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Abstract

Background Interferons (IFNs) are proteins that combat viruses and regulate the immune system. Studies have
demonstrated that aerosol inhalation of IFNa is both effective and safe for treating respiratory infections. However,
IFNa has a short half-life and is rapidly cleared by lung defenses. Polyethylene glycol (PEG) ylation is a common
strategy to extend the duration of drug action. PeglFNa-2b is a long-acting interferon formed by the covalent binding
of 40 kDa Y-shaped branched PEG with recombinant human IFNa-2b. This study aimed to assess the safety, tolerability,
pharmacokinetic, and pharmacodynamic characteristics of nebulized PeglFNa-2b in healthy adult subjects, providing
guidance for further clinical investigations.

Methods This study employed a randomized, controlled clinical trial design with a total of 18 healthy adult subjects
enrolled. Participants were randomly assigned in a 1:1:1 ratio to three groups. Treatment group 1 and group 2
received 90 pg and 180 ug of nebulized PeglFNa-2b, respectively, while the control group was administered a
combination of 180 ug PeglFNa-2b and 15 mg inhalable Ambroxol Hydrochloride solution, all in a single dose. Safety,
tolerability, and blood drug concentration were assessed, along with blood neopterin levels for pharmacokinetic and
pharmacodynamic evaluation.

Results The incidence of adverse events (AEs) was 38.9% (7/18) with no significant difference among the groups
(P>0.05). AEs included anemia (N=5) and leukopenia (N=2), predominantly of grade 1 severity (6/7), with no severe
events. Blood PeglFNa-2b concentrations were below detection limits in most subjects, except one in treatment
group 2. Neopterin levels were generally low in treatment group 1 and the control group, with slightly higher
observed in most subjects of treatment group 2, but differences were not significant (P> 0.05).

*Correspondence:
Xiaolu Wu
13606025483@139.com
Qing Zhou
2630921003@qgg.com

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40360-025-00937-9&domain=pdf&date_stamp=2025-5-8

Huang et al. BMC Pharmacology and Toxicology (2025) 26:99

Page 2 of 11

in patients with lower respiratory tract infections.

2023.

Conclusions Nebulized PeglFNa-2b at doses of 90 ug and 180 g showed acceptable safety and tolerability. Minimal
systemic absorption was observed following inhalation. Further studies are needed to explore its potential, especially

Clinical trial registration ChiCTR2300074909, retrospectively registered in https://www.chictrorg.cn/ at 20 August
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Introduction

Acute lower respiratory tract infections continue to
pose a significant and widespread challenge to public
health, imposing a heavier global disease burden com-
pared to human immunodeficiency virus (HIV) infection,
malaria, cancer, or myocardial infarction [1]. Viruses play
a pivotal role in respiratory tract infections, with rhino-
viruses, influenza viruses, coronaviruses (CoVs), respi-
ratory syncytial virus (RSV), human metapneumovirus
(hMPV), and parainfluenza viruses (PiVs) being the pri-
mary offenders. Nevertheless, despite the availability of
targeted antiviral treatments for influenza viruses and
cytomegalovirus, supportive care and symptomatic man-
agement remain the primary treatment options for infec-
tions caused by other viruses [2].

Interferons (IFNs) are a class of cytokines with broad-
spectrum antiviral and immunomodulatory effects. They
induce a state of resistance against pathogens in infected
cells, activate the innate immune system, trigger adaptive
immune responses, and promote immunological mem-
ory, thereby playing a pivotal role in antiviral defense
mechanisms [3]. Most IFNs medications are admin-
istered via subcutaneous or intramuscular injection,
which may lead to systemic adverse reactions such as
flu-like symptoms, resulting in poor patient compliance.
In recent years, abundant clinical experience in pediatric
medicine and multicenter research data have suggested
that nebulized inhalation of IFNaq, as a localized treat-
ment approach, can improve symptoms related to lower
respiratory tract infections, shorten hospital stays, and
demonstrate good safety [4—6]. However, conventional
IFNa, as a protein drug, faces challenges in local adminis-
tration, such as a short half-life, clearance by pulmonary
ciliary mucosa, phagocytosis by alveolar macrophages,
and enzymatic metabolism, all of which reduce its effec-
tive duration of action [7]. For drugs intended for local
pulmonary action, both the duration of lung residence
and the local drug concentration directly determine
their efficacy in the lungs. Polyethylene glycol (PEG)
ylation is the most common strategy for prolonging the
residence of drugs in the lungs. Compared to conven-
tional IFNa, PEGylated IFNa (PeglFNa) exhibits a 2.5- to
3-fold increase in lung residence [8, 9]. Previous stud-
ies in the treatment of chronic hepatitis B have demon-
strated that PegIFNa has significantly superior antiviral

activity compared to conventional IFN« [10, 11]. There-
fore, considering its drug characteristics, administration
environment, and previous antiviral research, nebulized
inhalation of PeglFNa may further enhance the thera-
peutic efficacy of lower respiratory tract infections. How-
ever, there is currently no related research available.

PeglFNoa-2b (Pegbing®, Xiamen Amoytop Biotech Co.,
Ltd.) is a long-acting interferon formed by the covalent
binding of 40 kDa Y-shaped branched PEG with recom-
binant human IFNa-2b [12]. It was approved in Septem-
ber 2016 for subcutaneous injection in the treatment
of chronic hepatitis B and chronic hepatitis C. A study
in New Zealand rabbits, using pulmonary liquid quan-
tification nebulization to administer the same dose of
PegIFNa-2b or conventional IFNa-2b, showed that lung
exposure to the drug at 48 h post-administration was
approximately 10 times higher in the PegIFNa-2b group
compared to the conventional IFNa-2b group. Further-
more, drug concentration could still be detected in the
PegIFNa-2b group at 72 h post-administration, while it
was undetectable in the conventional IFNa-2b group
(unpublished data). Based on these findings, nebulized
inhalation of PeglFNa-2b is expected to reduce dosing
frequency, improve patient compliance, increase local
drug concentration, and prolong drug residence time,
thereby enhancing clinical treatment outcomes.

This phase 1 clinical study aimed to explore the safety
and pharmacokinetic/pharmacodynamic characteristics
of nebulized inhalation of PegIFNa-2b in healthy individ-
uals, thereby laying the groundwork for subsequent clini-
cal research in patient populations.

Methods
Study design
This was a randomized, controlled, single-center phase 1
clinical study conducted in China (ChiCTR2300074909)
from August 10, 2023 to August 24, 2023. Participants
were randomly allocated in a 1:1:1 ratio to treatment
group 1 (nebulized PegIlFN«-2b 90 pg/0.5mL), treatment
group 2 (nebulized PegIlFNa-2b 180 ug/0.5mL), and the
control group (nebulized PeglFNa-2b 180 pg/0.5mL
combined with Ambroxol Hydrochloride).

The study employed a compression nebulizer (PARI
TurboBOY, PARI GmbH, Germany) for aerosolization,
with gas flow adjusted to 7 L/min, spray volume set at 0.4
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mL/min, and spray rate at 0.25 mL/min. All participants
used a standardized mouthpiece for drug nebulization.
Aerosol particle size distribution was characterized using
laser diffraction analysis (Malvern Mastersizer X, Mal-
vern Panalytical Ltd., UK).

The aerosol solution for treatment groups 1 and 2 con-
sisted of 2 mL of 0.9% sodium chloride injection+0.5
mL of PegIlFNa-2b (90-180 pg), while the control group
received 2 mL of inhalable Ambroxol Hydrochloride
solution (15 mg)+0.5 mL of PegIlFNa-2b (180 pg). All
subjects underwent aerosolization once, and safety, tol-
erability, and pharmacokinetic/pharmacodynamic char-
acteristics were observed and measured over 7 days (at
0.5h,1h,3h,5h,8h,12h,24 h,48 h, 72 h, 120 h, and
168 h post-administration).

The dosages of PegIlFNa-2b used in this study were
based on guidelines recommending the dosage of con-
ventional IFNa for nebulized inhalation in children with
lower respiratory tract infections as 200,000-400,000
IU/kg/dose [13]. Within this recommended range, chil-
dren do not experience fever, chills, or other flu-like
symptoms. Based on the median birth weight of Chi-
nese children, which is 3.32 kg for boys and 3.21 kg
for girls [14], the median dose of nebulized inhala-
tion of IFNua is calculated to be 664,000-1,328,000 IU/
dose for boys and 642,000-1,284,000 IU/dose for girls.
Therefore, it is anticipated that nebulized inhalation
of PegIlFNa-2b 90 pg (330,000 IU) or 180 pg (660,000
IU) will demonstrate good safety and tolerability. Pre-
liminary animal studies of PeglFNa-2b (unpublished)
have shown that, when administered at the same dos-
ing regimen, PeglFNa-2b remains in the lungs for a lon-
ger duration and is metabolized more slowly compared
to conventional IFNa-2b. Specifically, conventional
IFNa-2b is metabolized within 10 h in the lungs, whereas
PegIFNo-2b takes more than 72 h for metabolism. These
findings suggest that PegIFNa-2b can be administered at
a lower dose compared to conventional IFNa-2b, while
still maintaining effective drug delivery and therapeutic
action. Furthermore, 180 pg is the maximum approved
dose of PeglFNa-2b for human use, with 90 pg and
180 pg being the most commonly used nebulized doses in
clinical practice.

During the study period, participants were instructed
to follow specific lifestyle guidelines to minimize poten-
tial confounding factors and ensure the reliability of
the results: (1) Dietary Management: Participants were
instructed to refrain from consuming water for 1 h prior
to and 2 h following drug administration, and to avoid
food intake from 8 h before to 2 h after administration.
Throughout the study, participants were advised to avoid
grapefruit, citrus fruits, carbonated foods, and bever-
ages containing xanthine (e.g., coffee, tea, chocolate, cola,
and fruit juices). Additionally, caffeine, tea, smoking, and
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alcohol were prohibited. (2) Exercise Management: Par-
ticipants were advised to refrain from engaging in high-
intensity physical activities, such as strength training,
aerobic exercise, and sports like football, to minimize the
potential impact of exercise on the study outcomes.

The study protocol was approved by the Institutional
Review Board/Ethics Committee of the research cen-
ter and conducted in accordance with the International
Council on Harmonization guidelines on Good Clinical
Practice, the principles of the Helsinki Declaration, and
regulatory requirements in China. All participants pro-
vided informed consent.

Participants

Inclusion criteria were as follows: (1) Age between 18 and
50 years, regardless of gender; (2) Female participants
must weigh =45 kg, male participants must weigh =50 kg,
with a Body Mass Index (BMI) between 18.5 and 28 kg/
m? (3) Women of reproductive potential must have a
negative pregnancy test result during screening; (4) Par-
ticipants (including their partners) must voluntarily
adopt effective, non-pharmacological contraceptive mea-
sures from before administration until 3 months post-
administration, and must not have plans for sperm or egg
donation; alternatively, participants (including their part-
ners) must be infertile (having undergone surgical steril-
ization or being in menopause).

The primary exclusion criteria included: (1) Clinically
significant abnormalities in physical examination, vital
signs, or laboratory tests; (2) Pulmonary function test
results: Forced Expiratory Volume in 1 s (FEV1) mea-
sured value / FEV1 predicted value <80% or Forced Vital
Capacity (FVC)<80% of predicted value; (3) History of
clinically significant diseases affecting the cardiovas-
cular, hematologic and lymphatic, respiratory, urinary,
endocrine, immune, psychiatric or neurological systems
(such as epilepsy); (4) History of ocular or thyroid-related
diseases deemed clinically significant by the investiga-
tor; (5) Alcohol or drug abuse, blood donation, or signifi-
cant blood loss (>450 mL) within the 3 months prior to
screening; (6) Known or suspected allergies to investiga-
tional drugs or excipients.

Objectives and endpoints

Primary endpoints

Safety and tolerability assessment

Participants were monitored at 0.5 h, 1 h, 3 h, 5 h, 8 h,
12 h, 24 h, 48 h, 72 h, 120 h, and 168 h after nebulization.
The follow-up included monitoring of vital signs, physi-
cal examination, assessment of serious adverse events
(SAEs) and adverse events (AEs), as well as laboratory
investigations for safety assessment, including complete
blood count, urinalysis, liver function tests, renal func-
tion tests, electrocardiography, and chest imaging. All
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these assessments were conducted by the research center
laboratory.

Secondary endpoints

Pharmacokinetic and pharmacodynamic assessment

Blood samples were collected from participants before
and after nebulization at multiple intervals—0.5 h, 1 h,
3h,5h,8h,12h, 24 h, 48 h, 72 h, 120 h, and 168 h
post-nebulization for both pharmacokinetic and phar-
macodynamic assessments. These samples were sent to
the central laboratory for analysis. The pharmacokinetic
assessment focused on analyzing drug concentrations,
while the pharmacodynamic assessment involved ana-
lyzing neopterin levels, as well as monitoring participant
temperature and neutrophil counts.

The concentration of PeglFNa-2b was quantitatively
measured using the Quantikine™ HS ELISA Human IFN-
a2 Immunoassay kit, with a lower limit of quantification
(LLOQ) of 3 pg/mL. The concentration of neopterin was
detected using LC-MS/MS, with an LLOQ of 0.5 ng/mL.

Statistical analysis

No statistical hypotheses or methods were used to calcu-
late the sample size. Participants were randomly assigned
to three groups in a 1:1:1 ratio using a simple randomiza-
tion method. Sealed, light-tight envelopes with random
numbers on the outside were provided to the researchers.

Safety data were presented in tabular and/or graphical
format and summarized descriptively.

Based on the blood drug concentration-time curve,
the following pharmacokinetic analysis parameters were
determined as allowed by the data: area under the con-
centration-time curve (AUC;_,, AUC,_,), maximum
concentration (C,,,), time to reach maximum concen-
tration (T,,,), half-life (t;,,), apparent clearance rate
(CL), apparent volume of distribution (Vd), and mean
residence time (MRT). Based on the neopterin concen-
tration-time data, the following kinetic parameters were
determined if the data permitted: AUC,_, and C_,, of
neopterin concentration. In addition, trends in the abso-
lute values of neutrophils and body temperature were
described.

All participants who were randomized and received at
least one dose of the investigational drug were included
in the safety analysis. Participants who were randomized,
had baseline data, and had at least one post-dose evalu-
able data point were included in the pharmacokinetic and
pharmacodynamic analysis.

Statistical analyses were performed using SAS 9.4 (SAS
Institute, Inc., Cary, NC, USA). All statistical tests were
two-tailed, and P<0.05 was considered statistically sig-
nificant (unless otherwise specified).
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Results

Aerosol particle size measurement results

The mass median aerodynamic diameter (MMAD) was
measured to be 3.5 pm, and the fine particle fraction
(EPF) for particles less than 5 pm was 67%.

Participants and baseline characteristics

A total of 18 healthy adult participants were enrolled in
the study (Fig. 1), with 6 participants each allocated to
treatment group 1 (nebulized PegIlFNa-2b 90 ng/0.5mL,
n=6), treatment group 2 (nebulized PegIlFNa-2b
180 pg/0.5 mL, n=6), and the control group (nebulized
PegIlFNa-2b 180 ug/0.5mL combined with Ambroxol
Hydrochloride, n=6). The mean age was 26.8 (+8.55)
years. Demographic characteristics, including height,
weight, and other indicators were comparable across the
groups (Table 1). All participants completed a single neb-
ulized dose administration.

Primary endpoints: Safety and tolerability assessment
During the study period, 7 participants (38.9%) experi-
enced AEs (Table 2), including anemia (5/7) and leukope-
nia (2/7), which did not require intervention and resolved
spontaneously. The severity of anemia was Grade 1 in
all cases, beginning with the 5th blood draw on the first
day, likely attributed to frequent blood sampling. One
case of leukopenia in treatment group 2 was Grade 2,
and one case in treatment group 1 was Grade 1. No SAEs
occurred, indicating overall good safety and tolerability.
There were no significant differences in the incidence of
adverse events among the groups (P> 0.05).

Secondary endpoints

The concentration of PeglFNa-2b in participants was
measured using a double-antibody sandwich ELISA
method (linear range: 3.0 pg/mL to 120.0 pg/mL). The
results showed that, with the exception of participant
005 in treatment group 2, all other participants had
PeglFNa-2b concentrations below the lower limit of
detection. Pharmacokinetic parameters could be calcu-
lated for participant 005: AUC,,_, 3497.3 ng/Lh, AUC,__,
10821.59 ng/Lh, C,, 59.3 ng/L, T, . 24 h, t;;, 72.66 h,
CL 16.63 L/h, Vd 1743.87 L, MRT,_, 38.08 h, MRT,__,
87.52 h (Fig. 2A).

The results (Table 3; Fig. 3) indicated that the neopterin
levels in treatment group 1 and the control group were
generally lower, while most participants in treatment
group 2 showed slightly higher levels. However, no sig-
nificant differences were observed among the three treat-
ment groups (P>0.05). Additionally, the neopterin level
of participant 005 was comparable to that of the majority
of subjects in treatment group 2 (Fig. 2B).

After inhalation of nebulized PeglFNa-2b, there
was a small peak in absolute neutrophil counts at 12 h
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Fig. 1 Trial profile
Table 1 Study demographics and baseline characteristics (n=18)
Treatment group 1 (n=6) Treatment group 2 (n=6) Control group (n=6) Total (n=18)
Age (years), mean (SD) 263 (761) 258 (11.11) 28.2 (7.99) 26.8 (8.55)
Gender, n (%)
Male 1(16.7) 2(33.3) 2(33.3) 5(27.8)
Female 5(83.3) (66.7) (66.7) 13(72.2)
Nationality, n (%)
Han 5(83.3) 6(100.0) 6(100.0) 17 (94.4)
Other 1(16.7) 0 0 1(5.6)
Height (m), mean (SD) 1.6493 (0.0742) 1.6547 (0.0399) 1.6253(0.0717) 1.6431 (0.0614)
Weight (kg), mean (SD) 59.42 (10.004) 58.27 (7.464) 57.78(10.018) 5849 (8.708)
Body surface area (m?), mean (SD) 21.73(2.328) 21.23 (2.094) 21.75 (2.469) 21.57 (2.177)
Neutrophil counts (x1 0%/L), mean (SD) 3.087 (0.7109) 3.320(1.0825) 3.520(0.8917) 3.309 (0.8720)
Table 2 Adverse events (n=18)
Treatment group 1 (n=6) Treatment group 2 (n=6) Control group (n=6) Total (N=18)

Cases (n, %) Events Cases (n, %) Events Cases (n, %) Events Cases (n, %) Events
All events 4 (66.7) 4 1(16.7) 1 2(333) 2 7(38.9) 7
Serious events 0(0) 0 0(0) 0 0(0) 0 0(0) 0
Leukocytopenia 1(16.7) 1 1(16.7) 1 0(0) 0 2(11.1) 2
Grade 1 1(16.7) 1 0(0) 0 0(0) 0 1(5.6) 1
Grade 2 0(0) 0 1(16.7) 1 0(0) 0 1(5.6) 1
Anemia 3(50.0) 3 0(0) 0 2(33.3) 2 5(27.8) 5
Grade 1 3(50.0) 3 0(0) 0 2(333) 2 5(27.8) 5

post-dose. The average values for the three groups were:
3.927x10° /L, 4.103x 10° /L, and 4.232x 10° /L (Fig. 4),
all of which remained within the normal range with no
statistically significant differences between the groups

(P>0.05). Within 24 h, the neutrophil counts of almost all
participants returned to baseline levels.

There was no significant impact on the body tem-
perature after inhalation of PeglFNa-2b. The body
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Fig. 2 Pharmacokinetic and neopterin profiles of participant 005: (A) Pharmacokinetic characteristics, (B) Neopterin concentration. Abbreviation: NPT,

neopterin

Table 3 Neopterin concentration (n=18)

Treatment group Treatment Con-

1(n=6) group 2 (n=6) trol

group
(n=6)

Cona (nG/mL) 06183 4333 0.7567
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Fig. 3 Curve of neopterin concentration over time (n=18). Abbreviation:
NPT, neopterin

temperature of participants in all groups fluctuated
within the normal range post-dose (Fig. 5).

Discussion

This phase 1 clinical study marked the first application of
nebulized inhalation of PegIlFNa in healthy adults, aimed
at assessing safety, tolerability, and conducting pharma-
cokinetic/pharmacodynamic investigations. The findings
indicated that nebulized inhalation of PegIFNa-2b (90—
180 pg) demonstrated good safety and tolerability, with
potential systemic drug absorption observed.

Most subjects (17/18) had PegIFNa-2b concentra-
tions in their blood below the limit of detection after
nebulization, except for trace amounts detected in par-
ticipant 005. Its C,,, was approximately 2% for a subcu-
taneous injection of 90 pg and 0.6% for a subcutaneous
injection of 180 pg, and AUC was approximately 1% for
a subcutaneous injection of 90 ug and 0.3% for a sub-
cutaneous injection of 180 pg [15]. Notably, participant
005 did not experience any adverse events, indicating
that the trace systemic drug concentration did not pose
additional safety risks. In a small-sample study evaluat-
ing the pharmacokinetics of nebulized inhalation of con-
ventional IFNa [16], 3 out of 114 blood samples (2.6%)
tested positive for IFNa after a single inhalation dose of
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Fig. 4 Trend of neutrophil counts in three groups (n=18). Abbreviation: ANC, absolute neutrophil counts

18 to 216 x 10° IU, suggesting that both PegIFNa-2b and
conventional IFNa may lead to systemic drug absorp-
tion after nebulization. However, the amount of drug
absorbed into the bloodstream was minimal, which may
explain the good tolerability observed in previous stud-
ies of nebulized inhalation of conventional IFN«a for
respiratory tract infections [17-18]. In this study, AEs

were limited to anemia and leukopenia, with severity
ranging from grade 1 to grade 2, requiring no additional
intervention as they resolved spontaneously. The route
of administration plays a significant role in determining
the extent of systemic absorption and, consequently, the
potential for AEs. For instance, a randomized controlled
trial (RCT) exploring nebulized IFN« for the treatment of
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non-influenza viral pneumonia demonstrated that nebu-
lized administration significantly reduced IFNa blood
concentrations in normal tissues, which was associated
with a reduction in AEs, with only 6.5% of participants
experiencing any side effects [6]. Similarly, a study assess-
ing the safety of nebulized IFN« in healthy subjects and
patients with chronic bronchitis found that nebulized
IFNa was well-tolerated, without significant vital sign
alterations [17]. In contrast, systemic administration of
IFNa through subcutaneous or intramuscular injection
is associated with a high incidence of AEs, with overall
AEs exceeding 90% and SAEs occurring in more than
15% of patients [19]. Previous studies suggeste that nebu-
lized IFNa therapy activates local immune responses in
the bronchoalveolar cells of the respiratory tract, target-
ing antiviral effects directly to the lungs without causing
significant systemic toxicity. Any AEs that occur are typi-
cally mild and are likely inactivated during the transalve-
olar passage of the drug [17, 20]. Therefore, changing the
administration of PeglFNa-2b from systemic to nebu-
lized local delivery may help in minimizing systemic AEs
and making it more acceptable to patients, especially for
children who are susceptible to viral respiratory diseases.

In the context of immune response activation, neu-
trophils, macrophages, and dendritic cells secrete a type
of cytokine called neopterin under the stimulation of
interferon-y, which serves as a novel marker for immune
response in the body [21-23]. Neopterin production is
specifically linked to the activation of the IFN-y recep-
tor signaling pathway, which is central to the biological
activity of IFN-based therapies, including PegIFNa-2b.
Furthermore, a clear dose-response relationship has
been observed between neopterin levels and IFNa dos-
age. A preliminary study demonstrated that the AUC
of neopterin increased with PeglFNa-2b doses ranging
from 45 to 270 pg, reaching a plateau at 180 pg, suggest-
ing receptor saturation effects [15]. This dose-response
relationship highlights neopterin as a sensitive marker
for evaluating the biological activity of PegIFNa-2b.
Additionally, neopterin’s dynamics have been validated

through mechanism-based pharmacokinetic-pharmaco-
dynamic models, which accurately reflect its interaction
with IFNa receptor binding and downstream signaling
processes [24]. In this study, the concentrations of neop-
terin in the blood were detectable in all subjects after
inhalation of PeglFNa-2b, indicating the possibility of
drug entry into the bloodstream. Although both treat-
ment group 2 and the control group inhaled PegIFNa-2b
at a dosage of 180 pg, their overall performances were
somewhat inconsistent (with AUCs of 328.6 h-ng/mL
and 63.95 h-ng/mL, respectively), whereas the control
group demonstrated a similarity to treatment group 1
(nebulized PegIFNa-2b 90 ug) (with AUCs of 63.95 h-ng/
mL and 40.3 h-ng/mL, respectively), suggesting a poten-
tial influence of co-administration with Ambroxol
Hydrochloride. While there are no existing studies on
the interaction between Ambroxol Hydrochloride and
PegIlFNa-2b, we speculated on potential mechanisms:
First, Ambroxol Hydrochloride’s instability under cer-
tain conditions (e.g., temperature, pH shifts, elevated
humidity) may degrade PeglFNa-2b through reactive
intermediate generation, compromising its stability and
efficacy [25-26]. Second, as a mucolytic agent, Ambroxol
Hydrochloride reduces mucus viscosity and enhances
mucociliary clearance, which may accelerate the removal
of PeglFNa-2b from the respiratory epithelium, thereby
shortening its absorption window [25]. We hypothesize
that the mucus-modifying effects of Ambroxol Hydro-
chloride may reduce the residence time of PegIFNa-2b at
the respiratory epithelium, thereby leading to diminished
contact duration with target cells. Future studies could
validate this hypothesis through comparative measure-
ments of drug concentrations in bronchoalveolar lavage
fluid between monotherapy and combination therapy
groups using preclinical animal models. Third, Ambroxol
Hydrochloride may compete with PegIFNa-2b for bind-
ing sites or directly interfere with its biological activity, as
suggested by computational studies [27]. Therefore, fur-
ther investigation into the combined effects of different
drugs administered via inhalation is needed in subsequent



Huang et al. BMC Pharmacology and Toxicology (2025) 26:99

studies. While the concentrations of neopterin were posi-
tively correlated with the dosage of PegIFNa-2b in both
treatment group 1 and treatment group 2, there was no
statistically significant difference (P>0.05), possibly due
to the sample size. Additionally, compared with previ-
ous pharmacokinetic studies of PegIFNa-2b (Figure S1),
the AUCs of neopterin after inhalation of PeglFNa-2b in
the three groups were 5%, 40%, and 8% of the respective
subcutaneous injection doses. This further underscored
the dose-dependency of the pharmacological effects of
inhaled PeglFNa-2b, as well as the significantly lower
blood exposure observed with nebulized administration
compared to systemic delivery at the same dose. Cur-
rently, there is limited research exploring the relationship
between different nebulized doses of IFNa and clinical
efficacy. Therefore, in the next phase of our research, we
aim to further investigate the dose-response relationship
in patients with lower respiratory tract infections to iden-
tify the optimal dosing for therapeutic effectiveness.

Changes in neutrophil counts and body tempera-
ture are among the most common laboratory and clini-
cal responses following systemic IFNa administration,
reflecting early immune activation and serving as sen-
sitive pharmacodynamic markers [28-31]. Therefore,
in this study, neutrophil counts and body temperature
were included as additional markers to provide a more
comprehensive assessment of the biological effects fol-
lowing PeglFNa-2b administration. For most subjects,
neutrophils reached a minor peak at 12 h post-admin-
istration, as evidenced by enhanced signals in blood
drug concentration (Figure S2). Although the detected
absorbance (OD values) was very low, indicating rapid
entry of minute amounts of PegIFNa-2b into the blood-
stream shortly after administration, peak neutrophil lev-
els returned to baseline within 24 h and remained within
the normal range at all subsequent measurement points.
Overall, the hematological response following inhala-
tion of PeglFNa-2b was minimal. While neopterin is a
marker for immune activation, the data did not reveal
a significant correlation between neopterin levels and
clinical markers such as neutrophil counts. The delayed
peak in neopterin concentrations (72 h) compared to the
transient changes in neutrophil counts (12 h) suggested
that neopterin may reflect a later phase of the immune
response in this context. Moreover, the body temperature
of participants in all groups remained within the normal
range.

Recent studies highlighted the complex roles of inflam-
matory proteins in disease modulation. For instance,
Zheng et al. revealed that cytokines like IL-6 exert dual
effects depending on their localization, a phenom-
enon paralleled by our observation of minimal systemic
PegIFNa-2b absorption despite local action [32-33]. Fur-
thermore, the dose-dependent inflammatory modulation
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reported in spinal degeneration supports our exploration
of higher PeglFNa-2b doses in future trials to enhance
efficacy without compromising safety [34].

This study has several limitations. First, the sample size
was relatively small, with only 18 participants, which lim-
ited the statistical power and generalizability of the find-
ings. Given that there are no prior studies investigating
the nebulized administration of PeglFNa in humans, we
adopted a cautious approach by enrolling a limited num-
ber of participants in this early exploratory stage. Since
the primary aim of this study was to assess the safety,
tolerability, and pharmacokinetics/pharmacodynamic of
nebulized PegIlFNa-2b, rather than its efficacy, a formal
power analysis was not conducted. Based on the results
of this initial investigation, future studies will need to
include larger cohorts to better assess efficacy and further
validate the safety and pharmacokinetic profile of nebu-
lized PegIFNa-2b. Second, this study did not measure the
concentration of PeglFNa-2b in airway secretions, leav-
ing important questions about its targeted delivery to the
lungs and its potential antiviral effects unanswered. This
limitation is particularly significant because several fac-
tors may affect local drug delivery to the lungs, includ-
ing physical barriers in the respiratory tract, mucociliary
clearance mechanisms, and airflow dynamics [35-37].
Furthermore, airflow interference during nebulization
could lead to uneven drug deposition, limiting effec-
tive delivery to the target area. Since the current study
focused on systemic pharmacokinetics through blood
samples, this gap in data highlights a crucial area for
future research. We plan to address this limitation in
subsequent studies by measuring PeglFNa-2b concentra-
tions in airway secretions and investigating its local phar-
macokinetics and antiviral effects within the respiratory
system. Moreover, while this study suggested a poten-
tial pharmacodynamic interaction between PegIlFNa-2b
and Ambroxol Hydrochloride, the mechanistic basis for
this interaction remains speculative. We have discussed
several possible mechanisms, but further experimental
data are required to confirm these hypotheses. Finally,
the 7-day follow-up was based on unpublished animal
data suggesting that nebulized PegIFNa-2b remained in
the lungs for about 72 h. Thus, we focused on pharma-
cokinetic, pharmacodynamic and safety within this time-
frame. Future studies with extended follow-up durations
are needed to explore these aspects more thoroughly.

Conclusions

This preliminary study suggested that nebulized
PegIFNa-2b at doses of 90 pg and 180 ug appeared to be
well-tolerated and showed acceptable safety in healthy
adults. Trace amounts of PeglFNa-2b were detected in
the bloodstream following inhalation, though the asso-
ciated hematological changes were minimal. Given the
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exploratory nature of this study, further investigation
with larger sample sizes is needed to better understand
the safety, pharmacokinetics, and potential therapeutic
effects of inhaled PeglFNa-2b, particularly in patients
with lower respiratory tract infections.
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