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Correlation of hemolysis with particle size of nanoparticles
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[ Abstract | Objective  To determine the effect of concentration and size of self-assembly nanometer
microsphere particles made by polyethylene glycol (peg) grafted poly (lactic acid) (PPLA) on hemolysis rate.
Methods According to the national medical equipment biological evaluation 1S010993. 1-1997 and
GB/T16886.1-2001 standard and requirement, dialysis was carried out with a dynamic laser light scattering
instrument ( DLS) to measure particle size and Zeta potential. Different concentrations and particle sizes of
PPLA self-assembly nanometer microspheres were prepared. Hemolysis rate of the nanometer microspheres was
determined by water bath method and absorption value at 540 nm. Results  With the increase of the concen-
tration, hemolysis rate of microspheres was increased. For the microspheres in the size of 960. 8 nm, they
appeared light hemolysis when the concentration was 2.0 mg/mL. For the microspheres at the concentration of
1.0 or 1.5 mg/mL, their hemolysis rate was increased with the decrease of particle size (300 to 200 nm) ,
though less than 5% , indicating that they can be injected. In 0. 9% NaCl solution, the critical hemolysis
concentration of PPLA nanometer microspheres was 1.5 to 2.0 mg/mL, which was in this range accord of national
drug standards hemolysis. Conclusion  Our research shows the negative effects of the nano drug’ nano effect in
the clinical application. Particle size exerts remarkable effect on hemolysis and other performance in the nanome-
ter microspheres. When the concentration is same, the larger microspheres are, the lower hemolysis rate is.
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FMEAHA PR o M H A48 B SCERE , BN IMY
KT 3B AR A B 1) 1 IR 250, T % T AR A
PABE IR 5 45 21 A0 4K AROR (%) I I AE 2P P 5 A 4
T8 T3 7 T BB 980T T 90 K SOk ZE B I 245 ) 844
U L B D R S ASBIFR AR S B 1
MRS & T BOR FLIR M4 K} [ polyethylene glycol
(peg) grafted poly (lactic acid) ,PPLA "' T 51 E 41
BEINAAHIK A L1240 B 75 1 RE A TR, B 48 9K L
BRI R BE R AR X £ 140 B 75 1 28 I 2 e, 15 78 i b
TAAIT K Y B TRAERL22AKHE

1 HHEHE®

1.1 XA E5MNE

PPLA AR4ESCHRL 7] A5 0.9% NaCl 5, V67 240 B
Py A BN w5 BEER AR (PBS) ZZ #hif (0. 01 moLl/L, pH=7.2),
IR AR A E SRR (0. 1 mol/L) , 5 PRICHLAL 2435
I oAb A 2R A AT 4l

PC 405D 1% J3 445 , Corning 24 ] ; KQ-50B B 74 i3 5 1k
W, R A BRA A5 B A OGO HUHY, Malvern
Nano S90 ; Lambda900 840 a] UL 21 403 64X, SE[E Perkin-
Elmer /2] o
1.2 PPLA # R A3k 6445 &

SHARMIE R IS FRI100 mg PPLA ¥ F— &
PRFUN, N-ZHULHI R (DMF) b, 2888 75 2 /o 51 ), A
9 mL 0.9% f) NaCl K HI 5 o, 22 3 B J1 963 (300 1/min)
Lh 58 R, HAREEEENED,LL0.9% 1)
NaCl i A, 55 2 /N8 19K NaCl %9, 1587 24 h LBRA
B A BT S LR 45 5 4 mg/mL,

[FIEEHRAE, 43 3 LA DMF 870 &0 vk i ( THF ) S 45 HLAT, LA
PBS ZZojif (pH =7.2) 57 0. 01 mol/L k& (HCI) ¥ ¥ Ry K AH
AT, Lh 0. 9% 19 NaCl {53 ki b A Joa 43 il & T AN [PRiAR
WeE A 1.0 mg/mL F1 1.5 mg/mL ) PPLA 2K HERFLIK -

1.3 PPLA 3k 694542 % Zeta WAz 890 &

KA BOEEBURL (DLS) #ETRAR . Zeta HLAI KR
1.4 PPLA %K A% 3K 64 3 s 41 4m I8 . 5 4 3 v
L4.1 RFEEEMIORMBERERN SIS L2 Hsr
ERFLIBOM R, 1 0.9% NaCl 5 I00F B, 43 500 e B BE R 0.5 ~
4.0 mg/mL PRERFLI, FEUEIRER IR A5 e kAR
1.4.2 2% IAMBRH 4 BUS mL R ML
BT 25 mL PR B 8 0 3 ok 2 F 4k 2R R, LR
JUREF 4 1M, A 10 A5 R TR 0. 9% NaCl ¥ W5 B8, #2757,
1 500 r/min #.0> 15 min, 3% _F 35, UIVE ML 40 0. 9%
NaCl {EW I PR vk 2 ~3 1, & FERA BLA 61,
IS HARLT AU A 0. 9% NaCl 74 ¥ H (4 A B IE 5 2%

9 21240 i AR
1.4.3 MBI 6 HIkE o, w5 1 ~3 Rt
A 4 AT IR 5 B BE 45 (35 1) R RUCIA 2%
2T 0. 9% NaCl ¥ ik Millipore 7K i fh , 1415 7.
B (37 =0.5) CHEIEAKBHFIRE " . 3 h G, BHREE A
vk L 2T A0 gk o L1 500 ©/min B0 1S min, i 4E
IV SR R RCE 30 min ff I 218 A AL R A AL E A L T
BT HE 35900 2 1, 045 540 nm b & 30 RE 4 T P
A MR FEE B [ D (540) 11 AU R AR A 2
H A A 3 A RE . R AR AT I K

Z::;;xloo%

A Z N R AR RE D(540) f, A, g B 3T
HRRE D(540) 1.,

VOEEHIARAE " D R MR E A > 5% i, Kb R
FUA L, AR B

F1 HMLRNRSH A (mL)

Fidh 2% ALLANEEI  0.9%NaCl ZRIRIK Pk i
1~3 2.5 2.2 - 0.3

4 2.5 2.5 - -

5 2.5 - 2.5 -

1.5 PPLA 24 KAk 6 45 1% 34 05 ofn 5 49 % vy

A FPURIT IF S 36 e 3] 194 1 S ML A 3 S R L G ek ok
(1.0.1.5 mg/mL) , il & 7 HRIRBE ASIRPRLAZ 9 PPLA 48K fik
BR 1,43 J59k A I 2R
1.6 “HitFoH

BARA & £5 FR R H SPSS 18.0 GEit ARt A7 TTEST 4
L% I

2 HR
2.1 PPLA 3R k2 Fn Zeta W 4%

MUY H B 1A )R BE DR AR I B A Rk AR k2
MIFROR (2 2) o A, BRI Zeta ML A B, HL AL (B4 42
IEER T 30 mV KW R ETE

£2 TREEHETHI% PPLA gUKFIKMHIR B Zeta FE (L

Fe W il A FHPRIAR SRR Zeta HILL
(mg/mL)  HHUH JKAEA I (nm)  (PDI)  (mV)

1 1.0 DMF  0.01 mol/L 4t  104.0  0.106 -33.26
2 1.0 DMF PBS ZZmpy(pH =7.2) 214.1  0.114 -36.79
3 1.0 THF PBS ZEfifi(pH =7.2) 300.0  0.189  —-45.09

4 1.5 DMF PBS ZEuigi(pH =7.2) 225.1  0.195 -33.40
5 1.5 DMF  0.9% NaCl %% 960.8  0.335 -41.58

DMF:N, N-= W3 7 Bfie ; THE : v9 &k vy

2.2 KR RE PPLA 3k 6g 75 &

IFR 3 T LAE S, Bl SOk B 0 1S, S I RS . 1
FRIKAF <1.5 mg/mL, JF L% <5% . fERMEREE =2. 0 mg/mL,
IMLEE > 5% A ILE B TIE MG . $7m il & 1oRiAs Sy
960. 8 nm [ PPLA f{BR , 7EVEJE =2. 0 mg/mL B ASEAEH: S .
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R3 ARKE PPLA GRAIKER MR

FHEHA B (mg/mL) D(540) & PP (% )
0.5 0.012 +0. 001 1.23
1.0 0.016 +0.003 1.70
1.5 0.033 +0.007 3.52
2.0 0.052 +0.010 5.53
2.5 0.066 +0.008 7.07
3.0 0.096 +0.019 10.2¢
3.5 0. 101 +0.024 10.8*
4.0 0.174 +0.022 15.6

a; P<0.05, %5 54t PPLA 3R JE ik b4z

2.3 RE 442 PPLA #3k g ofn %
FRAE 2.2 1B EE R, A SRR 1.0.1.5 mg/mL 2 Mk
JEE il 2 T AR ) e AR TRDRLAR A Tk , F TR A X IS . A
Fe 4 0] UL, e R R B, 325 1M 3R i 25 A A 388 R T ok /s o 4 [
WRRE AN [RPRLAR P R AR 0 18 IR A7 AE B 22 5% (P <0.05)
P S P, AT
x4 AEHREE PPLA 40K 45k H A M=

. PPLA R EE VIRAR SR Zeaifi  FEEILE
(mg/mL) (nm) (PDI) (mV) (%)
1 1.0 104.0 0.106 -33.26 2.03
2 1.0 214.1 0.114 -36.79 1.06%
3 1.0 300.0 0.189 -45.09 0.62%
4 1.5 225.1 0.195 -33.44 4.45
5 1.5 960. 8 0.335 -41.58 3.52b

a: P<0.05,5 1.0 mg/mL 5 /) #2 £2 B3k 64 7 do % s 853 b: P <
0.05,5 1.5 mg/mL 3 sk /2 sk 49 7 o 2 Ho 4%

3 itig
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B 152 % R BRI A IR A 205 . RO R
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SRR UM A K 25 AR AR RL AT 5
PPLA 7E7K A 1) 95 i BEAIR ad i B 21 % T B ki A2 A
SR LT 2 HE (O BRI A A Bk 7 PR T 3 48 44 o
FEAN AR 1) 2 KON XoF £ 1240 L 725 1L ) 5 i A 7 HL A
—EMNZH i E, RNy PPLA 75 245 1) 2R AU i) 1
AR E AR I

Ve I IR R RS 5 I £ 20 MO TE A M it
RErb T BT 40 78 ik R0 I 5 19 98 B R B 0 S D7
B ILVRORE 2R PR 3 o e — 14 R o
5 MR R RS, WHZ P TR RHE (A A6 Il RES 1R
WML A A ER % AU S W X 2120
BRI | SO — R T S RERE B BRI e 15 o
CA LR, ¥ I 7% 8 5 42U R O 5 1R
AVERPER IR R REHOCHE Y SRR R A
HDEH 0 0 S M N5 L TRHE e 1 Y 37
S A BERZS K 2B T84, R A W A 53 )

MiRA], R mMERLE T —RINE =M EER G
A g EF s R R B LR Y R R B
IKPEZE B A TIOR3 5 45 4 2R T 0 5 10 AR 2 e 31—
FE AR HEVE R, PPLA E R —Fh 5 & ekt W ok 5
B HAT HRHIE

BRI AL S 56 R FH A A oA = 2 A R iR A
W, FLF AR AR B . B oG
PEREERAR B R IR , PRI OR M B (R 5 s 4 /)N hE
TRt R AR RSO, S 1T 7 I AL A e 3 3 Pl P, e 42
AR R BE AN [RDRLAR B/ INREAR TR , T R R AR 1 52
Wi, %30 PPLA 4K iBR7E 1.5 ~2.0 mg/mL I B
— MM IS, FEA RREE MRS, BT
PPLA f3sk K 4 19 I 08 A 25 P, A LA Ay 3 o 75 78 4
HE AR

WG B, B T PPLA 2R Kk ) ik B2 A1, Sk iy
AR IR AT 25, B R A R 38 R, 3 L%
TR, Maher 217" iR s TR, 2 T 395 1 790 o 200 0 Fr)
MUEVE A RN R B %, — S 0L Ak,
TE e T2 TET TG P 00 A e S Je o e BT, T 4 e B 75 7
BL 3= 2RI E |, 2 4550 38 1 8 B A R,
e S v o A B e D O D e N S s RS
PPLA J&—Fp HAG R IEG ME W 6 R G W, Hiek
VW PPLA 1R BE R T8 Byl S oA Tk 5 41
B2 A b AR TR) R TSR BE T, AR BN U] b 5 T
FRGRR TR, 5 21 200 4 4 Ao s R AR R, 5006l X 40 M ) 1
VARG R, A I R S R, i T AR AR
PPLA YK BER AT 80T, Fr #5405 R 2 75 3 FH F HoAth
AR AR TR IS A i — 2 PIESE . (HE A
WL  TEG R TIER 17 10 S AR BEPEAN ),
B T 25 R BE LASD , iR 75 27 JRORAR Y R )

25 LR AR S e i A AN R R AN [RTRLAR 1
PPLA [ 2125 41 K (i ) 8 HC 37 I 1 B, E S 1 Lk
JEE REAR 6 V5 I PR R A E B 52 e o SR AN feTis
PPLA [ 20 B 9 R AR bt i T g 24 4 24 v F
Il R A FE it — 2R 5% o
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