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Abstract: Background: Chrysin is a strong inhibitor of breast cancer resistance protein (BCRP) but it 

is practically insoluble in water. Effective solubilization of chrysin is critical for its pharmaceutical 

application as an absorption enhancer via inhibition of BCRP-mediated drug efflux.  

Objective: This study aimed to develop an effective oral formulation of chrysin to improve its in vivo 

effect as an absorption enhancer.  

Method: Solid dispersions (SDs) of chrysin were prepared with hydrophilic carriers having surface 

acting properties and a pH modulator. In vitro and in vivo characterizations were performed to select 

the optimal SDs of chrysin.  

Results: SDs with Brij
®

L4 and aminoclay was most effective in increasing the solubility of chrysin by 

13-53 fold at varying drug-carrier ratios. Furthermore, SDs significantly improved the dissolution rate 

and extent of drug release. SDs (chrysin: Brij
®

L4: aminoclay=1:3:5) achieved approximately 60% and 

83% drug release within 1 h and 8 h, respectively, in aqueous medium, while the dissolution of the 

untreated chrysin was less than 13%. XRD patterns indicated the amorphous state of chrysin in SDs. 

The SD formulation was effective in improving the bioavailability of topotecan, a BCRP substrate in 

rats. Following oral administration of topotecan with the SDs of chrysin, the Cmax and AUC of topote-

can was enhanced by approximately 2.6- and 2-fold, respectively, while the untreated chrysin had no 

effect.  

Conclusion: The SD formulation of chrysin with Brij
®

L4 and aminoclay appeared to be promising in 

improving the dissolution of chrysin and enhancing its in vivo effect as an absorption enhancer. 

Keywords: Chrysin, solid dispersion, BCRP inhibitor, dissolution, topotecan, ATP-binding cassette (ABC). 

1. INTRODUCTION

 Breast Cancer Resistance Protein (BCRP), an ATP-
Binding Cassette (ABC) transporter, involves in tumor cell 
resistance against diverse chemotherapeutic drugs by actively 
extruding the drugs from cells [1]. Moreover, it is highly 
expressed in the apical membrane of the intestinal epithelium 
and often leads to the limited oral absorption of anticancer 
drugs including topotecan [2, 3]. The pharmaceutical appli-
cation of BCRP inhibitors may therefore lead to more effec-
tive oral chemotherapy with anticancer drugs belonging to 
the BCRP substrates. Consequently, a significant need exists 
for more effective and safer inhibitors to enhance the 
bioavailability and in vivo efficacy of BCRP substrate drugs. 

 Flavonoids are common dietary components with a long 
history of human consumption [4] and BCRP inhibitors de-
rived from flavonoids are therefore expected to have the  
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advantage of low toxicity. Chrysin (5,7-dihydroxyflavone) is 
a natural flavone present in several plants and honeycombs 
[5]. It exhibits various pharmacological activities including 
antioxidant, anti-inflammatory, antihypertensive, antidia-
betic, and anticancer effects [5-10]. In addition, chrysin is 
one of the most potent BCRP inhibitors with an IC50 of 0.39 
± 0.13 �M against mitoxantrone efflux [11]. Therefore, chry-
sin was expected to improve the cellular accumulation of 
BCRP substrates by reducing BCRP-mediated drug efflux. 
However, the in vivo effects of chrysin were found to be very 
limited despite its in vitro potency as a BCRP inhibitor [11, 
12]. A possible reason for this discrepancy may be the low 
aqueous solubility and low bioavailability of chrysin, al-
though additional causes cannot be excluded [13-15]. Chry-
sin is soluble in some organic solvents but is practically in-
soluble in water [14-17]. Therefore, effective solubilization 
of chrysin is critical for its pharmaceutical application as an 
absorption enhancer via inhibition of BCRP-mediated drug 
efflux. 

 Among the various formulation techniques, solid disper-
sion (SD) formulation is one of the effective approaches for 
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the enhancement of the solubility and dissolution rate of 
many poorly water soluble drugs [18-21]. In SDs, hydropho-
bic drugs may exist in amorphous forms driving improved 
dissolution due to their highly disordered structure and 
higher Gibbs free energy compared with crystalline materials 
[22-25]. In addition, agglomeration of drug particles is pre-
vented by interactions between the drug and the carrier, and 
wettability of drug molecules is improved by water absorp-
tion or dissolution of hydrophilic carriers surrounding the 
drug particles, leading to rapid drug absorption as released in 
a supersaturated state [21]. In particular, SDs prepared using 
surfactants may stabilize solid dispersions, avoiding drug 
recrystallization [26, 27]. Furthermore, pH modifiers can 
alter pH of the internal and external microenvironment of the 
SDs and enhance drug solubility. Therefore, in the present 
study, ternary SDs of chrysin were prepared with hydrophilic 
carriers having surface acting properties and also with a pH 
modulator. In vitro characterization was performed to select 
the optimal SD formulation of chrysin. Next, the in vivo ef-
fectiveness of the SD formulation as an absorption enhancer 
was evaluated in rats using topotecan as a typical BCRP sub-
strate drug. 

2. MATERIALS AND METHODS

2.1. Materials 

 Chrysin, poloxamer 407 (Pluronic
®

 F-127), D-�-
Tocopherol polyethylene glycol 1000 succinate (TPGS), 
polyoxyethylene (4) lauryl ether (Brij

®
L4 (formerly Brij 30)) 

and 3-aminopropyltriethoxysaline (ATPES, 99%) were pur-
chased from Sigma-Aldrich Co. (St. Louis, MO, USA). Mac-
rogol 15 Hydroxystearate (Kolliphor

®
 HS 15) was obtained 

from BASF (Ludwigshafen, Germany). Magnesium chloride 
hexahydrate (98.0%) and other inorganic salts were supplied 
by Junsei Chemical Co., Ltd. (Tokyo, Japan). Dulbecco’s 
modified Eagle’s medium (DMEM), fetal bovine serum 
(FBS), and all other reagents used in cell culture studies were 
obtained from GE Healthcare Life Sciences (South Logan, 
UT, USA). All other chemicals were of analytical grade and 
all solvents were of HPLC grade. 

2.2. Cells 

 HT29 cells were obtained from the Korean Cell Line 
Bank (Seoul, Korea). Cells were grown in DMEM contain-
ing 10% FBS and 1% antibiotics, and incubated at 37 ºC in 
an atmosphere of 5% CO2 and 90% relative humidity.  

2.3. Preparation of Solid Dispersions (SDs) and Physical 
Mixtures (PMs) 

 For the selection of optimal carriers, SDs of chrysin were 
prepared with different surface active carriers at a weight 
ratio of 1:5 by using the solvent evaporation method. In addi-
tion, SDs were prepared with or without aminoclay, a pH 
modulator, at different weight ratios. Aminoclay was pre-
pared following the method reported by Yang et al. [28]. In 
brief, 3-aminopropyltriethoxysilane (2.6 mL, 11.7 mmol) 
was added dropwise with stirring to magnesium chloride 
(1.68 g, 7.24 mmol) in ethanol (40 g). A white precipitate 
formed immediately and was stirred overnight. After cen-
trifugation, the resulting product was washed three times in 
ethanol, and dried in oven at 40°C. 

 For the preparation of SDs, chrysin was dissolved in ace-
tone and each carrier dissolved in acetone or ethanol was 
added to the drug solution. After vigorous mixing, all the 
solvents were eliminated under vacuum at room temperature. 
The obtained product was milled and sieved through 50-
mesh screen. PMs were also prepared by mixing chrysin, 
carrier and aminoclay in a mortar and pestle. To determine 
the optimal composition, SDs and PMs were prepared at 
various weight ratios of each component. 

2.4. Solubility Studies 

 Each formulation (drug amount equivalent to 1 mg of 
chrysin) was dissolved in 1 mL of distilled water and stirred at 
600 rpm for 24 h at room temperature. After the centrifugation 
at 13,000 rpm for 10 min, the supernatant was filtered through 
0.45 �m pore-sized cellulose syringe filter (Target

®
, National 

scientific, USA). The filtrates were diluted with ethanol and 
the drug concentration was measured using HPLC. 

2.5. Differential Scanning Calorimetry (DSC), X-Ray 
Diffraction (XRD), and Scanning Electron Microscopy 

 Thermal transition properties of samples were determined 
using a DSC Q2000 (TA Instruments, Ghent, Belgium) 
equipped with an intercooler. Indium was used to calibrate 
the temperature scale and enthalpy response. Samples were 
placed in aluminum pans and heated at a scanning rate of 
10°C/min from 20°C to 300°C. 

 XRD patterns were examined at room temperature using 
an X-ray diffractometer (X’Pert APD, PHILIPS, Amsterdam, 
Netherlands). The diffraction pattern was obtained with 
CuK� radiation at 40 kV and 30 mA. Scans were recorded 
over a 2� range of 3°-40° using a step size of 0.05° at a 
scanning speed of 2°/min. The XRD study was conducted at 
the Korea Basic Science Institute (Daegu Center, Korea). 

 The morphology of SD formulation was examined using 
scanning electron microscopy (SEM). Samples were spread 
on specimen stub using double-sided sticky tape, coated with 
platinum, and examined by an analytical high resolution 
scanning electron microscope (SU-70; Hitachi, Tokyo, Japan). 

2.6. Dissolution Studies 

 Dissolution tests were performed in a dissolution tester 
DT 1420 (ERWEKA, Heusenstamm, Germany) at a paddle 
rotation speed of 50 rpm in 900 mL of aqueous media con-
taining 0.25% Tween 80 at 37°C. Each formulation (drug 
amount equivalent to 50 mg of chrysin) was filled into a hard 
gelatin capsule with 30% Ac-Di-Sol and 1% talc and ex-
posed to dissolution medium. One milliliter of each sample 
was withdrawn at the predetermined time points (0.25, 0.5, 
0.75, 1, 1.5, 2, 4, 6, and 8 h) and an equal volume of fresh 
medium was added into the vessel to maintain a constant 
volume of the dissolution medium. The collected samples 
were filtered through 0.2 �m pore-sized cellulose syringe 
filters. The filtrates were diluted with the mobile phase and 
the drug concentration was determined using HPLC assay. 

2.7. In vitro Cytotoxicity Study 

 The cytotoxicity of chrysin and chrysin SD was evaluated 
in HT29 cells by using MTT assay. Cells were seeded at 
1�10

5
 cells per well of 96-well plates. After incubation for 24 
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h, the cells were treated with chrysin or chrysin SD at the con-
centrations equivalent to 5-160 �M of chrysin and incubated 
for 48 h. At the end of incubation, thiazolyl blue tetrazolium 
bromide was added to each well and incubated for 4 h. The 
medium was removed, and DMSO (100 �L) was added to 
dissolve the formazan crystals. The absorbance of each sample 
was determined by a microplate reader at 550 nm. 

2.8. Pharmacokinetic Studies in Rats 
 Animal studies were carried out in accordance with the 
“Guiding Principles in the Use of Animals in Toxicology” 
adopted by the Society of Toxicology (USA) and the study 
protocol was approved by the review committee of Dongguk 
University (IACUC-2017-016-1). Male Sprague-Dawley rats 
(250-290 g) were supplied by Orient bio Co., Ltd. (Seong-
nam, Korea). All rats were given free access to tap water and 
a normal standard chow diet (Superfeed Company, Wonju, 
Korea). SD rats were fasted for 12 h before the experiments, 
and divided into three groups (n=3 per group). The untreated 
drug or SD (equivalent to 100 mg/kg of chrysin) was sus-
pended in 0.5% aqueous methylcellulose with 5% PEG and 
topotecan (10 mg/kg) was dissolved in saline. Each drug 
solution was given orally to the three groups of rats (group 1, 
topotecan only; group 2, topotecan + untreated chrysin; 
group 3, topotecan + chrysin SD). Blood samples were ob-
tained from the femoral artery at the predetermined time 
points. Blood samples were centrifuged at 13,000 rpm for 5 
min and the obtained plasma samples were kept frozen at -80 
°C until analyzed by HPLC. 

2.9. HPLC Assay 
2.9.1. In Vitro Samples 
 The concentration of chrysin was determined using a high 
performance liquid chromatography (HPLC) system (Perkin 
Elmer series 200), consisting of a UV detector, a pump and an 
automatic injector. A reversed-phase C18 column (Gemini 
C18, 4.6x250 mm, 5 �m; Phenomenex, Torrance, CA, USA) 
was eluted with a mobile phase consisting of acetonitrile and 
0.1% formic acid (60:40, v/v) at a flow rate of 1.0 mL/min at 
30°C. The UV wavelength was set at 267 nm. Nimodipine 
was used as an internal standard and the calibration curve of 
chrysin was linear (r2

 = 0.99) within the concentration range 
of 0.5-20 �g/mL.  

2.9.2. In Vivo Plasma Samples 
 The concentration of topotecan in rat plasma was deter-
mined using HPLC assay. Briefly, 40 �L of samples were 
spiked with 4 �L of mesalazine (internal standard), and then 
120 �L of acetonitrile and 100 �L of 1% HCl were added 
with vigorous mixing. After centrifugation at 13,000 rpm for 
5 min, aliquots of the supernatants were injected into the 
HPLC. The mobile phase consisted of acetonitrile and 10 
mM sodium phosphate buffer (16:84, v/v at pH 3.7) and the 
flow rate was 1.0 mL/min at 30°C. The fluorescence detector 
was set at an excitation wavelength of 350 nm and emission 
wavelength of 527 nm. The calibration curve of topotecan in 
rat plasma was linear (r2

 = 0.99) within the concentration 
range of 10-1000 ng/mL. 

2.10. Pharmacokinetic Analysis and Statistical Analysis 
 Based on noncompartmental analysis, the area under the 
plasma concentration-time curve (AUC) was calculated us-

ing the linear trapezoidal method. The peak plasma concen-
tration (Cmax) and the time to reach the peak plasma con-
centration (Tmax) were values recorded from the experimen-
tal data. 

 Data were represented as mean values with standard de-
viation (SD). Statistical analysis was performed using one-
way ANOVA followed by Dunnett’s test. A p value <0.05 
was considered statistically significant. 

3. RESULTS AND DISCUSSION 

3.1. Carrier Selection and Preparation of Solid Disper-
sion 

 Because the solubilization of chrysin is a critical factor to 
ensure the adequate in vivo performance of chrysin as a 
BCRP inhibitor for enhancing oral absorption of BCRP sub-
strates, SDs of chrysin were prepared with various hydro-
philic carriers. In particular, given that surfactants or self-
emulsifying agents are effective in stabilizing solid disper-
sions by avoiding drug recrystallization, the four surface 
active carriers such as TPGS, Kolliphor

®
 HS 15, Brij

®
 L4, 

and poloxamer 407 were selected to prepare the chrysin SDs, 
and their effects on improving the solubility of chrysin were 
determined in water. As shown in Table 1, all SD formula-
tions enhanced significantly the aqueous solubility of chry-
sin. Among the tested carriers, Brij

®
L4 (Brij 30) was the 

most effective in enhancing the solubility of the chrysin. 
Given that Brij

®
L4, a nonionic surfactant, has amphiphilic 

properties consisting of hydrophobic and hydrophilic re-
gions, it could form micelles and distribute hydrophobic 
drugs into the core of micelles, resulting in improved drug 
solubility [29, 30]. In addition, previous studies have re-
ported a strong inhibitory effect of Brij

®
L4 against BCRP-

mediated drug efflux [31] and thereby, the presence of 
Brij

®
L4 in SD formulation of chrysin may have a synergistic 

effect on BCRP inhibition. Therefore, in the present study, 
Brij

®
L4 was selected as a hydrophilic carrier to prepare 

chrysin SDs. 

Table 1. Solubility of chrysin in various formulations 
(Mean±SD, n=3). 

Formulation(w/w) Solubility (�g/mL) 

chrysin (untreated drug) 3.038 ± 0.19 

chrysin : TPGS = 1:5 27.39 ± 0.33 

chrysin : Kolliphor® HS 15= 1:5 25.52 ± 0.43 

chrysin : Brij®L4 = 1:5 37.81 ± 0.59 

chrysin : Poloxamer 407 = 1:5 10.14 ± 0.17 

chrysin : Brij®L4:aminoclay = 1:5:1 38.08 ± 0.58 

chrysin : Brij®L4:aminoclay = 1:5:2  50.49 ± 0.55 

chrysin : Brij®L4:aminoclay = 1:5:5 97.55 ± 0.89 

 

 For the adsorption of semisolid SDs and modulation of 
microenvironmental pH, aminoclay (3-aminopropyl func-
tionalized magnesium phyllosilicate) was also added to the 
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SD formulations. After the amine group of aminoclay is pro-
tonated in water, aminoclay is delaminated to cationic and 
water soluble nanosheets [32]. Aminoclay can drive the pH 
of the internal and external microenvironment of the SDs to 
a more basic state [28]. As the pKa1 of chrysin is 6.72, chry-
sin could be deprotonated at a high pH and be more soluble 
in basic environments [17]. Accordingly, the drug solubiliz-
ing effect of SDs increased as the amount of aminoclay in-
creased in SDs (Table 1). Finally, the combination of Brij

®

L4 and aminoclay was chosen to prepare chrysin SDs and 
PMs in subsequent studies.  

 The solubility of chrysin increased in both PMs and SDs 
as the drug-carrier ratio was increased (Table 2 and Fig. 1). 
Given that the concentration of Brij

®
L4 used in the SD for-

mulation was greater than its critical micelle concentration 
(CMC) (0.00097 %, w/v) [33], drug distribution into the mi-
celles might have been increased with the increase in 
Brij

®
L4 concentration, leading to enhanced drug solubility. 

Consequently, the SDs increased the solubility of chrysin by 
13-53 fold depending on the drug-carrier ratios. However, 
the SDs appeared to be more effective in improving the 
solubility of chrysin than the corresponding PMs did, imply-
ing that there might have been the additional factors affect-
ing the drug solubility other than micellar solubilization, 
such as the change of drug crystallinity to an amorphous 
form in the SD formulations. Therefore, their structural char-
acteristics were examined using DSC and XRD. 

Table 2. Solubility of chrysin in SDs at the different drug-
carrier ratios (Mean±SD, n=3).

Formulation(w/w) Solubility (�g/mL) 

chrysin : Brij®L4:aminoclay = 1:1:5 42.92 ± 0.60 

chrysin : Brij®L4:aminoclay = 1:3:5 92.72 ± 0.38 

chrysin : Brij®L4:aminoclay = 1:5:5 97.55 ± 0.89 

chrysin : Brij®L4:aminoclay = 1:10:5 126.0 ± 0.43 

chrysin : Brij®L4:aminoclay = 1:20:5 159.7 ± 0.27 

Fig. (1). Solubility of chrysin in SDs and PMs with Brij
®

L4 and 

aminoclay at various weight ratios (Mean±SD, n=3). 

3.2. Structural and Morphological Characteristics 

 As illustrated in Fig. (2A), the thermograms of untreated 
drug, aminoclay, PMs, and SDs were analyzed using differ-
ential scanning calorimetry (DSC). The untreated chrysin 
(conventional powder formulation) clearly showed a sharp 
and single endothermic peak corresponding to its melting 
point at 288°C, which is consistent with a previous report 
[34]. However, this peak disappeared in the PMs and SDs, 
which may be because of drug dissolution in the melted car-
riers. In addition, X-ray diffraction was used to examine the 
crystallinity of chrysin in each formulation. XRD patterns of 
untreated drug, aminoclay, PMs, and SDs are shown in Fig. 
(2B). The untreated chrysin exhibited the multiple distinct 
peaks at 7.5°, 12.7°, 14.9°, 17.8°, and 27.9°, which were also 
observed in the PMs. However, these distinct peaks of crys-
talline chrysin disappeared in the SD formulations, implying 
that drug crystallinity was changed to the amorphous form. 
Therefore, in addition to the micelle-solubilizing effect of the 
hydrophilic carriers, the amorphous state of chrysin may also 
have contributed to the enhanced solubility of chrysin in the 
SD formulations. 

Fig. (2). DSC thermograms (A) and X-ray diffraction patterns (B)
of chrysin, aminoclay, PMs and SDs. 
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 The morphology of the SD formulation was observed by 
SEM (Fig. 3). The SDs exhibited a homogeneous blend of 
all ternary components in irregular-shaped particles, indi-
cating the amorphous state of drug. 

3.3. In vitro Dissolution Study 

 The dissolution profiles of the SD formulations were 
evaluated in comparison with those of the untreated drug and 
the PMs. As shown in Fig. (4A), the dissolution of untreated 
drug over a period of 8 h was less than 13 %. Compared with 
the untreated drug, the SDs and PMs significantly increased 
the dissolution rate and extent of drug release. In particular, 
SDs (chrysin: Brij

®
L4: aminoclay=1:3:5) achieved approxi-

mately 60 % and 83 % drug release in water within 1 h and 8 
h, respectively. This may be explained by several factors 
including improved drug wetting and micellar solubilization 
by the hydrophilic carriers, increased microenvironmental 
pH in the presence of aminoclay, and the amorphous state of 
the drug in the SD formulations. As explained in section 3.1., 
chrysin is known to be more soluble in alkaline solutions, 
thus, the dissolution of chrysin in the present study also ex-
hibited pH-dependency. All the tested formulations showed a 
low extent of drug release at acidic conditions (pH 1.2 and 
pH 4.0), but the SD formulation could still achieve signifi-
cantly higher dissolution than untreated chrysin (Fig. 4B and 
4C). 

Fig. (4). Dissolution profiles of chrysin in different formulations in 

water (A), in pH 1.2 buffer (B), and in pH 4.0 buffer (C)
(Mean±SD, n=3). 

Fig. (3). SEM image of the SD formulation. 
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3.4. In vitro Cytotoxicity 

 The cytotoxicity of chrysin and chrysin SD was evalu-
ated in HT29 cells, the human colorectal carcinoma cells. As 
shown in Fig. (5), chrysin SD exhibited higher cytotoxicity 
than chrysin, where the CC50 value of chrysin SD was 26.3 
�M but the cytotoxicity of untreated chrysin was low even at 
160 �M. This result may be explained by the enhanced solu-
bilization of chrysin by SD formulation. Therefore, chrysin 
SD may have a synergistic effect in the combination therapy 
with other anticancer drugs. 

Fig. (5). Cytotoxicity of chrysin and chrysin SD in HT29 cells 
(Mean±SD, n=6). *p<0.05. 

3.5. In vivo Pharmacokinetics  

 The in vivo effectiveness of the SD formulations as an 
absorption enhancer was evaluated in rats using topotecan as 
a typical BCRP substrate drug. Topotecan was administered 
orally in the presence and the absence of chrysin in different 
formulations and then the plasma concentration-time profiles 
of topotecan were determined as summarized in Table 3 and 
Fig. (6). 

 The SD formulations of chrysin significantly improved 
oral exposure of topotecan in rats, while the untreated chry-
sin had no effect. The Cmax and AUC of topotecan was en-
hanced by approximately 2.6- and 2-fold, respectively, via 
the current use of chrysin in the SD formulations. These re-
sults may be attributed to the effective inhibition of drug 
efflux by chrysin in SD formulations during intestinal ab-
sorption. Since topotecan undergoes very limited metabolism  

Fig. (6). Plasma concentration-time profiles of topotecan after an 

oral administration of topotecan (10 mg/kg) to rats in the presence 

or absence of chrysin in different formulations (Mean±SD, n=3). 

[35], the interaction of chrysin with drug-metabolizing en-
zymes can be excluded at this point. Considering that (i) 
BCRP is highly expressed in the apical membrane of intestines 
[2], (ii) topotecan is a BCRP substrate limiting oral absorption 
[3], and (iii) the affinity of topotecan for P-gp is low [36], it is 
most likely that the enhanced solubility and dissolution of 
chrysin by the SD formulation could increase the luminal con-
centration of chrysin in the GI tract and led to an improved in
vivo effect of chrysin against BCRP-mediated drug efflux dur-
ing the intestinal absorption of topotecan. 

 Given that the cytotoxicity of chrysin was significantly 
enhanced by SD formulation (Fig. 5), the concurrent use of 
chrysin SD may have a synergistic effect in chemotherapy 
via the inhibition of BCRP-mediated efflux of anticancer 
drugs and also the cytotoxic effect of chrysin. 

CONCLUSION 

 The SD formulation of chrysin with Brij
®

L4 and amino-
clay appeared to be promising in improving the dissolution 
of chrysin and enhancing its in vivo effects as an absorption 
enhancer. 

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE 

 The study protocol was approved by the review commit-
tee of Dongguk University (IACUC-2017-016-1). 

Table 3. Plasma concentration-time profiles of topotecan after an oral administration of topotecan (10mg/kg) in the presence and 
the absence of chrysin in different formulations to rats (Mean±SD, n=3). 

Control (Topotecan Only) Topotecan + Untreated Chrysin Topotecan + Chrysin SD 

Cmax (ng/mL) 109.4 ± 44.55 115.9 ± 40.63 278.7 ± 114.2 

Tmax (h) 1.3 ± 0.66 0.83 ± 0.14 0.50 ± 0.00 

AUC (ng* h/mL) 577.8 ± 37.21 522.3 ± 153.9 1113 ± 141.6* 

*p < 0.05, compared to the control. 
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