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Purpose. The goal of this study was to develop physiologically based
pharmacokinetic (PBPK) models for 2’,3'-dideoxyinosine (ddI) in rats
when the drug was administered alone (ddI model) and with pentami-
dine (ddI + pentamidine model), and to use these models to evaluate
the effect of our previously reported pentamidine-ddI interaction on
tissue ddI exposure in humans.

Methods. The PBPK models consisted of pharmacologically relevant
tissues (blood, brain, gut, spleen, pancreas, liver, kidney, lymph nodes,
muscle) and used the assumptions of perfusion-rate limited tissue distri-
bution and linear tissue binding of ddI. The required physiologic model
parameters were obtained from the literature, whereas the pharmacoki-
netic parameters and the tissue-to-plasma partition coefficients were
calculated using plasma and tissue data.

Results. The ddI model in rats yielded model-predicted concentration-
time profiles that were in close agreement with the experimentally
determined profiles after an intravenous ddI dose (5% deviation in
plasma and 20% deviation in tissues). The ddI + pentamidine model
incorporated the pentamidine-induced increases of ddI partition in
pancreas and muscle. The two PBPK models were scaled-up to humans
using human physiologic and pharmacokinetic parameters. A compari-
son of the model-predicted plasma concentration-time profiles with
the observed profiles in AIDS patients who often received ddI with
pentamidine showed that the ddI model underestimated the terminal
half-life (t,, 3) by 39% whereas the ddl + pentamidine model yielded
identical t; 3 and area-under-the-curve as the observed values (<1%
deviation). Simulations of ddI concentration-time profiles in human
tissues using the two models showed that pancreas and lymph nodes
received about 2- to 30-fold higher ddI concentration than spleen and
brain, and that coadministration of pentamidine increased the AUC of
ddI in the pancreas by 20%.
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Conclusions. Data of the present study indicate that the plasma ddI
concentration-time profile in patients were better described by the ddI
+ pentamidine model than by the ddI model, suggesting that the
pentamidine-induced changes in tissue distribution of ddI observed in
rats may also occur in humans.

KEY WORDS: ddI; physiologic pharmacokinetic model; tissue con-
centration; pentamidine; rat; human.

INTRODUCTION

2',3’-Dideoxyinosine (ddI) is used to treat patients infected
by human immunodeficiency virus (HIV), and patients with
acquired immunodeficiency syndrome (AIDS). Several organs
are important targets for this drug. These include: (a) brain
because of the prevalence of AIDS dementia complex and its
association with HIV infection in the central nervous system
(1-2); (b) lymph nodes because they have been shown to harbor
most HIV in early stages of the disease and are the sites where
active viral replication occurs during the clinical latency period
(3); (c) other lymphoid tissues which are targeted by the virus;
and (d) pancreas because of potentially lethal pancreatitis (4).
Tissue pharmacokinetic data of ddI, while they are important
to elucidate the therapeutic efficacy of ddI treatment, are not
readily available in humans because of limitations on tissue
accessibility.

We and others have studied the plasma pharmacokinetics
of ddI in animals and humans, using compartmental analysis
where the plasma and rapidly perfused tissues are lumped into
a central compartment and the slowly equilibrating tissues are
lumped into one or more peripheral compartments (5-8). The
major limitations of a compartmental body pharmacokinetic
model are the lack of physiological relevance and the inability
to distinguish the fate of the drug in different tissues, and hence
the inability to predict the time course of drug concentration
in target tissues. In contrast, a physiologically based pharmaco-
kinetic (PBPK) model, which takes into account physiologically
relevant tissue arrangement, volume and perfusion rate as well
as tissue binding and metabolism, can be used to depict the
tissue concentration-time profiles and used for interspecies
scale-up because of the similarity of anatomy, physiology, bio-
chemistry, and cellular structure in mammalian species. The
present report describes the development of two PBPK models
for ddI in rats; i.e. when ddI was administered alone (ddI model)
and in combination with pentamidine (ddl + pentamidine
model), and the preliminary application of these models for
interspecies scale-up to humans. We previously showed that
pentamidine increased the accumulation of ddI in pancreas and
muscle (9).

MATERIALS AND METHODS

Chemicals and Reagents

ddl was obtained from the National Cancer Institute
(Bethesda, MD). Reagent grade chemicals and high pressure
liquid chromatographic (HPLC) grade solvents were purchased
from Sigma Chemical Co. (St. Louis, MO) and Fisher Scientific
(Cincinnati, OH).
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Model Development—Overview

Development and verification of the PBPK model was
performed in the following five steps. (A) Outline and arrange
pharmacologically important tissues in an anatomically correct
order. (B) Define the process of drug distribution from blood
to organs. (C) Establish the mass balance equations for each
organ and obtain the required physiological and pharmacoki-
netic parameters. (D) Substitute the model parameters into the
differential mass balance equations for plasma and tissues to
generate computer simulations of plasma and tissue concentra-
tion-time profiles. (E) Verify the model by comparing the
model-predicted plasma and tissue concentration-time profiles
with the observed profiles.

Interspecies scale-up to humans was performed in the fol-
lowing three steps. (A) Substitute the physiological and pharma-
cokinetic parameters for rats with parameters for humans into
the model, while retaining the tissue-to-plasma partition param-
eters established from the rat data. (B) Use the model to generate
a plasma concentration-time profile in humans, which was com-
pared with the observed profile to evaluate the model validity.
(C) Use the validated PBPK model to generate the concentra-
tion-time profiles in human tissues.

Model Selection

Figure 1 is the schematic representation of the PBPK model
for ddI. The model includes pharmacologically important tis-
sues (brain, spleen, lymph nodes, pancreas), and the eliminating
organs (gut, liver, Kidney) (8-10). In addition, muscle was
included because of the significant drug distribution to this
tissue and its large volume.

The assumptions for the PBPK model are: (a) intercompar-
tmental transport occurs via blood flow; (b) instantaneous equi-
librium between tissue and blood within the tissue; (c) equal
drug concentration in effluent blood and blood within the tissue;
(d) same unbound drug concentrations in plasma and tissues;
and (e) only unbound drug molecules are eliminated. Plasma
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Fig. 1. Schematic diagram of the physiologic pharmacokinetic model
for ddI.

Kang, Wientjes, and Au

concentrations were used instead of blood concentrations
because of the equal distribution of ddI in blood cells and
plasma (8). Total drug concentration in plasma was taken as
the free drug concentration (f;, = 1), because of the insignificant
plasma protein binding of ddI of between 2-5% at a concentra-
tion range of 0.5 to 50 pg/ml in rat and human plasma (11-12).

ddI is a relatively small compound (MW 236) with a pKa
of 9 (13). ddI is a substrate of the nucleoside transporter and
also transported via nonfacilitated diffusion in RBC (14). How-
ever, ddl is not a substrate of nucleoside and nucleobase trans-
porters in lymphocytes, macrophages, and bone marrow cells
(15). It is not known which transport process is responsible for
ddI transport in different tissues. However, the rapid equilibrium
of ddI between plasma and tissues with no saturable uptake
over a wide concentration range of 0.2 to 300 pg/ml (16)
suggests that ddI distribution from blood to tissues is perfusion-
limited rather than transport-limited.

Figure 2 shows the relationship between tissue concentra-
tions and plasma concentrations, constructed using our pre-
viously reported plasma and tissue concentration-time data of
ddI after an intravenous bolus injection (16) and the infusion
data from the present study. The plots show linear relationships
with slopes of about 1 for all tissues, for concentrations spanning
over 3 orders of magnitude. This indicates the absence of satura-
ble binding, and suggests linear tissue binding (17).

Differential Mass Balance Equations

Differential mass balance equations were written for indi-
vidual tissues according to standard methods (18). Equation 1
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Fig. 2. Tissue concentrations versus plasma concentrations (log-log
plots). Rats were given an intravenous bolus injection of 100 mg/kg
or infusion of 2 mg/min/kg of ddl. Slopes and correlation coefficients
(r?) of the regressed lines are indicated.
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shows the mass balance equation for blood which is the input
compartment, equation 2 for a non-eliminating organ (brain,
pancreas, lymph nodes, muscle), equation 3 for an eliminating
organ (gut, spleen, kidney), and equation 4 for liver which is
anatomically unique because it receives blood supplies from
gut, spleen, and pancreas:

for blood,
dC Cirvue
Vp . L= Dose + 2Qn‘ssue e - (EQtisxue) . CP (1)
df Rtimue

for a non-eliminating organ,

dC/issue C/ivme
Vissue * d = Qrissue * Cp = Quigsue * R (2)
t tissue
for an eliminating organ,
dCtivvue Clinue
Vtissue ' = Qli,vxue ‘ Cp - (Qlix.rue + CLim‘rinsic) )
d R
4 tissue
(3)
for liver,
dCliver
Vliver ) dt = (Qliver - qut - Qspleen - Qpancreas) ' Cp
C C
gut spleen
+ qul : R + Qspleen : R
gut spleen
Cpuncreax
+ Qpancreas ’ R
pancreas
Cliver

- (Qliver + CLintrinxic. liver) '

where Vigue 1S tissue volume, C. 1S total drug concentration
in tissue, Qgsue 1S tissue perfusion rate, CL;yinic 1S intrinsic
clearance, C, is plasma concentration, and Ry is tissue-to-
plasma partition coefficient. The term Ciggue/Russue represents
drug concentration in efferent plasma (C,) since Ry is defined
as Clissue/CO (18)

Parameter Selection and Calculation

The required physiologic parameters are tissue volumes
and tissue perfusion rates, and were obtained from the literature
(19-21). The required pharmacokinetic parameters, i.e.
CLintrinsic and Ryeue Were either experimentally determined or
calculated from previously published data.

The CL;insic for liver, gut, spleen, and kidney were derived
from the in vivo plasma pharmacokinetic data, i.e. renal (CL ¢,
and nonrenal (CL, . ena) clearances. Elimination of ddI in rats
and humans is mainly by metabolism and renal excretion
(6,10,22). In rats, liver is the major metabolizing organ for ddI,
while the small intestine and spleen account for about 20% of
hepatic metabolism (10,16). The following assumptions were
used: (a) linear drug elimination, based on the linear elimination
of ddI over plasma concentrations of 0.2 to 500 p.g/ml in rats
(8,23), which were comparable to the concentration range in
the present study; (b) the relative magnitude of CLiyginsic Of
each tissue is proportional to the size and the in vitro metabolic
activity per g of tissue; (c) identical metabolic activity per g
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of tissue for spleen and liver, based on the nearly identical
degradation half-life of ddI in spleen and liver homogenates
(10,16); (d) elimination in gut occurs only in small intestine
(10); (e) same relative metabolic activity in human tissues as
in rat tissues; and (f) CL,onrena 1S due to metabolism in liver,
spleen and small intestine.

The CL ey and CLpena accounted for 17% and 83% of
the total body clearance (CLyg) in rats (8), and 51% and 49%
of the CLrg in AIDS patients (6). CLiynsic in kidney was
calculated using equation 5 (18). Egge 15 the tissue extraction
ratio and is represented by equation 6. E ,renai, Which represents
the extraction in the three metabolizing organs that are linked
by their blood supplies, i.e. liver, spleen, and small intestines,
is described in equation 7. Equations 6 and 7 were solved
simultaneously using a numerical method.

_ CLrenal
CLintrinsiL‘. kidney — ] — E (5)
kidney
E _ CLti.m‘ue _ CLintrinxic. tissue (6)
tissue -
Qlissue Qn’ssue + CLintrinsic. tissue
Q.\- leen + Qsmall intestine
E = Ejer - |1 —
nonrenal = Eliver
Qliver
Q.\‘pleen
+ [(1 - E.\'pleen) ) Eliver + E.\'pleen] . Q
liver
Qsmall intestine
+ [(1 - E\'mall in/esline) . Eliver + Emwll inlesline] )
Qliver
Q)

Animal Protocol for Determination of Tissue and
Plasma Concentrations

Tissue and plasma data were obtained after intravenous
bolus injection and slow infusion of ddI in female Fisher rats.
The animal experiments were in compliance with the Guide
for the Care and Use of Laboratory Animals, NIH publication
86-23. The concentration-time profiles in brain, spleen, liver, -
kidney, lymph node, and pancreas for an intravenous bolus
injection of ddI alone (n = 16 rats) and after a continuous
infusion of ddI alone (n = 3) and ddI plus pentamidine (n =
3) were obtained from previous studies (9,16). An additional
study used two rats to obtain the concentration-time profiles
in muscle and gut, after an infusion. The protocols were as
described previously (16). In brief, rats (Charles River, Wilmin-
gton, MA), 5-6 months of age and weighing 220 £ 20 g, were
anesthetized with ether and catheters were implanted in the tail
vein or the right jugular vein. ddI was infused through the tail
vein catheter for 2 to 3 hr (200 to 240 mg/kg) or administered
as a bolus dose (100 mg/kg) through the jugular vein catheter.
In the combination therapy study, ddI (200 mg/kg) and pentami-
dine (10 mg/kg) were given simultaneously for 3 hr. Rats were
anesthetized with ether 3-5 min before the predetermined times.
Tissue removal and processing, extraction and analysis of
plasma and tissue samples were as described previously (16).

Determination of R, in Rats

Riissue €an be determined under in vitro or in vivo condi-
tions. There is no general agreement on the best method for
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determining Ry (24-25), but the in vivo method is commonly
used. We determined Ry during steady state following intra-
venous infusion or after a bolus intravenous dose. For determi-
nation of Ry, from bolus injection data, we used the hybrid
model which is relatively insensitive to data fluctuation and
requires less data. The hybrid model has been used to estimate
the transport and binding parameters in tissues (17,26). In the
hybrid model, the C,, term in the mass balance equations (equa-
tions 2, 3, 4) was substituted with a time-dependent input func-
tion, which is the plasma concentration-time data expressed as
a mathematical function. For ddI, we used a biexponential
function, C, = A - ¢ + B - e~ P The resulting equation
was fitted to the observed concentration-time profile to solve
for the best-fit Ryjsoue pybria for individual tissues. For the infusion
method, Ry, €quals the tissue-to-plasma concentration ratio
at steady state (Rjjguess) (24). For gut and muscle where we
did not have the profiles after an intravenous bolus dose, we
used Ryguess from the infusion study because the Rigsuenybrid
and Ry s fOr other tissues were comparable. For eliminating
organs, the Ryjgsuess aNd Rysouenybria Values for liver, spleen, gut
and kidney were adjusted for elimination in the tissue by equa-
tion 8 (24). The Rysue values were substituted into mass balance
equations (equations 1 through 4) to simultaneously simulate
concentration-time profiles in plasma and tissues (i.e. global
model simulation) (17).

R —_ CLimrinxic
tissue Rtixsue,hybrid |1+ or
Q[i.vsue

CLinlrinsic
Rlissue = Rris:ue,ss I (8)

Qtissue

The Ry values determined for one animal species may
apply to other species, provided that drug distribution follows
principles of thermodynamic partitioning with relatively
minor interspecies variation and that the two species have
similar Vd,, values of the drug (18). Because the Vd,, of ddI
in several species are in comparable ranges, i.e. 0.77 l/kg for
humans (6), 0.9-1.8 kg for monkeys (7,27), 0.6-0.8 /kg for
rats (8), and 0.7-0.9 I/kg for dogs (5), the Riissuepybria and
Risoucss values determined in rats, after adjusted for the
CL.insic in humans using equation 8, were used for simulation
in humans.

Alteration by Pentamidine

We previously reported that in rats, pentamidine coadmin-
istration altered the ddI distribution to pancreas and muscle but
not spleen, liver, and kidney (9). Pentamidine is often coadmin-
istered with ddI to AIDS patients (28-29). Replacement of
Riuncreas and Ryl 10 the ddE PBPK model with Rpncress and
R uscle Obtained during ddI and pentamidine treatments resulted
in the second PBPK model, i.e. ddI + pentamidine model.

Comparison of Volume of Distribution at Steady State
(Vd) '

To evaluate the reasonableness of the R . values estab-
lished from tissue distribution studies, the apparent volume
of distribution at steady state (Vdgs mogel) calculated from Rgoue
using equation 9, was compared with the volume estimated
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from the plasma pharmacokinetic data (Vd piasma) using equa-
tion 10 (20).

Vdss,tissue = Vlissue and

: Rlissue ) (1 - Etissue)
Vdss,modzl = E Vdss.n'ssue (9)

Vdss,plasma = CLrg * MRT (10)

where Vi iS anatomical tissue volume and MRT is mean
residence time. B i8 tissue extraction ratio and was set to
zero for non-eliminating organs.

Computer Simulations and Data Analysis

Computer fitting and simulations were done using
PCNONLIN (SCI Software, Lexington, KY). A weight function
of 1/concentration was used for fitting of the hybrid models.
The area under the concentration-time curve (AUC), Clygg,
mean residence time (MRT), and terminal half-life (t;,, g) were
calculated according to standard procedures (30).

RESULTS

Model Parameter Selection

Table 1 summarizes the physiologic and pharmacokinetic
parameters for the PBPK models. To determine if the literature
values were appropriate, wet tissue weights were determined
for brain, spleen, liver and kidney in 17 rats. The weights
for individual tissues were comparable to the reported tissue
volume: the average difference in weight and volume was 25%,
with brain giving the least difference (13%) and liver giving
the highest difference (33%). The blood flow rates to regional
lymph nodes are not available and could not be easily deter-
mined experimentally. As an estimation of the blood flow to

Table 1. Physiological and Pharmacokinetic Parameters®

Tissue volume Blood flow CLintrinsic
(ml) (ml/min) (ml/min)?
Tissue Rat  Human Rat Human Rat Human

Blood 12.0 5,400 NA? NA® 0.0¢ 0.0¢
Brain 1.5 1,450 1.33 700 0.0¢ 0.0¢
Gut 8.8 1,650 7.52 1,100 0.81 423
Spleen 0.53 192 0.63 77 035 354
Pancreas 1.15 84 0.51 134 0.0¢ 0.0¢
Liver 9.06 1,690 11.8 1,650 6.01 312
Kidney 2.0 310 9.23 1,100 1.06 524
Lymph nodes 0.8 280 0.087¢ 8.26° 0.0¢ 0.0°
Muscle 112 35,000 7.5 750 0.0¢ 0.0¢

Note: The physiological parameters are for a 220 g rat and 70 kg man.

“ Tissue volume and blood flow parameters were obtained from the
literature (19-21).

» NA: not applicable.

¢ Calculated as the product of [V,;e] and [the average of the perfusion
rate per ml tissue for skin (0.15 ml/min/ml for rats and 0.038 ml/
min/ml for humans) and muscle (0.067 ml/min/ml for rats and 0.021
ml/min/ml for humans)]j.

4 Values calculated from reported data in literature using equation 5
through 7 as described in Methods (6,8,16).

¢ Assumed no metabolism in these tissues.
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lymph nodes, which have low capillary density, we used the
average value of blood flow rat per ml tissue to skin and muscle.
Using these parameters, the ddI PBPK model was established.

Verification of the ddI PBPK Model

The ddI PBPK model predicted concentration-time profiles
in rat plasma and tissues that were comparable to the biexponen-
tial profiles observed experimentally (Figure 3). The predicted
profiles in brain, spleen, pancreas, liver and kidney are similar
to the plasma profile, showing biexponential decays with a
short distribution phase and elimination phase. This similarity
suggests a rapid equilibrium between plasma and these tissues.
In contrast, the predicted profiles in lymph nodes and muscle
showed an early uprising phase followed by a decline. The
differences between the profiles in lymph nodes and muscle
with the other tissues suggest that lymph nodes and muscle are
slowly equilibrating tissues. On average, the model-predicted
ting and AUC deviated from the observed values by 5% and
14% in plasma and by 22% and 24% (range of —40 to +23%
for ty,s and —10 to —36% for AUC) in tissues. The CLyg
calculated from the model-predicted plasma concentration-time
profile was 24.2 ml/min/kg which was comparable with the
observed value of 20.9 ml/min/kg. The agreement between
predicted and observed values indicated the validity of the
model.
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ddl + Pentamidine PBPK Model

The ddI + pentamidine model incorporated the pentami-
dine-induced changes in ddI distribution to pancreas and mus-
cle, as follows. An intravenous infusion of pentamidine, which
produced a steady state concentration of 350 ng/ml, increases
the Cpancreas:Cpiasma @Nd Crysete:Cplasma ratios of ddl in rats by
150% and 540%, respectively (9). In AIDS patients, a 600
mg inhalation dose of pentamidine produced peak and trough
plasma concentrations of 9 and 89 ng/ml, respectively (31),
and accordingly an average concentration of 49 ng/ml. This
concentration is 13% of the steady state concentrations in rats
(9). Assuming that the extent of increases in Rpancreas and Ripygere
by pentamidine is linearly related to pentamidine concentration,
we estimated that pentamidine coadministration in man would
increase Rpancreas and Rpyysere by 19% (ie. 13% X 150%) and
70% (i.e. 13% X 540%), respectively. The ddI + pentamidine
model in man used the pentamidine-modified R ycreas and Rypys-
o values,

Application of PBPK Models to Humans

Figure 4 shows the predicted plasma concentration-time
profiles in humans by the ddI and ddI + pentamidine PBPK
models. The ddI model yielded a profile that superimposed the
observed profile up to 120 min and an AUC that was nearly
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Fig. 3. Predicted and observed concentrations of ddl in plasma and tissues after an intrave-
nous bolus injection of ddI of 100 mg/kg. The observed data were taken from a previous
study (16). Each data point represents an individual rat. Solid lines represent simulated
profiles using the ddI PBPK model. Note that profiles for gut and muscle after a bolus
dose were not experimentally determined. The profiles in these two tissues were predicted
using the Ry, obtained from the infusion study.
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Fig.4. Comparison of model-predicted plasma concentration-time pro-
files in humans with observed profiles in AIDS patients. Data from
patients (@) were obtained from a published study (6) in which patients
were given an 1 hr intravenous infusion of 16.5 mg/kg ddI. Simulated

profiles using the ddI model (solid line) and the ddl + pentamidine
model (dashed line).

identical to the observed value (0.6% deviation), but underesti-
mated the concentration from 150 to 600 min and accordingly
underestimated the t;, g (39% lower than the observed value).
The ddI + pentamidine PBPK model yielded a profile that better
described the observed profile than the ddI model, resulted in
nearly identical t;,3 and AUC (deviated from the observed
values by <1%), suggesting the ddI + pentamidine model as
the more appropriate model.

Figure 5 shows the simulated concentration-time profiles
of ddI in human tissues using the ddl + pentamidine PBPK
model. Simulated data using the ddI + pentamidine model
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Fig. 5. Simulated tissue concentration-time profiles in patients using
the ddI + pentamidine model. Note that profiles for liver and lymph
nodes merged after 180 min.
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yielded a 18% and 69% greater drug accumulation in pancreas
and muscle, respectively, than the data using the ddI model
(data not shown).

Volume of Distribution at Steady State

Table 2 summarizes the Vd,, 041 Of ddI in rat and human
tissues. In rats, the Vdg no4e calculated using Ryge,e When ddl
was administered alone was 0.53 l/kg, which was about 10%
higher than the Vdg ;j.sma 0f 0.48 I/kg calculated from the plasma
data. In humans, the Vd moqer calculated using the pentamidine-
modified Rgsue Was 5% smaller than the Vd piagma, 1-€. 0.73 vs
0.77 V/kg. The comparable values of Vd moger and Vg pagma in
rats and humans indicate the reasonableness of the R, used
in the PBPK models. In both species, distribution to muscle,
due to the combined effect of its high tissue volume and moder-
ate Ryjue, accounted for 67 to 80% of Vdg moserr The well
perfused organs, i.e., liver, kidney, and blood, together
accounted for 17 to 28% of Vdg noqe; due to their intermediate
tissue volumes and high (kidney) and moderate (liver and
bIOOd) Rlissue' '

DISCUSSION

The goal of the present study was to develop PBPK
models for ddI, either administered alone or in combination
with pentamidine. The results in rats show that the ddI PBPK
model adequately described the ddI concentration-time pro-
files in plasma and tissues, and yielded Vd,, that was compara-
ble to the value determined using independent methods. These
data indicate the validity of the ddI PBPK model. The second
model, i.e. ddI + pentamidine model, was developed to
account for the pentamidine-induced changes in drug distribu-
tion to pancreas and muscle. When these two models were
applied for interspecies scale-up to humans, the ddI + pentam-
idine model but not the ddI model yielded a plasma ddI
concentration-time profile that superimposed the profile
observed in AIDS patients who often received ddI in combina-
tion with pentamidine (6). This supports the validity of the
ddl + pentamidine PBPK model in humans, and suggests
that the pentamidine-induced increases in drug accumulation
in pancreas and muscle that were observed in rats might
have also occurred in humans. There are several examples of
increased Vdy and/or tissue concentration by the addition
of a second drug, i.e. verapamil by lidocaine in dogs (32),
adriamycin by verapamil in humans (33), 5-fluorouracil by
bromodeoxyuridine in dogs (34), cefotaxime by mezlocillin
in humans (35), and thiopental by halothane in rats (36).
Further verification of this hypothesis requires tissue distribu-
tion data in humans, which are unlikely to be available.
Another approach would be to expand the studies to include
other animal species to validate the interspecies scale-up
application of the PBPK models.

[t should be noted that AIDS patients often receive multiple
medications (prescribed and non-prescribed). There may be
other drug interactions that account for the differences in the
model-predicted and the observed plasma concentration-time
profiles in humans. Other interspecies differences such as tissue
distribution (e.g. tissue binding and transport) and metabolism
(e.g. metabolism in tissues other than liver, spleen, and small
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Table 2. R[issue and vdss‘m(,de|

Rat Man

Tissue u\sue (1 msue) vdss,tissueu (ml) % Of [0[3-1 qus,model ussue (1 us\ue) Vdss,‘issuea (l) % Of [0[3-1 Vdss,model
Blood 1.00 12.0 10.3 1.00 5.40 10.6
Brain 0.026 0.039 0.034 0.026 0.038 0.074
Gut 0.51 4.46 3.84 0.51 0.84 1.64
Spleen 0.393 0.21 0.18 0.393 0.075 0.15
Pancreas 0.71 0.81 0.70 0.84¢ 0.070 0.14
Liver 0.76 6.90 5.95 0.76 1.29 2.52
Kidney 6.82 13.6 11.8 6.82 2.11 4.13
Lymph nodes 0.61 0.49 0.42 0.61 0.17 0.34
Muscle 0.69 775 66.8 1.18° 41.2 80.5
Vg, model” NA¢ 1164 100 NA¢ 51.2¢ 100

Note: Ry, Was determined under in vivo conditions after a continuous intravenous infusion to steady state or after a bolus intravenous injection.
Data analysis in rats used the ddl PBPK model, whereas data analysis in humans used the ddI + pentamidine model.

¢ Calculated using equation 9.
# Equals sum of Vd e Of individual tissues in the model.
¢ NA: not applicable.

4 Vd,, model 0N a kg basis, calculated as (total Vdg model) +

(body weighl) (0.22 kg for rats and 70 kg for humans), was 0.53 1/kg for rats and

0.73 1/kg in humans. In comparison, the Vd“ plasma Calculated using equation 10 and data from the literature (6,16) were 0.48 1/kg for rats

and 0.77 1/kg for humans.

¢ Rpancreas a0d Rpyyeie in humans were 119% and 170% of the values in rats, respectively (see Results).

intestine) also can not be ruled out. Nonetheless, data of the
present study provide the first approximation of ddI tissue
pharmacokinetics in AIDS patients.

The simulated ddI concentration-time profiles in humans
using the ddI and ddI + pentamidine PBPK models show that
pancreas and lymph nodes received about 2- to 30-fold higher
ddI concentration than spleen and brain, and that coadministra-
tion of pentamidine altered ddI accumulation in the pancreas.
Lymphoid tissues and brain are the target organs for the desired
therapeutic effects, whereas the pancreas is the target organ for
its major toxicity. An extrapolation of these data indicates that
the therapeutic efficacy of ddI can be enhanced by increasing
its distribution to brain and spleen, and by decreasing its distri-
bution to pancreas. A population pharmacokinetic analysis in
AIDS patients suggests that concomitant use of pentamidine
was one of the predictors of pancreatitis (37). Because pentami-
dine alone produces pancreatic toxicity (38-39), the enhanced
toxicity may be related to cumulative effect of the two drugs.
On the other hand, the pentamidine-induced increase of ddI
accumulation in pancreas, albeit relatively minor, represents an
alternative/additional mechanism of the potentiated pancreatic
toxicity in patients receiving both ddI and pentamidine that
warrants further investigation.
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