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ABSTRACT

UI026 is an expectorant and antitussive agent which is a new combination of Pelargonium
sidoides extract and Coptis extract. The bioactive compounds of Pelargonium sidoides and Coptis
extracts were identified as epicatechin and berberine, respectively. This study evaluated the
effect of food on the pharmacokinetics (PKs) and safety of UI026. A randomized, open-
label, single-dose, 2-treatment, parallel study in 12 healthy male subjects was performed.
Subjects received a single oral dose of UI026 (27 mL of syrup) under a fed or fasted condition
according to their randomly assigned treatment. Blood samples for the PK analysis were
obtained up to 24 hours post-dose for berberine and 12 hours post-dose for epicatechin. The
PK parameters were calculated by non-compartmental analysis. In the fed condition, the
mean maximum plasma concentration (Cy.,) and mean area under the plasma concentration-
time curve from time zero to the last observed time point (AUC,,) for berberine were
approximately 33% and 67% lower, respectively, compared with the fasted condition, both
showing statistically significant difference. For epicatechin, the mean C,,,, and mean AUCy,,
were about 29% and 45% lower, respectively, compared to the fasting condition, neither

of which showed a statistically significant difference. There were no drug-related adverse
events. This finding suggests that food affects the systemic exposure and bioavailability of
berberine and epicatechin.

Trial Registration: Clinical Research Information Service Identifier: KCT0003451
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INTRODUCTION

Acute and chronic bronchitis is usually caused by a viral or bacterial infection, and symptoms
include cough and sputum. Discomfort from cough and sputum can affect the patient’s
quality of life by causing fatigue and limiting social activities [1]. Therefore, symptomatic
treatment that alleviates cough and sputum is as important as the fundamental treatment
[2,3]. Expectorant and antitussive agents have been mainly used for symptomatic relief of
respiratory diseases [3]. Among them, the combination of herbal extracts such as Hedera helix,
Pelargonium sidoides, and Coptis chinensis has proven to relieve cough and sputum and is known
to have antibacterial and antiviral activities [4-6]. These herbal extracts are commercially
marketed as a fixed-dose combination or single drug formulation for symptom relief and
treatment of acute or chronic bronchitis.

UI026 (Lomin Comp Syrup, Korea United Pharm., Inc., Seoul, Korea) is a new composition
of a fixed-dose combination of Pelargonium sidoides extract and Coptis dried extract. Previously,
Pelargonium sidoides extract, which has antitussive and expectorant properties with antiviral
and antibacterial action, is marketed as a single drug formulation (Kalomin Syrup, Korea
United Pharm.) for treatment of acute bronchitis. As a symptomatic relief agent for acute
and chronic bronchitis, Coptis dried extract is marketed in combination with hedera leaf
dried extract (Synatura Syrup, Anguk Pharmaceutical Co., Ltd., Seoul, Korea). Therefore,
the development purpose of UI026 is to obtain a synergic effect in terms of symptom
improvement and treatment of acute bronchitis through the combination of Pelargonium
sidoides extract and Coptis dried extract. The bioactive compounds of Pelargonium sidoides

and Coptis dried extract are epicatechin and berberine, respectively [7,8]. Both berberine
and epicatechin can inhibit mucin production in sputum and have been shown to induce

a bronchodilator activity which has a relaxant effect on the tracheal muscle. Additionally,
epicatechin is well known to have potent antiviral and antibacterial activities [9-16].

Food consumption can alter drug bioavailability through effects on absorption. Food
intake can change absorption by delaying gastric emptying and increasing gastrointestinal
pH [17,18]. The present study was performed to evaluate the effect of food on the
pharmacokinetics (PKs) and safety of UI026 (27 mL of syrup). The reason to evaluate the
effect of food on the PKs of UI026 is that if it is possible to take it regardless of meals, it can
clinically improve the convenience of administration and medication compliance.

METHODS

Study population and study design

This clinical study (Clinical Research Information Service registration number: KCT0003451)
was approved by the institutional review board (IRB) of Chungnam National University
Hospital (IRB number: CNUH 2017-06-068). Written informed consent was obtained
from all subjects prior to the procedure in the study. Moreover, this study was performed
in accordance with the ethical principles of the Declaration of Helsinki and the rules of
Korean Good Clinical Practices. Healthy adult male subjects were enrolled who were 19-45
years of age with a body weight over 55 kg, and within + 20% of their ideal body weight.
Their eligibility was assessed by medical history, physical examination, vital signs, 12-lead
electrocardiogram (ECG), and clinical laboratory test. Subjects had to present no clinically
significant abnormalities of the following medical histories: hypersensitivity to any drugs

https://doi.org/10.12793/tcp.2022.30.e3 50


https://orcid.org/0000-0002-0623-5455
https://orcid.org/0000-0002-0623-5455
https://orcid.org/0000-0002-3511-9330
https://orcid.org/0000-0002-3511-9330
https://cris.nih.go.kr/cris/search/detailSearch.do/12627

Translational and I ‘ P “‘
Clinical Pharmacology 2

Food effects on the pharmacokinetics of U1026

including the ingredient of the study drug and a history of hepatic, renal, neurological,
respiratory, hematological, urinary, psychiatric, cardiovascular, or endocrine disease.

This study was a randomized, open-label, single-dose, 2-treatment, parallel study design.

A total of 12 subjects were randomized, of which 6 subjects per group received a single oral
dose of UI026 (27 mL of syrup) in the fed or fasted condition according to their randomly
assigned treatment. The fasted condition meant that at least 10 hours of fasting was
maintained before the administration of the study drug. And in the fed condition, subjects
consumed a high-fat meal containing 900 kcal with 35% fat content within 20 minutes

prior to the study drug administration. For the PK analysis of berberine, blood samples were
obtained at O (pre-dose), 1, 2, 3, 4, 6, 8, 12 and 24 hours post-dose. For the PK analysis of
epicatechin, blood samples were obtained at O (pre-dose), 0.33, 0.67,1,1.33,1.67, 2, 3,4, 6, 8
and 12 hours post-dose.

Bioanalytical method

The collected samples were centrifuged at 3,000 rpm and 4°C for 10 minutes, and

the obtained plasma samples were frozen at below -70°C until analysis. The plasma
concentration was determined by a liquid chromatography (Berberine, Agilent 1290 series,
Agilent Technologies, Santa Clara, CA, USA; Epictechin, Waters Acquity UPLC 1-class, Waters
Corporation, Milford, MA, USA) coupled with a mass spectrometer (Berberine, TQ5500
system, ABSCIEX, Framingham, MA, USA; Epicatechin, Xevo TQ-s triple quadrupole mass
spectrometer, Waters Corporation). The blood samples of berberine and epicatechin were
treated with methanol for precipitation of proteins. In addition, berberine-d6 and scopoletin
was used as an internal standard for quantitation of berberine and epicatechin, respectively.
Chromatographic separation was performed under gradient conditions using a Kinetex 1.7

p C18 100A (2.0 x 50 mm, 1.7 pm, Phenomenex, Torrance, CA, USA) for berberine and using
a ACQUITY UPLC BEH C18 (2.1 x 50 mm, 1.7 pum, Waters Technologies, Drinagh North,
Ireland) fore epicatechin. The calibration curves were linear over the range of 1-50 pg/mL for
berberine and 0.5-20 ng/mL for epicatechin (r? 2 0.9969 and r? > 0.9964, respectively). The
in-study imprecision of berberine and epicatechin for the quality control samples was less
than 15%, and the accuracy range for both was within 85-115%.

PK analysis

The PK parameters of berberine and epicatechin were estimated by non-compartmental
analysis using the WinNonlin® software version 8.2 (Pharsight, Mountain View, CA, USA).
The PK evaluation variables were the maximum plasma concentration (C,,,,), area under

the plasma concentration-time curve (AUC) from time zero to the last observed time

point (AUC,,), AUC from zero to infinity (AUC,), the time to reach the maximum plasma
concentration (Ty.), the half-life (t,,) and apparent total clearance (CL/F) of berberine and
epicatechin. The PK parameters were calculated based on the actual sampling time points.
The C,,., and T,,,, were obtained directly from the observed values. The AUC,, was calculated
using the linear-up/linear-down trapezoidal methods for the absorption and elimination
phases, respectively. The AUC;,swas calculated as follows: AUC,s + Cpe/A, (1), where A, is the
terminal elimination rate constant estimated from a linear regression of the log-transformed
plasma concentration versus time. The t;, was calculated as In (2)/A,. The CL/F was calculated
as a dose of berberine or epicatechin/AUC,. If the plasma concentration was below LLOQ,
this concentration was regarded as zero before T,,,, and as missing data after T,
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Statistical analysis

The statistical analysis was performed using SAS® software version 9.4 (SAS Corporation, Cary,
NC, USA). Descriptive statistics were used to obtain demographic characteristic, safety and
tolerability data, and the PK parameters. All PK parameters are shown as the mean * standard
deviation except for T, which is presented as the median and range. To evaluate the food effect
on the PK of berberine and epicatechin, Mann-Whitney U tests were used and p-values lower
than 0.05 were considered to indicate statistical significant difference between the 2 conditions.

Safety and tolerability assessment

Safety and tolerability were evaluated by assessing the clinical laboratory tests, 12-lead
ECG, physical examination, vital signs and adverse events (AEs). Subjects were required
to announce to the investigator if there were any AEs that occurred throughout the entire
study period. All AEs that occurred in the subjects were noted during the study, and the
investigators determined the relationship between the AEs and the study drug.

RESULTS

Demography

Twelve subjects enrolled and completed the study. Nobody withdrew their consent, and no
one dropped out because of AEs. The 12 subjects each were included in the safety analysis and
PK analysis. The enrolled subjects were 24.5 + 4.8 years of age and 174.2 + 5.3 cm in height
and weighed 69.9 + 7.1 kg (Table 1).

PKs results

The mean plasma concentration-time profiles and PK characteristics for the related

systemic exposure of berberine and epicatechin were not similar between the fed and fasted
conditions. (Figures 1and 2). Under the fed condition, the C,,,, and AUC,, for berberine were
approximately 33% and 67% lower, respectively, compared with the fasted condition, both
showing statistically significant difference. The corresponding values of epicatechin were
about 29% and 45% lower, respectively, in the fed condition compared to the fasting condition,
neither of which showed a statistically significant difference. The median T, for berberine and
epicatechin each were comparable between the fasted and fed conditions (Table 2).

Safety results

A total of 2 AEs only occurred in 2 subjects in the fasted condition, and no AE occurred

in the fed condition. The AEs that occurred in the fasted condition were diarrhea and
nasopharyngitis, and a causal relationship between the study drug and these AEs was
considered unlikely or not related. All AEs were mild in intensity and resolved spontaneously.
Moreover, no clinically significant changes were observed in the clinical laboratory tests, vital
signs, physical examination and ECG throughout the entire study period.

Table 1. Demographic characteristics of the subjects according to the treatments

Parameters Treatment A (n = 6) Treatment B (n = 6) Total (n =12)
Age (yr) 25.5+6.8 23.5+1.4 24.5+4.8
Height (cm) 176.0 + 6.5 172.4 +3.5 174.2 £ 5.3
Weight (kg) 68.3+ 6.6 71.5 7.9 69.9 + 7.1

Data presented as the mean + standard deviation. Treatment A is the administration of a single oral dose of UI026
(27 mL of syrup) under the fasted condition. Treatment B is the administration of a single oral dose of UI026 (27
mL of syrup) under the fed condition.
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Figure 1. Mean plasma berberine and epicatechin concentration-time profiles after a single oral dose of UI026 (27 mL of syrup) under the fed or fasted condition.

Error bars represent the standard deviation; (A) berberine and (B) epicatechin.
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Figure 2. Comparison of (A) Cna and (B) AUC,, of berberine and of (C) C,. and (D) AUC,., Of epicatechin after a single oral dose of UI026 (27 mL of syrup) under
the fed or fasted condition. Horizontal lines and boxes represent the median and interquartile range, respectively. Closed circles () indicate the observed value.
Cumaxe Maximum plasma concentration; AUC,., area under the curve from the time of zero to the last observed time point.
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Table 2. Effect of food on the pharmacokinetic parameters of berberine and epicatechin after a single oral dose of
U1026 (27 mL of syrup) in the fed or fasted condition

Pharmacokinetic parameter Fed condition (n = 6)* Fasted condition (n = 6)* p-valuet
Berberine
Tonax (D) 2.00 (1.00-3.00) 2.00 (1.00-2.00) -
Crnax (Ng/L) 2.71+ 0.54 4.07 +1.28 0.0202
AUC,: (h*ng/L) 7.70 + 3.54 23.17 + 8.70 0.0082
AUC; (h*ng/L) 21.66 (-) 32.92 + 8.64 0.4533
tys (h) 5.77 (-) 5.00 +2.17 0.4533
CL/F (L/h) 1,458.47 (-) 1,069.72 = 412.52 0.4533
Epicatechin
Tonax () 1.00 (1.00-1.33) 1.00 (1.00-2.00) -
Crax (HE/L) 1.51 + 0.84 213 +1.92 0.9362
AUCp (h*pg/L) 1.20 +1.02 2.17 £ 2.82 0.9362
AUC;,s (h*pg/L) 5.91(-) 19.09 (-) -
tyy (h) 2.10 (-) 9.33(-) -
CL/F (L/h) 498.25 (-) 176.90 (-) =

Data is presented as the mean + standard deviation and coefficient of variation, except for Ty, which is
presented as the median (minimum-maximum).

Cumaxe Maximum plasma concentration; AUC,., area under the concentration-time curve from the time of zero

to the last observed time point; AUC;y, AUC from zero to infinity; Ty, the time to reach to maximum plasma
concentration; T, half-life; CL/F, apparent total clearance.

*Number of subjects for the AUCiy, t» and CL/F of berberine and epicatechin was 1 in the fed condition and
number of subjects for the AUCiy, t,, and CL/F of epicatechin was 1in the fasted condition; TMann-Whitney U test.

DISCUSSION

This study was the first study to evaluate the food effects on the PKs of Pelargonium sidoides and
Coptis with each bioactive compound berberine and epicatechin in Korean healthy subjects.
In this study, the systemic exposure of berberine and epicatechin tended to be higher in the
fasted condition compared to the fed condition. The T,,,, of berberine and epicatechin and
the t,, of berberine were similar between the treatment groups. Both treatments were well
tolerated by the subjects based on the AEs, vital signs, clinical laboratory tests, 12-lead ECGs,
and physical exams.

Food can affect the PKs of berberine and epicatechin in various ways such as changing
gastrointestinal pH, increasing splanchnic blood flow, or physically or chemically interacting
with a drug substance. However, since the median T, of berberine and epicatechin was
similar regardless of food consumption, it is thought that the possibility of the food impact
on the PKs due to the delay in gastric emptying is low [17].

Berberine has a low bioavailability of far less than 1% in rats resulting from a low intestinal
absorption by the P-glycoprotein mediated drug efflux, poor water solubility and extensive
intestinal first-pass effect [19]. Berberine is a hydrophilic compound and belongs to
biopharmaceutical classification system class III which results in negative food effects through
complex combination of factors that influence the in vivo dissolution of the drug product or
the absorption of the drug substance [18,20]. From a pKa perspective, berberine, a quaternary
ammonium salt, is a permanently charged compound and has no ionizable groups. Therefore,
there is no change in ionization when gastrointestinal pH increases after food intake, and it is
less likely that changes in drug solubility affect the berberine absorption [21].

The flavonoids to which epicatechin belongs are a weak acid of a hydrophobic compound.

The ionization of epicatechin would be expected to increase when gastric pH increases
by food consumption. Its ionization leads to a decreased extent of absorption into the
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gastrointestinal tract. In addition, the aqueous stability of epicatechin is known which
decreases with the rise in pH value [22]. Therefore, the extent of absorption can be limited
resulting in rapid hydrolyzation due to a decreased aqueous stability [23].

In general, PK studies on herbal medicines are very difficult to quantify the bioactive

substance because of the chemical complexity [24]. As a result, there is very little PK data for
many herbal products that are commonly used in clinics and hospitals. In this study, plasma
concentrations of berberine and epicatechin were below the limit at various time points in the
elimination phase. However, for berberine and epicatechin, the threshold time points below

the limit concentration in elimination phase were similar between treatment group, so no

additional comparison was conducted through the adjusted AUC,, calculation. Furthermore,

it was difficult to identify the individual PK profiles including the terminal phase, and for
some parameters, the value of one subject represented the average value of the treatment

group. Therefore, considering that this study is an exploratory food effect study conducted
in parallel design for minimal subjects without considering statistical power, it is necessary
to understand the study results in an exploratory aspect. This study is meaningful in terms
of generating PK data and information evaluating food effects on the PKs of berberine and

epicatechin which is important in designing a dosing regimen for a confirmatory clinical trial
and providing information for clinical pharmacology in a clinical setting.
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