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1.1 RXFIEMEE

WS EAR B, ( L-a-Phosphatidycholine , PC) FIf 5 I 22 % 2 ( L-Phosphatidylserine, PS), Avanti Polar
Lipids 2% ) ; HEPES (CH¢N,0,S), R mBeGRH A R A |l SR 44 [ (CH,O(Na), |, Aladdin
Industrial Corporation’ZA & ; SZ5 T FH IR B Ak 280 24 R o3 b ati, 5280 FHOK A K B K.

Delsa Nano C GAK7 FEAL K Zeta B30T ( 3& E Beckman Coulter 23 /) ) ; JSM-H %37 & G4 H
FREE( HAR JEOL A H]).
1.2 LIGHE
1.2.1 Bt g AR SHOCR[43,44] 705, R H0L & IR, 705005 192 pL &5
AR OB IR IE AR R (25 mg/mL) F1 120 wL B A5 ME 22 2 R W (10 mg/mL) B F IR EP &, 1
A1, TSR e M AR TE )T, BT 1 he BUS. 00 mL 20 mmol/L HEPES ¥ 1R i 24 43
B, FRSIMGRSE, TEREE 1 h, AAEBEIUER 9 min, £20.45 um RERIEM LS, &F
4 CIARAT-
1.2.2 KE R Zeta W ALENE  FEA HAYBENE EE PO A R BE A H A BT ( NaCl, KC1, MinCl,,
CaCl,, MgCl,) , 1R5), i UE. Jolsam s RE S i E T4 9 B M N Zeta HLOT TSNS, ARG K H &
TYORKLEE Je Zeta FAAL AP ATALEIAE St b, g FORIARF Zeta FLALA, BHEATATIE 3 IRICE
K.
1.2.3 M ER 4B B ACR IR i A K TEREE T I FRU AR RV TRUS SR BB Ik R R v
SRR A, iR Ay, SR E T 4 C¥E. IKH, LL 4500 1/min B0 10 min, JHIE UK EE
WE. KBRS R, B TR S TR R VR T 16 h DL L, 19518 /KEEA.
124 AfBEERME HOENTEKERET SRR L, a0, HE e F BN
BEWLEL. [T B 25 IR IRL MnCl,, CaCl, W5 16 BERRENTE B T BUK BERS AL 3 75 15 [R) L. e Jie A
A CaCl, YW, ffiiA R CaCl, FIHEE N 12.5 mmol/L, ] 0.45 wm JEMEEIE, T4 CEH, W H
W LIS YRR, B T RE R b, 0T ARV R T, IR LA TR, Wi b, AR A B
JEH.
1.2.5  AKEEFRERKFE N 2 SROCER] 46 ] ik xd KEERAE IR BTN E . T oM RF-FR 2 5 o
() A K B A AL S K BRI I TS B i (my ), SR R K BRI T e RS B L TR (my ), 200
A A 6.00 mmol/L MnCl, F112. 50 mmol/L CaCl, () HEPES IFW i H A /MK, BT 4 CR BT
16 h, KBTS, KRERIIR, HEFIFRE (m,) , & T IR B 7 1K 48 ( Swelling ratio)

m, —m,

Swelling ratio( %) = x 100% (1)

m
K m KBERC T8 5 m TR K BERE 5 SRS I BT 5 my, A /KBRS 5 SRS TR .
() Ao 15 B 25 R BR300 A 5 T P S P e R S A A5 -5 ¥ e T BT B BB I 1) 5 ik 6.
1.2.6 ARy HE LS H R 15010993 i, KoK EE KR T DMEM ( Dulbecco’ s Modified Eagle
Medium) 55, BT 37 °C, 5%C0, KIBE N 100% IR FRA PR FE 24 h, B0, dIERRH, 15
FINRHEW. B 4x10* Cell/mL AL FN 1x10* Cell/mL B PN Bz 40 1 43 513200 T 96 FLEEFRMt , [R]it
BB XTI TSR AN . WA e | PR BRI K EE A, Re 4515 6 fL, RfFLEEFD 100 pL 21
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M. TEEFRMRGFE 24 b, FEFEEFRMW, 25 X BAUMAGH & (955 350, IS BRZLIA 5 o/ L 7K
PRV, TETR AR FEAT I 0. 20% H)G PR AN , BN TR AU A R, /KEERC AT AR $E3. fin
AARFRAY 51K 100 F1 150 pL, B TR 24 M1 48 h J5, T 0 0E N WML, S mA
20 wL 5 o/L 1Y MTT %, dR2e3595 4 h J5 2 k3535, /AN LN FRI, BALINA 150 pL —H 5
WAL(DMSO) , B TR LIRS 10 min, FEEHRL LT 570 nm 3K 02RO,

2 #R 5T

2.1 BEMEMNEREBBRARTHIEMEREREENZIT

SR FHTEIE 2 HI0 l Big ok 2 FLOR 0 RURE A28 43 A 4 (&L 1) PR, 90% 1 KL - ki 42 ( D90 )
208. 5 nm, FHEPRAEHR 100 nm. AR AR JZFRIS AT, 5 0 AR R M ) — A S R ORI
HR AN LR A, BN BORE 5 (R e A 22 (] ) A EHE R T, DT 4R v AR e . e o A
LB SEAL BT LA BT RS, TR IR AR AR A W R 28 Ak s (B Zeta HLAIIE R AR T — 5 B R AR [ ]
2(A) TR 1], BERRTEER) Zeta A B L XHIE AN SRV 2 A 38 TN P MG BEE I A EUALaR vk BE 1
B, H Zeta WAL BRR Y 07 L A7 75 8 CIE FLAE, JRZE A 100 mmol/L B 13 I e K fH, Ak 23 vk

B, M Zeta HUOLAE R T I, F o e 1E UL AR BSO8R 02, 32 PR T A 8 v B ) s AR Bk L AR TR,
h&&?kiT?ké‘, U\Wﬁ%ﬂﬂﬂxﬁiéﬁ Zeta HLAIAH.
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Fig.1 SEM image(A) and particle size distribution(B) of phospholipid microcapsules
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Fig.2 Zeta potential distribution of phospholipid microcapsules colloids by adding electrolyte solutions
(A) NaCl and KClI solutions; (B) MnCl,, CaCl, and MgCl, solutions.

Table 1 Diameter(D90) with different concentrations of NaCl/KCl added into the

microcapsules colloids

. Concentration/ Diameter( D90) / . Concentration/ Diameter( D90) /
Electrolyte solution o Electrolyte solution o
(mmol « L7") nm (mmol « L7") nm

NaCl 0 220.3+14.7 KCl 0 220.3+14.7
12.50 217.0+4.1 12.50 224.9+10.2
25.00 185.1+18.4 25.00 191.4+12.0

50.00 180.5+15.4 50.00 202.3+6.2

100.00 213.1+£5.8 100.00 207.7+7.4

150.00 223.1+3.9 150.00 218.7+9.1
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TRl A FRDREASE B A ST i R S A 05 i B 8 B 8 A7 B S 8 A 5 LR i A S A B vk 2 g 48
I, TR RA B AL . R IAR K Zeta HLAL(EFE A SALSR . SIS b S AL B vk B A %
TEA TR A RE Y i, S B T BR RY IE AL AL [ BT 2(B) AR 2. 3k S 1 TRl — A BH 25 1 B2 A B
HS L 1] A HEFR 3, DTG el e i AR Ak T L AR A RDIR S . TR IEAA Zeta WAL 1) 2 X1 B
IMAZACEGA R BT, BT 2 A, — SRR R &AL 12. 50 mmol/L i, Zeta HL N
(54.85+3.65) mV; 53— AR R P E AR EE N 25. 00 mmol/L i, Zeta HLZ K (-60. 64+4.55) mV.
X I TN BE BRI, B5 8 R I0 AR B8 7~ B B AR R ) A BH B 7 n M . JBokL S
BB T Z AR R, A T OB E BPIRZS. (B A A SR EE R R I, L Zeta RO
B T AT B T R AN B TR A T R BRI, Zeta FLSL{ELHS BB O SAEL AT
REJE: 1 T-5 B 1 SRR PERE i B M Sk RV F AT SOAE T BUR S5 4 B IR A B A 427, IATRTSUE T
JREAAR B4 R

Table 2 Diameter(D90) with different concentrations of MnCl,, CaCl, and MgCl, in the

microcapsule colloids

MnCl, Concentration/ Diameter( D90)/ CaCl, Concentration/ Diameter( D90) / MgCl, Concentration/ Diameter( D90) /
(mmol - L") nm (mmol - LY nm (mmol - L1 nm
0 220.3+14.7 0 220.3+14.7 0 220.3+14.7
1.00 238.8+£25.0 3.00 201.1x1.2 6.00 203.3+4.7
3.00 229.4£5.0 6.00 211.8+1.2 12.50 275.4x12.3
4.00 253.6+3.3 12.50 248.2+15.1 20.00 264.9+14.9
5.00 264.2+0.3 15.00 242.0+5.5 25.00 1019.2+73.9
6.00 208.6+10.3 18.00 243.3+9.0 26.00 874.0+49.6
9.00 221.3£7.6 20.00 223.2+4.2 27.00 761.4x17.4
12.50 238.5+0.2 22.00 217.3+£3.5 28.00 810.4+87.1
25.00 225.3+1.1 25.00 235.7+£3.6 29.00 771.8+£53.8
35.00 212.2+£20.9 35.00 205.6+5.94 35.00 466.4+28.2
45.00 223.6+0.8 45.00 219.3£11.1 45.00 214.6+15.8
50.00 253.9+2.0 50.00 210.1+£0.8 50.00 224.7+10.4

22 EERBRNBIEMEREREENRIE
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2.3 FERBERE Fig.3 Distributions of zeta potentials by adding
R B Ik A0 s b A S B S T e sodium alginate into different colloidal

A 510 BE PR AN TR 5 TE I /K 956 1 S5 17 3 72 L Scheme dispersion systems

L I Scheme 2. HOKEEK Y SEM JE NP 4(A) ~ (D) Fras. ATUL, A5 55 it R A Bk Bk
B2 R AR R e T S A, K Ul I AR SRR BT IR BRI nDRE Gl el 3, i SRR AN BE.
BRI AR I A AL S A L B2 IR R & 5 (A) s, AT LAE B, (e ph s A7 e B ok A 1
5], XUk P B R S M A rh AR AT VR R 12,5 mmol/L B, AL T RO RS B ES. S4TSR
M S S AT o 30 9 R M W UK BB B ) SEML IR [ 181 5.(B) , (C) ] RIS ES 5 vt e R B
T L K BERE AT LA AR BE B 8. FIH PS-Ca™ 55 SA 3CHRIE L PS-Ca®™ -SA JKEERCKE WA T4 I 4K, o2
A T BRI BT 2 AR E . N7 SRR, T8 A AR BRI AT A — E 22 5. K B RR A
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Scheme 1 Formation of alginate phospholpid microcapsules hydrogel
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Scheme 2 Schematic illustrations of PS-Ca**-SA crosslinking

Fig.4 SEM images of hydrogels
(A) 12.50 mmol/L CaCl, microcapsules colloidal+0. 20%SA; (B) CaCl,+SA; (C) 6.00 mmol/L MnCl, microcapsules
colloidal+0. 10%SA; (D) MnCl,+SA.

Fig.5 SEM images of colloidal microcapsules stabilized using CaCl, (A ), SA + CaCl, microcapsules
colloidal( B) and CaCl, solution form hydrogels( C)

B IS ZAC AR IR R b, IURT, Ca® id i, TR AN SRR ENIL R SE 4 Ca® IUMERAR /N, F ik
TR Ca™ ELECAUINA BT RREIE MUK BEIL , (FUR 2 Hh LR 1 (W] AR BB 7%, S EOR MK BEIK
PR A R, WP 4(A) FT7R, TR A AN Y 20 5 4 SRR B i MR T 128 T A 81 o R A iR
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t, Ca™ AR, WEEIRANSST Ca® JF H 5ide = 35 0 R3E, &l 5(B) R, 3 s).
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ORI BERCHY M 4608 T 5%, 2591 /K B AR X hydrogels

TN, BT AR IR IEAIG. AL IR T 5 a. Dropping SA (0.20%) into microcapsules colloids
IR ENTE BOK B A IR = TS b in s g g2 5 stabilized by CaCl,; b. CaCl, solution alone;
T B TR ENTE I K B . % Ui FH AL 5 55 v E R 4 c. dropping SA (0.10%) into microcapsules colloid
T4 1 14 KSR e (W K P R 22 B M A T Ak 5 i stabilized by MnCl, ; d. MnCl, solution alone.
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Fig.7 Effects of composite hydrogels on cell proliferations of myocardial cells( A) and endothelial cells(B)

a. Pure cells; b. extract solution; c. sodium alginate; d. phospholipid vesicles; e. phenol.

25 LR, YR I I A v e i B VR A R B 43591 6. 00 mmol/L MnCl,, 12. 50 mmol/L CaCl,
F127. 00 mmol/L MgCl, B}, H Zeta HLAI(E Y] F B H B AF AR e M, Zeta HEAIAE S350 (53. 11+
2.14), (54.85+3.65), (53.52+1.05) mV; $ MnCl,, CaCl, Fl MgCl, B/l (8 B 4351 5 SA R4,
MgCl, 5 SA JLFARREE MUK EERE , CaCl, 5 SA JEIRUKEEREAE JI3R T MnCl, ; FIH] PS-Ca™ -SA IXFh 32T
SEE 7T O B e A, BRSO, S5k e, AR SRR A o B AT 0 A0 B A 2 T A
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Preparation, Characterization and Toxicological Analysis of
Alginate-phospholipid Vesicle Composite Hydrogels'

SHI Zhanping'~, SHI Mai', ZHANG Wenhui’, SHEN Shigang',
YUE Zhilian’ , YANG Hui*’, DING Liangz‘s* , PAN Xuefeng2'4'5*
(1. School of Chemistry and Environments, Hebei University, Baoding 071002, China;
2. School of Medicine, Hebei University, Baoding 071000, China;
3. Intelligent Polymer Research Institute, AIIM Facility, University of Wollongong, Innovation Campus ,
Northfields Avenue, Wollongong, NSW 2522, Australia;
4. School of Life Science, Beijing Institute of Technology, Beijing 100081, China;
5. Baoding Center for Biomedical Diagnostics Engineering, Baoding 071015, China)

Abstract Phospholipid vesicles were synthesized by thin-film dispersion. According to the electric double
layer theory of micelles, the vesicles were stabilized by electrolyte solutions, including manganese chloride,
calcium chloride and magnesium chloride. There are no significant changes in the particle sizes of the vesicles
colloid by the additions of manganese chloride and calcium chloride solutions, respectively. However, the
particle sizes of the vesicles were significantly bigger by adding a certain amount of magnesium chloride. To
further increase the stability of the phospholipid vesicles, alginate-phospholipid vesical composite hydrogels
were prepared by dropping sodium alginate ( SA) solution into phospholipid vesicle colloids stabilized by
manganese chloride, calcium chloride and magnesium chloride, respectively. The results show that magnesium
chloride and SA hardly formed hydrogel, and calcium chloride and SA formed hydrogel much easier than
manganese chloride did. The phosphatidylserine( PS) in the phospholipid vesicles bound to the Ca®* and Mg”*
through forming PS-Ca®, PS-Mg™ , respectively, however PS cannot interact with Mn®", forming PS-Mn®*.
The morphology, swelling ratio and cytotoxicity of the composite hydrogels made of alginate-phospholipid
vesicles were characterized. The results show that a novel composite hydrogel could be prepared by
calcium-crosslinking SA and the PS in the phospholipid vesicles colloid, forming stable and non-cytotoxic com-
posite hydrogel.

Keywords  Phospholipid vesicle; Thermodynamic stability; Sodium alginate; Hydrogel; L-Phosphatidyl-
serine
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