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Purpose. Intestinal enzyme inhibition may be an effective tool to
increase the oral bioavailability of compounds that undergo first-pass
intestinal metabolism. However, systemic enzyme inhibition may be
undesirable and therefore should be minimized. 2-B-fluoro-2',3'-
dideoxyadenosine (F-ddA) is an adenosine deaminase (ADA) acti-
vated prodrug of 2-B-fluoro-2’,3'-dideoxyinosine (F-ddI) with en-
hanced delivery to the central nervous system (CNS) that has been
tested clinically for the treatment of AIDS. Unfortunately, intesti-
nally localized ADA constitutes a formidable enzymatic barrier to
the oral absorption of F-ddA. This study explores various factors
involved in inhibitor selection and dosage regimen design to achieve
local ADA inhibition with minimal systemic inhibition.

Methods. In situ intestinal perfusions with mesenteric vein cannula-
tion were performed in the rat ileum to determine the lumenal dis-
appearance and venous blood appearance of F-ddA and F-ddI.
Coperfusions with the ADA inhibitor erythro9-(2-hydroxy-3-
nonyl)adenine [(+)-EHNA] over a range of concentrations were used
to monitor inhibitor effects on F-ddA absorption and metabolism.
Results. High concentrations of EHNA in coperfusions with F-ddA
completely inhibited intestinal ADA, increasing the permeability co-
efficient of F-ddA by nearly threefold but producing high systemic
inhibition of ADA. Mathematical models were utilized to show that
in full-length intestinal perfusions an optimal log mean lumenal
EHNA perfusate concentration of 0.5 pg/ml could achieve an intes-
tinal bioavailability of 80% with <20% systemic inhibition.
Conclusions. Optimizing local enzyme inhibition may require careful
selection of a suitable inhibitor, the dose of the inhibitor, and the
inhibitor vs. drug absorption profiles.

KEY WORDS: F-ddA; adenosine deaminase; EHNA; intestinal me-
tabolism; bioavailability; intestinal permeability; dideoxynucleosides;
HIV; AIDS.

INTRODUCTION

Presystemic intestinal metabolism is an increasingly rec-
ognized barrier to the absorption of oral medications. Among
the enzymes found in the intestine are cytochrome P450s,
proteases, esterases, and various conjugative and nucleoside
salvage enzymes (1-3). These enzymes may represent the pri-
mary barrier to absorption of certain therapeutic agents.
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Oral administration of anti-HIV agents is essential for
their commercialization, as they must be taken regularly for
many years. However, many agents currently marketed or in
development are substrates for intestinal enzymes or efflux
transporters (2,4-7). For example, (-)-6-aminocarbovir
(6AC) and 6-chloro-2'3'-dideoxypurine (6-Cl-ddP), adeno-
sine deaminase (ADA) activated prodrugs with potential as
central nervous system (CNS)-targeted precursors of the ac-
tive anti-HIV agents (—)-carbovir and 2’,3'-dideoxyinosine
(ddI), are degraded extensively by intestinal ADA during
absorption (5-7). These prodrugs increase the availability of
their parent dideoxynucleosides, but poor oral bioavailability
of the intact prodrugs limits their effectiveness in treating
AIDS dementia or in eliminating HIV from sanctuary sites in
the brain.

Inhibitors of intestinal enzymes or transporters have
shown promise in enhancing the delivery of many anti-HIV
agents (8-12), but the practical application of these ap-
proaches in vivo may be difficult. Increasing inhibitor con-
centrations may increase oral availability, but may also lead to
unwanted and potentially prolonged systemic enzyme inhibi-
tion. Thus, the selection of an inhibitor is a balancing act. The
permeation of the inhibitor must be sufficient to reach the
enzyme, but not so high as to result in inhibitor depletion over
the length of intestine needed for a substantial fraction of the
drug to be absorbed. A single inhibitor may not be the best
choice for a wide range of substrates for any given enzyme.

EHNA has been shown to exhibit a suitable permeability
profile and potency to enhance the oral bioavailability of
6-Cl-ddP without causing unacceptable levels of systemic in-
hibition (11,12). To determine the extent to which EHNA
may be considered as a universal local inhibitor of ADA, this
study explores its utility in enhancing the oral absorption of
another ADA activated anti-HIV prodrug, 2'-B-fluoro-2',3'-
dideoxyadenosine (F-ddA). F-ddA, a prodrug of 2’-B-fluoro-
2',3'-dideoxyinosine (F-ddI), was selected for clinical studies
as an acid stable prodrug with potentially improved bioavail-
ability and CNS penetration (13). However, in Phase I clinical
trials the oral bioavailability of F-ddA was 67 + 21% in terms
of total dideoxynucleoside, but <10% appeared in the sys-
temic circulation as intact prodrug due to intestinal metabo-
lism by ADA (14). F-ddA is less lipophilic and a better ADA
substrate than 6-Cl-ddP and therefore represents a greater
challenge for the local inhibition approach utilizing EHNA.

MATERIALS AND METHODS

Chemicals

F-ddA, F-ddl, and (+)-EHNA (Fig. 1) were obtained
from the National Cancer Institute, National Institutes of
Health (Bethesda, MD). 2',3’-Dideoxyadenosine (ddA) and
ddI were provided by the National Institute of Allergy and
Infectious Diseases. All other chemicals were of analytical
reagent grade.

Animals

Male Sprague-Dawley rats (300-325 g, Simonsen Labo-
ratories, Gilroy, CA) were housed and cared for at the Ani-
mal Resource Center, University of Utah, according to the
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Fig. 1. Structures of F-ddA, F-ddl, and (+)-EHNA.

United States Department of Agriculture Animal Welfare
Act and the National Institutes of Health Principles of Labo-
ratory Animal Care.

Intestinal Transport

Perfusion experiments with mesenteric vein cannulation
to monitor intestinal uptake and metabolism were described
previously (12). Briefly, the animal was placed under halo-
thane anesthesia and the jugular vein was cannulated (silastic
tubing). If the animal was used as a blood donor, 1000 units of
heparin was administered through the cannula, followed by
collection of blood into a vial containing 100 units of heparin.
In rats used for intestinal perfusion, jugular vein cannulation
was followed by cannulation of a 6-13 cm ileal segment. The
mesenteric vein leading from that segment was isolated and
cannulated such that all blood leaving the segment was col-
lected. Blood infusion was then initiated through the jugular
cannula to replace blood lost. Prior to surgery, F-ddA solu-
tions ((180 wg/ml) with or without EHNA (0.04-100 pg/ml)
were prepared in perfusion buffer (8.0 g/ NaH,PO, - H,O
and 11.3 g/L Na,SO,, pH 7.4 [NaOH] and 290-310 mOsm
[NaCl]). The solutions were filtered (0.45 pm nylon syringe
filter) and perfused through the ileum at 1.0 ml/min for the
first minute to fill the segment and 0.2 ml/min thereafter.
Perfusate and mesenteric blood were collected continuously
in preweighed vials, weighed, quenched with 15 ml CH;CN,
and stored at —20°C until analysis by HPLC.

EHNA Systemic Inhibition

Animals for systemic inhibition studies were cannulated
at the jugular vein, as described, for systemic blood sampling.
A 10 cm ileal segment was cannulated as described with care
taken to ensure that the absorption surface area was the same
for each experiment and the mesenteric capillary bed was
undisturbed. Perfusion buffer with EHNA (0.2 to 35 pg/ml)
was then perfused through the segment. Perfusate was col-
lected and stored at —20°C until analysis for EHNA by
HPLC. Blood (0.7 ml) was collected from the jugular cannula
prior to and at 55 and 60 min after the onset of perfusion, and
blood ADA activity was determined at 37°C from initial rates
of conversion of ddA to ddl. Reactions were initiated by
adding 0.2 ml ddA stock solution (6 mg/ml ddA in perfusion
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buffer) to 1.8 ml diluted blood (1/4 in 0.9% saline) following
which 0.2 ml samples were removed, quenched in 1 ml
CH;CN, and frozen at —20°C until analysis for ddI by HPLC.

Sample Preparation and Analysis

F-ddA, F-ddl, ddI, and EHNA were analyzed by HPLC
as described previously (12). Analytes were separated on a
Supelcosil LC-18S 5 pm column (4.6 mm i.d. x 25 cm) using
13% MeOH, 20% MeOH, and 35% CH;CN in phosphate
buffer (ionic strength 0.02, pH 3.0) for F-ddI and ddI, F-ddA,
and EHNA, respectively, with UV detection at 254 nm. A
retention volume of 9 ml was observed for all analytes under
these conditions. F-ddA recovery in spiked blood was 98 +
1% (n = 3). Recoveries of ddI and EHNA were reported
previously (12).

Data Analysis

During intestinal perfusions, the steady-state fluxes for
drug disappearing from the lumen (J,,,.,) and appearing in
mesenteric blood (Ji,;,.q) Were:

) ()

Jlumen - QC(O) 1- m (1)
_AM,

Jhiooa = Tt 2

where Q is the flow rate through the intestine (0.2 ml/min),
and C(0) and C(1) are the concentrations of permeant enter-
ing and leaving the segment of length 1 and radius r (=0.2
cm). Apparent permeability coefficients were calculated from
both lumenal disappearance and blood appearance data using
Egs. 3 and 4 (12,15):

BNl
Plumen - 2arl In C(O) (3)
(AM /A1)
Phiood =5 7= Q)

<C=> is the logarithmic mean lumenal concentration of per-
meant (= {C(0)-C(1)}/In[C(0)/C(1)]), and AMy/At is the
steady-state flux of permeant into blood. These and all other
permeability coefficients described have units of centimeters
per second.

The apparent permeability coefficients calculated from
Eqgs. 3 and 4 reflect several contributions including aqueous
boundary layers on the lumenal and ablumenal sides of the
enterocyte, as well as the membrane barrier itself, which con-
tains paracellular and transcellular pathways. Under normal
physiological conditions blood flow is considered fast enough
that the blood aqueous boundary layer does not pose a sig-
nificant barrier to mass transport and is usually ignored (15).
Apparent permeability can then be represented by Eq. 5:

1 1 1

= + 5
Plumen PABL Pm ( )

The intestinal aqueous boundary layer permeability was
determined from the hydrodynamic conditions in the intes-
tine at a flow rate of 0.2 ml/min. However, the in vivo flow
rate in the rat small intestine is 0.063 ml/min (15). Eq. 6
describes the aqueous boundary layer permeability coeffi-
cient at different flow rates:



1272

PypL =kQ" (6)

where k and n (1.28 x 107> and 0.44, respectively) have been
reported previously (15,16).

The membrane permeability coefficient may contain
both paracellular (P,,,,) and transcellular (P,,,s) contribu-
tions (P, = Pp.0 + Pians) (15). Py, depends on permeant
size but not permeant lipophilicity. Because the permeants in
these experiments are of similar size, a previously estimated
Ppara 0F 7.0 x 1077 cm/sec (12) was assumed. The transcellular
permeability coefficient (P,,,,;) depends on permeant lipo-
philicity as described in Eq. 7 (17):

logP,, s = slogK + ¢ 7)

trans

where K is the octanol/water partition coefficient. The slope
s is a chemical selectivity parameter. An s close to 1 indicates
chemical similarity between the bulk solvent and the barrier
region of the membrane, whereas s > 1 indicates a more se-
lective barrier, and s < 1 less selectivity. Combining Egs. 5, 6,
and 7 with the value calculated for P,,, gives a complete
description of the apparent permeability coefficient.

The fraction of absorbed prodrug that appears intact in
mesenteric blood, defined as the intestinal bioavailability, can
be estimated from Py;,oq/Piumen- 1f hydrolysis by ADA is the
only metabolic pathway for F-ddA during its absorption, in-
testinal bioavailability can also be calculated from the steady-
state fluxes of the prodrug and metabolite into the blood and
lumen using Eq. 8:

Pblond JF—dd/\ ,blood

Intestinal Bioavailability = P ad
lumen

JF—(ldA,blood
+J r—aarpiooa t I F-dar umen
(8)
The apparent ADA inhibition constant, K;, was estimated

from the perfusion data in 10 cm ileal segments using Eqs. 9
(18) and 10 (19):

Pbloud 1
= — )
Plumen COSh(L kmet/D)
Vmax
k (10)

met <EHNA>

i

The model used to estimate systemic ADA inhibition was

described previously (11). Absorption of EHNA was deter-
mined with in situ intestinal perfusion experiments. This in-
formation was used to describe an input function for a two-
compartment model describing EHNA pharmacokinetic data
from intravenous infusions. The composite model yielded the
steady-state plasma EHNA concentration. The steady-state
EHNA concentration in blood determines the extent of ADA
inhibition, which can be estimated from enzyme kinetic pa-
rameters obtained in diluted blood after accounting for dilu-
tion. The final model was then compared with systemic inhi-
bition data generated from in situ perfusions with systemic
blood sampling.

Least squares regression analyses were performed using
Scientist software (Micromath, Salt Lake City, UT).

RESULTS AND DISCUSSION

EHNA coperfused at high concentration with 6-Cl-ddP,
an ADA-activated prodrug of ddI, completely eliminates its
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intestinal bioconversion to ddI (12). A logarithmic mean lu-
menal EHNA concentration (<EHNA>) of 0.1 pg/ml in-
creased the ileal segment bioavailability of 6-Cl-ddP from
45% without inhibitor to 90%, with <10% systemic ADA
inhibition (11). These promising results suggested that
EHNA could also enhance the oral availability of F-ddA. As
shown in Table I, however, F-ddA poses a greater challenge
because of its lower permeability coefficient reflecting its de-
creased lipophilicity, combined with a higher susceptibility to
ADA metabolism as reflected in V, /K.

The activity of ADA is similar in both human and rat
intestinal tissues (20). For this reason, and for surgical con-
venience, the rat ileum was chosen as the site for in sifu in-
testinal absorption studies.

Intestinal Absorption and Metabolism of F-ddA

Figure 2 displays the data from a typical in situ intestinal
perfusion of F-ddA. The closed symbols and right axis repre-
sent the ratio of the concentration at the end of the segment
of length 1 (8.6 cm in this example) divided by the initial
concentration, C(1)/C(0), and thus reflect the disappearance
of F-ddA from the lumen. The open symbols and left axis
describe the appearance of F-ddA in blood and F-ddI in
blood and lumen. As shown in Fig. 2, the F-ddA concentra-
tion exiting the segment is about 92% of the initial concen-
tration and a significant portion of the F-ddA absorbed ap-
pears in the blood or lumen as F-ddl. Py, and P,.,, cal-
culated using Eqgs. 1 and 2 were (2.8+0.7) x 107® and (55+15)
x 107° cm/sec, respectively. The magnitude of the discrepancy
in the permeability coefficients indicates a substantial meta-
bolic barrier to F-ddA absorption. From Eq. 8, the intestinal
bioavailability, or fraction of absorbed F-ddA that appears in
blood intact, was 20 + 5% with an overall recovery of the
F-ddA dose absorbed and subsequently appearing in the
blood as F-ddA or in the blood and lumen as F-ddI of 90 x
4% (n=17).

PLiooa Temained constant for perfusate concentrations

2.0 T 1.0
[ ]

F-ddA and F-dd! Appearance {ug/min)
C(hy/C (0)

0.0 ¥+t 0.0
0 10 20 30 40 50 60

Time (min)

Fig. 2. Representative F-ddA in situ intestinal perfusion data. C(l1)/
C(0) ratio (@, right axis) and accompanying fluxes of F-ddA in blood
([, left axis), F-ddI in blood (0, left axis), and F-ddI in lumen (#, left
axis).
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ranging from 120 to 240 pg/ml (data not shown), a range
which exceeds the Michaelis-Menten constant for F-ddA
deamination by ADA (K,, = 74 pg/ml). F-ddA incubated at
room temperature in perfusate that was passed through the
intestine showed <1% degradation in 45 min, indicating that
tissue metabolism predominates. The concentration of F-ddA
within the enterocyte at steady-state is likely to be below K,
thus accounting for the apparent linearity in F-ddA availabil-
ity even at lumenal concentrations exceeding K.

Flux of F-ddI back into the intestinal lumen accounts for
>50%, a significant portion of the absorbed dose and substan-
tially more than that seen with 6-Cl-ddP, where back-flux of
ddI into the lumen accounted for <25% of the total prodrug
absorbed. Because F-ddA penetrates the intestinal barrier
more slowly than 6-CI-ddP and is metabolized more rapidly
with a V_,./K,, nearly tenfold higher than that for 6-Cl-ddP,
the site of F-ddA bioconversion is likely to be closer to the
lumen giving higher concentrations of F-ddI near the lumenal
side of the absorption pathway and thus a higher lumenal
back-flux of F-ddI. This argument requires ADA to be pres-
ent at multiple sites along the absorption pathway, for ex-
ample, in both the enterocyte and the underlying capillary
endothelial cells within the villus microcirculation, or alterna-
tively, drug concentration gradients may develop within the
enterocyte if it is not a well-mixed compartment.

Also apparent in Fig. 2, F-ddA and F-ddI blood concen-
trations reach steady-state within 15 to 20 min after the onset
of perfusion, but the lumenal concentration of F-ddI does not
appear to reach steady-state within the 60 min perfusion.
6-Cl-ddP perfusions showed a similar slow rise to steady-state
for ddI back-flux. Several reasons for this anomaly have been
considered, including the hydrodynamics of the system, mul-
tiple sites of metabolism, tissue binding, and active transport.
The data shown in Fig. 2 were fitted to simplified models
containing one and two sites of metabolism. These models
used first order kinetic equations to describe the movement of
prodrug and metabolite from the lumen to the site(s) of me-
tabolism and into the blood and assumed a logarithmic mean
lumenal perfusate concentration in a single well-stirred lu-
menal compartment. The two-site model gave a longer time
to steady-state for F-ddI back-flux and a lower sum of
squared deviations. The solid lines in Fig. 2 represent the
two-site model. Multiple sites of ADA metabolism along the
absorption pathway were previously suggested in studies of
the first-pass metabolism of 6-Cl-ddP in the presence of the
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tight binding but poorly permeable ADA inhibitor 2’'-
deoxycoformycin (DCF) (11).

Choice of Inhibitor

As shown previously and in Table I, F-ddA undergoes
substantially greater ADA-catalyzed bioconversion during its
absorption compared to 6-Cl-ddP, so the choice of an inhibi-
tor for F-ddA delivery may be more problematic. There is
extensive reference in the literature to the inhibition of ADA
(21-25). The two most commonly used ADA inhibitors are
EHNA and DCF, and both were examined for their utility as
local inhibitors.

Previously, DCF was found to be unsuitable as a local
inhibitor for ADA activated prodrugs, as it is too potent, too
slowly reversible, and has limited access to at least a portion
of the intestinal metabolic sites involved (12). DCF is a much
more potent inhibitor than EHNA with a K; of 0.001 to 0.05
nM, compared with 1 to 20 nM for EHNA. Although DCF
shows relatively fast systemic clearance, with a biphasic de-
cline in plasma concentrations with half-lives of 10 and 33 min
in normal mice (26), systemic recovery of ADA activity after
intraperitoneal DCF administration occurred with a half-life
of >10 h (21). Intestinal perfusions of 6AC gave apparent K;
values of 1.2 and 26 uM for EHNA and DCEF, respectively,
indicating that a much higher lumenal DCF concentration
was required to achieve intestinal inhibition compared to
EHNA (10).

We previously concluded that EHNA is a preferred can-
didate for local intestinal ADA inhibition. EHNA shows rela-
tively rapid systemic clearance, exhibiting a biphasic decline
in rat plasma concentrations corresponding to half-lives of 2.5
and 18 min (11). Systemic recovery of ADA activity occurred
with a half-life of 30 min following intraperitoneal injection
(21). Moreover, coperfusions of EHNA with 6AC decreased
its gut wall extraction ratio from 54% to <5% (10). Based on
this information, EHNA was selected for use in enhancing the
delivery of F-ddA.

F-ddA/EHNA Absorption

Figure 3 shows that a coperfusion of F-ddA with a high
concentration (47.4 pg/ml) of EHNA in an 8.5 cm ileal seg-
ment provides complete intestinal ADA inhibition, evident in
the lack of F-ddI appearance in either the blood or lumen.

Table I. Enzyme Kinetic Parameters, Physicochemical Properties, and Apparent Intestinal Permeability Coefficients of Some Dideoxynucleo-
side Permeants in the Presence and Absence of EHNA

Vnax K., Vi K Piiood Plumen Partition coeff.
Permeant (wmol/min/unit) (rM) (min~"/unit x 10%) (cm/sec x 10°) (cm/sec x 10°) (Octanol/water)

ddA 1.1 1487 7.4¢ 0.54°

1.32° 140° 9.4°

1604

F-ddA 0.23" 330 0.70° 28407 (n=7  55+15(n="7) 0.66"

0.15¢ 280¢ 0.55¢
F-ddI 11204(n=4) 14207 =4) 0.062°
F-ddA/EHNA/ 8+1(n=2) 177 (n = 2)
6-Cl-ddP 0.937¢ 12200¢ 0.0768°¢ 19 +2¢ 84 +12¢ 1.7¢
ddl 1.1+0.3¢ 2474 0.058¢
6-Cl-ddP/EHNA’ 5174 46 + 14

“Ref. [11]; * Ref. [27]; € Ref.[28]; ¥ Ref.[29]; ¢ Ref.[12]; / Perfusate concentration of EHNA >40 p.g/ml.
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Fig. 3. Representative coperfusion results from F-ddA (245 pg/ml)

with EHNA (47.4 ng/ml) in a 10 cm ileal segment. C(1)/C(0) ratio (@,
right axis) and accompanying F-ddA blood flux (0, left axis) vs. time.

F-ddA concentrations in blood and perfusate reached steady-
state within 20 min. With full ADA inhibition, P, 4 for F-
ddA increased nearly threefold to (8 = 1) x107¢ cm/sec, indi-
cating that local inhibition does enhance the intestinal deliv-
ery of intact F-ddA. P, with full inhibition was much
closer to Py, .4 at (17 = 7) x107® cm/s. Dideoxynucleoside
recovery in blood and perfusate was 97 + 2%, an increase of
7% from the perfusions of F-ddA in the absence of EHNA. A
similar increase was seen in the mass balance in comparing
perfusions of 6-Cl-ddP with 6-Cl-ddP/EHNA perfusions.

The apparent permeability coefficients determined with
full ADA inhibition represent the best case scenario for en-
hanced oral delivery with ADA inhibitors. Using Egs. 5, 6,
and 7 the permeability coefficients of several dideoxynucleo-
sides of varying lipophilicity were compared. Figure 4 shows
that the permeability coefficients for 6-Cl-ddP and F-ddA
with full ADA inhibition correspond to values predicted from
their lipophilicity. From the fit, the selectivity parameter s and
intercept ¢ from Eq. 7 are 1.7 + 0.3 and —4.7 + 0.1, respec-
tively. The intestinal barrier’s selectivity appears to differ
from octanol, but more experiments will be necessary to
verify this.

To further understand the effects of coperfusion of
EHNA with F-ddA, and to optimize local inhibition, a range
of EHNA concentrations (0.04 to 0.97 wg/ml) were perfused.
F-ddA and F-ddI were monitored in blood and perfusate and
the extent of intestinal metabolism was determined. The in-
testinal bioavailabilities determined using Eq. 8 (Fig. 5) indi-
cate that a logarithmic mean lumenal EHNA concentration of
0.5 pg/ml increases the bioavailability of F-ddA from 20% to
80% in a 10 cm ileal segment.

Although EHNA is effective in increasing the systemic
delivery of intact F-ddA, it is important to note that the ADA
present in mesenteric blood collected from perfusions with
high EHNA concentrations was completely inhibited. This
may be a cause for concern, because inhibition of systemic
ADA should be avoided. However, dilution of the mesenteric
blood and a short EHNA pharmacokinetic half-life allow for
local inhibition with limited systemic inhibition. In the case of
6-Cl-ddP delivery, an <EHNA> of 0.1 ng/ml was sufficient to
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increase intestinal bioavailability to >90% with an estimated
systemic ADA inhibition of <10% (12). But the same
<EHNA> concentration with F-ddA will only increase its in-
testinal bioavailability to [50%. The lower intestinal perme-
ability and higher ADA susceptibility for F-ddA necessitate
further optimization.

Systemic ADA Inhibition

Shown in Fig. 6 are experimental values of % ADA in-
hibition in the systemic circulation resulting from EHNA per-
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Fig. 5. Intestinal bioavailability of F-ddA vs. logarithmic mean lu-
menal EHNA perfusate concentrations from in situ intestinal perfu-
sion experiments.
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Fig. 6. Systemic blood ADA inhibition measured during EHNA in
situ intestinal perfusions in 10 cm ileal segments fitted (solid line), or
extrapolated (dashed line) based on in situ permeability and EHNA
pharmacokinetic parameters. Values were measured in 1:4 diluted
whole blood.

fusions in a 10 cm ileal segment. The dashed line represents
the model predicted value for systemic inhibition from a pre-
vious study (11), whereas the solid line represents a least
squares fit of the data using the same model employed pre-
viously but with either permeability coefficient or K; being
allowed to float while fixing all other parameters. In both
cases, the previously determined parameter value, and there-
fore the extrapolated line previously used, was within the
95% confidence interval of the fitted value indicating that the
previous estimate was a good approximation of actual sys-
temic inhibition. All calculations for the optimization of local
inhibition in this paper employed the fitted line to describe
the extent of systemic inhibition.

Optimizing Local Inhibition

Figure 7 depicts the increasing intestinal bioavailability
(solid line) and systemic (blood) ADA inhibition (long dash)
with increasing <EHNA>. Intestinal bioavailability ap-
proaches a plateau exceeding 90% availability at lumenal in-
hibitor concentrations, which produce minimal systemic inhi-
bition in situ.

Previously, the optimization factor, defined as the prod-
uct of intestinal bioavailability and the fraction of systemic
ADA activity remaining for a given <EHNA>, was utilized to
determine the optimal perfusate concentration of EHNA for
maximizing intestinal bioavailability while minimizing sys-
temic effects (11). The calculated optimization factor is plot-
ted in Fig. 7 (short dashed line) versus <EHNA> for 10 cm
ileal segment perfusions of F-ddA and EHNA. At this ab-
sorption length, the curve reaches a plateau value of 0.845 at
<EHNA> = 1.45 pg/ml, resulting in <10% systemic inhibi-
tion. Local inhibition appears to be quite effective in increas-
ing absorption in a short (10 cm) intestinal segment.

However, the constraints are more severe when the en-

Fraction

0.0 0.5 1.0 1.5 2.0

<EHNA> (ug/ml)

Fig. 7. Intestinal bioavailability of F-ddA (solid line), inhibition of
systemic blood ADA (long dashed line), and optimization factors
(short dashed line) vs. logarithmic mean lumenal EHNA perfusate
concentrations from in situ intestinal perfusion experiments (absorp-
tion length = 10 cm).

tire length of the intestine (80 to 100 cm in the rat (15)) is
considered. Because of their differing absorption profiles, a
significant fraction of an F-ddA dose will remain in the lumen
after EHNA is depleted below inhibitory levels. At an ab-
sorption length of 60 cm the lumenal concentration of F-ddA
will be about 33% of its initial value, whereas the EHNA
concentration will be <10% of its initial concentration. Deple-
tion of the inhibitor prior to prodrug absorption would result
in reduced bioavailability. Future studies will examine and
attempt to validate methods for reliably extrapolating these
results to the in vivo situation.
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