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In vitro release study, in vivo evaluation of biodistribution and
antitumor activity of HPMA copolymer-5-fluorouracil conjugates
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Chengdu 610041, China)

Abstract; The in vitro release behavior, in vivo biodistribution and antitumor activity of N-(2-
hydroxypropyl) methacrylamide (HPMA) copolymer-5-fluorouracil conjugates ( P-FU) were studied. The
in vitro release behavior was evaluated by determining the amount of S-fluorouracil (5-FU) released from
P-FU in mice plasma at 37 “C. The in vivo biodistribution and therapeutic evaluation were investigated with
Kunming mice bearing hepatoma 22 (H22). The in wvitro half-life (¢,,,) of P-FU in mice plasma was
32.4 h. It appeared that the circulation life time of the conjugates were 166 times longer than that of
5-FU. The AUC and #,,, of P-FU in tumor were 3.3 times and 2.3 times more than those of 5-FU,
respectively. Therapeutic evaluation also demonstrated that the treatment with P-FU displayed stronger
inhibition of the tumor growth when compared with that of 5-FU (P <0.05). HPMA copolymer is a
potential carrier for 5-FU for effective treatment of cancer.
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SEHIZE) s HPMA RAY)-5-FURMEVE#S 4 (P-FU)
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H Ry Al , HoAham 35 Ry A 4t
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PrE R,

P-FU fE/pRIE P HIBEMEN T EHR R KR
B Fp /I BRUER FEBR M AL BE , 41 2 PR LB N
5000 r - min~ "B, 10 min f5, B EIEW, FH0.05
mol - L™ fYBEMRELZE vh i (pH 7. 4) TR 30% 1Y
Mm%, MAEE P-FU, FHEE%NS5 0mg - mL™',
FAASEET (37 £0.5) CERBRGET, TA
[ B ) BURE 100 L, AN A FF R 400 pL, JRIEHR
5 min j5, 14 000 r - min "' &> 10 min, B ER
20 pL HEFE, W5E 5-FU RBME . A& HF: Allech
2426-201; f&3%%E. Alltech C,-ODS 4% (250 mm x
4.6 mm, 5 pm); W3HHE: REFK; HiE: 30 C;
MR : 266 nm; JFHE: 1 mL - min_lo

P-FU B 5-FUKEE/NRENSHTHR B
WEME B BIF /NS, B R RE T R H22 JEKE R
¥ 0.2 mL( A& x10° ), #MEd9,
BAERKRER, BRIV 8 19 4, 845
Ho HopsLmdh 10 4, BEIKES LUK E 431
K P-FU KW ; 759 HIE R IRA,
TS 5-FU A BER KW . SCIRA IR 5-FU 258
H24 mg - kg™, HEHEAN0.02 mL - 7', LK
AT RASHTHZ)0.5.1,2,4,8,12,24,
36, 48,72 h #10.08, 0.25, 0.5, 1, 2, 4. 8. 12,
18 h HRHE B i /5 R AL FE/N B, B O FF. .
il B, K 5 RN AE FIES B A AR
SARE. FUBEIFBERER, MA2BZE
KEHK, 2mBHFRXALBHE.OFF 5000
r - min " B0 10 min J5, B_EHER, BULE (A
A51%) 0.5 mL KGN AE R 5-BU KBHAEAN
¥R, FAEEINA 3 mol - LTS & 4L8 40 pL FER
7K A% 15 min (33 BREH A TRE B TR EAT KR ) , B%
BREE % (pH 3.0) 40 pL % 6 mol - L™' #
20 pL ¥ Hed pH HR 2SR (L pH S) , TRTEER
SEMABEMAFERS | mL iR 5ERES) 5 min, 14 000
r - min”~ B0 5 min; B EEW, HIMAZRZE
6 mL, JRHEZEHEL 8 min, 3 000 r - min'1%:L\5 min,
WEZ R ERZ, 60 CESMIET, 7Rkl 250 pL
HehHEE e 5 ME, 14000 ¢ - min_lgtl} 10 min J5HL
W 20 pL BT, BIEAMHEL,
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HERE /DS E, o PR SRR BT
4% PR EEEE R P EE 48 h 5, R E 2B
K, BEZRERERL, G, BB resg
BEE TR L, VISR 350 C Rk R,
By A b, BT 45 CEBMA P T, B HE
Yefn  JHE T SR HAIR

Gt ES T AER A SPSS 10. 0 AT 4
TR, UL & 5 s 4R 2 R AP RE AR B4
HBH ¢ R,

&R
1 P-FU k5P BEfEsh 1M 5

P-FU ZE L% i 12 h ABHERT 25% ,
REWTE 60 h WEABRHES,

WG P-FU BB AL, IR 25 Bt 72
B 12 RHIE , B I BRI A — R 2y
BEA (AP B3R S B ) | Peppas J7 #2. Niebergull 5
72 .Hixson-Crowell 572 & Higuchi 5%} P-FU ZE IfiL
K p R IR , KRR AR
2 J5 1 (residual sum of squares,R,) .AIC {HE/),
A ¥ (fitting degree,r) Bk, iy P-FU ZE L 3% o ¢
AR RENAEE, HiXEENEAFEITTE
53] P-FU 7E ML i35k 32.4 h,
2 P-FURS-FUMBEENMNRENIHBRGRHA
SR

i b3 A W b AL B 1k 43 ) 28 N 24 i 25 B
HAMPERZR (B T ETERER KR, BE
TEEPAATEE R L) . AR 5-FU
W B 0.0501 ~5.010 mg - L' % 5.010 ~ 300.6

mg - L™, bRl B 5 o 5-FU ¥ BF 0. 1002 ~ 5. 010
mg - L™' % 1.002 ~50.10 mg - L™, ., R, BB Jii
FERE S 5-FU ¥ B 0. 0501 ~5.010 mg - L™' &
1.002 ~50. 10 mg - L™", ¥ ¥ 55 s 1] AR LU B 2R 56
AR, O B B B, B ISR B R B
5-FU &, . {63 #HykE(0.250 5, 2.505, 25.05
mg - L) {934 ik R & RSD 43 5 K 98.06%
2.92% 396.60% ,2.45% 396.05% , 1.37% 399. 13% ,
3.49% ;99.67% ,1.76% ;9. 77% , 4. 69% 3 99. 58% ,
3.62% ., HAKHEEEEL/NT 10%,

PUA [ s} [R] I 3K F 5 4H R i 5-FU B & & o
B 25758 (total administration dose, TAD) BH %%
M 5-FU J P-FU ZEf7 8 /N BRI 940 7 , 45 3R
F1ME2,

Table 1  Percentage of total administration dose
(TAD) of free 5-FU in plasma and tissues

TAD/%
Heart Liver Spleen Lung Kidney Tumor Plasma
0.08h 0.051 0.099 0.022 0.100 0.011 0.150 4.940
0.25h 0.026 0.082 0.006 0.029 0.057 0.179 2.110
0.5h 0.004 0.066 0.005 0.005 0.022 0.096 0.710
1h 0.002 0.061 0.003 0.005 0.022 0.039 0.063
2h 0.001 0.034 0.003 0.002 0.019 0.055 0.019

4h 0 0.065 0.002 0.001 0.010 0.035 0.018

8h 0 0.054 0.002 0 0.009 0.044 0

12 h 0 0.030 0.001 0O 0.004 0.046 0

18 h 0 0.015 0.001 O 0 0.008 0
Table 2 Percentage of TAD of P-FU in plasma and
tissues

TAD/%
Heart Liver Spleen Lung Kidney Tumor Plasma
0.5h 0.112 2.35 0.130 0.284 0.522 0.336 88.03
1h 0.056 1.12 0.129 0.244 0.401 0.641 83.81

2h 0.041 0.561 0.016 0.107 0.264 0.240 38.30
4h 0.042 0.738 0.021 0.086 0.142 0.115 22.16
8h 0.020 0.044 0.015 0.050 0.105 0.075 14.11
12 h 0.014 0.261 0.010 0.027 0.061 0.089 9.49
24 h 0.005 0.168 0.005 0.008 0.024 0.026 1.56

36 h 0.002 0.114 0.002 0 0.008 0.018 0.55
48 h 0 0.064 0 0 0 0.015 0.35
72 h 0 0.033 0 0 0 0.008 0.22

LA DAS 2.0 28 3l 0 A7 #k 4 X/ BRI 3 K%
B HRWARBIRATI, R 3 NESYRIRE
FE iR AL B E R BE SR

m#E 1 ~3 WH,P-FU 5 5-FU 7Ef08 /DR
Mo RARBMER . 5-FU A2 5 W REARH
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Table 3 Major pharmacokinetic parameters of P-FU
and free 5-FU in plasma and tumors (n=5)

Table 4 The antitumor activities of P-FU and 5-FU in
H,,-bearing mice

Plasma Tumor
P-FU 5-FU P-FU 5-FU

AUC, ./mg-L-' -h 1302161 5103 59.881 18.296
tia’h 26.657 0.160 1729  7.438
CL/L-h™" - kg™! 0.018 3.420 0. 615 1. 488

HOMEHHMN,5 min i 254 210 25 P 3 1§ B 15
{0, M %% Y TAD {¥ 4.94% ,2 h R CE K 5
AWK I T 25 P A% iin 315 B e ), i 3% b
0.5 h B89 TAD % 88.03% ,72 h 8547 0. 22% , 3¢
38 R R 254 166 5. 5-FU e iR
K44 R 0.179% (15 min) , 7€ 18 h EATELH
Pk (0.008% ) ;1 P-FU 7EMP i P04 F 1 h A3
BAAN(0.641% ) ,36 h i {754 0.018% ,72 h [ &
0.008% , 3L AUC WR#G6 3. 3 15,0, WA 2.3
£, BLEASE A PfiEE i 5-FU 76 BRl o i 23 15 H- 2
KA mm, R85 REH L, TA WL BT,
1B R e 2 A A B i, B ) 1 e
[E](1~2 h) 57 &AGE T, F 48 h [RIFFAESAEE
FoEA iR TAD #£ 72 h P E 0. 033% ,
3 P-FU K 5-FU 93078 /6 Aot 5 B M b 4 9 28
20y

f#% 4 W5, P-FU 4 f 5-FU & 38 7 51 %
69.09% J% 56.49% ( P <0.05) , [A &+, P-FU £ /i
HRERMEKREREBEEMET S-FUMH(P <
0.05)(HE 1),

[ 2 g P-FU 4, 5-FU 4 Boxd I 4 o v /> BRLAY
MG ST SR, G5RKW 3 4/ B
HOBEAFBREMRELARAL, FRROTF:
P-FU#H >5-FU > > M B, ZHER S P-FU Ml
5-FU (i iR 45 % — 3, it — 2Bk 3 P-FU L 5-
FU JLA SR M (.

Group Tumor weight/g Tumor growth inhibition mte/ %
5-FU 0.44210.082° " 56.49
P-FU 0.31440.044% %2 69. 09

Control 1.016 £0. 155 -
fxs,n=5 ""P<0.0l vs control group; “P <0.05 vs 5-FU

- —&— Control group
[ —&— 5-FU group at 18 maeka”
| —=— P-FU groupat 18 mgkg”

Sk N BT R i
Days after treatment
Figure 1  Growth inhibition of hepatoma 22 in mice
by & administration of P-FU and 5-FU. *P <0.05 vs
control group; “P <0.05 s 5-FU group, n =5

g

P-FU 7€ {51 B¢ it 3 f) 2 O TR S0 45 R 1A Wt
3% b RAT —EBEME, (.15 32.4 h, 8] HPMA
BAYASBAZTRRSE—EBE FEKSFUE
PR B FRa 8] , DT o 18 I A R 0 23 1 L SR
SRR T TTRBHE: .

M 1 OA, RA AP S min 50 H M
KEFHSAMN TAD RREFEEM, LN 5% . A
BRI : O S-HFREES KA ZE, e &
HOBETGE S, R E R MBY L, BF. B8, B, H.
il R 44, e L RE Y B R FOAULI 6 4 4l
HREMG" ; @ B#MKE"'S-FU SR 85%
bl S I A AR B Y R T

Figure 2
(C). (x40)

Histopathology of tumors from H,,-bearing mice; P-FU group (A), 5-FU group (B) and control group
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PR BETI G HE RS o X Fp g BT,
HK N B ARSI,

B3 1,2 FJA0, P-FU 7E I 3% ) 35 R 3 28m /)
FIRZ] FEIFES Rl R K . A Y0 3 2 3510
4 26.657 h, 2R JEZ5(0.16 h) [ 166 4%, THEJE
H: © AYEETRITRAY, 4 F /NG
T2 /NBR U8 o RS @ 40 M SR BUbL I A B
5, HIRZ M B Y BUE A RAYMIRER, 5 F
AR LATE S, F 8 TS HL PR
@ 5-FU LIEAYMIE L, B8 T HAEFSH
AU I M R

R FEESYAG RSN MRS TTRER
RIREE. R LRSS RF%EW, P-FU £
BT 1 hikEim{E, AUC [EATERRE 5
% 59.881 mg - h - L™'f117. 239 h, 5JEZ5(18.296
mg-h-L"", 7.438 h) A1, WA B3N T 257 i
JEW 434 FIHE B AT R], X5 HPMA REWA AR
G XSS RBHLL, THES EPR A
Ko HYFEHR R VURBORT M IBIEIF 254 %
ABMMBEAREE, MWEHEANEEE, 5
SPILINEEE IR A E &N, FRKEN
W5 F W 5 PSS HP ¥ H B i ke RIS, i e
JERRA R EER R IEFHAE, M TEST
YIREKHE . 5/ FAYMEIL, BATHRARS
HESR AR SR B AT SR AR R H Ak Bl i e B B M T
BER, MLERGREAVAEIFZEMNEARE
BB AI R B R 2. AREERERW,
BAYHNMBERRNBRTIRAH, IELT
HPMA RAEYH A RAEFED T EME G AR
HIEZ, BRRAGYITAR BN, AW, P-FU 7
s AT 1 h kIR IR PS8 T RE, Him¥K
MERBENIMBEL h FHBERETRE(E?2),
XA REfEH T 5-FU 58] B8 2 2 8] B4 ER 68 7 1A Py I
BIEFPABRE, FERAYNREWERE LR
B, TS Y 24 4 A ok gk o0 i A T HE AR S, B
I, MFHE SR MARERE S IR E

MAF, B THA YA ML T B K, I
TR KRRE RER T W, BT 7E A A
HEFRH SRR SR B EA A FREE R
I, B7E 72 h ILEHEFR.

YU A PR I ZRCERR ST B R s

Py AR B 4 g S Ay A0 3k S AR (KR ) B AL
St SE AR, B DL A 3h ) S X AR AT
BAg R, WA, 0 R I B R RN ik B A
FORARALY . AHF ST L S 3 W iR ik AR A
AAFEXPEE AR AR, L T P-FU f1 5-FU X H22
SERTBREIRITRCR , I3 &4/ BB HE T 4R
HEERA

L LR, ¥ 5-FU 8% HPMA B &Y 8k
Ja , REMEHA BB AR R P Y B 30 B B], 3 m
FLTE R B9 o3 A5 R0 i B8 B ), DA T 8 R IR 9T 3K
2,
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