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MEEEE N-2-BERE)FERNRBRERSYW-KTERZSUHAR

(B 4025305, DI S 610041)

BE: B8 H& V-(-BNE) P ERE B (HPMA) B 449 K31 BB (DHAQ) & ¥ L2 1 DHAQ 75 5 {8
BRI, ik RR DHAQ SPURKMEI PR B S HPMA T A M BENER AR MO N L, AR BmESY %
RTEGCUEARN PR EE AR DRENNSTHER. &R AHMNESYSE UV, HPLC 1 FPLC X & X
BiFa. HADHAQ B R 1324 mg g ' AW, IEE DHAQ 58 R 3.5 mg-mg ' AW, BE/REE19 000
gemol ' A FESM L4, AR pHBEBRERENBEEA X TERBE, EMETHBEAHE M. SHEAML, &G
PR /AREAM S BAE, MBS AUC A AY 3, MBRAANEER  ECREPHTAHBR D
RPEAYAREA —EOMEARME, JFRBEEANOCEMEE, &t BEAHEEMN DHAQ EET HPMA B G
WL REIRE DHAQ FEMBE T 40 15, SRl & 7 T AT R T S R AL i LB
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Selective tumor-accumulation of HPMA copolymer-mitoxantrone conjugates

HUANG Yuan, ZHANG Zhi-tong”

( West China School of Pharmacy, Sichuan University , Chengdu 610041, China)

Abstract: Aim  To increase the accumulation of mitoxantrone in solid tumor by synthesis and
characterization of N-(2-hydroxypropyl ) methacrylamide ( HPMA ) copolymer-mitoxantrone conjugate ( p-
DHAQ). Methods HPMA copolymer-mitoxantrone conjugate was prepared by free radical precipitation
copolymerization method. The in witro stability of conjugate was investigated under different conditions.
Biodistribution was examined in mice bearing Ehrlich solid tumor. Results The p-DHAQ conjugate was
characterized by UV, HPLC and size exclusion chromatography. The conjugate was stable in buffers of different
pH and in mice plasma while the rate of drug liberation was faster in tumor. It appeared that the circulation
lifetime of HPMA copolymer-bound mitoxantrone were three times more than that of the drug in free form. The
AUC of p-DHAQ was three times more than the AUC of free drug. The p-DHAQ level in heart was five times
lower than free drug. This reduces the possibility of toxicity to the heart. Conclusion HPMA copolymer-
mitoxantrone conjugate was successfully synthesized and characterized. The biodistribution results showed the
possibility of targeting anticancer drug-mitoxantrone with secondary amino residue to the tumor tissue by HPMA
copolymer as carrier.

Key words: HPMA copolymers; mitoxantrone; anti-cancer drug; selective tumor-accumulation
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P 7b B O B B TF , R 1) A AR A L PR
"3 R AT K W B A M7 (enhanced permeability and
retention effect, EPR effect) , H Bl C W2y R T H 3%,
K N-(2-2 R E) BN B (HPMA) R &%)
ERFUR P MRS H T 30 R R fE R
GRES TR, HRAEMENE ERBEYE,
AR AT AR A 6 T E i X 5 4 AT B A R . X
HPMA REYM A B B EMZ IR MEFE ALY
BB RO, BB W E T EPR BN #E ALK
T B AR R A 0 i, O e 2
HEL VA )V 8 1 I > % 25 JIK 1) R B LG 25 9 RE L A
T /> B AR T, 42 e 25 W TE A P Y W B . HPMA
ROY-WERESCYSILMNIUBAYEGYIEH
il Lugsa BEAMERRRTAEEN
BEMNAY, WMEEZH NG THYEET
HPMA 5 99 37 75 B¢ HL A4 Py 38 1] 4 B 77 1) e A6 2
HRETE R HPMA RAY SR E B W'Y, B
AT i Jof 6 HPMA R & YR BT IRIE

ATREALL HPMA 354 0 30K, LI R & 1
PUHE 25 9 2K #6 BUER (mitoxantrone, DHAQ) Ay 15 R 24
Y1, RGBT HPMA B 5 ¥-DHAQ -5 ¥ ) & A%
AT AR RN R S R o AR K
Jib Ea 1) P . I RO F R E Y R R R B R
HRA 0 T 1, LA B 2 W o 00 O 8, B/ B AR
R, KRPim 29 K HPMA 85 Y i) i 1786 B, o 58
R R & 2 TR 5 RGP SR L B R A .

w55 E

{28 Fisher-Johns & & 1% ; UV-2201 % 4b 53 %
JEJE it ; NICOLET 200SXV 41 #h Y6 3% 4% (KBr FE H ) ;
Bruker-Ac-200 B #% % St 4% 1L ('TMS 1§ 29 A #% , DMSO-
dy YA ) 5 Shimadzu LC-10A vp B %% W A6 035 X 5
SPD-10A vp %851 AT JL 4G 0 2% ; Pharmacia PR 2 8 &
#H£6,3% 4% (fast protein liquid chromatography, FPLC) .

AAEHEHE KITHEE (DHAQ) A K 2 fb#
TF 2 S {3t 5 BT 36 JEUMH b 35 150 NTH 70 BF 50 BT G 3% 5 1-
EA-2-PUBE W R IR B RS B R B (ONp) VH
BBAENER(GF) Ea&MH &K (LG).2,2-AHE
TR T (AIBN) ¥ R r 4, W B Sigma-Aldrich; 3
th 32700 249 8 4 Hr 4t

YRk BWA/NR R RE KRR RS
W BB B E R R

HPMA &K #HH EREBEE 100 mL(1.01
mol) N E) & 1-8 3E-2-TNEE 160 mL(2.02 mol) ) Z

W, IR B 30 min, B R VIE, BIBASE
-50 C 0.5 h, HEJIET 2N, $8, FEUA
BRI E 45 5 .

MA-GFLG-DHAQ &K SR #[7]. 4
ORI m B H E B T A B E BT 'R R
Fig (MA-GFLG-ONp) . LAi& & DMF ¥ fi# MA-GFLG-
ONp,4 CHH THE M % DHAQ %y DMF B+,
ZRMA =L, RNBEAAN,, BRRN 4 h, T
4 CTUETH, B LR DMF, B 825 ff 3R, B I
H A3 47 B sl , S5 -FR B (5:2,5: 1) IR,
BHERAREER, BETHREM.

HPMA E&4-DHAQ HEMMIEH LL2,2'-
WA ~F5 TH (AIBN) ¥ 5]l %3, HPMA 5 10%
(mol/mol) MA-GFLG-DHAQ @i A ETERE AR
I (AR AIBN-7AH] 12.5:1.5:86 wi% ) 5 R &
(B 1), % AIBN 5 HPMA % T E, B 5 MA-
GFLG-DHAQ #J DMSO A IE A, B T XM+, B R
SIEHE, T50 CR M 24 h, VLEDETHBE, HF
FoBBERESHAR, B 5, S 2Z6H KR
Ko

FPLC ZMEZEEMHFE VREERBMHE
BREMMESTTERAFES M. HEHZXMNW
T 875 4 : Superose 12 prepacked column; i 3 A8 . B%
BRth 22 vh W (pH 7.4)-Z FF (70 : 30); if #: 1
mLmin ™" s K U0 25 - 7 5 S 0 s A3 AR TR 030 C s HEAE
&:2 mL,

HPLC #MER AW+ DHAQ 8B ZHX
BR[8,9], K59 AL SRS &, N 5% Vit CHPERIRER
MK 0.1 mL,6 mol-L™'#: P& 0.25 mL,3# N,,85 €K
R B EZEWE,MA 6 mol L' NaOH 0.4 mL, & -7
WEE(4:1) 1 mL, RS 2 min, AR 10 min, 57
BYUAR KB BREWHL L 0.1 mL WM ERE, &
LG HRE M E AW P A DHAQ & B HIRAE K
R, 5 BB DHAQ & B, A & B & LC-
10AVP; 43 #7 4t : Shimpack CLC-ODS(5 pm, 150 mm X
4.6 mm ID); R ¥ 4% . 0DS C, #¥; FiahAH: H BE-0.2
mol L™ ZBR 4% 2% vh il (B AR 1A pH 2.0) (48:52) ;48
TP K 599 nm; i HE 1 mLomin~' ;AR 30 C,#HH
#:20 pl,

HPMA E & ¥1-DHAQ B & W Ik kEE N
¥HR KBERECKTERZESYCFH(0.83
g'L71) 0.5 mL, iNE(37+0.5) CKRBETMAK AR
pH WK 10 mL,JB4),pH 2 ~ 6 B 1% Vit C HERSE
F,pH 6 LA EMILL 0.2% WH MM ARERN, TAR
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i) BURE , % B8 3R HPLC J5 & % B H ik B B k1%

HPMA B4 -DHAQ HEWH MR EMER
EMETR LI SE M w0 /D BB B BRI L S Ak
B, 4B > (10 000 r-min~ ', 10 min), 43 BUHHIE,
1% FH0.05 mol- L' (pH 7.4) BEER £ 28 mh s bR
B B B 30 % B I 3K B AP R (& 0.2% LB R
W) OMERKITERESY, BEA3 CKE, TA
[l B fE] BB 0.5 mL, i 5% Vit C ¥7 48 BE 2% vF ¥ (pH
3) 0.1 mL,6 mol*L™' HCl 0.25 mL % B B 2 mL, JEIR

B4 2 min, BF 10 min, &0 (15000 r-min~', 10
min) , B F & 1 mL, ] HPLC A V)4 ik % B H Wk
A O, B4 BB LC-10AVP; Bi kb 3 4% .
YWG-CN #% (10 ym, 50 mm x 4.6 mm ID) 5] 3 & A
%) ; 4% H7 ¥ : Shimpack CLC-ODS(5 pm, 150 mm x 4.6
mm ID) ; R P HE:ODS C i FUAL BB Wi Bl 4R : A 1E
KT HREIAE  HEE-0.2 mol L' Z MR (K
BRIV pH 2.0)(48:52) s i : 1 mL-min™' s R W I £
599 nm; IR 30 C ;YR ES(E] 3 min,

U o] [ 5]

?:CH2 2(‘J=CH2 «%CHZ—? J [ Hf? J

¢=0 3?=o c=0 J ¢=0ly

NH o+ NH NH NH

éHz ‘(::Hz AIBN, 50 C ('3H2 %Hz

CH—OH 5C=0 CH—OH =0

CHa NH 156 CH, NH
°?H—”CH2©I7 ?H—CH;@
"'C,2=O 1918 (13=O
NH n NH
”(:ZH—NCHZ uCH( (:DH—CHZ-CH:Z Hs
°C=0 BCHy oM O NHEEH,CH-NHCH,ZCH,-OH ¢=0 3

2 133 8

HPMA  MA-GFLG-DHAQ

Figare 1

HPMA B & 4¥1-DHAQ # &4 B DHAQ T /I
BENSHREGERR BREHMIR, 8REG
METHEMLEKEKESER 0.2 nL(AXE4K
2x10°4Y), BMENJdI, MEEKRER. ML
N4, BHS A, HP 7 HE 151 mg-kg ' (EA
YAE)BBIKERESYKER, &MY T 2
mg-kg™ (DHAQMAH ) fEN LKA ; H b7 Hik 2
mg-kg™ ' (DHAQ/HRE ) B & Bk i §7 DHAQ /KM, 1E N
XA, SRAMXBATHA)G 2,6,12,18,24,
48 F1 96 h 43 B HR HE B ifn , B i J5 57 B 4k BE — 4 3
Yy, 7 A A B L BT BB L D B S A 2 B8
B BBESHNKE, M2 MHBEAK 0.3 15 5%
Vit CHAEBRB W (pH 3) 5%, 2 M B AF RAE L
BHNEL (10000 remin ', 10 min), ] B, §2
FMA LR Vit CHEBRZ MR 0.1 mL, B
(ERBESHK) 0.5 mL, K FHIMAE & W 3 & B K5
BAER I FR, 85 CERKME 1S min, HABRAER £
HPLC #41# 5. & DHAQ MM s I 28 ) 3 1
kb,

NH
s
C=0

]
NH2EH,Z0H,~NH-ACH,26H,-OH - DHAG
DHAQ

P-DHAQ

Synthesis of HPMA polymer-DHAQ conjugates ( p-DHAQ)

g5
1 HPMA HI&R

PEMIUL E 72.14% , mp 65 ~ 67 C, MS m/z:
C,H,,NO, 142.7(M" ),
2 MA-GFLG-DHAQ M & B

P WCE 30.54% , mp 107 ~ 109 C; MS m/z:
C,sHyy N, 0, 887.5(M” ); IR(KBr) em™':3 294 ( OH,
-CONH-),2 925(-CH-), 1 645 (flt % 1), 1 560 ( fb &
),1666,1 518 (A ¥ ); 'HNMR ( DMSO-dq ) 8: 0.84
(3H,d, J=6.0 Hz,22-CH,),0.88(3H,d, J =6.8 Hz,
23-CH,),1.84(3H,s,1-CH,),2.68(4H,t, J = 5.6Hz,
35-CH,,39-CH,),2.89(4H,1, J = 5.8 Hz,36-CH,, 40-
CH,),5.35,5.69(#% 1H,s,12-CH, ),7.13 ~ 7.23(5H,
m,15-CH ~ 19-CH) (& 1),
3 HPMA E5¥#-DHAQ #EWRE R

P 61.711% . BN R R, KL E IR
K WRTE 608 F1 659 nm H FHAE T # % , HPMA 7 7]
WX KWW, MA-GFLG-DHAQ 5# 8 W E K
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R R A — B AL B E 613 1669 nm, H =
EWEIDLE AL, HPLC U E F W, DHAQ 1
tx 7 10.04 min, MA-GFLG-DHAQ ) ¢, & 17.47 min,
AR IK 8 0 K £ BURR H2 & W 76 IR 5] P9 0 BA S8 9 B AR
W B, T 7K f# S5 MIAE 10.07 min 3 BRYF 85 DHAQ H
PRI B R — B UL B A Y TE . FPLC I
BEASYERKRE NI 000 g ml ' (M), 5 FE4
k1.4,

4 HPLC ZME#REY S DHAQ & &

FEAE S AL YR T Bl B AR HE BN 4R, 7E 0.29 ~ 2.93
mg*L™' ,DHAQ &% (H) 5 HIKRE (C) Z MR X &
RIF ARMERIEE 5N H =361 908C +243.32, r =
0.9997, & . . MK 3 NRE B BEE S H K
97.50% ,98.86% 1 99.20% , RSD 43 % % 0.96% ,
0.53% 1 0.55% . # & ¥ & DHAQ & & 132.4
mgrg HEAY, S DHAQ S H 3.5 mg- g ' S
Y, RKRFEEREEN 2.62%.

5 HPMA E4&%¥-DHAQ BEEWH B REMEMR

HE 2 a8, 8537 CAF pH B R 2
MRPHE 120 0 IRBE,AYBRESE T
5%. FBT R, BEYEMEKPREE,37 CRE 48
h 2599 B 7.81 % ; T 76 i &g o ) 38 00 0 BR 2 g,

48 h Bk 18.63% (B 3),
110

—
(=3
w

—
(=
(=]

Conjugated DHAQ/ %
&
a

90

0 12 24 36 48 60 72 84 96 108 120
t/h

O—O pH 2.34; ®—® p 4.07; 4—4 pH 5.88; x — x pH 7.21;

A—a P 8.37

Figure 2 Time course of water hydrolysis of HPMA

polymer-DHAQ conjugates at different pH

6 HPMA ¥ & #-DHAQ # & ¥ % DHAQ T fE /M
B4 P9 53 76 B2 Bob B o 1) ME R R

2 bR A YA ol AL 3B 5 k0 o 4 24 1 3% K
HAMPR LR . M3 R O BERE 5 b DHAQ
FEFE 0.293 ~ 5.274 mg-L~', R HE & DHAQ ¥k &
1.758 ~8.790 mg- L™, fili ¥ & #* DHAQ ¥ /¥ 0.293 ~
8.790 mg-L™",'% 0.293 ~ 11.720 mg-L™', ff 0.586 ~
23.4400mg L7 IKESBEERILA RIFRE&MER

Fo L JFF R VE N E & BERS F DHAQ & 9.
I8 3 b o B2 F 2 [ e R K RSD 43 528 105.71%,
3.26%; 100.53%, 2.19%; 103.49%, 3.62%;
102.81%, 1.93%; 102.06% , 4.90%; 102.99%,
2.45%3101.98% ,0.44% . H N K B [6%5 % & /)0
F 10%.

DA [ B 18] 4% 48 & & DHAQ HIWEE (pg- g™ ') iF
WA R & o] DHAQ J& 25 Fl % 5 W 72 /N RR N B 43
M, RE 4 FIE 5,

2571

— —_ N
h [—4 9] =
T T T T

Released DHAQ/ %

>

36 18

0 12

24
t/'h
¢— p.DHAQ; ®—W DHAQ
Figure 3 Time course of plasma and tumor hydrolysis

of HPMA copolymer-DHAQ conjugates
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Sr=NW RN ®
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 —

36 48 60 72 84 96
t/'h

[

O—C Heart; U9 Liver; 4——4 Plasma; 8—18 Spleen;
* — % Tumor; ®® Lung; 22 Kidney
Figure 4 Concentration of free DHAQ in plasma

and tissues

0 12 24 36

48 60 72
t/'h

84 96

A2 Heart; W—® Liver; U0 Plasma; ¢~ Spleen;
%* — % Tumor; ®—® Lung; +— + Kidney
Figure 5  Concentration of P-DHAQ in plasma

and tissues
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Table 1 Major pharmacokinetic parameters for
free DHAQ and HPMA copolymer-DHAQ ( P-
DHAQ) conjugates in mice

Tissue AUC/pgh-g™! v CL/pgh™'
DHAQ 38.89 85.06 29.97
P-DHAQ 113.17 158.67 7.08

" T, is the elimination half life and AUC is calculated by

statistic moment program

MFE 1 KB 4,5 A LLE S, HPMA B5 8-k 18
TR £ A e 2 U B 2 WD e TR /N B P 1 4 A A
BT . R (1) M7 R R RE A, 7 BRU#% BK
SR HE R JR 24 K U I o I B K HE OB 2 h UK
JEH 0.55 pgrg™' .24 h MKW TS 9 Rk
E2hH0.53ugg ', 24h N0 13 pg g \HE%%h
37 0.08 pg-g™'. DBAEWFRIKSG G 24 b 1E
e geg v 43 A ik B K AH, M RE R E S 250 1R 3.8 15,96
h{3% 0.84 pgg™' s M HFE 2P 1UH 0.24 pg-g™'s
BAY AUC iy 315, RUWIBAWHEE —
EMMEaEmE. GQ)KEERN FEEHATH
BEIO S 0 AR, BB TR O 85 A B R
L2 h BEN 0.4 pgg ' WEHY N 2.21
pgrg 396 h A YOI C AR, T 2
YA 0.92 pg-g ' BEIR T EZ B ERBIMER.

Wit 54it

EHLY S5 HPMA B EYNER , 5 EN
SAEIR LR . KILEM S FEBRPEA 6 M5
IO P9 37 T B AL, R FR 2 08 M AN 2SR B o 2 B
P () B 2 A S 7 L A S T B AR o 7= 4, 3 T
BYERNAT N BRRA SR RERE Y
B RML, RAB R M E SIS, R DHAQ
YRR N, BT EHERSVIER N . KK
WA R B 25 ok & ([ONp ] : [NH] A 1:10
[mol/mol 1) & K" , UV, mp, IR, MS,  HNMR | 5 45 5
KA, DHAQ B £ 7% 3 T 181 [% &£, H 7T 88 L)L 82 00 6 19
R 3 55 () [ R B B R S8 . UV, HPLC X FPLC 1y
BB Y T A

Bk 4A 25 )5, HPMA R & ¥1-DHAQ & W & 1
ARG R FRRE s , B 303k 8 4 4 o A S 40 B 22 AT
TG T HAAKRANB S AR EER, AR
REWR BEEY T AR pH & ol K i 3 5 et
BAF £ I 4 TR B B30, R B S B iR
Hi. BXEAGYEIM R EEBR, ¥ UAREN

B (Cathepcin B) AR A ffF 5300 B/ 57 3% R B i
NI, EEEG ARG TR R EN, kR
5 DR 28 AN 5T 3R 3 R P o A B VE R B AR
MEEEENRAEFE EEYERAREREH
HWEPRREEEFRAR,

Koy FHA Y HA b ah 358 o B DB
Mo AR CKICERES Y AEMIE S 24 h 704
RE B e A (B 4,5), W B R AUC 47 51k 1.83
pgrg  ANI13.17, B8 & TUHE S 299 (0.48 pg-g™ ',
38.89), X 5L HPMA B4 4 A BIKK F % T
WMEAL, HRNAET, - EwEmy R, 268 %
BB 5y, 5 M I B AP i i B 3k S 1A 0 el
JB TR AR B LB IR R A B, 2
) i TR B P T 1A BF v 25 4 B A B B 3A o
2yt WA, BOR o 0 I B TR S
my MR RS T RMEEN . B THEAY
RIEEHPH S F RN FRPE K, RS
YA LR AL TR . R B T A SRR R
i AN R (B B % B R MR
T HPMA REY-2) W& W 7e S @ P i iR,
A S 2 L — IR B EPR U TR AE o

S BT A2 24 h A S AR 0% 1
BOMAA TR, X5 CMEMEREEGYH
gAML A UT B AR (1) X T
KICHBRIEZY , 9H HAZE 10% 2595 #i T AF
A o BT A A8 S 2 R S5% , tE— R L
Bl OKFEERR 24 5 HAE — i, X3
THEAEVEREPTR&SH M. (2)FEFA /A
T S 1 B BE AR A F VR R R R B B S R
S R Al S 0 A A Ak, £ A PR A LA B
HMENTEER, 2R EHWTL,
#RTRE S BULAE AP AR R A DTAL, X th B AR SE I #Of
K FE TR A A3 1 M B B T IR B HE A
HTMSFEEE ML ERER, BT &S
P BE AT ik 4.87 pgrg ' EHEMEFE/DN, #8F
HREASYHE & A 2R M E 7 % (total administration
dose, TAD)IRE/N(1.5% )

AR B P2 B K 4G BUBR 3 #5 T HPMA
REeW BWEHNWNE, A MWEALHE —ERfm
P RO RE W R B W
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