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The intestinal absorption of hydrophilic drugs and macromolecular drugs is generally limited by their poor mem-
brane permeability characteristics in the intestine. Therefore, absorption enhancers were usually adopted for improving
the intestinal absorption of these poorly absorbable drugs. However, conventional absorption enhancers were generally
more effective in the large intestine rather than the small intestine and absorption enhancers with high effectiveness in the
small intestine is highly desirable. Based on the background, we focused on polyamidoamine (PAMAM) dendrimers as
novel absorption enhancers and effects of PAMAM dendrimers on the intestinal absorption of poorly absorbable drugs
were examined by an in situ closed loop method in rats. The absorption of 5 (6) -carboxyfluorescein (CF), fluorescein
isothiocyanate-dextran with an average molecular weight of 4000 (FD4) and calcitonin from the rat small intestine was
significantly enhanced in the presence of PAMAM dendrimers. However, PAMAM dendrimers had almost no absorp-
tion enhancing effect on the small intestinal absorption of macromolecular drugs including fluorescein isothiocyanate-
dextran with an average molecular weight of 10000 (FD10) and insulin. Furthermore, we evaluated the intestinal mem-
brane damage with or without PAMAM dendrimers. PAMAM dendrimers at concentrations of 0.05% (w/v) and 0.1%
(w/v) did not increase the activities of lactate dehydrogenase (LDH) and amounts of protein in the intestine. These
findings suggested that PAMAM dendrimers at lower concentrations might be potential and safe absorption enhancers
for improving absorption of poorly absorbable drugs from the small intestine.
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Fig. 1. Plasma Concentration-time Profiles of 5 (6) -carboxyfluorescein (0.5 mg/kg) with PAMAM Dendrimers after Administration
to the Rat Small Intestine by an in Situ Closed Loop Method
Results are expressed as the mean=+S.E. of 3-5 experiments. Keys: (O), Control; (), PAMAM dendrimer (0.05% (w/v)); (A), PAMAM dendrimer (0.1
% (w/v)); (@), PAMAM dendrimer (0.5% (w/v)).

Table 2. Effects of PAMAM Dendrimers (G0-G3) on the Absorption of 5(6) -carboxyfluores-
cein (0.5 mg/kg) from the Small Intestine by an in Situ Loop Method

Crax Thax AUC (240 min Enhancement
(ng/ml) (min) (ng/ml-min) ratio
Control — — 3300+151 —
GO0 0.05% (w/v) — — 20904197 0.63
0.1% (w/v) — — 2990 £ 3870 0.91
0.5% (w/v) 113.5+6.7 180.0£0.0 12900+ 518** 3.9
G1 0.05% (w/v) 32.7+2.4 150.0£30.0 81401380 2.5
0.1% (w/v) 43.4+17.3 160.0+20.0 4980+ 8410 1.5
0.5% (w/v) 90.9+5.2 150.0+17.3 13900+236** 4.2
G2 0.05% (w/v) 95.5+17.9 40.0+10.0 14800+3130* 4.5
0.1% (w/v) 99.1+9.3 50.0+10.0 15090 £ 1580** 4.6
0.5% (w/v) 200.2+19.1 80.0£20.0 36700+4390** 11.1
G3 0.05% (w/v) 55.5+6.0 30.0£0.0 788041200 2.4
0.1% (w/v) 87.8+15.8 20.0*+5.0 9990 +988** 3.0
0.5% (w/v) 138.4+11.6 60.0+0.0 23600+2280** 7.1

(**)p<0.01, (*)p<0.05, (=) no significant difference, compared with the control. Mean+S.E., n=3-5.
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Fig. 2. Relationship between the Absorption Enhancing Ra-

tios of G2 PAMAM Dendrimer (0.5% (w/v)) for Improv-
ing the Intestinal Absorption of Many Drugs and Their
Molecular Weights in the Rat Intestine
Keys: (@), Small intestine; (O), Large intestine. Results are expressed
as the mean+S.E. of 3-6 rats. (**) p<0.01, (*) p<0.05, (n.s.) no sig-
nificant difference, compared with the control.

LDH

— — (] N W
> N > N =
T T T T J

LDH release (*10° U/L)

(%]
T

=)

3%

0.05 % 0.10 % 0.50 %

Control
G2 (whv)

Fig. 3.

Protein release (ng/ml)

Triton X-100

PAMAM dendrimers @ IR EZN A, XTF R
HEEHCPNWTHHEINLI2NENZRFT 57
W, A 2AYAUWRNITHI T N> D/NGRIHEIZ
JE 3 PAMAM dendrimers D #Z1Z DWW THA L
7=. FO#E, PAMAM dendrimers 1%, - > AU
S ONGRINMEIIIEE L oM, IV R
> O/NBTINMEZ PAMAM dendrimers O fif 12 &
DERT B ENFED SN,

DIED#EREI D, NG NICKBITHBIT 5 G2
PAMAM dendrimer O B I {2 i LL 2R & 3 D 43 F
mEDMHBEEZ ED, Fig. 21T/ L. WSS M
& DT, NGBS G2 PAMAM dendrimer
ORINUEEZNFIT, EYOHFENERT ZIZON
TRTITHZENEDLENZ. T, KBITBWT
W TNOEY ORIHEITH L TH G2 PAMAM
dendrimer {32 EXN R Z /RS9, G2 PAMAM den-
drimer @ WIUEHERN FIT/NGITRHRRNTH S Z &
MMEASMNETR S T2,

RIZT, —IZ, BIEER 2 BRISAT 572012
X, WA OB 2 RIEEDIER) OHR5T
Rt CREEREEN) TOWTHEET D LA
EThHhdED, MNFIZBT % G2 PAMAM den-
drimer D REIEFEEEMEIC DO W T HRF Lz, AWK
TIX, /NGRS S OFLFRNE K FEBEFE (lactate dehy-
drogenase, LDH) Qi zfifE & L T, G2 PAM-
AM dendrimer OJH{LEREIREE 2R L 72, &
DO, Fig. 31TRT LI, MNBEITBWTEHEE
@D G2 PAMAM dendrimer {3 LDH Z# K3, ¥

Protein s

2.51

2.01

1.0

0.5

0.0

0.05% 0.10% 0.50% 3%

Control

G2 (wiv) Triton X-100

Membrane Toxicity of G2 PAMAM Dendrimer in the Rat Small Intestine

The membrane toxicity of G2 PAMAM dendrimer in the rat small intestine was determined by measuring the activities of LDH and the amounts of protein
released from the intestinal membranes. Results are expressed as the mean+S.E. of 3-6 experiments. (**) p<{0.01, (n.s.) no significant difference, compared with

the control.
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