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Abstract  

Pharmacokinetic features of benzophenone-3 
after dermal application in humans 

Lee, Sujin

Department of Environmental Health

Graduate School of Public Health

Seoul National University

Benzophenone-3 (BP-3) is a component that blocks ultraviolet rays. It is 

mainly used in sunscreen agents and functional cosmetics, and is mostly 

exposed through the skin. several studies have reported the possibility of 

endocrine disturbance. Whereas pharmacokinetic studies on BP-3 have been 

reported in animal, it is not well known to the fate of BP-3 in human body 

following dermal exposure. The aim of this study is to determine 

pharmacokinetic characteristics of BP-3 in male subjects following single 

dermal application of 1 mg/cm2 of deuterium labeled BP-3. 
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Blood and urine were collected for 72 hours and analyzed BP-3 and its 

metabolites using UPLC-MS/MS. In blood, after peak time eliminated 

decline two distinct phases in time-profile, while the metabolites followed 

first-order kinetics. Based on time-profiles, a multi-compartmental model 

constructed and validated. As a results, unconjugated BP-3 concentration in 

serum was lower than conjugated BP-3 concentration in serum. But it was 

similar to that of total BP-1 concentration in serum. Almost of the BP-3 and 

BP-1 in urine undergo conjugation or demethylation. And the fraction of 

urinary excretion for conjugated BP-3 (0.76 ± 0.19%) was 4-fold upper than 

total BP-1 (0.19 ± 0.13%), which was approximately 580-fold upper than 

unconjugated BP-3 (0.0013 ± 0.0005%). This study provides information on 

absorption, distribution, metabolism and elimination of BP-3 in human body 

and the pharmacokinetic model can be utilized for estimating exposure dose 

of BP-3, contributing to more realistic exposure assessment in the Korean 

population based upon biomonitoring data. 

Keywords: bezophenone-3, dermal application, pharmacokinetic model,

the fraction of urinary excretion, absorption · distribution · 

metabolism · excretion (ADME)

Student Number: 2015-24060
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. Introduction 

The toxic potential of UV (ultra violet light) filters, used in a variety of 

sunscreen and personal care products to attenuate the negative effects of 

harmful UV radiation on skin and hair, has been a concern. Benzophenone-

3 (BP-3, 2-hydroxy-4-methoxybenzophenone, oxybenzone) is one of the 

most widely used BP type UV filters and has been available as a 

sunscreen agent for over 40 years (Kim and Choi, 2014). It is found in 

over 1,500 products at concentrations up to 0.15% (EWG, 2016). In the 

U.S., BP-3 is a commonly used sunscreen agent (EWG, 2012). Because of 

the extensive use of BP-3 in personal care products, human exposure to this 

compound is widespread. BP-3 was found in >95% of urine samples 

collected from the U.S. general population (Calafat et al., 2008; Ye et al., 

2005; Wolff et al., 2007), at concentrations ranging from 0.4 to 21700 ng/mL. 

The application of some personal care products that contain UV filters on the 

skin and frequent reapplication can increase the systemic absorption (Janjua 

et al., 2008; Jiang et al., 1999; León et al., 2010). BP-3 arose predominately 

after studies reported a systematic absorption of BP-3 in humans at a rate of 

up 1% to 2% after dermal application (Wang et al., 2011; Krause et al., 2012). 

Studies have linked endocrine-disrupting chemicals, which includes BP-3,

with adverse birth outcomes via alterations in sex hormone activity during 
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development. BP-3 was shown to be weakly estrogenic in in vitro and in vivo 

(Fent et al., 2008; Schlumpf et al., 2001) and antiandrogenic in in vitro 

studies (Schreurs et al., 2005). Recent study also reported a significant 

association between exposure to BP-3 and an estrogen mediated disease, 

endometriosis in women (Kunisue et al., 2012).

BP-3 is rapidly absorbed from the intact skin and from gastrointestinal 

tract and demethylated and excreted in the urine in human (Wang et al., 

2015). The metabolic pathways of BP-3 in human are shown in Fig. 1. 

BP-3 is metabolized to benzophenone-1 (BP-1, or 2,4-

dihydroxybenzophenone) and benzophenone-8 (BP-8 or 2,2 OH-4MeO-BP 

or 2,2 -dihydroxy-4-methoxybenzophenone). BP-1 is formed via O-

demethylation of the methoxy side chain on ring A of BP-3, whereas BP-8 is 

formed via the aromatic hydroxylation of ring B at the ortho position. A small 

portion of BP-1 can be further converted into THB via the aromatic 

hydroxylation of ring A at the meta position. It is noteworthy that the 

metabolite, BP-1, possesses greater estrogenic activity than does BP-3

(Kawamura et al., 2003, 2005; Nakagawa and Suzuki, 2002; Suzuki et al., 

2005; Takatori et al., 2003).
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Figure 1. Metabolic pathways of benzophenone-3 in human. Adapted from

Kim and choi (2014). Abbreviation: THB - 2,3,4-Trihydroxybenzophenone; 

SULTs - sulfotransferases; UGT - glucuronosyltransferases.
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Several studies on the pharmacokinetics of BP-3 in animal have been 

reported (Jeon et al., 2008; Okereke et al., 1994), But research on human is 

quite limited. After topical application of BP-3 in female and male volunteers, 

systemic uptakes were confirmed (Gonzalez et al. 2002). And urinary 

excretion factor (Fue) for BP-3 were reported. However, regarding to Fue, it 

should be assumed that a simple steady-state kinetics for BP-3. Any kinetic 

information for BP-3 had been not suggested based on human data. Another

studies investigated to BP-3 in blood, also any kinetic information for BP-3

and its metabolites had been not reported (janjua et al., 2008; tarazona et al.,

2013).

Therefore, the elaborate study is required on the kinetics for BP-3 in 

humans. To the best of our knowledge, there are no pharmacokinetic study

to simultaneously quantitate unconjugated and total (conjugated and 

unconjugated) BP-3 and its metabolites BP-1 in human urine and blood.

The objective of the study is to determine pharmacokinetic characteristics 

of BP-3 and its metabolite in volunteers after a single dermal application

with a multi-compartment model. And then, it is possible to explain that how 

it was absorbed, distributed, metabolized and excreted in human body.    



10

. Materials and methods

1. Chemicals and Reagents

2-Hydroxy-4-methoxybenzophenone-2’,3’,4’,5’,6’-d5 (BP-3-d5, 99%) and 

2,4-Dihydroxybenzophenone-2’,3’,4’,5’,6’-d5 (BP-1-d5, 98.8%) were 

purchased from CDN Isotopes Inc. (Point-Claire, Quebec). 13C6-2-Hydroxy-4-

methoxybenzophenone (13C6-BP-3, 99%) was used as internal standard and 

obtained from Cambridge Isotope Laboratories Inc. (Tewksbury, MA).

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 (

�������-Glucuronidase and sulfatase from Helix pomatia were purchased 

from Sigma-Aldrich (St. Louis, MO).
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2. Study Design and Sample Collection

Five volunteers participated in the study. All participants were male and 

lived in Seoul, Korea. A single application with a cream containing 5% 

deuterated 2-Hydroxy-4-methoxybenzophenone (BP-3-d5) to the right or left 

forearm for an hour. 200 mg for a forearm area of 200 cm2 were applied to 

volunteers respectively. This dose is included in the usual range of thickness 

application for sunscreens (0.5–1 mg of cream per cm2 of skin), which is 

usually below the recommended dose for a maximum sun protection 2 

mg/cm2 (KFDA, 2015). After an hour, the volunteers washed with a soap 

their arms. Blood and urine samples were monitored over 72 h and the first 

samples (T0) before exposure were collected. The volume of each urine 

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

The study was approved by the Seoul National University Institutional 

Review Board (SNUIRB # 1508/001-007). All participants were informed 

about the study design, and provided written informed consent in advance of 

the experiment.
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3. Analytical procedure

3.1. Sample preparation

3.1.1 Blood sample preparation

The blood samples were prepared by the enzyme hydrolysis method as 

previously described (Lee et al., 2013; Dewalque et al., 2014; Ko et al., 2015)

with a minor modification. In brief, 500 	L of an aliquot of serum was mixed 

with 10 	L of the internal standard solution 13C6-BP-3, and 100 	L of 1 M 

ammonium acetate was added. The enzymatic treatments were performed by 

adding 20 	L of �-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 

BP-3 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

BP-3 in serum were determined following the same methodology described 

above without the enzymatic hydrolysis step.
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3.1.2 Urine sample preparation

The urine samples were measured using an automatic, high throughput 

online SPE-UPLC-MS/MS method for measuring BP-3 in urine. Sample

preparation was performed by following the method as previously described 

with some modifications (Ye et al., 2005, 2006). Briefly, 
���	L of an aliquot 

of urine was mixed with 10 	L of the internal standard solution 13C6-BP-3, 

and 100 	L of 1 M ammonium acetate was added. The enzymatic treatments 

were performed by adding 20 	L of �-glucuronidase/sulfatase and samples 

were incubated for 2 h at 37 °C. The samples were acidified using 100 	L of 

0.1 M formic acid, and then centrifuged at 10000 rpm for 10 min. The 

supernatants were transferred to insert and confirm the bubble. 

Concentrations of unconjugated BP-3 in urine were determined following the 

same methodology described above without the enzymatic hydrolysis step.
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3.2. UPLC-MS/MS analysis

Measurement of BP-3 and the metabolites in serum was performed by 

UPLC-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 compound specific MS/MS parameters are shown in the 

supplementary information (Table S1). 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 water (solvent A) and methanol

(solvent B). Gradient condition was as follow; 0.0-2.5 min, 10% B; 2.5-3.5

min, 10%-100% B; 3.5-8.0 min, 100%-100% B; 8.6-13.0 min, 100%-10% 

min. The flow rate was 0.2 mL/min and 10 	L of each sample was injected 

into the UPLC system. 
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Measurement of BP-3 and the metabolites in urine was performed by on-

line SPE-UPLC-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 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). The SPE column was an Oasis HLB column (2.1 

× 20 mm, 5 um) from Waters, (Milford, MA). 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 trinary water (solvent A), 

methanol (solvent B), 10% methanol (solvent C). Gradient condition was as 

follow; 0.0-2.5 min, 10% B; 0-2.5min, 0.2 ml/min, C; Left valve, 0; 2.5-

2.6min, 0 ml/min, C; 2.5-3.5 min, 100% B; 2.6-7.5min, 0 ml/min, C; 7.5-

7.6min, 0.2 ml/min, C; 8.5 min, Left valve, 1; 3.5-8.5min, 100% B; 8.5-

8.6min, 10%B; 8.6-13min, 100%-10%B. The flow rate was 0.2 mL/min and 

���	L of each sample was injected into the UPLC system. Quantitation was 

based on peak areas relative to the stable isotope-labeled internal standards. 

Because the dosing substance in this study was deuterium-labeled BP-3 (BP-

3-d5) and BP-1 (BP-1-d5), we used 13C6-labeled-BP-3 as an internal standard.

Quality control measures were performed during every sample set, including 
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the 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 90.5% and 112.5% and the 

relative standard deviation (RSD) was 0.8% to 11.6%. The coefficient of 

variation for pooled-QC samples varied from varied from 0.3 % to 14.7 %. 

Calibration curve, ranging from 0.2 to 100 ng/mL, was plotted based on 

logarithmic ratio of the peak area of BP-3 and BP-1 to the peak area of the 

internal standard versus the logarithm of the BP-3 and BP-1 concentration 

(Yoon et al., 2015), whose regression coefficient (R) was >0.999 in urine, 

and (R) was >0.99 in serum. The limit of quantitation (LOQ) were

determined based on the lowest point where the logarithm form of calibration 

curve, consisting of very low concentrations, became the straight line, and 

the LOQ of BP-3 and BP-1 were 0.2 ng/mL in both serum and urine.
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4. Pharmacokinetic analysis

4.1. Non-compartmental analysis

Pharmacokinetic calculations were performed on each individual set of data

using the pharmacokinetic calculation WinNonlin (Pharsight, St.Louis, MO, 

U.S.A.) by non-compartmental method. Several descriptive pharmacokinetic 

parameters, such as maximal concentration (Cmax), peak time (Tmax), area 

under the curve (AUC) and mean residence time (MRT), were estimated. 

The fractional urinary excretion (Fue) was calculated based on the amount of 

total BP-3 excreted in urine over 72 h divided by single dermal application 

dose.
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4.2. Development of the pharmacokinetic model

As shown in Fig. 2, multi-compartment model was constructed to describe

the pharmacokinetic properties of BP-3 in human after a single dermal 

application. The transdermal modeling was performed by permeation 

coefficient (kp) obtained from the transdermal experiment and the skin-

vehicle. and Fick's diffusion model was applied to percutaneous exposure 

(Corley, 2000; Brown et al., 1989). The rate of absorption, distribution, 

metabolism, and excretion was assumed to be first-order kinetics. The 

constructed model was fitted into the time-concentration profile in serum and 

urine from five participants using Berkeley Madonna (University of 

California, Berkeley, CA, U.S.A.). The calibrated model was validated by 

evaluating the model prediction using urine data from other study.
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Figure 2. Structure of the pharmacokinetic model for BP-3 and its

metabolites after dermal application. Abbreviations: kp – The rate of 

absorption of BP-3 to skin (KFDA, 2016); ka –absorbed skin dose of BP-3

to central compartment; k12 – BP-3 disposition from central compartment to 

peripheral compartment; k21 – reabsorption from peripheral compartment to 

central compartment; k10 – unconjugated BP-3 elimination at central 

compartment; km1 – conjugated BP-3 formation in blood; km1u – conjugated 

BP-3 elimination in urine. km2 – BP-1 formation in blood; km2u – BP-1

elimination in urine.
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. Results

1. Participant characteristics

Five healthy males participated in the study, and demographic 

characteristics are presented in Table 1. The respectively average age, height, 

body weight and body mass index (BMI) of the subject were 24 years (range 

20-28), 174 cm (range 163-182), 72 kg (range 62-89) and 24 (range 20-28). 

Table 1. Demographic characteristics of the study participants.

Subject Age
Height

(cm)

Body weight

(kg)

BMI

(kg/m2)

A 25 182 67 20

B 28 167 62 22

C 26 163 72 27

D 20 177 89 28

E 20 181 71 22

Mean ± SD 24 ± 4 174 ± 9 72 ± 10 24 ± 4

All participants were male (n=5). 
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2. Pharmacokinetic characteristics of benzophenone-3 and its

metabolites

The semilogarithmic plot of time-concentration profile for BP-3 and its 

metabolites in serum is shown in Fig. 3. After a single application with a

cream containing 5% BP-3, total BP-3, unconjugated BP-3 and total BP-1

present a similar profile. The serum concentrations of BP-3 and its 

metabolites increased 4 hours. From this point, BP-3 and its metabolites 

concentration decreased. The early phase with a rapid decline until 12 hours, 

and the second phase with a gradual and slow decline until 72 hours.

Following these decline phase, the structure of the model was determined as 

a multi-compartment model.

Plots of serum concentrations of total, unconjugated BP-3 and total BP-1 at 

each time point following dermal application were analyzed using model-

independent pharmacokinetic analysis. As shown in table 2, the mean Tmax

of unconjugated BP-3 (3.00 ± 0.71 h) was earlier than total BP-3 (3.20 ± 

1.10) and total BP-1 (4.00 ± 2.35). The mean Cmax, AUC0-, and AUMC0-�of 

unconjugated BP-3 were similar to total BP-1, whereas unconjugated BP-3

was about 2-fold lower than total BP-3. The terminal half-life (T1/2) was 

calculated by dividing MRTlast by 1.44 (Boroujerdi, 2001). Parameter of 

unconjugated BP-3 was longer than total BP-3 and BP-1. CLt, total body
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clearance was estimated using an equation, (CLt)dermal = F x D / AUC, where F 

is bioavailability and D is applied dose, bioavailability, the fraction of an applied 

dose that reaches the systemic circulation was assumed as 1.16% (SCCP, 2006). 

The total body clearance of BP-3 was 17.1 L/h. 
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Figure 3. Time-concentration profile for BP-3 in serum. Each point and error

bar represents the arithmetic mean and the standard deviation of volunteers 

(n=5). Concentrations below LOD were excluded.
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Table 2. Pharmacokinetic parameters for benzophenone-3 in serum.

Parameter Unconjugated BP-3 Total BP-3 Total BP-1

Tmax (h) 3.00 ± 0.71 3.20 ± 1.10 4.00 ± 2.35

Cmax (nM) 32.7 ± 7.53 70.9 ± 27.8 39.0 ±14.8

AUC0-� (nM·h) 336 ± 90.5 619 ± 156.3 361 ±76.9

AUMC0-� (nM·h2) 7035 ± 3704 4913 ±2807

MRTlast (h) 11.2 ± 5.91 12.9 ±5.69

T1/2 (h) 9.06 ± 4.20 7.77 ± 4.11 8.93 ±3.95

Each value is revealed as arithmetic mean ± standard deviation of

participants. Tmax, peak time; Cmax, peak concentration; AUC0-, area under the 

serum concentration-time curve between 0 and ; AUMC0-, area under first-

moment curve between 0 and ; MRTlast, mean residence time; T1/2, terminal 

half-life (n=5);.

4730 ± 2744

13.0 ± 6.05
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Cumulative urinary excretion of BP-3 and its metabolites were presented in 

Fig. 4. BP-3 was mainly excreted as a metabolized form rather than

unconjugated form. The fractional urinary excretion (Fue, %) of total BP-3

was an average of 0.77% (range: 0.53~1.07%). The average Fue of 

unconjugated BP-3 was 0.0013% (range: 0.0005~0.0019%), and the 

average Fue of total BP-1 was 0.19% (range:0.09~0.41%). 
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Figure 4. Accumulated amount of BP-3 recovered in urine. Each point and

error bar represents the arithmetic mean and the standard deviation of 

volunteers (n=5). Concentrations below LOD were excluded.
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3. Pharmacokinetic modeling

The multi-compartment model optimization for BP-3 and its metabolites 

was conducted (Fig. 5, 6). The model represented good prediction for time-

concentration profile of BP-3 and its metabolites. Using this model, we 

determined the pharmacokinetic parameters, as shown in table 3. 

four females (n=11). The kinetic parameters were fixed and applied dose, 

exposure body area, exposure duration were altered. The model validation is

presented in Fig. 7.

(2002) with a single dermal application of 2mg/cm2 of BP-3 to seven males,

 The model was validated with observed urine data from Gonzalez et al.,
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(A) Unconjugated BP-3
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(C) Total BP-1
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Figure 5. Model optimization using serum concentration. (A) unconjugated

BP-3; (B) total BP-3; (C) total BP-1 in serum. Each point and error bar

represent arithmetic mean ± standard deviation of participants. Solid line 

reveals multi-compartment model fit to the data. Concentrations below LOD 

were excluded.
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(A) Unconjugated BP-3
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(C) Total BP-1
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Figure 6. Model optimization using cumulative urinary excretion amount.

(A) unconjugated BP-3; (B) total BP-3; (C) total BP-1 in urine. Each point 

and error bar represent arithmetic mean ± standard deviation of participants. 

Solid line reveals multi-compartment model fit to the data. Concentrations 

below LOD were excluded.
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Table 3. Pharmacokinetic parameter estimates from multi-compartment model.

Parameter Notes Value

Ka, /h Skin amount ��������������������� 0.39

K12, /h Central compartment ������������������������ 8.67

K21, /h Peripheral compartment ��������������������� 0.07

K10, /h unconjugated BP-3 elimination from blood via urine 0.02

Km1, /h unconjugated BP-3 �����������!�"�-3 formation 15.0

Km2, /h unconjugated BP-3 ��$�����"�-1 formation 0.95

Km1u, /h Conjugated BP-3 elimination from blood via urine 5.98

Km2u, /h Total BP-1 elimination from blood via urine 6.50

Vpb, L Volume of distribution for unconjugated BP-3 1.02

Vm1, L Volume of distribution for Conjugated BP-3 2.30

Vm2, L Volume of distribution for Total BP-1 0.17

Vt, L Volume of distribution for Total BP-3 1.90
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Figure 7. Model validation. Each point and error bar represent arithmetic

mean and standard deviation of Gonzalez (2002)’s eleven volunteers (seven 

males and four females). Star symbols are maximum values of volunteer. 

Solid line represents multi-compartment model fit to the data.
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. Discussion

Benzophenone-3 (BP-3) is a chemical blocking agent that blocks ultraviolet 

light. It is mainly used in sunscreen agents and functional cosmetics and is 

mostly exposed to the skin. Several studies have reported the possibility of

endocrine disturbance, while pharmacokinetic data or model for BP-3 in 

humans were limited. For this reason, we represented the skin using a more 

empirical compartment model. In the present study, we investigated the time 

profiles of BP-3 and its metabolites in serum and urine after dermal 

application 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 BP-3 following dermal exposure.

BP-3 is widely used in commercial sun protection products at a maximum 

shown that consumers apply much less than this typically between 0.5 and 

1.5 mg/cm2 (Diffey et al., 2001). We considered the legal standards, the 

thickness, amount of the area and formulation of sunscreen that people 

commonly use. In this study, cream (200 mg) of containing 5% BP-3 were 

exposed to the forearm (200 cm2) for 1 hour. After dermal application of 

3 is regulated below 2 mg/cm2 (KFDA, 2015). A  number  of  studies  have

concentration of 5% for BP-3 and the maximum formulation standard of BP-
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BP-3, they may be absorbed and accumulated in the body. They pass through 

the skin and reach the kidneys, where they are metabolized and further 

excreted. Urine is the primary route, with feces being the secondary route for 

elimination of both parent compounds and metabolites. Toxicity studies on 

human plasma and urine samples revealed o-dealkylation of the methoxy

side chain to be the major pathway of BP3 metabolism. This mechanism 

yields the most abundant metabolite, 2,4-dihydroxybenzophenone (BP-1).

Aromatic hydroxylation is a secondary pathway, in which metabolites 2,3,4-

trihydroxybenzophenone (THB) and 2,2-dihydroxy-4-methoxy-benzophenone

(BP-8) are formed (Díaz-Cruz et al., 2008). And BP-8 was detected in trace

amounts in urine samples, but copious amounts were detected in fecal 

samples (Okereke et al., 1994). In the case of BP-3, studies in rats have 

reported substantial dermal metabolism, protein binding and excretion in 

both urine (67%) and feces (21%) with other studies reporting excretion in 

breast milk (Jiang et al., 1999). In order to investigate of BP-3

pharmacokinetic characters, except BP-8 which is mainly detected in feces, 

this study analysis BP-3 BP-1 and THB in bio-samples. However, in the case 

of THB, THB could not be analyzed as the analysis method of this study. 

Therefore, only BP-3 and BP-1 were measured in this study.

The semilogarithmic plot of time-concentration profile in serum (fig.3)

demonstrated that the pharmacokinetics of BP-3 could be explained by a 

multi-compartment model. The volume of distribution for central 
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compartment (Vpb) was 1.02 L, for conjugated BP-3 was 2.30, for total BP-

1 was 0.17 L and that for total BP-3 was 1.90 L. Consist of the model rate 

constants were assumed to follow first-order kinetics. After a single 

application with a cream containing 5% BP-3, BP-3 was permeated to skin 

using kp and then BP-3 in skin was distributed to central compartment 

(ka=0.39). Unconjugated BP-3 in central compartment was rapidly 

distributed to peripheral compartment (k12=8.672), whereas slowly 

redistributed to central compartment (k21=0.071). Unconjugated BP-3 was 

eliminated in urine (k10=0.02). Unconjugated BP-3 was conjugated such as 

BP-3-glucuronide and BP-3-surfate (km1=15.03), which were rapidly 

excreted in urine because of increased in water solubility (km1u=5.98). And 

Unconjugated BP-3 was metabolized into BP-1 (km2=0.95), which were 

rapidly excreted in urine (km2u=6.50).  

Cumulative urinary excretion of total BP-3 as shown in Fig. 4 provided that 

an average of 0.77% of applied BP-3 was excreted in urine. Gonzalez (2002) 

had previously performed similar work to this study. Containing 4% BP-3

lotion applied to 11 participants (7 males, 4 females). They applied it over 

the whole body (except for the scalp and genital areas). And participants put 

on their normal clothes after the lotion was absorbed to the skin. And then, 

they could shower only once, after 12 hours during 48 hours period. The 

average total amount excreted in urine approximately 0.5% of the applied 

amount of BP-3. To validated the our PK model, we used to Gonzalez et al.,
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(2002) recoverd amount data of BP-3 in urine. As shown in Fig. 7., Model 

fitness results show that cumulative urine data of BP-3 was fitted within 

standard deviation and maximum observed data. But early preliminary time 

point didn’t fit well. Gonzalez data shown that BP-3 absorption was delayed 

as like lag time. Lag time that is a function of the drug loading the stratum 

corneum and dermis, diffusivity, and thickness of the skin (Lazaridis et al.,

2010). The reason is that previous study and this study were used dermal 

application of different type such as lotion versus cream. And race also 

different. Another study is that Hayden, Roberts and Benson reported on the 

systemic absorption in humans of BP-3 after topical application. Analysis of 

the urine using �-glucuronidase suggests that BP-3 and its metabolites 

undergo extensive conjugation in the body. It is estimated that the actual 

amount absorbed from the applied formulation over 10 hours period was 

between 1 and 2% of the applied amount contained in the product. This study 

also performed analysis of the urine using �-glucuronidase plus sulfatase. In 

order to excrete in urine, Almost of the BP-3 and BP-1 in urine undergo 

conjugation or demethylation. And the fraction of urinary excretion for 

conjugated BP-3 (0.76%) was 4-fold upper than total BP-1 (0.19%), which 

was approximately 580-fold upper than unconjugated BP-3 (0.0013%).

One of limitation of the study is that we don’t know how much cream of 

BP-3 are absorbed. Therefore, we estimated how much was absorbed into 
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the skin with oral CL in serum (KFDA, 2015). According to 
�������	

��
��	

, it is 

absorbed by the skin to about 5 ± 1% of the absorption by ingestion. Another 

limitation of the study is that study population. The pharmacokinetic model 

for BP-3 is constructed based on a specific population as healthy male. And

the model validation was only performed using the data from Gonzalez et al.,

(2002). Additional model validation processes using data in blood are needed 

in order to verify universal applicability of the model. And pharmacokinetic 

model in the study can’t take account of all situation about using sun screen. 

We performed to dermal application during only 1 hour and single exposure, 

whereas people usually applied it all day or more than eight hours. And some 

people apply it several times a day. In spite of the limitations, a quantitative 

knowledge on human pharmacokinetic of BP-3 is essential to investigate BP-

3 exposure using biomonitoring data. Simple pharmacokinetic model is used 

to reverse dosimetry by biomonitoring data and evaluate risk assessment. In 

risk assessment, using pharmacokinetic model instead of estimated equation

might reduce uncertainties (US EPA, 2002).
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. Conclusions

In conclusion, the present study determined the time-concentration profiles 

of BP-3 in human serum and urine after a single dermal application, and 

estimated pharmacokinetic parameters through non-compartmental analysis. 

Furthermore, it was found that the multi-compartment model constructed 

based on the profiles well described the pharmacokinetic characteristics of 

BP-3. This study provides pharmacokinetic data of BP-3, which help to 

understand the absorption, distribution, metabolism and excretion of BP-3 in 

human body after topical application. Moreover, despite the need for further 

validation in serum process, the human pharmacokinetic model for BP-3 can 

be a useful tool for reconstructing exposure dose of BP-3 by applying human 

biomonitoring data, ultimately contributing to more realistic exposure 

assessment.



38

. References

Boroujerdi M. 2001. Pharmacokinetics: Principles and applications. New 

York: McGraw-Hill/Appleton & Lange.

Brown HS and Hattis D. 1989. The role of skin absorption as a route of 

exposure to volatile organic compounds in household tap water: A 

simulated kinetic approach. Journal of The American College Of 

Toxicology 8: 839-851.

Calafat AM, Wong LY, Ye X, Reidy JA, Needham LL. 2008. Concentrations 

of the sunscreen agent benzophenone-3 in residents of the united states 

national health and nutrition examination survey 2003-2004.

Environmental Health Perspectives 116:893-897.

Corley RA, Gordon SM, Wallace LA. 2000. Physiologically based 

pharmacokinetic modeling of the temperature-dependent dermal 

absorption of chloroform by humans following bath water exposures. 

Toxicological Sciences. 53:13-23.

Dewalque L, Pirard C, Dubois N, Charlier C. 2014. Simultaneous 

determination of some phthalate metabolites, parabens and benzophenone-

3 in urine by Ultra high pressure liquid chromatography tandem mass 

spectrometry. Journal of Chromatography B. 949-950:37-47.

Díaz-Cruz MS, Llorca M, Barceló D, Barceló D. 2008. Organic UV filters 

and their photodegradates, metabolites and disinfection by-products in the 

aquatic environment. Trends in Analytical Chemistry. 27:873–87.

Environmental Working Group (EWG). 2012. EWG's Skin Deep Cosmetic 

Database. http://www.ewg.org/skindeep2012. 

Environmental Working Group (EWG). 2016. EWG's Skin Deep Cosmetic 

Database. http://www.ewg.org/skindeep/search.php?query=HMB&h=Search.



39

Fent K, Kunz PY, Gomez E. 2008. Uv filters in the aquatic environment 

induce hormonal effects and affect fertility and reproduction in fish. 

Chimia International Journal for Chemistry. 62:368-375.

Gonzalez HG, Farbrot A, Larkö O. 2002. Percutaneous absorption of 

benzophenone-3, a common component of topical sunscreens. 

Experimental Dermatology. 27:691-694.

Hayden CGJ, Roberts MS, Benson HEA. 1997. Systemic absorption of 

sunscreen after topical application. Lancet. 350: 863?4.

Janjua NR, Kongshoj B, Andersson AM, Wulf HC. 2008. Sunscreens in 

human plasma and urine after repeated whole-body topical application. 

Journal of the European Academy of Dermatology and Venereology. 

22:456-461.

Jeon HK, Sarma SN, Kim YJ, Ryu JC. 2008. Toxicokinetics and metabolisms 

of benzophenone-type uv filters in rats. Toxicology. 248:89-95.

Jiang R, Roberts MS, Collins DM, Benson HAE. 1999. Absorption of 

sunscreens across human skin: An evaluation of commercial products for 

children and adults. Journal of Clinical Pharmacology. 48:635-637.

Kawamura Y, Ogawa Y, Nishimura T, Kikuchi Y, Nishikawa JI, Nishihara T, 

Tanamoto K. 2003. Estrogenic activities of UV stabilizers used in food 

contact plastics and benzophenone derivatives tested by the yeast two-

hybrid assay. Journal of Health Science. 49:205-212.

Kawamura Y, Mutsuga M, Kato T, Iida M, Tanamoto K. 2005. Estrogenic and 

anti-androgenic activities of benzophenones in human estrogen and 

androgen receptor mediated mammalian reporter gene assays. Journal of 

Health Science. 51:48-54.

Kim S, Choi K. 2014. Occurrences, toxicities, and ecological risks of 

benzophenone-3, a common component of organic sunscreen products: A 

mini-review. Environment International. 70:143-157.

Ko A, Kang HS, Park JH, Kwon JE, Moon GI, Hwang MS, et al. 2016. The 



40

association between urinary benzophenone concentrations and personal 

care product use in korean adults. Archives Of Environmental 

Contamination And Toxicology. 70:640-646.

Krause M, Klit A, Blomberg Jensen M, Soeborg T, Frederiksen H, Schlumpf 

M, et al. 2012. Sunscreens: Are they beneficial for health? An overview of 

endocrine disrupting properties of uv-filters. International Journal Of 

Andrology. 35:424-436.

Kunisue T, Chen Z, Buck Louis GM, Sundaram R, Hediger ML, Sun L, et al. 

2012. Urinary concentrations of benzophenone-type uv filters in U.S. 

Women and their association with endometriosis. Environmental Science 

& Technology. 46:4624-4632.

Lazaridis M, Colbeck I. 2010. Human Exposure to Pollutants via Dermal 

Absorption and Inhalation.

Lee SY, Son E, Kang JY, Lee HS, Shin MK, Nam HS. 2013. Development of 

a quantitative analytical method for determining the concentration of 

human urinary paraben by LC-MS/MS. Bulletin of the Korean Chemical 

Society. 34:1131-1136.

Leon Z, Chisvert A, Tarazona I, Salvador A. 2010. Solid-phase extraction 

liquid chromatography-tandem mass spectrometry analytical method for 

the determination of 2-hydroxy-4-methoxybenzophenone and its 

metabolites in both human urine and semen. Analytical and Bioanalytical 

Chemistry. 398:831-843.

MFDS (Ministry of Food and Drug Safety). 2015. The regulation on the safety 

standards of cosmetic and others. 

MFDS (Ministry of Food and Drug Safety). 2016. Exposure assessment study 

of toxic substance using PBPK core model. Report No.14162MFDS703.

Nakagawa Y, Suzuki T. 2002. Metabolism of 2-hydroxy-4-methoxybenzophenone 

in isolated rat hepatocytes and xenoestrogenic effects of its metabolites on mcf-

7 human breast cancer cells. Chemico-Biological Interactions. 139:115-128.



41

Okereke CS, Abdel-Rhaman MS, Friedman MA. 1994. Disposition of 

benzophenone-3 after dermal administration in male rats. Toxicology 

Letters 73:113-122.

Sarveiya V, Risk S, Benson HA. 2004. Liquid chromatographic assay for 

common sunscreen agents: Application to in vivo assessment of skin 

penetration and systemic absorption in human volunteers. Journal of 

chromatography B. 803:225-231.

SCCP. 2006. SCCP Opinion on benzophenone-3.

Schlumpf M, Cotton B, Conscience M, Haller V, Steinmann B, Lichtensteiger 

W. 2001. In Vitro and in Vivo Estrogenicity of UV screens. Environmental 

Health Perspectives. 109:239-244.

Schreurs RH, Sonneveld E, Jansen JH, Seinen W, van der Burg B. 2005. 

Interaction of polycyclic musks and uv filters with the estrogen receptor 

(er), androgen receptor (ar), and progesterone receptor (pr) in reporter gene 

bioassays. Journal of The Society of Toxicology. 83:264-272.

Suzuki T, Kitamura S, Khota R, Sugihara K, Fujimoto N, Ohta S. 2005. 

Estrogenic and antiandrogenic activities of 17 benzophenone derivatives 

used as UV stabilizers and sunscreens. Toxicology and Applied 

Pharmacology. 203:9-17.

US EPA (United States Environmental Protection Agency). 1992. Dermal 

exposure assessment: Principles and applications.

US EPA (United States Environmental Protection Agency). 2002. 

Consideration of the FQPA safety factor and other uncertainty factors in

Cumulative risk assessment of chemicals sharing a common mechanism 

of toxicity.

Takatori S, Kitagawa Y, Oda H, Miwa G, Nishikawa JI, Nishihara T, 

Nakazawa H, Hori S. 2003. Estrogenicity of metabolites of benzophenone 

derivatives examined by a yeast two-hybrid assay. Jounal of Health 

Science. 49:91-98.



42

Tarazona I, Chisvert A, Salvador A. 2013. Determination of benzophenone-3

and its main metabolites in human serum by dispersive liquid-liquid 

microextraction followed by liquid chromatography tandem mass 

spectrometry. Talanta. 116:388-395.

Wolff MS, Teitelbaum SL, Windham G, Pinney SM, Britton JA, Chelimo C, 

et al. 2006. Pilot study of urinary biomarkers of phytoestrogens, phthalates, 

and phenols in girls. Environmental Health Perspectives 115:116-121.

Ye X, Kuklenyik Z, Needham LL, Calafat AM. 2005. Quantification of 

urinary conjugates of bisphenol a, 2,5-dichlorophenol, and 2-hydroxy-4-

methoxybenzophenone in humans by online solid phase extraction-high 

performance liquid chromatography-tandem mass spectrometry. 

Analytical and Bioanalytical Chemistry. 383:638-644.

Ye X, Kuklenyik Z, Bishop AM, Needham LL, Calafat AM. 2006. 

Quantification of the urinary concentrations of parabens in humans by on-

line solid phase extraction-high performance liquid chromatography-

isotope dilution tandem mass spectrometry. Journal of chromatography B. 

844:53-59.

Ye X, Bishop AM, Reidy JA, Needham LL, Calafat AM. 2007. Temporal 

stability of the conjugated species of bisphenol a, parabens, and other 

environmental phenols in human urine. Journal of Exposure Science & 

Environmental Epidemiology. 17:567-572.

Yoon D, Lee D, Lee JH, Cha S, Oh HB. 2015. Quantitative analysis of 

polyhexamethylene guanidine (phmg) oligomers via matrix-assisted laser 

desorption/ionization time-of-flight mass spectrometry with an ionic-

liquid matrix. Rapid Communications in Mass Spectrometry. 29:213-219.

Zhang T, Sun H, Qin X, Wu Q, Zhang Y, Ma J, et al. 2013. Benzophenone-type 

UV filters in urine and blood from children, adults, and pregnant women in 

china: Partitioning between blood and urine as well as maternal and fetal 

cord blood. The Science of the Total Environment. 461-462:49-55.



43

. Supplementary information

Pharmacokinetic features of benzophenone-3
after dermal application in humans

Table S1. LC-MSMS parameters for determination of benzophenone-3 and

the metabolites in serum and urine
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