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Predicting Resolvin D1 Pharmacokinetics in Humans with
Physiologically-Based Pharmacokinetic Modeling

Venkata K. Yellepeddi'2, Kaustubh Parashar®, Spencer M. Dean®, Kevin M. Watt', Jonathan E. Constance'* and Olga J. Baker**

Sjogren’s syndrome (SS) is an autoimmune disease with no effective treatment options. Resolvin D1 (RvD1) belongs to a class
of lipid-based specialized pro-resolving mediators that showed efficacy in preclinical models of SS. We developed a physi-
ologically-based pharmacokinetic (PBPK) model of RvD1 in mice and optimized the model using plasma and salivary gland
pharmacokinetic (PK) studies performed in NOD/ShiLtJ mice with SS-like features. The predictive performance of the PBPK
model was also evaluated with two external datasets from the literature reporting RvD1 PKs. The PBPK model adequately
captured the observed concentrations of RvD1 administered at different doses and in different species. The PKs of RvD1 in
virtual humans were predicted using the verified PBPK model at various doses (0.01-10 mg/kg). The first-in-human predic-
tions of RvD1 will be useful for the clinical trial design and translation of RvD1 as an effective treatment strategy for SS.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Sjogren’s syndrome (SS) is a complex inflammatory disor-
der with no clinically approved treatment options. Resolvin D1
(RvD1), a specialized pro-resolving mediator with potent anti-
inflammatory effects, has shown promise in preclinical studies
to restore the salivary gland function and promote tissue repair.
WHAT QUESTION DID THIS STUDY ADDRESS?

We leveraged physiologically-based pharmacokinetic
(PBPK) modeling to predict the RvD1 pharmacokinetics
(PKs) in humans by extrapolation from PK data obtained
from in vivo experiments in a mouse model of SS.

Sjégren’s syndrome (SS) is a chronic inflammatory autoim-
mune disease characterized by the diminished secretory
function of the exocrine glands,.1 It affects ~ 1% of the gen-
eral population and up to 3% of people above the age of
50 years.?2 Women account for > 90% of diagnosed cases.?
Diagnostic hallmarks for SS include xerostomia or dry
mouth, impaired tear production, lymphocytic infiltration into
salivary glands, and presence of anti-Ro and anti-La auto-
antibodies in plasma.’ SS reduces salivary gland function
and leads to oral diseases, such as gingivitis and caries, and
candidiasis.® The advanced complications of reduced sali-
vary gland function include recurrent infection of the parotid
gland* and lymphomas.® Together, these issues impose sig-
nificant physical, psychological, and economic burdens on
patients with SS.% Furthermore, the cause of SS is still un-
known, and current therapeutic interventions are ineffective
and limited to the use of saliva substitutes and medications

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
The PBPK model provides an appropriate dose and
estimates of clearance and other PK parameters for
RvD1 in humans. These PK parameters and dose will in-
form the initial dosing of RvD1 for first-in-human clinical
studies.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE?

This study significantly advances the potential for clini-
cal translation of RvD1 into clinical trials for the treatment
of SS.

that provide only temporary relief.” Therefore, the devel-
opment of alternative treatments to restore salivary gland
function are an urgent and unmet medical need.

Viral and bacterial infections, in conjunction with the acti-
vation of susceptibility genes, stimulates chronic salivary
gland inflammation.? A state of chronic inflammation
causes tissue damage followed by cytokine and chemo-
kine release.® When resolution mechanisms are working
correctly, neutrophils and M2 macrophages can clear the
site of injury or infection.® However, in SS, these resolution
mechanisms are impaired,10 and the dead cells involved in
the process cannot be removed from the injury/infection
site leading to the production of autoantigens and eleva-
tions in proinflammatory cytokine levels."" The increased
production of autoantigens and proinflammatory cytokines
stimulate peripheral lymphocytes to bind to and infiltrate
across the vascular endothelium into the salivary gland.'?
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Lymphocyte infiltration exacerbates the pathologic proin-
flammatory state, tissue damage, and hastens salivary gland
dysfunction.13 The cascade of events leading to inflamma-
tion resolution is an actively regulated process mediated
in part by a family of endogenous lipid-based specialized
pro-resolving mediators, which include resolvins, maresins,
lipoxins, and protectins.' The administration of pro-resolv-
ing lipid mediators have demonstrated efficacy in treating
diseases having a pathologic proinflammatory basis, such
as osteoarthritis, by terminating proinflammatory signaling,
thereby enhancing tissue regenera’tion.15 These pro-resolv-
ing lipid mediators have been detected in animal models of
infection and chronic inflammation.'® Specific to SS, exog-
enous resolvin administration has the potential to reduce
inflammation and restore salivary gland function."”

Naturally occurring resolvin subtypes include the D series
(derived from docosahexaenoic acid), the E series (derived
from eicosapentaenoic acid), and six analogs of the D series,
which are produced in response to aspirin.'® Previously, we
identified resolvin D1 (RvD1) as a therapeutic candidate for the
treatment of SS."® RvD1 reduced inflammation and restored
salivary gland tissue integrity in animal models of SS.'2" In
addition, the progression of SS-like features in NOD/ShilLtJ
mice can be halted using an aspirin-triggered form of RvD1. In
this circumstance, mice treated systemically, prior to disease
onset, displayed downregulation of proinflammatory cyto-
kines, upregulation of anti-inflammatory mediators, and intact
saliva production.??2® Based on the preclinical safety and ef-
ficacy data of RvD1, we are preparing for phase | studies in
humans. Therefore, the purpose of this study was to perform
first-in-human predictions of RvD1 pharmacokinetics (PKs) in
plasma and saliva using a verified whole-body physiological-
ly-based pharmacokinetic (PBPK) model. The mouse PBPK
model of RvD1 was developed using the physical, chemical,
and biological properties of RvD1 and was optimized with
plasma and salivary gland PK data obtained in SS-like mice.
The mouse PBPK model was then extrapolated to humans to
generate appropriate first-in-human dose predictions.

METHODS

Drugs and chemicals

RvD1 was purchased from Cayman Chemicals, Ann Arbor,
MI. RvD1 was formulated in a vehicle with 8.9% ethanol
in phosphate-buffered saline for intravenous injection. All
chemicals were of analytical grade or better (ethanol was
high-performance liquid chromatography grade solvent)
and were obtained from Merck (Darmstadt, Germany).

Preclinical pharmacokinetic study

Female NOD/ShiLtJ mice, 8—-10 weeks old, were obtained
from Jackson Laboratories (Bar Harbor, ME). Mice were
injected intravenously in the tail vein with RvD1 (Cayman
Chemicals, Ann Arbor, MI) at a dosage of 0.1 mg/kg. At the
indicated experimental time points, the mice were eutha-
nized via compressed CO, inhalation. Animals were housed
in cages in a room with a controlled environment (12-hour
day/night cycles) and fed with standard pellet diet and
water. All animal management, anesthesia, and surgeries
followed a protocol approved by the Institutional Animal
Care and Use Committee (IACUC) at the University of Utah.
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Pharmacokinetic analysis

Blood was collected immediately upon euthanization via
abdominal exsanguination into heparin-coated tubes (BD
Microtainer; BD Biosciences, San Jose, CA), and centri-
fuged at 14,000 revolutions per minute for 10 minutes at
4°C to obtain supernatant plasma. Submandibular glands
(SMGs) were harvested and homogenized mechanically in
stomacher bags (Nasco Whirl-Pak; Nasco, Ft. Atkinson, WI)
with 0.5 mL enzyme-linked immunosorbent assay (ELISA)
buffer. SMG is the largest of the three salivary glands in
mice contributing to maximal saliva production.24 SMG ho-
mogenate was centrifuged at 1,200 revolutions per minute
for 5 minutes at 4°C to obtain supernatant SMG lysate. RvD1
concentrations in plasma and SMG lysate samples were
measured using a commercially available RvD1 ELISA kit
(Cayman Chemicals, Ann Arbor, MI) following the manufac-
turer’s instructions. The RvD1 ELISA method was validated
according to manufacturer’s instructions. The percent
recovery of RvD1 in plasma and tissue was 73% and the
lower limit of quantification was 3.3 pg/mL. Baseline en-
dogenous RvD1 concentrations were established by using
plasma and submandibular concentrations of RvD1 at time
0 (“predose”). The PKs of baseline-corrected RvD1 plasma
and salivary gland concentrations were initially evaluated
by noncompartmental PK analysis (NCA) using PKanalix
version 2019R1 (Lixoft, Antony, France).

Model building workflow

A PBPK model was first developed in the NOD/ShilLtJ
mouse population. The default PBPK model of mouse spe-
cies in PK-Sim version 8 does not have a salivary gland
compartment.?® Therefore, the salivary gland compartment
was added to the model using MoBi version 8.2° The NOD/
ShiLtJ salivary gland PBPK model was optimized using
the data obtained from our in vivo PK studies of RvD1 in
NOD/ShiLtJ mice. We compared model predictions with
independent datasets from the literature.?®?” After model
optimization, the NOD/ShiLtJ mouse PBPK model was
scaled to humans, and first-in-human dosing predictions
were performed. A schematic representing the NOD/ShilLtJ
mouse RvD1 PBPK model is provided in Figure 1.

PBPK model development

The drug-specific information for the model parameters
was obtained from literature and quantitative struc-
ture-property relationship calculations (Table 1).28 The
quantitative structure-property relationship calculations
were performed using the Chemicalize application by
ChemAxon Company, Cambridge, MA.2° Chemicalize
application provided the structure-based calculations
and predictions of RvD1 when a chemical name of RvD1
was provided as an input. The parameters compound
type (acidic or basic), pKa, and solubility at pH 7.4 were
predicted by Chemicalize and used for the PBPK model
development. The total clearance of RvD1 in NOD/ShilLtJ
mice was calculated from NCA using the data obtained
from our in vivo i.v. RvD1 PK study in NOD/ShiLtJ mice.
The total clearance value was incorporated into the ADME
tab of the RvD1 compound building block of the PK-Sim
as “total hepatic clearance.” The time points between 6
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Figure 1 Schematic representation of physiologically-based
pharmacokinetic (PBPK) model for resolvin D1 (RvD1). (@) A
whole-body PBPK model of RvD1 with added salivary gland
compartment. (b) Schematic of salivary gland compartment with
subcompartments.

and 24 hours on the plasma concentration vs. time data
were used for the calculation of total clearance of RvD1 in
NOD/ ShiLtJ mice after i.v. administration.

We developed a whole-body NOD/ShiLtJ mouse PBPK
model for RvD1 using PK-Sim and MoBi, version 8 (Open
Systems Pharmacology Suite, open-systemspharmacol-
ogy.com). The PBPK model was structured with 16 organs
using mass balance differential equations describing drug
entering and exiting the various organ compartments. The
link between physiologic spaces was blood circulation.
The NOD/Shiltd mouse species model was developed in
PK-Sim by modifying the parameters, such as weight and
age-based growth of weight of the default mouse species in
PK-Sim, using the information obtained from Mouse Strain
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Table 1 Drug-dependent parameters of RvD1

Reported Optimized

Parameter value value
Physicochemical properties

Lipophilicity (LogP) 3.20%8 1.54

Fraction unbound % Not reported 2.08

Molecular weight 376.5%

Compound type/pKa Acidic/4.47%°

Charge Neutral

Solubility at pH 7.4, mg/mL 312°
Metabolism and elimination

Plasma clearance, L/hour/kg 2.652

RvD1, resolvin D1.

®The total plasma clearance was calculated from the in vivo pharmacoki-
netic study of RvD1 in NODShiLtd mice with Sjégren’s syndrome-like
features.

Datasheet-001976 provided by the supplier, the Jackson
Laboratory, Bar Harbor, ME.*°

The model for the distribution of RvD1 across each
organ consisted of four subcompartments; plasma, red
blood cells (together forming the vascular space), inter-
stitial fluid, and cellular space. A permeation barrier exists
between the vascular space and the interstitial fluid, and
between the interstitial fluid and the cellular space. The
organ-to-plasma partition coefficients were determined
using drug physicochemical properties based on meth-
ods described by Rodgers et al.,®' and Rodgers and
Rowland.*

The salivary gland compartment was modeled using the
following four default subcompartments: blood, plasma,
interstitial fluid, and intracellular compar‘tmen’cs.25 These
subcompartments were linked to the entire PBPK model
through arterial and venous blood compartments.?® The
intracellular compartment was linked to saliva to represent
the excretion of RvD1 from the salivary gland into the saliva.
Additionally, salivary blood flow and volume were incor-
porated from the literature, whereas salivary gland weight
was derived from in-house laboratory data using NOD/
ShiLtJ mice. Drug permeability into the salivary gland was
determined by Eq. 1 below. Equation 1 was obtained from
standard PK-Sim model structure equation defining trans-
port of drug from plasma to saliva.®®

P =fux (C_pls_art — C_slv/K_slv_pls) = Q_slv 1)

where P is the specific organ permeability, fu is the fraction
of RvD1 unbound in plasma, C_pls_art is the concentration
of RvD1 in arterial blood plasma, C_slv is the concentra-
tion of RvD1 in salivary gland compartment, K_slv_pls in
the partition coefficient of RvD1 across plasma and intra-
cellular compartments, and Q_slv is the salivary flow rate.
Excretion of RvD1 from salivary gland to saliva was deter-
mined by Eq. 2 below. Equation 2 is based on published
literature reports indicating that passive transcellular dif-
fusion is the predominant transport process of lipophilic
compounds like RvD1 from salivary gland to saliva.®
dN
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where dN/dt is rate of excretion of RvD1, K, ., is the
first-order rate constant, and Cg , is the amount of RvD1 in
salivary glands. The physiological and drug-specific param-
eters used for the salivary gland compartment are obtained
from either literature sources®**%%3¢ or calculated using PK
Sim?>®” and provided in Table 2.

A global sensitivity analysis was performed following sim-
ulation of the NOD/ShiLtJ mouse PBPK model. The medial
demographics were used to identify model input parame-
ters, that when altered by 25%, caused a > 10% change
in simulated plasma area under the plasma concentra-
tion-time curve from the time of the first dose to the time of
the last dose (AUC_tEnd) or maximum plasma concentration
(Cpra)->° The parameters that were altered are: lipophilicity,
hematocrit, organ-specific blood flow rate, organ volume,
organism-plasma protein scale factor, fraction unbound,
pKa, and solubility.

Model verification and optimization

The NOD/ShiLtJ mouse PBPK model was optimized using
the RvD1 PK data from the in vivo PK experiment. A virtual
population of 10,000 female NOD/ShiLtJ mice was simu-
lated using PK-Sim and incorporated characteristics of the
NOD/ShiLtJ mice used for the in vivo RvD1 PK experiments.
Several physiological parameters, such as blood flow rates
to the organs, fluid recirculation flow rate, lymph flow rate,
peripheral blood flow fraction, tissue/plasma—albumin and
lipoprotein ratio, hematocrit, and endosomal clearance
were varied by 30-40% in the virtual population. The pre-
dictive performance of the model was further evaluated

Table 2 Physiologic and drug-specific parameters used for the
salivary gland compartment in mice and humans

Mice Humans

Parameter Value Ref. Value Ref.

Physiological parameters

Blood flow rate, mL/ 3.6x107* 33 160.56 41
minute

Tissue density, g/cm® 1 35 1 35

Fluid recirculation flow 2.2x1077 33 N/A N/A
rate, mL/minute

Fluid circulation flow N/A N/A 0.67 33
rate scaling exponent

Weight of tissue, mg 60° N/A 48,000 40

Organ volume, mL 0.06° N/A 48° N/A

Surface area, plasma/ 57 x107° 33 N/A N/A

interstitial, cm?
Surface area, N/A N/A 950 37
plasma/interstitial,
proportionality factor,
cm™

Drug-specific parameters

Partition coefficient, 0.5 25,37 0.5 25, 37
cell/saliva
Partition coefficient, 0.04 25,37 0.04 25,37

intracellular/plasma

N/A, not applicable.

#Weight of the salivary gland tissue was obtained from laboratory data.
bVolume of the salivary gland tissue was calculated using density and mass
values.
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using digitized RvD1 PK data from two studies published
by Recchiuti et al.?® and Krashia et al.,?” representing vir-
tual populations of 10,000 C57BL/6N mice and 10,000
Sprague-Dawley rats, respectively. RvD1 was administered
orally in data reported by Recchiuti et al. and intraperito-
neally in data reported by Krashia et al. As with the NOD/
ShiLtd mice virtual population, the physiological param-
eters of individuals comprising of virtual populations of
C57BL/6N and Sprague-Dawley rats were also varied. The
parameters that were optimized in C57BL/6N and Sprague-
Dawley rat models are provided as Supplementary Data
Table S1. Based on these studies, the number of observed
RvD1 concentrations outside of the 90% prediction in-
terval was calculated. The accuracy of model predictions
was explored by goodness-of-fit plots with 90% predic-
tion intervals. The accuracy of model predictions was also
explored by calculating the average fold error (AFE) of the
observed to median simulated concentrations for all sam-
ples according to Eq. 3:

AFE = 1 0%2'°9( S ) @)

Model acceptance criteria were defined as simulated
concentrations with AFE within twofold of observed values.
The AFE values for concentrations and PK parameters for all
PBPK models in this study are provided in Table 3.

First-in-human predictions

The human PBPK model was created by incorporating
known human physiological data, including blood flow
rate and variability in organ volumes from a 70-kg indi-
vidual.?®38 The virtual human population consisted of a
female to male ratio of 9:1 because of the predominance
of SS in women.'® Based on these anthropometric mea-
surements, organ weights, volumes, and blood flows
were generated using the International Commission on
Radiological Protection database.’® The physiological
and drug-specific parameters used for the human salivary
gland compartment are either obtained from the litera-
ture*®*! or calculated using PK Sim and are provided in
Table 2. The optimized NOD/ShiLtd mouse PBPK model
was extrapolated to the human model using PK Sim de-
fault human population database characteristics.?® The
simulations were performed at various doses (0.01-10 mg/
kg), and the PK parameters of RvD1 in plasma and saliva

Table 3 AFE in concentration, AUC,__, and C__ for all RvD1 PBPK
models

AFE

Animal model Concentration AUC, . C

max

NODShiLtJ mice—plasma 0.52 0.42 0.22
NODShiLtJ mice—salivary glands 0.35 0.31 0.8
C57BL/6N mice—plasma 0.14 0.53 0.81
Sprague-Dawley rats—plasma 0.69 0.7 1.7

AFE, average fold error; AUC__, area under the concentration-time curve
from zero to infinity; C,_ .., peak plasma concentration; PBPK, physiologi-
cally-based pharmacokinetic; RvD1, resolvin D1.



compartments were obtained. The clearance of RvD1
from the mouse model was scaled to the human model
using allometric scaling method.*? The first-in-human
dosing will be selected based on the C__, of RvD1 in the
saliva compartment reaching a threshold efficacy value
of 100 ng/mL. The threshold efficacy value of 100 ng/mL
was selected based on our previous in vitro cell culture
experiments on salivary epithelial cells freshly isolated
from mouse salivary glands.*®

RESULTS

Preclinical pharmacokinetics of RvD1

Concentrations of RvD1 in plasma and SMG declined
to undetectable levels after 8 and 4 hours, respectively
(Supplementary Data Figure S1). The concentration vs.
time curve of RvD1 in plasma showed a biphasic response
with an additional peak at 4 hours (Supplementary Data
Figure S1a). The PK analysis by NCA showed that after i.v.
injection, the terminal half-life of RvD1 in plasma and SMG
was 4.77 hours and 3.41 hours, respectively. The time to
reach maximum concentration (T__,) for plasma and SMG
was the same (0.0833 hours), indicating the rapid distribu-
tion of RvD1 to SMG after i.v. administration. The information
on PK parameters of RvD1 in plasma and submandibular
glands is provided in Supplementary Data Figure S1a,b,
respectively. The datasets containing plasma and SMG PK
data of RvD1 in NOD/ShiLtJ mice are provided as supple-
mentary Files ,S1 and S2 respectively.

NOD/ShiLtJ mouse PBPK model

Lipophilicity, fraction unbound in plasma, and volume of
saliva were optimized to 1.54, 2.08%, and 0.1 L, respec-
tively (Table 1) using in vivo PK data. The optimized NOD/
ShiLtd PBPK model predictions vs. observed data, from
the in vivo preclinical PK studies showed good agreement
with > 90% of the observed concentrations falling within the
90% prediction interval of the simulated population con-
centrations of RvD1 in both plasma (Figure 2a) and salivary
glands (Figure 2b). Furthermore, the AFE values demon-
strated that the median predicted concentrations generally
fell within twofold of the observed values for plasma and
salivary gland concentrations (Table 3).

Additionally, the optimized NOD/ShiLtJ PBPK model ad-
equately described RvD1 concentration-time data from two
external in vivo animal PK datasets.?®?” The predicted vs.
observed data from the two datasets showed good agree-
ment, with over 90% of the observed data within the 90%
prediction interval of the simulated population concentrations
(Figure 3a,b). Furthermore, the AFE values demonstrated
that the median predicted concentrations generally fell within
twofold of the observed values for all datasets (Table 3).
The external datasets with PK data from Recchiuti et al. and
Krashia et al. are provided as Supplementary Files S3 and S4,
respectively.

AUC and C,,, were sensitive to each of the parameters
tested, with the greatest sensitivity associated with total
hepatic clearance, followed by log P and hematocrit value.
Hematocrit value may be an influential parameter affecting
AUCand C__ of RvD1 because of its ability to impact the free

max
RvD1 plasma concentration.** Furthermore, the hematocrit
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Figure 2 Observed and physiologically-based pharmacokinetic
(PBPK) model-simulated concentrations of resolvin D1
(RvD1). Measurements were performed in (a) plasma and (b)
submandibular glands following a dose of 0.1 mg/kg in NOD/
ShiLtJ mice with Sjogren’s syndrome (SS) plasma. Black circle,
square, and triangle symbols represent data from each individual
animal of the observed data, and solid lines represent median
RvD1 concentrations from the PBPK model. The shaded region
represents the 90% prediction interval for the simulated RvD1
concentrations.

value is a patient-specific physiological parameter, which is
highly variable due to patients’ age and disease state.*®

The first-in-human simulations were performed at a
dose range of 0.01 to 10 mg/kg. Based on the simulations,
1 mg/kg dose was chosen as the appropriate first-
in-human dose as > 90% of the individuals reached a C,_
of 119.36 ng/mL (box in Figure 4b), which is greater than
the efficacy threshold of 100 ng/mL of RvD1.** The con-
centration vs. time curves of RvD1 in plasma and saliva
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Figure 3 The physiologically-based pharmacokinetic concentration-time model predictions of resolvin D1 (RvD1). Modelling was
performed (a) following administration of an oral dose of 0.005 mg per kg in C57BL/6N mice and (b) intraperitoneal dose 0.2 pg/kg in
Sprague-Dawley rats . Solid black lines represent the median predicted concentration; and black triangle sg/mbols represent data from
each individual animal of the observed data obtained from the animal study reported by Recchiuti et al.?° (a) and Krashia et al.?” (b).
The shaded region represents the 90% prediction interval for the simulated RvD1 concentrations.

compartment with PK data is provided in Figure 4a,b, treatments for hyposalivation are limited to the use of sa-
respectively. liva substitutes with modest effectiveness, and salivary
secretory agonists that only provide temporary relief.® Due
DISCUSSION to the significant unmet medical need, and the limitations
of current therapies, the development of novel treatments
SS has a profound negative impact on the quality of life,® and, to decrease inflammation and restore salivary gland secre-

unfortunately, no effective treatment exists. Symptomatic tory function is essential. RvD1 is a novel therapeutic for

Clinical and Translational Science
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Figure 4 The physiologically-based pharmacokinetic model
concentration-time model predictions of resolvin D1 (RvD1).
Modeling was performed in (a) plasma and (b) saliva compart-
ments of the virtual human population (n = 10,000) at 1 mg/kg
V. dose. The shaded area represents 5th to 95th percentiles
of the predicted concentrations. The pharmacokinetic (PK)
parameters inside the boxes of each figure were calculated
by noncompartmental analysis. AUC,_, area under the
concentration-time curve from zero to infinity; CL, clearance;
Chax PE2K plasma concentration; T, ,, terminal half-life; T__,
time to peak plasma concentration.

the treatment of SS. RvD1 belongs to the resolvin class of
potent lipid inflammatory mediators and has demonstrated
efficacy in treating inflammatory-related diseases'* and pro-
moting tissue repair in the salivary epithelium.*® In this study,
we utilized the PBPK modeling strategy for first-in-human
PK predictions of RvD1.

PBPK modeling is well-established in the pharmaceuti-
cal industry and is accepted by regulatory agencies for the
prediction of drug-drug interactions.®® PBPK modeling can
be extended to address a wide range of pharmaceutical
applications that impact regulatory decisions. One such ap-
plication is the translation of preclinical PK data to inform
first-in-human predictions,.46 PBPK modeling is superior
to empiric scaling for predicting first-in-human PKs and is

PBPK Analysis of RvD1
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routinely applied for first-in-human predictions within phar-
maceutical companies.*®

In this study, a novel PBPK model of RvD1 was developed
and optimized using in vivo PK data using NOD/ShiLtJ mice
representing an SS-like phenotype. The in vivo PK data of
RvD1 in mice showed a biphasic response in plasma con-
centration with an increase in RvD1 concentration around
4 hours. This biphasic response may be attributed to the
endogenous release of RvD1 and the SS-like inflammatory
phenotype of NOD/ShiLtJ. Previous studies have shown that
RvD1 levels are dysregulated in patients with inflammatory
diseases, such as arthritis and systemic lupus erythe-
matosus, when compared with healthy subjects*’*® and,
likewise, it is possible that RvD1 concentrations in NOD/
ShiLtJ mice may be dysregulated due to their inflammatory
phenotype. Furthermore, local biosynthesis of specialized
pro-resolving mediators like RvD1 are likely to be controlled
in part by circadian responses as similar lipid mediators, in-
cluding glucocorticoids and prostaglandins, are influenced
by circadian oscillations.*® Successful clinical translation of
RvD1 as a therapeutic to treat SS will necessitate a detailed
understanding of RvD1 PKs at the salivary gland. The devel-
oped PBPK model adequately predicted the PKs of RvD1 in
both the plasma and the salivary gland compartments. This
model can be used to predict the RvD1 concentrations in
salivary glands across different dose regimens and various
species. RvD1 was rapidly absorbed into the salivary glands
following i.v. injection and reaching maximum concentra-
tions within 3-5 minutes. This rapid absorption into the
salivary glands is expected due to the lipophilicity of RvD1.
However, the model underpredicted the maximum concen-
tration of RvD1 in salivary gland tissue. This may be due
to an unaccounted mechanism for RvD1 uptake by salivary
gland cells and will require further investigation.

The predictive performance of the PBPK model was fur-
ther evaluated with two independent datasets to evaluate
robustness in predicting oral RvD1 administration in mice
and RvD1 PK in another rodent species (Sprague-Dawley
rats). The model was able to adequately predict the PK of
RvD1 after oral administration when compared with the ob-
served data. Although, the model had a tendency toward
underprediction of in vivo RvD1 concentrations, it predicted
an oral bioavailability of 31%. However, this prediction
needs to be confirmed, along with a potential RvD1 trans-
port mechanism, in future in vivo experiments.

The optimized mouse PBPK model was extrapolated to
a human PBPK model population. Our predictions showed
that after i.v. administration, the RvD1 concentrations de-
cline rapidly after 4-6 hours with a half-life under 3 hours.
This result suggests to developing strategies to prolong the
half-life of RvD1, allowing less frequent dosing when used
in humans.

In our previous in vitro cell culture experiments using
freshly isolated salivary epithelial cells from mouse salivary
glands, we reported that RvD1 at 100 ng/mL shows potent
anti-inflammatory activity by preventing tumor necrosis
factor alpha mediated disruption of salivary epithelial for-
mation.*® Based on this anti-inflammatory efficacy data of
RvD1 we concluded that 1 mg/kg RvD1 is the appropri-
ate dose for first-in-human studies as the C_,, of RvD1
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in human simulations at 1 mg/kg was 119.36 ng/mL. The
results from our study illustrate the value of PBPK model-
ing for the integration of physiologic and physicochemical
data from multiple sources to refine and improve under-
standing of the PK properties of RvD1 in humans before
first-in-human studies.

However, our model has limitations that need to be
addressed in order to enhance the confidence of the pre-
dictions for future use. First, parameters, such as degree of
protein binding, red blood cells to plasma partitioning, the
contribution of specific enzymes to hepatic degradation/
elimination, renal excretion process, and the role of potential
transport mechanisms, need to be evaluated experimen-
tally for RvD1 and incorporated into the model. Second,
the first-in-human PK predictions need to be verified with
observed human concentration data. Third, our model does
not account for the endogenous synthesis and elimination
of RvD1 due to lack of sufficient information. Due to these
limitations, the proposed animal model can be considered
preliminary and caution must be exercised before relying
on the first-in-human predictions from this model. Overall,
future studies will investigate PK of RvD1 in a phase | clin-
ical trial.

In conclusion, a mouse PBPK model of RvD1 was extrap-
olated to humans to predict RvD1 PK. The model simulations
provide valuable information on PK of RvD1 and appropriate
dose in humans that can be used to inform and design first-
in-human studies.
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