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Optimized preparation of novel C-phycocyanin-carboxymethyl chitosan nanopar-
ticles and its inhibitory effects on human cervical carcinoma Hel.a cells prolifera-
tion

Lii Congyi,Li Bing, Yang Peng( Department of Biology, Medical College, Qingdao University, Qingdao 266021, Shan-
dong, China )

[ Abstract ] Objective: To develop a methodology of preparing novel C-phycocyanin-carboxymethyl chitosan nanoparti-
cles( C-PC/CMCNPs ) and determine the effect of C-PC/CMCNPs on the growth of HeLa cells. Methods: An orthogonal
experiment was designed with the particle diameter and entrapment efficiency as index and CMC: C-PC mass ratio, CMC
concentration, and CaCl, concentration as factors to determine the best preparing condition of C-PC/CMCNPs. The effects
of the generated C-PC/CMCNPs on the growth and apoptosis of HeLa cells were assessed by CCK-8 assay and flow cytome-
try respectively. Caspase-3 protein expression in Hela cells was quantified by Western blotting. Results: The optimal
condition for C-PC/CMCNPs preparations were as follows: C-PC to CMC ratio of 1:2, CMC concentration of 1 mg/ml and
CaCl, concentration of 1 mg/ml. The C-PC/CMCNPs prepared in these optimal conditions had a high entrapment efficien-
cy with an average particle diameter of 118.4 nm. C-PC, CMC and C-PC/CMCNPs were all capable of inhibiting prolifer-
ation and inducing apoptosis in Hela cells by up-regulating the expression of the caspase-3 protein, but the effect of C-
PC/CMCNPs was significantly more pronounced ( P <0.05 ). Conclusions: We have optimized the conditions of prepar-
ing C-PC/CMCNPs. The nanoparticles prepared under these conditions have an acceptable safety profile of sustained C-PC
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release and possess a caspase-3-dependent anti-tumor activity, suggesting potential clinical implications.

[ Key words ] C- phycocyanin( C-PC );nanoparticles( NP ); carboxymethyl chitosan( CMC );Hel.a cell ; growth
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Al , KR IR IR 7 2 HZO-JIR 7 f W [ WA IR U5 2 B
BRIFAXAS), H4 - WA JEOL JSM-840 )1 H
HAH 7622 bk X S at, A8 7 i 28 38 21 A1 56 15X
( Nicolet IR200, Axygen )4 {4t 57 F & i i B
FHFRA AL FN A AL iQue Screener, Intellicyt )
(SIS N o/ s S R/ N v o VT e
(9602A)Ily H 1A ZE R s & A FR A F -
1.3 ER 5 %5 55 ik 4] & C-PC/CMCNP #) 5z 4
E e

FHIEAS g i, M4l Lo( 3% )Lk il 4% C-
PC/CMCNP Ry 5544, il BE( 27 °C) ikl
J£( 800 r/min ) Al pH( 7. 4 ) A [ %E {f , W& CMC Al
C-PC Wit Lk .CMC ¥R EE  CaCl, ¥R JE 3 A~ Z(
HZE 3 DAE KT )X 40K 48K R AR B9 52, LA
AL 5 A0 K B AR ) R0 A /N A 3 B4 R DA 4R
bro BEFPSCEGSRAFE R 4 UK, il & B RE S PEAL FE
FRBCFAME . IEAS LI SR R K LR 1,

F1 EXIWHEESKERBRL(3)]
Tab.1 Code table about the factors and
levels of orthogonal test [ L,( 3° ) ]

Group A B C
1 1:1 1 1
2 1:2 2 2
3 1:4 4 4

A :Mass ratio of CMC and C-PC;B: Concentration of CMC( mg/
ml ); C: Concentration of CaCl,( mg/ml )

1.4 &-FF &% & C-PC/CMCNP

HRE b3 1F 28 52 5 T A5t A LAk A5 1, R TS
F2EHE B 45 C-PC/CMCNP #8225 40 K ok . Bk
Hil #5715 AE 5 ml CMC ¥R POIAGE 2 38 0 8 1,
AWBEFE 5 min, MIA 2 ml CaCl, , K44+ 30 min.
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12 000 x g 50> 20 min, JOIUHE , 25K PEIR Jo EH A
BURT
1.5 Zy R AR AR e #m
1.5.1 kb Frauns  BIrEe S E,
PBS W , FHIOCRE EE G 5 Tk B2, 30 s il 6
W HCE A
1.5.2 &#HZRaIFHMNET RHEIIEN
FEFH B4 650 nm F1 615 nm AV WA OGE E
FIHA R Cope =( Dys - 0. 474 Dy, )/5. 34 115
C-PCHRE( Cpe o

#H 25 8( drug loading, DL ) ZF8 ki 1 HH 254 1 Ji
W E 0% #2258 (% ) = C-PC/CMCNP 1 C-PC )
J /A A T % 100%

£33 %( embedding ratio, ER ) & 38 ki T 1 254
WS EZ W, BEF(% ) = C-PC/CMCNP
C-PCI )i/ C-PC B x 100%

WE J775: 0 - ERRFREL T4 (% C-PC/CMCNP #3
A 10 mg, ¥ T 50 ml PBS v, B OBEE O, IR T
800 r/min FFLEHTE 24 h J5, 12 000 x g 5.0 20
min, B IR, S50 EETHIN & HAE 615 nm
F1650 nm AbAYIEEERE . [RIEF LAANER C-PC (1975 144
KL T, 2 R AE R 45 4R 5 19 PBS W W AR 25 F X
ML B BEE AR A A S, AT 45 2AH B /Y C-PC ¥k
JEo RN HERT C-PC AR, AR S IR
OSP340 s o S PR 2l i 5 e 82y Y
e fH .
1.5.3 ANk FXEE Ao
B BOE RVRALER R , TS S B , 15 R RF
WYKL F 5 Z F0 IR A G, Fe o IHES | I a4k
BEFE R, BT LM A R AR T R T A RRAE
AeA, I FHFIFRE R 7 45 C-PC.CMCNP Y8 4L &
FAE RN G
1.5.4 C-PC/CMCNP # R4 F doki T C-PC
(28 SN SO IEAE 620 nm 25 A7, WA SEIG: 1 $% 200 ~
800 nm % K 43 5 %F C-PC . C-PC/CMCNP #4579 K
o 10 mg/ml YR 0. 5 ml, PBS ERZE 3 ml,
T3 10 min, L PBS ZZ #piCA % HE X 200 ~ 800 nm
WA Bl N A T 22 A 44 -
1.5.5 HAG/ KB FHY ML KSR
YKIER S mg B 5 ml BLOA A 3 ml PBS( pH
7.4, B O EEE K, WP Imin J5EH F(37.0 =
0. 5)C K PIE IR IR 45 W E AT s A # Hr( SR
100 v/min ), 34331 T AH I B (B B HE 2900487, 12 000
x g, B0 20 min, B0 2 1 EIEH RO SN 0k
FEHHI HAE 615 nm F1650 nm AL FEH 5 [R5

DS BNAPRL T4 7T RIE A PBS 3 ml, #iEiR 1 min J5
ARELIRG o MR 2 TSR [m] B[] 94 2K ol Bk 88 ik
C-PC M3, T SRR, I 22 1 2025 40 K 1
BRIRSMBE I £k -

1.6 CCK-8 &4 2 J038 54 48 7

TRy 4 4% R oAb BE ) . C-PC &b
FRZA( AL LA C-PC AL FE A0 ). CMC b #E2H (AL LA
CMC 4t FRANJ ) . C-PC/CMCNP 4b ¥ 4 ( LA C-PC/
CMCNP Kb FRAAE ).

O AE K HeLa 4HHE( 1 x 10* cells/well )3
FiF 96 FLEEFEM T, BEFL 100 wl, BF2H 35 N EFL.
WEE 24 h )5, AN [ BE B 25 b 3 48 h,
JIA CCK-8 10 wl, 558 4 h. BEFRML T UK 450 nm
ARG E R D,y Do A LAY AN TG T3 LA K
C-PC.CMC #1 C-PC/CMCNP Xf HeLa 4 Jfi i 2§ 531
A 1, ME . B 2H 172 1C, M N 5 ge st i
C-PC.CMC HI C-PC/CMCNP f &b B He 35 5286 &
23
1.7 AX e AREm mie R

WCAE AT K WA HeLa 40 0, 8 %% 40 Jif % Ji
F 1 x10° A/ml, 355 24 FLAR, 2 ml/fL, B4 3
AEFL, AR Z5 YA B, 48 h J5 B0 Y 4E 4
L, PBS PB4 3 K. #R4E Guava Nexin Reagent 4l Y
PR T AN GRS A DU B, A 80 wl Guava Nexin
Reagent( ¥ Annexin V-PE il 7-AAD W) 2% K ),
IRAI G RO 20 min, & T 404X 1
AR . AR SR E R 3 K.

1.8 Western blotting # | Hela 28 ft. caspase-3 %%
G Rk

YA | B O CEE B TR BV RE (R A0, vk
42 b, B0 B R R EE . SDS -PAGE 43
B MG % PVDF B L 35641 2 ho Z0lin Af
PUAN caspase-3 FIRPLA B-actin [)—Pi,4 CIFF L
o BRI AR bR IC ) =R E 2 he 1k
ORI, ] Image J BSR4 T /3B . 280
23k,

1.9 %itzan

K FH SPSS 10. 0 e it #f4 & Origin 7. 0 f2% 58
BB AE AL B A T B s o T EEER DL x £ 5 RN,
UL A A5 LR ¢« K256, P < 0. 05 3% P <0.01 3§
INZERARIEE L

2 & R

2.1 #4& C-PC/CMCNP #9152 3
IR 1B IE 2B ATSC 0, DAL B AR
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WK 2)KAM,C-PC/CMCNP £ ks8R 4T
AR, B I B AHE

Tab. 2 Results of orthogonal test [ L,( 3* )]

x2

EXEHEHERI L3 )]

Encapsulating  Diameter

N A B rate (% ) (d/nm) Score
1 1 1 62 115 15

2 1 2 2 53 155 6
3 1 33 48 180 3
4 2 1 2 56 150 10
5 2 2 3 59 121 12
6 2 3 1 60 118 14
7 3 1 3 56 136 10
8 3 2 1 57 124 11
9 3 3 2 58 120 12
T1 23 42 33

T2 41 28 31

T3 28 24 29

R 16 18 3

A :Mass ratio of CMC and C-PC;B: Concentration of CMC
( mg/ml ); C: Concentration of CaClL,( mg/ml)

HRE R AEXS SCO0 45 A7 40 B vl 0, 3 R Xt
S A5 HL A R B R/ MR R CMC BT VR >
C-PC/CMC JEH Fb > CaCl, JRHEWE . H 4|
o CMC Y BE R, BT AR il A 3 S8/ 5 > B iy
W CMC FTEYRBE N 1 mg/ml I, FrASFE & 094 3%
. MR ZR Y CaCl, AY I iR B ot S 06 2%
MR/ N AL 9 NS LR A A, LSCE
1 A5t A A TR T (E K/MS H R4
A5 A2BICIC £ 2), B C-PC 5 CMC B JF & H
9 1:2,CMC s R R 1 mg/ml, CaCl, [ ik
H 1 mg/ml NEAERISFME. BT LRSS A
Py A2B1C1 AKFAHE BEEIN TZK 525, 4 1K
B SR AE AR C-PC/CMC I EHR N 63.2% |
SERPRIAE (118, 4 £2.07 ) nm. Ji L2525 2 LU
ZRA LA A AR AR
2.2 C-PC/CMCNP #j 25 #4% &,
2.2.1 44 Mg A2BICI KFEHESH &R C-
PC/CMCNP, 0GR E{SORLBE 43 B, 45 R (& 1) 18
7, C-PC/CMCNP [ Rif2R( 118.4 £2.07 nm ), &
LM T FEITE 100 ~ 130 nm , B A BG09 43 80%
2.2.2 RTXRWEERARME Z0H0NE C-PC/
CMCNP [ZIAMGE  FF 5 CMC BLEAMEE i, 45
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Fig. 1 Partlcle size distribution of C-PC/CMCNP
=1
10044 2380 — - H
7 Y \ 1330 N\
954 " iII - . \ N\ A
' / ll N\ [ iy

—~ 904 | =4 \ | |J | a7 |

= ] \ r} 920 | /

& B | ,-'f 103“.___"._}1 100 \ 494

80 v/ {
75 ] II'. !f' 1 100
s
70 4 v—3 430
4000 3500 3000 2500 2000 1500 1000 500

Wavenunbers (¢cm™')

2 C-PC/CMCNP HILISM IR
Fig. 2 Infrared spectrogram of C-PC/CMCNP

Bk C-PC 7E 620 nm ZLA FFER A CIE . O T
FRIGIE SIS AR R T C-PC, R S50
JEREINE 620 nm AL EIWOLE . AR ANIE 3 iR,
RAGUKIIERTE 620 nm b B 5 (14 W i 0 | 1ij 28
YIRS ARTIOR N BEAT IRR IR B IR AL, FH-UK
Bk 7R 2Rk ] A A e 3 C-PC AR

0.6

0.4

— C-PC/CMC/MP

Absorbance (a.u.)
o

0 ; T -
400 500 600 700 800

Wavelength (nm)

B3 C-PC #1 C-PC/CMCNP By££5hig
Fig. 3 Ultraviolet spectrum of C-PC and C-PC/CMCNP
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2.3 RBAKRETFHMBRAFIE

C-PC/CMCNP RSN 25T i 45 53R 18 4 )
TN FEBRHI 6 h N C-PC NG KIER h % 1 FR 2 i
B, 12 h B3R 60% |, 3 HoAT DLk — 2B Bk,
KB C-PC/CMCNP Al Je G2 B 25K . [ ] DL 2
Py RS . F SRR A S B AT, D PRI i
ST C-PC AKIETEZS Y, 25 A 2l 1) 22 whigs i v
B, C-PC ARBEHIAT A I 2 fH R HY 52 SRR 1Y
W ot A Bl o
2.4 C-PC/CMCNP BA 2 47#] Hela 4m fieL 8 3% 75

CCK-8 ¥EAGM( & 5 )45 B E 0, C-PC . CMC Al
C-PC/CMCNP 4 HA7 | HeLa 40 i 3 56 19 7 1,
Hoe B s, il A B 2% . C-PCL CMC FH
C-PC/CMCNPHY 1Cs, 539124 192. 75 398. 74 #i1 89. 63

pg/L,C-PC/CMCNP # 1C,, A 5| C-PC 1C,, /9 1/2.
CMC IC,, 1Y 1/4 , 255 27~ C-PC/CMCNP X Hela 4
I B 8 O A ] i

100 -
80t
60+

40 F

Release rate (%)

20F

1‘] 1 n 1 A i 1 i J
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Time (t'h)

B4 C-PC/CMCNP K4 C-PC FERY # £k
Fig. 4 Release curve of C-PC from C-PC/CMCNP in vitro
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Fig. 5 Inhibitory effect of C-PC, CMC and C-PC/CMCNP on proliferation of HeLa cells
A:C-PC treated group;B:CMC treated group;C:C-PC/CMCNP treated group. P <0.05," " P <0.01 vs 0 wm/ml group

2.5 C-PC/CMCNP B\ 2.3 % Hela 20 fe. 7

B C-PC .CMC .C-PC/CMCNP f4 1/2 IC,, {8 N 1E
FHF AP HeLa 40, 3 2020 M AR A 25 R Bl 6)
R, SXHRAAA L, C-PC LA CMC 2024 7] 5 540
Mo BT (48.7 +0.18 )% (22.7 0. 15 )us
(18.12 +0.11 )% ,¥J P <0.05 ],{H C-PC/CMCNP
AR T R B E[(52.5 0. 14)%, P <
0.01 ], M C-PC/CMCNP RIS /=4 51 AR 1Y
g T B2 B oA EVAET A TSR
4 R BRACRIET- A AHL , 75 G BRJEAE T A 4,
HTFEBIERT- 40 ).
2.6 C-PC/CMCNP T % #] 2 1% # Hela %9 J&
caspase-3 & & 89 KA

Western blotting £ FHZ5 R f5 caspase-3 & F1HY
TR, RO 7) B, SXTIRAAMH L, C-PC 4
5 CMC 4 caspase3 R R X EWAH W LA
[(0.83+0.09).(0.64 +0.11) vs (0.27 £0.14 ),

¥1P<0.05) 1,1 C-PC/CMCNP ZFH2H caspase-3 fY
Tk B ERET C-PC 1 CMC 41 (0.92 +0.03 )
vs (0.83+0.09).(0.64 +0.11),P<0.05) ], 45
IR, 3 P2 4L i caspase-3 HY R IK K,
C-PC/CMCNP N AR T i 2

3 3t i

PRI RS 24 R e 18 K F AR AR i) 551 45
AT 256 F00E I ] P 1 3042 3 — 32 1 RS T
THEAS B AR 2L, I A8 B4 i 18] PN 4 35 A 350k
() —ZE 580, 2 500 AT LA ROR B8 /e 24 350Rn AR
PR, M 2 24 ) S 26 A9 H B, CMC S 78 58
IR s R W AL J5 A AE W, & SRS 1)
FRILFN I, X et 5 7 B, MU R TR
B — et T B A R0 R e R
PRIBE, R 2y H AL 4R Tolk R Tl 5507
A& 153 R &, U B R A iy A4



EVMSC, S5, B R /R e SO A K R A il 76 S O N B0 HeLa 40 i H 58 A4 )

.39.

YA ENE R A PR e, © T 12 T A W) BE 245
I AR SR AR 2 W FE B A ). Anitha
ZLSTPL N, 0-CMC 40 K ik g 84K & M T N, O-

>
w

100 100 100
10° 10° 10¢

7-AAD (PM2)

7-AAD (PM2)

10" 10!

10" 10

100 100 107 108 10¢
Annexin V-PE (PM1)

107 10T T0E 107 10
Annexin V-PE (PM1)

Ee

CMC 11 3% 5-FU 40 K & 2k T 2L IR 98 3R )7, Li
AT D) R T R s ) T FLA ST B R A T
0-CMC 2% H SR LA K Bk

C D
= =
N o7 S
g~ g
= =
2 | =T
< = < S
- e
= e i :2 3
100 TN 0] 10T T 10° 10" 10° 10° 104

Annexin V-PE (PM1) Annexin V-PE (PM1)

MR AM T C-PC/CMCNP 3f Hela AREHET-ES1ER

Fig. 6 C-PC/CMCNP induced apoptosis of Hela cells detected by flow cytometry
A:PBS group; B:C-PC group;C:CMC group; D:C-PC/CMCNP group
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Fig. 7 Expression of caspase-3 protein in HeLa cells
in each group detected by Western blotting
A : Electrophoretogram of caspase-3 and (-actin;
B:The grayscale ratio of caspase-3/B-actin
"P<0.05,""P<0.01 vs Ctel group

2P <0.05 vs C-PC or CMC group

ABFSE LIKIEVER) C-PC AR 25 Y, % B
FaEBk i, LA CaCl, SAACHEH, 45 T CMC/C-PC 44
KAk, OGBSO T 98 R Ao 1) LA
FEH LM R TN T a2y R M R,
HICTEALFTEE SN ETEAL 58 T C-PC/CMCNP 44K
TR EE Y, B FAARSMRE IO RE I 5 58 . L0 45

FEHH YK ek oy B BB R 4T, SF-3RLAR (106 +
3.07 )nm, fLER Ny 63.2% ,FEA AT HA H D
MERAERT, X R TT R IAKEEE D) o ik 25 G2 e i 37
PRt T B ARGRR . B ARIR B TE PR
B C-PC )AL ZE Tk P, T 384 K25 Wik
TR E 1 S 25 P Re e P B 2 TR AR N 1
O3 GG MTE R g B ) 2R SR AR T RR AL,
W FEPEAE . R C-PC Y JE 35 @ &bE i eMC
(R AR AR, R A A, — R T TR 2 24 0 K Ak
( C-PC/CMCNP ). CCK-8 il £ 53R W], =Rl 24y
YHA M HeLa 20 A KAV, ELAATE MR B2
R . C-PC/CMCNP AYFEFHACR B ] 2

IR S — AR L R T S R . BIFSE R
R T AT 5 T A 2 T i A A T Y O REE, AR
I3 FE o, caspase 5 [ 58 M AL B S B4 T
caspase {CHPE A B 0R T2 IR AR G HG JE T2 22K 5 12 1Y
AMIF IR E GO 5 1 YRR AR P RS, 3K
FPAT iR 4R 34 230 1o e 235 b caspase-3 1 fiff 4 Jifd
RAEFTIH

FIFH A AV A = 254775 5 HeLa 4
MLJA T AR DL, S B = 25 ) $4 TT 3 30 HeLa 401/
BT, A C-PC/CMCNP B JH TRl e 5
i — IR R I, =R TR i caspase-3 YR
ik, C-PC/CMCNP A4t 45 R EE S BT o phy e 4
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