FER(QP) 9 0.645; MY A B A TEE (Ry)
Hh0.785, RAFRIAFEE (RPy) N 0.788, i
WIFEE (Q*) Hy 0.613, WiBIR R* F1 Q* # KT
0.500, FKHIZAA R4y muilfe s (B 5 ), 78
OPLS-DA Al b P17 E #da il , &kl 200
W, GER RN OF SR MIAZ S A U, R
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B2 XWMELGH (A) RIH (B) B GC-MS &iLE
Fig. 2 GC-MS chromatograms of B. balsamifera raw herb (A) and powder herb (B)
#x3 1LLMEMELHR 14 HE WSS EIZHELETEN
Tab. 3  Similarity evaluation of GC-MS fingerprints of 15 B. balsamifera raw herb and 14 powder herb
Zj# Raw herb 2 ¥ Powder herb
45 No.  HAMRIYE Similarity 45 No.  AH{IME Similarity | 4% No.  AH{IM: Similarity 4w No.  AH{IM: Similarity
S1 0.996 S9 0.993 Al 0.999 A9 0.998
S2 0.991 S10 0.995 A2 0.998 A10 0.999
S3 0.997 S11 0.994 A3 0.992 All 0.998
S4 0.995 S12 0.980 A4 0.996 Al2 0.998
S5 0.995 S13 0.986 AS 0.996 Al3 0.999
S6 0.997 S14 0.991 A6 0.991 Al4 0.997
S7 0.997 S15 0.971 A7 0.997
S8 0.997 A8 0.999

BRI LA . E— 28] vip, LU
VIP>1, MW ECYNFE 25 4F ip ik th 016 6 ( Z2HE e ).
16, 1§18, 1§ 5 (fEfk ). 13 (B-I-K) 541
Wy, MRk g 6 (ZREi ). 1% 10
(p-FT 4 ). W 16 (FEMUME ). WS (N ).
U 8 (o~ AHs ). 9 (H L —HEE) 6 1AL
4 (E6).

23 XHEMEHEZHR

231 XhFRErREWELERS>EE GC-MS

SNSRI 31 AMgERE A 4 v W] B i 2 1
& ( GI absorption ) “High”, 2524 ( drug likeness )
FFEW =3 4> Yes LG WAL 18 4~. LA proba-
bility=0 Mt F WIS, SR EGIFLRE
A LT F 245 HE 45 L3 1) GeenCards il OMIM
g, DA anti-inflammatory Ay & TA] 43531 X6 H:
PSR B B0 R A T A R, RIITFRREE I L
BREEE, PORRLATE KRR ER1E] 1827 4
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A 2.58
YR 2.00
150100 50 0 1.43
0.855
o 0.280
S13
S12 —0.295
—0.870
S15 -1.45
si1 -2.02
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B3 15HITMELM (A) 1 14438H (B) WERESHR
Fig. 3 Clustering analysis of 15 B. balsamifera raw herb (A) and 14 powder herb (B)
x4 ERSBEERTEHKE
Tab. 4 Principal component eigenvalues and contribution rate
LY 25 # Raw herb S H Powder herb
B Wiy B Wiy D &
= . e o it 2 =K o AUy 22 TR
Principal  gpfrgy 0K RBUS TR Principal  gpgrgy 7RI Cumulative
component  gisen_value Percentage of  Cumulative variance component  Eigen-value Percentage of ;o nce contribu-
variance/% contribution rate/% variance/% . o
tion rate/%
1 8.602 39.101 39.101 1 6.929 43.305 43.305
2 5.533 25.149 64.250 2 3.040 19.000 62.304
3 2.905 13.204 77.454 3 2.487 15.546 77.851
4 2.130 9.684 87.137 4 1.703 10.644 88.495
100 A 8rB
[ n
8 =
6
A :
g § 4r
.20 .50
m o 4F ) .
i \ w | -
2,0 . P .
£ . S .
oF '.,.'-..7.$ or .""‘l'lnnn

2 4 6 8 10 12 14 16
F RS ¥E Principal component number

2 4 6 8 10 12 14 16
F RS ¥E Principal component number

B4 XMEHH (A) F13H (B) B PCA S A E
Fig. 4 PCA scree plot of B. balsamifera raw herb (A) and powder herb (B)

S, 13 135 DR (K 7).

232 Ea-%asztEM (protein-protein inter-
action, PPI) M 2 My Ff 30 45 ¥ 3L [H g A 3]
STRING %44l , ¥Fhik & F “Homo sapiens”,
BA5E =07, A5 103 AT 5275 %&b, 7]
AL AR (degree ) WEATHERS, BE{EHMCK,

TS B EERTR, BHIZER S 5N TR E
(Kl 8). 3T degree=30 fifipEiz.LoMlb, WL
EGFR. PTGS2. ESR1. JAK2 VI J& PPARG 5 4~
U0 S AE PP 2% v R 4% T CSE R o

233 GO g% 4 ## KEGG @% 54 GO &
EHTEE R UL P<0.01 A A br i i i S R JF 647
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A: EGFR-y-eudesmol; B: PTGS2-y-eudesmol; C: ESR1-y-eudesmol; D: JAK2-y-eudesmol; E: PPARG-y-eudesmol.
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Fig. 11  Schematic diagram of molecular docking results
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