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[Abstract] Objective To optimize the preparation process of liposomal thermosensitive
gel of leech extract and systematically investigate its basic physicochemical properties. Method
The hydrophilic extract of leech was encapsulated into liposomes by the thin-film dispersion
method. Using encapsulation efficiency as the evaluation index, the optimal liposome formulation
was determined through single-factor experiments combined with orthogonal design. The particle
size, polydispersity index (PDI), and zeta potential of the optimized liposomes were characterized,
and their storage stability was evaluated. The liposomal thermosensitive gel was then formulated

with the optimized liposomes as the drug reservoir; its composition was optimized via single-factor
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and cross-over experiments, followed by systematic quality evaluation. Results The optimal formulation for
leech extract liposomes was determined to be 40% lecithin concentration, a lecithin-to-cholesterol mass ratio of
4:1, and a lecithin-to-drug mass ratio of 15: 1. The encapsulation efficiency was 67.37%, drug loading capacity
was 5.39%, average particle size was (213.68 = 7.16) nm, polydispersity index was 0.254 + 0.02, and zeta
potential was (-32.05 + 0.43) mV. The optimal formulation for the thermosensitive gel containing leech extract
liposomes consisted of 18% P407, 10% P188, 3% propylene glycol, and 20% leech extract liposomes. The
gelation temperature was (33.1 + 0.66) °C, and the product was a milky white opaque gel. At room temperature,
the viscosity was (184.7 + 13.4) mPa-s, and when heated to 33.5 °C, the viscosity was (513.9 + 18.6) mPa-s, with
a pH of 4.63 + 0.04. In in vitro transdermal experiments, the steady-state flux (Jss) of the liposome
thermosensitive gel group was 46.12 pg/(cm*-h), which was 1.31 times higher than that of the conventional gel
group and 3.68 times higher than that of the free drug group. Comparisons of Jss and cumulative permeation
amount over 9 hours showed significant differences among the three groups (P < 0.05), with the liposome-
based thermo-sensitive gel group showing significantly higher values than both the conventional gel and free
drug groups. Conclusion The preparation process of leech extract liposomal thermosensitive gel is simple and

feasible. The gel rapidly gels upon contact with the skin, covering the scar surface and achieving a long-lasting

drug delivery effect.
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Figure 1. HPLC chart of leech extract solution
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Figure 2. Effect of phospholipid concentration and the ratio of cholesterol to
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drug mass on encapsulation efficiency (n=3)
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Table 1. Orthogonal experiment factor levels of
liposomes from leech extract
ESES
A (%) B C
1 30 3:1 10 : 1
2 40 4:1 15:1
3 50 5:1
T A DPBEARVREE ; B BEAR SIHRIE BT &E L C. INBEIR 5259
Jigsiq i
IEASIREGAE R W, 25 SRR AR A 0
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7K

20 -1
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Table 2. Orthogonal experiment results (n = 3)

i e ‘ OEEH
A B c DGE® (%)

1 50 5:1 10: 1 3 57.84

2 30 4:1 20: 1 3 56.57

3 50 3:1 20 1 2 51.79

4 30 5:1 15: 1 2 58.63

5 40 5:1 20: 1 1 55.41

6 50 4:1 15:1 1 61.96

7 40 4:1 10:1 2 67.79

8 40 3:1 15: 1 3 65.38

9 30 3:1 10: 1 1 58.64

K, 17384 17581 18427 17601

K, 18858 18632 18597 17821

K, 17159 17188 16377  179.79

K, 57.95 58.60 61.42 58.67

k, 62.86 62.11 61.99 59.40

K 57.20 57.29 54.59 59.93

R 5.663 4810 7.400 1.260
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Table 3. Analysis of variance in orthogonal experiments
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Table 4. Liposome stability study results (%, n = 3)
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30 66.04 2.58
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Table 5. Comparison of HSFb proliferation inhibition
rates between leech extract liposomes and
conventionally preserved leech extract (%, n = 3)

il (d) KIESEIBCING B A AKEEFEE
30 25.41° 2335
90 23.94° 22.67
180 20.62" 18.83
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Figure 3. The effect of P407, P188, and propylene glycol content on gelation temperature (n = 3)
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20 9 3 20 28.0
20 10 3 20 273
20 11 3 20 26.9
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Table 7. High and low temperature experimental results

(x +s,n=3)

il (d) g (°C) YRR (%)
5 4 98.9 + 0.4
40 92.6 + 0.6
10 4 98.1+03
40 89.3+ 1.5

*8 4 CKREIREMABER (v+5, n=3)
Table 8. Long—term stability test results at 4 °C

(x +s5,n=23)
fffa] (d) YRR (%) IR (°C)
30 98.5+0.2 32.1+£03
90 97.7+0.9 31.7+0.1
180 96.2 £ 0.7 31.2+04
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Figure 4. Skin irritation test results of leech extract

\

liposome thermosensitive gel
TE: A ZSEIXT AL, B S2e

https://yxqy.whuznhmedj.com

1499

2.6.7 ARINE R I

K H Franz ¥ 00 58 58 %) 7K 0% $2 B g I 44
T BB JE 1) 385 2 25 2 PR BB HEA T IF 9T o B SD KRR
B JRAEAS [ 5 7 Franz 9 B0 9 {1 25 % 2=
ZIMa), fpzEmpbasa, BRSO 5E
GrHEfk, DISSHUZGNE K 5 25645 . Franz 3 H0H
A2 = TR INACKR R 258, $0cs TRl 40 mL
PBS (pH =7.4) BUUEBIAEL, 33 “CHE St FEAR
RS R BRI il R — B S A . Sl
Ferr, I AR E URE I T 15 0 25 4 1) PBS, - 18
i BCA VR E B AR S P 2R T . LT &
A E A BE A i P 2 R BB, 15
FZ5Y BRGBE A, SEMTPEAN KR SO IR BT
AT BB S 1Y) 35 e 23 24 %

Q= (CXV> " 1Cix V) /A

X, Q?@ﬁi%ﬁu BB ER (pgem’),
Cov N n ARV i AN IURE RS AU, Vo
BEUCHURE R BL (0.2 mL) , Vo i P HO AR B
(40 mL), ANEBRYBOA (5 em®),

VLR RB & Q XS I ) e gEATERAE M, B
AMER R RAENRESB BB, LT AR
BB BEHER (steady-state flux, Jss) FIFRWB
175 2% (apparent permeability coefficient, Papp).

Jss= (Q-b) /t

_ 1 do
Papp =3 %0

Xrp, ANEERBETR; C 4254
GEVREE s dQ/de IR E Wk AL, RIS 22
TR 1o 12 X IS} TR T A 2 ARER

SIS K I B B A oA Tk BB A 3 e %
ISR, Franz I BOB A HES 2= th 2y
FIAGK IR I . KA SR ARG . 7Kg
PRI R B IR SR e . 3 AR S G B R
5mg, H2MEERARFOREE—5, Ll e
WSO 24 ik ARG T HAR AR B2 1 1/10, %Eﬁ
RN, ATRIEZ W38 B2 4 B R 2L 4 51
45 A e LS S 0375 B AR

SR S s . RSB ENBEI3 ~ 7 h,
KIS 2456 Jss M 12.53 pg/ (em? + h), R’=
0.991 2, Papp = 1.00; ZK#EHEE) IR AEEE L 1) Jss
H 3534 wg/ (em® * h), R*=0.995 6, Papp =
2.82; K IE $2 WY R BT A UL BCEE I Y Jss
46.12 wg/ (cm? = h), R*=0.997 8, Papp = 3.68.



1500

Frontiers in Pharmaceutical Sciences, Sept. 2026, Vol. 30, No.9

3FPHGAFR AP BE M R R AF . KIESE I AR
JOT A T BB JE 11 s 4 Sl 2 7K 08 8 L) U 0 Mt
B 13145 . AKIESEECI Y 3.68 % 5 Papp [AIFF i 2
eIt FWIKIE LY AR B AR BORE I AT 2l
Yyifs 2 BRI UCE B EE . X3 Iss XL9h &
BB Rt Tl e, 58 34mERAa5iT
FE N (F=86.37, P<0.05); £&EILELREE
WY, K HR IR AR B M b 2 v Tk g g
HUY IR BB B RN I B IR, T 7 i A i
B, 2 = T KRR U

400 -

SRR
ssob - KERBUREG
USRI I 5 AR e
~ 300
g
o
2250 it
18 200 - &
N 50t :
2 54
00| ¥ . O
-~ e el
50 ey
Z. =
1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9
BB (h)

E5 Z0¥iE B RERIEREXT L
Figure 5. Comparison of drug transdermal
release performance
i HKERRY L, P <0.05; HAKERRYBARRILE,
PP <0.05,

3 it

A ST AT X K I B U b 22 IR o B K
i BEREBESIZE AN, ] A KR U IR iR
IR, WFTE BT, S5 R3RE, Kz
By s R OB T LI 2518 1

XHFARGYURIRZ YN, B RERR B AL
AYBR G RZ B, B s,
i~ KRNZWEG . N5 R BEEI Jss 7151
5 Bz S 56 R A E R ALY 1.31 4% . RS ALY
3.68 1115 R IE F RRIE AR F0 30 e e 20 A
A PRI, IR BRI SBRE I nT 254y
7 BE R I AR B ERCR, AYEIRALR A SR
RANWGRAN), LSR5 B I (] A 4 R a2 45 24
UK W Bz TR AIRUR WS g T 657, 2R
AT A QUERAE, RIBGEA B k2= 40 KBS . 5
VAR SR I A DA A1 FH RIS R T LB SR kb P T
SRR, S AL LR AR B . CR
PR, MRt B AR DI Rl . 259 3
FEETBURR, IR A 2B AN RO

R R b, BEA URBEAR 5 E [F s L
e | BT = o A = o (AP S B E N i [ 2 555
T IR S A s, 9D B A A A R
F AR E H T B o Bl DR DR B I 45 4 T 3
FLEPREAR, ARSI K S g, KRS I i B
AR SO 1) 245 03 B 38 RT3 3 e 2 R T i
220 TRUI AR B 1A I B IS P RS B R Rk S
MRy, W T Y EAEYIENRE S . IR
FEARAE R A A, R G5 B 3 24
Yy, TE BRI DL KB JER PN 70 2 n] R Y 24
YItEAF e, (0 2 255 f IR e e i, it — 20
KoK SRS B B A o TR ORI 1 A ) R R
PEBUA B TR smB a1k, BN 1 K Bk e iR =
MK GVERIHE S T HXT 25 B 5 g

J5 SEAUXT R B AR S5 A FEAT A 1 DL — 2D 4
it [AE IR SR PG A YRR B AR 45 25 B
WMIBESE, 7640 F )2 RFEA T HLE 5 E 41 Western
Blot 3, PCR KM AHOCHE el Bk R 3Rk . TP T2
ORBIESES, S s b A 4 2%

Sk

1 i EZHL2025 4. —H[S]. 2025: 88

2 BTEEEE VPR B, A TR I Ak g B 2 B ST
SEHETRN]. H EEEL, 2024(9): 162-166. [Jia HJ, Xu H, Huang
Y, et al. Research progress on the chemical composition and
medicinal use of leeches|J]. China Feed, 2024(9): 162-166.]
DOI: 10.15906/j.cnki.cn11-2975/5.2023040038-04.

3 WEEIE RS SIRE N SR AT R P EYR
JIEIRRIRT PR M. HhESEA IR MR R S, 2018, 29(5) -
245-256. [Expert Group of the Standing Committee of the Scar
Medicine Branch of the Chinese Association of Plastic and Aesthetic
Surgery. Recommended guidelines for clinical treatment of keloids
in ChinalJ]. Chinese Journal of Aesthetic and Plastic Surgery, 2018,
29(5): 245-256.] DOI: 10.3969/}.issn1673-7040.2018.05.001.

4 ok, T, AR, A5 KIEHEE VR SRR LR
=74, 2014, 33(11): 920- 923. [Su B, Wang ZB, Song CC, et al.
Experimental study on the anticoagulant effect of leeches[J].
Shandong Journal of Traditional Chinese Medicine, 2014, 33(11):
920-923.] DOL: 10.16295/j.cnki.0257-358x.2014.11.032.

5 EOLZE, BRI, KA, 5 OKIE LRI RSMITEE T
PEBEFEII]. 25, 2007, 30(8): 909-911. [Feng GJ, Zhu ZG,
Yu CL, et al. Study on the in vitro anticoagulant activity of
ethanol extract of leech|[J]. Chinese Medicinal Materials, 2007,
30(8): 909-911.] DOI: 10.13863/j.issn.1001-4454.2007.08.015.

6 @4, T, K, A KIEASMITEE ML LR AT T SR
TEPEI A T7 15 SO A R A BREELD]. o 25224458, 2014, 49(22):
1997-2001. [Jin JJ, Wang ZB, Su B, et al. In vitro anticoagulant

experiments of leeches and the screening of reaction systems for

https://yxqy.whuznhmedj.com


https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhINemdzbDIwMjQwOTAyNRoIMTgzYjZsN2Y%3D
https://kns.cnki.net/kcms2/article/abstract?v=tBI8TAhqnxT49HxWyBJnjCIdn0CYlxuoCDZC2Um6UJTdfeQ9dhhiKcsbllxOQGnPrndAxJDIZSsX20cM3LfTguWwfUmoeL4g-xM_v5qdN78_8otGsGPTSfaPZFao0c7Xx23fkgbHKwHCvwd5ITfjgsaLGed-UHL8Pb2n-FwYyj_5gMuY_Q_MHw==&uniplatform=NZKPT&language=CHS
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhIPc2R6eXp6MjAxNDExMDIxGghzYmt0Nzl1OA%3D%3D
https://kns.cnki.net/kcms2/article/abstract?v=tBI8TAhqnxSI9p9A-y2cGvqsqlkQcPiT9NUV-YSU7liHirNM_FsBfO9S-YU-aiH3KxpPn1xoKwh394z4iNlef8EE_TusVS5iL33XKoVY6IJ1-Gd8AH86h5leVnMTrVolU3HqD90wKBRhjWbyTuc4PkD03pFMa5ub3kocgQWoAN-JqdJoQE6rPg==&uniplatform=NZKPT&language=CHS

2y

s

FRIIB

2026 £ 9 HE 305FE 9

~

10

11

13

14

15

16

17

measuring their biological activity[J]. Chinese Pharmaceutical
Journal, 2014, 49(22): 1997-2001.] DOI: 10.11669/cpj.2014.22.009.
Tessler M, Marancik D, Champagne D, et al. Marine leech
anticoagulant diversity and evolution[J]. J Parasitol, 2018, 10(3):
210-220. DOI: 10.1645/17-64.

Maria RM, Sergio M. From ancient leech to direct thrombin
inhibitors and beyond: new from old[J]. Biomed Pharmacother,
2022, 149: 112878. DOL: 10.1016/j.biopha.2022.112878.
RSB, A S0, MR Ax, A5 . KRG 18 M 7 I I 2 T RSO
21T, WiVT i P B 45 4 24 5, 2000, 10(9): 520-521. [Bao ZL,
Yang W, Xie ZJ, et al. Observation on the efficacy of leech
therapy in treating chronic viral hepatitis[J]. Zhejiang Journal of
Integrated Traditional Chinese and Western Medicine, 2000,
10(9): 520-521.] DOI: 10.3969/}.issn.1005-4561.2000.09.003.
IRHEAR, PRINE, SR KR RGP IR R AR
0], TEINPPE BE 45 4 2% i, 2017, 27(17): 74-76. [Zheng JF,
Chen JH, Ma HWI. Evaluation of the effect of leech suppositories
in the treatment of chronic prostatitis[J]. Shenzhen Journal of
Integrated Traditional Chinese and Western Medicine, 2017,
27(17): 74-76.] DOI: 10.16458/j.cnki.1007-0893.2017.17.037.
X s, W, 37, A KIEBUIMREE IR SRR ). B
[ 25 [ 24, 2001, 12(10): 884-885. [Liu JS, Miao ZH, Dong L, et al.
Experimental study on the anti—tumor effects of leeches|J]. Lishizhen
Medicine and Materia Medica Research, 2001, 12(10): 884-885.]
DOI: 10.3969/j.1ssn.1008-0805.2001.10.010.

ZR/INGG, PR, R TR, AR L KR TR i A A R 1
Fe FCALHILTL. JihJ8g B 36 B1F 5T, 2013, 40(1): 46-50. [Li XJ, Lu
HD, Chen WQ, et al. The effect of leeches on inhibiting tumor
angiogenesis and its mechanism[J]. Tumor Prevention and
Treatment Research, 2013, 40(1): 46-50.] DOIL: 10.3971/}. issn.
1000-8578.2013.01.012.

T, A, AR, 45 . 7Kg 2 I o e ok U g A
— AL BT A MR (] P E B 2548 1, 2008, 10(5):
24-26. [Wang HT, Li CZ, Xiao SL, et al. Effects of ethanol
extract of leech on blood lipids, nitric oxide, and its synthase in
rats[J]. Chinese Journal of Modern Medicine, 2008, 10(5): 24—
26.] DOI: 10.3969/}.issn.1672-9463.2008.05.008.

ST . KBTI AT AE LA T B HALR AR FE (D). P FH: 377
[ 25 K2, 2006. https://kns. enki. net/kems2/article/abstract? v=
Ef7Li4TQal.xAufe37P8jlfqRzBXDwe VMTIvTesgRZM3thXZ6BUM
EQyYxOgUniOb4U9C~7zLIpv5tPpSsOlRtgh4XYjAPoWitCT7Stfs
GOC_1eiR22tTyIx9OM7CdG2dbo_IW8A6{McdrldOdGArjOU6JZ0Oh
jpNTe-=KTzOMHIXLc7hjF_9bkmXNw==&uniplatform=NZKPT&
language=CHS.

Fili BT . 7R A JAK2/STAT3 {5518 BRI A% Te A B A BB
JUEZF 24 Ak B HL I 5E (D). 5 8 R 5% T 3 R B K 2%, 2024,
DOI: 10.27433/d.cnki.gxyku.2024.001028.

Bal NB, Han S, Kiremitci S, Sadi G, et al. Hypertension—induced
cardiac impairment is reversed by the inhibition of endoplasmic
reticulum stress[J]. J Pharm pharmacol, 2019, 71(12): 1809—
1821. DOL: 10.1111/jphp.13169.

Dong H, Ren JX, Wang JJ, et al. Chinese medicinal leech

https://yxqy.whuznhmedj.com

18

20

21

22

23

24

25

26

1501

ethnopharmacology,  phytochemistry,
activities|J]. Evid Based Complement Alternat Med, 2016, 12: 1.
DOI: 10.1155/ 2016/ 7895935.

ZR[E R, ZERIAN, 2Rk, S KRR AL A AL R
2, 2018, 35(9): 703. [Li GQ, Li YY, Li T, et al. Study on the
chemical composition of leeches|J]. Tianjin Journal of Traditional
Chinese Medicine, 2018, 35(9): 703.] DOIL: 10.11656/j. issn.
1672-1519.2018.09.17.

and  pharmacological

Zhang 7Y, Ma N, Tao LJ, et al. Linear peptides containing
d-leucine with neuroprotective activities from the leech
Whitmania pigra Whitman[J]. J Nat Prod, 2019, 82(8): 2349.
DOLI: 10.1021/acs.jnatprod.9b00322.

Wrrh 2z, Bk g BTiATE 25438 0% 2R G rP R BFSE S 0 Tk e () ).
r 270024 2 AR (28 ji7), 2026, 24(3): 136-150. [Chen ZH, Chen
B. Research and application progress of liposomes in drug delivery
system[J]. Chinese Journal of Pharmaceutics(Online Edition), 2026,
24(3): 136-150.] DOT: 10.14146/j.cnki.cjp.2026.03.003.

Jlt . TR AW T 5 e 22 D RE IR K BEIR OB R F
FE[D]. ALHB: VU 30 K2, 2024, DOI: 10.27414/d.enki.gxnju.
2024.003434.

Bk, AW, SRIFDE, 45 . 2K AR B IRORRS i T2 i aE L))
H S T FA A4ak, 2011, 17 (3): 31-33. [Yao L, Wang WM,
Zhang YY, et al. Studies on extraction and purification technology
of Chinese medicine leeches[J]. Chinese Journal of Experimental
Traditional Medical Formulae, 2011, 17(3): 31-33.] DOI: 10.13422/
j.cnki.syfjx.2011.03.018.

B, AP, F I, 55 . KR A HPLC (3 73 Hr 2% AL F
FE[J]. AR 24 4, 2024, 40(11): 142-147. [Huang W, Deng
B, Wang YX, et al. Optimization of HPLC conditions for analysis
of hirudin[J].
40(11): 142-147.] DOI: 10.1016/S0140-6736(16)31406-4.

Jeon S, Yoo CY, Park SN. Improved stability and skin permeabilityof

Chinese Agricultural Science Bulletin, 2024,

sodium hyaluronate— chitosan multilayered liposomes by Layer—by—
Layer electrostatic deposition for quercetin delivery[J]. Colloids Surf
B Biointerfaces, 2015, 129: 7-14. DOI: 10.1016/j.colsurfb.2015.
03.018.

e, SCIRERs . CEDLIE - Mtk FH ER LN 5 2 IR 2SR it o
T )] 2R 25 54 2010, 29(12): 1630-1633. [Gao
XF, Wen XJ. Determination of protein content in lipid—
containing samples by ethanol precipitation—2,2'~bipyridine-5,
5'—=dicarboxylic acid method[J]. Medical Herald, 2010, 29(12):
1630-1633.] DOT: 1004-0781(2010)12-1630-04.

R, B, 38 %, 45 A2 W B RSO A 5 T
TR 3 R R R A A= 4R, 2021, 44(1): 121-126. [Song
TT, Luo S, He BY, et al. Study on the preparation process of tea
polyphenol liposome thermosensitive gel[J]. Journal of Zunyi
Medical University, 2021, 44(1): 121-126.] DOIL: 10.14169/j.
cnki. zunyixuebao.2021.0018.

W H . 2026 4F 02 A 04 H &I HYI: 2026 4F05 A 25 H
ARG 4 M YeHA


https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhIPemd5eHp6MjAxNDIyMDA3Ggg5ZGkyN29rOA%3D%3D
https://pubmed.ncbi.nlm.nih.gov/29505345/
https://pubmed.ncbi.nlm.nih.gov/35364378/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhISemp6eHlqaHp6MjAwMDA5MDAzGghpNmd2eG8yYQ%3D%3D
https://kns.cnki.net/kcms2/article/abstract?v=tBI8TAhqnxSUxiYOVDCeB6IxCRpIg5LVIyTgLflnstTdDNo33Y0w8GohRtHtoceGgNnB20OHHLGMBu5vPTmu25qP0CuoL0AxOvoEP77Jgave1nWJxgJY9BZA3r3VVALkT5uwskckmINW3kAaF6oSyBBmuc_O7fgmqDA2-cKDuIuLDYMpXpfGzA==&uniplatform=NZKPT&language=CHS
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhIPc3pneWd5MjAwMTEwMDEwGgg1bWF3aW9keA%3D%3D
https://kns.cnki.net/kcms2/article/abstract?v=tBI8TAhqnxQQBr-d-b9-0KIO8Ca5XlI075cIHHe8kKh76wBAB-Xm-CWhvqbvdU3lOzbRBCh7XGXmP3LBeG4KC9MhAqtBc4sijrViCjS3SvIQ2tIN9UmwhlVwy3wNlF9fDJhkz1vV1gyTHN3CAjniJqDG9ASxgPQS8x3iZrUybjkBXnp_idEVMw==&uniplatform=NZKPT&language=CHS
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhIRemdodHl5enoyMDA4MDUwMDgaCGJxbDd6cWoz
https://kns.cnki.net/kcms2/article/abstract?v=Ef7Li4TQaLxAufc37P8jIfqRzBXDwcVMTlvTesgRZM3thXZ6BUMEQyYxOgUni0b4U9C-7zLIpv5tPpSs9lRtgb4XYjAPoWitCT7StfsGOC_1eiR22tTyIx9M7CdG2dbo_lW8A6fMcdrIdOdGArj0U6JZOhjpNTe-KTz9MHIXLc7hjF_9bkmXNw==&uniplatform=NZKPT&language=CHS
https://d.wanfangdata.com.cn/thesis/Ch1UaGVzaXNOZXdTb2xyOVMyMDI2MDcxMDAxMjM1MRIJRDAzNTUyMDkyGghqNGEzcGFpeQ%3D%3D
https://pubmed.ncbi.nlm.nih.gov/31579948/
https://pubmed.ncbi.nlm.nih.gov/27274755/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhINdGp6eTIwMTgwOTAxNxoIZWpjenRpcmY%3D
https://pubmed.ncbi.nlm.nih.gov/31361480/
https://kns.cnki.net/kcms2/article/abstract?v=tBI8TAhqnxTl1wuiQEyYfGQ6Fsdnwfwj0s4mVmWY0gfAPnHL_jCM-44oSeWLAQjTsJRammQs-JeiI-6E7oNto9nnk0MmebPm0cpCKODYRIo9AyuZiga9qLIq9Khsv9fhLUgV64N8hO81ugKe5AEazWLner__NYQkryiaQyFbUdvyciw3ot7Rlg==&uniplatform=NZKPT&language=CHS
https://d.wanfangdata.com.cn/thesis/Ch1UaGVzaXNOZXdTb2xyOVMyMDI2MDcxMDAxMjM1MRIJRDA0MDQ1OTMzGghlb3o0bGVmZg%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhISemdzeWZqeHp6MjAxMTAzMDExGghpaHFjaHU0aA%3D%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhIPemdueHRiMjAyNDExMDIwGgh2YTViN3Y0Zw%3D%3D
https://pubmed.ncbi.nlm.nih.gov/25819360/
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhINeXlkYjIwMTAxMjAzNhoIdjFzbzJqNXM%3D
https://d.wanfangdata.com.cn/periodical/CiBQZXJpb2RpY2FsQ0hJU29scjkyMDI2MDcyNzAzMTgxMhIRenl5a2R4eGIyMDIxMDEwMTcaCDF2bHZxc3J2

