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Abstract

Objective: To prepare chitosan N-vinylpyrrolidone graft copolymer (CTS-g-PVP) and its composites
material loaded Nano-silver particles by using CTS-g-PVP as Template. Through the experiments
about anti/bacteriostasis and biocompatibility, the composites materials were evaluated the possi-
bility of being used as a cosmetic anticorrosion agent. Methods: Nano-Ag@CTS-g-PVP was synthesized
using in situ method, and explored the antibacterial effect of it's by K-B Method. The biosafety was al-
so evaluated by the chick embryo allantoic membrane test. Results: Nano-Ag@CTS-g-PVP was synthe-
sized in 0.75% aqueous solution of CTS-g-PVP. The size of torispherical nano-silver particles are
about 20 nm to 30 nm. The particles dispersed evenly in composites material with the amount of na-
no-silver in 1.51%wt. The composite material shows good biocompatibility and anti/bacteriostasis
by using either alone or in the compound. Conclusions: With good anti/bacteriostasis effect and low
irritation, Nano-Ag@CTS-g-PVP would have been used in the field of cosmetics.
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1. 518

MASTEACH AT R IR T A LT =N TR, sk SRR S @ R bk, R NI IE R
faF. A, B RIFAEVMEBEERMTUEYERERI R 7, BN HABERAE, A R RN — IR
B BT R ), SEIA S Care” Mg iz L] [2]. 725 BE(Chitosan, CTS)& H e & it Lk 2k
JE =R, A — Pty I B A 2R A 220, 2 —Fh & Ui o9 B ROk 2 0, 2 — Rk R R SR 771 (2] [3]
[4], @@ R S SRS T84S, MATHRMSE. Hl TRl s TR LEE, 55%
RREEmIX, FEUEMERZE, R TR TP, WRETR . MRS, BORRR &I R YE .
FIHFE R R T R E ARG ) TR, s Wil R, bedsfb. B, %
WA BB S RS ST, ] oS 7 SR DA J2 SEBm B FH 75 SR [5] [6] [7] [8] [9]: 4oK4R
SE—ME I ThREARL, BT HBUE R R TR AN G e AR 2 SR, BTz N T H R BRI
Filk. AWFR: BT LYK S BRI S B AR Bk ALK, BT PA— ST 7 R 4K AR
TN AN 5, 2R T Bk 7 R S KR 0 T B P E) N AT RO [10] [11] [12]

ARSI SR F 2 B A S RV A KT R R N- £ 0 35 v e i B A I 5R lE 5T R A
(CTS-g-PVP), J5 £ J5Ar k& it E 72 R B 9K L E & 44 KL (Nano-Ag@CTS-g-PVP), JHRFTIZE &4 K
A e UM B P R B[R] RS

2. ERSFRIE
2.1. EERF

CTS. N-ZJFEmt s bl (NVP). Ce(S0,),-4H,0. #E4E 2 C(Ve), AgNOs. KBr. NaCl. KR, &
B2 RS o tral, BilRThn RIA IR A ) EFRER. SREHEIIE. LB WA ERmH( RIF
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AR A R A A]): 22 RPIERGAT B 22 RS A & BRI . B O &SBRE (T RARER

SR AR Y SRR A .
2.2. CTS-g-PVP, Nano-Ag@CTS-g-PVP BIE& Rk

S CHRTVA[L] [13], H5 2 g FRRBEAN 80 ml 1 22 BS 77K, PRI 1 ml [{vKSERE 45°C/K i Hd
GRS, DRk 40 min, B GRS RPE AT, DI 64 mIN- 4 SEIEIS e B (NVP) LSRR 125 540 (0.28
o BRI L5 0.8 mi VRANFRAI 40 ml 125 B TR & BERHEAR). SURYY R IA 4 h, JES ST PIRAYL
VIR RIE A U TR A -

FHTIf) CTS-g-PVP Bt A 0.75%wt K4 - Bk 0.04 mol/L (IR ERAR S 0.02 mol/L (¥ Ve
VLA o FESEPEIOZE T, 45 20 mi 9 0.75%wt CTS-g-PVP /K221 N 0.4 ml f¥) 0.04 mol/L {¥)
SRRARIE L. BiEHE 20 min J5, T4 PR8N 0.8 ml 9 0.02 mol/L ) Ve ¥ 2% 1 h, Wigi ks
A IR 4 R TR

2.3. MR S 3RAE

KA E T EACRRA B AR 2 A6 (Perkin-Elmer240Q, E[E PE). K 4hal W4 6ot it
(U-3900, HAHIL). &5 B 7 2M8(EM2010-HR, HAHT). X-H£475H1Y (D8 ADVANCE, 7#[H
Bruker). DSC Z/~HA%iE#4%(Q2000, 3 TA). ¥ CTS-g-PVP 1 Nano-Ag@CTS-g-PVP 55473 sl kAT
FT-IR. UV-vis. TEM. XRD. DSC %%/ .

24. ERETEYURATRESHREHUMEERETH I8

ARSI R K-B iR FT[12] [13], B KMGFTIR . S0 ATk pe J A Sk =Mz il itk,  mokaril
PRI CTS-g-PVP W Kb 4R Nano-Ag@CTS-g-PVP HIFIERCR: HIEST T Nano-Ag@CTS-g-PVP
5 CTS-g-PVP-cys &k Nano-Ag@CTS-g-PVP-cys ERC/GIPIAME IR . BRI S8 1SS
0.75%(wt) ] Nano-Ag@CTS-g-PVP /K& 2 ‘FHEa NS 1.5%(wt)[#) CTS-g-PVP-cys /KiGl: 3 SFF
i E 0.75%(Wt) [ Nano-Ag@CTS-g-PVP R 1.5%(wt)if] CTS-g-PVP-cys EEHETR: 4 SHEM NS
1.5%(wt)[¥] Nano-Ag@CTS-g-PVP-cys; 5 SHEf N 0.75%(Wt)[¥) Nano-Ag@CTS-g-PVP R 1.5%(wt)[1]
Nano-Ag@CTS-g-PVP-cys & ELIA s e F 1T i b FHPUFL B 2540, G FRE SN E S | ShIRRdr L2555,
43 IINE] 0.75%(wt) CTS-g-PVP /K 75 B X IEZH 1 It B2 2; Nano-Ag@CTS-g-PVP & & (156
FE A RN 0%(wt). 0.76%(Wt). 1.51%(Wt). 2.25%(wt).

2.5. ISREREIESLIS

BRI HERE B 0.9%wit SAL BRI, S2 R0 BT HUHl B s 2.6 T 1. 3. 5 SREdh, SISk
(14107 AT XS R PR BB Sy, 5 PR AR SIZI6 ) = b it S O AN WA, P AR T8 s PR, PRI v
S (PR NRIEANE SR IR AT WARHE) .

3. BRE DR
3.1. Nano-Ag@CTS-g-PVP LI9h itk 43 #ir

1k 1, 3500~3000 cm by CTS RIS A, 452 RIEMIE N CTS-g-PVP, Frhstl B fIX 43
ZEATUEI] AR AT . 1647 om t AbSEI IS IE N BE L (1) C=0 MH45IREN1E, 1397 cm ™ A1 1087 cm ™ AbXt A
PVP 1] C-N & Az fhikshig, ik rl#EM CTS mizh#eki b7 PVP 8. 5 CTS-g-PVP Xttt
Nano-Ag@CTS-g-PVP 1 B i & 125 thiR a0 g i 1521 em M iEA2 % 1529 em™, XAl Ui BAZE & &4k
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Figure 1. FT-IR spectra of CTS-g-PVP and its composite materials
[# 1. CTS-g-PVP REE AR FT-IR

PR CTS Ff-NH2 774 24 BB AT
3.2. Nano-Ag@CTS-g-PVP £5h - 7] T3tk 44

PESCHR[15] [16]4R3E, 450 nm P o IR AL e s 2 HEER T 9N K AR IR, Fe RIS I3 30 K 5 K AR 1)
SPRIRIE IR, BT AR A, RGO RR, SRS . MIE 2(C)RIA: X b A AL S
SR JFERER TR ORI, S 5 S B A AR BT BRI AR R RLAR AN 38— Ak 2208 S5 B i
Nano-Ag@CTS-PVP S &M EMRFL LIS H, Z ik fdE Ve IWIHFRER I B /R EE 2 111 (i E] 2(E)), H
I FE TS CTS-g-PVP 3K e - P Il 1E 0.75%~1.00% 2 7], 2B ER T 9 K AR AR R T2 A /N HA5—
(tFE 2(F)).

3.3. Nano-Ag@CTS-g-PVP FhelsRAI 55

7E 0.75%(WY)[¥) CTS-g-PVP /KIEBAR RS, SRl il A7 Fase, 2B S0 ol v 52 R M L gk
WEEY, MFEEL 1.51% wt (E 3(b))EF, Ff & H YRR R/MEX ) —,  HYURIRE P EiR
2974 20~30 nm. X F B TR R A R AR R, BT RN AT R A R AR B T 2 AR AL
BEAEH, AHRBRLE S T IR o dde e B . R EWE 2 (A 3(c)), ORRRINEE™E, Xt
HEMEPUME M RER MR HREWE D ME 3), PR IFETE, o SBEEMER
58 M I T PRI

3.4. DSC Hh& 4R

WK 4, #£ 90°C~120°C /8], CTS. CTS-g-PVP. Nano-Ag@CTS-g-PVP #i4 — Mk A 2 R £ i 4
g, A3 RIXTRIAE 110°C, 98°C. 120°C, ULIERIATR G &S K KR g . CTS £ 309°CH — M4
R IE, AR RE M TR RES, F CTS-g-PVP IS L& % 235C .,
Nano-Ag@CTS-g-PVP [ LHETE 233°C, 1X 7] B & AR LA IR ML AL I PE TS X E
PIANRE S e 7R, 22 ORI &, 5 CTS-g-PVP FE&L ELEE, Nano-Ag@CTS-g-PVP [ A AL U IE A 3o B 5
3.5. Nano-Ag@CTS-g-PVP By XRD FRAES 1A

& 4, 20 =35°~80° 7 E N 4RI 38.11°, 44.30°, 64.44°, 77.40°PUANRTEIIE, SHEMARME R 24
W& [16], HANRI%t R T4 JB AR 19 (111) (200). (220). (311) VYA & THI 1T U6, HR AT 77 44 36 18I 3 2278 % (100)
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Figure 2. UV-Vis spectra of the series composite materials (Nano-Ag@CTS-g-PVP)
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Figure 3. TEM image of nano-silver particles in composite materials

& 3. E4HRPPKBHRA TEM
mT, VEERI R T B 55 (111) A . ARYE XRD A4, 3 SHEN EE N CTS-g-PVP ek
ARG K B A K

/MBS AR

3.6.1. TEIHSREH Nano-Ag@CTS-g-PVP Hi/ ) Bscis 4 R AR
% 1, 7E 0.75% CTS-g-PVP /K&, & Bl 5 #4R &= 11 Nano-Ag@CTS-g-PVP E4 4 %L, Ht/

DOI: 10.12677/ms.2018.84029 269 PR R


https://doi.org/10.12677/ms.2018.84029

100 600
L —CTS
50 | f g —— CTS-g-PVP — PR
I / e Nano-Ag@CTS-g-PVP 500 1 - PDF04-0783
/
0
_ L 400 |
I )
E -50 E
E [ §« 300
= -100 - =
= sl £ 200-
-200 - 100 4
-250
L L L . L L L 0 T T T T 1
0 100 200 300 400 30 40 50 60 70 80
Temperature/ C 20/(°)

Figure 4. The spectra of CTS-g-PVP and its composite materials (left for DSC spectra) (right for XRD spectra)
[ 4. CTS-g-PVP REE A DSC(E). XRD(H)EL

Table 1. Anti/bacteriostasis effect of Nano-Ag@CTS g-PVP with different nano-silver loaded
F* 1. Nano-Ag@CTS-g-PVP E &M K R EIE R SHHNE R

PN IR AR Nano-Ag@CTS-g-PVP Hi/411 5 IS4 2 £ (mm)
Nano-Ag@CTS-g-PVP [EplTiES
Y (g/ml) 0%wt 0.76%wt 1.51%wt 2.25%wt
SRR NG| 7.08 7.33 8.83 11.50
0.75% SR BRI 6.67 6.33 8.00 9.00
K AT 6.00 6.00 6.20 6.22

MR S LB EAAE E XA Hb, WA OSIRERSUANRE SR, BRI & &1 T = ] 2
9ifs A 4B R B 4] BR A AN RCRAR A — € A sk 3, (BT o R AT AN ROk B T A 1 2
Ry XKRIFFHETTE, AR AR E X H G0 R A &

3.6.2. & Nano-Ag@CTS-g-PVP RMEBRAFRIINEER

N 2, WT=FSEIOEREN S, 39, 49 5 SRS AT B R 35 B SR R, HiE R
KA 7 %, N8 Nano-Ag@CTS-g-PVP i CTS-g-PVP-cys & i, 5k 2 i} Nano-Ag@CTS-g-PVP-cys
ST, BRI PUANE R P R RN . X 3 455 5 SRR R SR HE, AT HEWT KRR R B Ak Rt
IR M SR DR 3, X SRV G R O A BRI T . X LR LRI 2 T, SR A AR R
SO, X KA B U B P R . (B2, B AR Nano-Ag@CTS-g-PVP-cys [17KIA ML
Nano-Ag@CTS-g-PVP F % . [Kit, 3 545 HA EAR B M Z Rk &

3.7. Nano-Ag@CTS-g-PVP RESEF AN RERTNEROEH

i 3N 5 Fram: 15 .3 5 F1 5 S A i = i 2 il 5 e HE RS , Big 4 - Nano-Ag@CT S-g-PVP.
CTS-g-PVP-cys Al Nano-Ag@CTS-g-PVP-cys —FiAf kLIl # AR, BA RIS, HHEXT
MNAHIE R R WA antt, KIEAE AT EH BRI N 5.

4. g

SRR TS SRS CTS-g-PVP IR 0.75%wt I, JEA7 2 & H4R & 1.51%wt 1] Nano-Ag@CTS-g-PVP
AR, A EERTE GRS R ] —, RARLE 20~30 nm G, TR R T B PR AR A 25 P Sk 4
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Table 2. Anti/bacteriostasis effect of nano-Ag@CTS-g-PVP and its compounding systems
52 2. Nano-Ag@CTS-g-PVP K& H 8% & E i/ iNE R

PO Pl V-2 B4 (mm)

[HTGIES
3 Sk 4 SFE 5 SHf PR PEXTHEAL 2
H S ERE 14.20 12.83 16.33 12.10
SO R 11.50 10.67 15.33 7.53
KT B 10.25 11.50 14.33 7.30
Table 3. Eye irritation score of CTS-g-PVP and its composite materials
7 3. CTS-g-PVP REIRE S RIERRE TN
XA ES (*F¥1H) I LA P i AR A
1-5HE ToR I A T
3 TR ToR B I A T
5 S bl ToR I A T

REEA:

Figure 5. Image of the damage after three kinds of subjects acted on CAM
E 5. =#Zi4MER CAM EZ IR R A

1) Nano-Ag@CTS-g-PVP(H R i 1.51%wt) X} [ & R B IP0AM B el vl 0k 11.9 mm LAk, RSB/
P RIS, S B BCR T 117 1 BT B 25 (R P A AN S R R L 2R 2T)
2) Nano-Ag@CTS-g-PVP 5 CTS-g-PVP-cys 5# Nano-Ag@CTS-g-PVP-cys & e ik R 5t [ & Bk i

SEEOHMEERE . KA B U0 R IR AT i L PR 2.

3) XU PR FE N S2Ih F B CTS-g-PVP. Nano-Ag@CTS-g-PVP K H A ik R IR Bk, AN

— PR R A B R 7

B oW

AR TAERA T bl KSR G 0 BRA F B A B0 H 7 Bl .
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