JT 8 1] K FE B BE H 2 AR A F 5

RGN B T

(R BE BERAE 2052 B, AR 6100410

P M FAAL—RBEIE R & T ORFEEER B B AR, FE A K/ B a3 A ok 25 1 5 3
2oV Re IR AN RRE ERAR N A0 AR AT TS, 45 R BT B ORI T E AR E N 0.99 pm, T
RIAEA 1.24 pon, FRIBFBRIEN 1.44 pm: BB ER 2.558% £0.101%: AREEN 1.503% +
0.127% ; BLETHFH 92.82% +4.60% ; WHMNE LT E XA I35 M, B TTFEN 1 - Q=0.6428¢ 0213~
+0.3988¢ U010y = —0.9951, v, = —0.9982); T ,a=3.250 h, T,,3=461.7 hs EIRHE 3 ™ H,
LA S BE YW B8 . HPLC WE RV, MR iv %K 20 min WERIE 77.6% + 1.38% Y
YR T L, BE B m . 3 oKFEEER B 2 SV TROERA BT BE 4 K 0 R 1 7 JH 98 235 SR A

PR =S HmRIEM .

R OKAR RN O BRSO A B M 45 2 R G

AKFE E R Cmitoxantrone, DHAQ) X 5 & 1
WA 4, B0 I B MR 8 P 2 22 Cadriamycin,
ADR)/NY BT 17 46 B B B R S 4 8
P21, R, 76 B DHAQ 3897 P i, BRAR
25 2 B IR 1) RU5R) o A S DAL I AR i PR
I H 22 4 n] A= D R At 1 = FH R A B} o BUEE TR A9
MR IE T e b AR R TR FE R B R AN
WG 1E T B2 TORE, R B A B B 1 B ) 42
NMERE T HP R RR-, T £F
DHAQ #8 =] 557 89 571 84, FATE A R 4 A&

KILT 1996 F 2 H 29 HH],
SR AT B R

SR B 4 I 3 8 E (BSA) BB # B, i
%7 OKFEE R 5 & B WK (mitoxantrone-bovin
serum albumin-microspheres, DHAQ-BSA-MS),
LT3 oL i Pk 25 20 J5 PR J8 A JH 4 B, O A E
G R 2y, IR My T RO E I DHAQ /)
R I AEE N A R WARTE

S

1 U524

D40-2F L 2 4 HE 2% CBL AR AL )
Sartorus 1712 B H T RF(EE D CQ-250 TR
FERE VAR R AR ) TGL-16G B
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RS IE S OHLC R E) ;s XSP-
18S M BB VLR AN AR )5 S-450 BYHL
FHMEMEE(HAH ) ; SHZ-88-1 4 75 K
WIEEIR AR UV-250 B3 6 (A AR &
A3 LC-10A S ZGBAT B A CH AR )
KITE IR BT £7 A 1 B B A H AT br
e, BRI 2 /N T A7) AR MG R A CHL K
af, FigK AT D B & AR 2500,
Sigma 2 7 ); Tween-80, 24 F 5 B WK 1 4 4k 2%
aff s HLOA MR oK e 2k S0 55 8 40 T
o,
2 CKFEEBE O & O MEREI S T 2R
2.1 EATZHME KEEREEARTH
KU 1 AN RS E 1, 3% B FLAL—TE AL v &
DHAQ-BSA-MS. 4 1# Bt il 453 1] DHAQ-BSA-
MS 35 TH B KB 5 Hb 08 B i 8 | B R R &, LA
FIHE DHAQ-BSA-MS 3 [ 44 5 28 B - 5L b 5%

FEE B TR PR GX — W 97 IE AR 8647, Tedi1ik
FEAE ALV B4 DHAQ-BSA-MS. Z75 3k 7
R, SR D H B A A T2 DL BRI
iHAH, DHAQ F /b &4 8 TR Vs i o 5 A v
3 K IR SR KA, dl & W) F. 3 EL
BRI AE VE N B A BT B R SR
2= BRI .

2.2 AR Pk 4%t [E
A 0k 52 RO [ A0 B ] e o i R SR 1T K P R
GER, AR BTN A, b IR & T
K DHAQ-BSA-MS, DA Bk k25 & | [a] i Z A1
Ve[ (RN E - AR /R
& X 100% JH 38R, X B AR (3 AN IKF 125,
145 F1165C O KL FE AL a1 (2 AN 7KFE 24 10 1 30
min), 75 H & 4 M Bl E W& LT, SR RS
= MO A T B & . 43I0
# 1.

Tab 1 Results obtained by various emulsion-heating salidification

125C 145C 165C
Parameter . ) ) ) ) )
10 min 30 min 10 min 30 min 10 min 30 min
Apparent drug loading (pg*mg ™) 26.82 24.38 25.32 16.27 15.32 10.63
Embedding ratio (% ) 99.32 90.30 93.76 60.26 56.74 39.38
Wash out ratio (%) 68.81 58.41 47.33 42.28 45.07 22.00
Effective drug loading (ug*mg™") 8.37 10.14 13.34 9.38 8.42 8.29

IR IR, 145°C A 0 BT 15 3k 1T 203 2
HH 125TC M 165T M mie 145C [E4L 10 min
TR 1A A R L 4L 30 min & 5, HOEFE
P [E b 4540 145°C B4k 10 mine
2.3 CKAEREME O E ORI H & T2
Z UL EHEFILIE, B E DHAQ-BSA-MS AL
il £ T2 R BB BR & & O vl A, X
DHAQ D& 0.1 mol* L™ 'R MG, 5
25% 4 I35 A 8 A B K8 TR AT, i #4000
remin DREEGEGE I AH, N 58 2k 2L 1 4t
275 min, 25C UL N S 546 10 min, {015
FECE MR IE =, AL 145 +5C, AT
(2000 remin~ "R HIFLEE 22 0N, BG4k £ 4
P29 10 min, BAR KB FR A2 Wl %
L BRVE S DUIE 0K, AR B Eh K e

R, T4, RIF3 35 4 DHAQ-BSA-MS [E 258 K .
3 CKRIEEER A& A Mkt

3.1 DHAQ-BSA-MS WM& M R W
DHAQ-BAS-MS >V 8 T& i, BERHH
TRAUE T ZCILIE 1), 7T LI A 3, R
G, KNS, AEIE. 5 fik™ i -F
BEAR1EH 0.99 pm, “FHERMAEH 1.24 pms
SRR 1.44 pms BORRIAR A 2.48 pme
3.2 DHAQ-BAS-MS M #k #5% m W =&
DHAQ-BAS-MS 4 DHAQ W, 56 I 5 & 1 i
% . DHAQ 7E 610 nm AbH & KWL, B &
I RV VAN 7% ORIV R VAR 610 nm AL W
&R, BOES 610 nm AW e K, A2
JEE I 2 DHAQ-BSA-MS HI# 25 2. Frift i
B HFEN:A=0.0068+0.4306C(y=0.9999),
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Fig 1 The SEM micrograph (a: X2 000, b: X 10 000) of DHAQ-BSA-MS.

C=mg*100 ml '« DHAQ 7£ V¥ it Wi I 52 2
PRI, 3 HHN RSD=10.324% (n =6)- i~
W AR IR EE B 77 153 I R 99,38 9% (RSD
=1.46%>n =9). M ETTIEN: FE DHAQ-
BSA-MS #7110 mg, JIA 0.5% 5 2 AR 10
ml, IR 10 min, & 37 + 1°C [HiR IR 3% 1 #
2 hy BUH, BNEIH, HEB FKER, B
(15 000 remin~ 1), B L& 610 nm I & W W
FE, i & TR E AR, EER
DHAQBSA-MS Ml 13 45 R h F MW 4 &
(apparent drug loading)» FH A4 B £k 7K 9% ¥ Uk 2=
DHAQ-BSA-MS & [ 1) 25 9 Ja AT 1) 45 5 A
HRE 25 & Ceffective drug loading ), 4 R W&
2,

Tab 2 Embedding ratio between apparent and
effective drug loading of DHAQ-BSA-MS
(DHAQ mg*100 mg™ ! BSA-MS)

Apparent drug  Effective drug Embedding

Fatah, Hlos loading (% ) loading (% ) ratio (%)
960209 2.641 1.540 96.87
960212 2.564 1.481 90.28
960213 2.385 1.475 89.42
960214 2.587 1.686 98.68
960215 2.612 1.334 88.84

Average value 2.558+0.101 1.503+0.127 92.82+4.60

3.3 DHAQ-BSA-MS I #7 2% % it HX
DHAQ-BSA-MS 4 %3 A, F [ 7 [ HE A v DU
SEAR LA 5 P B RUPR EE 9200 e HE 5% s e R
A PR KRR S, TR A E DT L H &

A LRI E SR KM, E R MK 3.

Tab 3 The micromeritics natures

of DHAQ-BSA-MS
Angle of  Bulk Ratio of  Hydrophilicity
Batch No.  yepose  density  sedimentary Cem)
(g*cm™3)  volume (%)
960221 58.2 0.7031 45.5 2.31
960223 575 0.6935 42.8 2.26
960225 56.3 0.7528 43.2 2.18

3.4 DHAQ-BSA-MS HIfk4NEA R =%
SCHR T VRN, B A8 IEGE M % 82 T DHAQ-
BSAMS I 44 &b B 245 ¥ Bi. & % R W,
DHAQ T 37 £ 1C HASKM T, 7EE 1% Pih
LT3 110 A2 38 R 7K AR AR e, w0 LS S B2 A i
. FREUE K] DHAQ-BSA-MS T #¥r K, M
5 ml AR H TR B, B N AL BT K3 H 48
GENT AL @ =0.22pm), I E P o, B TR
HIEHEN T B 50 ml B2 i, 37+ 1C1H
HEHRH (100 remin~ 1), & B HA 0 CIR) B R
INEEREA B, T 610 nm I W BE, 44 b HE
&I HERBAT Q) ERH Y=
ANFFHEIN A 1R (L 120 h) . B2 5 ek I 2
AWK 2,120 h B2 25 WK 3.

LA, 4 50 2 il 2k 2 AT XUHE B0 A
N TTRERE . KA by e, d 3 MRS
HREWMT, gk b: 1 — Q=0.8767e 0348t +
0.1717e 000606, v = —(,9965, —0.9737, Ty /50
=1.98 hy Ty,,B=114.36 h; fiZk ¢: 1 - Q=
0.6428e 0-2132t  +  (.3088¢ 0001501, o =
—0.9951, —0.9982, T/a=3.250 hs Ty,B=
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461.7 h; M2k d: 1 — Q = 0.3120e 01966t 4
0.6476e 0001717t v = — (0.9591, — 0.9928,
T1/2a23.52 h, TI/ZB:4O361 hs

Fig 2 SEM micrograph ( X 10 000) of DHAQ
from released DHAQ-BSA-MS.

3.5 DHAQ-BSA-MS MFa & EW g Bl &
) DHAQ-BSA-MS T #43 K 3 20l %% 35 T
2, TUKFR(3~5C) Eil(15~25THM

37°C<RH: 75% )%’fq:‘lrﬁiﬁ’ ﬁj\%ua: 0,1,2,3
FAEFEM SN BB & K& DHAQ & &, )
T WA, FIR WK 4 3k 4.

100.0
90.0+ —2% b
e
80.01 %
70.01
60.0

¥ 50.0
3 40.0
30.0
20.0
10.0
0.0

_——-—&—"_—.‘_—_“C

d

0 20 40 60 8 100 120 140
Time (h)

Fig 3 The release profiles of DHAQ (a),
DHAQ-BSA-MS prepared at 145°C heated for
10 min (b)), DHAQ-BSA-MS prepared at 145C
heated for 10 min and washed out the drug on its
surface (¢)» DHAQ-BSA-MS prepared at 165C
heated for 10 min and washed out the drug on its
surface (d).

Fig4 SEM micrograph ( X 2 000) of DHAQ-BSA-MS kept at 37C
(RH=75% ) for 0 month (a) and 3 months (b).

Tab 4 The stability of DHAQ content
in DHAQ-BSA-MS (pg*emg™1)

Batch No. Time(month) 3~5C 15~25C 37C(RH=75%)

950704 0 23.71  23.71 23.71
3 23.00 23.09 22.01
950711 0 20.41  20.41 20.41
3 19.82  20.21 18.77
951020 0 19.42  19.42 19.42
3 18.92 18.84 18.04

RH: relative humidity.

4 DHAQ-BSA-MS 5 DHAQ 7 5 ¥ 1 3h ¥ 14
PN 1) 0 A s

4.1 ZiMEIBCH] B DHAQ-BSA-MS H A4 2
KRR, B 37CHEHEKBED 1 h, Zo
(15000 r*min~ '), bR & LIE W, 19 Bk L Ek R
Mt & 25 % 1) DHAQ-BSA-MS (# 2§ &
1.528%, ‘F¥H R4 1.08 pm)ds H 0.1%
Tween-80 AP R /K ALK 2.5 mgeml ' IR &
W/E A DHAQ-BSA-MS TR B . 5 BOKFE &
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MR A R KBC AL 2.5 mgeml ™ ' HVESTRAE A
DHAQ ¥ 47 -

4.2 OB 2% SCER DT AT AR S TAL
#LOL, {03 43 M7 AE : Shimpack CLC-ODS(5 pm»
150 mm X 4.6 mm ID); TAL # A H YWG-
C1sH37(10 pm, 15 mm X 4.6 mm ID); Vi3 HH:
LHE—/K—VKEERE (90:60:0.5) W & 5 mmol*
L A IR 80, Viii#: 1.0 ml*min 's &
530 s K% K2 242 nmo

4.3 LRTELER AR 16, 0%
o, BENL NP, T 8 K. B4l HE
iv DHAQ-BSA-MS 1B & 0.2 ml, 5 — g A
B iv DHAQ /5 0.2 ml. TS5 20 min
W20 Ak SE, B 4 I 3 ) R L AL B
s 3 M RRE MBI AR E 8% tHH D, BB E

ametantrone, H 32 [E National Institues of Health
RO, FR R 12 pgeml ' FEEWD 70l K EE
0.7 ml, B F #3% 10 min, 15 000 remin ' &L
10 min, F 2 W E/EWHFEEERN 1.0 ml,
B 15 pl HEFE, W& DHAQ U4 (Hs) AR 28 5
W CTTD e Ry, DA &1 L RCR = Hs/HD N E &
THEAMKE, it E SRS T DHAQ A& %
HEME > F. FIELETWEN 0.0102 ~
2.040 pgeml s AR WA N 4.08 ng
ml ™1 S/N = 25 6. P =R BB R
99.71%(n =9, RSD=2.25%), 15 % E (RSD)
MR 2.14%50.458% FI1 0.240% ; FrifE il 26
FHFEK:R=—0.0125+0.0037C(y=0.9995).,
P /s B e 45 R 32 B DHAQ-BSA-MS A H
77.6% + 1.38% 4T T H IE (K 5), M

DHAQ A NE 85.14% +2.72% L4 + 1
(R 6o
Tab 5 Tissue distribution of DHAQ-BSA-MS (% of dose) in mice 20 min

after iv injection (0.5 mg DHAQ/mouse)

SIF NG, 4 MIFREL 0.1 g 0 A s CRAT 52 25 g,

Mouse number Average
Organ
1 2 3 4 5 6 7 8 value (%)
Blood 4.28 5.87 3.45 3.85 4.55 4.38 4.21 4.08 4.33+0.71
Heart 1.25 0.92 1.54 0.82 0.91 0.95 1.08 1.23 1.10£0.25
Liver 75.8 75.3 78.3 79.4 77.5 78.2 77.7 78.4 77.6+1.38
Spleen 4.88 5.42 4.91 5.25 4.84 4.52 4.89 5.03 4.97+0.27
Lung 0.54 0.87 0.37 0.81 0.42 0.48 0.74 0.81 0.63+0.20
Kidney 2.68 1.94 0.89 0.93 2.03 1.92 0.91 1.05 1.54+0.68
Stomach 1.03 0.99 1.24 1.15 1.00 0.84 0.95 1.24 1.06+0.14
Brain 1.08 1.21 1.03 1.12 0.57 0.89 1.14 0.92 1.00+0.20
Total 91.64 92.52 91.73 93.33 91.82 92.18 91.62 92.76 92.20+0.62
Tab 6 Tissue distribution of DHAQ (% of dose) solution in mice 20 min
after iv injection (0.5 mg DHAQ/mouse)
Mouse No. Average
Organ
1 2 3 4 5 6 7 8 value (%)
Blood 85.7 82.8 88.5 81.4 86.3 84.1 83.3 89.9 85.14+2.72
Heart 0.48 1.21 0.14 1.08 1.05 1.01 0.68 0.31 0.75£0.40
Liver 2.56 3.47 3.08 2.74 3.06 2.78 2.84 2.01 2.821+0.43
Spleen 0.13 0.23 0.09 0.11 0.12 0.08 0.05 0.06 0.11x£0.06
Lung 2.59 2.85 2.07 2.83 2.87 3.05 2.80 2.41 2.69+0.32
Kidney 1.29 1.32 1.30 1.04 0.53 1.07 1.38 0.98 1.11x0.28
Stomach 0.49 0.87 0.24 0.19 0.37 0.58 0.32 0.34 0.43+£0.22
Brain 0.08 0.12 0.21 0.19 0.25 0.05 0.06 0.15 0.14+0.07
Total 93.32 92.87 95.63 89.58 94.55 92.72 91.51 95.26 93.18+2.01
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SCRRIRAE, A AMER & 25 B AR, ARHT
R, KL A EE TR M8
57 ] A4 L R R A B TR) 3 A K, — R I
LR B I, B E AR AR, [ AL TR
B, BB RS, RN & m, H A R EAL,
X HE 2 T [ Al B B A, R Re A B &
EER R 2 45 0 5E A T4k, 24 A AR T B K VR
I, IR ALER T ) 5 T B . AL N [
A YRk FEE R B 8] AT I, 81 7€ 145°C 4K 10 min
HBAEFAM, BB EUABAEN 1.503% +
0.127% (mg DHAQ/100 mg DHAQ-BSA-MS)
] DHAQ-BSA-MS, B f7 % # 25 &= &K, H
DHAQ M4 21 R & /DN, BefF & Im IR H 25 7 & 22
Ko AR HAHARE B MR 2L

& DHAQ-BSA-MS H ) DHAQ 5 & Wl &
o, R A B S H A S IE 610 nm IR €
N7 iR, TSR R ILE B RS XT DHAQ-
BSA-MS 11178 fift L BE43 21 5 A0 35 3 11T AS BE Vi fit
R 5EA VIR, I A B R & T A )R
IR, AR R VR . it R B e
AT 0 PR AR PR IS ) R B VE R A R B . |
F 82| H E IR R R B s TEZ K,
B AN /INORL, TR EIR IR, N B2 A RE 8
VEENTH B, R R T B, B AR RS
Oy P M ETEWIEAT 0w . 4R Rk
a5 AT

B 3P, bR AY . Kok ER I
YK DHAQ-BSA-MS R 24 1 JE 7 15 i % 7%
Ao J53 30 min AL BIEZ 20% 2R L, 1X
ANHI T2 W) 1) A7 508 ) A B, AR ] BB TR 2152 B
M2 WA %K. RIGAE SERr & b, BB kR
memve L. WE 3BT F H, 145C Btk 5
165°C [E 4 Hi43 11) DHAQ-BSA-MS ¥ % 24 7% it
WA & Z7, e &A% %S, 29 36 h 4 i
Bt 40% 299, [A) B it T LA R0 B
%, R PR LR 0T RESE LK VR 7 20 ik 5 /K F,

i 165°C [l4b A 2 A AT B . A 50 ) 4 1
DHAQ-BSA-MS BB 2k (i o, KU ERF
G ERAE B 7 5 A, IV LB 25T B (12 h
DLRTD M PRI R 2540, Ja Be o BREAH, X PPk 2y
R RURT B T8 R ) A 2 SR, B b B A
JZ0 . X DHAQ-BSA-MS 5 DHAQ ¥ i) 1 1
WA AT T L. 45 R, E4 25 20
min I, ZFH /D EH RBEN I MA L EZE R,
DHAQ-BSA-MS Z16 80% B 2595 T /i,
M DHAQ % NA 85% LA E 259 Mife7E T
My F . 4277 DHAQ-BSA-MS A 1L & 1 P
(O 260 ) SR S A L, L AT I IR B AT g 2k
AFRANE . IS T H AL A I A B A R 24 3%

EE W
z % Xk
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STUDY ON MITOXANTRONE ALBUMIN MICROSPHERES
FOR LIVER TARGETING

/R Zhang and W] Qian
( School of Pharmacys West China University of Medical Sciences s Chengdu 610041 )

ABSTRACT  An optimum procedure was established for preparing mitoxantrone albumin
microspheres ( DHAQ-BSA-MS) with emulsion-heating solidification. The morphology, diameters;
drug loading, release characteristics, stability and its distribution in wvivo of the drug-loaded albumin
microspheres were studied. The results showed that the surface was regulars the average diameter was
0.99 pm, mean surface diameter was 1.24 pm and mean volume diameter was 1.44 um, apprarent
drug loading was 2.558 +0.101 pg*mg ™~ '(n =35), effective drug loading was 1.503% +0.127% (n
=3), embeding ratio was 92.82% £ 6.48% (xn =3), and the release characteristics were in accord
with “biphase kinetics equation”: 1—Q=10.6428¢™Y-2132t +(),3988¢ = 0-00130¢(y, = —(0.9951, v, =
~0.9982); Tipa=23.250 hy Ty, B=461.7 h. The stability of the drug-loadeled albumin
microspheres was good after three months storage at room temprebure. The results determined by
HPLC showed that the drug accumulated about 77.6% £ 1.38% of the dose in the liver 20 minutes
after intravenous injecton to mice. This indicates that DHAQ-BSA-MS showed remakable targeting for
liver, and it seems to have important value for increasing the antihepatoma effect and decreasing the
toxicity of mitoxantrone.

KEY WORDS Mitoxantrone; Albumin microspheres; HPLC; Targeting drug delivery system





