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A Peptide Prodrug Approach for Improving Bisphosphonate Oral
Absorption
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A Peptide Prodrug Approach for Improving
Bisphosphonate Oral Absorption
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Name Side chain
R
Pamidronate NH,CH2CH,
Alendronate NH;CH,CH,;CH,
CHz-CH;
\ ?
Pro-Phe-pamidronate CH:\\ CH—C-NH—CH-C—NH-(CHz)»
N CH,
/
=~ i’
CHa- CH,
. Q
Pro-Phe-alendronate CH:\ /CH—-C-NH—QH-—C—NH —(CHaz)a
CHa
/
i
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[ Bl- ] Structure of pamidronate, alendronate, Pro-Phe-pamidronate, and Pro-Phe-alendronate.

hPEPT1 & % if 2 # &% & %tz — » § § diftri-peptide - B-lactam ++2 % -
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[ % - ] Distribution of ['“CJalendronate and Pro-[’H]Phe-["*C]alendronate in rat (n=6) tissues
after iv dose of 1 mg/kg Alendronate

Distribution ( % dpm or % dpm/g tissue)

Tissue ["“Clalendronate Pro-Phe-["*C]alendronate
urine 194 +£6.9 23.9+5.01

tibia 52+04 4.2 £0.45*
femur 3.8+0.6 3.2+£0.28

kidney 0.28+0.1 1.59 + 0.38*

liver 0.048 £ 0.02 0.119 + 0.02*
feces 0.88 +0.3 22+1.41

Differences were termed statistically significant by two-tailed nonparametric Mann-Whitney U-test
(n=6, mean +SD, p <0.05)
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[ %=1 Prodrug oral bicavailability

Pro-Phe-["*C] Pro-Phe-["*C]

alendronate alendronate pamidronate pamidronate
Furine 3.10% 1.65 3.17* 1.74
Frisia 1.74* 0.52 1.65* 0.44

Bioavailability values of the prodrugs were estimated by the ratios of "*Cpo/*™Civ accumulated
in bone and urine 24 h following administration. *Significantly different from the respective
parent drug by one-tail nonparametric Mann-Whitney U-test (n=6, mean +SD, p < 0.05)
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fi o 7% % B Pro-Phe-pamidronate #. % 7.9 ¢ » Pro-Phe-alendronate #.3 6.9 & -
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[ # = ] Apical to basolateral and basolateral to apical fluxes of mannitol, Pro-Phe, Alendronate,
Pamidronate, and their dipeptidyl prodrugs (Pro-Phe-alendronate and Pro-Phe- pamidronate)
across Caco-2 cell monolayers at 37°C

Permeability x107 (cm/s)

ap-bl bl-ap
Mannitol 26+1.0 22+1.0
Pro-Phe 229+8.5 11.4 £ 0.6*
Alendronate 06+01 0.6+0.1
Pro-Phe-alendronate (Pro-Phe) 10.3 £ 2.0* 55+1.2*
Pro-Phe-alendronate (alendronate) 23+24* 1.6+0.7
Pamidronate 0.5+0.2 04x+0.2
Pro-Phe-pamidronate (Pro-Phe) 5.0x0.2* 41+0.2*
Pro-Phe- pamidronate (pamidronate) 1.1+£0.5* 0.9+0.06

Difference were termed statistically significant by Mann-Whitney one-tailed test (mean £SD, n>6, p<
0.05), expcept for Pro-Phe-alendronate (14C counts, alendronate) vs alendronate, p=0.0564.
*Significantly different in comparison to ap-bl (p <0.05). **Significantly different in comparison to
parent bisphosphonate (p <0.05).

4 %8 3> 5 > Pro-Phe-pamidronate f? B¢ # IR < 3R> % g 2 % ¢ K fE -
% 36% - @ 3k B % %% Pro-Phe-pamidronate jk & pF > (K3 F 10 K1 12 % > A4
IS REBBHEINE FRFHFRKFEDFR A [ ] o

[ # = ] Enzymatic hydrolysis of Pro-Phe-pamidronate in rat jejunum homogenate and
artificial gastric juice

Gl segment prodrug conc. hydrolysis (%)
duodenum 1 5
jejunum 1 12
0.5 20
0.25 36
ileum 0.5 6
artificial gastric juice 0.5 no hydrolysis
(with pepsin) 0.25 no hydrolysis

The extent of hydrolysis was determinated by radioactive measurements of °H derivatives
(represented by the fragments cleaved off from pamidronate, Pro-Phe, and/or Phe) after
selective precipitation of calcium-bisphosphonate complex (n=2, 16h).

4 3@ER S 5 o Fur it pamidronate 2 Pro-Phe-pamidronate # P & ]
HAP # = » ® geb x4 » B £2 5 5% £ 48 F i+ 1% - Pro-Phe-pamidronate ~
Pro-Phe-alendronate - pamidronate % alendronate P & #1247 i > pamidronate
=alendronate > Pro-Phe-pamidronate = Pro-Phe-alendronate -
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