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PEGylated polyamidoamine dendrimer/methotrexate complex:
pharmacokinetics and anti-tumor
activity in normal and tumor-bearing rodents

KONG Shu-yi, TANG Guo-tao, PEI Yuan-ying, JIANG Yan-yan"
(School of Pharmacy, Fudan University, Shanghai 200032, China)

Abstract: Generation 4 polyamidoamine (PAMAM) dendrimer was PEGylated with polyethylene glycol (PEG)
at an average molecular weight 5 000 via amide bond. PAMAM and PEGylated PAMAM (PAMAM-PEG)
dendrimer were used as drug nanocarriers. Methotrexate (MTX), an antineoplastic agent, was selected as a
model drug. PAMAM/MTX and PAMAM-PEG/MTX complexes were prepared. The pharmacokinetic
characters and anti-tumor activity of the PAMAM-PEG/MTX complex were studied as compared with MTX
injection and PAMAM/MTX complex by intravenous injection in rats and S180 tumor bearing mice, separately.
The plasma samples from normal rats were analyzed by HPLC method, and concentration-time data were
analyzed using a non-compartmental analysis. Their anti-tumor effects in vivo were evaluated against S180
solid tumors in mice by measuring average tumor weight and calculating the inhibitory rate of tumor on day 17
after successive injections. The results showed that both plasma half-life and mean retention time (MRT) of the
complexes were longer than that of MTX injection (P<0.01), while the area under the plasma concentration vs
time curve (AUC) of PAMAM-PEG/MTX was the largest as compared with that of free drug and PAMAM/MTX
complex (P<0.01). The inhibitory rate of tumor of PAMAM-PEG/MTX complex enhanced 2.1 and 1.8 times over
that of free drug and PAMAM/MTX complex, respectively, indicating that PAMAM-PEG/MTX exhibited the
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highest antitumor activity.

In summary, PEGylated PAMAM could be useful as a potential drug delivery carrier.

Key words: polyamidoamine dendrimer; methotrexate; pharmacokinetics; in vivo anti-tumor effect

ZE Wk iz - % (polyamidoamine, PAMAM)H i IR 5
G — N LA R Rk gK oy TG,
SLERSPIRO R I NIPESRAA L5 1, PAMAM 45 1 n] BA
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Figure 1 Synthesis of PEG-attached PAMAM dendrimers
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(-CH,), HRHE "H NMR Pl oy 25 10 e T AR EL o 4 4
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Figure 2
dendrimer

Chemical structure of outer-part of PAMAM
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PAMAM-PEG & & MTX s AN IE K, MERL
I —E R, R Bk, TR A1 MTX &
FEARARZE B PAMAM. PAMAM-PEG 5 MTX 2
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TEAH SO ) (OB 54T, MTX fEfL K b4
SR, PRI 7.4 min, EARETHE (E 4).
PL MTX (IUETHIAR (4) $F LRI (C, pgmL™") 3F
ATERMEIRNA, #3 A5k B2 7 F2E: 4=21361C+341.52 (r =
0.999 9, n=5), LM 0.05~5 pgmL ™.
4 FEEEFMEEER

s e 3ANREER H P & H TR RSD 2/h T
5%, JIEHILTE RIF o 3 AL 12 [ 2 4y
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Figure 3 Methotrexate (MTX) incorporation data for PAMAM (A) and PAMAM-PEG (B)
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Figure 4 Chromatography of MTX in rat plasma by HPLC. A: Blank plasma; B: Blank plasma spiked with MTX; C: Plasma
sample after administration of MTX injection; Peak 1: MTX (retention time at 7. 4 min)
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Figure 5 Concentration-time curve of MTX injection,
PAMAM/MTX and PAMAM-PEG/MTX complex in rat
plasma after iv administraion (n =5, x £s)

Table 1 The main pharmacokinetic parameters of
methotrexate in rat after iv MTX, PAMAM/MTX and
PAMAM-PEG/MTX complex (n =15, x=*s)

Sample fi/h /:?;:;*LZ MRT/h
MTX 100£0.10  532+033  0.66+0.05
PAMAM/MTX 186£0.10 6994095  1.69+0.11
PAMAM-PEG/MTX  2.06+0.07  12.98+2.38  235+0.08

6 BEAMYN S180 i /s B AR /E A

KA S180 fur g /N UM BN Wy, R bk S 4
25 MTX 15 %]. PAMAM/MTX 1 PAMAM-PEG/
MTX ZEY, CVESERACH PIPEX R, T8 5 58
T~17 R AR AR, AR 2 DL 6. HE 6
AW, THER 13 d J5, PAMAM/MTX #1 PAMAM-PEG/
MTX &4 Y e A K I E R B3 KT 5 g, 3L
1 PAMAM-PEG/MTX & -4 1) g $ i 4 B S 4 =%
KT PAMAM/MTX 5% .

3.0
—o— Saline
o —a— MTX
- —&— PAMAM/ MTX
—e— PAMAM-PEG/ MTX

Tumor size/ cm®

7 9 1 13 15 17

Days after tumor cell inoculation

Figure 6 Tumor growth curve after administrating MTX
injection, PAMAM/MTX and PAMAM-PEG/MTX in S180
tumor bearing mice. "~ P<0.01 vs MTX; P<0.05 vs PAMAM/

MTX

Fi R /N B4 T MTX. PAMAM/MTX fil PAMAM-
PEG/MTX Ja 25 17 REUH HIFI T30 h (1.83 +
0.18).(1.36 £0.16) 2 (1.16+0.17) g, R4kl Z)
N 25.06%. 44.33%F1 52.63% (£ 2), PiFhE S
BB PE S MTX A s W2 4w, HLLL
2t PEG (BI85 1Y) PAMAM A 34K 614 I E &4
OEAN I E S =3 8

Table 2 The inhibitory rate of tumor (IRT) after the
systemic application of MTX, PAMAM/MTX and PAMAM-
PEG/MTX complex

Sample Body weighte Tumor = e 04
Beginning End weight/g

Saline 19.92+0.58 28.0342.19 2.44+0.62 -

MTX 19.68+1.37 20.49+3.57 1.83£0.18  25.06

PAMAM/MTX 1827+1.13 16.55+1.31 1.36+0.16™ 4433

PAMAM-PEG/MTX 18.65+0.88 22.78+1.76 1.16£0.17"" 52.63
P <0.01 vs MTX; *P < 0.05 vs PAMAM/MTX

it

A% T PAMAM/MTX #il PAMAM-PEG/
MTX PRt E 54, (E4 8 PAMAM-PEG Rfid, &
X PAMAM 5 PEG B 4A S N BE/REE R 10 64 (FH4
F -NH, : PEG = 1 : 1 mol/mol), {H7ESZ b i M id 74
o, K45 45% PEG 5 PAMAM EHi ] -NH, & 4 [ %,
LB I 1 S R AT s 5 PEG 1) 7 1) 7 BELAT S0,
B —#3 56483 PAMAM [ PEG H T8 K,

“Btilc” T PAMAM ZRIHA MV )2k, M BHLAS
T PAMAM #it—2 PEG L.

KWL A B PEG 16 PAMAM Xf MTX %24
fe VW= TR PEG 1bi) PAMAM, Btgh 5 ik
R —, PR IS SR A AE S PAMAM A
PEG ft. PAMAM & & 2/ HLEIA R 56 . PAMAM
HAMTXHLEIN: fErp A irh, #paRIn -NH,
SEA TSR W IE AT -NHT, GBS MTX 1)
PN -COO ™ RAF A, M E A . Kojima 25
A KA PEG &1 PAMAM J5 5 800 AR R S 7010
PR SR e T RSB 2 e ), 5.
PAMAM il PEG #EDX IR T HER Y MTX
(fK¥PE. B Pan Z1NA % PAMAM-PEG 5 MTX
KR E AW HLE T PAMAM ) 1 N 3 B %
BRREE MTX 2 TUABES. AXIAA
PAMAM-PEG 5 MTX 43 [] n] §& [F] i) A7 75 5 e A
MR K EYE PEG #EXT ) Ve, BRI
HEEWI YA FH, PAMAM % [ K 8% PEG 4
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(AP 2 5 B P30 R B0 5 6 T T 10 TB R B B T,
53 A B B -1 MITX i 3 0 e AH A R s
“W; [FIR, PAMAM R HPE > T HE 5 000 KA
PEG &40 Ji vl 3t — 20 B4 I 259 (P 7K B 1k o 2R PR mT
e N % 55 PEG X, PAMAM HI#2hRE 1 & K TR
PEG 1L ] PAMAM.

AT B 813 B 1 PAMAM £ 29 4 PEG 43 11&
MiJE, AR FEAC PAMAM 135 i 25 2F 05 36 1l
PR B BT DL A A R G R A
R MNE, K ILAER N IRIE IR ). [R5 i 2l
A PAMAM/MTX # kb, PAMAM-PEG/MTX & & ¥
NN R E K, AUC BER k., RN, XM
YISy T R BT 16 )71 PAMAM-PEG/MTX K
TAREEY, RN EARTHE S MR 42 EPR
V. (enhanced permeability and retention effect, EPR),
250 5 46 T IR s, Rz A Wxt S180 fur i
/I BRI b e AR e e, e I ELA o I R )
.

ek, K 2 AT, SARERKAIMLL, #4502
AR A N W N 3 R 1 P L D G s Rl R 2O
PAMAM/MTX AR & #F T, X2 T
PAMAM [ 8 PE LR H oy 1 AN 1.4 JT 54598
FS P S5 400 Pl 98 L 1) 3 SR AN 2 1 S R FH 32 1
1M PAMAM-PEG/MTX 25338, sh ik e+ s
ZAH I AR T AR KA, ARSCAA = AR RIS
(IR fEJE IR — 71 PAMAM- PEG/MTX /& — Mk 3
LS 2 R GE, SR AR m, SEZ
WIEIE AL A — A, RIH —2 &k 5
— 7 T LA HL 4545 1) PAMAM-PEG/MTX & 5 )38 it
EPR M HE N A28 )5, AT e D IR 5E 25 7 9 5 1)
AR 5 U 2 2 W AE A JE N T 98 A0 T e A 28 A R
B SKR, SN T2 B NG RS, 4y
i TG WA . PR ILEA R — BT
Wit

zx BRTiA, R PEG th PAMAM 5254 IF 1t
A YAFAE — B 2, (EAHEFT I 25 AR Th g
161t PAMAM B EOIRER S W0 R B B A KB ) 45 24
F2 G0 (WA L AT AR (0 DBk, A A BE A T
FIARWHIR N, PEG £ PAMAM # KR 5B & W47 945 24
FEEA AT B T T2 N o
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