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Synergistic effect of positive electret combined with 5-fluorouracil on growth

inhibition of scar fibroblasts
YANG Yuanyuan, AN Xiaoqiang, XU Jiajie, JIANG Jian, LIANG Yuanyuan( Department of Health Service, Naval Medical
University, Shanghai 200433, China)

[Abstract] Objective
growth of scar fibroblasts. Methods

proliferation of scar fibroblasts was detected by automatic enzyme labeling instrument. The apoptosis of scar fibroblasts and the

To investigate the effects and possible mechanism of electret and 5-fluorouracil( 5-FU) on the
The effect of +5000 V electret combined with different concentrations of 5-FU on the

mRNA expression of p53 and other apoptotic genes were studied by fluorescence microscopy and RT-PCR technology under the
action of electrostatic field. Results (D After the treatment of positive electret and different concentrations of 5-FU for 72 h, the
cell proliferation rate decreased, and the inhibition rate of scar cells in the +5000 V electret+160 pg/ml 5-FU group was
(0.15£0.051)%. 2+5000 V electret group could promote the apoptosis of scar fibroblasts; The number of apoptotic cells in +5000 V
electret and 5-FU group was higher than that in 5-FU group. @The mRNA expression levels of four apoptotic genes in the +5000 V
electret group were increased, and the expression levels of four signature genes in the +5000 V electret and 5-FU group were
increased compared with those in the 5-FU group. Conclusion  The combination of positive electret and 5-FU had a synergistic
effect on inhibiting cell growth. The mechanism of positive electret inhibiting scar cell growth may be through promoting the

expression of apoptosis gene, and then affecting the growth state of cells to inhibit cell growth.
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1.1 Z%s%

Sprague-Dawley(SD) K i, MEHEASFR, 4 5T &
S (180+20) g, My [ 1 4242 B2 K28 S sl oty
FYEAKIES: SCXK(I)2018-0006.

1.2 XA AL

KGR (R E B 2 Al FRA FDD 5
5-FU( LAY TREABRAT); cck-8 A& [ &
=42 F 42 ( 1) A R 2 Al ]; Hoechst33342
(AN AR R R A BR A FDD 5 514 (R
BHOE A DR A PR R ) 5 41 i 8% 5248 ( Thermo
i) HETE R R i R S (B H2E I );
ESR102A YRl 75 T (At i A8 il B A
FRAT]); 28t 7 PCRAL(ABLI/AF]); & A 8hE
HEFHRY (Bio-Rad A F]) o
2 7k
2.1 BEMARG R &

30 o A R F T R R X U T SR TR
(Polypropylene,PP) EFEAT I, 1% R+5000 V,
FEHLETE] R 5 min, §£515+5000 V JEA AR, HEHK
A A5 25503 T PR 57 38 o 1T HL A7 T (ESR102A AU 4R
AR M
2.2 KA BIRALR 0 ) &

FH 10% 7K A ST I 1 569 BRI (4 ml/kg)
LR Eh MBI LR KR EHER, TERRE
BT AL AR IS 22 A PR 4 AR R 2 em 1A
T, B 1T 2 8] ) B — R B, S BR RRSEZ, 43 58 1)
It TERIETE UG 4 J8 7= 3 A MR
2.3 RORIIR R R AT Y am 8L g AR IR

BURIRMRI AR, 10% BY7K A U HE s v Sk
T, 1S58 3 1 0 6 JD R R BUE 38 B &k LB T
G, WA ERIEIE, FARBTEUN IR K R4 4L,
HAUH A HHZXWRE 100 Uml, 4% £ IR E
100 pg/ml 19 PBS Z& i 5L &2 vk 3 . Pk,
FHIRF BRI e Tk 20 21 5 Wil 2/ Nk, ZHEU0)
HR/NE 1 ~2 mm’ Z ], B UM E TREFRIL
oA S 20% JG 2R I8 19 1640 353558, FR4l
M 3G IR 0L, AT A AR AR, P i 2= 3~ 8
R, BT IR S5

24 FIng4

SEYG A AR AN BRZH, +5000 V B AR 4,
+5000 V 1M 4A+10 pg/ml 5-FU 2H, +5000 V FEAR 44
+40 pg/ml 5-FU 2, +5000 V 4% #% 1K +160 pg/ml
5-FU 4.,
2.5 mAe¥gE ey

OGTRSUA: F S IR B Tk 2 2R 2T 4 44 L (24
R R 1107 L), #efh T 96 FLEF-H (100 pl/AfL) .
o 20 M IS A M BE S, T 40 R, 2 R 3R 5
ISy BRI 24 h, 48 h, 72 h, FELA 10 pl/AL
LI cok-8 IFRIA W, dhSAE AN ss FAh
R 1 ~ 4 h, KRGS, BURRS, fEe A EE &
MRS LA 450 nm KA e £ FLIR OGBS, Fic fR
it =S AL S 25 31D /O HE 2
SEHAE —25 1 4 IIME) x 100% 315 41 3 5 %
2.6 Z@Aa A eyt

TBUPR IR A L A 500 i B, i A A AT
Fie 1<10* A AL Fh AL 2 96 FLAR Y, 7 40 0 4 K
BB W BE J , B4R R L, SR H+5000 V5 A+
40 pg/ml 5-FU X H AT AP, fHIR AR EE SR 48 h
J5i, EBREE TR, £ I AT Hoechst 33342(J5ivfk
JE 4 10 mg/ml, FEE 10000 1) BY 1640 55350, ¢
JEIEE 30 min, R/5 LBRIGFRIK, FH PBS THUEMIX,
G PBS, B F2OL MG F Mg, M4
TR 3 AR, POLER PCR BIFHIFRILE 1.

#1 TREE PCRIIMFFIER

JLIZ /v SH U vE
I AHR BITAI(5—3) JrBECEE IR K
(bp) (c)
R-TP53-S GAAGCCCTCCAAGTGTCAGC 220 60
R-TP53-A GGCAGAACAGCTTATTGAGG 60
GA
R-fas-S AGCGTTCGTGAAACCGACAA 172 60
C
R-fas-A  AGTGTTTCCTGTCCGTGTACT 60
cC
R-fasl-S GCAAATAGCCAACCCCAGCA 186 60
C
R-fas-A  ACGAAGTACAACCCAGCCTC 60
A
R-BAX-S GGGCCTTTTTGCTACAGGGTT 284 60
T
R-BAX-A AGCAAAGTAGAAAAGGGCAA 60
CCAC
R-GAPDH-S CTGGAGAAACCTGCCAAGTA 138 60
TG
R-GAPDH-A GGTGGAAGAATGGGAGTTGC 60
T
3 4R
3.1 BiMikl 5-FU B2 A xF K R R JR 20 I 38 58 ¢4
Hrh

TIRANMIAEA R B 5-FU KOEARMEGE B AN
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AT JE 5-FU B0 24 h, 48 h, 72 h J5 145
RAMEAE DL £ 5-FU 7 24 h, 48 h, 72 h J5, 7
ANFEEE 5-FU MFETT, B 5-FU W EE 35,
PRI 20 M 3G A R Bt T Rk A, HL Bl A B (] R 34
PRIR I R S I 5 TR P S AR A RIAS [ e

[ 5-FU BCFAE R T 408 72 h J5, A s a0 A
JITREAR . B S5-FU MR R38N, X B2 45 IE M)
P T R A 2 S 0 L 3 B R A R R R A AR b
HEHEL 5-FU B—1E ] 72 h 4 56 B g, FLiA L
22,

#R2 AERE 5-FU RIERMIFRATITRERE 5-FU BB X RER M4 KAYELN (SA07: ug/ml, n=12)

2051 0 10 40 160
24 h4] 1.00+0.028 0.99:£0.028 0.77+0.027 0.49+0.033
48 hif 1.00+0.024 0.98+0.025 0.65+0.028 0.41+0.028
72 h4l 1.00£0.020 0.96+0.033 0.53+0.017 0.21+0.046
+5000 V5 5-FUBE 172 h4ll 0.90+0.034 0.47+0.051 0.15+0.051
3.2 R 4m AR T e A 71N PR IR 20 MR FRZH BEAS T 40 A 0 T B D A

PRI AN 2% 2 e (LR 5 R LR 1, PRI rp Sk B
NS R R T AR ML, B A 006 IE R A,
B LA A7 EFTTHER R 58 s RS R . 4R

T T=; +5000 V 3F M AR 41 B /D Ko o 0 T
+5000 V FEMLAAR 5 5-FU BE 4 4R i T80 T
5-FU 4.

1 BRABAET
A TR AT AL ; B. +5000 V BEAR AL ; C.+5000 V FEM A+ 40 pg/ml 5-FU 41

3.3 ATHARAGKN

PRI AT 2R A A5 PR T35 ) mRNA (A X
Fikm IR 3. DN A 1, LK LB 4
mRNA 3R, 4550 WoR: XA, 5-FU 4
LR B BB, +5000 V LR 4 FpyET LA

®3 AESCEAIERTRIRMAHEMEMSE ps3.

mRNA 1) A0 X} & 15 5 #43 Br 34 in; 5 5-FU 414
Eb, AR +5000 V 3 M 1A 21 AH X 22 ik A /N, H
45000 V M AA+5-FU 2H 2635500 & 54K, LA
A R A A = R 22 SR Ge it L (P<
0.05)

+ Bax #0 fasl mRNA BYFRIAKF CEH{ELSD, n=3)

205 53 fas Bas fasl
Xif B2 1.00+0.00 1.00+0.01 1.00£0.02 1.00+0.03
5-FU4 1.60+0.06 2.23+0.11 1.810.13 2.01+0.19
+5000 V JEA AL 1.30+0.10 1.61+0.21 1.4120.10 1.50+0.12
+5000 V+5-FUZH 1.92+0.14 2.81£0.29 2.20+0.17 2.49+0.21

4 g

2T 14 15 B RO TR 450 B 0 DA AT )2 T S
ARG, SEa0 45 3R O[] v B 1Y
5-FU X IR 20 it 1) A KA A TRl A il Ve, B
A2 205 W e D TN R I 200 L ) {3 AR IR
M, +5000 VEEAAK S 5-FU KT, % 40 i )
Bt 5 A I ) A D, T A e A A S ) e

5-FU B FHA/E FH T 408 72 h 5, 40 3 55 R 25 4%
5-FU . — EH TR 4ME 72 h A4 B35 (%54 B
REAK . HLFEEBEAE 4L 5-FU W B2 A8 i, FHoam
il 210 B 5 A i B i, £8+5000 V SRR A
160 pg/ml 5-FU B¢ 72 h, % 95 40 o 40 11 22 7]
ik 0.15+0.051,

S R TR S G F B, TR FR L
A R, o 90 I 200 JH 08 T O 1 0, +5000 VB A
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R AT A 22, +5000 V BEHLK 5 5-FU 5%
ZH A0 T8GR T 5-FU 4, p53. Fas. Fasl, Bax
4 FhIL IR 0 Fak &5 ARIERH+5000 V B A GE %
it — B R YR 4 R L DR ) 2 o 12 it 4 i
JAT, I e M AR A, X S RTIE TSR R A R —F
TEARMEIE AR K2 5 5-FU By TR0 5 20 g
A KA, X nT e 4R A BT A P A0 I HE fer A
Ko AHFFEFRIA, A A 1) 534 BE 5 5 i
AMREA K, G AR A A 1 5 EL I 5 T 40 L
(18 EL A 43 A, R T S T R 1 A A 2 T R A 4
PR ) SR T fE, [RIASF, P37 7™ A= 1) o F I 2 il 4
L) AR O R PR e kDT 52 M 200 i %) 3 284 | 14
BN AR T T A A 7 A 1) L 3 T B T A 5
R O = T S o 3 211 N o s  E A
BRI, IEM RIS 5-FU BCH, RRISHER
S5-FU Xof P o 40 f6 6 040 400 ot L, S 0 W R4 o
A I A 2 O BRI 5 7 JBR B R IR Bz Bk
21 2R 20 B, 38 A A0 R S, B AR T AR AR P AR A
55 5-FU KR FH X R BRI K 1K 2T 24 448 Pt 72 240
AR BB . AR T A DT T A, 4 A A
TR BRI, 98 T IEM AR AR S 5-FU J
I FH 0 1 358 A PR AR K O BILR, TIESE T S AR S
5-FU K I FH AT B2 38 2o 52 i 240 i A A= R RS
MR AR VEROR AR K o /R T IEA PR T4 A
Y5 5-FU 156 FH IS B9 5047 (A9 7 38 A PR RR I 3K
B, N AEERR TR TR AL T — N BRI T 1 .

(&% 30HK]

(1] Mgk, #RiL, M. /185 A RN F R R E HEHAIT
PRI I8 17 RO ER [J]. D [ 28 BB A RSk, 2020,
31(7): 430-432,453.

(2]  ZCWEsik, SURE, JRUg i, . IEAPETE AR S-F50 R M i i ) %ot
GERRALZUD T ALK AN TCF-p FRIKIMFEM [1]. 25%
SEEkAHAR, 2019, 37(2): 115-120,145.

[3] YAO G, MO X Y, YIN C H, et al. A programmable and skin

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

temperature-activated electromechanical synergistic dressing for
effective wound healing[J]. Sci Adv, 2022, 8(4): eabl8379.
LIANG Y Y, XU J J, SUN Z P, et al. Research progress on the
correlation between bacterial biofilm microenvironment and
charge regulation[J]. IEEE Trans Dielectr Electr Insul, 2022,
29(4): 1540-1545.
LUOR Z, SHI B J, LUO D, et al. Self-powered electrical stimu-
lation assisted skin wound therapy[J]. Sci Bull, 2023, 68(16):
1740-1743.
VERDES M, MACE K, MARGETTS L, et al. Status and cha-
llenges of electrical stimulation use in chronic wound
healing[J]. Curr Opin Biotechnol, 2022, 75: 102710.
LI X, WANG Y R, XU M X, et al. Polymer electrets and their
applications[J]. Appl Polym Sci, 2021, 20: 50406.
SUN Z P, WANG H B, GUO X, et al. Electret prevents the for-
mation of bacterial biofilm[J]. IET Nanodielectr, 2023, 6(2):
57-63.
Thlglge, ik, ARG, S, SEAR PR R 700 B A LT RS BE
JIHIFEN [J]. 5 TR KA, 2021, 42(6): 688-692.
STRATFORD J P, EDWARDS C L A, GHANSHYAM M J, et
al. Electrically induced bacterial membrane-potential dynamics
correspond to cellular proliferation capacity[J]. Proc Natl Acad
Sci U S A, 2019, 116(19): 9552-9557.
EREEE, Bz, Ak, 55 IRt 5- R v e AR
FH G /Iy BUNE M 20 40 M & A (0] v I 2 A R, 2023,
39(10): 1949-1956.
MEH, 7K, 1REER, 4. DI At H 3 X A B4
PERRIR LT AE A LG B ST A8 B PR T2 (D). I PR e IR
A3, 2022, 51(9): 518-523.
ZHAO M. Electrical fields in wound healing-An overriding sig-
nal that directs cell migration[J]. Semin Cell Dev Biol, 2009,
20(6): 674-682.
LUOR Z, DAIJ Y, ZHANG J P, et al. Accelerated skin wound
healing by electrical stimulation[J]. Adv Healthc Mater, 2021,
10(16): €2100557.
NUCCITELLI R. A role for endogenous electric fields in
wound healing[J]. Curr Top Dev Biol, 2003, 58: 1-26.
[KFmEH] 2023-10-16 [EEIAHA] 2024-03-19
[ mE] BB


https://doi.org/10.3969/j.issn.1673-7040.2020.07.015
https://doi.org/10.1126/sciadv.abl8379
https://doi.org/10.1109/TDEI.2022.3183663
https://doi.org/10.1016/j.scib.2023.07.017
https://doi.org/10.1016/j.copbio.2022.102710
https://doi.org/10.1049/nde2.12051
https://doi.org/10.1073/pnas.1901788116
https://doi.org/10.1073/pnas.1901788116
https://doi.org/10.12360/CPB202211087
https://doi.org/10.1016/j.semcdb.2008.12.009
https://doi.org/10.1002/adhm.202100557

	1 材料
	1.1 实验动物
	1.2 试剂及仪器

	2 方法
	2.1 驻极体的制备
	2.2 大鼠皮肤瘢痕模型的制备
	2.3 大鼠瘢痕皮肤成纤维细胞的提取
	2.4 实验分组
	2.5 细胞增殖的检测
	2.6 细胞凋亡的检测

	3 结果
	3.1 驻极体与 5-FU 联用对大鼠瘢痕细胞增殖的影响
	3.2 瘢痕细胞凋亡的检测
	3.3 凋亡基因的检测

	4 讨论
	参考文献

