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Abstract

KOB extracts are a polyherbal medicine had been prescribed for the treatment of hyperhydrosis
and allergic diseases such as allergic asthma and rhinitis in oriental clinics. Therefore, the
pharmacokinetic studies of the KOB extract administered orally to normal rats and rhinitis-
induced rats to understand the correlation of the efficacy and plasma concentration of KOB in
patients of allergic rhinitis in future were performed. The study was conducted according to
administration for pure baicalin in normal rats, baicalin in KOB extract in normal rats and
rhinitis-induced rats. Baicalin in rat plasma was analyzed and validated by HPLC analysis. The
interday precision based on the standard deviation of replicates of quality control samples
ranged from 3.6% to 7.9% with accuracy ranging from 92.9% to 101.2% for baicalin. Based on
validated analysis, pharmacokinetic study was carried out. Pure baicalin in normal rats and
baicalin in KOB extract in normal rats showed bimodal curves due to direct absorption and
glucuronidation. The Tmax, Cmax and AUC of pure baicalin in normal rats or baicalin in KOB
extract in normal rats were 12 h, 0.68 mg/ml and 9.85mg h/ml, respectively, or 12 h, 0.46mg/ml
and 6.36 mg h/ml, respectively. The analytical method showed excellent sensitivity, precision
and accuracy, being successfully employed in a pharmacokinetic study of polyherbal medicine,
KOB extract. Allergic-induced condition did not affect the pharmacokinetics of KOB extracts,
suggesting KOB extracts did not require dosage adjustment in subjects with allergic-induced
diseases.
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Introduction

Allergic rhinitis is among the world’s most common chronic

diseases. Over the past several decades, the global prevalence

of allergic rhinitis has increased, with the result that it now

affects �24% of the population in many European countries

(Bousquet & Khaltaev, 2007). The main symptoms of allergic

rhinitis include nasal congestion, rhinorrhea, itching and

sneezing as well as non-nasal symptoms such as burning,

watery eyes or itching ears and palate (Sibbald & Rink, 1991;

Bauchau & Durham, 2004; Grubbe et al., 2009). These

symptoms can interfere with cognitive and emotional func-

tioning and have been shown to exact a considerable toll on

patients’ quality of life (Bachert, 2001; Canonica et al., 2007;

Pradalier et al., 2007). Thus, treatment for allergic rhinitis is

an important health care issue. It is used for decongestion

agents or antihistamine agents to reduce allergic rhinitis

symptoms.

Recently, the studies of effect of KOB03 on allergic

response in ovalbumin-induced allergic rhinitis and on mast

cell-mediated allergic inflammatory reactions in mast cells

were reported (Jung et al., 2012a,b). KOB03 is a polyherbal

medicine prescribed in oriental clinics for the treatment of

hyperhidrosis (Heo, 1985) and allergic diseases such as

allergic asthma and rhinitis (Kim et al., 1991; Na et al., 2004;

Shin, 2005).

Pharmacokinetic studies are useful for understanding the

actions and interactions of drugs with regard to efficacy and

toxicity and for evaluating the rationality and compatibility of

herbs and/or prescriptions (Chen et al., 2002; Wang et al.,

2008). Owing to the complexity of chemicals in compound

prescriptions, representative compounds may be chosen as

markers to be used to investigate the pharmacokinetics of the

whole prescription (Rath et al., 2004; Liao et al., 2005),

allowing the interactions of herbs or prescriptions to be

clarified based on the pharmacokinetic behavior of the

selected compounds.

In this study, we calculated the pharmacokinetic param-

eter of the baicalin in KOB extract and compared the

pharmacokinetic behavior of the KOB extract adminis-

tered orally to normal and rhinitis-induced model rats to

understand the correlation of the efficacy and plasma
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concentration effect of KOB extract in patients of allergic

rhinitis in future.

Materials and methods

Materials

Baicalin was isolated from Scutellariae Radix (Scutellaria

bacicalensis Georgi), provided from Prof. Y. H. Kim of

Chungnam National University (Daejeon, Korea). The pur-

ity of baicalin was at least 86%, as confirmed by high-

performance liquid chromatography (HPLC). HPLC-grade

methanol was purchased from Samchun Chemical Co., Ltd.

(Seoul, Korea). All water was purified via ultra-filtration.

Animals

Male Sprague–Dawley rats (240–270 g) were purchased from

Central Lab. Animal Inc. (Seoul, Korea). Rats were housed in

an air conditioned room at a temperature of 23 ± 2 �C with a

relative humidity of 55 ± 10%, provided with water and

standard food and acclimated in the laboratory for at least a

week prior to experimentation. Rats were fasted for 12 h

before oral administration with the exception of free access

to water. Allergic model rats were established through rats

were given an intraperitoneal injection of 8 mg/kg body

weight of the mast cell degranulator, compound 48/80 (Jung

et al., 2013).

Instrumentation

High-performance liquid chromatography was performed

with a HP Agilent 1100 series HPLC system (Agilent

Technology, Santa Clara, CA) equipped UV detector. A

microcentrifuge 1730 MR (Gyrozen Co., Ltd., Daejeon,

Korea), an electronic balance (Mettler-Toledo International

Inc., Switzerland), a vortex mixer (Scientific Industries Inc.,

NY) and a nitrogen dryer (EYELA Co., Tokyo, Japan) were

also used.

Preparation of KOB extract

KOB extracts was received from Hanpoong Pharm &

Food Co., Ltd. (Jeonju, Korea). Briefly, water of 20-fold

volume was added to the mixture of Atractylodis

Rhizoma Alba (Atractylodes japonica Koidz), Astragali

Radix (Astragalus membranaceus Bunge), Saposhnikoviae

Radix (Saposhnikovia divaricata Schischkin), Osterici Radix

(Ostericum koreanum maximowicz) and Scutellariae Radix

(Scutellaria bacicalensis Georgi) (8:6:4:4:4) and then heated

at �95�100 �C for 4 h. An extract was filtered using gauze

and vacuum-dried.

Chromatography

Baicalin, as an index substance of KOB extract, was analyzed

by the HPLC method. HPLC was run using an isocratic

method on a Luna C18, 5 mm, 250 mm� 4.6 mm column

(Phenomenex, Torrance, CA). Column temperature was

30 ± 1 �C and sample temperature was room temperature.

The injection volume was 10 ml and the column flow rate was

1.0 ml/min. Mobile phase was the mixture of 35% (v/v) of

acetonitrile and 65% (v/v) of water in the presence of 0.5%

phosphoric acid. UV detection of baicalin was performed

at 277 nm.

Oral administration of extracts and collecting of blood

Baicalin and KOB were dissolved in water. Baicalin was

administered at doses of 100 mg/kg (n¼ 3) by oral gavage

in normal rats. KOB was administered at 1667 mg/kg

(containing 100 baicalin mg/kg, n¼ 3) by oral gavage in

normal and allergic-induced rats. Blood samples (1 ml) were

collected at 0 (to serve as a control), 0.25, 0.5, 1, 2, 4, 8, 12

and 24 h after drug administration, then immediately

transferred into 1.5 ml tubes and centrifuged at 16 000rpm

for 10 min in 4 �C. The supernatant was stored at �70 �C
for further analysis. This animal experiment procedure was

approved by the Animal Ethics Board of Chungnam National

University.

Plasma pretreatment

Plasma samples were thawed by cooling. Then, 100 ml of

plasma was spiked with 50 ml of 1 M KH2PO4 solution and

400 ml of methanol by vortex mixing for 1 min. The mixture

was centrifuged at 9000 rpm for 10 min in 4 �C. The

supernatant was transferred to a clean tube and evaporated

to dryness under a nitrogen gas stream in 50 �C. The residue

was dissolved with 100 ml of mobile phase.

Method validation

Preparation of standards

A stock solution of baicalin was prepared in ethanol.

Calibration samples were prepared by spiking blank plasma

with this stock solution to obtain final concentrations of 1, 2,

5, 10 and 15 mg/ml. All solutions were stored at 4 �C before

analysis. Quality control (QC) samples containing various

concentrations of baicalin (1, 2 and 10 mg/ml) were prepared

in a similar manner.

Precision, accuracy and stability

Intra-day precision was determined by obtaining three con-

centrations of baicalin in QC samples, 5 times on the same

day. Inter-day precision was determined by successive con-

centration determinations over a 5-day period. Precision is

indicated as the coefficient of variation (RSD). Accuracy was

calculated from the mean value of the observed concentra-

tions and the theoretical concentrations. Freeze/thaw stability

was evaluated by analyzing QC samples at three concentra-

tions after multiple cycles of freezing (at �70 �C) and

thawing (at room temperature).

Pharmacokinetic analysis

Pharmacokinetic parameters are expressed as means ± SD.

Plasma concentration–time curves were plotted and pharma-

cokinetic parameters were calculated using WinNonlin

Standard Edition software (Ver. 2.1) (Seoul, Korea).

Comparison of parameters between standard baicalin and

KOB groups in normal rats were carried out by Student’s t-

test. Also, the pharmacokinetic parameters of baicalin in

normal- and allergic-induced rats were compared.

454 J.-S. Baek et al. Drug Deliv, 2014; 21(6): 453–458

D
ru

g 
D

el
iv

er
y 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

 o
n 

11
/0

2/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Results and discussion

HPLC with isocratic elution consisting of acetonitrile–water

containing 0.5% phosphoric acid (35:65 v/v) yielded baseline

resolution for baicalin. Among the different mobile phase

modifications tested, phosphoric acid appeared to have the

best separation, as it prevented peak tailing (Figure 1). Other

endogenous plasma constituents interfered with baicalin

were confirmed by observing chromatograms derived from

processed blank plasma samples. Typical chromatograms of

blank plasma and plasma samples containing baicalin are

shown in Figure 2. The retention time of baicalin was 4.7 min,

with no endogenous interference or matrix effect.

Method validation was performed according to guidelines

set by the US FDA (http://www.fda.gov/cder/guidance/

index.htm#Biopharmaceutics). The spiked standard samples

at five concentration levels over the range of 1.0–15.0mg/ml

were prepared. Calibration curves were generated by plotting

chromatographic peak area as a function of baicalin concen-

tration. Peak areas of baicalin in rat plasma displayed good

linearity, described by the following regression lines:

y¼ 22.562 x + 0.482 (where y is the peak area and x is the

baicalin concentration in mg/ml). QC samples at three

concentrations (1.0, 2.0 and 10.0 mg/ml) were analyzed to

assess the precision and accuracy of the proposed method. Six

replicates were analyzed in each of the three consecutive

analytical runs. The accuracy was expressed by the relative

error (RE), and the precision was evaluated by the relative

standard deviation (RSD). Recovery of extraction procedure

was also evaluated at three concentration levels. It was

determined by comparing the mean peak areas (n¼ 5 for each

concentration level) obtained from plasma samples spiked

before extraction with those from plasma samples spiked after

extraction. The intra-day and inter-day precision determined

from the replicate analysis of QC samples were511.2% and

7.9%, respectively. The accuracy of the method ranged from

92.7% to 103.7%. The results are listed in Table 1, which

indicate good analytical characteristics of this assay. To

evaluate sample stability after freeze–thaw cycles and at room

temperature, six replicates of QC samples at each of 1.0, 2.0

and 10.0 mg/ml concentrations were subjected to three freeze–

thaw (�80 to 25 �C) cycles. In the freezing–thaw stability test,

the concentrations of baicalin were between 99.4% and

122.0% of the initial values (Table 2).

The validated method was successfully applied to the

pharmacokinetic study of baicalin in normal rats after the oral

administration of baicalin and KOB extracts, and in allergic-

induced rats after oral administration of KOB extracts. In

normal rats, pharmacokinetic profile of pure baicalin and

baicalin-contained KOB extracts showed two plasma concen-

tration peaks of baicalin (Figure 3). It was reported that

generally flavone glucuronides show bimodal pharmacoki-

netic profile (Lu et al., 2007; Tong et al., 2012). The first

absorption occurred immediately within 1 h. This absorption

was considered owing to the direct absorption. The second

absorption occurred at 8–12 h. This absorption probably

occurred through glucuronidation. During glucuronidation,

enteric circulation and enterohepatic circulation may affect

Figure 1. Representative HPLC chromato-
grams of baicalin. (A) Mixture of distilled
water and acetonitrile (65:35 v/v) and
(B) mixture of phosphoric acid in water and
acetonitrile (65:35 v/v) as a mobile phase.
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the second peak (Lu et al., 2007; Tong et al., 2012). When

standard baicalin was administered orally, normal rats showed

0.683mg/ml of Cmax and normal rats administered with KOB

extracts showed 0.457 mg/ml of Cmax. However, allergic-

induced rat group administered with KOB extracts showed

1.991 mg/ml of Cmax, suggesting faster absorption in sick

condition than the normal condition. This correlated with the

publication that the validated method has been successfully

applied for comparing pharmacokinetic profiles of analytes in

normal and Alzheimer’s disease rat plasma, and a significant

Figure 2. Representative HPLC chromato-
grams of plasma samples. (A) Chromatogram
of stock standard solution, (B) plasma sample
after oral administration of baicalin and
(C) chromatogram of blank plasma. Peak: 1.
Baicalin.

Table 1. The intra-day and inter-day precision and accuracy value for baicalin in blank plasma.

Intra-day (n¼ 5) Inter-day (n¼ 5)

Spiked (mg/ml) Measured (mg/ml) Accuracy (%) Precision (RSD %) Measured (mg/ml) Accuracy (%) Precision (RSD %)

Baicalin 1.00 1.0 103.1 11.2 0.929 92.9 7.9
2.00 2.1 103.7 2.9 1.904 95.2 6.2

10.00 10.0 99.4 2.0 10.119 101.2 3.6
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increase in the value of Cmax was observed for polygalax-

anthone III and ginsenoside Rd in the model group after oral

administration of traditional Chinese medicine, Kai–Xin–San

(KXS), compared to the normal group (Lv et al., 2013).

However, AUC in normal group administered with KOB

extracts showed 6.37 mg h/ml and allergic-induced group

administered with KOB extracts showed the value of

6.25mg h/ml of AUC. This result had a correlation with a

publication that the pharmacokinetic parameters except for

Cmax and AUC were not affected by the administration dose.

As well as, those except for Cmax were not affected by the

thyroid function (Okamura et al., 1986) (Table 3). Taken

together, allergic-induced condition did not affect the pharma-

cokinetics of KOB extracts, suggesting KOB extracts did not

require dosage adjustment in subjects with allergic-induced

diseases (Tebas et al., 2008; Graefe-Mody et al., 2012).

Conclusion

The analytical method showed excellent sensitivity, precision

and accuracy, being successfully employed in the pharmaco-

kinetic study of polyherbal medicine, KOB extract. Allergic-

induced condition did not affect the pharmacokinetics of

KOB extracts, suggesting KOB extracts did not require

dosage adjustment in subjects with allergic-induced diseases.
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