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Abstract

Background and Objective PL8177 is a selective melanocortin 1 receptor agonist in development for the treatment of vari-
ous immunologic and inflammatory conditions. Here we describe the pharmacokinetics of PL8177 after subcutaneous (sc)
delivery in animals and humans.

Methods Mice, rats, and dogs were administered sc PL8177 at single doses of 1.0 and 3.0 mg/kg (mice); 1.0, 5.0, and
25.0 mg/kg/day (rats); or 1.5, 8.0, and 40.0 mg/day (dogs). Blood was collected over 24 h (mice) or 28 days (rats and dogs).
Safety and pharmacokinetics of single and multiple sc doses were also examined in human volunteers. Two dose levels were
tested in two dosing cohorts of 1.0 and 3.0 mg/day for 7 days. Blood samples were collected through Day 1 and on Days 2
to 6 at peak and trough times based on analysis of the first two single-dose cohorts.

Results In mice, 3 mg/kg PL8177 resulted in an area under the plasma concentration—time curve from 0 to infinity (AUC,,)
of 1727 ng-h/mL, a maximum plasma concentration (C,,,,) of 2440 ng/mL, an elimination half-life (#,,) of 0.5 h, and a time
to maximum concentration (#,,,,) of 0.25 h. Results for the 1-mg/kg dose were generally proportional. In rats, mean ¢, val-
ues were independent of dose and ranged from 0.25 to 1.0 h for single and multiple dosing. C,,,, values ranged from 516 to
695 ng/mL (1-mg/kg dose) and from 666 to 1180 ng/mL (25-mg/kg dose). In dogs, mean ¢,,,,, values ranged from 0.4 to 1.3
h for single and multiple dosing. Values for ¢, decreased with increasing dose and mean plasma C,,, increased less than
dose proportionally (96—129 ng-h/mL [1.5 mg], 275-615 ng-h/mL [8.0 mg], and 633-1280 ng-h/mL [40.0 mg]). In humans,
PL8177 was observed in the plasma within 15 min after a single dose and persisted for up to 48 h at higher doses. The ¢,
was 30—45 min (single dose) and 15—45 min (multiple doses). In multiple-dose studies, maximum steady-state plasma con-
centration (C,,,,, ) and AUC  increased with dose. Geometric mean C,,,,, ., values were 20.1 ng/mL (1.0 mg) and 57.2 ng/
mL (3.0 mg). AUC_, values were 54.3 ng-h/mL (1.0 mg) and 199 ng-h/mL (3.0 mg). Unchanged PL8177 excreted in the
urine was < 1%, and accumulation was minimal.

Conclusion PL8177 administration resulted in a consistent pharmacokinetic profile. The measured exposure levels resulted
in pharmacologically active PL8177 concentrations at the targeted MC1R. Rapid absorption was seen in healthy volunteers,
and multiple-dose administration over 7 days resulted in pharmacokinetic characteristics similar to those observed after
single-dose administration. Results support the continued development of PL8177 to treat immunologic and inflammatory

conditions.

1 Introduction cyclic, 7-amino-acid analog of a-melanocyte-stimulating

hormone (ax-MSH), a peptide that modulates inflammation
centrally and peripherally by binding to the melanocortin 1
receptor (MCIR) [1, 2]. Stimulation of this receptor results
in an increase in cyclic adenosine monophosphate, which

PL8177 is currently being evaluated for a variety of immu-
nologic and inflammatory indications. It is a synthetic,
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PL8177 is a melanocortin agonist being developed to
treat inflammatory conditions.

PL8177 had consistent pharmacokinetics and low
accumulation with repeated dosing, supporting further
development.

Melanocortin agonists represent an innovative anti-
inflammatory strategy based on augmenting natural pro-
cesses that promote resolution of inflammation [5]. There
are four melanocortin peptides: o-, - and y-MSH, and
adrenocorticotropic hormone (ACTH); and five melano-
cortin receptors have been identified (MC1R-MC5R) [6,
7]. These receptors can be stimulated by all melanocortins
[2] with the exception of MC2R, which is activated only by
ACTH [8]. In addition to inflammation resolution, the mel-
anocortins play a role in a multitude of physiological pro-
cesses including body weight regulation [9], energy homeo-
stasis [10], sexual function [11], adrenal gland development,
steroidogenesis, and pigmentation [12, 13].

a-MSH produces anti-inflammatory effects both centrally
and peripherally [14], and these effects have been demon-
strated in experimental models in arthritis [15], systemic
inflammation [16], cutaneous inflammation [17], brain
inflammation [18], and lung inflammation [19]. Experi-
mental studies have also shown that «-MSH ameliorates
symptoms of inflammatory bowel disease (IBD) [20] and
uveitis [21, 22].

Because MCIR is involved in a-MSH-mediated modu-
lation of inflammation, MCIR agonists may be useful in
a variety of inflammatory conditions. PL8177 is a potent
and selective MCI1R agonist with an in vitro affinity of
0.04 nM and a half maximal effective concentration (EC50)
of 0.39 nM, compared with a-MSH values of 0.095 and
0.22 nM, respectively [23]. PL8177 has a carboxyamide
C-terminus and an acetylated amino terminus. It consists
of seven amino acids, including one D-amino acid (D-phe-
nylalanine), and is cyclized by an amide bond between glu-
tamic and diaminopropionic acid side chains. The selectivity
of PL8177 for MC1R was demonstrated against 72 other
potential molecular targets, and its ability to reduce markers
of inflammation and autoimmune disease has been demon-
strated in preclinical studies [23]. In human blood, PL8177
inhibited tumor necrosis factor-a, a primary mediator of the
host inflammatory response, to a similar degree as a-MSH.
In a rat model of IBD, PL8177 reduced bowel inflamma-
tion compared with controls; and in mice with experimental
autoimmune uveitis, retinal inflammation was significantly
reduced in animals treated with PL8177 compared with
untreated animals [23].
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PL8177 has been granted orphan drug status by the US
Food and Drug Administration for the treatment of noninfec-
tious intermediate, posterior, pan and chronic anterior uvei-
tis, which cause symptoms such as impaired vision, ocular
ache, and photophobia. Phase II trials are planned using a
subcutaneous (sc) injection formulation. An oral formulation
is also being developed for the local treatment of ulcerative
colitis and other inflammatory bowel diseases. In this article,
we describe the pharmacokinetic properties of PL8177 after
sc delivery, based on animal and human studies.

2 Methods
2.1 Preclinical Studies

All preclinical studies complied with the US Department of
Agriculture’s Animal Welfare Act and the Guide for the Care
and Use of Laboratory Animals. Formulations of PL8177
were prepared weekly at nominal concentrations of 0.075,
0.2,0.4, 0.6, 1.0, 2.0, and 5.0 mg/mL and were stored refrig-
erated at 2-8 °C until dosing.

2.1.1 Mouse

Adult male C57BL/6 mice weighing 25-30 g were obtained
from Hilltop Lab Animals, Inc., (Scottdale, PA, USA). Mice
were housed two per cage with a divider in an environmen-
tally controlled room.

PL8177 was administered sc to the mice at single doses
of 1.0 and 3.0 mg/kg. Between 0.5 and 1.0 mL of blood was
collected via cardiac puncture from four mice each at 5, 15,
30, and 45 min and at 1, 2, 4, and 24 h after administration
for pharmacokinetic analysis. Blood was collected into tubes
containing 20 pL/mL of 0.16 Na,-EDTA and were centri-
fuged on ice at 4 °C for 15 min. Plasma was collected in a
clean tube of 8 uL/mL aprotinin (~6000 TIU/mL, Sigma
A6279) and frozen at — 80 °C.

Plasma concentrations of PL8177 and its active metabo-
lite PL8435 (the carboxylic acid resulting from hydrolysis
of the C-terminal carboxamide) were analyzed via liquid
chromatography—mass spectrometry under non-GLP con-
ditions. Plasma was treated with MeOH/H,O, vortexed for
1-2 min, and centrifuged at 3600 rpm for 10 min. Superna-
tant was transferred to a clean tube for analysis. Evaluated
pharmacokinetic parameters included area under the plasma
concentration—time curve (AUC) from O to 4 h (AUC,),
AUC from 0 to 2 h (AUC,), maximum plasma concentration
(Cpay)» time to maximum plasma concentration (#,,,,), and
elimination half-life (z,,).
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2.1.2 Rat

Male and female CD® Sprague Dawley rats were obtained
from Charles River Laboratories (Portage, MI, USA),
weighing 233-264 g (male) and 172-201 g (female) at ran-
domization. Animals were housed two to three per cage with
nonaromatic bedding in an environmentally controlled room.

All animals were observed daily for 14 days with respect
to general health and any signs of disease. A 28-day toxicol-
ogy study that included a toxicokinetic analysis was under-
taken in 70 male and 70 female rats using sc PL1877 at
doses of 0 (control), 1.0, 5.0, and 25.0 mg/kg/day. Blood
samples were collected via the sublingual vein from cohorts
of three animals per sex, per dose, and at each time point.
Samples were taken at predose and at approximately 0.25,
0.5, 1, 2, 4, 8, and 24 h post-dose on Days 1 and 28. The
animals were not fasted before blood collection.

Incurred sample reanalysis was performed on >7% of
the samples to assess reproducibility of bioanalytical data.
Samples were considered below quantification level if the
lower limit of quantification (LLOQ) was <5.0 ng/mL.
Pharmacokinetic parameters were determined from mean
concentration—time data using a noncompartmental module
and included AUC from dosing until the last measurable
concentration (AUC,), Cirax Imaxe and f,.

max® “max?®

2.1.3 Dog

Beagles aged approximately 5—6 months were obtained
from Marshall BioResources (North Rose, NY, USA). The
dogs were housed in same-sex pairs of two in double-sized
stainless-steel cages with plastic-coated flooring. All ani-
mals were observed daily for 14 days with respect to general
health and any signs of disease. A 28-day toxicology study
was undertaken in 16 males and 16 females that included a
pharmacokinetic analysis of PL8177 when administered as
either a single 20-mL sc injection or as two 10-mL sc injec-
tions at different sites at doses of 0 (control), 1.5, 8.0, and
40.0 mg/day administered once a day for 28 days. Plasma
was collected from all animals on Days 1, 14, and 28 at the
following times: predose and at 0.25,0.5, 1, 2,4, 8, and 24 h
post-dose. For control animals, only blood samples that were
collected at 0.5, 1, and 2 h post-dose were analyzed.
Plasma concentration versus time data were assessed
using Phoenix WinNonlin (Certara, Princeton, NJ, USA)
noncompartmental analysis function (linear trapezoidal rule
for AUC calculations). Nominal dose values and sampling
times were used for calculations. Lambda z (2> 0.75), the
elimination rate constant upon which #,, and AUC from time
0 to infinity (AUC_,) were based, was determined based on
automatically selected time points. Because the lambda
z range was generally 4-24 h, only #,, values <8 h were
considered reliable. Additionally, only AUC_, values with

<20% extrapolated area were considered reliable. Because
the majority of dogs failed to meet these criteria, AUC _, and
t,, were not reported; reported pharmacokinetic parameters
included AUC,,, Cpax» and ., The LLOQ was <5.0 ng/
mL.

2.2 Healthy Volunteers

A double-blind, randomized, placebo-controlled study was
undertaken to evaluate the safety and tolerability of single
and multiple sc doses of PL8177 in healthy volunteers. Sec-
ondary objectives are reported here, which included deter-
mining the pharmacokinetics of sc PL8177 and the presence
of any potential metabolites.

2.2.1 Subjects

Healthy men and women aged 18-55 years were enrolled.
Additional inclusion criteria were the ability to complete all
screening period evaluations, to stay in the clinical research
facility for the duration of the study, and to return for the fol-
low-up visit; a body mass index of 18-30 kg/m? with body
weight >50 kg; and absence of any clinically significant
medical or psychiatric illness or disease as determined by
medical and surgical history, physical examination, weight,
12-lead electrocardiogram, and clinical laboratory tests.
Subjects were excluded from the study if they had a current
or recent history of gastrointestinal disease, a history of drug
or alcohol abuse, or previous exposure to PL8177.

2.2.2 Study Design

PL8177 or placebo was administered in a double-blind fash-
ion via single or multiple abdominal sc injections. In the
single-dose arm, five dose levels of PL8177 were tested in
two dosing cohorts of six subjects each and in three dosing
cohorts of eight subjects each: 0.1 mg (4 active, 2 placebo);
0.5 mg (4 active, 2 placebo); 1.0 mg (6 active, 2 placebo);
3.0 mg (6 active, 2 placebo); 5.0 mg (6 active, 2 placebo).
Blood samples were collected on Day 1 at <30 min before
dosing and at 0.25, 0.5,0.75, 1, 1.5, 2,2.5,3,3.5,4, 5,6, 8,
10, 12, and 16 h post-dose; on Day 2 at 24, 30, and 36 h post-
dose; and on Day 3 at 48 h post-dose. In the multiple-dose
arm, two dose levels were tested in two dosing cohorts of
10 subjects each: 1.0 mg (8 active, 2 placebo) and 3.0 mg (8
active, 2 placebo) administered once daily for 7 days. Blood
samples were collected on Day 1 at <30 min before dosing
and at 0.25,0.5,0.75, 1, 1.5,2,2.5,3,3.5,4,5,6, 8, 10, 12,
16, and 24 h post-dose; on Days 2—6 at the anticipated peak
and trough times based on the analysis of the first two single-
dose cohorts (<2 collections per day per subject); on Day 7
<30 min before dosing and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5,
3,3.5,4,5,6,8, 10, 12, and 16 h after dosing; on Day 8 at
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24, 30, and 36 h after Day 7 dosing; and on Day 9 at 48 h
after Day 7 dosing (total of 49 blood samples).

2.2.3 Analysis

Plasma samples were analyzed for PL8177 using a vali-
dated bioanalytical method, and appropriate pharmacoki-
netic parameters were calculated for each formulation using
noncompartmental methods. In the single- and multiple-
dose study arms, evaluated parameters on Day 1 included
Crax tmaxs By AUC, AUC, and total body clearance from
plasma (CL/F). AUC is calculated using the linear trapezoi-
dal method from the time of dosing to the last quantifiable
concentration. Parameters from Day 7 of the multiple-dose
arm are presented as steady-state (ss) levels and as AUC over
the entire dosing interval (AUC,). Accumulation ratio (R)
was also accounted for in applicable studies.

2.3 Liquid Chromatography-Mass Spectrometry

Samples were prepared for analysis (30.0 pL aliquots) using
protein precipitation. The samples were injected onto a
Waters XBridge Amide XP, 2 X 100-mm, 2.5-pm column
(Waters Corporation, Milford, MA, USA). The analyte and
the internal standard in the HPLC effluent were monitored
on an Applied Biosystems API-4000 mass spectrometric
system (Applied Biosystems, Foster City, CA, USA) with
turbo-ion spray ionization (electrospray) in positive ion
mode and multiple reaction monitoring detection. Peak
areas of the m/z 499.0-110.0 Da product ions for PL-8177
are measured against the m/z 513.3—435.8 Da product ions
for the internal standard. Quantitation was performed using
a weighted (1/X2) linear least squares regression analysis
generated from the ratio of the analyte peak area to the IS
peak area measured in fortified plasma calibration standards.
The linear analytical range was 5.00-500 ng/mL.

3 Results
3.1 Preclinical Studies
3.1.1 Mouse

The PL8177 plasma concentration over time curve exhibited
a steep initial rise followed by steady decline over 4 h. Sub-
cutaneous administration of 3 mg/kg PL.8177 resulted in an
AUC of 1727 ng-h/mL, a C,,, of 2440 ng/mL, a t,, of 0.5
h,and az_, of 0.25h (Fig. 1, Table 1A). The active metabo-
lite PL.8435 was also observed in the plasma with an AUC
and C,,, 6-7 times lower than PL8177, but with the same 1,
and ... Pharmacokinetics of PL8177 after the 1-mg/kg sc
dose administration were generally proportional with a f,, of
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0.26 h, and a ¢,,,, of 0.083 h (Fig. 1B). Pharmacokinetics of
PL8177 after the 1-mg/kg intravenous (iv) dose administra-
tion resulted in an AUC_, of 753 ng-h/mL and a #,, of 0.2 h
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Fig.1 Plasma concentrations of PL8177 and PL8435 following
administration of a single dose in mice of A 3 mg/kg sc, B 1 mg/kg
sc, and C 1 mg/kg iv
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Table 1 Mean PL8177 pharmacokinetic parameters for mouse, rat, and beagle dogs

Parameter Dose

3 mg/kg sc 1 mg/kg sc 1 mg/kg iv

A. Mouse

AUC, ng-h/mL 1727 476 753
Cax> Dg/mL 2440 703 NC
CL/F, mL/min/kg 22 NC NC
ty, h 0.5 0.26 0.2
naxs D 0.25 0.083 NC
F - 0.63 -

Dose mg/kg Sex a1 Cpax (SE), ng/mL AUC,, (SE), ng-h/mL t,, h AUC_, ng-h/mL V4/F, Likg CL/F,
mL/min/
kg

B. Rat PL8177

Day 1
1.0 F 0.5 516 (41.7) 880 (59.4) 0.749 907 1.19 18.4
M 0.5 525 (86.7) 1030 (78.4) 0.868 1080 1.15 15.4
5.0 F 0.5 1080 (36.8) 4030 (122.0) 591 4200 10.1 19.8
M 1.0 1180 (59.7) 4300 (146.0) 6.12 4510 9.78 18.5
25.0 F 0.25 782 (60.8) 4920 (181.0) NC NC NC NC
M 0.5 666 (80.0) 4930 (183.0) NC NC NC NC
Day 14*
1.0 F 0.5 525 (5.82) 712 (46.7) NC NC NC NC
M 0.5 572 (65.4) 708 (111.0) NC NC NC NC
5.0 F 1.0 1000 (91.6) 1480 (71.8) NC NC NC NC
M 1.0 1100 (28.05) 1640 (59.6) NC NC NC NC
25.0 F 0.5 1190 (94.8) 1710 (56.5) NC NC NC NC
M 1.0 1140 (124.0) 1860 (103.0) NC NC NC NC
Day 28
1.0 F 0.5 695 (138.0) 818 (73.5) 0.624 829 1.08 20.1
M 0.5 594 (64.6) 933 (51.3) 0.661 952 1.00 17.5
5.0 F 0.25 1060 (158.0) 3750 (247.0) 9.29 4300 15.6 19.4
M 0.5 1080 (253.0) 4550 (194.0) 8.78 5160 12.3 16.2
25.0 F 0.5 1180 (127.0) 11,900 (406.0) NC NC NC NC
M 0.25 1050 (71.6) 12,600 (181.0) NC NC NC NC
Dose, mg/kg Sex tmax (SD), h Cpax (SD), ng/mL Cax/dose (SD) AUC,,, (SD), ng-h/mL
C. Dog PL8177
Day 1
1.5 F 1.3 (0.5) 106 (43.5) 70.5 (29.0) 271 (93.1)
M 1.1 (0.63) 116 (30.2) 77.4 (20.2) 247 (16.2)
8.0 F 1.0 (0) 615 (124) 76.9 (15.5) 1560 (141)
M 0.75 (0.29) 400 (117) 50.0 (14.7) 1280 (217)
40.0 F 0.56 (0.31) 1010 (398) 252 (9.94) 3610 (792)
M 0.88 (0.25) 633 (257) 15.8 (6.42) 2640 (306)
Day 14
1.5 F 1.0 (0) 128 (59.9) 85.6 (39.9) 258 (104)
M 1.0 (0) 129 (23.9) 86.0 (15.9) 239 (27.3)
8.0 F 0.63 (0.25) 547 (52.4) 68.4 (6.55) 1650 (231)
M 0.50 (0) 359 (71.1) 44.9 (8.89) 1200 (108)
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Table 1 (continued)

Dose, mg/kg Sex Imax (SD), h Cpax (SD), ng/mL Ca/dose (SD) AUC,, (SD), ng-h/mL
40.0 F 0.38 (0.14) 1280 (305) 31.9 (7.61) 6220 (1250)
M 0.50 (0) 850 (196) 21.2 (4.89) 4760 (503)
Day 28
L5 F 1.0 (0) 96 (26.9) 64.0 (17.9) 210 (67.4)
M 0.75 (0.29) 98 (12.8) 65.3 (8.51) 194 (17.8)
8.0 F 0.63 (0.25) 389 (114) 48.6 (14.3) 1250 (128)
M 0.63 (0.25) 275 (717.7) 34.4(9.72) 1070 (159)
40.0 F 0.38 (0.14) 1260 (407) 31.5(10.2) 6620 (842)
M 0.44 (0.13) 860 (131) 21.5(13.28) 4620 (250)

AUC area under the concentration—time curve, AUC,,_, area under the concentration—time curve from time O to time of last measurable concentra-
tion, AUC, area under the concentration—time curve from time O to 2 h, AUC, area under the concentration—time curve from time O to 4 h, AUC,,,
area under the concentration—time curve from time 0 to last measurable concentration, AUC,, area under the concentration—time curve from time
0 to infinity, CL/F total clearance from plasma after administration, C,,,, maximum plasma concentration, F bioavailability, iv intravenous, NC

not calculated, sc subcutaneous, SD standard deviation, SE standard error of mean, #,, elimination half-life, ¢,

ar tiME to maximum plasma con-

centration, V/F apparent volume of distribution after extravascular administration

*Day 14 results are based on a truncated plasma concentration versus time curve (3 data points) and should be interpreted with caution

(Fig. 1C); C,,¢ and ¢, data were unavailable. The bioavail-
ability (F) of the 1-mg/kg dose is 0.63. Active metabolite
PL8435 was identified in plasma, although PL8435 was not
dosed separately to determine any PK parameters and did not
undergo stability or potency testing in any of these preclini-

cal and clinical studies.
3.1.2 Rat

Plasma levels of PL8177 following 5-mg/kg, 1-mg/kg, and
25-mg/kg doses are shown in Figure 2. Evidence of systemic
exposure was observed in all PL8177-treated rats follow-
ing single- and multiple-dose sc administration of PL8177.
Mean t¢,,,, values ranged from 0.25 to 1.0 h after a single
dose, and from 0.25 to 0.50 h ours on Day 28 after mul-
tiple dosing (Table 1B). In general, ¢,,,, values appeared
to be independent of dose. PL8177 plasma C,,,, and AUC
last 10creased in a less than dose-proportional manner over
the full 25-fold dose range (1-25 mg/kg) on both Days 1
and 28. Mean 1, values ranged from 0.62 to 0.87 h at the
1-mg/kg dose and from 5.91 to 9.29 h at the 5-mg/kg dose
on Days 1 and 28. Mean C,,,, values on the 2 days ranged
from 516 to 695 ng/mL for the 1-mg/kg dose, and from 666
to 1180 ng/mL for the 25-mg/kg dose. Mean CL/F values
across all doses in both males and females ranged from 15.4
to 20.1 mL/min/kg and appeared to be dose independent

throughout the study period.
3.1.3 Dog
All dogs treated with PL8177 had evidence of systemic

exposure following single- and multiple-dose sc adminis-
tration. Plasma concentrations after 28 days of dosing with
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8-mg PL8177 are shown in Fig. 3. After a single dose of
PL8177, mean ¢,, values ranged from 0.56 to 1.3 h for
all doses evaluated (Table 1C). Repeated dosing resulted
in t.,,, values ranging from 0.38 to 1.0 h on Days 14 and
28. Values for t,,,, appeared to decrease with increasing
dose. Mean plasma C,,,, increased over the full dose range
on all days, but in a manner that was less than dose pro-
portional. Mean C,,, ranged from 96 to 129 ng-h/mL for
the 1.5-mg dose, 275-615 ng-h/mL for the 8.0-mg dose,
and 633.0-1280.0 ng-h/mL for the 40.0-mg dose for the
3 time points. Plasma AUC,,, values increased in a dose-
proportional manner on Days 14 and 28 but not on Day 1.
A <2-fold difference was observed between mean C,,, and
AUC,,, values with multiple-dose versus single-dose admin-
istration. There was no consistent evidence of sex differ-
ences. Accumulation ratios were almost identical for male
and female dogs. For 1.5- and 9.0-mg doses, the accumula-
tion ratio (R,) as calculated by AUC g qay 28/ AUC 551, day 1

was 0.8, and for the 40-mg dose R, was 1.8.
3.2 Human Studies

In both the single-dose and multiple-dose study arms, the
PL8177 concentration versus time curves showed distinct
ascending and descending portions; distribution and elimi-
nation phases were evident, especially at higher doses, and
<1% of intact drug was excreted in the urine. In both arms,
Cpax Was achieved by 45 min post-dose. C,,,, was generally
reached 30—45 min after dosing in the single-dose arm, and
15-45 min after dosing in the multiple-dose arm (Tables 2, 3).

In the single-dose arm, measurable amounts of PL.8177
were detectable beginning 15 min after dosing and persisted
for up to 48 h at higher doses (Fig. 4). Geometric mean C,

max
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Fig.3 Mean PL8177 plasma concentration versus time following
multiple subcutaneous administrations in dogs on Day 28 of A 8 mg,
B 1.5 mg, and C 40 mg

Fig.2 Mean PL8177 plasma concentration versus time following
single subcutaneous administration in rats on Day 1 of A 5 mg/kg,
B 1 mg/kg, and C 25 mg/kg
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Table 3 Pharmacokinetic parameters for human study (multiple-dose arm): Day 1

Dose, Statistic Chax AUC, ,, AUC,, CL/F, ty,, h tnao  VolF, L Cpa/dose,  AUC_/dose,
mg ng/mL ng-h/mL ng-h/mL L/h ng/mL/mg  ng-h/mL/mg
1.0 n 8 8 6 6 6 8 6 8 6
Mean (SD) 23.0(8.9) 494 (159) 523(142) 20.1(4.6) 4.3(1.6) 120 (44.4) 23.0(8.8) 52.3(14.2)
Median 18.5 449 494 20.2 3.5 0.5 106 18.5 494
Geometric 21.7 47.4 50.9 19.6 4.1 115 21.7 50.9
mean
3.0 n 8 8 7 7 7 8 7 8 7
Mean (SD) 544 (9.6) 154 (30.2) 172 (30.6) 179 (3.0) 9.7(2.1) 257 (94.6) 18.1(3.2) 57.2(10.2)
Median 50.0 145.0 159.0 18.9 9.6 0.6 261 16.7 53.0
Geometric 53.7 152.0 169.0 17.7 9.5 242 17.9 56.5
mean

AUC,_, area under the concentration—time curve from time O to time of last measurable concentration, AUC,, area under the concentration—time
curve from time O to infinity, CL/F total clearance from plasma after administration, C,,,, maximum plasma concentration, SD standard devia-
tion, t,, elimination half-life, 7, time to maximum plasma concentration, V,/F apparent volume of distribution after extravascular administration

on Day 1

values increased from 2.2 to 83.4 ng/mL as doses increased occurred; therefore, the t,, for the lower doses is reflective

from 0.1 to 5.0 mg, and geometric mean AUC_ values
increased from 3.4 to 237 ng-h/mL (Table 2). The plasma #,,
(mean + standard deviation [SD]) ranged from 0.9 + 0.3 h
for the 0.1-mg dose to 16.3 + 2.9 h for the 5-mg dose.

Similar results were observed in the multiple-dose arm
(Fig. 5). Following the first dose on Day 1, geometric
mean C,,,, values were 21.7 ng/mL after 1.0 mg PL8177
and 53.7 ng/mL after 3.0 mg PL8177 (Table 3). Geometric
mean AUC  values after the first dose were 50.9 ng-h/mL
for 1.0 mg compared with 169 ng-h/mL for 3.0 mg. The ¢,
(mean £ SD) on the first day of dosing was 4.3 + 1.6 h and
9.7 + 2.1 h with the 1.0- and 3.0-mg doses, respectively.
Following the last dose on Day 7, steady-state parameters
were assessed (Table 4). Geometric mean maximum steady-
state plasma concentration (C,,, ;) values were 20.1 ng/
mL after the 1.0-mg dose and 57.2 ng/mL after the 3.0-mg
dose. Geometric mean AUC, values after the last dose were
54.3 ng-h/mL for 1.0 mg and 199 ng-h/mL for 3.0 mg; 1, val-
ues (mean + SD) for the 1.0- and 3.0-mg dosing groups were
7.1 £ 2.4 and 12.6 + 3.8 h, respectively. Dose linearity was
determined to be inconclusive for both single-dose (Fig. 6)
and multiple-dose arms (Figure 7) for AUC_ and C,,, as
the 90% CI for the slope, although bracketing 1, extended
beyond the critical upper or lower bound (Table 5). Less
than a 36% increase in accumulation was observed after 7
days of dosing. The active metabolite PL8435 was identified;
no other unique human metabolites were detected. PL8435
did not undergo stability or potency testing.

The plasma concentration—time curves in human trials
display a polyexponential decline that becomes obvious at
higher doses. At lower doses, the plasma concentrations
fall below the LLOQ by the time the terminal phase has

of a distribution phenomenon (median times for last meas-
urable concentrations are 2, 6, 16, 30, and 48 h for 0.1-,
0.5-, 1-, 3-, and 5-mg doses). Across both the single-dose
and multiple-dose arms, there were no reports of adverse
events (AEs) leading to study discontinuation, serious AEs,
or severe AEs. Mild or moderate AEs occurred with similar
frequencies across subjects who received treatment and pla-
cebo. In the single-dose arm, AEs occurred in nine subjects
(90.0%) who received placebo and in two to six subjects
(50.0-100%) across PL8177 dose levels; the most common
AEs across all groups were injection-site reactions includ-
ing injection-site pain, erythema, and induration. In the

100

Mean PL8177 Concentration (ng/mL)

Time (h)

——0.1mg 05mg —@—1mg —O—3mg —&—5mg

Fig.4 Mean plasma PL8177 concentration versus time following
single-dose administration in healthy human volunteers. LLOQ lower
limit of quantitation
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Time (h)

LLOQ (0.500 ng/mL)

Mean PL8177 Concentration (ng/mL)

0 8 16 24 32 40 48
Time (h)
—O—1mg —@—3mg

Fig.5 Mean plasma PL8177 concentration versus time following
administration on Day 1 (top) and Day 7 (bottom) in healthy human
volunteers. LLOQ lower limit of quantitation

multiple-dose arm, AEs occurred in three subjects (75.0%)
dosed with placebo and in 16 subjects (100%) who received
any dose of PL8177. Similar to the single-dose arm, the
most commonly reported AEs were injection-site pain, ery-
thema, and induration; the second most commonly reported
AE type was skin hyperpigmentation, experienced by nine
subjects (45.0%) who received PL8177.

4 Discussion

The results of these studies suggest a promising pharma-
cokinetic profile for PL8177 when dosed subcutaneously. In
humans, detectable plasma levels were seen within 15 min
after a single dose and persisted for up to 48 h at higher doses.
Dose-related increases in exposure were seen, although dose
linearity could not be demonstrated. In multiple-dose stud-
ies, maximum plasma concentrations were reached 15-45
min after dosing. The amount of dose excreted unchanged in
the urine was < 1%, and accumulation was minimal. Because
a-MSH has a very short #,, of ~20 min [24], an important focus
of melanocortin peptide development has been to improve bio-
logical stability [25]. In multiple-dose studies, the #,, (mean
+ SD) of PL8177 ranged from 9.7 + 2.1 h after the first dose
of 3.0 mg to 12.6 + 3.8 h after 7 days of 3.0-mg dosing. An
active metabolite, PL8435, was identified in rats, dogs, and
humans, which may offer additional drug exposure to an active
MCIR agonist. The #,, calculated in mice for different doses
was similar for both PL8177 and PL8435, suggesting that the
t,, for PL8435 is more likely a representation of the rate of
formation due to the elimination of PL8177. Overall, PL8177
was well tolerated when administered as single and multiple
ascending doses.

Table 4 Pharmacokinetic parameters for human study (multiple-dose arm): Day 7

Dose, Statistic Craxs AUC,, AUC,, t,, h tnao N VilF, L Al Crax/dose, AUC /dose,
mg ng/mL ng-h/mL ng-h/mL ng/mL/mg ng-h/mL/mg
1.0 n 8 8 5 5 8 5 5 8 8
Mean (SD) 209 (6.2) 529(15.00 572(2213) 7.1(2.4) 200(72.3) 1.1(0.1) 20.9(6.17) 52.9 (15.0)
Median 222 48.3 51.8 72 0.5 174 1.1 222 48.3
Geometric 20.1 51.2 54.3 6.7 191 1.1 20.1 51.2
mean
3.0 n 8 8 6 6 8 6 6 8 8
Mean (SD) 58.5(13.6) 177.0(36.0) 202.0(37.5) 12.6(3.8) 330 (111)  1.4(0.2) 19.5(4.52) 59.1 (12.0)
Median 52.7 171.0 200.0 114 0.5 288 1.3 17.6 57.1
Geometric 57.2 174.0 199.0 12.3 316 1.4 19.1 58.1
mean

Al accumulation index, AUC, area under the concentration—time curve over dosing interval, AUC,, area under the concentration—time curve from

time O to infinity, C,

'nax Maximum plasma concentration, SD standard deviation, #,, elimination half-life, 7

e IME to maximum plasma concentra-

tion, V/F apparent volume of distribution after extravascular administration on Day 7
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Fig.6 Dose linearity for plasma
PL8177 A C,,, and B AUC
in single-dose administration
cohort. AUC,, area under the
plasma concentration—time
curve from O to infinity, C,,,,,

maximum plasma concentration

Fig.7 Dose linearity for plasma
PL8177 A C,,,, and B AUC
in multiple-dose administra-
tion cohort. AUC,, area under
the plasma concentration—time
curve from O to infinity, C,,,,,
maximum plasma concentration
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Table5 C,,,, and AUC test for dose linearity
Dosing day Parameter Slope (90% CI) Critical
lower/upper
bound
A. Single-dose cohorts
AUC 1.08 (1.01-1.16) 0.943, 1.06
Crnax 0.953 (0.872-1.03)
B. Multiple-dose cohorts
1 Crnax 0.824 (0.609-1.04) 0.797,1.2
7 Cinax, ss 0.950 (0.738-1.16)
1 AUC, 1.09 (0.903-1.29)
1 AUC, 1.03 (0.833-1.23)
7 AUC 1.12 (0.928-1.30)

T, 88

AUC,, area under the concentration—time curve from time O to infin-
ity, AUC, area under the concentration—time curve over dosing inter-
val, AUC,ss steady-state area under the concentration—time curve
over dosing interval, C,,, maximum plasma concentration, C,,, .
maximum steady-state plasma concentration

Published studies regarding other synthetic melanocortin
agonists currently in development indicate a range of phar-
macokinetic characteristics. Subcutaneous administration
of the selective MC1R agonist BMS-470539 was associ-
ated with a C,, of 11 uM and a short #,, of 1.7 h after a
dose of 33 umol/kg [26]. Subcutaneous administration of
the pan-MCR agonist bremelanotide resulted in dose-related
increases in plasma levels, with a f,, of 0.5-1.0 hand a 1,
of 1.9-2.7 h [27].

5 Conclusion

The studies reported here demonstrate that sc administra-
tion of PL8177 results in a consistent pharmacokinetic pro-
file, with levels of exposure that indicate pharmacologically
active concentrations of PL8177 at the targeted MCIR. This
is also consistent with in vitro cAMP functional studies of
PL8177 on melanocortin receptor subtypes; PL8177 had
the strongest potency relative to other receptor subtypes
as determined by a half maximal effective concentration
of 570 pM. The amount of dose excreted unchanged in the
urine was < 1%, and accumulation was minimal. Rapid
absorption was seen in healthy volunteers, and multiple-
dose administration over 7 days resulted in pharmacokinetic
characteristics similar to those observed after single-dose
administration. These results support the continued develop-
ment of PL8177 for systemic administration to treat a variety
of inflammatory conditions.
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