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Cyclosporine A-loaded albumin nanoparticles: preparation, in vitro release and

evaluation of pharmacokinetics in rats
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Abstract Cyclosporine A-loaded human serum albumin nanoparicles ( CyA-HSA) were prepared and physico-
chemical properties including entrapment efficiency, drug-loading capability, particles size, Zeta potential, mor-
phology, pH value and osmotic pressure were evaluated. Dialysis was undertaken to investigate the release of CyA
from CyA-HSA nanoparticles in witro. The obtained CyA-HSA nanoparticles showed spherical shape with mean
particle sizes of 240. 5 nm and Zeta potential of —32. 0 mV. The drug-loading amount and entrapment efficiency
were 14. 7% and 85. 8%, respectively. The pH and osmotic pressure of nanoparticles were 7.0 and 314.7
mOsmol/kg, respectively. CyA-HSA nanoparticles exhibited better dilution stability than commercial cyclosporine
A injection, Sandimmune® . Both CyA-HSA and Sandimmune® exhibited significant sustained release behavior in
vitro and both release profiles displayed a zero-order process. The pharmacokinetic study at equal administration
dosage (7 mg/kg) in rats showed that cyclosporine A concentration-time data were in accordance with the two-
compartment model. The CL and k,, of CyA-HSA significantly decreased and AUC significantly increased com-
pared to those of Sandimmune®( P <0. 05). CyA-HSA nanoparticles showed obvious solubility enhancement, sus-
tained release and less side effect and toxicity resulting from solubilizing agent of Sandimmune®, Cremophor EL,
and might be developed as the next generation dosage form of cyclosporine A.
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553 AR R S FE I R R PR H 2 A (CyA) 2 —
PN 2R B B 3R P2 B i e 11 s SRk
SEAUR A FRIK, B T B B s S R A
SRS BIA RN B B SR A T . T
HOK Ay /INT 7.3 pe/mL, ERITG FCE FH A 27
T A FEHEFH QL) 407 HoR T 65% AL 9 5
S8 I EEIRR I ( Cremophor EL) AR g 388 375 591, 1M it
RS 5 BOB USRI B S W, JF
KA Cremophor EL R A VRS H A &
L,

NI L A2 1 (HSA) S A 3 v 5= o o
5, B PR RERARE S SN AR AR A
0 ARSI S T H T L 2 Bk A
B LML L PR % 5 K PR LR, % 70% /N4y T
25y R R PR 25 ) B S R SE A g, HLAT
RAAHEAE AN H I, A LA 8 EE 258
PRFPRIZ B H 25561 . SR B AR I8 B9 2 a0
KL ORL I 4% 7 e R FAL R s AR
FIAL T pH B i A5 (R e fe P R Dl AR
A WL B 2 S T ) PR 1 [ A S
B KT 260 S B

LS4 R 10K (nab ) AR i 35 4 i
Blp s mIIFR , 2 LA AR 1 E AR R, SEBlk
MEEE B RA S E ARG wmmx . H
T , SEAZIE45 £ 1156 19 40 K8 ( Abraxane® ) B 3775
FDA #ttvfE Bt o ARBFSE S 18 nab $5 R P& T
CyA 19 PR FTGARRE, LA L b B 55 500 oAy o B
42T HIAL R B R R 2GR B 1245 M

1 # #

1.1 253k 53X

HAE AL >98% , & i fb2#Hl 2547 B
A s R D(CyD, 4l 99% , fia dE P i 245 Ml A R
AE]) s NI A SR (20% , B3 F) Baxter
AG 23] 5 Lt B VR 5 500 (AR S0 28 B ol g 22 T
£ CyA 50 mg, Cremophor EL 650 mg,32. 9% Jo/K &
B A s O VB (@S2, VLR DU RN
AR 5% HAGET SR (1L AR A 254 R
2w PR (G Sigma 23w ) 5 HAl 7] 24 0
T STl s S FH K A XGEE K
.2 B %

Zetasizer 3000HS #7121 % ( J5E[E Malvern A d]) ;

pHS-25B B R FETH (il R A IRA R
SMC 30 575 He B8 7R v 2 I S0 ( R KT By 7 A
HFR2Z ) s H-7000 375 5 L 2 5 ( H A H S 2
) ;LC-2010C S0 AR (i A ( H AR B A H] ) 5
FA-2004 B §F-( EHFRE AR ) o
1.3 % 4

fit 5 SD Mtk R B, R H (220 £30) g, B AL Tl
LT X L s Y B R4t 3h W) Gk .
SCXK ( #1)2009-0001 ,

2 A &

2.1 CyA-HSA #h R84 T a4 &

B L & D EST R LUK R B 25 mg/mL, if
B 10 mL, 55 I CyA ) 2 B (40 mg/mL)
250 pL, 7k T HEL 75 30 min, AR KB,
0.8 pm JEMEE LS, BIFS 225 9 KR W, —200 C
TR VKARTICE PR 24 b J5 , W VR T8 24 h BI7E T
PARLZR T8
2.2 aHFRRHIMNT

K H RP-HPLC 3 il 22 40 K R0 %5 % CyA &%
B 4% & R (3% HE O Hedra ODS2 Cyy
(4.6 mm x 250 mm,5 pm) , i sh A0 N H EE-K
(90:10) , i h 1 mL/min, #5460 °C, A6 M
K- 206 nm, PERER R 20 wl, CyA bR e
0.1 ~20 pg/mL (130 Bl N1k R4, pn i 40
A=4.062x10%c-2.533 x10°( r =0.999 9) . ¥
TR A ARLR T 10 mg, DL 5% # % 4 7K
IR NG % B I CyA-HSA 20K 1R B 50 plL
210 mL &, PR B E A 2205, W E CyA &
T AT EEE ML, QR
(EE, %) = BABHKN 2/ 25 x 100, 32}
i (DL, % ) = AR Z it/ 2 i x 100,

BT CyA FEZK A JoT H i i B2 AR K, FERA
GOKRRLR 25 (> 2 mg/mL) A HEn] DLZIS AN
PR KR A W A 3 25 CyA 5 e THA )
= E RN b N 1
2.3 ¥42 Zeta W% pH R 5k R 69 M 2

CyA-HSA YA R 183 LA 5% #ij % BE 15 W
BRI W E R 0.5 mg/mL, ] & HARL AR
Zeta 30 .pH [ iBiE
2.4 BEFHR

B CyA-HSA 9K KL R T8, LA 5% i ZIHE T
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i AR AR A HE A GO & SN 25 QB 22 PR 241

WE BB R Y BTRIKIE 0.5 mg/mL, B9 1R 7
Jukge @, EST R EREIE S
2.5 WRAEMRAE R

FREC—E 1 CyA-HSA JRTH0 R Sl B 3
S, LA 5% M WO R B R CyA ik B
539129 0.5,1,1.5,2 mg/mL, FE R ACE , A [A] )
[a] B A RE H,3 000 t/min B0 10 min, H
T B 0 A8 IS 0 AT T D0 E, IR RS % I 3 W
50 pL, EER B — VR AL, B2, 27 I Jy vA
E CyA &8, JFLL O h B h CyA & &N
100% , 1545 i) ] S KRR B P CyA 1A 53
T, DA B AR 3 A ) 5% W R 9K T TR
KAEWBAFRERS
2.6 ARIMEEA LR

R 370 B 4 1 %5 58 CyA-HSA B9 1K S B ik
3712, BARERAE A RS % FREL CyA-HSA VR T
it 5 % 5 % WE VS WOV R AR BE 2 CyA T Wk B2 o
0.5 mg/mL, it 1 mL & T U SC AR B o H - Ay
12 h By#EHTAE N (MWCO =7 000) , PimdL 55, &
A pH 7.4 PBS B/ it 100 mL BBEAR 1, 77K
BEIRYR #5543 80 ~100 r/min F1(37 +0.5) C
AT . T I A) SURORE , B i PBS (pH
7.4) 100 mL 14§ 54533 i 42 S0 B RSO . A6 %5
R IOATE S mL T PUMIR R T, FTH 1 mL i
FEFEHL 3 min, 10 000 r/min B.0> 10 min, B 15
FU2. 27 U A S I CyA AW EE , LAAS 5
SRR A 2 R 0 P S s () 2 Bt £k .
2.7 KRN R A FAR
2.7.1 &bt HAE  7F10 mL BIERB B0
Hofin A A [ 5T v B2 (60 pe/mL) | AH ] 4R R
(50 wL) WA F61 2 D N AR MR, #5 T J5 K % % B
500 L A I B Y IREE 1 min SRS, A ZA
BRI (0. 1 mol/L)0. 5 mL, 8 JiE 3 min; il A Lk
5 mL, %S5 min,3 000 r/min B.0> 10 min; BLZEEE
4 mL F 50 CORIEHET; FRRIMA LB 1 mL, {5
2 min, 50 C /K& # 15 5% i A W BE 100 pL A
25 mmol/L HCI PRV (1: 1) S5, R IE 2 min,
SRIGIMAIEC A% 0.4 mL, HjE 1 min,3 500 r/min 2
05 min JJOFJZE 20 pl #E4E, 547 HPLC @35 53047
2.7.2 FEFAR EAIGKME2. 27 WREH
A, R BIAH R N -H - 7K (57:25:18) o BUR R
2 HAIM 0. 5 mL, A CyA FIBERR HE I T S 21

RNARBE A BRAS 20 pL, i fiE 30 s J5 , AR re it
TOULL 3R R 5 J7 Bk AT 0 SR it 0 5 N B
PIETTAR A, A, FIETRIARZ (R = A /A;) X4 i
CyA W BEFEAT 4P 10105, 45 4 I FE & 9 [ 05 7 72
R=12908x10""c+0.02,7£0.2 ~12.0 pg/mL i
M BT AHOE 2B =0.999 6, A= Wk AL H
BICRERT 75% , AR > 0. 062 5 wg/mL, J7
BRI (99.7 £2. 1) % , H Nk B /NT 5.3% ,
HIWA %N T 8.2%

2.7.3 %k EESD KR 12 H 25412 h,
HEHYOK , BEHLAT I 2 21, R MERERS - $R 45 2557
i 7 mg/kg & I3 R FRIKTEST CyA-HSA Flili,
IS0 (25 B2 X Oy 1 mg/mL) | 45 2) )5 43531
+5,10,20,40 min,1,2,4,8,12,24,36 h i}[a] f5F
MR FCHR IR AR . 42l B T 2 M v, 4R b
ToAh B R 5 Ty A TR SRk AL R A, TR
B4 ML 7E A [ B (1) 9 245 0 0

2.7.4 A AR CyA-HSA AL BT 5
FITER B A M o CyA YR B2, >Rk 254830 7 2 3 A
Winnonlin 5. 1 & 2508 J12¢ 550 %S0
RG22 3 F SPSS 15.0 #E47 ¢ K 4, 43 i 2
Sk

3 ERSR

3.1 Fied AaRamkEiTHnedg

HlE PR A HEE AR ROE R T
BV R (14.7 £0.1) % ,f0E Rk (85.8 +
5.7) %o , L& T 200750, Gy A 2 180 TG 790 %
AR BN KRS i 1 500 7 i i 2 4k o
HageyE i g e b THES W UAHT, A&
P A B A 2 35 B A B A2 O BGHT 1 — Ak
i, TR S A B2 A 25 R 8 I LR A ko™
3.2 #5428 Zeta 4% pH {A R 5 & EAELN

CyA-HSA GKkififs 4y (240.5 +3.1) nm, %
IR ERE N 0. 141 0. 014, F B HOB 72 KNG A
2010 AR HrAR N BRI [ 24 ) 0 ik e S o) ) 22
S TR S s

CyA-HSA 44 K % Zeta HL A7 Jy - (32.0 =
0.6)mV, X A] BE & i T 7 7 far 19 1 28 1 4 F
AIZE TGN KL 2 T8, {7 I 94 OKORE 2% 18 A R H
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e S I I 18 4 K R Rz 42 K /N —1 CyA-
HSA KL K Zeta H, 326 X%f {1 7R H AT R
HA R r) W) A E 1

CyA-HSA K Kiys W pH 24 7.0 £0. 1 B, &
BIE R (314.7 £1.5) mOsmol/ kg, 2230 A& IE H H)
PR 1% 15 (300 ~ 340 mOsmol/kg) , AT A4
[ ISAETE
3.3 BEFAR

BEHPRBLEI UL 1, CyA-HSA g K47 Sy #1L 0
BRICSE  RiAR A 2], K297 200 nm, /N T3
OCHIE 250 BT 15 21 A 28 25 99 KORLAE 78U P A bz
(240 nm) o X AT HESE H T TEM A% b il 85 2 7
HP Y TR R | S A RO T ) 453 4 P

N AR R R o R R

Figure 1 TEM image of cyclosporine A-loaded human serum albumin
(CyA-HSA) nanoparticles
3.4 WEARTBRER
T HAGFL R A 0 b B ) 7E il R -

F B A F R K B 5% HiAg L 1: 20
5 12100 Pl B i bk v ( AP i k JEh 0. 5
~2.5 mg/mL) , KIABIFE LA 5% % W R
AT, 528 T CyA-HSA QORI 25 ot i vk B 53
F40.5,1.0,1.5,2.0 mg/mL B A E (25 C) .
R BIR , CyA-HSA W51 it IV W AR e PE G
Jrat vk B REAG, B P K, W
0.5 mg/mL NFRERIE 7 d(F 1) , i m T i B il
I, e A2 I PR KRG 1 T S R AR e M K

Table 1 Dilution stability of CyA-HSA and Sandimmune in 5% dextrose

¢(CyA-HSA )/ Stability/d
(mg/mL) CyA-HSA Sandimmune
2.0 3 2
1.5 2
1.0 5.5 3
0.5 4

3.5 IR

CyA MEEToK, I i (4R AT LLGE 33 A3 LTS )
T P00 S 3 hin HLA i B AEZ 2R S IR 4 B ]
BEXT 250 i R i 8 7 2 R 3 24 2R A i R A7 T
TEAERIREI Y o ASHITTE SR P A A ) 1 L il
JERERCT T B IR Ao 4K, CyA £ PBS(pH
7.4) P MR (2,43 £0.18) pg/mlL, 7E%&
MRBEHGLFE T, CyA i e B IR AR F5 4 0. 03 ~
0.77 wg/mL Z[8], /N T HAE BT BT (8 10 Fh 7%
fREERY 173, B CyA D\ EE KR b 1 RS G 2
T F 2%, 259 W R TICAN 32 BT o Hh 245 0 Tk B 1)
SO o AR T rp 25 vk BE AR, DU A — 2 1Y)
MERE o MOCAS SCR S R 7 20 A LIS 700 17 i
IR A DT DR LA 5 ) [ 751

CyA-HSA Kb AT B il 77) ) SRR ik i 4%
WK 2 i CyA-HSA 9K 7 B 2570 A e 45 B
W RBEBLG, 3R W 245 W) I A W B 7E 9 K kL 3R
1], M2 58 B TR, CyA-HSA 44K kL
TR 23 WS B 1L B R R, 24 h R i
AR 23.9% F1 18.5% (P <0.05) o ¢ F 111
TS 37 CHE 36 h HIBEH B AU TE D), B L iR ok
AN LT 24 h, 1 CyA-HSA GKR0TE 37 CH
MEE , I IARSNBE % 48 T 144 h, CyA-HSA 4}
KRLAE 96 h Fif 2454 FEAS IAH XHE 2 S 5 B, 96 h
LG 240 () R S 8 2 i ) , R B A R i it £ 1)
G Bz T %
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Figure 2 Cumulative release of CyA from the CyA-loaded HSA nanop-
articles and Sandimmune at 37 °C(x £s,n =5)
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N o KA M2k B2 -t )t &l 3 Ffv s

c/(mg/L)
NW R L oy =

[
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—@—CyA-HSA ;—0—Sandimmune
Figure 3 Whole blood concentration-time profiles of CyA after intrave-
nously administration of CyA-loaded HSA nanoparticles and Sandim-

mune to rats (x +s,n=6)

{8 F Winnonlin 5. 1 2543l Jy 27 B4 6 K Bl
N Y 251X 80 1 28 i — = AR T 40T, 2540 80
JI2ESHNER 2 Frs. 5L B AR L, CyA-HSA
TER BN AUC, ., A W8 m (P <0.05) ,AUC
TR R E A CyA 28 HSA 385 , CyA T BR % CL
FNZ ) A g 28 AT R 3 0 o S 35 R
(P<0.05) , \Ifi#& = T CyA HFI I,
Table 2 Comparison of the mean pharmacokinetic parameters of CyA

from CyA-HSA nanoparticles and Sandimmune after a single 7 mg/kg iv

dose in rats (x + s,n=6)

Parameter CyA-HSA Sandimmune
kyp/(1/h) 0.07 £0.01* 0.09 +0.01
ky,/(1/h) 0.28 +0. 14 0.43 +0.11
k,, /(1/h) 0.34 +0.24 0.29 0. 07
CL/(L/kg/h) 0.09 £0.01* 0.12 0. 00
AUC,,/ (mg/L-h) 54.07 £3.42* 40.88 +1.49
AUC,_, /(mg/L-h) 75.21 £7.63* 56.78 +1.89

* P <0.05 vs Sandimmune

AWFFELAER E E 0B B % T CyA
AR BT BRI 9], x50 B A B 2R 2y o
R AR TE R RERR ), K2R3 )
SALR W5 B L T SR L, CyA-HSA
ZKORE AUC S35 42, ELIZ A 790 o T 3l 9 22 1T 15
P51 Cremophor EL Jirafy sk i) 7 4 55 748 245 SO i .

AR 1207 A BN — PR 4 L
R A At o
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