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ABSTRACT 

The Accelerator Mass Spectrometry (AMS) instrument is a powerful tool for 

the determination of drug concentrations after administration of microdose 

quantities of the radiolabeled drug material. In a AMS-based absolute 

bioavailability study, a non-radiolabeled drug is given extravascularly at a 

therapeutic dose followed by intravenous administration of a 14C-labeled drug 

at a microdose level, around the Tmax of the extravascular dose in a single-

period [1]. This is an innovative method for determining the absolute 

bioavailability of a drug in humans and is efficient for reducing the time and 

cost of drug development. Furthermore, an AMS-based 14C-labeled 

microtracer study can be an information-rich study to evaluate not only the 

bioavailability but also the absorption process of a drug, if it is combined with 

various approaches including pharmacokinetic analyses of metabolites or a 

pharmacogenomic study. Based on this understanding, we performed the 

present study to assess the absolute bioavailability and pharmacokinetics of 

YH4808, a selective potassium-competitive acid blocker, in humans. The 

effect of the first-pass mechanism on the absorption of orally-administered 

YH4808 and the effect of pharmacogenomics on the inter-individual 

variability in the oral absorption was also evaluated.  

An open-label, single-period clinical study was conducted in healthy 

male subjects. Eight subjects received single oral doses of 200mg and 0.80mg 
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of 14C-YH4808 infused intravenously for 30 minutes beginning 1 hour (h) 

after the oral administration. The 14C-labeled IV dose of YH4808 was decided 

as 1/250 of therapeutic dose, lower than 100 μg suggested in the Exploratory 

IND guidance from the US Food and Drug Administration (FDA) as upper 

limit [2], and its radioactivity was 320 nCi/mg (=11840 Bq). Serial blood 

samples were collected from 0 h pre-dose to 216 h post- oral dose to measure 

plasma concentrations of YH4808 and its major active metabolites, M3 and 

M8. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) and 

AMS were used to quantify unlabeled (PO) and radiolabeled (IV) drugs, 

respectively. The concentration-time data of YH4808, M3 and M8 in plasma 

were analyzed using a non-compartmental method.  

The absolute bioavailability (Foral) was low and highly variable 

(mean: 10.05%; range: 2.30-19.25%). The active metabolites of YH4808, M3 

and M8, were formed 22.64- and 38.51-fold higher after oral administration 

than intravenous administration, respectively. Foral of YH4808 varied widely 

while the fraction of YH4808 entering the liver that escaped extraction on 

single passage through the liver (FH) showed small variability at 4.87 CV%, 

collectively resulting in high inter-individual variability for the product of the 

fraction of an oral YH4808 dose entering the gut wall and the fraction of 

YH4808 passing on to the portal circulation (FA · FG) (range: 0.13-0.95, 47.78 

CV%, Table 3). FA · FG was larger in subjects carrying the variants of the 

CHST3, SLC15A1, and SULT1B1 genes.  
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In conclusion, a single-period study of 14C-labeled YH4808 given IV 

as a microtracer at a microdose and non-radiolabeled YH4808 administered 

orally at a therapeutic dose, coupled with a pharmagenomic investigation, 

enabled us not only to determine the absolute bioavailability of YH4808, but 

also to assess the role of various genotypes in the first-pass effect and 

metabolism of YH4808. A combined AMS and conventional LC/MS/MS 

methodology can be useful for constructing a rich and highly informative PK 

knowledge core in early clinical drug development. 

 

Key words: Pharmacokinetic, absorption, first-pass effect, inter-inidividual 

variability, pharmacogenomic, microdose, microtrace, accelerator mass 

spectrometry, potassium-competitive acid blocker 

Student number: 2012-23664 
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INTRODUCTION 

Oral (PO) drug administration is the most common and comfortable method 

of medication and more than 60% of marketed drug are orally administered 

[3]. Following oral administration, the drug undergoes the first-pass 

metabolism and reaches the systemic circulation. The absorption process after 

oral administration is governed by many anatomic, physiologic, and 

physicochemical factors. Thus, precise quantitative prediction is difficult even 

though the information of overall rate and extent of drug absorption is very 

basic and essential.   

 Absolute bioavailability is a subcategory of absorption, and it is 

defined as the fraction of an administered dose of an unchanged drug that 

reaches the systemic circulation. To investigate the absolute bioavailability of 

a drug, typically, a two-way, two-period, two-treatment crossover study is 

conducted, in which both oral and intravenous (IV) formulations are 

administered to the same subjects after a washout period. Oral bioavailability 

of drugs has been evaluated in animals, based on this method. However, it has 

not been predicted precisely because of significant species differences [4]. 

This suggests that humans are the best model to predict the oral bioavailability 

of drugs for humans. In conventional studies of absolute bioavailability, there 

are several challenges including the development of IV formulations for some 

types of drugs (e.g., highly lipophilic compounds with low aqueous solubility 
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[5]) and requirement of additional toxicology data in animal species for an IV 

formulation to ensure its safety before use in an absolute bioavailability study 

in humans. These factors could increase the time and cost of drug 

development. 

The Accelerator Mass Spectrometry (AMS) instrument is a powerful 

tool for the determination of drug concentrations after administration of 

microdose quantities of the radiolabeled drug material. Furthermore, when 

AMS is combined with the conventional bioanalytical technique such as 

liquid chromatography–tandem mass spectrometry (LC-MS/MS) for the cold, 

i.e., non-radiolabeled, compound, the absolute bioavailability of a drug after 

extravascular dosing can be accurately estimated in a single-period study [6]. 

This design eliminates the necessity to perform a conventional two-period 

crossover study between an oral and an IV formulation at a therapeutic dose, 

which typically requires additional preclinical toxicity data for the intravenous 

formulation before the study can be performed in humans. The single-period 

design also minimizes variation between subjects and periods, providing more 

accurate datasets in a smaller, more manageable study [1]. 

In a single-period AMS-based absolute bioavailability study, a non-

radiolabeled drug is given extravascularly at a therapeutic dose followed by 

intravenous administration of a 14C-labeled drug at a microdose level, around 

the Tmax of the extravascular dose [1]. A micorodose is defined as <1/100th of 

the dose that produces a pharmacological effect or <100 µg, whichever is less 
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[2]. Because the microdose mixes with the cold pharmacologic dose in vivo, 

these studies are often referenced as a microtracer studies (the microdose is a 

tracer doses of the pharmacological cold dose), though other terminology has 

been used [1, 7, 8].  

The concentrations of the 14C-labeled and non-radiolabeled compounds 

are separately determined using AMS and LC-MS/MS, respectively. 

Furthermore, if the concentrations of the metabolites are also determined, the 

effect of the first-pass mechanism on the absorption process of an 

extravascularly-administered drug can be also delineated. Additionally, when 

the pharmacogenomic influence of drug-metabolizing enzymes and 

transporters is also investigated, a comprehensive assessment of the 

absorption process for a drug is possible. Therefore, the AMS-based 14C-

labeled microtracer study, when coupled with simultaneous oral 

administration of a non-radiolabeled drug at a therapeutic dose, enables 

information-rich studies about the definitive pharmacokinetic readouts of a 

drug at an early development stage [1, 9, 10].  

Potassium-competitive acid blockers (P-CAB) inhibit acid pumping 

even in a non-acidic environment by selectively and reversibly binding to the 

gastric H,K-adenosine triphosphatase (ATPase) [11]. The acid suppression by 

P-CAB is rapid with a long lasting effect [11]; this feature can be particularly 

useful for inhibiting acid secretion during the nighttime period [12].  
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 YH4808 is a novel, selective P-CAB [13] to treat patients with 

gastroesophageal reflux disease or gastric ulcer [14]. Prior clinical studies 

showed YH4808 to be rapidly absorbed in humans after both single and 

multiple oral administrations with a median time to reach the maximum 

concentration (Tmax) of 0.5-2 hours. YH4808 was extensively metabolized by 

various Cytochrome P450 (CYP) isoenzymes, yielding two major active 

metabolites: M3 and M8. M3 has a comparable potency to the parent drug, 

whereas M8 is a very weak inhibitor of the H,K-ATPase [13]. The 

pharmacokinetics of YH4808 was linear in the dose range of 30-800 mg, and 

its half-life ranged 17-23 hours [13]. An in vitro study showed that YH4808 

had sufficient selectivity for the H,K-ATPase in a concentration-dependent 

manner [13]. The absolute bioavailability of YH4808 in rats and dogs were 

low and variable, i.e., 5-14% and only 1.6-4.5%, respectively [13]. However, 

the human value cannot be confidently inferred from those animal species [15, 

16]. 

Based on this understanding, we performed the present study to assess 

the absolute bioavailability and pharmacokinetics of YH4808 in humans after 

a simultaneous oral therapeutic and intravenous 14C-YH4808-microdoses. The 

effect of the first-pass mechanism on the absorption of orally-administered 

YH4808 was also evaluated. Furthermore, the effect of pharmacogenomics on 

the inter-individual variability in the oral absorption of YH4808 was explored.   
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METHODS 

Clinical study 

An open-label, single-period clinical study was performed in healthy male 

subjects 20-45 years of age with a body mass index (BMI) of 20-25 kg/m2, 

who presented no history of clinically significant diseases at screening. All of 

the eligible subjects were admitted to the Clinical Trials Center at Seoul 

National University Hospital (SNUH). After an overnight fasting, subjects 

received an oral dose of non-radiolabeled YH4808 at 200 mg, followed by a 

30-minute intravenous infusion of 14C-labeled YH4808 at 80 g (volume: 

10mL), which started 1 hour after the oral drug administration (Figure 1). One 

hour was chosen because it was the median Tmax for orally administered 

YH4808. Serial blood samples were collected at 0 (i.e., pre-oral dose), 0.25, 

0.5, 0.75, 1, 1.25, 1.5 (i.e., immediately after the end of infusion), 1.75, 2, 2.5, 

3, 3.5, 4, 5, 6, 7, 8, 9, 12, 13, 24, 48, 96, 144 and 216 hours post-oral dose.  
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Figure 1. Study design of AMS-based microdosing study of YH4808 

The present study was approved by the Institutional Review Board of 

SNUH, Seoul, Korea (ClinicalTrials.gov registry number: NCT02072447). All 

procedures were conducted after subjects gave informed consent, and the 

study was performed in full accordance with the Good Clinical Practice 

guidelines of the International Conference on the Harmonization of Technical 

Requirements for the Registration of Pharmaceuticals for Human Use and 

other regulations. 

 

Preparation of 
14

C-YH4808 

14C-YH4808 was manufactured by Sekisui Medical Co., Ltd (Tetsuo Nagano, 

Japan) according to the current Good Manufacturing Practice requirements. 

The final purity was 99.3% and the specific activity was 3.9 Ci/mg (=0.145 

MBq/mg). The IV formulation was compounded by a radiopharmacist at 

SNUH by dissolving 14C-YH4808 with 5% dextrose solution such that the 
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final strength became 80 g/10mL with a radioactivity of 320 nCi (=11840 Bq). 

The IV formulation consisted of 97.5 % unlabeled YH4808 and 2.5 % 14C-

YH4808. To determine the exact amount and radioactivity of IV YH4808 

administered to each subject, the weight of a syringe containing IV solution 

was measured before and after IV administration using an electronic digital 

scale (Mettler-Toledo XSE105DUV, Mettler-Toledo International Inc., 

Greifensee, Switzerland). An endotoxin test and a sterility test were performed 

using the final IV formulation to ensure there was no microbial safety issue. 

 

Determination of plasma concentrations of unlabeled 

YH4808, M3, and M8 

Plasma concentrations of unlabeled YH4808, M3 and M8 were determined 

using a validated LC-MS/MS method. All experiments were performed on a 

Triple Quad™ 5500 machine (AB-Sciex, Framingham, MA, USA) with a 

Waters Acquity UPLC system. Simple protein precipitation was carried out by 

adding 450 µL of protein precipitation solvent (100% acetonitrile) containing 

an internal standard (Oxybutynin 10 ng/mL; Toronto Research Chemicals, 

Canada) to 50 µL of plasma. The mixture was vortexed for 30 seconds and 

centrifuged at 10,000 g for 10 minutes at 4 °C. Fifty µL of the supernatant 

was diluted with 4 volumes of 70% acetonitrile, and 2 µL of this sample 

solution was injected into the LC-MS/MS system column (Hypersil Gold, 150 
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x 2.1 mm, 5 µm, Thermo Fisher Scientific, Waltham, MA, USA). The mobile 

phase A was composed of 5 % acetonitrile in 10 mM ammonium formate in 

distilled water (pH 7.4) and the mobile phase B was 100% acetonitrile. The 

limit of quantification in plasma was 0.5 ng/mL for YH4808, 0.2 ng/mL for 

M3, and 5 ng/mL for M8. The within- and between-run coefficients of 

variation were <15%. 

 

AMS Analysis of 
14

C-labeled compounds 

Total radioactivity in plasma was accomplished by drying small aliquots of 

well-mixed plasma and combusting and reducing to elemental graphite on the 

basis of methods largely described by Ognibene et al [17-19] with some 

modification. Twenty-five µL (1 mg carbon equivalent) of plasma samples 

were aliquoted directly. For 14C-YH4808, M3 and M8 analysis by AMS, 

plasma samples (300 µL) were added with 900 µL of acetonitrile and 100 µL 

of unlabeled YH4808, M3 and M8 (50 µg/mL each in 50% methanol). The 

supernatant was evaporated using a Speed Vac Concentrator 

(ScanVacScanSpeed 40, LaboGene, Lynge, Denmark) and reconstituted in 

100 µL of 90% methanol. Extracts were injected (20 µL) onto a Unisol C18 

column (250 x 4.6 mm, 5 µm, Bonna-Agela Technologies, Wilmington, DE, 

USA) with isocratic elution of (A) 10 mM ammonium formate in water and 

(B) 0.025% formic acid in acetonitrile (A:B = 20:80, v/v). The HPLC 

fractions corresponding to the respective retention time of YH4808, M3 and 
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M8 by UV detection were collected into a glass insert and dried on a 

SpeedVac. To determine the concentration of 14C-labeled compounds, a fixed 

amount of 14C-depleted tributyrin of 2 µL (1.23 mg of carbon) was added to 

each sample. The isotopically diluted samples were converted to carbon 

dioxide by heating them for 3 hours at 900 °C with copper oxide, and then 

CO2 was transferred into a reduction vial and further reduced with zinc 

powder under iron catalyst for 6 hours at 520 °C. The graphite was analyzed 

to determine 14C:12C ratio in each sample using an AMS machine (6 MV 

TandetronTM, High Voltage Engineering Europa B.V., Amersfoort, 

Netherland) at Korea Institute of Science and Technology. Results of the AMS 

analysis were expressed as Modern Carbon (MC) and converted to dpm 

(disintegration per minute) based on a fraction carbon in plasma of 4.0%. 

Radioactive concentrations of 14C-YH4808, M3 and M8 were further 

converted to mass eq./mL based on the specific activity (SA) of 14C-YH4808 

using the following equation: 

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎 𝑑𝑟𝑢𝑔 (𝑝𝑔 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡𝑠 𝑚L⁄ )

= 14𝐶𝑑𝑟𝑢𝑔 (𝑓𝐶𝑖/𝑚𝐿) ×
1

𝑆𝐴
×

100

𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦
 

, where recovery was the recovery proportion of 14C-YH4808 in the QC 

samples from the validation runs, i.e., the measured values versus the nominal 

values based upon 100% transmission of the 14C isotope through the 

procedure and the nominal QC concentrations.  
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The AMS method in the present study was validated using a similar 

approach commonly adopted in the validation of a typical LC-MS/MS method. 

Namely, the precision, accuracy, linearity, and recovery of 14C-YH4808 were 

assessed in three analytical runs using freshly prepared standards across the 

concentration range of 0.04-16.50 dpm/mL or 4.371-1821 pg eq./mL. The 

precision of the quality control samples (i.e., 4.371, 17.48, 182.1, 1457 pg/mL) 

was all <15 % (coefficient of variation). Likewise, the accuracy of the quality 

control samples ranged from 96.02% to 111.5%. The total recovery of 14C-

YH4808 in the QC samples from three runs was all >70%. Furthermore, to 

test the inter-laboratory reliability of the AMS method, Eckert & Ziegler 

Vitalea Science (Davis, CA 95618, USA) independently determined the total 

radioactivity and the radioactivity of YH4808 in 64 randomly-selected 

samples. 

 

Pharmacokinetic analysis 

The concentration-time data of YH4808 and its metabolites in plasma were 

analyzed using a non-compartmental method implemented in Phoenix 

WinNolin (version 6.3, Certara, St Louis, MO, USA). The maximum 

concentration (Cmax) and Tmax of YH4808, M3 and M8 were determined from 

the observed values. The area under the YH4808 concentration-time curve 

(AUC) from 0 h to the last quantifiable time point (AUClast) were calculated 
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using the linear trapezoidal rule. The elimination rate constant (ke) was 

estimated from the slope of a regression line fitted manually over the terminal 

phase. AUC from zero to infinity (AUCinf) was the sum of AUClast and the last 

measurable concentration divided by ke. The elimination half-life (t1/2) was the 

natural logarithm of 2 divided by ke. The metabolic ratio (MR) was 

determined as the ratio of AUCinf for the metabolite to the parent. 

The absolute bioavailability (Foral) of YH4808 was determined as the 

ratio of dose-normalized AUCinf for oral to intravenous administration. Foral is 

equal to the product of the fraction of an oral YH4808 dose that entered the 

gut wall (FA), the fraction of YH4808 entering the gut wall that passed on to 

the portal circulation and then the liver (FG), and the fraction of YH4808 

entering the liver that escaped extraction on single passage through the liver 

(FH). Furthermore, FH was estimated using the following equation: 

𝐹𝐻 =
𝑄𝐻

𝑄𝐻 + (𝑓𝑢𝐵 × 𝐶𝐿𝑢𝐻,𝑖𝑛𝑡)
 

, where QH is mean hepatic blood flow (20.7 mL/min/kg) [20] multiplied by 

individual body weight (kg), fuB is the ratio of unbound concentration in 

plasma to whole blood concentration (0.52) [13] and CLu,H,int is the unbound 

intrinsic clearance of YH4808 in the liver. CLu,H,int was estimated using the 

following equation [21]: 
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𝐶𝐿𝑢𝐻,𝑖𝑛𝑡 =

   

𝑖𝑛 𝑣𝑖𝑡𝑟  𝑡 / (min)

                       (  / L)
 ×     𝐿 (

𝑚𝑔

𝑔
)

×  𝑙𝑖𝑣𝑒𝑟 𝑤𝑒𝑖𝑔𝑡 (𝑔) 

, where in vitro t1/2 was 11.31 min calculated using the ratio of the peak area 

response of YH4808 to that of the internal standard in vitro study [13, 22], 

microsomal concentration  was 0.4 mg/mL [23], and MPPGL or microsomal 

protein/gram of liver was 40mg/g [24]. Individual weight of the liver was 

estimated using the following formula: liver weight (g) = 452 + 16.34 × 

body weight (kg) + 11.85 × age (year) [25]. The hepatic extraction ratio 

(EH) was 1-FH. Because Foral is equal to the product of FA, FG, and FH, the 

product of FA and FG was calculated as the ratio of Foral and FH. 

 

Genotyping analysis 

DNA was extracted from peripheral blood obtained prior to study drug 

administration. In a pre-amplication step, genomic DNA was isolated using 

QuickGene-mini80 (Fujifilm, Tokyo, Japan), a nucleic acid isolation device, 

and was enriched using multiplex PCR. Genomic sequences including the 

polymorphic markers were amplified using a highly selective Molecular 

Inversion Probe panel. After verification of the amplified PCR products by 

running of a quality control gel, all the genetic variants included in the DMET 

array (Affymetrix, Santa Clara, CA, USA) was labeled by the DMET
TM

 Plus 
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Label and hybridized to the DMETTM Plus Array to identify the genotypes. 

The data generated from the Affymetrix Targeted Genotyping System 

represented the nucleic acid bases (G, A, T or C), which was translated into 

genotypes using the Affymetrix DMETTM Console software (Affymetrix, 

Santa Clara, CA, USA). The genotypes of each variant were coded as -1, 0 or 

1, representing minor homozygotes, heterozygotes and major homozygotes, 

respectively. Genotyping using the DMETTM Plus was performed at DNA 

Link (Seoul, Korea). 

 

Statistical analysis  

As the pharmacokinetic parameters related to the first-pass effect, Foral, FA · 

FG, metabolic ratios of M3 and M8, and ratios of metabolic ratio of M3 and 

M8 after PO and IV administration, respectively, were selected. To screen 

genetic variants which could explain the inter-individual variability in the 

first-pass parameters for YH4808, two statistical analyses were performed 

[26]. First, the analysis of variance (ANOVA) test was conducted for each 

single nucleotide polymorphism (SNP), followed by calculating adjusted 

individual P-values by controlling false discovery rate (FDR). If the FDR-

adjusted P-values were less than 0.05, it was considered statistically 

significant [27]. Second, a least absolute shrinkage and selection operator 

(LASSO) regression model was fitted, in which estimation and variable 

selection was done simultaneously [26]. Then, the candidate SNPs were 
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selected by taking into account the results of the FDR and LASSO analyses 

collectively. To evaluate whether the differences in the pharmacokinetic 

parameters involved in the first-pass mechanism of YH4808 were statistically 

significant, the Kruskal–Wallis test was conducted between various genotypes 

of the candidate SNPs. The SAS software (version 9.3, SAS Institute, Cary, 

NC, USA) was used for the conventional analysis of variance analysis, 

multiple tests via FDR correction and regression analyses. The LASSO 

regression analysis was performed using the R package glmnet implemented 

in the R software (version 3.0.1, R Development Core Team, Vienna, Austria) 

[28]. 
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RESULTS 

Clinical study  

Eight healthy male subjects 25-32 years of age with a BMI range of 20.4-25.0 

were enrolled and completed the study as planned (Table 1). The study drug 

was well tolerated. There were 1 throat tightness, 1 sputum, 1 oropharyngeal 

pain and 2 headaches, of which only one headache was considered possibly 

related to the study medication. All adverse events were mild and disappeared 

without treatment.  

Table 1. Demographic information of the subjects  

Subject ID Sex Age  

(years) 

Height  

(cm) 

Weight  

(kg) 

Body mass index 

(kg/m2) 

MY01 Male 33 176 68.5 22.1 

MY02 Male 29 161 58.5 22.6 

MY03 Male 26 173 74.2 24.8 

MY04 Male 29 181 80.1 24.4 

MY05 Male 30 176 75.4 24.3 

MY06 Male 25 181 80.2 24.5 

MY07 Male 32 179 65.5 20.4 

MY08 Male 32 171 73 25.0 

 

Cross validation of the AMS method 

AMS successfully determined the radioactivity of YH4808 and its two major 
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metabolites (i.e., M3 and M8), along with the total radioactivity, in the plasma 

after IV administration. Furthermore, of 64 randomly selected samples that 

underwent independent cross validation, where duplicated samples were sent 

to Eckert Ziegler Vitalea Science (EZVS) for AMS analysis. The 

graphitization was performed at EZVS. Despite these samples being 

duplicates and then processes at a second facility, a relative difference 20% 

was shown in 63 (98.4%) and 45 (70.3%) samples for the total radioactivity 

and the radioactivity of YH4808, respectively, indicating that the AMS 

method to determine the concentration equivalents (eq.) of the radiolabeled 

moieties in this study was robust and reliable. (Figure 2). This concept of 

being able to send AMS samples to any lab after the appropriate fractionation 

means that the processing labs can be removed from the AMS lab and that 

samples can be sent to any well-qualified bio-AMS facility that use similar 

graphitization methods and normalize the data to the same internationally 

accepted standards (usually Oxalic Acid II, NIST SRM6990c). 
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Figure 2. The results of cross validation of the Accelerator Mass 

Spectrometry method for total radioactivity (A) and YH4808 (B) (EZVS, 

Eckert & Ziegler Vitalea Science; KIST, Korea Institute of Science and 

Technology) 
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Absolute bioavailability of YH4808  

The dose-normalized AUCinf and Cmax of YH4808 was much higher after IV 

administration than oral administration, resulting in an absolute bioavailability 

of 10.05 % with a range of 2.30 - 19.25 % (Figure 3 and Table 2).  
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Figure 3. Mean dose-normalized plasma concentration-time profiles of 

YH4808 after single oral administration of unlabeled YH4808 at 200 mg 

(○), followed by intravenous infusion over 30 mins at 80 µg of 
14

C-

YH4808 (●), which started 1 hour after the oral dose. Concentrations are 

shown in the logarithmic scale. The error bars denote the standard 

deviations. 
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Oral and intravenous pharmacokinetic characteristics of 

YH4808, M3 and M8 

After oral administration, YH4808 was rapidly absorbed and reached Cmax at 

0.63 hour post dose (Figure 4 & Table 2). YH4808, M3, M8, and the total 

radioactivity of YH4808 showed multiple peaks after oral and IV 

administrations, and they were eliminated following a multi-exponential 

pattern. 

YH4808 was converted quickly to M3 or M8 after both oral and IV 

administrations (Figure 2). However, the relative extents of M3 and M8 to 

YH4808 in the plasma were very different by the route of administration. For 

example, the systemic exposure to M3 was slightly greater than that to 

YH4808 after oral administration (Metabolic Ratio (MR)=1.68, Table 2), 

whereas the plasma concentrations of M3 after IV administration were much 

lower than those of YH4808, resulting in an MR of only 0.16 (Table 2). In 

contrast, the systemic exposure to M8 was 99.80 and 2.52 times greater than 

that to YH4808 after oral and IV administrations, respectively (Table 2). The 

ratio of AUCinf for 14C-YH4808 to that for the total radioactivity was only 

0.18 (=0.93/5.27, Table 2), indicating a huge metabolic burden for YH4808 

not only by M3 and M8, but also by other metabolites that were not profiled 

and identified in the present study. 
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Figure 4. Mean plasma concentration-time profiles of YH4808, M3, and 

M8 after a single oral administration of unlabeled YH4808 at 200 mg (A), 

followed by intravenous infusion over 30 mins at 80 µg of 
14

C-YH4808, 

which started 1 hour after the oral dose (B). Concentrations are shown in 

the logarithmic scale. Circles (○ or ●), squares (□ or ■), and triangles (△ 

or ▲) denote YH4808, M3, and M8, respectively. The error bars denote 

the standard deviations. 
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First-pass effect on the oral absorption of YH4808 

YH4808 was converted to M3 and M8 by 22.64- and 38.51-times greater after 

oral administration than after IV administration, respectively (Table 3). 

Furthermore, the mean hepatic extraction ratio (EH) of orally administered 

YH4808 was 0.81, indicating extensive hepatic metabolism. Foral of YH4808 

varied widely in the range of 2.30 – 19.25% while FH (=1-EH) showed small 

variability at 4.87 CV%, collectively resulting in high inter-individual 

variability for FA · FG (range: 0.13-0.95, 47.78 CV%, Table 3). In addition, FA 

· FG showed a statistically significant negative correlation with the MR for M8 

after oral administration (MRM8,PO, r = 0.762, Figure 5(A)), whereas there 

was no noticeable relationship between FA · FG and MRM3,PO  (r = 0.017, 

Figure 5(B)).  
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Figure 5. Metabolic ratio of (A) M3 and (B) M8 versus FA • FG. (r: 

Pearson’s correlation coefficient). 95% confidence band was based on the 

interval for a regression. FA, the fraction of an oral YH4808 dose that 

entered the gut wall; FG, the fraction of YH4808 entering the gut wall 

that passed on to the portal circulation and then the liver.
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Genetic factors associated with pharmacokinetic 

parameters in the first-pass effect of YH4808 after oral 

administration  

Out of 1936 genetic markers the DMETTM Plus microarray can test, >98% 

were successfully assayed. After excluding 1361 markers of no genetic 

polymorphism, the final data analysis included 534 markers, of which 10 

SNPs showed a significant difference between genotypes in the PK 

parameters related to the first-pass effect or metabolism of YH4808 (Table 4)  

Compared with subjects having the wild-type, those carrying the 

variants of the carbohydrate sulfotransferase 3 gene (CHST3, rs4148946, n=6) 

or the solute carrier family 15 member 1 gene (SLC15A1, rs4646227, n=2) 

showed >2 times significantly higher values for both Foral and FA · FG (Table 

4). The mean value of FA · FG was also 2-fold higher in subjects carrying the 

variant of the sulfotransferase family 1B member 1 (SULT1B1, rs11249460, 

n=4) than in subjects with the wild type (Figure 6(A)). As a consequence, the 

greater the number of the variants for CHST3, SLC15A1, and SULT1B1, the 

larger FA · FG (Figure 6(B)). 
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Figure 6. Fraction of an oral YH4808 dose that entered and escaped 

destruction in the gut wall and reached the portal vein (i.e., FA · FG) by 

the genotypes of the CHST3, SLC15A1 and SULT1B1 genes (A) and the 

number of variants in these three genes (B).  
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DISCUSSION 

The most straightforward way of investigating the absolute bioavailability of 

an oral drug is to perform a two-way, two-period, two-treatment, crossover 

study, in which both oral and intravenous formulations of the drug are 

administered to the same subject after a wash-out. However, it can be difficult 

to develop an IV formulation for highly lipophilic compounds with low 

aqueous solubility[5]. Furthermore, additional toxicology data in the animal 

species are likely to be required for an IV formulation before a human 

absolute bioavailability study can be conducted, which is time-consuming, 

burdensome and resource-intensive for drug developers. In this regard, a 14C-

labeled IV microtracer given shortly after a non-radiolabeled oral drug at a 

therapeutic dose can be a safe and efficient design alternative to the 

conventional absolute bioavailability study as we showed in the present 

study[9]. The utility of this study design has been reported previously [7, 37]. 

In the present study, the IV microtracer dose of 14C-labeled YH4808 was only 

80 g, 1/250 of its therapeutic dose (i.e., 200 mg), which was easily dissolved 

in IV solution even though YH4808 has a very low solubility with <0.001 

mg/mL at pH > 6.8[13]. The microtracer dose was also lower than 100 μg, 

which has been frequently suggested as the upper limit of the microdose in an 

exploratory investigational study set by the regulatory agencies including the 

United States Food and Drug Administration [2].  
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The present study was strengthened by collecting the additional 

pharmacokinetic information about the metabolites of YH4808 after both IV 

and oral administrations. Furthermore, a pharmacogenomic study was 

performed, followed by elaborate complementary statistical analyses such as 

false discovery rate (FDR)-adjusted multiple regression and least absolute 

shrinkage and selection operator (LASSO). Collectively, these enrichments 

enabled constructing a highly informative pharmacokinetic knowledge core 

for YH4808. This additional pharmacokinetic-pharmacogenomic information 

can serve as the basis for future study designs that attempt to optimize or 

personalize an individual drug dose and dosage regimen.  

The absolute bioavailability of YH4808 was low at 10.05% and 

highly variable among subjects (range: 2.30-19.25%, 49.65 CV%, Figure 3, 

Table 2). In contrast, FH (mean: 0.19, Table 3) had very small inter-individual 

variability of 4.87 CV%. As a result, FA · FG was moderate and highly 

variable (mean: 0.52, range: 0.13-0.95, 47.78 CV%, Table 3). Even though the 

low bioavailability of YH4808 was mainly stemmed from extensive hepatic 

metabolism (FH < 0.2, Table 3), our results showed that metabolism and 

transporter actions in the gut, collectively reflected in FA · FG, could have 

played a significant role in the first-pass process of YH4808, particularly for 

its inter-individual variability. For example, MRM3 and MRM8 were 22.64- and 

38.51-times times larger after PO administration than after IV administration, 

respectively (Table 3). Multiple peaks were also observed in the plasma 



 

44 

 

concentration profiles of YH4808, M3, and M8, which could suggest active 

entero-hepatic re-circulation of these compounds, particularly for M8. 

Additionally, the highest AUCinf,M8,PO seen in subject MY02 may indicate that 

massive transformation of YH4808 to M8 through the first-pass effect after 

oral administration resulted in the lowest Foral in this subject. Furthermore, 

MRM8,PO showed a strong negative correlation with FA · FG. M8 is mainly 

metabolized by CYP3A4, CYP2C19 and CYP1A2 while M3 by CYP2D6, 

CYP2C9 and CYP2B6 [13]. This selective metabolism explains why the ratio 

of MR between PO and IV administrations for M8 was much higher than that 

for M3 because CYP3A and CYP2C are major intestinal CYPs, accounting 

for 80% and 18% of intestinal metabolism, respectively [38]. Likewise, the 

inter-individual variability in MR of M8 was higher after PO administration 

than that after IV administration (74.79% vs. 29.04%, CV%, Table 3), which 

could have been attributed to the larger inter-individual variability in both the 

catalytic activity and expression level of CYP3A4 in the gut [38]. 

The present study also showed that certain genotypes of the CHST3, 

SLC15A1 and SULT1B1 genes were associated with a greater value of FA · 

FG (Figure 6(A)). The SLC15A1 gene encodes the peptide transporter PepT1, 

an influx transporter located in the apical side of epithelial cells in the small 

intestine [39]. Although rs4646227 (1256G>C), a variant SNP of the 

SLC15A1, is considered missense [40], its clinical impact, particularly on the 
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absorption of a drug, has been rarely studied [29]. However, subjects carrying 

rs4646227 had a larger FA · FG than those with wild type in the present study, 

suggesting increased transporter activity. Therefore, further studies are 

warranted to investigate the role of rs4646227 in the absorption of YH4808. 

Additionally, SULT1B1 encodes the major sulfortransferase in the 

gastrointestinal tract, which plays a significant role in first-pass metabolism in 

the gut wall [30]. The variant of SULT1B1 (rs11249460) could decrease the 

first-pass metabolism of YH4808, resulting in increase of FA · FG., as seen in 

the present study.    

The metabolism of YH4808 in the preclinical animals was 

intermediate to high and varied by species [13]. In the present study, up to 33% 

of the remaining radioactivity in humans was attributed to unidentified 

metabolites (Table 2). Given that the metabolic ratios for M3 and M8 were 

already high and very high at 1.68 and 99.80, respectively (Table 2), the 

impact of these and other unidentified metabolites of YH4808 on its efficacy 

and safety profiles in humans warrants further studies.  

The present study had several limitations. First, CLu,H,int of YH4808 

was estimated using human microsomal data, which could be less suitable 

than hepatocytes to predict in vivo hepatic clearance [21]. However, because 

the metabolism of YH4808 involves primarily phase I enzymes such as CYPs, 

our estimations based on human microsomal data were just fine to reasonably 
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predict the intrinsic clearance of YH4808. Second, in vitro t1/2, used in the 

prediction of intrinsic clearance, is the time necessary for metabolism 

following first-order kinetics of 50% of the initial compound. This “in vitro 

t1/2 method” has been reported to be a more accurate assay for compounds 

with minimal metabolism [41]. However, this method is generally useful in 

assessing the role of hepatic CYP450-mediated metabolism [41]. Thus, the “in 

vitro t1/2 method” seems appropriate for predicting the intrinsic clearance of 

YH4808 because YH4808 is extensively metabolized by various CYPs and 

shows linearity in the dose range of 30-800 mg. Third, an exploration of 

relevant SNPs to explain the inter-individual variability in the first-pass effect 

and metabolism parameters of YH4808 was done with a small number of 

subjects. However, it was still possible to identify potential SNPs that could 

affect the first-pass effect and metabolism parameters of YH4808, particularly 

SULT1B1 and SLC15A1. These findings shed some light into the 

pharmacogenomics and physiologic basis of the inter-individual variability in 

those parameters as seen in our results.  

In conclusion, a single-period study of 14C-labeled YH4808 given IV 

as a microtracer at a microdose and non-radiolabeled YH4808 administered 

orally at a therapeutic dose, coupled with a pharmagenomic investigation, 

enabled us not only to determine the absolute bioavailability of YH4808, but 

also to assess the role of various genotypes in the first-pass effect and 
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metabolism of YH4808. A combined AMS and conventional LC/MS/MS 

methodology can be useful for constructing a rich and highly informative PK 

knowledge core in early clinical drug development.   
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국 문 초 록 

 

YH4808의 경구 투여 시 

초회통과효과 및 개인간 변이 

평가를 위한 가속질량분석기 

기반의 마이크로도즈 연구 

 

서울대학교 대학원 

의과학과 의과학 전공 

김 언 혜 

 

가속질량분석기(accelerator mass spectrometry)는 극미량의 

동위원소표지된 약물을 투여한 후 약물 농도를 측정하는 강력한 

도구이다. 가속질량분석기 기반의 절대생체이용율 연구에서는 단일 

기간(single period) 내에 치료용량의 약물을 혈관 외 투여 후 약물의 

최고약물농도 도달시점(Tmax)에 마이크로도즈의 14C 표지된 약물을 

정주 투여한다. 이 방법은 인간에서의 절대생체이용율을 평가하고, 
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신약개발에 소요되는 시간과 비용을 줄일 수 있는 혁신적이고 

효율적인 방법이다. 이러한 이해를 바탕으로 인간에서 새로운 

계열의 위산 분비 억제제로 주목받고 있는 potassium-competitive acid 

blocker인 YH4808의 절대생체이용율과 약동학을 평가하기 위하여 

본 연구를 수행하였다. 또한, 경구 투여 시 YH4808의 흡수에 

미치는 초회통과 효과와 경구 투여시 흡수에서 관찰되는 개인간 

변이에 미치는 약물유전체 효과를 평가하였다.  

 건강한 남성 자원자를 대상으로 공개, 단일 기간 연구를 

진행하였다. 8명의 시험대상자에게 200 mg 의 YH4808을 단회 경구 

투여 후, 1시간째 0.80 mg의 14C-YH4808을 30분간 정주 투여하였다. 

14C-YH4808의 정주 용량은 US Food and Drug Administration 의 

Exploratory IND guidance에 제시된 상한인 100 μg 미만, 치료용량의 

1/250에 해당하는 용량으로 결정하였으며, 방사능은 320 nCi (=11840 

Bq)이었다. YH4808과 주요 활성대사체인 M3와 M8의 혈장 농도를 

측정하기 위하여 경구 투여 직전인 0시간부터 216시간까지 채혈을 

시행하였다. 경구 투여한 약물과 정주 투여한 동위워소 표지 약물의 

정량을 위하여 Liquid chromatography-tandem mass spectrometry (LC-

MS/MS)과 가속질량분석기(accelerator mass spectrometry)가 각각 

사용되었다. YH4808, M3, M8의 시간별 농도자료는 비구획모델을 
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이용하여 분석하였다. 

 절대생체이용율(Foral)은 낮은 값과 큰 변이를 보였다(평균값: 

10.05%; 범위: 2.30-19.25%). YH4808의 활성대사체인 M3과 M8은 

정주 투여 시보다 경구 투여 후에 각각 22.64배, 38.51배 높게 

생성되었다. 절대생체이용율(Foral = FA · FG · FH)은 큰 개인간 변이를 

보였는데, 간에서 추출되지 않고 전신순환에 진입하는 분율(FH)은 

4.87%의 작은 변동계수를 보인데 반해 경구 투여 후 장벽을 

통과하여 간문맥 순환으로 들어가는 분율(FA · FG)은 개인 간 큰 

차이를 보였다(범위: 0.13-0.95, 변동계수: 47.78%). 한편, CHST3, 

SLC15A1, and SULT1B1 유전자의 변이를 가지는 시험대상자에서 

높은 FA · FG가 관찰되었다.  

 결론적으로, 약물유전체학과 결합된 단일 기간에 

마이크로도즈의 14C가 표지된 YH4808의 정주 투여와 치료용량의 

YH4808 경구 투여하는 연구를 통하여 YH4808의 절대생체이용율 뿐 

아니라 YH4808의 대사 및 초회통과 효과에 미치는 다양한 

유전자형의 역할을 평가할 수 있었다. 가속질량분석기와 기존의 LC-

MS/MS의 결합을 바탕으로 한 연구방법은 초기 신약개발 단계에서 

풍부하고 유익한 약동학 정보의 핵심을 구성하는데 유용한 

접근방법이 될 수 있다.  
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…………………………………… 

주요어 : Pharmacokinetic, absorption, first-pass effect, inter-

inidividual variability, pharmacogenomic, microdose, microtrace, 

accelerator mass spectrometry, potassium-competitive acid blocker 
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