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ABSTRACT
Context: Chlorogenic acid (ChA) is the major compound in Shuang-Huang-Lian (SHL), which is mainly
composed of ChA, baicalin, and Forsythia suspense Thunb Vahl.
Objective: The effects of co-existing compounds in SHL and Lonicera japanica Thunb on the absorption
of ChA was investigated.
Materials and methods: According to 3� 3 Latin-square test, ChA alone, the extracts of Lonicera japan-
ica, or the mixture of ChA, baicalin and Forsythia suspense (ChA effective doses is 60mg/kg) was separ-
ately given to six beagles for seven days. The oral pharmacokinetic parameters of ChA in plasma, urine
and faeces were quantified by HPLC/UV and analyzed.
Results: The pharmacokinetic parameters of ChA alone, the extracts of Lonicera japanica, and the mixture
of ChA, baicalin, and Forsythia suspense were as followed: Cmax (2.350±0.483, 1.655±0.576,
2.332±0.606lg/mL), AUC0-1 (6.324±1.853, 4.216±1.886, 6.074±1.473lg�h/mL), t1/2 (0.911±0.187,
1.204±0.309, 1.094±0.193h), and Tmax (1.861 ±0.499, 1.000±0.459, 1.833±0.279h). Accumulative fraction
excretion of ChA in urine were 0.73 ±0.55, 1.25 ±1.23, 1.05 ±0.96%, while that in faeces were 0.68 ±0.94,
0.19 ±0.40, and 1.76±3.57%.
Discussion and conclusion: Co-existing compounds in SHL have no effect on the absorption of ChA,
while the concomitant compounds in Lonicera japanica could decrease that of ChA. ChA in Beagles might
have high biological transformation.
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Introduction

In recent years, traditional Chinese medicines (TCM) have
gained worldwide popularity for their complementary thera-
peutic effects to the western drugs, their various pharmaco-
logical effects and low side effects (Normile 2003; Xue & Roy
2003). As a commonly used traditional Chinese medicine, SHL
is highly prized in TCM practice for its treatment of acute
upper respiratory tract infection in clinic. SHL is mainly com-
posed of three herbs: Lonicera japanica Thunb, Scutellaria bai-
calensis Georgi and Forsythia suspense Thunb Vahl. ChA is a
major phenolic compound (no less than 1.5%) and therapeutic
ingredient existed in Lonicera japanica of SHL. Furthermore,
ChA shows a wide range of biological activities, such as killing
Escherichia coli by hypochlorous acid (Kono et al. 1995),
inhibiting hepatic glucose 6-phosphatase (Arion et al. 1997),
preventing oxidation (Salvi et al. 2001), and lipid peroxidation
(Ohnishi et al. 1994). In previous reports, in order to clarify
the destiny of ChA in vivo, several papers have described
pharmacokinetic studies of ChA after oral administration (Gao
et al. 2007; Ren et al. 2007). However, information available
was mainly about pharmacokinetics of ChA after oral adminis-
tration of Lonicera japanica (Zhou et al. 2014), or/and SHL
(Gao et al. 2014). Still, there has been little research on other

compounds in TCM how to influence on the absorption of
effective ingredients.

In this work, the pharmacokinetic properties in plasma, urine
and feces of ChA were quantified by the HPLC/UV method
(Chang et al. 2001; Gao et al. 2007). Based on the oral pharmaco-
kinetics of ChA, the differences of ChA in the forms of single
compound, the extracts of Lonicera japanica and the mixture of
ChA, baicalin and Forsythia suspense were compared via oral in
beagles in order to reveal the effects of co-existing compounds in
SHL and Lonicera japanica on the absorption of ChA. So, the
research results have important significance to reveal the mech-
anism of the prescription of ChA.

Materials and methods

Reagents and chemicals

ChA and internal standard puerarin were supplied by National
Institute for the Control of Pharmaceutical and Biological
Products (NICPBP, Beijing, China). Extracts of Lonicera japanica
(containing 99.8% ChA) were gift samples from Chenguang
Research Institute of Chemical Engineering (Chendu, China).
Extracts of Lonicera japanica (containing 37.2% ChA) and
extracts of Forsythia suspense Vahl (containing about 1.4%
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forsythin and 9.0% forsythoside) were bought from Sichuan
Mingbo Pharmaceutical Co., LTD (Chengdu, China). Extracts of
Scutellaria baicalensis (containing 97.0% baicalin) were bought
from Sichuan Sunnyhope Pharmaceutical Co., LTD (Chendu,
China). Methanol and acetonitrile (HPLC grade) were purchased
from Dikma Technologies (Beijing, China). Phosphoric acid,
acetic acid, trichloroacetic acid, disodium hydrogen phosphate
were of analytical grade and obtained from the Chengdu Reagent
Company (Chengdu, China). Water was prepared by an ultra-
pure water system (UPA, Chongqing, China). All other chemicals
used in the study were of analytical grade at least.

Animals, drug administration, and sampling

The Sichuan University animal ethical experimentation commit-
tee, according to the requirement of the National Act on the Use
of Experimental Animal (People’s Republic of China), approved
all procedures of the animal study (number: GPT 5-1). Beagles
weighting 9.0–11.2 kg (Table 1) (half male and half female) were
obtained from the Laboratory Animal Center at West China
School of Pharmacy, Sichuan University.

The beagles in this study were subjected to recirculating per-
fusion according to 3� 3 Latin square test design. Six beagles
were randomly assigned to six groups and had free access to
water and food by the following seven days. The beagles fasted
for 12 h with free access to water before dosing. On the day of
experiment, the animal was separately dosed with the ChA alone,
the extracts of Lonicera japanica or the mixture of ChA, baicalin,
and Forsythia suspense via the oral route (Table 2). According to
the clinical dose for human, the effective dose 60mg/kg ChA was
selected for the beagles after dose conversion. Serial blood sam-
ples (about 0.5mL) were collected at 0, 10, 20, 30, 45, 60, 80,
100, 120, 150, 180, 240, and 320min; serial urine samples were
collected at 0 h, 0–4 h, 4–8 h, 8–12 h, and 12–24 h with the pre-
cisely measured volume; serial faeces samples were collected at
0 h, 0–12 h, and 12–24 h. The procedures of the second and third
administrations were the same as mentioned above.

Blood samples were taken into heparinized microcentrifuge
tubes, and centrifuged immediately at 11,000 rpm for 5min. The
plasma layers were separated and stored in microcentrifuge
tubes at �20 �C until the analysis. Five millilitres of urine samples
and all of faeces samples were stored at �70 �C until the analysis.

Calibration standards and quality control samples

To prepare a series of standard plasma samples, 100lL of ChA
standard solution with different concentrations and 100lL of
internal standard solution (puerarin, 100 lg/mL) were separately
added into 0.5mL of blank plasma. And then the mixture was
vortex-mixed thoroughly to get the final standard solution with
the concentrations of 0.404, 0.808, 1.615, 3.230, 6.460, 12.920,
and 25.840 lg/mL. In the same manner, the quality control (QC)
samples were also prepared at the concentrations of 0.404, 0.808,
6.460 and 25.840lg/mL.

To prepare a series of standard urine samples, 50 lL of ChA
standard solution with different concentrations was respectively
added into 0.5mL of blank urine, followed by vortex mixture to
get final concentrations of 1.292, 6.460, 12.92, 64.60, and

129.2 lg/mL. QC samples were also prepared at concentrations of
1.292, 6.460, 12.92, and 129.2lg/mL in the same manner.

A series of standard faeces samples and QC samples were
prepared by the same method as that of urine samples (concen-
trations of the standard solution: 0.646, 1.292, 12.92, 64.60, and
129.2 lg/mL; concentrations of QC samples: 0.646, 1.292, 12.92
and 129.2lg/mL).

All the above solutions were stored at 4 �C before use for no
longer than one month.

Sample preparations

To 0.5mL of plasma sample, 100lL of internal standard solu-
tion, 100 lL of methanol:0.2% phosphoric acid (20:80, v/v) and
0.5mL of 10% solution of trichloroacetic were successively added
into a centrifuge tube. Subsequently, the mixture was vortex-
mixed for 2min (vortex WH-3, Anting Scientific Instrument,
Shanghai, China), and then centrifuged at 12,000 rpm for 10min
(Anke TGL-16C centrifuge, Anting Scientific Instrument,
Shanghai, China). Twenty microliters of supernatant was manu-
ally injected into the HPLC for analysis.

To 0.5mL of urine samples or faeces homogenates, 50 lL of
methanol:0.2% phosphoric acid (20:80, v/v) and 0.5mL of 10%
solution of trichloroacetic were added into a centrifuge tube, and
other procedures were the same as that of plasma sample.

Analytical procedure

The HPLC apparatus included a Series III Pump, a Model 500
UV/VIS detector and a 7725i injection valve. Data collection and
integration were accomplished by Shimadzu EZ Start 7.1.1 pro-
gram software.

Chromatographic separation was performed on reversed-phase
Scienhome Kromasil C18 column (250mm� 4.6mm, 5 lm)
(Dikma technologies, Beijing, China). ChA in plasma was sepa-
rated by mobile phase consisted of methanol, acetonitrile, and
disodium hydrogen phosphate (5mM, pH 3.0 adjusted by acetic
acid) (15:20:170, v/v/v); ChA in urine or faeces was separated by
mobile phase consisted of methanol, acetonitrile, and disodium
hydrogen phosphate with a different volume ratio of 6:8:88.
Separation was carried out isocratically at 35 �C with a flow rate
of 1.0mL/min, and UV detection was performed at 322 nm
(Chang et al. 2001; Gao et al. 2007).

Precision and accuracy

In order to determine the intra- and inter-day accuracy and pre-
cision, six replications of all QC samples were performed. Each

Table 1. Sex and weight of beagles.

No. A B C D E F

Sex $ # $ # # $
Weight (kg) 9.6 11.2 9.0 11.0 9.2 10.4

Table 2. Administration order.

Group

circle A B C D E F

1 T1b Ra T2c T1b T2c Ra

2 Ra T2c T1b T2c Ra T1b

3 T2c T1b Ra Ra T1b T2c

aR-reference: 60mg/kg ChA contained in extracts of Lonicerae japonicae flos
(containing 99.8% ChA).
bT1-test 1:60mg/kg ChA contained in extracts of Lonicerae japonicae flos (con-
taining 99.8% ChA)þ 12mg/kg extracts of Forsythia suspense vahl (containing
1.4% forsythin and 9.0% forsythoside)þ6mg/kg extracts of Scutellaria baicalen-
sis georgi (containing 97% baicalin).

cT2-test 2: 60mg/kg ChA contained in extracts of Lonicerae japonicae flos (con-
taining 37.23% ChA).

PHARMACEUTICAL BIOLOGY 1235



concentration of samples was calculated according to the calibra-
tion curve. The intra- and inter-day mean accuracy was deter-
mined by the ratio of calculated concentration and nominal
concentration within 10%, and the precision was evaluated by
relative standard derivative (RSD) within 15%.

Extraction recovery and stability of ChA samples

The recovery of ChA was assessed by the six replications of
QC samples in plasma. Firstly, plasma samples containing ChA
or puerarin were post-processed by the following steps.
Concretely, 100lL of internal standards, 0.5mL of 10% solu-
tion of trichloroacetic, and 100 lL of methanol:0.2% phos-
phoric acid (20:80, v/v) were added into 0.5mL of plasma
samples and then vortexed for 2min. Secondly, solution was
centrifuged, and 20 lL of supernatant was injected into HPLC.
Finally, the peak area of ChA (A1) or puerarin (A2) in plasma
samples was separately obtained. The control group, water, was
also post-processed and detected by the same method as
above, and then the peak areas of ChA (A1

0) and puerarin
(A2

0) were acquired. The extraction recovery was calculated by
the following formula: ChA in plasma samples (%)¼A1/A1

0;
puerarin in plasma samples (%)¼A2/A2

0.
Six replications of QC samples in plasma, urine and faeces

were chosen to investigate the stability of ChA. The short-term
stability of ChA was evaluated by keeping QC samples at room
temperature for 6 h. The post-preparative stability was conducted
by putting QC samples after operation at 4 �C for 8 h. Freeze-
thaw stability was determined by separately assessing QC samples
in plasma after freeze at �20 �C, and those in urine and faeces
after freeze at �70 �C, and then thaw cycles at room temperature
three times. The long-term stability was determined by placing
QC samples in plasma at �20 �C and those in urine and faeces
at �70 �C.

Data analysis

Concentrations were estimated for ChA in plasma after intragas-
tric administration, which was based on the calibration curve
relating peak area of ChA/puerarin to ChA concentration spiked
in samples. And ChA concentrations in urine and faeces were
estimated by the calibration curve, which were obtained by plot-
ting peak area of ChA versus ChA concentrations spiked in sam-
ples. In addition, calculation was performed by SPSS (version
10.0, IBM Corp., Armonk, NY).

Pharmacokinetic data were subsequently processed by the
Drug and Statistics ver 1.0 Program (DAS, Anhui, China), such
as area under the plasma concentration–time curve (AUC) and
half-life (t1/2). Cmax and Tmax were obtained from the experimen-
tal data. What’s more, accumulative excretion of ChA in urine
was accessed by variance analysis, and that in faeces was accessed
by rank sum test. And a p-value >0.05 was considered as no
significant.

Results

Specificity

Chromatograms of ChA in beagle plasma, urine and faeces
showed that the retention times of ChA and internal standard
puerarin were approximately 7.5 and 11.0–13.0min, respectively,
with complete baseline resolution between peaks of interest. No
interfering peaks were observed at the retention time of ChA and
internal standard in all the conditions.

Precision and accuracy

The intra- and inter-day precisions were calculated by replicated
assays of ChA in plasma, urine and faeces samples, and the data
were shown in Tables 3–5. Precision and accuracy studies indi-
cated that the developed HPLC method was reproducible and
accurate.

Linearity, LLOQ, and LOD

All of the correlation coefficients of calibration curve in plasma,
urine and faeces samples were larger than 0.99, suggesting a
good linearity within the different concentration ranges of
0.404–25.840lg/mL of ChA in plasma, 1.292–129.2 lg/mL of
ChA in urine and 0.646–129.2 lg/mL of ChA in faeces.

The limit of detection (LOD) for this method defined as a sig-
nal-to-noise ratio of 3:1 was 0.053lg/mL. The lower limit of
quantitation (LLOQ) defined as the lowest drug concentration,
which can be determined with an intra-day relative standard
deviation �20%, was estimated as 0.105lg/mL.

Table 3. Accuracy and precision of ChA in plasma samples.

Added concentration
(lg/mL)

Mean measured
concentration (lg/mL)

Accuracy
(%)

RSD
(%)

Intraday (n¼ 6)
25.84 25.69 99.4 1.44
6.46 6.36 98.5 1.64
0.808 0.814 100.7 4.33
0.404 0.412 102.0 8.91

Interday (n¼ 24)
25.84 25.815 99.9 2.47
6.46 6.55 101.4 3.00
0.808 0.793 98.1 5.26
0.404 0.412 102.0 8.96

Table 4. Accuracy and precision of ChA in urine samples.

Added concentration
(lg/mL)

Mean measured
concentration (lg/mL)

Accuracy
(%)

RSD
(%)

Intraday (n¼ 6)
129.2 126.8 98.1 0.69
12.92 12.34 95.5 2.44
6.46 6.216 96.2 5.72
1.292 1.321 102.2 4.10

Interday (n¼ 24)
129.2 135.0 104.5 4.53
12.92 12.21 94.5 2.42
6.46 5.97 92.4 5.35
1.292 1.361 105.3 4.87

Table 5. Accuracy and precision of ChA in faeces samples.

Added concentration
(lg/mL)

Mean measured
concentration (lg/mL)

Accuracy
(%)

RSD
(%)

Intraday (n¼ 6)
129.2 128.4 99.4 0.23
12.92 13.17 101.9 2.1
1.292 1.276 98.8 3.75
0.646 0.677 104.8 2.94

Interday (n¼ 24)
129.2 128.7 99.6 1.35
12.92 12.97 100.4 3.59
1.292 1.206 93.3 6.48
0.646 0.665 102.9 6.66
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Extraction recovery and stability of ChA samples

The result of stability (Tables 6–8) indicated that at 4 �C, ChA
was stable for at least 4 h in processed plasma and at least 8 h in
processed urine or faeces. At room temperature, it was stable for
at least 3 h in plasma and 6 h in urine or faeces. At �20 �C, it in
plasma was stable for at least one month, while at �70 �C, for at
least 20 d in urine and 7 d in faeces. Moreover, there was no sig-
nificant degradation of ChA after three freeze and thaw cycles,
which indicated that ChA was stable enough for injection onto
HPLC system.

The mean extraction efficiency was 88.57% for ChA, and
89.81% for the internal standard (n¼ 6) from plasma.

Pharmacokinetic analysis

Mean plasma concentration-time profile and the corresponding
pharmacokinetic parameters of ChA after oral administration
was separately shown in Figure 1 and Table 9. Compared with
the ChA in plasma of beagles dosed with extracts of Lonicera
japanica (containing 37.23% ChA), that in plasma of beagles
dosed with ChA alone showed higher Cmax (2.350 ± 0.483lg/mL),
AUC0-t (5.591 ± 1.406lg�h/mL), AUC0-1 (6.324 ± 1.853lg�h/mL),
t1/2 (0.911 ± 0.187 h), and Tmax (1.861 ± 0.499 h). Nevertheless, in
beagles co-dosed with ChA, baicalin, and Forsythia suspense, the
ChA of plasma showed the similar Cmax (2.332 ± 0.606 versus
2.350 ± 0.483 lg/mL), AUC0-t (5.325 ± 1.341 versus 5.591 ± 1.406
lg�h/mL), AUC0-1 (6.074 ± 1.473 versus 6.324 ± 1.853lg�h/mL),
t1/2 (1.094 ± 0.193 versus 0.911 ± 0.187 h), and Tmax (1.833 ± 0.279
versus 1.861 ± 0.499) with that of beagles dosed with ChA alone.

Accumulative fraction excretion of ChA in urine of R, T1, or
T2 groups was, respectively, 0.73%, 1.25%, and 1.05%, as well as
that of ChA in faeces was, respectively, 0.68%, 0.19%, and 1.76%,

which suggested that ChA without being absorbed was almost
metabolized in gastrointestinal tract of beagles.

Discussion

The pharmacokinetic parameters had remarkable differences
between ChA alone and extracts of Lonicera japanica (containing
37.23% ChA) by oral in beagles. In the extracts of Lonicera japan-
ica, the other concomitant compounds also existed except for ChA,
and they might have the same uptake pathway as ChA. Cmax of
ChA decreased in extracts of Lonicera japanica (containing 37.23%
ChA) and relative bioavailability of it was only 66.7%, suggesting
that concomitant compounds in extracts of Lonicera japanica
interfered with the absorption of ChA. Therefore, it’s best to
choose the extracts with higher content of ChA for preparation.

To the mixture of ChA, Scutellaria baicalensis (containing
97% baicalin) and Forsythia suspense (containing 1.4% forsythin
and 9.0% forsythoside), there was the same absorption and elim-
ination profile of ChA as those of ChA alone. Thereby, co-exist-
ing compounds in SHL had no effects on the absorption of ChA.
In TCM, Scutellaria baicalensis and Forsythia suspense are usually
combined with ChA. Moreover, combination preparation has
better clinic efficacy than ChA alone. However, whether ChA
effects on the in vivo absorption of Scutellaria baicalensis and
Forsythia suspense is not clear and still need further research.

In addition, in R, T1, or T2 groups, accumulative fraction
excretions of ChA were very low in urine or faeces, which indi-
cated that ChA could be bio-transformed before exerted from
body. ChA is vulnerable to oxidation, because it is a selective
hydroxyl free radical scavenger and oxygen free radical scavenger.
Therefore, ChA in Beagle dogs might have high biological trans-
formation, which led to very few prototype drugs detected.

Conclusion

In conclusion, other co-existing compounds in SHL had no
effects on the absorption of ChA, but the concomitant com-
pounds in extracts of Lonicera japanica made the absorption
ChA less. Therefore, high-purity ChA should be used for prepar-
ation. In addition, there was no remarkable difference of

Table 6. Stability of ChA in beagle plasma under various storage conditions
(Mean ± SD, n¼ 3).

Nominal conc.
(lg/mL)

4 �C/4 h
(extracted sample)

Room
temp./3 h

�20 �C/3
freeze/thaw

cycles �20 �C/1 mon

25.840 102.75 ± 0.35 94.97 ± 1.34 98.69 ± 2.76 114.28 ± 0.99
6.460 103.64 ± 1.78 93.22 ± 1.18 97.16 ± 4.62 103.12 ± 0.34
0.808 100.50 ± 8.03 96.48 ± 0.16 98.88 ± 4.68 107.79 ± 7.90

Table 8. Stability of ChA in beagle faeces under various storage conditions
(Mean ± SD, n¼ 3).

Nominal conc.
(lg/mL)

4 �C/8 h
(extracted sample)

Room
temp./6 h

�70 �C/3
freeze/thaw

cycles �70 �C/7 d
129.2 101.11 ± 1.22 87.18 ± 1.50 96.43 ± 4.06 99.88 ± 1.69
12.92 101.04 ± 1.16 86.17 ± 2.13 96.18 ± 1.07 98.62 ± 1.34
1.292 91.37 ± 1.93 105.12 ± 11.35 100.41 ± 2.78 101.46 ± 3.21

Table 7. Stability of ChA in beagle urine under various storage conditions
(Mean ± SD, n¼ 3).

Nominal conc.
(lg/mL)

4 �C/8 h
(extracted sample)

Room
temp./6 h

�70 �C/3
freeze/thaw

cycles �70 �C/20 d
129.2 99.87 ± 0.38 99.84 ± 0.13 102.69 ± 0.69 96.78 ± 1.06
12.92 101.27 ± 0.92 100.28 ± 1.60 103.87 ± 1.25 100.65 ± 1.24
6.46 99.80 ± 0.78 102.17 ± 2.00 109.80 ± 14.79 101.32 ± 3.94

Figure 1. Concentration–time curve in beagle plasma.

Table 9. Pharmacokinetics parameters for ChA (n¼ 6).

R T1 T2

t1/2 (h) 0.911 ± 0.187 1.094 ± 0.193 1.204 ± 0.309a

Cmax (lg/mL) 2.350 ± 0.483 2.332 ± 0.606 1.655 ± 0.576a

Tmax (h) 1.861 ± 0.499 1.833 ± 0.279 1.000 ± 0.459a

AUC0-t (lg�h/mL) 5.591 ± 1.406 5.325 ± 1.341 3.792 ± 1.794a

AUC0-1 (lg�h/mL) 6.324 ± 1.853 6.074 ± 1.473 4.216 ± 1.886a

F (%) 96.0 66.7
ap< 0.05, compared with R, T2 has statistical significance.
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accumulative fraction excretions of ChA in urine or faeces of
beagles dosed in R, T1, or T2 groups. Furthermore, a trace
amount of ChA in the parent form was detected in the urine and
faeces. Further studies are ongoing in our laboratory in order to
investigate the in vivo process of ChA with co-existing
components.

Disclosure statement

The authors report no conflicts of interest. The authors alone are
responsible for the content and writing of this article.

Funding

This study was supported by the National Natural Science
Foundation of China [51203157], by the Scientific and Technological
Project in Sichuan Province [2016JY0256], by the Project of
Education Department in Sichuan Province [16ZB0421], and by the
Antibiotics Research and Reevaluation Key Laboratory of Sichuan
Province Fund [ARRLKF14-05].

References

Arion WJ, Canfield WK, Ramos FC, Schindler PW, Burger HJ, Hemmerle H,
Schubert G, Below P, Herling AW. 1997. Chlorogenic acid and

hydroxynitrobenzaldehyde: new inhibitors of hepatic glucose 6-phosphat-
ase. Arch Biochem Biophys. 339:315–322.

Chang Q, Zhu M, Zuo Z, Chow M, Ho WKK. 2001. High-performance liquid
chromatographic method for simultaneous determination of hawthorn
active components in rat plasma. J Chromatogr B. 760:227–235.

Gao R, Lin YN, Liang G, Yu BY, Gao Y. 2014. Comparative pharmacokinetic
study of chlorogenic acid after oral administration of Lonicerae japonicae
flos and Shuang-Huang-Lian in normal and febrile rats. Phytother Res.
28:144–147.

Gao R, Zheng Q, Gong T, Fu Y, Deng L, Zhang ZR. 2007. Gradient high-per-
formance liquid chromatography for the simultaneous determination of
chlorogenic acid and baicalin in plasma and its application in the study of
pharmacokinetics in rats. Pharmaceut Biomed Anal. 43:335–340.

Kono Y, Shibata H, Kodama Y, Ueda A, Sawa Y. 1995. Chlorogenic acid as a
natural scavenger for hypochlorous acid. Biochem Biophys Res Commun.
217:972–978.

Normile D. 2003. Asian medicine. The new face of traditional Chinese medi-
cine. Science. 299:188–190.

Ohnishi M, Morishita H, Iwahashi H, Toda S, Shirataki Y, Kimura M, Kido
R. 1994. Inhibitory effects of chlorogenic acids on linoleic acid peroxida-
tion and haemolysis. Phytochemistry. 36:579–583.

Ren J, Jiang XH, Li CR. 2007. Investigation on the absorption kinetics of
chlorogenic acid in rats by HPLC. Arch Pharm Res. 30:911–916.

Salvi A, Carrupt PA, Tillement JP, Testa B. 2001. Structural damage to pro-
teins caused by free radicals: asessment, protection by antioxidants, and
influence of protein binding. Biochem Pharmacol. 61:1237–1242.

Xue TH, Roy R. 2003. Studying traditional Chinese medicine. Science.
300:740–741.

Zhou YL, Zhou T, Pei Q, Liu SK, Yuan H. 2014. Pharmacokinetics and tissue
distribution study of chlorogenic acid from Lonicerae japonicae Flos fol-
lowing oral administrations in rats. Evid Based Complement Alternat
Med. 2014:1–7.

1238 R. LIU ET AL.


	Comparative pharmacokinetics of chlorogenic acid in beagles after oral administrations of single compound, the extracts of Lonicera japanica, and the mixture of chlorogenic acid, baicalin, and Forsythia suspense
	Introduction
	Materials and methods
	Reagents and chemicals
	Animals, drug administration, and sampling
	Calibration standards and quality control samples
	Sample preparations
	Analytical procedure
	Precision and accuracy
	Extraction recovery and stability of ChA samples
	Data analysis

	Results
	Specificity
	Precision and accuracy
	Linearity, LLOQ, and LOD
	Extraction recovery and stability of ChA samples
	Pharmacokinetic analysis

	Discussion
	Conclusion
	Disclosure statement
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/NOR <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


