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Abstract  

 

Human pharmacokinetic profiles of  

propyl paraben after oral administration 
 

Chorong Shin 

Department of Environmental Health 

Graduate School of Public Health 

Seoul National University 

 

Parabens are commonly used as antimicrobial preservatives in consumer 

products. Because of possible endocrine disrupting activities, their safety has 

become a public concern. While pharmacokinetic studies on parabens have 

been reported in animal, it is not well known to the fate of parabens in human 

body following oral exposure. Thus, the aim of this study was to determine 

pharmacokinetic characteristics of propyl paraben (PP) in male subjects 

following single oral administration of 0.6 mg/kg bw of deuterium labeled-PP. 

Blood and urine were collected for 72 h, and concentration of free PP and 

metabolites; conjugates and hydrolysates were measured. In blood, free PP had 

2 distinct phases in time-profile, while the metabolites followed first-order 

kinetics. The fraction of urinary excretion for total PP (free plus conjugates) 
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was 8.6 %, whereas 38.7% of the administered dose was recovered in urine as 

sum of overall substances. The predominant metabolite excreted was p-

hydroxyhippuric acid. Based on time-profiles, we constructed a multi-

compartmental model and estimated kinetic parameters. PP was rapidly 

absorbed after oral ingestion and systemically distributed in humans. However, 

most of PP was likely to be metabolized prior to excretion, and rarely present 

in free form. The results of this study may be used for characterize PP exposure 

in the Korean population based upon biomonitoring data. 
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Ⅰ. Introduction  

 

Parabens are commonly used as antimicrobial preservatives in various 

consumer products and the primary exposure route in humans is the 

consumption of foodstuffs and pharmaceuticals, or dermal application of 

cosmetics (Ferguson et al. 2016; Guo and Kannan 2013; Liao et al. 2013; 

Moreta et al. 2015). Because of the widespread use, parabens are ubiquitously 

found in the environment (Evans et al. 2016; Kasprzyk-Hordern et al. 2008; 

Peng et al. ; Rudel et al. 2003; Tran et al. 2016; Wang and Kannan 2016; Zhang 

et al. 2015) and have been detected even in human breast milk, placenta and 

cord blood (Pycke et al. 2015; Towers et al. 2015; Ye et al. 2008). Thus, general 

population are inevitably exposed to parabens in their daily life. Methyl- (MP), 

ethyl- (EP), n-propyl (n-PP) and n-butyl paraben (n-BP) are the most frequently 

detected compound. The detection rates for MP, EP, n-PP, and n-BP in urine 

among the Korean population were 97.7%, 97.2%, 96.7%, and 83.5%, 

respectively (Kang et al. 2016).  

 Although parabens have been considered safe, several studies have raised 

endocrine disruption of these compounds (Gomez et al. 2005; Pop et al. 2016; 

Prusakiewicz et al. 2007) and the estrogenic potency seems to elevate with the 

length of the alkyl chain (Gao et al. 2016). Adverse effects on sperm production 

are reported in male rats following oral administration of n-BP and n-PP (Oishi, 
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2001; Oishi, 2002). In humans, there is a weak but significant relationship 

between urinary paraben concentrations and sperm DNA damage (Meeker et al. 

2011). Furthermore, it is suggested that lower doses of n-BP may increase the 

risk of breast cancer by stimulating breast cancer cell proliferation (Pan et al. 

2016), and urinary MP or EP levels are associated with several oxidative stress 

related biomarkers (Kang et al. 2011). The Ministry of Food and Drug Safety 

of Korea (MFDS) permits the use of parabens at levels up to 0.4% for a single 

paraben and 0.8% for mixtures of all parabens in cosmetic ingredients while 

the use of iso-PP, iso-BP, BzP and PeP is banned (MFDS, 2015). The European 

Union Scientific Committee on Consumer concluded that the safety of PP and 

BP is uncertain due to lack of data and thus, the maximum allowed 

concentration is adjusted to 0.14% for PP or BP in cosmetic products (European 

Parliament, 2014a; European Parliament, 2014b). In foods, the acceptable daily 

intake (ADI) of parabens for the sum of MP and EP is 10mg/kg bw/day (JECFA, 

2007).  

Parabens are easily absorbed following oral or dermal exposure, hydrolyzed 

by p-hydroxybenzoic acid (pHBA) and p-hydroxyhippuric acid (pHHA), and 

excreted in urine as free form and glucuronide, as well sulfate conjugates 

(Abbas et al. 2010; Gopalakrishnan et al. 2016; Janjua et al. 2007; Soni et al. 

2005). The metabolic pathways of parabens in humans until elimination via 

urine are shown in Fig. 1. Efficiency of hydrolysis of parabens differ depending 

on the alkyl chain length (Ozaki et al. 2013). 
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Fig. 1. Metabolic pathways of parabens in human. Adapted from Abbas et al. (2010) 

Abbreviation: pHBA – para-hydroxybenzoic acid; pHHA – para-hydroxyhippuric acid; UGT – UDP-

glucuronosyltransferases. 
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Several data on the pharmacokinetics of parabens have been reported in 

animal (Aubert et al. 2012; Gazin et al. 2013; Kim 2014; Kiwada et al. 1979; 

Kiwada et al. 1980; Kiwada et al. 1981; Mathews et al. 2013), whereas research 

on human is quite limited. After topical application of BP in male volunteers, a 

rapid skin penetration and systemic uptake were confirmed (Janjua et al. 2007). 

The urinary excretion factors (Fue) for MP and BP following oral administration 

were reported by Moos et al. (2015). However, regarding to Fue, it should be 

assumed that a simple steady-state kinetics for parabens. Moreover, although 

PP is the most commonly detected substance in personal care products with MP 

and potential to be more toxic because of the longer chain length, any kinetic 

information for PP had been not suggested based on human data. Therefore, the 

elaborate study is required on the kinetics for PP in humans. 

The aim of this study was to determine pharmacokinetic characteristics of PP 

and its metabolites in male subjects after a single oral dosage. Thus PP and the 

metabolites were measured in serum and urine, and the compartmental 

pharmacokinetic model was developed to describe the absorption, distribution, 

metabolism and elimination of PP. 
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Ⅱ. Materials and methods 

 

1. Experimental design 

 Five healthy volunteers were orally applied to the deuterated n-propyl 

paraben (PP-d4). All participants (n=5) were male and lived in Seoul, Korea. 

400 mg of PP-d4 was dissolved in 1 mL ethanol and 100 μL of solution was 

spiked into a snack, which was fed to subjects. The administered dose was 

below the acceptable daily intake (ADI) of 10 mg/kg bw/day for the sum of MP 

and EP, instead of PP, because PP do not include the group ADI (JECFA, 2007). 

Blood and urine samples were monitored over 72 h and the first samples (T0) 

before exposure were collected. The volume of the each urine samples was 

measured and all samples were stored at -70 °C until analysis. The present 

experiment was approved by the Seoul National University Institutional 

Review Board (SNUIRB # 1508/001-007), and all participants signed informed 

consent forms before participating. 
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2. Chemicals 

n-propyl 4-hydroxybenzoate-2,3,5,6-d4 (PP-d4, 98.8%) and p-

hydroxybenzoic-2,3,5,6-d4 (pHBA-d4, 99%) were purchased from CDN 

Isotopes Inc. (Point-Claire, Quebec). p-hydroxyhippuric acid (HHA, >99%) 

was obtained from Bachem (Torrance, CA). 13C6-methyl-4-hydroxybenzoate 

(13C6-MP) and 13C6-propyl-4-hydroxybenzoate (13C6-PP) were used as internal 

standards and purchased from Sigma-Aldrich (St. Louis, MO). Acetonitrile, 

methanol, and water (HPLC grade) were purchased from J. T. Baker (Center 

Valley, PA) and acetic acid (HPLC grade) was obtained from Fisher Chemical 

Co. (Fair Lawn, NJ). Formic acid (98+%) were purchased from Acros organics 

Co. (Morris Plains, NJ) and ammonium acetate (≥ 97%), β-Glucuronidase and 

sulfatase from Helix pomatia were purchased from Sigma-Aldrich (St. Louis, 

MO). 
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3. Analytical procedure 

 

3.1 Sample preparation 

 The biological samples were prepared by the enzyme hydrolysis method as 

previously described (Lee et al. 2013) with a minor modification. In brief, 500 

μL of an aliquot of serum or urine was mixed with 10 μL of the internal standard 

solution (a mixture of 13C6-MP and 13C6-PP), and 100 μL of 1 M ammonium 

acetate was added. The enzymatic treatments were performed by adding 20 μL 

of β-glucuronidase/sulfatase and samples were incubated for 2 h at 37 °C. The 

samples were acidified using 2 mL of 0.1 M formic acid and loaded on the solid 

phase extraction (SPE) cartridge, Oasis HLB (polymeric reversed phase, 30 

mg/3cc; Waters, Milford, MA), which had been conditioned with 3 mL of 

acetonitrile and 3 mL of deionized water. Absorbed paraben and metabolites 

were washed with 10% methanol and dried for 30 min at room temperature, 

and then eluted with 3 mL of methanol. The eluates were evaporated until 

dryness under a nitrogen flow and reconstituted in 100 uL of a 70:30 (v:v) 

water-methanol solution. Concentrations of unconjugated PP-d4 in serum and 

urine were determined following the same methodology described above 

without the enzymatic hydrolysis step. 
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 3.2 Determination of PP and metabolites using HPLC-MS/MS 

 Measurement of PP and the metabolites in serum and urine was performed by 

HPLC-MS/MS with Nexera autosampler and pump (Shimadzu, Kyoto, Japan) 

coupled to API 4000 tandem mass spectrometer (AB Sciex, Framingham, MA) 

using a electrospray ionization source in negative mode (ESI－). The 

chromatographic separation was carried out on a Capcell pak ACR column (2.0 

× 150 mm, 3 um) from Shiseido Co., LTD (Tokyo, Japan) using gradient mode. 

The mobile phase composition was optimized by binary mixtures of 0.1% 

acetic acid in water (solvent A) and 0.1% acetic acid in acetonitrile (solvent B). 

Gradient condition was as follow; 0.0-1.0 min, 30% B; 1.0-2.5 min, 30%-45% 

B; 2.5-8.0 min, 45%-60% B; 8.0-9.0 min, 60%-90% min; 9.0-10.6 min, 90% B 

and return to 30% B in 10.6-13.0 min. The flow rate was 0.2 mL/min and 5 μL 

of each sample was injected into the UPLC system. The MS and electrospray 

ionization parameters were optimized separately for each analyte by direct 

infusion of standards using the Analyst 1.5.2 software (AB Sciex) (Table S1). 

 Quantification was based on peak areas relative to the stable isotope-labeled 

internal standards. Because the dosing substance in this study was deuterium-

labeled PP (PP-d4), we used 13C6-labeled-PP as an internal standard, while 13C6-

labeled-MP was used for the quantification of pHBA-d4 and pHHA-d4. Method 

validation included analysis of target chemicals into serum and urine samples 

on 3 different days at 3 levels of concentration. The intra- and inter-day 
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accuracy and precision were ranging from 87 to 114% and 3 to 12% RSD, 

respectively (Table S2). The limit of quantitation (LOQ) was defined as a 

signal-to-noise ratio of 9 and estimated from 0.2 ng/mL (for PP-d4 and pHBA-

d4) to 5 ng/mL (for pHHA-d4) in both of biological samples. 

 For quality control, analysis of blank, standard-spiked samples (spiked-QC) 

and pooled human serum or urine samples from this study (pooled-QC) was 

carried out during every sample set. In blank, any labeled analytes were not 

observed as a quantifiable level. For all analytes and both of the biological 

samples, the recovery in the spiked-QC samples was between 84% and 109% 

and the coefficient of variation for pooled-QC samples varied from 8% to 10% 

(data not shown). 
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4. Pharmacokinetic analysis 

 

 4.1 Estimation of the kinetic parameters 

Based on measured data, we calculated the descriptive kinetic parameters (i.e., 

area under the curve [AUC], Cmax and Tmax). Maximum concentration (Cmax) 

and peak time (Tmax) were obtained directly by the time profile in serum. The 

elimination rate constant (K) was evaluated by log-linear regression of the 

terminal phase of time profile for each substance, and the elimination half-life 

(t1/2) was calculated as ln2/K. AUC0-∞ and AUMC0-∞ was determined 

according to the trapezoidal method, and mean residence time (MRT) was 

estimated as AUMC0-∞/AUC0-∞ under the non-compartmental analysis. Total 

clearance (CLtotal) and the volume of distribution (Vd) were calculated from 

F·Dose/AUC and CLtotal/K, respectively. 
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4.2 Development of the pharmacokinetic model  

 As shown in Fig. 1, metabolism of PP was classified into 2 types; Met 1 

(formation of conjugated metabolite of PP with glucuronidise and sulfuric acid) 

and Met 2 (formation of the hydrolysates, pHBA and pHHA), and these 

metabolic pathways were considered in the structure of model. Therefore, a 

multi-compartment model was constructed to investigate the pharmacokinetics 

of PP after oral administration (Fig. 2). It was assumed that the rate of 

absorption from gastrointestinal (GI) tract and elimination via urine might be 

explained as first-order kinetics. Based on observed data in serum, the 

formation and disposition of 2 types of metabolites were supposed to follow 

first-order kinetics, too. For free PP (not metabolized in the body), two-

compartment model could be more suitable since there were 2 distinct phases 

at time profile of free PP.  
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Fig. 2. Structure of the pharmacokinetic model for PP and its metabolites after 

oral administration 

Abbreviations: F – fraction of dose absorbed (bioavailability); GI tract – 

gastrointestinal tract; ka – PP absorption; k12 – PP distribution from central 

compartment (blood) to peripheral compartment; k21 – reabsorption from 

peripheral compartment to blood; k10 – PP elimination at blood; km1 – PP → 

conjugated metabolite formation; km1u – conjugated metabolite elimination; km2 

– PP → pHBA and pHHA metabolites formation; km2u – pHBA and pHHA 

metabolites elimination  
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4.3 Model optimization 

We fitted the multi-compartment model to measured serum and urine data 

using Berkeley Madonna (version 8.3.9, University of California at Berkeley). 

Ordinary differential equations were used to describe the rate of change for each 

component in model and solve using the fixed step size integration algorithm, 

Fourth-order Runge-Kutta algorithm (RK4), available in Berkeley Madonna. 

Parameter estimation was performed using all measured data for the 

unconjugated PP and metabolites. The initial values in optimization procedures 

were obtained from the preliminary analyses for the unconjugated PP such as 

non-compartment analysis, or one-compartmental models according to the 

residual method.  
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4.4 Model validation 

 The final PK model was tested to validate the performance with the separated 

data sets against those used for parameterization. Data sets used here for 

validation of the PK model were obtained from another controlled oral-dosing 

study for PP (MFDS, 2013. Report #. 13162MFDS776) that 7 male subjects 

were exposed to PP in a similar manner which was described in the present 

study. The administered dose was 2.5 mg/kg bw, which is 5-fold higher than 

that of the present study, and blood and urine samples were collected by 8 and 

24 h after administration. Validation of the PK model was performed as follows. 

First, kinetic parameters optimized with our observations were fixed. Only 

amount of the administered dose was adjusted from 0.6 to 2.5 mg/kg bw. After 

that, model prediction was compared with measured data from MFDS (2013) 

to assess the fitting status.  
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Ⅲ. Results 

 

1. Subject characteristics 

 

The demographic characteristics for 5 volunteers were presented in Table 1. 

The average age, body weight, height and body mass index (BMI) of the 

subjects were 27 years (range 23－33), 69 kg (range 62－74), 175 cm (range 

170－180) and 22.4 (range 21.5－23.7), respectively.  
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Table 1. Demographic characteristics of the study participants. 

Subject ID Age 

(y) 

Height  

(cm) 

Body weight 

(kg) 

BMI 

A 33 179 72 22.5 

B 26 180 71 21.9 

C 25 171 66 22.6 

D 29 170 62 21.5 

E 23 177 74 23.7 

Mean ± SD 27 ± 3 176 ± 4 69 ± 5 22.4 ± 0.8 

All participants (n=5) were male.
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2. Serum pharmacokinetic profiles of PP and its metabolites 

 

The serum concentration-time profiles for PP and its metabolites after oral 

administration were shown in Fig. 3. It was confirmed that any target compound 

was not detected in samples collected before administration. Unconjugated PP 

was present in serum with the lowest level compared with other metabolites. 

Met1 (conjugated PP) was detectable at 24 h after administration, while pHBA 

was detected until 12 h. For pHHA and the unconjugated PP, they were detected 

up to 4 h after administration but the detectable range slightly varied between 

the subjects. Neither parent compound nor the metabolites was detected in any 

subject since 48 h. Therefore, PP was completely eliminated from blood within 

48 h after oral administration in our subjects. It was worthy to note that the 2 

distinct phases were observed for the unconjugated PP (black square); the early 

phase with a rapid decline until 1 h, and the second phase with a gradual and 

slow decline until 6 h. Thus a two-compartment model was appropriate to 

predict time profile for the free PP. On the other hand, the metabolites appeared 

to follow first-order kinetics for formation and disposition, and one-

compartment model was enough for Met1 and Met2. Following these 

observations, the structure of the model was confirmed as a multi-compartment 

model (Fig. 2). 
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Fig. 3. Time profiles of PP and its metabolites in serum after oral administration 

of PP. Met1; conjugated metabolite of PP, Met2; sum of the hydrolysates, pHBA 

and pHHA. Each symbol and error bar represents the arithmetic mean and the 

standard deviation of each substance at a given time point (n=5) 
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3. Non-compartmental analysis  

 

Using time profiles in serum, estimation of the kinetic parameters under the 

non-compartmental analysis was performed. As shown in Table 2, the 

unconjugated PP was present in serum at a low level (Cmax, 54 ± 37 nM) than 

other metabolites, and the highest Cmax was observed in Met1 (Cmax, 2766 ± 896 

nM). All substances reached their maximum concentration within 2 h. Half-life 

(T1/2) for each compound was calculated. In blood, Met1 was eliminated with a 

half-life of 2.9 h, while pHBA (2.4 h), pHHA (1.3 h) and unconjugated PP (0.9 

h) were eliminated slightly faster. Area under the curve (AUC) of Met1 was 

about 2.5-fold higher than that of Met2, and mean residence time (MRT) was 

highest in Met1, as well. 
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Table 2. Parameter estimates from non-compartmental analysis 

 
Cmax  

(nM) 

Tmax  

(h) 

T1/2  

(h) 

AUC0-∞  

(nM·h) 

AUMC0-∞  

(nM·h2) 

MRT  

(h) 

Unconjugated PP 54 ± 37 0.25 ± 0 0.9 33 43 1.3 

Met1 2766 ± 896 1.4 ± 1.1 2.9 8725 36826 4.2 

Met2  1485 ± 518 1.4 ± 1.1 1.8 3561 9155 2.6 

pHBA 755 ± 436 1.7 ± 1.4 2.4 2322 7919 3.4 

pHHA 881 ± 488 1.2 ± 1.1 1.3 1416 2740 1.9 

Met1, conjugated PP; Met2, sum of pHBA and pHHA; Cmax, peak concentration; Tmax, peak time; T1/2, terminal half-life; AUC0-∞, 

area under the serum concentration-time curve between 0 and ∞; AUMC0-∞, area under first-moment curve between 0 and ∞; MRT, 

mean residence time; Cmax and Tmax values were expressed as arithmetic mean ± standard deviation (n=5). 
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4. Urinary elimination kinetics of PP and its metabolites 

 

Profiles of the cumulated excretion amount of PP and its metabolites were 

displayed in Fig. 4. PP was mainly excreted as a metabolized form rather than 

unconjugated form. Within metabolites, the level of excreted amount into urine 

was higher in Met2 than Met1. After 72 h of administration, there was no 

detection for any compound in urine, thus the excretion of PP, including 

metabolites, could be regarded as being complete by 72 h in our subjects. 

 Overall, an average of 39% of administered dose was recovered in urine by 

72 h after administration (Table 3). pHHA appeared to be a predominant 

metabolite among all participants with a share of 23.2%, and 7.0% of the dose 

were excreted as the other hydrolysate, pHBA. The conjugated PP (Met1) was 

recovered 8.5% of the applied dose, whereas only 0.1% of the dose was 

excreted as a free species without metabolism. Thus, the fraction of urinary 

excretion (Fue) for total PP (free plus conjugates) was approximately 8.6%. 
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Fig. 4. Cumulative urinary excretion of PP and its metabolites after oral 

administration of PP. Each symbol and error bar represents the arithmetic mean 

and the standard deviation of each substance at a given time point (n=5)
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Table 3. The fraction of urinary excretion (Fue, %) of PP and its metabolites in the study participants after oral administration. 

 Subject ID     Mean ± SD  

 A B C D E  

Unconjugated PP 0.09 0.02 0.01 0.05 0.05 0.05 ± 0.03 

Met1 9.4 6.8 9.3 9.9 7.2 8.5 ± 1.4 

Met2        

pHBA 7.3 6.4 8.3 6.8 6.0 7.0 ± 0.9 

pHHA 23.2 24.4 27.5 23.1 17.8 23.2 ± 3.5 

Overall Σ 39.9 37.6 45.2 39.9 31.1 38.7 ± 5.1 

Values were calculated as percent of administered dose on a molar basis. Met1, conjugated PP; Met2, sum of pHBA and 

pHHA; SD, standard deviation.



29 

 

5. Pharmacokinetic modeling  

 

Model optimization was performed under the multi-compartmental structure, 

which was illustrated in Fig. 2. The initial values for the rate constants (i.e., ka, 

k10, k12, and k21) were obtained from a preliminary analysis. We fixed these 

values and fit the PK model to time profile data using Berkeley Madonna. As 

shown in Fig. 5, the model represented good prediction for time profiles of PP 

and its metabolites. Using this model, we determined the kinetic parameters for 

PP after oral administration (Table 4). Based on the estimates, we concluded 

that PP was rapidly absorbed (ka = 6) and distributed (k12 = 2.5), while the rate 

of reabsorption from peripheral compartment was slower (k21 = 0.55). After 

absorption, the parent compound was quickly metabolized and Met2 (pHBA 

and pHHA) were formed faster (km2 = 25) than Met1 (conjugated PP) (km1 = 6). 

Besides, the elimination rate of Met2 was slightly faster (km2u=0.45) than that 

of Met1 (km1u = 0.3). However, the unmetabolized PP was eliminated quite 

slowly (k10 = 0.02) than other metabolites.  

The final model was validated with observed data from MFDS (2013) with a 

single oral administration of 2.5 mg/kg bw of PP-d4 to male volunteers (n=7). 

The kinetic parameters in Table 4 were fixed and only the administered dose 

was altered. After that, model prediction and time profiles were compared. As 

a result, our model provided good fits to the different time profiles, as well (Fig. 

6). 
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Fig. 5. Model optimization. (a) PK model prediction on serum concentration-time 

profile, (b) PK model prediction on cumulated urinary excretion amount-time 

profile. Model fitness status showed that PP and the metabolites were fitted well by 

the PK model developed in this study. Each symbol and error bar represents the 

arithmetic mean (AM) and 95% upper limits of the AM (1.96-fold of standard 

deviation) of each substance at a given time point (n=5) 
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Table 4. Kinetic parameter estimates of the PK model developed in this study. 

Parameter Notes Estimates 

F Fraction of dose absorbed (bioavailability) 0.39 

ka PP (GI tract) → PP (blood) 6 

k12 PP (blood) → PP (peripheral) 2.5 

k21 PP (peripheral) → PP (blood) 0.55 

k10 PP elimination from blood via urine 0.02 

km1 PP → Met1 (conjugated PP) formation 6 

km2 PP → Met2 (pHBA and pHHA) formation 25 

km1u Met1 elimination from blood via urine 0.3 

km2u Met2 elimination from blood via urine 0.45 

Vpb Volume of distribution for PP 20 

Vm1 Volume of distribution for Met1 8 

Vm2 Volume of distribution for Met2 38 

Units of the reaction rate constant and volume of distribution are h-1 and L, 

respectively. Met1, conjugated PP; Met2, sum of pHBA and pHHA.  
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Fig. 6. Model validation. (a) PK model prediction on serum concentration-time 

profile, (b) PK model prediction on cumulated urinary excretion amount-time 

profile. The developed PK model in this study represents good fits to the measured 

PP and the metabolites from MFDS (2013). Each symbol and error bar represents 

the arithmetic mean (AM) and 95% upper limits of the AM (1.96-fold of standard 

deviation) of each substance at a given time point from MFDS (2013) (n=7)
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Ⅳ. Discussion 

 

In the present study, we investigated the time profiles of PP and its metabolites 

in serum and urine after oral administration from a controlled dosing study. 

Based on the observations, a human PK model, which is composed of a multi-

compartment, was developed to describe absorption, distribution, metabolism 

and elimination of PP following oral exposure.  

 Our results show that PP was rapidly absorbed and systemically distributed in 

human after oral exposure, which is consistent with the findings from the other 

literatures for animal (Aubert et al. 2012; Gazin et al. 2013). With regard to 

level of serum concentration, the unconjugated PP were quite lower than the 

others. Thus most of PP is immediately metabolized into the conjugates or 

hydrolysates, and rarely present in blood as free form. Based on the parameter 

estimates from the PK model (Table 4), the forming and elimination rate for 

Met2 were considerably faster than Met1. Finally, PP was completely 

eliminated from blood within 48 h in our subjects. 

The urinary elimination kinetics of PP and the metabolites were investigated 

(Fig. 4). For 72 h after administration, PP was totally excreted into urine. The 

overall fraction of total excreted biomarkers in urine was 39% and most 

amounts were metabolized forms rather than free form (Table 3). For total PP, 

which is commonly used as a urinary biomarker of PP, Fue was 8.6%. We have 
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a similar observation in the previous studies in that the Fue of parent paraben 

generally decreases with increasing length of the alkyl chain (Table 5). 

Additionally, the predominant metabolite was pHHA in the present study and 

this is consistent with results of the previous studies (MFDS, 2013; Moos et al. 

2015). However, it seems that there is certain difference in metabolism and 

elimination of paraben between Korean and German population considering the 

Fue of the metabolites. The Fue of pHHA in German subjects after oral 

administration of MP and BP were 63.8 and 61.8%, respectively (Moos et al. 

2015). In our study, only 21.4% of administered dose was recovered in urine as 

pHHA, which is 3-fold lower than that of the previous study. As a results, the 

overall Fue including metabolites in the present study was approximately 2-fold 

lower than that of German. Thus, there is a probability to underestimate the 

intake dose of paraben for Korean population in the case of performing a dose 

reconstruction with urinary concentration of paraben using Fue reported from 

the previous study.  
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Table 5. The fraction of urinary excretion (Fue, %) of total paraben reported in the present study and previous studies. 

Country n   Gender Fue for total parabena Reference 

   
MP EP PP BP 

 

Korea 7   Male 7.7 (5.6-10.5) 6.0 (3.0-8.4) 3.8 (2.9-5.5)  MFDS (2013) 

 5   Male   8.6 (6.8-10.0)  This study 

Germany 3   Male and female 17.4 (15.5-19.2)   5.6 (5.2-6.4) Moos et al. (2015) 

MP, methyl paraben; EP, ethyl paraben; PP, n-propyl paraben; BP, n-butyl paraben 

a calculated as percent of administered dose on a molar basis and expressed as mean (range). 
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Several population studies reported the ratio of free species to total paraben 

(free plus conjugates) in urinary excretion amount and suggested that the 

decreasing share of free paraben with increasing chain length (Guidry et al. 

2015; Ye et al. 2006). According to Ye et al. (2006), only 2% of PP was excreted 

in free form and Guidry et al. (2015) reported that free concentration comprised 

0 – 5% of the total concentration in half of the samples analyzed for PP. 

However, the latter author implied evidences of contamination for levels of free 

PP and it could be possible because they measured unlabeled PP. In contrast, 

we quantified the deuterium labeled-PP within a set of controlled dosing 

without the possibility of contamination. As a result, only 0.5% of PP was 

excreted via urine as a free form in comparison with total PP. Because there are 

no additional studies about the ratio of free to total PP in human following 

controlled dosing experiment, we compared our findings with those for other 

paraben. Moos et al. (2015) reported that after oral administration in human 

subjects, 7.1 and 1.0% of total paraben were eliminated as a free species for MP 

and BP, respectively. The ratio of free BP to BP-glucuronide was measured 

following dermal application and only about 2% of BP was excreted as an 

unconjugated form (Janjua et al. 2008). Consequently, our observations concur 

with findings from the other studies in that the ratio of free to total paraben 

might be decreasing following increase of alkyl-chain length. Moreover, we 

could provide information for the disposition of unmetabolized PP in serum 

resulting in urinary excretion amounts using the PK model. 
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 To comprehend biomonitoring data for parabens within the framework of risk 

assessment, understanding on the fate of parabens in human is certainly needed. 

In other words, a quantitative knowledge on human pharmacokinetics of 

paraben is essential to investigate paraben exposure using biomonitoring data. 

It might be an alternative approach to extrapolate results from animal to human, 

however, there are species-dependent differences between rodent and human 

including kinetic characteristics, and the dosage which applied to animal. 

Several studies have reported the inter-species differences in metabolism of 

paraben. Sulfated conjugates were predominates in rats (Gazin et al. 2013), 

whereas, almost the same amounts of sulfate and glucuronide conjugates were 

appeared in spot urine samples in human (Ye et al. 2006). Though more 

complicated physiologically based pharmacokinetic (PBPK) models for 

parabens with quantitative in vitro to in vivo extrapolation (IVIVE) were 

developed (Campbell et al. 2015), however, the model parameterization was 

primarily rely on extrapolation from experimental animal studies and many 

assumptions were required to applicate results of in vitro experiments into the 

model. Because of inadequate data set in animal studies, attempts to incorporate 

in vitro measures for paraben conjugation were failed to predict the human data 

and certain results between in vivo and in vitro were contrasted. Therefore, the 

multi-compartment PK model in the present study can exhibit a valuable 

alternative for integrating biomonitoring data into exposure and risk assessment. 

 



38 

 

The limitation for application of the developed PK model was that we do not 

predict the kinetics after dermal application, which is another primary route of 

exposure to PP. Thus, further studies are needed. Additionally, the administered 

dose in the present study may differ with the level of exposure to PP among 

general population in Korea. However, several animal studies have reported 

that the pharmacokinetics of paraben following various dose levels does not 

remarkably altered (Gazin et al. 2013; Mathews et al. 2013). Therefore, the 

results in the present study could be used for characterize PP exposure in the 

Korean population based upon biomarker. 
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Ⅴ. Conclusions 

 

The present study investigated time profiles of PP and its metabolites for male 

subjects in serum and urine following oral administration, and constructed a 

multi-compartmental model. After optimization of the PK model, we estimated 

kinetic parameters for unmetabolized PP and metabolites. The results of this 

study can suggest that PP is rapidly absorbed and systemically distributed in 

humans after oral ingestion. Furthermore, most of PP is likely to be metabolized 

prior to excretion, and rarely present in free form in human body. With regard 

to metabolism, formation and elimination of hydrolysates, pHBA and pHHA, 

is faster than conjugates. The fraction of urinary excretion (Fue) for total PP 

(free plus conjugates) and overall substances including metabolites was 8.6 and 

38.7%, respectively. In conclusion, we can describe the absorption, distribution, 

metabolism and elimination of PP using the PK model.  
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Table S1. LC-MSMS parameters for determination of parabens and the metabolites in serum and urine. 

Chemical 
RT 

(min) 

Precursor  

ion 

Product 

ion 

DP 

(volt) 

EP 

(volt) 

CE 

(volt) 

CXP 

(volt) 

n-propyl paraben-2,3,5,6-d4 (PP-d4) 6.9 183.1 96.0 -65 -10 -30 -5 

p-hydroxybenzoic acid-2,3,5,6-d4 (pHBA-d4) 2.5 141.0 97.0 -45 -10 -16 -17 

p-hydroxyhippuric acid (pHHA) 2.3 194.0 99.9 -40 -10 -14 -5 

p-hydroxyhippuric acid-2,3,5,6-d4 (pHHA-d4) 2.3 197.8 99.9 -40 -10 -14 -5 

13C6-methyl paraben (13C6-MP) 4.6 157.1 98.0 -75 -10 -30 -1 

13C6-propyl paraben (13C6-PP) 6.9 185.0 97.9 -60 -10 -32 -17 

RT: Retention time, DP: Declustering potential, EP: Entrance Potential, CE: Collision energy, CXP: Collision cell exit potential. 

 

 

 



47 

 

Table S2. Intra-day and inter-day precision and accuracy of propyl paraben and the metabolites. 

Intra-day (N=15 for each chemical)      

Chemical 

Norminal 

concentration 

(μg/L) 

Serum Urine 

Measured 

concentrationa 

(μg/L) 

RSD 

(%) 

Accuracy 

(%) 

Measured 

concentrationa 

(μg/L) 

RSD 

(%) 

Accuracy 

(%) 
  

PP-d4 5 4.88 ± 0.4 7.5 97.6 4.81 ± 0.1 2.7 96.2 

 20 20.4 ± 1.5 7.3 102.0 21.1 ± 1.1 5.0 105.4 

 100 95.4 ± 6.4 6.7 95.4 104.8 ± 3.5 3.4 104.8 

pHBA-d4 5 5.71 ± 0.1 2.5 114.2 4.9 ± 0.17 3.5 98.0 

 20 22.0 ± 1.2 5.6 110.0 19.7 ± 0.9 4.6 98.5 

 100 104.9 ± 10.3 9.9 104.9 97.9 ± 2.9 2.9 97.9 

pHHA 5 4.67 ± 0.2 4.6 89.4 5.04 ± 0.4 7.5 100.8 

 20 19.3 ± 1.4 7.3 96.4 19.0 ± 1.2 6.2 95.0 

 100 93.2 ± 8.9 9.5 93.2 87.0 ± 4.9 5.6 87.0 

 

(Cont.) 
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Inter-day (N=45 for each chemical) 

Chemical 

Nominal 

concentration 

(μg/L) 

Serum Urine 

Measured 

concentrationa 

(μg/L) 

RSDb 

(%) 

Accuracy 

(%) 

Measured 

concentrationa 

(μg/L) 

RSDb 

(%) 

Accuracy 

(%) 
  

PP-d4 5 5.05 ± 0.4 7.1 101.0 4.88 ± 0.2 4.9 97.6 

 20 20.4 ± 1.2 6.0 102.0 21.4 ± 1.5 7.2 107.0 

 100 99.6 ± 5.8 5.8 99.6 106.0 ± 4.8 4.5 106.0 

pHBA-d4 5 5.33 ± 0.5 8.6 106.6 4.99 ± 0.3 6.2 99.8 

 20 20.2 ± 1.9 9.7 100.9 20.0 ± 1.1 5.2 100.0 

 100 100.6 ± 10.6 10.5 100.6 99.0 ± 5.2 5.3 99.0 

pHHA 5 4.65 ± 0.5 9.9 93.0 5.05 ± 0.6 11.9 101.0 

 20 19.9 ± 1.9 9.5 99.7 20.0 ± 2.7 13.4 100.1 

 100 97.0 ± 10.3 10.6 97.0 98.8 ± 10.2 10.3 98.8 

a, The values were marked as AM ± SD; b, RSD: Relative standard deviation 
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국문초록 

 

경구 투여에 따른 프로필 파라벤의 

인체 내 약물동태학적 프로파일 연구 

 

서울대학교 보건대학원 환경보건학과 

신 초 롱 

 

파라벤(Paraben)은 개인위생용품 및 가정용품에 흔히 사용되는 살

균성 보존제 성분 물질로, 최근 여러 연구들에 의해 내분비계 교란 영

향 가능성이 제기되면서 그 안전성에 대한 논의가 이어지고 있다. 섭취

에 따른 파라벤의 생물체 내 거동에 대한 연구는 동물을 대상으로 일

부 수행된 바 있으나, 인체에 대한 자료는 부족한 실정이다. 따라서 본 

연구에서는 프로필 파라벤과 대사산물의 약물동태학적 특성을 밝히기 

위하여 건강한 성인 남성 5명을 대상으로 중수소 치환된 프로필 파라

벤을 단위 체중 당 0.6 mg의 용량만큼 경구 투여하였으며, 노출 후 72

시간까지 지정된 시점에 혈액과 소변을 수집하여 생체시료 내 프로필 

파라벤과 가수분해 대사산물 2종(p-hydroxybenzoic acid and p-
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hydroxyhippuric acid)의 농도를 측정하였다. 대사되지 않은 프로필 

파라벤의 혈중 농도는 대사산물에 비해 현저히 낮은 것으로 나타났다. 

또한 시간에 따른 혈중 농도의 프로파일에서 대사되지 않은 프로필 파

라벤은 그 양상이 뚜렷하게 두 단계로 구분되었으나, 대사산물은 1차 

반응을 따르는 것으로 확인되었다. 투여한 용량과 비교하였을 때 소변

으로 배설되는 양은 총 프로필 파라벤 (대사되지 않은 프로필 파라벤

과 중합체를 형성한 프로필 파라벤의 합을 의미)은 8.6%, 대사산물을 

포함한 모든 물질에 대한 경우는 38.7%로 나타났다. 소변 중 가장 주

된 대사체는 p-hydroxyhippuric acid였다. 혈중 농도 및 누적소변배출

량 프로파일 자료를 바탕으로, 멀티 컴파트먼트 모델의 구조를 결정하

고 이 모델을 이용해 약물동태학적 파라미터를 산출하였다. 그 결과 프

로필 파라벤은 경구 투여 시 급속히 체내로 흡수되어 빠른 속도로 전

신으로 분포되는 것을 확인할 수 있었다. 그러나 대부분의 프로필 파라

벤은 가수분해 혹은 중합체 형성과 같은 대사 반응을 거친 뒤 소변을 

통해 배설되었으며, 대사되지 않고 그대로 배설되는 것은 1% 미만으로 

매우 적은 양이었다. 본 연구의 결과는 바이오모니터링을 이용한 한국

인의 프로필 파라벤 노출 평가 시 활용될 수 있을 것이다.  
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