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Panax quiquefolium L. based on zebrafish model combined with metabolomics technology. A zebrafish model of
prednisolone-induced osteoporosis was used to compare the anti-osteoporotic activity of Panax quiquefolium L.,
and the expression of osteoblast-associated genes and osteoclast-associated genes in zebrafish was detected by
quantitative real-time PCR (qRT-PCR), using bone fluorescence area and fluorescence density as evaluation indexes.
Metabolomics based on ultra-high performance liquid chromatography-mass spectrometry (UPLC-MS) was used
to explore the change patterns of biomarkers and the metabolic pathways affected. The results showed that the 50%
ethanol extracts of Panax quiquefolium L. from Jilin, Canada, Wenden and the United States can significantly
improve the bone fluorescence area of zebrafish compared with model group. Furthermore, four sources 50% ethanol
extracts of Panax quiquefolium L. except United States also can significantly improve the bone fluorescence density
of zebrafish. In addition, PCR showed that extract of Panax quiquefolium L. can significantly up-regulated the
expression of vitamin D receptor b (vdrb), collagen type I a2 (colla2) and cysteine-rich acidic secreted protein
(sparc) genes, and down-regulated the expression of matrix metalloproteinase 9 (mmp9), anti-tartrase acid phospha-
tase (trap) and cathepsin K (ctsk) genes. Metabolomic analysis identified 24 key differential metabolites. Further-
more, pathway analysis showed that Panax quiquefolium L. could regulate the levels of 10 key biomarkers by
participating in purine metabolism, tricarboxylic acid cycle and pentose phosphate metabolism and improve the
osteoporosis status of zebrafish. This study preliminically revealed the anti-osteoporosis mechanism of 50% ethanol
extract from Panax quiquefolium L. through multi-component, multi-target and multi-pathway and also provides
theoretical basis for clinical development and utilization of anti-osteoporosis products of Panax quiquefolium L.
This experiment was approved by the Experimental Animal Welfare Ethics Committee of the Institute of Biology,

Shandong Academy of Sciences (approval number: SWS20181002).
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Primers sequence. vdrb: Vitamin D receptor b; colla2: Collagen type I a2; sparc: Cysteine-rich acidic secreted protein; mmp9:

Matrix metalloproteinase 9; frap: Anti-tartrase acid phosphatase; ctsk: Cathepsin K

Primer Forward primer (5'-3") Reverse primer (5'-3")

P-actin AGAGCTATGAGCTGCCTGACG CCGCAAGATTCCATACCCA

ctsk CGTCACTTCGGTGAAGAACC ACAGTCCACCAGGTTCTGAG

trap GGCCAAGTCCAAAGCTGATT CGGATATGGACCACACTGGA

vdrb TTTCACGCTTCAGACCTCCAG AAGCCCTGCTCCTGGTACAT
colla2 CAAGGAGTCTGCATGTCGGT TCCCTTAGGACCCCTCTCAC
mmp9 CAGAGAGGAAAAGGCAAGGTG AGGAATACATCATGTGAATCAATG
sparc AAGCCATTGAGGTCGTGGAG TGTTAGTGCCGCAGACATGC
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Figure 1 Effect of extracts of Panax quiquefolium L. from different origins on the skeletal developmental status of zebrafish. n = 10. Ctl:

Blank group; PD: 4 pg-mL" prednisolone group; ED: 25 ug-mL"' etidronate disodium group; CWD: Panax quiquefolium L. extract in Wen-

deng, China; US: American Panax quiquefolium L. extract; CAN: Canada Panax quiquefolium L. extract; CJL: Panax quiquefolium L.

extract in Jilin, China
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Figure 2  Statistical results of the effect of different origins of
Panax quiquefolium L. extract on the fluorescence area and skeletal
10D (integrated optical density) of zebrafish skeleton. A: The fluo-
rescence area of the bones; B: The skeletal IOD of the bones. n =
10, x £ 5. P < 0.01, P < 0.001 vs Ctl; "P < 0.05, P < 0.01,
™P<0.001, ""P<0.000 1 vs PD

SERWIRN, PD AL CALAREL, B 8 9O T AR A 9O
FEWI LA (P < 0.01), WY Hiik JEFA B 15 3 1B o i
AR R Th; 5 PD AR EE, ED 41 e B S 52 i D 1 £
% ZOGHEIAR (P < 0.05), R HIBALLE BRI (S .

FE S0 R I T P9, 477 H P VR S 50% I 4R L
VR REAE — RS b o thik e A e S B B 1
T SO AR K DO FE IR/ o H e o [ 35 4K 7 74 i
SARIYIAE 2.5~10 pg-mL WSS A 10l 2 25 2508 B 5

vdrb
1.0
) ©
2 2
2 koK 2
é HitH <Zt:
~ o~
= 0.5 ]
o [0
= B
= =
2 E
0.0
Ctl PD 2:5 5 10 Ctl PD
CJL / pg'mL"!
mmp9

3 HhiH 2.0 HbiH
) . T
< 2
2 2
< 3 ik <
% 5
g E
L 1 o
2 2
= =
© ©
~ 0 o~

cl PD 25 5 10 ctl PD

CJL /pg'mL!

colla?

i B IR G T AR AN SO E (P < 0.000 1), IEE K
PV S R I O B s A VE YRz, v [ SO
PE S 5 U AE W B9 10 pg-mL B 1] 6 3% 25 B
Ih 1 B IR G AR A O % B (P < 0.01), SEE =7
SRR N 10 pg-mL" B AY B8 2 2 o35 T
BRI TOETH R (P < 0.05). SLb 4 R, 577 1
PVES S U B HUE BUBAA TG
2 FEEFSRERIYINE RERAEXEERIENRN
qRT-PCR V£ W L #1445 P 10 B A1 A DR 25 A
PIRIETEN . dRER (B 3), 5 CadMmtt, ket
REEL S, B A0 AR N RCE AN I AH 9% 25 (K] vdrb . colla2
sparc 33K 35 5 2 FEAK (P < 0.000 1), 1% 1 41 i A 9% 3
mmp9-trap- ctsk F 15 ¥ FE F+ & (P < 0.000 1), 5
PD ZHAH EE, o [ 5 AR TE S 52 U b B S, A Sk
B TR B FA e 15 5 (A TR 5 Fr AL Ak P 3 i AT ) S R
35 (P<0.05.P<0.001.P<0.000 1),
3 RBLEZSH
3.1 RFEFHEESHT  KH UPLC-MS AT 5 5 £
FE ity AR 1) AQ U 2H 2 R B0 SR AR, % 2 0 il AR A
FUREAE N BB 5 (quality control, QC), 1E . 11
BT QCFEA B B i BB AR H A, R A
ARG EME REF . 20 3K H 5o 73 #ridk (principal
component analysis, PCA) Fl {ii &% /N — 7 ] 3l 43 1 12
(partial least squares discriminant analysis, PLS-DA) %}
S I R RAE BLEAT b, IE SO TR Y
PCA 145 Bl U [l 4A F1 4B i 7, PD 241 5 Ctl 20 W & 4y
B, &R TES 2, R A2 CIL 4 CAN 411
) Ctl ZH 52T, 83 R ] PLS-DA X %52 56 20 4 4fs 3k 47
o, R I AT ES R, AT B 5

sparc
1.5
°
z e
5 ootk
% 1.0
S
2 0s
=
&
0.0
2.5 5 10 Ctl PD 2:5 5 10
CJL / pg-mL"! CJL / pg-mL"!
trap ctsk
_ 15
e HHE o«
3 -
?
=i
o
=
=
Q
o~
2.5 5 10 Ctl PD 2:5 5 10
CJL / pg-mL"! CIL / pg-mL"!

Figure 3  Effects of Panax quiquefolium L. extract on the regulation of osteoblast and osteoclast related genes in zebrafish treated with PD.
n=130,x+s P <0.000 1 vsCtl; "P<0.05""P<0.001, P <0.000 1 vs PD
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Figure 4 PCA score plot (A), PLS-DA score plot (B), PLS-DA model verification plot (C) and S-plot based on OPLS-DA model (D) of
metabolites of zebrafish in Ctl, PD, CJL, CAN, US and CWD group in positive mode; PCA score plot (E), PLS-DA score plot (F), PLS-DA
model verification plot (G) and S-plot based on OPLS-DA (H) model of metabolites of zebrafish in Ctl, PD, CJL, CAN, US and CWD group

in negative mode



1900 -« 242224 Acta Pharmaceutica Sinica 2023, 58(7): 1894-1903

Relative percentage content / %

Figure 5 Relative percentage contents of 50 differential metabolites in Ctl, PD, CJL, CAN, US and CWD. “Indicates the short name for

compound. Carbonitrile is 4-amino-2-(4-chlorophenyl)-6-(methylthio)-pyrimidine-5-carbonitrile. Acetamide is N-1-[4-hydroxy-6-(methoxy-

methyl)pyrimidin-2-yl] -acetamide. Pentanoic acid is 3-methyl-5-0x0-5- (4-toluidino) -pentanoic acid. Isophthalonitrile is 2- (4-aminophe-

noxy)-isophthalonitrile. “*P < 0.000 1 vs Ctl; "P < 0.05, "P < 0.01,
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Table 2 Relative percentage contents of differential metabolites. | and T indicate relative decrease or increase of percentage contents

Relative percentage contents /% Trend
Metabolite ca D CIL CAN Us CWD PDvs CJLvs CAN USvs CWD
Ctl PD vs PD PD vs PD
(+) 11-HETE 1.7979 14967 18741 14244 15878 1.6113 ! 1 ! 1 1
N-Acetylaspartic acid 23017 32578 1.8839 27080 26450 25763 1 ! ! ! !
a-D-Mannose 1-phosphate 24207 1.0622 11666 19449 25418 1.7720 i) 1 1 1 1
Oleic acid 1.6189 1.0723 15475 14631 13134 17146 } 1 1 1 1
N-Acetyl-D-glutamic acid 09242 12120 09646 07519 07181 1.0744 1 i) i) 1) i)
Histidine 0.6246 17147 07412 05801 0.7374 0.6106 1 i) i) i) i)
D-Ribulose 5-phosphate 03871 14919 04801 04278 04055 0.5430 1 i) 1) 1) 1)
LysoPE 18:0 0.8464 0.5764 0.7242 0.9084 0.7055 0.9332 i) 1 1 1 1
Gluconic acid 02231 07735 0.1435 04533 0.1986 0.3260 1 ) } } )
4-Amino-2-(4-chlorophenyl)-6-(methylthio) 02810 0.6304 0.1201 02155 02922  0.096 6 1 ) } ) )
pyrimidine-5-carbonitrile
Pyrrole-2-carboxylic acid 0.3535 0.5233 03638 03953 04086 0.4093 1 ! ! ! !
LPC 20:5 0.1986 02986 02313 0.1747 0.1450 03357 1 ! i) i) 1
LPE 20:5 0.1681 02137 0.1760 0.1392 0.0969 0.293 1 1 ! ! i) 1
Dihydroxyacetone phosphate 0.1063 02064 0.1975 0.1272 0.1040 0.209 5 1 i) 1) 1) 1
D-Sedoheptulose 7-phosphate 0.0572 02932 0.1507 0.1338 0.1399 0.0838 1 i) i) ! i)
Phosphoenolpyruvic acid 0.0943 0.1790 0.0983 0.1009 0.1298 0.0885 1 i) i) i) i)
Thymidine 5'-monophosphate 0.0712 0.1228 0.0829 0.0594 0.0797 0.0538 1 i) i) i) i)
Citric acid 0.0165 0.1191 0.0140 0.0403 0.0503 0.0250 1 i) i) i) i)
Ethylmalonic acid 0.0384 0.1110 0.0255 0.0426 0.0289 0.0374 1 ) i) i) i)
Guanosine 0.1466 02944 0.1141 0.1071 0.1276 0.1540 1 ) ) } )
Glycerol 3-phosphate 02666 05987 1.0434 0.6904 0.7889 0.8584 1 1 1 1 1
Nicotinamide 0.1815 02949 02136 02530 02117 02461 1 ! ! ! !
Guanine 0.0398 0.1030 0.0270 0.0315 0.0294 0.0318 1 ! ! ! !
N-1-[4-Hydroxy-6-(methoxymethyl) 0.0097 0.0514 0.0051 0.0084 0.0071 0.0041 1 ! ! ! !
pyrimidin-2-yl]acetamide
Creatine 40742 71215 53171 58333 63022 62051 1 i) i) ! i)
Hypoxanthine 17521 24296 1.7293 17597 12262 1.9446 1 i) i) i) i)
Uric acid 0.1103 0.1723 0.1124 0.1161 0.1014 0.1325 1 i) i) ) i)
Inosine 0.0876 0.1288 0.0993 0.0853 0.0747 0.1012 1 i) i) i) i)
DL-Norvaline 12952 1.7859 13815 14827 15566 15774 1 ! ! ! !
2-Hydroxyphenylalanine 14325 0.6482 0.8225 0.7235 0.8627 0.5321 } 1 1 1 }
3-Methyl-5-ox0-5-(4-toluidino)pentanoic acid  0.7948  0.4237 03799 0.5567 0.8763 0.2800 ! ! 1 1 !
2-(4-Aminophenoxy)isophthalo-nitrile 02713 03669 03027 02839 02577 04163 1 ! ! ! 1
2-Hydroxycinnamic acid 15414 03867 09136 03441 09848 0.6029 | 1 | I I
Table 3 Identification results of key biomarkers
Metabolite Adduct m/z t, / min HMDB KEGG pathway

Gluconic acid [M-H] 195.050 34 1.332 HMDBO0000625 Pentose phosphate pathway

D-Sedoheptulose 7-phosphate [M-H] 289.032 81 1.428 HMDB0001068 Pentose phosphate pathway

D-Ribulose 5-phosphate [M-H] 230.018 57 1.464 HMDB0000618 Pentose phosphate pathway

Uric acid [M+H]" 169.035 69 1.697 HMDB0000289 Purine metabolism

Citric acid [M-H] 191.019 09 2.089 HMDB0000094 Citrate cycle

Guanine [M+H]" 152.056 78 2.851 HMDB0000132 Purine metabolism

Hypoxanthine [M+H]" 137.045 85 2.853 HMDBO0000157 Purine metabolism

Inosine [M+H] 269.088 01 2.897 HMDB0000195 Purine metabolism

Guanosine [M-H] 282.084 08 2.927 HMDB0000133 Purine metabolism

Phosphoenolpyruvic acid [M-H] 166.974 24 2.947 HMDB0000263 Citrate cycle
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Figure 6 Metabolic pathway analysis of the key biomarkers
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