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Abstract

ZYIL1 is a nucleotide-binding oligomerization domain, leucine rich repeat and pyrin domain-containing 3 (NLRP3) inflam-
masome inhibitor,which prevents NLRP3-induced apoptosis-associated speck-like protein containing a caspase activation
and recruitment domain oligomerization, thus inhibiting NLRP3 inflammasome pathway.We investigated the safety, toler-
ability, pharmacokinetic, and pharmacodynamic profiles of ZYIL1 after single and multiple doses in healthy subjects. The
subjects aged 18–55 years were enrolled in 2 different studies: single and multiple ascending dose. Blood/urine samples
were collected at designated time points for pharmacokinetic and pharmacodynamic analysis. In the single-ascending-
dose study, 30 subjects were enrolled (6 subjects each in 5 dose groups). One adverse event was reported during the
study. ZYIL1 was well absorbed with median time to maximum plasma concentration at 1–1.5 hours. The exposures
were dose proportional across the dose ranges. ZYIL1 is excreted as an unchanged form via the renal route. The mean
elimination half-life was 6–7 hours. In the multiple-ascending-dose study, 18 subjects were enrolled (6 subjects each in 3
dose groups).Eleven adverse events were reported by 6 subjects during the study.The accumulation index at steady state
for area under the plasma concentration–time curve indicated that ZYIL1 has a marginal accumulation upon repeated
dosing. Dose-proportional exposure was observed across the dose ranges. All subjects showed >90% interleukin (IL)-
1β inhibition in all dose groups for both studies. Inhibition in IL-1β and IL-18 was observed throughout the 14 days of
treatment in the multiple-dose study.The safety profile, rapid absorption,marginal accumulation, and significant inhibition
of IL-1β and IL-18 level support its development for the management of inflammatory disorders.
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The mammalian immune system defends against
internal and external threats using innate immu-
nity and adaptive immunity. The innate immune
response relies on pattern-recognition receptors to
target pathogenic microbes and other endogenous or
exogenous pathogens. Pattern-recognition receptors are
expressedmainly in immune and inflammatory cells. In-
flammasomes aremultiprotein complexes formed by in-
nate immune sensors, including nucleotide oligomeriza-
tion domain (NOD)-like receptor protein (NLR) family
members nucleotide-binding oligomerization domain,
leucine rich repeat and pyrin domain-containing 1
(NLRP1), nucleotide-binding oligomerization do-
main, leucine rich repeat and pyrin domain-containing
3 (NLRP3), and nucleotide-binding domain and
leucine-rich repeat receptor CARD domain-containing
protein 4, along with other non-NLR receptors such as
interferon-inducible proteins. NLRP3 inflammasome
activation is dependent on 2 successive signals. The
first step comprises an initiating signal (priming) in
which many danger-associated molecular patterns and
pathogen-associated molecular patterns are recognized
by toll-like receptors, which in turn upregulates tran-
scription of inflammasome-related components, in-
cluding inactive NLRP3, pro-interleukin (IL)-1β, and
pro-IL-18. In the second step of inflammasome acti-
vation, the oligomerization of NLRP3 and subsequent
assembly of NLRP3, apoptosis-associated speck-like
protein containing a CARD (ASC), and procaspase-1
results in formation of a complex. This triggers the
transformation of procaspase-1 to caspase-1, leading
to the release of active proinflammatory cytokines
IL-1β and IL-18.1–3

The NLRP3 protein is made up of 3 domains: a
leucine-rich repeat domain and a nucleotide-binding
oligomerization domain containing a caspase activa-
tion and recruitment domain, and a pyrin domain
(PYD). Upon activation, NLRP3 oligomerizes and
triggers the assembly of the adapter ASC via PYD–
PYD interactions. ASC fibrils assemble into large struc-
tures, called ASC specks, and recruit pro-caspase-1,
leading to its autoproteolytic activation. The activated
caspase-1 can cleave pro-IL-1β and pro-IL-18 to gen-
erate the inflammatory cytokines IL-1β and IL-18.4,5

IL-1β is a key proinflammatory cytokine involved in
the mediation of inflammation in almost every cell type
and tissue where its levels and activities are correlated
with the pathogenesis of various autoinflammatory
and autoimmune diseases. IL-18 belongs to the same
family of IL-1 cytokines. IL-18 and IL-1β share similar
mechanisms of activation, receptor structure, and
signal transduction pathways. IL-18 is a pleiotropic
cytokine that provides an important link between the
innate and adaptive immune responses and is involved
in the regulation of both.6

IL-1β has been identified to be one of the major
causal cytokines, responsible for disease initiation
and progression in multiple inflammatory diseases
like cryopyrin-associated periodic syndrome (CAPS),
inflammatory bowel disease (IBD), and Parkinson
disease.7–9

The CAPS is a group of rare inherited innate im-
mune inflammatory disorders due to gain of function
mutations in the gene for the NOD-like receptor known
as NLRP3, resulting in dysregulation of IL-1 mediated
inflammation. There are 3 CAPS subtypes of varying
severity including familial cold autoinflammatory syn-
drome, Muckle–Wells syndrome, and neonatal onset
multisystem inflammatory disease (NOMID). Target-
ing IL-1 in patients with all subtypes in the spectrum
has decreased disease-related symptoms and improved
patients’ quality of life.10

IBD is an umbrella term used to describe disorders
that involve chronic inflammation of the digestive tract.
It usually involves severe diarrhea, abdominal pain,
fatigue, and weight loss. It is well known that IL-1β is a
constitutive component of themixture of proinflamma-
tory cytokines that are responsible for the inflammation
occurring in patients with IBD, and elevations in IL-1β
levels are associated with increased disease severity.11,12

Proposed etiology of Parkinson disease suggests
microglia activation in the substantia nigra pars com-
pacta (SNc) and other affected regions, as well as
increased levels of proinflammatory cytokines. NLRP3
inflammasome inhibition exerted dopaminergic neuro-
protection in cellular or animal models of Parkinson
disease.13–15

The NLRP3 inflammasome is the best understood
and widely studied because of its role in host defense
and innate immunity. The NLRP3 inflammasome is a
potential target for the treatment of various inflamma-
tory diseases. ZYIL1 is an oral NLRP3 inflammasome
inhibitor that prevents NLRP3-inducedASC oligomer-
ization, thus inhibiting the NLRP3 inflammasomes
pathway.

In vivo disposition of ZYIL1 and metabolic fate
across the animals and humans was studied in pooled
liver microsomes. ZYIL1 was found to be metabolically
stable in mouse, rat, dog, monkey, and human liver
microsomes. Further, in vitro samples were investigated
for formation of ZYIL1-related metabolites, and a to-
tal of 5 metabolites have been identified; 3 are putative
mono-oxygenation and 2 are putative dehydrogenation
metabolites. This phase 1 metabolite formation is me-
diated through cytochrome P450 drug-metabolizing
enzymes, and their abundance was very low. Four of 5
metabolites were characterized in animals and humans,
1 and 2-hydroxy metabolites of ZYIL1 were weakly
active, whereas 3-hydroxy and 2–3 dehydrogenation
metabolites are pharmacologically active and its
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Figure 1. Structural formula of ZYIL1 and its metabolites.

activity was similar to the activity of the parent,
ZYIL1. The structural formula of ZYIL1 and its
metabolites is provided in Figure 1. To understand
the pharmacokinetic (PK) properties and ZYIL1 dis-
position in human, these metabolite estimations were
carried out in human clinical study.

Materials and Methods
Studies were conducted at Zydus Research Cen-
tre (Ahmedabad, India) following approval by the
Sangini Hospital Ethics Committee (Ahmedabad, In-
dia). All participants gave written informed consent
before enrollment. This study was registered with
the Clinical Trial Registry of India (CTRI) and on
Clinicaltrials.gov with the trial reference identifiers
CTRI/2020/12/030045 and NCT04731324 for study 1
and CTRI/2021/07/034692 and NCT0497218 for study
2, respectively.

Study Design and Participants
Study 1 was a prospective, open-label, single-dose, and
single-arm study of ZYIL1 in healthy human subjects.

The study was conducted in 5 ascending-dose groups
(25, 50, 100, 250, and 400 mg). The decision to pro-
ceed to the next dose level was made by both investi-
gator and sponsor medical expert based on the safety
and PK data evaluation of previous cohorts. Initially, 3
cohorts were conducted (25, 50, and 100 mg). Interim
analysis was performed at the end of cohort 3, and data

were presented to the regulatory authority to decide on
further dose escalation. Subjects were screened within
28 days of drug administration. All subjects were ad-
mitted to the clinical research unit on day −2 (48 hours
before dosing) and were discharged 72 hours after dos-
ing, which was the end of the study day.

Study 2 was a prospective, open-label, and multiple-
dose study of ZYIL1 in healthy human subjects.

Men and women (nonpregnant, nonlactating) of
good health aged 18–55 years and weighing 50–100 kg
with body mass index ranging from 18.5 to 30 kg/m2

were eligible for inclusion in the studies.
Details of the demographic profiles of enrolled sub-

jects (single-ascending-dose and multiple-ascending-
dose study) is provided in Supporting Information
Tables S6 and S7, respectively. Subject disposition
(single-ascending-dose and multiple-ascending-dose
study) is shown in Supporting Information Figures S1
and S2, respectively.

Procedure
Study 1 was conducted in 5 dose cohorts (25, 50, 100,
250, and 400 mg) of 6 subjects each. Eligible healthy
subjects were enrolled within a 28-day screening period
to ensure that subjects met all the inclusion criteria and
none of the exclusion criteria.

Subjects were admitted to the clinical research
unit on day −2 (48 hours before dosing) and were
discharged 72 hours after dosing (end of study). Par-
ticipants received a single oral dose of ZYIL1 (active
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pharmaceutical ingredient in capsule) with 240 mL
water after fasting for at least 10 hours; no food was
allowed until 4 hours after dosing. In each dose cohort,
2 subjects were dosed first. The investigator reviewed
safety data up to at least 24 hours after dosing be-
fore deciding to proceed with dosing the remaining
4 participants in the cohort. The starting dose of
ZYIL1 used in the single-ascending-dose study (25 mg)
was calculated in accordance with guidance from the
US Food and Drug Administration. The investigator
and sponsor medical expert decided the dose for the
next cohort based on the review of PK, safety, and
tolerability data of the previous cohort.

Study 2 was conducted in 3 dose cohorts (12.5,
50, and 100 mg) of 6 subjects each. Eligible healthy
subjects were enrolled within a 28-day screening period
to ensure that subjects met all the inclusion criteria and
none of the exclusion criteria. Subjects were admitted
to the clinical research unit on day −1 (24 hours before
first dosing), followed by twice-daily treatment for
14 days under housing condition, and were discharged
36 hours after the last dose on day 16. Then, the sub-
jects reported for outpatient visit (end-of-study visit)
on day 19. Participants received oral doses of ZYIL1
(active pharmaceutical ingredient in capsule) twice
daily for 14 days with 240 mL water after fasting for at
least 2 hours; no food was allowed until 2 hours after
dosing. The dose-escalation decision for each cohort
was made by investigators and sponsor medical experts
based on the safety evaluation of previous cohorts. In-
clusion/exclusion criteria used for the subject selection
is provided in Supporting Information Table S8.

Blood Sampling for PK
In studies 1 and 2, venous blood samples (5 mL) were
collected in dipotassium ethylenediaminetetraacetic
acid (K2-EDTA) vacutainers at defined time points. In
study 1, blood sampleswere collected up to 48 hours fol-
lowing study drug administration, and in study 2 blood
samples were collected until the end of the study (day
19) for evaluation of PK parameters. Plasma was sep-
arated from the blood samples and stored frozen at
−70 ± 20°C until analysis.

Urine Sampling for PK
In study 1, urine samples were collected before dosing
and intervals of 0–4, 4–8, 8–12, 12–24, 24–36, and
36–48 hours following study drug administration. A
pooled urine sample was collected from total urine col-
lected at each interval and 2 aliquots (around 4.5 mL
each) of the samples were stored frozen at −70 ± 20°C
until analysis.

Blood Sampling for Pharmacodynamics
In study 1, 5 venous blood samples (5 mL) were col-
lected in K2-EDTA vacutainers at defined time points
up to 24 hours following study drug administration and
in study 2, 5-mL blood samples (a total of 13 blood
samples) were collected in K2-EDTA up to day 15 fol-
lowing study drug administration.

Safety Assessments
In both studies, safety was evaluated by the incidence,
severity, and relationship of adverse events (AEs), clin-
ical examination, frequent vital signs, triplicate 12-lead
ECGs along with evaluation of median corrected QT
interval for any changes in corrected QT interval com-
pared to baseline, and clinical laboratory investigations
(hematology, biochemistry, and urinalysis).

Study Sample Bioanalysis
The concentration of ZYIL1 in plasma and urine
samples was determined using separately validated
liquid chromatography–tandem spectrometry assays.
The assays were validated in accordance with the Food
and Drug Administration guideline for Bioanalytical
Method Validation (May 2018). The assays were selec-
tive, sensitive, and free from any carryover. The study
samples were analyzed along with calibration standard
curve and quality control (QC) samples distributed
throughout each analytical run. Chromatographic
separation of analyte and internal standard from
endogenous matrix components of plasma and urine
samples was achieved on an ACE 5 C18 analytical col-
umn (Agilent Technologies, Santa Clara, California).
The mobile-phase composition was (a) 0.05% formic
acid in water and (b) a solvent mixture of methanol
and acetonitrile (50:50 v/v) for the gradient elution.
ZY20378, an analog compound, was used as the inter-
nal standard for estimation of ZYIL1 in both plasma
and urine assays. The quantitative determination of
ZYIL1 was performed using a turbo electrospray
ionization source in positive mode in plasma matrix
and negative ionization mode for urine matrix. The
mass transitions were used (m/z) 404.2 to 205.2, 231.1,
124.1 for ZYIL1 and (m/z) 384.1 to 185.1, 104.1 for
internal standard for plasma assay. For urine assay, the
mass transitions were (m/z) 402.0–203.1 for ZYIL1 and
(m/z) 382.2–183.1 for internal standard. ZYIL1 and
internal standard were extracted from plasma samples
using a protein precipitation procedure and urine
samples were processed by solid-phase extraction. The
extraction efficiency of ZYIL1 and internal standard
ranged from 93.6% to 96.9% and 91.2% to 94.1% for
both plasma and urine assay, respectively. The cali-
bration curve range was 0.01–40 μg/mL for plasma
and 5–10,000 ng/mL for urine assay. The accuracy
(percent relative standard error) and precision (percent
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Table 1. PK Parameters of ZYIL1 in Single-Ascending-Dose Study

PK Parameters 25 mg (N = 6a) 50 mg (N = 6) 100 mg (N = 6) 250 mg (N = 6) 400 mg (N = 6)

tmax (h) 1.5 (0.5, 2) 1 (0.5, 2) 1 (0.5, 1.5) 1 (0.5, 1) 1 (1, 1)
Cmax (μg/mL) 3.2 (0.8) 5.7 (0.5) 11.5 (1) 30.4 (3.8) 45.1 (4.8)
AUC0–t (μg • h/mL) 27 (0.4) 40.8 (7.2) 92.3 (14.9) 245 (64.8) 340.9 (30.6)
AUC0–inf (μg • h/mL) 27.1 (0.4) 41.4 (6.6) 92.8 (15.3) 247.1 (66.5) 341.8 (30.8)
t1/2 (hour) 6.5 (0.7) 5.8 (0.5) 6.3 (0.7) 6.5 (1.5) 5.7 (0.5)
CL/F (L/h) 0.9 (0) 1.2 (0.2) 1.1 (0.2) 1.1 (0.3) 1.2 (0.1)
Amount recovered (mg) 21.2 (7.7) 34.6 (6.2) 76.6 (19.5) 172.7 (20.7) 201.3 (109.5)
Percent recovered (%) 84.8 (30.7) 69.1 (12.3) 76.6 (19.5) 69.1 (8.3) 50.3 (27.3)

AUC0–inf, area under the concentration–time curve from time 0 to infinity; AUC0–t, area under the curve concentration–time curve from time 0 to
the time of the last measurable concentration;CL/F, clearance rate;Cmax,maximum observed plasma concentration; PK, pharmacokinetic; SD, standard
deviation; t1/2, terminal elimination half-life; tmax, time to maximum plasma concentration.
Data are expressed as mean (SD), except for tmax, which is shown as median (min, max).
a
N = 6 for Cmax, tmax, amount recovered and percent recovered while for the rest of the PK parameters, N = 5.

coefficient of variation) of interrun QC samples at
low level, medium level, and high level was −2.5% to
3.1% and −5.2% to 4.1% and 0%–3.8% and 2%–5.5%
for plasma and urine assay respectively and met the
predefined acceptance limit. The chromatographic
data were processed using analyst software with a 1/x2

weighing factor in the linear regression model.
The measurement of hydroxyl metabolites (ZY-

25437, ZY-25355, ZY-25788, and ZY-25497) in plasma
and urine samples was performed using fit-for-research
liquid chromatography–tandem spectrometry assays.
Two separate assays were established in each plasma
and urine matrix; one was the simultaneous estima-
tion of 3 metabolites (ZY-25437, ZY-25355, and
ZY-25788), and another was a single metabolite (ZY-
25497) assay. For quantitation analysis, the ionization
of metabolites was achieved using a turbo electro-
spray ionization source in positive mode. The mass
transitions used were (m/z) 420.2–205.2, 420.1–205.2,
450.3–231.2, 402.2–205.2, and 309.2–281.1 for ZY-
25437, ZY-25355, ZY-25788, ZY-25497, and internal
standard, respectively. The study samples were an-
alyzed in multiple runs and each run comprised of
calibration standards and interspersed QC samples.
The QC samples met the predefined acceptance criteria
for each plasma and urine matrix.

Pharmacodynamics Assay
For pharmacodynamic (PD) assessment, NLRP3 was
activated in the whole blood collected from clinical
trial volunteers post-ZYIL1 dosing and corresponding
levels of secreted IL-1β and IL-18 were measured.
Peripheral venous blood from each volunteer was col-
lected at different time points in prelabeled K2EDTA
vacutainers and stored at 2–8°C till PD assessment. For
the assessment, whole bloodwas taken in a 96-well plate
in triplicate and treated with 500 ng/mL of lipopolysac-
charide (Sigma–Aldrich, Mumbai, India) followed by

incubation at 37°C in a CO2 incubator for 4 hours. Af-
ter 4 hours, 5 mM of adenosine triphosphate (Sigma–
Aldrich) was added, and incubation was continued
for another hour. At the end of the experiment, blood
was spun down, and supernatant was removed and
analyzed for IL-1β and IL-18 levels using the enzyme-
linked immunosorbent assay method.16–19 The levels of
IL-1β and IL-18 were derived using the standard curve
method. The readings were well within the calibration
range, and variability was <5% coefficient of variation.

Statistical Analysis
The target sample size of 6 participants per cohort was
based on general phase 1 trial experience and was con-
sidered appropriate to investigate for the primary safety
outcome.

Noncompartmental PK parameters were calculated
from Phoenix WinNonlin software version 8.2 (Cer-
tara, Princeton, New Jersey) for study 1 and Phoenix
WinNonlin software version 8.3 for study 2. Data sets
were derived on the basis of source data. Listing of
subject data, tabulation of descriptive statistics and
statistical analysis were performed primarily using
SAS (version 9.4; SAS Institute Inc., Cary, North Car-
olina). Descriptive statistics (mean, median, standard
deviation, minimum, maximum, geometric mean, and
coefficient of variation) were used for PK and safety
analysis. Dose relationships with maximum concentra-
tion (Cmax) and area under the plasma concentration–
time curve (AUC) from time 0 to the last measurable
concentration were evaluated using correlation and re-
gression analysis for different doses. The accumulation
index (RAUC) was calculated as a ratio of accumula-
tion of a drug under steady state conditions (ie, after
repeated administration) as compared to a single dose
(RAUCtau = AUC over the dosing interval [AUC0–tau]
at day 14/AUC0–tau at day 1). Descriptive statistics (n,
mean, median, minimum, maximum, and standard
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Figure 2. Line plot for the mean (±standard error of the mean) concentration-time profiles for ZYIL1 after administration of 25-,
50-, 100-, 250-, and 400-mg doses to healthy human subjects.

deviation) of the cytokines (IL-1β and IL-18 for study
1; IL-1β, IL-18, IL-6, and tumor necrosis factor-α for
study 2) whole blood concentration were summarized
by dose and time point. Percentage of IL-1β inhibition
was calculated as [(treated concentration before dos-
ing− untreated concentration before dosing)− (treated
concentration at Rx time point − untreated concen-
tration at Rx time point)]/(treated concentration
before dosing − untreated concentration before dos-
ing) × 100%. The percentage of cytokine inhibition
in stimulated whole blood was estimated, listed, and
summarized by dose and time point for each cohort.

Results
Safety and Tolerability
Study 1: One AE (low white blood cell count) was
reported in the 250-mg dose group during the study.
The AE was possibly related to study medication and
resolved without any concomitant medication. No
serious AE was observed during the study in any dose
group. No clinically relevant trend or change was
observed in the clinical laboratory, vital signs, physical
examination, and ECG findings in any of the dose
groups.

Study 2: A total of 11 AEs in 6 of 18 subjects
were reported during the study, including constipa-
tion, headache, pyrexia, glycosuria, nasopharyngitis,

decrease in neutrophil count, increase in transaminases,
alanine aminotransferase, and triglycerides. Out of the
11 AEs reported, most (8) were mild in severity, 1 was
moderate (increase in transaminases), and 2 were se-
vere (increase in triglyceride and decrease in neutrophil
count). Most of the AEs (5) were possibly related, 3
were probably related, and 3 were not related to the
study medication. All these AEs were resolved with-
out sequelae. One subject reported an AE leading to
discontinuation of treatment in the 100-mg multiple-
ascending-dose cohort due to moderate elevation of
transaminase on day 6. The remaining 17 subjects com-
pleted the 14 days of treatment. No serious AE was
observed during the study in any dose group. No clini-
cally relevant trend or change was observed in the clin-
ical laboratory, vital signs, physical examination, and
ECG findings in any of the dose groups. No consis-
tent pattern or dose dependency was observed in the
AEs.

Details of AEswith system organ class and preferred
terms is provided in Supporting Information Table S1.

Overall ZYIL1waswell tolerated up to a 400-mg sin-
gle oral dose and up to oral doses of 100 mg twice a day
for 14 days.

Pharmacokinetics
Study 1: ZYIL1 was well absorbed after oral adminis-
tration under fasting conditions. The absorption was



208 Clinical Pharmacology in Drug Development 2023, 12(2)

Table 2. PK Parameters of ZYIL1 in Multiple-Ascending-Dose Study at Days 1 and 14

PK Parameters 12.5 mg (N = 6) 50 mg (N = 6) 100 mg (N = 6a)

D1 D14 D1 D14 D1 D14

AUC0–tau (μg • h/mL) 7.7 (1.7) – 31.6 (3.7) – 66.8 (7.3) –
AUC0–24BID (μg • h/mL) 16.9 (4) - 65.5 (8.2) - 145.2 (18.3) –
tmax,ss1 (h) – 0.8 (0.5, 1) – 1 (1, 1) – 1 (0.5, 1.5)
Cmax,ss1 (μg/mL) – 2 (0.3) – 8.1 (1.2) – 16.4 (1.3)
tmax,ss2 (hour) – 1.5 (1, 2) – 2.1 (1) – 1 (0.5, 3)
Cmax,ss2 (μg/mL) – 1.8 (0.3) – 6.7 (1.1) – 16.1 (4.5)
AUC0–tau (μg • h/mL) – 12 (2.7) – 51.2 (7.5) – 92.9 (13.5)
AUC0–24BID (μg • h/mL) – 23.5 (5) – 97.7 (15.3) – 181.5 (30.4)
AUC0–t (μg • h/mL) – 28.9 (7) – 121.8 (21.4) – 216.5 (41.1)
AUC0–inf (μg • h/mL) – 29.4 (7.5) – 124.8 (23) – 219.1 (42.7)
RAUCtau – 1.6 (0.2) – 1.6 (0.1) – 1.4 (0.1)
RAUC24BID – 1.4 (0.1) – 1.5 (0.2) – 1.3 (0.1)

AUC0–inf, area under the plasma concentration–time curve from time 0 to infinity;AUC0–24BID, area under the concentration-time curve over 24 hour
for day 1 and 14 separately;AUC0–t, area under the concentration–time curve from time 0 to the time of the last measurable concentration;AUC0–tau,
area under the plasma concentration–time curve over the dosing interval; Cmax,ss1,maximum plasma concentration at steady state after the first dose;
Cmax,ss2, maximum plasma concentration at steady state after the second dose; PK, pharmacokinetic; RAUC24BID, accumulation ratio for AUC0-24BID;
RAUCtau, accumulation ratio for AUCtau; SD, standard deviation; tmax,ss1, time to maximum plasma concentration at steady state after the first dose;
tmax,ss2, time to maximum plasma concentration at steady state after the second dose.
Dosing interval (tau) was 12 hours.
Data are expressed as mean (SD), except for tmax, which are shown as median (min, max).
a
N = 6 for D1 PK parameters and N = 5 for D14 PK parameters.

rapid, with a median time to maximum plasma concen-
tration of 1–1.5 hours across the dose range. The ex-
posure (Cmax and AUC) increased dose proportionally
across the dose range. Themean elimination half-life of
ZYIL1 across the doses ranged from 5.7 to 6.7 hours.
The PK parameters of ZYIL1 determined in the single-
ascending-dose study are presented in Table 1. The
concentration–time profiles of ZYIL1 (mean ± stan-
dard error of the mean) after administration of 25, 50,
100, 250, and 400mg and dose linearity plots are shown
in Figure 2 and Supporting Information Figure S3,
respectively. The concentration–time profiles of ZYIL1
metabolites (mean ± standard error of the mean) after
administration of 25, 50, 100, 250, and 400 mg are
shown in Supporting Information Figure S4.

Descriptive statistics of the amount of ZYIL1 recov-
ered in urine and percent recovered are presented in Ta-
ble 1. Mean cumulative percentage urinary recovery of
ZYIL1was ranging from 50% to 85%across dose range,
indicating the renal route is a primary route of ZYIL1
excretion.

Study 2: ZYIL1 was well absorbed after multiple-
ascending-dose oral administration. The absorption
was rapid at a steady state. The Cmax,ss1 (Cmax af-
ter first dose) and Cmax,ss2 (Cmax after second dose)
values were from 2 to 16.4 and 1.8 to 16.1 μg/mL
across the dose range. The PK parameters of ZYIL1
in the multiple dose study at D1 and D14 are pre-
sented in Table 2. The results indicated that exposure

increased in a predictable manner with increasing
doses. The mean plasma drug concentration–time
profiles of ZYIL1 and its metabolites at D1 and D14
of 12.5-, 50-, and 100-mg dose groups are presented
in Figure 3 and Supporting Information Figure S5, re-
spectively. The mean plasma drug concentration–time
profiles at D1 and D14 of 12.5, 50, and 100-mg dose
groups are presented in Figure 3. The accumulation
index at steady state for AUC0–tau ranged from 1.4
to 1.6 across the dose range, which indicated that
ZYIL1 has a marginal accumulation upon repeated
dosing.

All PK plasma samples of studies 1 and 2 and urine
samples of study 1 were analyzed for the determination
of metabolites. Four minor metabolites (ZY-25437,
ZY-25355, ZY-25788, and ZY-25497) were quantified
in the systemic circulation as well as in urine. The
percentage of each metabolite was <2% of the parent
exposure in plasma and urinary amount (percentage
of parent dose) of each metabolite was ranged from
0.2% to 3.2%, and data are presented in Supporting
Information Tables S2 and S3.

Pharmacodynamics
Study 1: The PD results indicated that most of the
subjects showed >90% inhibition of IL-1β and >70%
inhibition of IL-18 after ZYIL1 administration. A sin-
gle dose of 25-, 50-, and 100-mg ZYIL1 showed ex vivo
IL-1β inhibition >90% until 6, 12, and 24 hours after
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Figure 3. Line plot for the mean (±standard error of the mean) concentration–time profile of ZYIL1 at days 1 and 14 after admin-
istration of 12.5-, 50-, and 100-mg doses to healthy human subjects.

dosing, respectively. Ex vivo IL-1β inhibition >90%
was also observed until 24 hours after dosing with a
250- and 400-mg single dose of ZYIL1.

Study 2: The PD results indicated that the subjects
showed around 90% inhibition of IL-1β and IL-18 un-
til 12 hours after the last dose in the 12.5-mg dose group
and until 36 hours after the last dose in the 50- and
100-mg dose group. Therewas no remarkable inhibition
observed for IL-6 and tumor necrosis factor-α in all
dose groups. The descriptive statistics of IL-1β and
IL-18 inhibition (percentage) on corrected IL-1β and
IL-18 levels in whole blood are presented in Supporting
Information Tables S4 and S5. Individual subject IL-1β
and IL-18 inhibition (percentage) on corrected IL-1β
and IL-18 levels with mean (± standard deviation)
bar are provided in Supporting Information Figures S6
and S7.

Discussion
ZYIL1 is an oral NLRP3 inflammasome inhibitor
that prevents NLRP3-induced ASC oligomerization,
thus inhibiting the NLRP3 inflammasome pathway.
There are various agents (MCC950, CY-09, OLT1177,
Tranilast, Oridonin, NT-0167, etc) in various stages of
clinical development that directly target NLRP3 itself
but not other components (NIMA-related kinase 7,
ASC, caspase-1, or IL-1β) up/downstream of NLRP3

inflammasome activation. In these studies, the safety,
tolerability, PK, and PD of ZYIL1 were evaluated in
the healthy human subjects after a single ascending
dose and multiple ascending doses. ZYIL1 was well ab-
sorbed and showed predictable PK and PD parameters
when evaluated in the single ascending and multiple
ascending dose study.

The first-in-human studies with a small number of
healthy subjects demonstrated that ZYIL1 was well tol-
erated up to a single oral dose of 400 and 100 mg twice
daily for 14 days.

The safety profile, rapid absorption, and mechanis-
tic evidence of NLRP3 inhibition, supports continued
development of ZYIL1 for the management of inflam-
matory disease (ie, CAPS). The CAPS are a group of
rare inherited innate immune-inflammatory disorders
due to gain of function mutations in the gene for the
NOD-like receptor known as NLRP3, resulting in dys-
regulation of IL-1–mediated inflammation. There are
3 CAPS subtypes of varying severity including familial
cold autoinflammatory syndrome, Muckle–Wells syn-
drome, andNOMID. Targeting IL-1 in patients with all
subtypes in the spectrum has decreased disease-related
symptoms and improved patient’s quality of life.

NLRP3 in innate immune cells is activated by
pathogen-associated molecular patterns and death-
associated molecular patterns. The resultant NLRP3
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inflammasome activates caspase-1 and in turn cleave
and releases IL-1b and IL-18. NLRP3 inflammasome
inhibitors have the potential to negate IL-1–mediated
disease pathologies including CAPS.

All current therapies (ie, anakinra, rilonacept, and
canakinumab) are limited to injectable biologics that
often have limited central nervous system penetration,
which is particularly important in patients with NO-
MIDwith severe central nervous system disease. There-
fore, there remains an unmet clinical need for more
targeted and preferably small-molecule compounds as
an alternative to IL-1 targeted biologics. Considering
that the PK and PD characteristics in patients may
be different from those in healthy subjects, a separate
phase 2a study was planned to evaluate the safety, tol-
erability, PK, and PD of ZYIL1 in subjects with CAPS.

Although this trial provides valuable first-in-human
data on ZYIL1, it has limitations. The population ex-
amined was healthy adult males, the majority of whom
self-selected their race as Asian. It will be important
to investigate potential differences in safety and PK in
target patient populations. As the trial was conducted
only on male subjects, further investigation of sex
differences in PK in future trials are warranted.

ZYIL1 was well tolerated up to a dose of 100 mg
twice daily for 14 days in a multiple-ascending-dose
study. All 3 doses (12.5, 50, and 100) in the multiple-
ascending-dose group showed IL-1β inhibition. Con-
sidering longer duration of IL-1β inhibition, a ZYIL1
50-mg twice-daily dose was selected for the phase 2a
trial in patients with CAPS.

Conclusion
ZYIL1 was well tolerated up to a single dose of 400 mg
and multiple doses of 100 mg twice daily for 14 days.
ZYIL1 displayed rapid oral absorption and was mainly
eliminated via the renal route. Single and multiple
doses of ZYIL1 showed that ex vivo inhibition of
lipopolysaccharide/adenosine triphosphate stimulated
IL-1β and IL-18 levels, which suggested mechanistic
evidence of NLRP3 inhibition mediated by ZYIL1.
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