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Abstract

Objects: To evaluate the genotoxicity and damage repair ability of novel copper-containing con-
traceptive composites (polyvinyl alcohol and silica nanoparticle composites) in mammals. Me-
thods: The degree of DNA damage was estimated by comet assay. The fluorescence intensity of
intracellular reactive oxygen species (ROS) was detected after treatment with 50% and 25% cop-
per-containing composite leaching solution, and further cultured for 3 hours. The Superoxide
dismutase activity (SOD) in plasma was measured by WST. Results: O Cells DNA were damaged
after treatment with three different concentrations of copper-containing composite extracts for 3
hours. After 3 hours of continuous culture, the degree of cell damage was increased and the intra-
cellular ROS was significantly increased compared with the negative control group; @ In female
mice, the DNA damage degree was the most serious on the 2nd, the 3rd and the 4th day after
treatment and significantly reduced on the 5th day. The content of SOD in plasma reached its peak
on the 3rd day. The DNA damage degree of male mice was the most on the 4th day after the infec-
tion, and obviously decreased on the 6th day. The content of SOD increased significantly on the 4th
day and the 7th day. Conclusions: Although copper-containing materials can damage cellular DNA
in vitro, the mechanism of damage repair in vivo can repair part damaged cells and inhibit further
copper damage on cells with SOD playing a role in injury repair.

Keywords

Composite, Copper, DNA Damage, Repair

DERER

EFIH: MR, FyN, WEREE, EHHEE, RiEP, M. BiRS EEE A S A AR R B E VAL AR DNA i
it E D). MREE, 2019, 9(1): 9-17. DOI: 10.12677/ms.2019.91002


http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2019.91002
https://doi.org/10.12677/ms.2019.91002
http://www.hanspub.org

EXHNI 5E

SR 2 E SRR EEE TS RER
DNA#FIEE
— &R EE SN

EXA, 5 4, SR, #e9ll, k@R, Eh
o R B S BB e, L R

e R RRRRE 5 TR, Wi 2R
SRR RS S b R A ERT, Wik 2R

Email: "huangxb@mails.tjmu.edu.cn

WekE H . 2018412 H18H; FAHM: 20194FE1H2H; KA HM: 201941 H9H

R

HE: WA ESRBERE SME(RCHERE, —SAMBEPKRER RS FE M) ML ik KN shit
e R BE R . Hik: RAZELRNEABEDNARGRERE, SFEEME50%, 25%RER
KbHE S5 DA R 4k 423 5% 3/ i AR 4 AR P9 ¥ 1 S 280 )R (Reactive Oxygen Species, ROS)ROGEREE, e
P e/ RS H i E A AL BYE 7] (superoxidantase, SOD). £R: © AREH M AR STHEEM
FRRIRBIRE A3/ S, JIMIDNAZ B, 2kEEIEIE3/Ne)E, JIRZHREEFIHM, ZBRAROSE
B E E Mgk I3/ M P FOLRE SN BAMEEREE; @ BENMRTERFFSH2. 3.
4R M4 IDNATRGFRE R ™ E, FESADNAHGHE HERK, MK HNSODEEEIRAEFE, M/
RTYHEEI4RDNARG BRI E, F6RHERK, SODEETHEIRANETREET. £1: BRE
FAPEHEAR ST DA{ELHIDNASZ IR, W I8R5 18 S ML BT DU S24m 40 B B 30 5 40 B8 73— 2o Xt 48
Huf445, SODEEMRGBRE R RIE—ENIEA .
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1. 5|8

Fr = T B #%(Intrauterine device, TUD) & — Pl 2280 R GF . nl & PEsE . &35 7 (8 K R0k A2 515,
F Ol I A B TR | A R R e e N BRI [1] [2] [3]. TUD £E B NAR P B3] H AR 3 7 1 e Bk
PG, AHF I AR B TR EE R A R, KRR ER T LLG T AR A4 (4], IR, YR
FOR, & 4R A 2 Il I AR N I SRR SR RN, A BT 1 S IR T (Reactive: Oxygen Species,
ROS) [5], ROS A LURI# 55 DNA 254, & h DNA B, B8 665 DNA. BEIRER S F5
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GRS, i e A7 B 77 ot 1R Retth . ARk B A BT AR RHRIVE & N T B 2R IS T
BarrRtE, % BT EREIIR6] [7] [8] (91, AN G i K S 1 ELa 5 1 IR, >
i B0 FE N ER R A . ASURARZH T AR F 58 20 B (Polyvinyl alcohol, PVA), S ALEELA KRR N EY
AN CuCl, il & & 4/ A & 4y A RE, I8 I TR AL R B R B 5 B R R AL RS, LB A
5~10 pm, PME R T HE T s E DR B 971 B 24 B (Intra-vas device, IVD) [10]. RUHAWEZE A, SFFHEIH
GEREIEREATARR I, R WIZAORA] DU Rz AR B B R, B G TR S TR IR )
RS N B 2 B (IVD)E S RAHT TE 22 K H A ARG T REFIDEBEZRRCR, RN A2 58 25 B 41 23350
i~ AMRE T SRR A A5 LA LU B B PR [10] . 7EARSMN B (R B2 R AR SEEG (Ames  SEE)ATII Y, 54 =
ST EAMEIE 100%. 50%PL A 25% IS FETE LR, Al KM A5 As . £ R Sl T™M4 41/
DNA 45, Z553RY] 100%- 50% LA 25% RS- FE 2T 35 DNA $id7;, Jotid i 5 B &M EHR S8R
S ETE L TR

BT 4 B8 7 0™ A= i i B ROS 15 46 tH I =2 BT e B IS PR 0, BLE BRI & 1) ROS AT
YEFF I P B B AR B P AT, PRI ROS B4R 15 o 1R P e S8 A 32 2045 - 88 4510 0 B AL (superoxidantase,
SOD). HHEMEL AN BB HIREESE . AN O,- 1T LK S 8L B (SOD)IE J5 4 H,0,,
SR I I A S RS DR IR A B AL S B N T Ho O WUANAFEETVF 2 RS, W8S
TR, FEARN oA, Gad— R SO, B R & 5 11 s FEAIC,  [E, AL
X2 A I AE B B T B XA IME A IRAT 4R 1) . Saleha Banu Z5[1217E/NRAKNIFTE, 45BN, B
SRELEAA N BES T BORAL BRI, FEACTE 48 /NI 5, SRR BEBW RS, 2 Sk BB AT K. X W]
BT i B 538 B ) DNA #if B — e 12 2 e

A5 R P B2 G B /0N BR 10 T ARSI /N BR A A 7 S 8 0 v R S A B8 IR SR VR E S B 2R, JE I
ANPAS AR DNA BAGFEEE, Ak ROS & EAERLA X 4 B 11&E B DNA #5515 2 g
[F, I8 WST VAl 4e /5 M SOD & &AM, TR N 3518 S HLHEAT B 7.
2. HRFNTS A
2.1, ST

Fir T B 2 S PR AR T R R 2 BB 2 5 TR S B i B R B 5 fU s g = i . /N Btk R
A0 MR (L5178Y /tk+/=3.7.2C) ) H v B L2 e b it AF dw B2 i 58 e 4 5 Js b oo b [ Big) . BB/
(Kunming Mouse), 20 2, MEHES Y, (RE 25~30 g, MWEFHEH R RS FGFE S BEAIH 0. sh)sk
877 G P A R A TR R R OR 2 [ R 2 e A B2 B 23 R R RE HRAT o
22. HHRHIERR

18 1SO 10993-12: 2007 F& 1 il & AE M 2K, HAPRIR & 5 BN TS @ TR T, &R Z&RK
30 Gl AEHEARLE /AR 0.2 g/ml R EZHE IR FEE——TC M5 1 RMPIL 1640 £ 773 T/ i
WRELIR I A B e, AEER KA TR RS . BEIR O, 37CHEFRM TR 24 /NS, SRR IR N
TP, 4CORAF
2.3. EYRRREERT L Ik

& 0 7 2 A ROEE 50% A0 25% IR S0 FE AL BR A0 A 3 /INIE, R Ab 3R 3 /N S (48 PBS BRI
335, R-10 AREHEE 2 < 10°/ml, Hilfe. RE. e, iKYt 54T EH DNA & & (Tail DNA%)
F1 Olive 2 (Olive Tail Moment, OTM).

£ 2 3018 (Comet Assay)
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2.4. FIPALIES DNA Hifs. &SR0

FH R P 4 8 A B8 IR AR (100%) Yo 55 80, BRI SISk i LR, Y@ N 1.5 ml/100g /R H .
Y AT ER R YL TR )5 24 /NI TR BRI 6 pl INNZE 94 pl 37°CHUEE PBS 1, WEURES, BT 37CKIEB
Barh, HTHESIRAN. %A AR, Z2451dy 0Dy 1D, 2D, 3D. 4D. 5D. 6D. 7D 4,
SRR YRR, RS 24 NFRTE 1 IR) 48 NIRRT 2 ) 3 RO 3 K. HEH X
QeBEIE T ROPFE T IK).
2.5. fARRATEME F 4R (Reactive Oxygen Species, ROS)HiM

&M &S TEEME 50%M 25% R PE R EACBEANM, A& i R 2 B Ve i 3 Ik, #
DCFH-DA % 1:1000 TG IMiEE; T2 MR, & &R N 10 pmol/L, NG YA E B4, &
29581 x 10%ml, 37°CREEHME 20 48h. FILIMFHR IR 3 K, RS %L 4L DCFH-DA. K
WL AR T
2.6. MFERBE AL ES(Superoxide Dismutase, SOD)¥E J1 B AL B (WST %)

YRR AT LA SRR R YR T 24 /NI oy B R EUML, F AT IR R AL EE EP P UAE M, WST AR ifl 2% Ay
SOD ¥ /7 5§47
2.7. WIBSHT

X Tail DNA%, Olive iz SPSS13.0 BAF#ATR 225011, ANOVA K504 25 5256 2H 55 B 4 %)
FRZHEAT LR, P <0.05 ARG S #E L.

3. &R
3.1. IBEHEIEFRNEELEER

Y2 AN IR EEALEE 3 /BT S, 4 DNA HBURRIFE B R, BRESFRY))5 41 DNA $if5 H 31
Z5, A SRS, 5B RS BEMEZERP <0.05). MKk, F5E6/NE, K
IR VK R IER « (W 1(A)FT7R) ROS tHE/R TR EaHA, B2 KGR CASP 9ii)E, g R ILE 1,
1(B)o WTLAEH, ROS TE4NALN =A%, DNA $%5FE B bk 5
3.2. 4B ROS ¥MISCIS 4R

RGN 4D 25 B 1) A, 200 PR PR 220 R AR 5% ) A [ 5 FBE ) % 0, 48 R B AR 25% (B IR B R 3.18 mg/L)
ARFE 3 /NI, ANHOOE GEREE R B IN, KRB R4k AL IR 3 NI, MR . (HAE,
BiFR 6 /AN fE,  GHREA BTk s (w il 1(O)FfiR).

33. pREEMAPERESIOER

R BRI /NR T RFAS 2. 3. 4 K DNA AR ER™E, HEEDNRTREFE 4 KX DNA #i
™ E . MEYE/NREE 5 K DNA #3456 BB AR, HEM/NERZE 6 RIERKK. (B24), K 2B), #2)

3.4. M3 SOD FHEAMHMELER

HEPE/NEAAR N SOD % 7158 3 RaBH i, MEVE/N AP SOD &858 4 K. 5 7 REFTHe, [FN
25 AR WIMEVE /N SRR N SOD & 5 i B R /N B AL 25 B (131 2(C)).
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Figure 1. The DNA damage repair ability in vitro and ROS concentration of different time points. (A) is the level of DNA
damage after treatment of cells with two groups of material extracts number 1 - 3 mean the copper wire 50% groups for 0, 3
and 6 hours, number 4 - 6 mean the copper wire 25% groups for 0, 3 and 6 hours, 7 is the negative group * indicates that the
group compare to the no recultured group, the DNA damage were significantly increased. (B) is the typical Comet images of
different time points of different groups. (C) is the ROS results. In this figure, 0 h meant the cells were treated by the new
composite and without recultured. 3 h indicated the cells were recultured for 3 hours. 6 h indicated the cells were recultured
for 6 hours. a - ¢ mean the copper wire 50% groups. d - f mean the copper wire 25% groups

[ 1. #&5h DNA 51 8 88 AR EIRTIE AT ROS IRE - (A) 2FEMRIRIERLIEMAME DNA 5K EHF 1~3
RTAMEEMHE 50%BIEFF 0. 3. 6 /NEFA, 4~6 RAFMEEME 25%HBIETF 04 3. 6 NEHE; 7 AR
f; *RNGARBIEFEMLL, DNA GEEFEM. B) EAREAETENESHABEEE K. (C) & ROS KL
R ElF 0 NEERNABEITNE SYLIEMRBERES, 3 /NERRAMEEES 3 N, 6 NTRRAMEET
6 N, a~c RIRBAESHRL 50%4E, d~f FRE AWM 25%H
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Figure 2. The DNA damage repair ability in vivo and the SOD activity tendency with the time change. (A) is the typical
Comet images of different days. a, c, ¢ ,g, i, k, m, and n were the images of female mice, and the rest are the images of mice.
Meanwhile, a and b are the pre-treatment, ¢ and d are the 24 h after treatment, ¢ and f are the 48 h after treatment, and o and
p are the 7 days after treatment. (B) is the DNA damage level of different time. (C) is the SOD activity tendency in both mice
with the time change

2. A DNA 518 & 88 HABERTIE ZE LAY SOD SEIEEEE. (A) RFRIREMERFMMMEE L E’J;ﬂli**el
%. a, c, e, g, i, k, m# n 2/ NEHEIER, EFHO2HENE/NENE%R. FEF, aFfb ;En'z%ﬁﬁu, cHd 2
HE 24 /N\E, e FAfRESF 48 /BT, o Flp BEEFR 7R, (B) @RS EGEH DNA 512 E. (C) MLk
NREAREZEREME SOD jE MR T iEE
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Table 1. The comet assay results of two groups of material extracts treated cells for 0, 3, 6 hours and continued to culture for
0, 3, 6 hours

= 1. FAMRIRIRRAIRARE 3 N\ S EIET 0, 3, 6 NITEEXIRER

Iy S TR : mg/L) Tail DNA% (Mean + SD) OTM (Mean = SD)
1 ZMEEHE 50% (6.37) 20.29 + 11.22% 38.52 +27.79%
2 EHEAHRAL 50%85 3% 3 /N 35.79+30.2" 74.63 £57.52"
3 SR AR 50%5E5% 6 /Nt 3.93 +3.98 6.35+531
4 FHEAEME 25% (3.18) 15.72 + 6.04* 30.46 + 14.31%
5 EHIEEMEL 25%355% 3 /N 24.97 +17.83™ 55.11 £43.63™
6 EHIE ARAL 25%85 3% 6 /N 3.93+3.99 6.25+6.13
7 B 6.88 +4.29 242+2.11

TRR G FIWKEALEE 3 /N JE AR H R A GEE 2 (P < 0.05): RIS I 1T HA LA LA SEHE 2R (P < 0.05),

Table 2. The results of blood comet assay after different exposure time

% 2. FTRRBHEELANEERB HHTER

Tail DNA% OTM
T[] T e Tt WEdE
(Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD)
0D 1.19+1.94 1.61+1.49 0.93 +1.87 1.14+ 1.06
1D 35.32 +15.06" 33.80 + 15.517 33.23 +21.87 35.25 +28.65"
2D 36.03 +17.917 55.41+15.01° 28.05 + 16.96" 28.58 +16.97"
3D 47.14 +18.33" 51.05 £20.22" 37.64+£21.93" 40.03 £29.01°
4D 57.20 £ 15.93 51.99 + 18.94" 42.62 +23.69 41.13£32.04
5D 44.65+17.01" 3529+ 13.37 4526+31.14 28.26 +22.58"
6D 30.89 +15.917 18.91 + 14.37" 18.56 + 17.47" 15.71 +15.79"
7D 10.81+6.81" 11.25+7.89" 2.67+3.59 5.16+5.95
For: SHIER AL BRA GRS P<0.05,
4. i1ig

VPR, &)@ R R B d i ik A IR SR RS, A2 ROS [5], 1 OH-5%, T
ROS A LLREE DNA 454, &/ DNA BEWTEL. Bldd 5848 Wit DNA. 448, HURRAEE— RFIM
BB E R, AT 251 DNA R ATBEIEE[13] [14]. BG5S 002 103 05 T2 A& 5 RS 0 AH HAE
RIS o AR URERZE AT A ] 4 0B Bk 22 i o - 2 G ARL, BRSNS RO T R A, e T
W TR R DRNNZA B 22 A, AHIE TR 4 A A4 ) DA K 4 Ja 41 1) 4k N Mg A% 2 23 12k
[FIE R INA N 4 DNA 18 e 71, M B 2 2 AT IEE .

AW T AN [F R FEIR SR AL R AN A 3 /NS 22 BRACBRA 4k SR 57 3 /NITRT 6 /NI, 22 E R SEG
R R4k 435 9% 3 /N JE, BARRIFII40H DNA 805588, EHRGH /N DNA 4GB R,
BEORRETE 4P DNA (B E RS, (HEA —EME L. M4SHE5% 6 N E, GREIES .. NEFHK
ARSI 25, NEEAT TR B . BT/ RO ER AR K R 10 NE, AR AR A R 10 /)
RT3, 2 PRI DNA B RERE . Rk, A 7 SEUF AT 7 DNA BB R RES, &
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MIHEAT TR E S e ag S2 8, A AS RN 7] 25 DNA $GFERE, DL AR HLIA XS DNA 815155 1 fE
J1. SRR, YeBi)n AN DNA 4505758 e 1B 838 IN(Tail DNA%IZHIEIN), YeuF 24 /NI EE .
PE/NELE DNA 8707108 35.32%- 33.80%, 48 /N JGN: 36.03%. 55.41%, 3 KJGH: 47.14%. 51.05%,
%4 RN: 57.20%- 51.99%. EIRIAEA —E W ah It (HEVE /N B = = VU R 2 DNA & &R A ), (H
B Y B3, /N R MLGE L DNA $i475 R0 R HMEEH R, B DNA S®EEE K, &
BN ER5 3] T — e B E . JB55 6 K, 2B 7 KJE DNA & BR S Fa g0 G0 E 4ot
FER, B S5ER™ EIN A EE KRR

PPyt B & ROS 173 ) DNA 545 £ EAZE = FME R iRE. B2 ha b ik RokiE il & 1)
ROS, FEf#E SOD. A AMSE: HE DNA GBSk %, @EmiEEsE. BRisE. [
HABEFEE R ZH DNA; ffo/& DNA SR S8 5, 18 i Jk R R0 v o e 4 ool 1453 4 12
AT, A% 32 A5 40 M 5 IE 7 B B AR & AR T . X SRR AR, 245U B 40k B s T,
BEAR XS MU R SEMA o B AR P 5 B SR W 28 ) 5 7 7T DAXS DNA S fbifss, (HABAG %35 @3l Ecoli £
I i B A S R A LA AT, X AT BB AR B T A P R R I B R LA S O AR S B, NI ROS 1)
A B K ROS 3 25 DNA[15]. ASZIg@ T Mgk SOD & &ille, KIM/DEMAPN SOD & T4 3
RMEYE), 5 4. 7 ROEME)EBIEAE, UEBHHUATESZ B0 SR E A A A G it 4 P i H s
B TTUE RAEAE T, I B AN 40 M (19451407 . Pourahmad 25850 R I, ¥ th2EIE R 7(DMSO, SOD %)
Al AR 8> ROS MITE R LA K RE R i k[ 16]. X 3R W] SOD W] Lt/ ROS (7 M T Pk DNA
{OE LIS

5. &hig

BRGNS RN G SRR AN 28— AL b, W LUREZA A DNA A2 A AR FE 45
Pio B, LA T 8 7 ) DNA $i05 B — € B RETT, Ik, 487Xk 4 23 40 e fr) it 1% 75
PRI T R B B TR R L A 18] LA A AL B 2 S D RE RO AR

B Oé
A T HAF RN B A A R R B, TiH (201706201010213), 7 bR 7~ 1 3 1 8T .
SE 3k
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