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Abstract: Polypyrrole (PPy) nanoparticles doped with poly(glutamic acid) (PGlu) or PGlu/sodium dodecyl sulfate
(SDS) were prepared by oxidation polymerization. The PPy nanoparticles were characterized via standard four-probe
setup, FT-IR, SEM, Laser Particle Size Analyzer (LPSA) and zeta CAD. In order to evaluate the cytotoxicity and neu-
rotoxicity, the PPy particles were co-cultured with L929 and PC12, respectively. The results show that the dopants have
an effect on the morphology and conductivity of PPy nanoparticles. PGlu doped PPy nanoparticles have good cell
compatibility. The addition of SDS is beneficial to improve the conductivity of PPy nanoparticles, however it is slightly
to the disadvantage of cell viability and neuron growth.
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2 2Rk, AU TR 2R, A= as s
DA RS iR 2257, PPy A 423 TR S 4 hA Rl
(RE 5T AR R TP R I A K 7T, AR 7E
T 1) EEHEAN, 5T EG 2) AR T
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R P SRV, RN A B i i
HAR GG EREY /T, BT, @B RGIN
T P 5 D S — i B T A s AR T RE 0 1
Jiike RUE O AR PPy B RUFMAM 7 1D,
B EEE A 55T PPy 9K ORI 41 i B 4 LA B 4 2 1
RS, JEVET 5 7% 09 PPy 44K B0k J2 75 £ HE N 211
R IE s A B A, Ko™ R A SR
SR TR SR KN . 7R, ASCRAME
A R TV 4% T R E R (PGlu) FIR A
AR/t IR B RN (PGlu/SDS)15 24 1] PPy 49K i
Ki, FEXFH BIBEAT TS DA T
W BOCKIE . zeta AALLL K SR HT . L
557N BT AN PR(L929) LA K K BV I g 3 440 i
(PCI2)FLREFR, HEE T IXPIFN PPy YK IURL ¥ 41 il 5
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FX s i A KR

2. MRIRAE
2.1 EERFISMNEE

2.1.1. iRXF

e, EALER(FeClL) A1 SDS ¥4 HT4li(1a A 1k
R TR ) PGlu(W H 7 5 2855 81 RPMI-
164001 1 Gibco). DMEM. /NI« i 1L
1375 BU(20,000 U/mL) A K% R34 1 Hyclone):
ALK F(NGF, KH PeproTech), 2 I R
(K H Sigma).

2.1.2. {488

KIS REAL (IR Prestige-21 YY),
T WA (SEM,  H 7 S-4800), WOGKLEL 4 Hir
{X (RISE-2008, 5 Rz BH4L), Zeta AL E AL
(JS94H, g R), FrVUEREHI(SB100A,
ML B L) SRR RHEEAT T 3 RAE AN S5 8 53 4 R
BitFhR1% (3550, Bio-Rad)Fl7¢ {8l B BB (1X-71, B
PR ) ST 20 i 56 4 AT RAEFI 47
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2.2.1. WEERGEHIE PPy KB

WKL E: 1) PGlw/SDS #4411 PPy fiiki: 0.07
mol/L ff] SDS F1 0.07 mol/L ] PGlu /KA 100 mL;
2) PGlu 7% PPy Hiki: 0.14 mol/L PGlu /K&
100 mL. FREHRE T 4°CFHA 1 h, FRBLEZS
TR N _FOR VR, SREARE, ot Bk B
0.14 mol/L. TSIk T7KIETA I 100 mL. 0.38
mol/L 1] FeCly RAESFE N B WA LIRSV
i, GIREMRES . B TRHREIRGC, 200 r/min)H
RE12h Ja, HWEER B, LBRBURL_E5RE
iR, HHEEETKREME. A THR 4805,
ZWHENLITE 6 h, B3R PGlu LA PGlu/SDS 7%
(1) PPy 4K A0k .

2.2.2. AL

ALK 1929 LUK PC12 40 73 A S AR EAT 3L
K78, DL MTT 356 FT 15 i 40 B A7 3% 2 RAE A R 2
M B PR AP B . 1929 AT S FRFE 47 : & 100 mL
RPMI-1640 55725 & F /NI 10 mL AT 1 mL.
PCI12 T3R5 & 100 mL =8 DMEM £ 9%
HEARRAMTE S mLy S1M07E 10 mL. X$T 1 mL.
FENCHT, 5 PC12 4011 50 ng/mL () NGF AL FE 48 h.
HF PC12 B FA G R B 4nie, BT AR A 75 22 H
0.05 mg/mL (1) L T Y SR A e 5 7

BAELL 2 x 10* AN/mL FHEAE 96 FLAR(W E
Corning)#, #FLIIA 100 pL 4B, 7 37C.
5% MRS IR . FRARI e AR LA, BEFLIN
A 100 uL ANFERRFER PPy ByF T L8595, =M
XTHEFLA AL EL . PPy BV 24, 72 #1120 h )5,
LI 5 mg/mL ) MTT-PBS ¥ 20 pL, 37°CHg
H4h, FEATER, FHTEFELFMA 150 pL —H
FEWHA, 37CHFE 30 min B EMRLE (45 552 4
fift. FEARAY 490 nm KPR GFEAE

SEM M EE4NM L& . H4IFiiE T 10 x 10 mm?
()55 3 B IF IR EE A 0.1 mg/mL f itk v BV i s 37
72h. FEEREIFRW, H PBS E ML, ARG IMATA
) 3% —WE-PBS ¥, AN 4°CyKFE e il
28, PBS A M, 71 LR FE K (30%
50%- 70%- 85%-+ 90%. 95%. 100%7% 20 min). CO,
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(1 LS R 23 51 0.439 S/em A1 4.247 S/em. PGlu/SDS
SAFPEIHE SR EE ST PGlu FE. Uil SDS 1524
HHIT 3% PGlu 3525 PPy K50k I HL 22 M RE

3.2. EEMLTIMEERNE
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PPy 4K S50 {8 B IH- 2T 43 (FT-IR) . 1650 cm™’
TEA BRSO 1 T RS AR e I 1 5, Ui RS
RAIRRIN B2 5 T Wikt PPy 90K Bk . 2860 cm™
A1 2932 em™ AR IS JE T SDS ) C-H et
Z), UEHA SDS B4, Bk B, 1545 cm™,
1448 cm™" A1 1314 cm™" T W5 IS0 04 35) SAIEE s 2R [ 5
kb, 28 TR R C=C. C-C. C-N #[1)
AR XL 5B 4G SR, SRk ik
i T s e X A5, X T SP? A4k
T8 R B A A, B SRk b A P R TR AR 5 4 1)
NG R R SR A, I UG 7 41 (0 il 28 o A
15, HAEEE AR AL AEE AL, R
X TRk A B (IKEEIX), BEHIFE PGluw/SDS
B PPy GUKBRIHHAFEE 5 Z FRAL S B PPy
GERy. HAETELE | 1718 em ! ALY R B PPy 7E
REM R RAE T EEMN. RS FE PPy &
ML FR S, MR SR I R g, 51
BT R B . IX — 45 5 A0 B S R I g R —
@

3.3. KI5 70 zeta BB ALAUE

Bl 2 B ABRD PPy 4K B0k ks FE 43 A 2
Kl: 454% PGlu (a)f1 PGlu/SDS (b)) PPy ki f-F- 1
KIFESy 5N 1,623 F12.201 pm. 25 F RO S
TNy PIRIERE A AR AE — SR/ N 9K R, ER
AN, WOKZLH) PPy KSR FHAR 2 4H/NME PPy 44K
WL AIRM ) . PGlu 37811 PPy 99KRBURLI zeta
HA7(14.15 mV)ig =T PGlu/SDS #£(12.43 mV), EJ
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Figure 1. FT-IR of PPy nanoparticles doped with PGlu and
PGlu/SDS
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Figure 2. Size distribution of PGlu (a) and SDS/PGlu (b) doped
PPy nanoparticles. Insets are amplification of the black frame
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3.4. SEM B9IE

3 ffizn N PGlu (a)fl PGlu/SDS (b)#5 2% ] PPy
ORI R A I . KR PPy 9K B0 SR A — i
TERUNCK 0ROk, X — 05 5 K0 0 b 45 SRR A
t & 3(a)n] &1, PGlu #5210 PPy BRI FRAR RN, B
124E 30~60 nm, “FHEZELZIA 50 nm, PR L
TEOR, HURL[A] ) FLEEANTE T . 41 3(b) A7, PGlw/SDS
B4R 1) PPy GUKRURL (1) RSHBUR, BARAE 80~170 nm,
SPYIEAARZIN 110 nm, SRR HITE T, S50 ] (1) A28
. AV, XR—TEHEZH T KER SDS
0, FEAE L FIURL R T S 78 1 BOREZ (A1 PR [RI B, AT
ECEh PGlu 45 2% IO ML AT ity B 52 UL EH AF X~ )
RLR T -

BT UL EER, BAWRERYE T — PGlu (W&
4(a)) LA K& PGlu/SDS (U1K 4(b))i5 24 11 PPy 44K Bk i)
TERHLEE . 7EH % PGlu 4511 PPy BURift, 2K
1) PGlu K4 FHEEE /K 78 T FE, 4L
% BAAKSS, NERETT LLEE PGlu ZAKIEWR D et PV E R T
TR I K-IR &R . BT 2 W RHE PGlu K53+
b, HEMRE S Z AR AR, MR R T AR
INHIRURL o FR T K43 T RE IR B2 S/l SDS 1943,
NI A 3% 6 200 /N JSRL 5 i B 11 5 o T #E 7] % PGlu/SDS
B 2% 1) PPy BURLET, W2EPEM) SDS 7E PGlw/SDS B A
KV A ) T T ] 4(b) 2L B B Sk TR U &5
U2, g RPN AN 2 SDS/PGlu VB &R »
NG T B 2 O Mg N IX S XUZ G R, TR RS
SE M ST P HOBR , SR B 2 I Fe® Ak
BRI, TR PPy IRAKL. {E PPy A FEH,
—U5 SDS 4311 PPy ICHORIAH ELfEfE . kG, M

AR R T BRI PPy 9Kk, X —id #EH, SDS
R AR RIRIS 20, RAEE IR E R
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Figure 3. SEM of PGlu (a) and SDS/PGlu (b) doped PPy nanopar-
ticles. Insets in the corner are amplifications
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Figure 4. Schematic formation mechanism for the PPy nanoparticles doped with PGlu (a) or PGlu/SDS (b)
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Figure 5. Viability of L929 and PC12 co-cultured with different concentration of PPy doped with PGlu and PGlu/SDS for 1 - 5 d, respectively.
“represents significant difference

5.1.929 1 PC12 fARE5 BI SARAKE A PGlu F1 PGlu/SDS %80 PPy KRBk L5 1~5 RKENARERE. KRESHER

Bt PPy 9 KBURL LS % 5 K, 4001705 R 40 5
BT XTIERE, T ET &N PPy 49K BRI 25 T L929 4
FFE5E, H24 PPy WRBERARET, X PR F F Bl
FE 3 T 84 n, PPy ¥R EEA 0.25 mg/mL {2 i 2501
BONRE. SR, B S()H 1929 4 % %
KT Bl S(a). LN, MECT PGlu s, SDS A
FIF 1929 A 3658 . K 5(c) 1 S(d)ffiam iy PC12 48
15 PGlu 1 PGIw/SDS #5751 PPy 4 KILREFEM)
MMT &5 5F o AR 45 J 55 7 TH £929 4N fr 345 F AL,
HREFR 5 KRG, B FRAE R AN IS R 2 10 HERE
(X PGlu 41 PPy ¥ %9 0.5 F10.25 mg/mL A5 &
EMEZER, XEHT PCI2 47l NGF A4bFE 5 iz
Wi 3 AE),  HMBORIR BN 0.25 mg/mL A7
. PGlu B4 PPy FERIAIIAIEREE® T
PGlu/ SDS #4% ) PPy GKRiki. HHULRI %1, 54957
SDS e 2 ff (4 A K AEE A A ) AR 52

3.6. SEM M LA

6 754 0.1 mg/mL PGlu (a-b)F1 PGlu/SDS (c)
B2 PPy 9Ktk S 1929 4iiudtkisE 3 KJGH)
SEM &, Kl 6(b) N 6(a)+ BAELS /3 ORI . B
6(a)FTLLE 1, 5 PGlu B7%H) PPy GKBIRIILE I 3
RUVER L929 4K RiF, AMBEEKRIE, thid
A R, 4 i 2 T AN ) TR SRR WL 4% 3K B A R (AL
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Figure 6. SEM of L929 co-cultured with 0.1 mg/mL PPy nanopar-
ticles doped with PGlu (a) and PGlu/SDS (b) for 3 d
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YR EE S 3 RIS SEM
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TSk FTR), B PGlu 57211 PPy 90K BURL A R
UF AT PRAE 251, Rl S5 1A U PR 4 i 2 T g A 52 )
MRIRMIES . W 6(b)FTn, 1929 4 K FH i
(1) PPy 9K IIRL 2 (8145 J LA A0 K i B 2, 15 B 41 i
{3 Dy S A8 - 17 L PRSI PG PPy K BORESE AT, SR 17T
W 6(c)Fi, L929 5 PGlu/SDS #5441 PPy 44K i
FiAERE 9% 3 RUAE, AR, thAmfmg. 4
A AT A MTT 25 507501, SDS AMUAF] T 1929 4
foegE, 1 EXT L929 4IRSt R, FER
DLTERE I Py 2 00 A5 BORN 20 78 T 5 0 e . 4 e ) e
(1] PPy K IRL RE 5 5 IR 20 M £ 2 AR

3.7. PPy UK ERRI X PC12 34 K UM

NT R EIE FA PPy gK BRI PC12 41 4l
g KL, FATTH5 0.1 mg/mL ) PGlu A1 PGlu/SDS
BRI PPy GUKBRL 73 0] 5 PC12 iU 355 9% 5 R,
Sy R REEK B A R PCL2 4R ) TR R K FE T &
1o B 7 Bl s B R (), TG PPy UKL, PGlu
FE(b)- PGlu/SDS #(c)5 PC12 a3t 55 3% 5 RIGHIOG
50 UE R B T35 il A FE AR B (d) o 2 X TR
FE. PGlu #£LL K PGlu/SDS #1255 5K 5 73 5 A
17.12 + 1.46 um. 21.15 + 3.77 um(f3 B EMEZE )M
18.50 £ 3.21 um( L E M ZE ). HULAT %1, PPy Fiki

X PC12 4 R A KA —m R E R, X —45
5 Suter 5 RBI 5256 45 FAH— 2L b A TAA,

FE 5 20 B B 2 1) ) AH LR F R AR ka2 Tl SOK
Ui AR AHE R AL RS, AT I A 2 R R A AR

SR, PGlw/SDS #EE i R A K IIIEHLIEA B, 3
] SDS HIIIAHISS 7~ PPy ZHKIURL (et il 2R A= < 1Y
1EH .

4. ZHig

A, ARG ENER & T PGlu AN
PGlu/SDS #78 ] PPy 49 Kk: . FT-IR 455K BoR, M
T AR T )45 25 3] 7 AHRL PPy 44K B0k o
{2 PGlu B4 S HMER 2, 5 PPy BENAFHIT
RAEEH] . PGlw/SDS 5 44 IR T AT RS AIS, THA S
15 J 5 R AR R, e AT T SRR P~ 350 R~ 4
54 1.623 pm (PGlu) 1 2.201 um (PGlu/SDS). 5447
23 50 PPy 4 KUK K R W35, PGlu Al PGlu/SDS
%11 PPy UKL ELA% 53 A1) 9~50 nm AI~110 nm. L929
AT PCI12 g LR 7545 R, PGlu 54411 PPy 4k
TR A= VIR SV G, R AR R A2t 200 M 1 i A e 2
HIRMAEK, BASKMARKNRWIEI. HEB5k
(1) SDS X 3458 Al 48 b 92 (1) A= K AT 32 B AN R 5
. 25 LATiR, R PGlu 5241 PPy 49Kk G

Figure 7. Images of PC12 cells (a) co-cultured with 0.1 mg/mL PPy doped with PGlu (b) and PGlu/SDS (c), (a) for blank control. (d) Neurite
length of PC12 cells. Scale bars are 100 pm. “represents significant difference.
7.PC12 (a) 5 0.1 mg/mL PGlu (b)EAR PGIu/SDS (c)i8 7Y PPy #KFRIEEIESE 5 RENERER, @AZAMR. (O)TFIHMIRKE
HRE. REEEHER, EPEHERA 100 pm
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PEBSAR, (H B0 f5 B R sESe . SDS A )
TH&F+ PPy KRR F i, L4524 PGlu Fil SDS
W2 — PR 51 N3 M 5 ] SUARIE S B AT 2B K
(7735, FLAT DURR 8 A o s 56 1y JEL A TSRO 2 4T
SDS 45k Ll .
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