2% %4k Acta Pharmaceutica Sinica 2023, 58(1): 127 -138 < 127 -

B FLIEK *

ETRD & R F iU E B B i & M JRAL I ik & AL H ¥R

MEW', AR, ARE, =&, B B, & K, & 2
;OEY Bem”

(1. FA 5L EE 25 K22/ 2 R b AL 5 05 770 6138 260 [ 5 b 0 A AR Ao, Y175 48 v 24 B0 5 P b Ak i 72 il [ )
B, VLR 7 i R BT A eI S VIR BT 210023, 2. VLSRN T E SRS e A MY B A S VT
7 B 210023; 3. TEAMILALE L, T E )1 750002)

T ) B £ ) 0 05 34 M A 0S5 R 9% AR, 3 e BT kR A A TR I A B e 4 R
LR JEAA I A 5 5 0 M T B ) ) 5 B B SRR A R 45 P MO AT AN (RIS B e A 2 O 2R i, 3 il v
RGO JE ST 5 — MER AR SO % B A, ME A 00 B DA Mo AC 7 P R b S R A . SR R A et
W5 BE T £ A £ 858 1 SR R RO IO SR P 6 o R T (ALLP) ANBLIE £ BR IR 1 W BR B (TRAP/TRACP) %+ (1
RS0 5% vl RS 40T P AT B 40T A 5 SR qRT-PCR VR & 5 A b i AR AR DG L IR adp i B BR 1 (opm)~ JH 41 Al
T VAL S R (sp7)  HEAEE T K (cusk) tracpRunx F R 5% 56 - 2b (runx2b) MIFRIETE L. 45 L BoR, Ml 1
TR T AL Y5 R 8 A [ R T 3 B T 0 0 £ 55— B S AT A e £ 0 B A R BB T AR, S DA AT T 2
SRR S . MOAT 22 i RS0 5 BT 1 e 5 R R P S T R, B SR P ALP VS I, B TRAP i1,
i alpsp7-opn FEBH, T ctsktracp FER 3R 1K . W T 45 AR A, A 22 B8 B2 0% U8 715 1 40 i 5 A 4 B S 14,
VR W, A S P B, B B R, AR DU TR R AA 1K) 32 B M IR o A SN R 2 M AT T R AR
INALHRAL T R SRR, BT BT T A pf A AR RV AR o 2GR T RA RV RO SRR AL TR, MO A AR
T SRR T 8RB R

KR T E AR MRS T B RS B W TR RO I MAT 2

FE 525 R965.1 CRRFRIZED: A X E S 0513-4870(2023)01-0127-12

Screening of active components and preliminary mechanism
exploration of Lycii Fructus for improving osteoporosis based on the
zebrafish model

ZHENG Hui-li', HUA Yong-qing'?, LIU Xin-hui', LI Meng-ting', ZHOU Tong', ZHU Yue',
YU Li*, GUO Sheng'?, DUAN Jin-ao"

(1. Jiangsu Province Key Laboratory of High Technology Research, Jiangsu Collaborative Innovation Center of Chinese
Medicinal Resources Industrialization, Nanjing University of Chinese Medicine/National and Local Collaborative
Engineering Center of Chinese Medicinal Resources Industrialization and Formulae Innovative Medicine, Nanjing
210023, China; 2. Jiangsu Key Laboratory for Pharmacology and Safety Evaluation of Chinese Materia Medical,

Nanjing 210023, China,; 3. Ningxia Innovation Center of Wolfberry R & D, Yinchuan 750002, China)

Abstract: Juvenile zebrafish were used to screen the active components of Lycii Fructus for improving

WcAe L : 2022-05-23; &[0 H JH: 2022-06-21.

FeeTH : [H KRR 4 IR K RIS 5 4 R TH (U21A20408); 7 & H i iff K tF &I = 5 H (2021BEF01003, 2021BEF02009); [ 5% 1[5
2458 LR v 15 24 B T A X N A S HETRITIE (ZYYCXTD-D-202005); 7 52 RBHE 3L el 46 AF 2 830 H (2021DPC05005).

BT Tel: 86-25-85811917, E-mail: dja@njucm.edu.cn

DOI: 10.16438/7.0513-4870.2022-0626



- 128 - 222224 Acta Pharmaceutica Sinica 2023, 58(1): 127 -138

osteoporosis. The screening results were further verified by zebrafish adult osteoporosis model and the action
mechanism was explored. Prednisolone was used as the inducer to build osteoporosis models of juvenile and adult
zebrafish, and 9 groups of samples of different extracts and chemical parts of Lycii Fructus were given. Alizarin red
staining was applied for observing the scale matrix mineralization and bone resorption. The activities of osteoblasts
and osteoclasts were detected using alkaline phosphatase (ALP) and tartrate resistant acid phosphatase (TRAP/
TRACP) staining. The expressions of bone metabolism-related genes alp, osteoprotectin (opn), osteoblast specific
transcription factor (sp7), cathepsin K (ctsk), tracp, and Runt family transcription factor 2b (runx2b) in each group
were determined using quantitative polymerase chain reaction. The results showed that all components of Lycii
Fructus improved the formation area of the first vertebrae, the staining light density value, and the number of
vertebrae joints in juvenile zebrafish and the Lycium barbarum polysaccharide (LBP) treatment group exerted the
best effect. In addition, LBP prevented the formation of bone resorption lacunae in zebrafish scales, increased ALP
activity, decreased TRAP activity, up-regulated the alp, sp7, and opn genes, and lowered the expressions of ctsk
and tracp genes. In conclusion, LBP regulated the activity of osteoblasts and osteoclasts, reduced bone resorption,
promoted bone formation and enhanced bone density, which might be the main anti-osteoporosis active fraction of
Lycii Fructus. This study provided modern scientific evidence for the scientific connotation of the traditional effect
of "strengthening bones and muscles" of Lycii Fructus, provided the reference for the evaluation of the anti-
osteoporosis activity of traditional Chinese medicine based on zebrafish adult model, and provided beneficial
enlightenment for the bone health needs of the aging society population.
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Primer sequences for quantitative real-time PCR. sp7: sp7 transcription factor; alp: Alkaline phosphatase; ctsk: Cathepsin K;

runx2b: Runt-related transcription factor 2b; tracp/trap: Tartrate-resistant acid phosphatase; opn: Osteopontin

Gene Accession number Forward sequence (5'-3") Reverse sequence (5'-3")

sp7 NM_212863.2 GACTGCCTGACCAGCGTCAA GAGGCACCAAGCCTCTCCAA
alp NM_201007.1 AGAGAAGCGGCCTGATTACT ACACCCATCCCATCTCCAAG
ctsk NM_001017778.1 TGGGAGGGCTGGAAACTCAC CATGAGCCGCATGAACCTTG
runx2b AY443098.1 AACTTCTTCTGGGGTTCGACA GGGTTGGCGTGTAGGTGAAG
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opn AY241929.1 GGCGTCTGAAGAAACCTCTG GCAGGATTGGGATGCAGTAT
p-actin AF057040 CGAGCGTGGCTACAGCTTCA GCCCGTCAGGGAGCTCATAG
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Figure 1 Ventral view of alizarin red staining of zebrafish at 9 days post fertilization with exposure to PN and therapeutic effect of different
parts of Lycii Fructus (x100, scale bar = 200 pm). Areas of calcified matrix in craniofacial skeleton are stained red. The central conical red
area represents the location of the first vertebra. n = 20-30. Control was blank group with 0.1% DMSO; PN was 15 umol-L"' prednisolone
group; ED was 30 pug-mL" etidronate disodium group; LBE: Ethanol extract of Lycium barbarum; LBW: Water extract of Lycium barbarum;
LBEW: Water extract of Lycium barbarum residue after ethanol extraction; LBP: Lycium barbarum polysaccharide; LBEW-P: The superna-
tant after LBP precipitation from LBEW; LBEAW: Water eluent of LBE on AB-8 macroporous resin; LBE-30E; 30% ethanol eluent of LBE
on AB-8 macroporous resin; LBE-60E: 60% ethanol eluent of LBE on AB-8 macroporous resin; LBE-95E: 95% ethanol eluent of LBE on

AB-8 macroporous resin



<132 - 222224 Acta Pharmaceutica Sinica 2023, 58(1): 127 -138

20— LBE LBW LBEW LBEW-P LBP

Area/pm?( x10%)

LBEAW LBE-30E LBE-60E LBE-9SE

IntDen (x10%)

.....................

T T T T i 1
Control PN ED 10 100 500 10 100 500 10 100 500 10 100 500 10 100 500 MgmL

2.0 LBE LBW LBEW LBEW-P LBP
soksk seokok *
1.54 *
“—
=
X ez R — o T == 0
Lo e Rl e 7 A e
g - §
£
0.5+
— ]
0.0 | ; : | s
-1
Control PN ED 10 100 500 220 200 110 100 05 5 50 Hgml

LBEAW LBE-30E LBE-60E LBE-95E

Figure 2  Statistics of alizarin red staining results of the first vertebra of juvenile zebrafish at 9 days post fertilization with exposure to
prednisolone and therapeutic effect of different parts of Lycii Fructus. A: Alizarin red staining area of the first vertebra of zebrafish; B:
Alizarin red staining integrated density (IntDen) of the first vertebra of zebrafish. Control was blank group with 0.1% DMSO; PN was
15 umol-L™" prednisolone group; ED was 30 ug-mL™' etidronate disodium group. n = 20-30, x £ 5. “*P < 0.001 vs control; P < 0.05,”P <
0.01, ""P<0.001 vs PN
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Figure 3  Alizarin red staining and data analysis of juvenile zebrafish vertebrae. A: Alizarin red staining of vertebrae (x50, scale bar =

200 um); B: Statistical chart of vertebrae formation. Control was blank group with 0.1% DMSO, PN was 15 umol-L™ prednisolone group,

ED was 30 pg-mL" etidronate disodium group. n = 20-30, x £ 5. "P < 0.05 vs PN

SE IR, MAD 2 BE RE AR B Ak, IR B A R
T BE D fa R % R RO R TR K, i e i oS
B,
5 MIIESENHD&EEH ALP I TRAP E RN

ALP P 1) 15 200 2 B 40 A B 2 1 5 T b
H. SFALMEL, 100 pmol LIk JE A J GE8 2 411
1) B 1 fh R0 5% ALP VS VE SIS B THAR (K] SA), R
N ALP % 1 ALk 2> (P < 0.001, B 5B), HA7 IH
i ALP Lttt 35 A R B& (P < 0.001, B 5C). FHMEZY
WS 8 1 A0 5 pg-mL M AT 22 08 41 RE % 45 o %
JrH ALP G 2 1 AR AR AT T AR ALP %t 80 5% BE A
(P<0.001). &5HEH, WD 2 FERee B35 mik e
o Je 5 5 I B ) a6 bR B =, 10
ALP G N

B 22U TRAP G 0] DL i B A s 1 . 52
FZHAH EE, 100 pmol- LK JE FA J R % 38 5 i ) £ o 1
i Fr o TRAP 35 V£ 35 3 T AL (B 6A), 1 I R %
TRAP % (4 I FH 1 K (P < 0.05, & 6B), #4371 £ TRAP

Pt e % FEE B TE (P <0.05, B 6C). BHEZ 1K B
PR ANRE % i TRAP G (0 [ AR AN B A i AR g v e £
W AR TC B & 0 (P> 0.05). 1 ug-mL" LBP fig
] 5% By o TRAP 3 € [ 4 i AR RSP ASr Ti AR  2 FEAE
(P <0.05), 5 ug-mL" ] LBP RE % 1 1 % 1 oF TRAP %2
A AR R B E (P < 0.05). S5 HRERW, Mikd 2 bk
REAE S 2 AR JE AL Je 15 5 1 3R 15 ol £ B v rh R
Y 38505 M TRAP 3% 1 ) 18 58
6 MIEZHEMNHIEEHFFRIBBEXERREN
AL

WFFL 22 B, TR JE Fa e Ab 35 6) Fsd B 448 i 1 % il i
Y A — TE SE W . ASHIE 5T I B T BORE S5 2
(runx2b- alp~ sp7~ opn) A& WS FH 5% F5 K] (ctsk
tracp) HEAT AW, DAAR IS MAC 22 0 % 115 40 M B il
AR ORI T E R . AR R (B 7), IRJeta
Ae s 0 25 1R 5 ctsk tracp mRNA 158 (P <0.05, P<
0.001), 1 runx2b-alp.sp7 mRNA K ik & (P < 0.01,
P <0.001), BHPEZ5 4 & R — AN AIHAC 2 Bl 4L e 2



- 134 - 25524 Acta Pharmaceutica Sinica 2023, 58(1): 127 —138

Control

PN
(100 pmol-L)

ED
(30 pg'mLL)

LBP
(1 pgmL")

LBP
(5 pgrmL™)

200

150 —

100 —

Mean OD

50—

Control PN ED 1 5

LBP /ug'mL"!

sk *k *%

Bone absorptive area ( x 10°um?)

0
!
Control PN ED 1 5

LBP /ug-mL"!

Figure 4 Effects of LBP on mineralized matrix of zebra fish scales. A: Alizarin red staining (x50, scale bar = 400 pum); B: Average optical

density of alizarin red staining of scales; C: Area of resorption lacunae of scaly bone. Control was blank group with 0.1% DMSO, PN was

100 umol-L™" prednisolone group, ED was 30 ug-mL™" etidronate disodium group. n = 20-30, x = 5. “P < 0.01, **P < 0.001 vs control; P <

0.05,"P<0.01 vs PN
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Figure 5 Effects of LBP on ALP activity in zebrafish scales. A: ALP histochemical staining (x50, scale bar = 400 um); B: ALP staining

area ratio; C: ALP staining average optical density. n = 20-30, x + 5. P < 0.001 vs control; P < 0.001 vs PN
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Figure 6 Effects of LBP on TRAP activity in zebrafish scales. A: TRAP histochemical staining (x50, scale bar = 400 pm); B: TRAP
staining area ratio; C: TRAP staining average optical density. n = 20-30, x = 5. "P < 0.05 vs control; P < 0.05 vs PN
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Figure 7 Effects of LBP on the regulation of osteoblast and osteoclast related genes in zebrafish scales treated with PN. Control was blank

group with 0.1% DMSO, PN was 100 umol-L" prednisolone group, ED was 30 pg-mL"' etidronate disodium group. n = 8, x + 5. “P < 0.05,
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