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Abstract

The pharmacokinetic (PK) parameters of dexamethasone (DEX) in 11 species were collected from
the literature and clearances (CL) assessed by basic allometric methods, and concentration—time
course profiles were fitted using two PK models incorporating physiological or allometric scaling.
Plots of log CL vs. log body weights (BW) correlated reasonably with /£2 = 0.91, with a maximum
ratio of actual to fitted CL of 6 (for pig). A minimal physiologically-based pharmacokinetic
(mPBPK) model containing blood and two lumped tissue compartments and integrated utilization
of physiological parameters was compared to an allometric two-compartment model (a2CM). The
plasma PK profiles of DEX from 11 species were analyzed jointly, with the mPBPK model having
conserved partition coefficients (Kp), physiologic blood and tissue volumes, and species-specific
CL values. The DEX PK profiles were reasonably captured by the mPBPK model for 9 of

11 species in the joint analysis with three fitted parameters (besides CL) including an overall
tissue-to-plasma partition coefficient of 1.07. The a2CM with distribution CL and central and
peripheral volumes scaled allometrically fitted the plasma concentration profiles similarly but
required a total of six parameters (besides CL). Overall, the literature reported that DEX CL values
exhibit moderate variability (mean = 0.64 L/h/kg; coefficient of variation = 105%), but distribution
parameters were largely conserved across most species.
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1| INTRODUCTION

Dexamethasone (DEX) is a synthetic glucocorticoid used therapeutically in animals and
humans to treat inflammation, allay allergic reactions, assess adrenal function, improve
lung function in premature infants, and treat various cancers (Braat et al., 1992; Charles et
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al., 1993; Li et al., 2012). The drug has moderate size (molecular weight = 392.5 g/mol),
lipophilicity (log P = 1.83), and solubility (89 mg/L at 25°C) (DrugBank database). It was
found to have a moderate volume of distribution (Vg = 63 L) and half-life (/25 = 3-4 h) in
humans (Mager et al., 2003; Tsuei et al., 1979). The pharmacokinetics (PK) of DEX has not
been systematically assessed across various species, although we recently developed a full
physiologically-based pharmacokinetic (PBPK) model for DEX in rats (Song et al., 2020).
One application of a generic PBPK model parameterized the system for human physiology.
DEX was one of many compounds in the training set, but it was not possible to discern
specific parameter values used for DEX (Brightman et al., 2006). The human PBPK of DEX
was simulated in pregnant women using the Simcyp Simulator (Certara, Princeton, NJ) (Ke
& Milad, 2019).

Allometric scaling is often used to interrelate drug doses and PK parameters from animals
to man. It is based on energy requirements and rates of physiological processes being
closely associated with body size (Boxenbaum, 1982). Traditional basic allometric scaling
in PK often involves two steps. First, parameters (such as clearances [CL] and volumes)
are calculated using classical compartmental or noncompartmental analysis (NCA) methods.
Then parameters from several species are used to extrapolate or compare to humans via
simple allometric scaling (plotting Y= a x BWPas log Y= log a+ b xlog BW) in relation
to body weights (BW). This approach has been extended to assessing similar relationships
for the semiphysiological parameters of two-compartment models (2CM) (Lepist & Jusko,
2004). However, parameters computed by these methods utilize little information about
physiology among an array of species (Hall et al., 2012). Traditional basic interspecies
allometric scaling is empirical and does not perform well for many drugs.

The intrinsic CL of antipyrine were able to be scaled across 15 mammalian species using
body and brain weights partly owing to the extensive data that were available, as this
compound was once a common biomarker for rates of drug metabolism (Boxenbaum &
Fertig, 1984). An assessment of 44 drugs across veterinary and laboratory species observed
that “clearance showed weak allometric correlations with weight across species” and

focused on scaling half-life (Riviere et al., 1997, p. 453). Comprehensive assessments of
basic allometric scaling methods involved 61 small molecule compounds that demonstrated
a range of bvalues for CL from 0.3 to 1.2 with a central & value near 0.75 (Tang &
Mayersohn, 2005). Later, 81 compounds were shown to exhibit a range of b values of 0.443-
1.63 across species (Huh et al., 2011).

PBPK models include biological subsystems such as blood, lymphatics, elimination
mechanisms, and structures of diverse tissues and organs. The PK of drugs is interpreted
based on integrated physiology and in vivo mechanisms. Species-specific parameters (i.e.,
the mass/volumes and blood flow rates of tissues) and drug-specific information (i.e.,
tissue-to-plasma partition coefficients, protein binding parameters) are used in tandem
(Meno-Tetang et al., 2006). However, building a full PBPK model requires measured or
calculated drug concentrations in various tissues along with measured or extrapolated renal
excretion and metabolic information.
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Minimal physiologically-based pharmacokinetic (mPBPK) models inherit and lump major
physiologic attributes from whole-body PBPK models (Cao & Jusko, 2012). They offer a
simple and sensible modeling approach to incorporate physiological elements into a PK
analyses when only plasma data are available. Integrating allometric scaling of CL into a
mPBPK model can be useful for PK interspecies scaling. The across-species fitting and
scaling of moxifloxacin (Cao & Jusko, 2012) and several monoclonal antibodies (Zhao et
al., 2015) have been performed successfully using mPBPK models.

Available PK data for DEX were collected in 11 species, often for multiple studies for

some species. Diverse PK data for DEX in many healthy human studies were also found.

A mPBPK model with blood and two physiological lumped compartments was used to
jointly analyze DEX PK across the species. An extended allometric two-compartment model
(a2CM) where all distribution parameters were allometrically scaled was employed. We
sought to: (1) provide a review of the literature regarding DEX PK and metabolism in
various species, (2) assess DEX PK across all available species using traditional basic
allometric approaches, and (3) test whether distribution parameters for DEX generalize
across species based on joint fittings of time courses of plasma concentrations comparing
mPBPK and a2CM maodels. This effort also provided insights into issues encountered when
trying to assemble complete information about one drug from all available literature sources.

2| METHODS

2.1| Basic allometric scaling

Values of pharmacokinetic parameters such as plasma CL and steady-state volume of
distribution ( Vs) were obtained from literature sources for as many species as could

be found. If not reported directly, these parameters were either calculated from available
descriptors or obtained by NCA from the plasma concentration vs. time profiles. The latter
were regenerated from the published graphs by digitization (Rodionov, 2000).

2.2| mPBPK model integrated with allometric scaling

The mPBPK model structure is shown in Figure 1. Blood and two lumped tissue
compartments were assumed. The model equations and initial conditions are:

dcC R, - C Ry, - C Ry - C,
g S S 1§ b 2 T p
Ry —= = Qco fai K, Vs + Qo fa2 K, Vs Va "
Dose
((Jar + fa2) - Qco + CL)Ry Cy(0) = 7=
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where G, is the DEX concentration in plasma, G is the DEX concentration in one lumped
tissue (V41), Gy is the DEX concentration in the second lumped tissue (V4,), Qg is cardiac
blood flow, 41 and £y, are the fractions of Qo accessing V4 and Vi, Kj is the plasma tissue
partition coefficient, A, is the blood to plasma ratio, 4, is blood volume, and CL is the
species-specific CL. As in full PBPK models, blood flows and blood/plasma ratios are used
in the model equations.

This model features physiological parameters and restrictions. The blood volumes for most
species were adapted from one source (Wolfensohn & Lloyd, 2003), except for chicken
(Kotula & Helbacka, 1966), camel (Banerjee & Bhattacharjee, 1963), and man (Brown et al.,
1997). The information on the blood to plasma ratio was found to be 0.72 in rat (Song et al.,
2020), 1.34 in monkey, and 0.95 in man (Akabane et al., 2010). The A, for all species was
assumed to be the average, which was 1.0. With conversion by A}, the observed plasma PK
data from the literature were fitted. The cardiac output flows were allometrically calculated
for each species (Brown et al., 1997) as:

Oco = 0.275 - BW7 @)
The mean BW (in kg) reported in each publication that had PK data was used. The tissue

volume fractions for the compartments (/) were related to BW by assuming 1 g/ml tissue
density across all species:

Vi =BW=V): F ©)
Vio=BW=1) (1 - F) ®)
Ja+fa<1l @)

The fitted parameters were A and f31, while % is a secondary parameter. The ~ term
allows separation of the body mass into two major components, ostensibly the highly and
poorly perfused tissues. DEX is a small, moderately lipid-soluble drug and is thus assumed
to permeate all body tissues, which accounts for the use of BW in these equations as in most
full PBPK models. Parameter definitions are also provided in Table 1.

The a2CM is depicted in Figure 2. The equations used were:

dCeen  CLp CL

ar Veen : (Cper - Ccen) - m * Ceen Ceen(0) = Dose/V ey (8
dcC CLp

di)er = vV (Ccen - Cper) Cper(o) =0 C)
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Biopharm Drug Dispos. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Song and Jusko

Page 5

where Ceen and Cper are the DEX concentrations in the central/plasma (V¢en) and peripheral
volumes ( Vper) ith elimination (CL) and distribution (CLp) clearances. Species-specific
CL values were used and all other parameters expressed as #BWY. All species were given
the same fitted a; and & (intercept and exponent values) of Veen, @ and £, (for Vyer), and a3
and b3 (for CLp). All parameters are defined in Table 2.

2.4| Model fittings

The maximum likelihood method in ADAPT5 was used to fit the models (D’ Argenio &
Schumizky, 2009). The variance model was:

Vi=(o1+0y-Y)) (10)

where Vjrepresents the variance of the ith data point, Y;is the th model prediction, and

oy as well as o are variance model parameters, which were estimated together with system
parameters. The performance of the models was evaluated by goodness-of-fittings, visual
inspection, Akaike Information Criterion (AIC), and coefficient of variation (CV%) of the
estimated parameters. The ADAPT model codes for enacting the mPBPK and a2CM are
provided in the Supporting Information Materials. The NCA assessments were performed
using the Phoenix 8.1 software (Certara). All figures were created using GraphPad Prism
7.04 (GraphPad Software, San Diego, CA).

3| RESULTS

The PK parameters of DEX found for 11 species are listed in Table 3. There were multiple
studies with PK data available for some of the species. Studies of DEX PK for IV doses

in various healthy adult human studies are listed in Table 4. The plasma concentration vs.
time data for rats and man were from in-house studies (Mager et al., 2003; Samtani & Jusko,
2005a, 2005b) and all others were either from published tables or digitized.

For species with multiple studies, the PK data selected for modeling were based on the
closeness of weight-normalized dose to other species, richness of sampling timepoints,
details of study design, and alignment of CL values with basic allometric fitting. The
literature-reported typical CL values were plotted vs. BW (log/log) across 11 species to test
whether there was a simple allometric relationship. Only one value per species was included,
which ensured equal weighting of the CL value from each species. As shown in Figure 3,
basic allometry yields reasonable correlation of CL with BW (/2 = 0.91). As is typical with
these types of log/log graphs, the concordance of the actual vs. least-squares fitted values
appears good because of the wide spread of log BW, but the ratio of actual CL to calculated
values from the allometric equation is as large as 6 (for pig). Comparisons of the published,
NCA, and allometrically regressed CL values shown in Table 3 depict their similarities

and differences. Note that the NCA values came from digitized graphs and may not reflect
published mean values of CL. Assessing the contribution of maximum life span and brain
weight (Mahmood, 1998) to this type of regression did not result in any improvements.
Because the CL value determines the area under the curve (AUC), there is little chance of
improving upon the fitting of the time course of plasma concentrations in applying a more
complete PK model when the basic allometric fitting for CL is divergent from the regression
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value. Thus, the subsequent mPBPK and a2CM fittings were performed five ways: by using
the CL obtained by NCA from individual digitized curves, by fitting data for each species
with the mPBPK and 2CM models, and by fitting individual CL values jointly with the joint
distribution parameters of the mPBPK and a2CM models. Only the latter will be shown,

as it functioned best. All CL values are based on the same data with the assumption that

CL occurs from plasma. With such individualized CL values, the modeling questions then
become, “How similar are the distribution kinetics of DEX across species?” and “How

do the MPBPK and a2CM approaches compare in resolving distribution parameters across
species?”

The DEX PK profiles of the 11 species were jointly analyzed using the mPBPK model with
separately fitted CL for each species, as shown in Figure 4. This model utilizes blood and
tissue spaces proportional to BW and distribution rates governed by cardiac output, which

is also related to species mass. Along with the current model structure, the mPBPK model
with one tissue compartment (one Kp) or two tissue compartments (with differing K, values)
were assessed and they did not work as well as the present approach. The PK profiles

were reasonably captured, except for pig and rabbit, many extremely well. The model-fitted
distribution parameters are listed in Table 1 and jointly fitted CL for each species in Table 5.
In the preliminary fitting, the fi; and 7o values were allowed to float but summation of these
parameters was very close to 1.0 (>0.9999), and thus fj; + f» was fixed to 1.0 and only

fq1 was estimated while 73, became a secondary parameter. The K} value is 1.07, which is
similar—as expected—to most of the model-determined V4 values as L/kg listed in Tables
3 and 4. Tissue 1 has the smaller volume (0.26:BW), receiving 85% of Q.,, while tissue 2
has a larger volume (0.70-BW) receiving 15% of Q,. For mouse, the first-order absorption
rate constant (ka) was fixed to 5 h™1 for the observed rapid absorption and the bioavailability
(F) was fixed to 0.86, as reported in rat (Samtani & Jusko, 2005a, 2005b). In spite of the
divergent fittings of two species, the CVV% values for the mPBPK model parameters were all
less than 8% (Table 1). The fittings and parameters changed very little when the profiles for
rabbit and pig were not included. These two species exhibited the most divergent NCA and
fitted CL and V4 values from those originally reported compared to all other species (Tables
3andb5).

Figure 5 shows the fittings of DEX plasma concentration vs. time curves for the same 11
species using the joint a22CM. In applying this model, the distribution parameters V¢ep,

Voer, and CLp all utilize an allometric scaling relationship with BW (Y= a x BWY). The
estimated slopes (&) and exponents () of the three parameters that were generated in Figure
5 are listed in Table 2 and fitted CL values in Table 5. The largest CV% value is 52.85%, but
the others were very small, indicating reasonable model performance. The scaling exponents
(b) ranged 0.88 to 1.13 indicating close, but not exact, direct proportionality to BW. The
fittings and parameters changed very little when the profiles for rabbit and pig were not
included, possibly because their PK diverged from the rest in opposite directions.

A comparison of CL values obtained by different methods is provided in Table S1, whereas
fitted parameters for each individual species using the mPBPK model are in Table S2 and
the 2CM model in Table S3. The NCA and model-fitted CL values are usually close to

the reported values, but differ sometimes. Otherwise, the two mPBPK and two 2CM fitted
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values are in concordance except for pig and rabbit, where these values also differ from
reported values. When the mPBPK model is applied to each species individually, the array
of PK parameters exhibits moderate variability. For example, K}, has a mean of 1.09 and
CV% of 50.22 when assessed in each species, while the joint fitting yields a K, = 1.07 with
CV% = 1.93. For the 2CM, the V44 averages 1.18 L/kg with CV% of 56.8 for individual
fittings, whereas the scaling intercepts for Ven (CV% 14.8) and Vier (CV% 17.2) add up to
a Vg of 1.25 L/kg.

In addition to the presented data for 11 species, oral dose data for DEX in pregnant sheep
were found (Schmidt et al., 2019) without reported PK parameters. Our PK analysis of the
data provided by the authors produced a mean CL/Fof 0.98 L/h/kg. This value is much
higher than most other species (Table 3), but this might be due to incomplete bioavailability
(F) and/or faster metabolism (CL) owing to pregnancy.

4| DISCUSSION

DEX is a therapeutic agent in human and veterinary medicine and thus has been studied in
many species. We used PK data from 11 species to assess if CL scales to BW and whether
tissue distribution parameters of DEX in those species can be generalized. Although we
chose to use one representative CL value and one PK profile per species to allow for equal
weighting, alternative approaches might be to stage different levels of analyses ranging from
using mean values from all known studies to using individual subject data from all studies, if
available. These methods would produce a cloud of values in both the Y- and X-directions in
a graph such as Figure 3.

41| Model comparison

The mPBPK and a2CM models for DEX utilized species-specific fitted CL values in the
joint fittings, as allometric scaling of this parameter was reasonable but erratic (Figure 3

and Table 3). The mPBPK model used known or expected physiological parameters for
blood volume, cardiac output, and BW for all species, while the a2CM model only includes
BW for each species. The DEX PK profiles of most species were well-captured with both
models. In their basic structures, the two PK models have analogous features with the
mPBPK maodel, having blood and V4; spaces that resemble the central compartment of

the a2CM, the V4, space that resembles the a2CM peripheral compartment, and £ X Qg
resembling CLp. The volume parameters of the 2CM are often considered hypothetical
spaces, while the mPBPK model provides a rationalization of volumes as lumped real tissues
(Cao & Jusko, 2012). The jointly fitted CL values for the two methods were usually very
close, although utilizing blood volume as the initial distribution space (as in full PBPK
models) adds an early exponential phase and a slightly higher AUC for the mPBPK model,
producing a slightly lower CL (Table 5), as expected (Cao & Jusko, 2012). Both models
produced visually similar fittings, with discrepancies for pig and rabbit (Figures 4 and 5).
The CV% values for fitted parameters were comparable and AIC values were quite similar
(Tables 1 and 2). Operation of the mPBPK model requires greater insight and modeling skill
than the 2CM. However, it is awkward to use a table of allometric coefficients to describe
the distribution parameters of a drug across species, while it is easier to use parameters
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from the mPBPK model to make such generalization. The mPBPK model produced a

Kj value that matches most of the Vs/BW values for DEX in various species, including
many different studies in man (Tables 3 and 4). The tissue-average Kp value of 1.07 was
intermediate to the array of tissue Kj values directly measured in PBPK studies in rats (Song
et al., 2020). The latter study had DEX given subcutaneously and found a CL value of 0.198
L/h/kg, similar to the others in Table 3. DEX exhibits perfusion rate-limited distribution, as
the 7j; and £, values add up to 1.0. With analyzing only plasma PK data, in comparison to
the a2CM, the mPBPK modeling approach offers better insights on how DEX is distributed
into tissues, answers whether distribution properties are conserved across species, and allows
easier comparison to full PBPK models.

4.2 | Species PK comparisons

In performing this literature search and review, it was interesting to find several different
publications that describe DEX PK in the same species. As shown in Table 3, similar

CL and V4, parameters were found across five studies in rats and across five studies in
horses. Another study in horses (Toutain et al., 1984) reported a much higher CL, but
collected blood for only 3 h. The most definitive study in horses was one that used liquid
chromatography with mass spectroscopy/mass spectroscopy (LC-MS/MS) to assess DEX
PK out to 96 h (Knych et al., 2020). There were two studies in monkeys with similar CL
values and two studies in dogs with differing CL and Vg values. Differences among studies
in the sex of animals, doses of DEX, analytical methods, sampling times, and duration of
sampling are possible reasons for variability in PK parameters. Another reason relates to
the dosing of DEX free alcohol vs. DEX sodium phosphate. The latter contains 76% DEX
and it was not always clear which moiety the publications used as the basis for the dose for
calculation of PK parameters. Furthermore, DEX sodium phosphate is a salt/ester prodrug
that exhibits short-lived PK (half-life 5.4 min in man) on its own. Rapid de-esterification
also occurs in rat, rabbit, and dog (Kitagawa et al., 1972). Some studies (Hochhaus et al.,
2001; Miyabo et al., 1981; Samtani & Jusko, 2005a, 2005b) used stabilizers to prevent
postcollection in vitro hydrolysis of the ester in order to measure actual DEX in plasma,
while many did not. It was observed in a PK study in rats using IV DEX phosphate sodium
that the extremely rapid inactivation of the prodrug allows an assumption of instantaneous
input of DEX for PK analysis (Samtani & Jusko, 2005a, 2005b). An early study of the

PK of separately measured DEX and DEX phosphate sodium showed that the AUC of the
latter was 19.9% of that of DEX, although DEX was measured by radioimmunoassay (RIA)
only out to 24 h (Rohdewald et al., 1987). Species differences in esterase and hydrolase
activities sometimes exist (Bahar et al., 2012), but we were unable to find systematic studies
of phosphatase activity across species.

Many of these considerations also pertain to comparisons across the 13 studies that provided
DEX PK in healthy adult subjects (Table 4). Other data can be found in the literature for
DEX PK for nonparenteral doses, in different diseases, and part of drug interaction studies.
The PK of DEX does not appear to differ with sex in man, although it does in rats (Song

et al., 2020), and its PK is linear (Hare et al., 1975; Rohdewald et al., 1987). There was a
2.5-fold range of DEX CL values, from 0.130 to 0.300 L/h/kg, with a mean CL of 0.173
L/h/kg and mean V4 of 1.06 L/kg in man. Our recent study in Indian women applied
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LC-MS/MS analysis with extended sampling times (96 h) that revealed a later and slower
terminal phase in DEX disposition than that found in earlier studies (Jobe et al., 2020;
Krzyzanski et al., 2021), but the apparent CL value was similar (0.160 L/h/kg) to the mean
of all studies.

4.3 | Species comparison of DEX metabolism

There are some species similarities and differences in the metabolism of DEX. The

drug forms inactive hydroxylated metabolites mediated by CYP3A4 in human liver

with inhibition by ketoconazole (Gentile et al., 1996). However, like cortisol and
prednisolone, it also undergoes reversible conversion to the inactive 11-keto metabolite

by 11p-hydroxysteroid dehydrogenase (118-OH-DH) in the human kidney (Diederich et
al., 1997; Siebe et al., 1993). About 9% of an 1V dose of DEX is excreted unchanged in
urine (Miyabo et al., 1981), while 6p-OH-DEX is the main urinary metabolite, accounting
for 30% of an 1V dose of DEX in man (Minagawa et al., 1986). Rat kidney and rectal
tissue also exhibit DEX and 11-keto-DEX interconversion (Siebe et al., 1993). Species
comparisons of hepatic microsomal CYP3A activity in the formation of 68-OH-DEX
showed the following rank order: hamster > man > rabbit > rat (male) > guinea pig >
mouse (Tomlinson et al., 1997). Interestingly, there was very little CYP3A activity found
in female rat liver, consistent with our finding smaller CL values for DEX (Song et al.,
2020) and methylprednisolone (Ayyar et al., 2019) in female vs. male rats. About 3% of an
IV dose of DEX was collected in the bile of male rats (Ogiso et al., 1985), indicating the
possibility of a small degree of enterohepatic circulation of the drug. This is less likely to
occur in larger species owing to the molecular weight of DEX (392.5 g/mol). In assessing
hepatic microsomal metabolism, unbound intrinsic CL were 3.96 in man and 1.44 L/h/kg in
monkeys (Akabane et al., 2010); in vivo CL values were more similar (Tables 3 and 4).

The most common pathway of drug metabolism is mediated by CYP3A and it is thus of
interest whether our findings reflect a general pattern of species similarities and differences.
The PK of several probe substrates of various CYP pathways were examined in six species
(Sakai et al., 2015). While they did not perform allometric scaling, the values of total CL (IV
dosing) and intrinsic CL (in vitro metabolism) of the classic CYP3A substrate, midazolam
were reported. An allometric plot of these values is shown in Figure S1. It can be seen that
the allometric relationships are similar to DEX, with comparable and 72 values. A review
of species differences in CYP-mediated drug metabolism in mouse, rat, dog, monkey, and
man describes varying isoforms of CYP3A in these species that show different substrate
specificities, “making the extrapolation from animal to man quite hazardous” (Martignoni
et al., 2006, p. 886). This is obviated in current drug development by the use of human
microsomes and hepatocytes in the preclinical assessment of drug metabolic rates and
pathways, albeit with imperfect in vivo predictability (Wood et al., 2017).

4.4 | Study limitations

This review and meta-analysis utilized all available PK studies of DEX that could be found
in PubMed and by reference tracing. There are some limitations in this study owing to the
assumptions and data sources. The blood:plasma ratio is 0.72 in rat (Song et al., 2020), 1.34
in monkey, and 0.95 in man (Akabane et al., 2010), which may be a source of some species
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differences when using plasma concentrations. Plasma protein binding values were available
for only some species, albeit all were similar (Table 3), including an 7, value of 0.175 in

our recent PBPK rat study (Song et al., 2020). DEX is a substrate of P-gp (Schinkel et al.,
1995; Ueda et al., 1992) and efflux from some tissues such as brain may vary with species
and alter K, and Vs values (Kawahara et al., 1999). The early published studies employed
RIA assays, later high-performance liquid chromatography methods were implemented, and
recently LC-MS/MS was used with much improved sensitivity (Song et al., 2020). Finally,
most PK data used in this study are IV single-dose profiles digitized from the literature and
discrepancies were found between numerical values reported in published tables and values
found or recalculated by NCA and fitting when regenerating mean PK profiles (Table 3).
This was especially so for pig and rabbit. The methods of fitting PK profiles and generating
CL and V4 values also vary among studies and we sometimes found some variability in
using different fitting approaches (Supporting Information Materials). All of these issues
compound the difficulties in reviewing the literature and attempting a meta-analysis.

5| CONCLUSIONS

We collected PK profiles from 11 species for DEX, an important therapeutic agent for
veterinary and human use, and utilized traditional basic allometric assessments along with
mPBPK and a2CM joint fitting of all available data. While DEX exhibits reasonable (for
allometry), but imperfect, scaling of CL to BW, its distribution kinetics appear consistent

in most species. While the mPBPK and a2CM approaches produce similar fittings across
species, we argue that the mPBPK model requires fewer fitted parameters and offers better
clarity in the interpretation of fitted parameters. This study provides a systematic review

and analysis of DEX PK in all available species, describes some limitations in synthesizing
literature sources, and demonstrates efficiencies and advantages in fitting data across species
using generalized physiological parameters and joint fitting methods.
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mPBPK minimal physiologically-based pharmacokinetic

NCA noncompartmental analysis

PBPK physiologically-based pharmacokinetics
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FIGURE 1.

The minimal physiologically-based pharmacokinetic model with two tissue compartments
(single Kp). Blood flow and physiological volumes are used to characterize the distribution
spaces and connections among tissue and blood compartments. Symbols are defined in Table
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FIGURE 2.
The two-compartment pharmacokinetic model with allometric scaling of all parameters.

Allometric equations are used to represent volumes and distribution clearance. Symbols are
defined in Table 2
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Allometric relationship between literature reported clearances (Table 3) and body weights of
11 species. The regression line was fitted by the indicated power equation
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Minimal PBPK Model
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The fitting of dexamethasone pharmacokinetic profiles of 11 species using the minimal
physiologically-based pharmacokinetic model (Figure 1). Symbols and fitted parameters are
listed in Table 1. (a) Fitted profiles of rat, rabbit, pig, chicken, and mice. (b) Fitted profiles
of cow, horse, dog, camel, human, and monkey. The pharmacokinetic profiles from different
species are graphed on two panels to allow visual separation of data and fittings
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The fitting of dexamethasone pharmacokinetic profiles of 11 species using the allometric
two-compartment model (Figure 2). Symbols and fitted parameters are listed in Table 2. The

separate panels are the same as described in Figure 4
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