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The terms “antedrug”1 or “soft” drug2 have been
applied to compounds designed to exert their desired
effect locally but which are inactivated in the circulation
to reduce unwanted systemic effects. This inactivation
may be achieved in the liver but the ideal antedrug
would combine stability in the target tissue with very
rapid inactivation in the blood.

The introduction in 1972 of the first inhaled cortico-
steroid beclomethasone dipropionate (BDP, 1a) revolu-
tionized asthma therapy.3 Delivery of the compound
topically to the lungs allowed the dose to be greatly
reduced, thereby resulting in a dramatic reduction in
the unwanted systemic effects associated with oral
steroid treatment. Further reduction in systemic expo-
sure has been achieved with the introduction of fluti-
casone propionate 24 in which hepatic inactivation has
been essentially optimized to give the inactive carboxylic

acid 3. More recently, the search for even safer topical
steroids has been directed toward plasma labile ante-
drugs with attention focused on carboxylic ester and
thioester derivatives.5 However, the ubiquitous tissue

distribution of esterase activity makes it unlikely that
such ester based antedrugs will deliver the ideal profile
due to premature inactivation in the target tissue. In
the case of inhaled steroids, this is most clearly il-
lustrated by the diester prodrug BDP which is relatively
stable in plasma but which is rapidly converted into the
more active monopropionate BMP (1b) by esterases in
the lung.6

In this communication we report preliminary results
which indicate that incorporation of a γ-lactone or cyclic
carbonate moiety onto the glucocorticoid nucleus pro-
vides compounds with the ideal antedrug profile as the
result of a novel inactivation mechanism.

While investigating 21-thio derivatives of fluocinolone
acetonide 4 we discovered a remarkable difference in
plasma lability between an acyclic ester and the corre-
sponding γ-lactone. The ethyl ester 67 and the analogous
R-linked γ-lactone 7 were readily prepared by displace-
ment of the 21-mesylate 57 with the appropriate thiols
(Scheme 1). Whereas the ester 6 showed some lability
in human plasma at 37 °C (t1/2 24 min), the mixture of
lactone diastereoisomers 7 was almost instantly hydro-
lyzed under the same conditions (t1/2 < 1 min). The
lactone mixture was essentially stable in a control
incubation with Krebs buffer, indicating this facile
plasma hydrolysis to be enzyme mediated. The metabo-
lite formed in plasma was identified as the hydroxy-
acid 8 by comparison with an authentic sample prepared
by a simple base catalyzed hydrolysis of the lactone 7.

The extreme plasma lability of the lactone diastereo-
isomers 7 compared with the corresponding ester 6
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Scheme 1a

a Reagents: (a) HSCH2CO2Et, iPr2NEt, DMF, rt, 63%; (b)
R-bromo-γ-butyrolactone, NaH, THF, 0 °C to rt, 51%; (c) NaOH,
aq MeOH, rt, 88%.
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suggested that the lactone hydrolysis is mediated by a
different enzyme. This hypothesis was further supported
by the remarkable observation that the lactone isomers
7 were stable on incubation with a human lung S9
preparation whereas the esters 6 and 1a (BDP) were
rapidly hydrolyzed under the same conditions (Table 1).
Thus, despite their extreme lability in plasma the
lactone isomers 7 appear stable to the esterase activity
in the human lung.

Importantly, hydrolysis of the lactone moiety was
shown to result in a marked inactivation. Thus, the
separate diastereoisomers of the lactone 7 and of the
hydroxy-acid 8 were obtained by preparative HPLC and
their affinities for the human glucocorticoid (GC) recep-
tor were compared (Table 2). The lactone diastereo-
isomers both show high affinity for the GC receptor
whereas the corresponding hydroxy-acids show much
lower affinity. The lactone isomers 7 therefore display
the ideal lung selective antedrug profile of rapid inac-
tivation in plasma combined with stability in the target
tissue.

Preliminary investigation of the scope of this discov-
ery has revealed similar plasma lability with compounds
linked through the â- and γ-positions of the lactone
moiety (e.g. 9, t1/2 ca. 2 min; 10, t1/2 ca. 10 min).
Furthermore, these properties are not confined to lac-
tones. Thus, both saturated (e.g. 11) and unsaturated
(e.g. 12) cyclic carbonates have been shown to be rapidly
hydrolyzed (t1/2 ca. 2 min) in human plasma. In these
cases, hydrolysis is accompanied by loss of the carbonate
moiety to regenerate the inactive carboxylic acid 3.4

The unique properties of these compounds prompted
us to identify the enzyme responsible for this facile
plasma hydrolysis. Human plasma was sequentially
chromatographed on cibachrome blue, monoQ, hexyl-
agarose, hydroxyl-apatite, and Superdex S-200 and then
passed over wheatgerm and lentil lectin columns. The
purified protein was separated by native gel electro-
phoresis followed by SDS-polyacrylamide gel electro-
phoresis and then digested with trypsin. Sequence
analysis using nano-spray mass spectroscopy identified
the protein as the known enzyme human serum paraox-
onase (EC 3.1.8.1).8 Further evidence that paraoxonase
was the enzyme involved was obtained when the lactone

isomers 7 were shown to be essentially stable on
incubation (37 °C, 1 h) with chicken plasma which is
known to contain only very low levels of paraoxonase.8

Paraoxonase is so-called because of its ability to
hydrolyze organophosphates including paraoxon but it
also displays arylesterase activity. Importantly the
enzyme is known to display genetic polymorphism which
affects its hydrolytic activity but in a substrate depend-
ent manner.8 Thus, whereas paraoxon is hydrolyzed less
rapidly by Pon A (192-Gln) than by Pon B (192-Arg),
these two common polymorphs hydrolyze phenyl acetate
at a similar rate. Reassuringly, no marked inter-
individual variation was observed when the lactone 7
(isomer A) was incubated with plasma from 52 healthy
individuals. Confirmation of the involvement of paraox-
onase and further reassurance of the generality of this
inactivation mechanism was obtained when the lactone
isomers 7 and the cyclic carbonates 11 and 12 were
shown to be rapidly hydrolyzed (7 t1/2 < 1 min; 11 and
12 t1/2 ca. 5 min) by recombinant polymorphs Pon A and
Pon B.9

Paraoxonase is of considerable current interest through
its apparent involvement in the prevention of atheroma
formation, although its precise role has still to be
established.10 Lactone hydrolysis by paraoxonase has
not previously been reported. However, lactonase activ-
ity (EC 3.1.1.25) in human plasma was reported in 1966
by Fishbein11 who partially purified the enzyme respon-
sible for the plasma hydrolysis of simple aliphatic
γ-lactones. Like paraoxonase, this enzyme was reported
to be a calcium dependent hydrolase, distinct from
esterase, and studies with the rat enzyme indicated this
activity to be confined to plasma and liver. Paraoxonase
has also been shown to be absent from many tissues,12

and it seems likely, therefore, that these calcium de-
pendent hydrolases are one and the same enzyme.
Interestingly, a very recent publication from Kobayashi
et al.13 has highlighted significant sequence homology
(ca. 25%) between paraoxonase and a fungal lactonase
from Fusarium oxysporum AKU 3702.

In conclusion, a novel antedrug mechanism has been
identified in which glucocorticoid γ-lactones and cyclic
carbonates are extremely rapidly inactivated by the
plasma enzyme paraoxonase. The absence of this en-
zyme activity from the lung and other tissues could open
the way to even safer steroid treatment of asthma and

Table 1. Stability of Compounds 1a, 6, and 7 When Incubated
with Human Plasma and Human Lung S9 at 37 °Ca

compound
human plasma

t1/2 (min)
human lung
S9 t1/2 (min)

6 24 6
1a (BDP) >120 10
7 isomer A <1 >480

isomer B <1 >480
a Full assay details given in Supporting Information.

Table 2. Human Glucocorticoid Receptor Affinities of
Compounds 7, 8, and FP 2a

compound IC50 (nM)

7 isomer A 3.4 ( 0.2
isomer B 6.6 ( 2.0

8 isomer A 194 ( 24
isomer B 827 ( 41

2 (FP) 0.5 ( 0.2
a Determined in competition studies with 3H dexamethasone

(n ) 2, (SEM). Full assay details in Supporting Information.
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other local inflammatory diseases. Furthermore it is
likely that this mechanism will be applicable to other
drug series.14
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