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Introduction

Sample preparation impacts nearly all the later analytical 
steps and is crucial for the accuracy, precision and robust-
ness of the qualitative and quantitive bioanalysis. An effi-
cient sample preparation also prolongs the life-time of 

instruments (e.g., HPLC instruments and chromatogra-
phy columns) and in turn lowers the cost of assays (Chen 
et al., 2008). Numerous methods have been applied for 
sample preparation including protein precipitation (PP), 
Liquid–liquid extraction (LLE) and solid phase extraction 
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Abstract
Context: Liquid–liquid extraction (LLE) shows high efficiency in the plasma sample preparation. However, this 
extraction method is not optimal for the biological samples containing complex organic interferences, such as liver 
and brain tissues. Some plant secondary metabolites can be converted between water-insoluble and water-soluble 
forms by pH adjustment. 
Objective: A two-step pH-dependent LLE method was introduced in this study to eliminate both water-soluble 
and lipidic interferences using the properties of pH-dependent interconvertible forms of analytes during sample 
preparation. A sensitive and reliable method using a reverse-phase HPLC coupled with a fluorescence detector was 
developed and validated. 
Materials and methods: 10-Hydroxycamptothecin (HCPT) with internal standard camptothecin and liver tissues were 
used as model compounds and biological samples. The lactone form of HCPT was converted to the water-soluble 
carboxylate form under moderate alkaline conditions, and the water-insoluble interferences were extracted with a 
nonpolar solvent. Afterward, the water-insoluble lactone form of HCPT was regenerated by acidification and then 
extracted using an organic solvent in a second LLE step. 
Results: The calibration curve was linear (r2 > 0.999) for HCPT concentrations ranging from 2.5 to 160 ng/mL. The 
mean recoveries of HCPT were 114.94 ± 3.98, 104.30 ± 2.44 and 95.90 ± 1.40% (n = 6) at concentrations of 2.5, 10 and 
80 ng/mL, respectively. The stability determination data showed that no significant degradation occurred under the 
experimental conditions. This method was successfully applied to liver tissue distribution study of HCPT in mice. 
Discussion and conclusion: This two-step LLE can be applied to distribution studies of compounds with pH-dependent 
interconvertible forms in other biological matrices.
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(SPE) (Nováková & Vlčková, 2009). LLE is based on the 
distinct distribution of analytes between two immiscible 
solvents (Albaseer et al., 2010). Despite the disadvan-
tages of large volumes of organic solvents and the poor 
potential for automation (Bjoërklund et al., 2002; Palit 
et al., 2005), LLE was widely used for the extraction of 
aqueous samples (Nováková & Vlčková, 2009; Wu et al., 
2010) because of its fast and effective separation of two 
phases, and especially high efficiency for the preparation 
of plasma sample (Aymard et al., 2000; Gauvin et al., 2000; 
Liu et al., 2008; Sparreboom et al., 1998). Nevertheless, 
some shortcomings such as emulsion and its unsuitabil-
ity for the removal of hydrophilic interfering substances 
restricted its application (Nováková & Vlčková, 2009). 
Another drawback of the conventional LLE may be its 
inapplicability for the preparation of biological matrices 
that contain large amounts of lipidic tissues, because lots 
of hydrophobic interferences would be co-extracted with 
the analytes (Posyniak et al., 2001).

Plant secondary metabolites and many naturally 
occurring chemical compounds are widely used for 
medicinal and pharmacological purposes, such as pacli-
taxel, berberine, Vinca alkaloids, ephedrine and phe-
nolic acids (Nardini & Ghiselli, 2004; Singla et al., 2002; 
Tang et al., 2009). Some of these natural compounds are 
amphiphilic which have acidic or basic properties that 
allow them to be converted to water-soluble salts by pH 
adjustment (Aymard et al., 2000; Hertzberg et al., 1989; 
Hsiang et al., 1989; Jaxel et al., 1989; Nardini & Ghiselli, 
2004). The pH adjustment in bioanalytical sample prepa-
ration is one of the most common sample treatments. 
Adjustment of the pH to less extreme values could be 
favorable for unstable compounds under basic or acidic 
conditions or in order to achieve different extraction 
selectivity. Proper pH adjustment of the sample to be 
extracted can be a powerful tool to achieve a different 
selectivity in the LLE (Hendriks et al., 2007, 2008). When 
proper pH adjustment introduced to these amphiphilic 
compounds, a two-step pH-dependent LLE can be used 
for sample preparation to remove water-soluble and lip-
idic interferences from the biological matrices.

Camptothecin (CPT, Figure 1) is a naturally occur-
ring pentacyclic indole alkaloid first isolated from 
extracts of the Chinese tree Camptotheca acuminata 
Decne. (Nyssaceae) by Wall et al. (1966). CPT was the 
first compound that was reported to stop cell division 
by directly blocking the DNA replication enzyme topoi-
somerase I (Hsiang et al., 1985; Montoro et al., 2010). 

CPT shows high tissue selectivity because, the level of 
topoisomerase I is higher in the malignant cells than 
in the normal cells (Thomas et al., 2004). CPT and its 
derivatives share the common feature of an E-ring lac-
tone structure that could undergo a rapid, reversible 
and non-enzymatic hydrolysis to the water-soluble car-
boxylate form at basic pH and readily reconvert to the 
lactone form at acidic pH (Figure 1) (Hertzberg et al., 
1989; Hsiang et al., 1989; Jaxel et al., 1989). The phar-
macokinetics of CPTs in plasma samples by HPLC with 
fluorescence detection has been well established (Guo 
et al., 2011a; Liu et al., 2008; Loh & Ahmed, 1990; Sun 
et al., 2004). The biological samples were prepared using 
relatively simple approaches such as protein precipitate 
with acetonitrile (ACN)/methanol (Fraier et al., 2000; 
Guo et al., 2003), SPE (D’Esposito et al., 2008; Fraier 
et al., 2000) or extraction with organic solvents using a 
conventional LLE (Koshkina et al., 1999; Liu et al., 2008; 
Sun et al., 2004; Zhao et al., 2006). However, the same 
sample preparation methods for plasma samples were 
used for tissue samples in most cases (Koshkina et al., 
1999; Wu & Zhang, 2001). Due to the different physi-
ological profiles, liver and other tissues contain high 
hydrophobic compositions. A large quantity of inter-
ferences could be co-extracted with the analytes using 
the simple PP and conventional LLE process (Wu et al., 
2010). Thus, a modification of the traditional sample 
preparation method is needed to determine the amount 
of CPTs in tissue samples.

In the present study, we investigated the quantification 
of 10-hydroxycamptothecin (HCPT, Figure 1), a natural 
derivative of CPT with the same chemical property of pH-
dependent lactone/carboxylate conversion. HCPT has 
been shown to be more biologically active and less toxic 
than CPT in animal experiments and human clinical 
evaluations (Wang et al., 2009; Zhang et al., 1998; Zunino 
& Pratesi, 2004). Liver tissue was chosen as a representa-
tive animal tissue with a high quantity of interferences. 
To separate HCPT from the hydrophobic interferences, 
the lactone form of the molecule was converted to the 
water-soluble carboxylate form under moderate alka-
line conditions, and the hydrophobic interferences were 
removed by extracting with dichloromethane. Afterward, 
the water-insoluble lactone form was reformed by acidi-
fication and a second LLE was used to extract HCPT 
into diethyl ether. This sample preparation method 
separated HCPT from both hydrophilic and hydropho-
bic interferences and was suitable for tissues with highly 
hydrophobic compositions as well as plasma samples. 
Hence, a HPLC method with a two-step pH-dependent 
LLE to determine the HCPT concentration in liver tis-
sues was developed and fully validated according to the 
International Conference on Harmonization of Technical 
Requirements for Registration of Pharmaceuticals for 
Human Use guidelines set forth for bioanalytical method 
validation (Liu et al., 2008). CPT was used as an internal 
standard (I.S.) for measuring HCPT concentrations by 
HPLC in this study.

Figure 1. Chemical equilibrium reaction between the lactone (a) 
and carboxylate (b) forms of CPTs (R=H, CPT; R=OH, HCPT).
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Materials and methods

Chemicals and reagents
CPT and HCPT with purities of 99% were purchased from 
Harbin Foran High-Tech Development Ltd. (Harbin, 
Heilongjiang, China).

HPLC-grade ACN was obtained from Sigma-Aldrich 
(St. Louis, MO, USA). HPLC-grade water (resistivity 18.2 
MΩ cm) was produced by purification of distilled water 
with a Milli-Q gradient system (Billerica, MA, USA). 
Other chemicals were of analytical reagent grade and 
were purchased from Sinopharm Chemical Reagent Co., 
Ltd (Shanghai, China).

Instruments and analysis conditions
A Waters HPLC system equipped with a 1525 binary 
pump, a 717 plus autosampler, and a 2475 fluorescence 
detector was used (Milford, MA, USA). Reverse-phase 
chromatography was performed on a Hypersil GOLD C

18
 

column (5 µm, 250 × 4.6 mm, Thermo Fisher Scientific 
Inc., Waltham, MA, USA). The optimized method used a 
binary gradient mobile phase with water as mobile phase 
A and ACN as mobile phase B. A flow rate of 1.2 mL/
min was used with 50 µL of injection volumes. The time 
program of the gradient was as follows: Phase B linearly 
increased from 20 to 60% in the first 12 min and from 60 to 
90% within the next 3 min, then phase B decreased from 
90 to 20% in 4 min and kept stably at 20% for 6 min. The 
total running time was 25 min including a 9 min equili-
bration time for each sample analysis. An injection of 
ACN with 10% acetic acid was used to wash the column 
every 3–5 injections. The eluent was monitored at the 
excitation and emission wavelengths of 383 and 553 nm 
(Guo et al., 2011a,b), respectively. Waters Empower soft-
ware was used for system control and data acquisition.

Preparation of mouse liver homogenate
After collected blood via a cardiac puncture, the mouse 
was dissected and its liver tissues were excised. The liver 
tissue samples were carefully washed with an isotonic 
sodium chloride solution. The accurately-weighted tis-
sue was homogenized in 1% aqueous sodium phosphate 
solution (tissue/solution 1/2, w/v) using a crux homog-
enizer and stored at −80°C until analysis.

Preparation of standard and quality control samples
A stock solution of HCPT (40 µg/mL) was prepared by dis-
solving 10 mg of HCPT in a 250 mL volumetric flask with 
ACN and further diluted to a series of working solutions 
with ACN. Calibration curves were prepared by spiking 
100 µL of the appropriate standard solution with 100 µL 
of mouse liver tissue homogenate. The effective concen-
trations of HCPT in liver tissue homogenate samples 
were 2.5, 5, 10, 20, 40, 80 and 160 ng/mL. A stock solution 
of I.S. (CPT) was prepared in ACN at a concentration of 
40 µg/mL using the same method as for HCPT (above), 
and a 20-fold dilution of the stock solution with ACN gave 
the working solution with a concentration at 200 ng/mL. 

Quality control (QC) samples were prepared in pool as 
a single batch for each concentration at concentrations 
of 2.5 (low), 10 (medium) and 80 ng/mL (high), then ali-
quoted and stored in the freezer at −80°C until analysis. 
The spiked liver tissue homogenate samples (standards 
and quality controls) were treated following the same 
sample processing procedure as that for unknown 
samples.

Sample processing
One-hundred microliters of liver tissue homogenate 
and 100 µL of I.S. working solution (CPT, 200 ng/mL) 
were mixed in a 2 mL test tube. Two-hundred microli-
ters of 1% trisodium phosphate solution was added to 
the mixture, and it was incubated for 30 min in an ultra-
sonic bath. Following this, 500 µL of dichloromethane 
was added to the mixture, and then vortexed for 20 s. 
The mixture was incubated at room temperature for 
30 min on a shaker and then centrifuged at 13,000g for 
15 min. The upper layer was transferred to a clean test 
tube, mixed with 120 µL of 1% phosphoric acid solu-
tion and extracted with 700 µL of diethyl ether twice in 
a shaker at room temperature for 30 min. The organic 
layers were combined in a clean tube after centrifuging 
at 13,000g for 10 min, and dried in an MCFD5-3B freeze 
dryer (SIM International Group Co., Newark, DE, USA). 
The dried extract was reconstituted in 200 µL of ACN. 
After centrifuging at 13,000g for 10 min, a 50 µL aliquot 
was injected into the chromatographic system using a 
Waters 717 plus autosampler.

Method validation
Liver tissue homogenate samples were quantified using 
the peak area ratio of HCPT to that of the I.S. (CPT). 
A standard curve in the form of y = A x + B was used, 
where x represents HCPT concentration in the liver tis-
sue homogenates and y represents the ratio of the HCPT 
peak area to that of the I.S. (CPT). A linear least-squares 
regression analysis was conducted to determine the 
slope, intercept and coefficient of determination (r2) to 
demonstrate the linearity of this method. To evaluate 
the linearity, liver tissue homogenate calibration curves 
were prepared and analysed in triplicate on 5 consecu-
tive days.

The accuracy and precision were also determined by 
replicate analyses (n = 6) of QC samples at three con-
centration levels (2.5, 10 and 80 ng/mL) on different 
validation days. The accuracy was expressed by (mean 
observed concentration)/(spiked concentration) × 100% 
and the precision by relative standard deviation (RSD 
%). The concentration of each sample was determined 
by using the calibration curve and analysed on the same 
day.

The recovery of HCPT was evaluated by analysing QC 
samples at three different concentrations as described 
above and comparing the area ratio of peaks for HCPT 
and I.S. with those for neat solutions of standard com-
pounds without extraction.
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Stability
The stability of analytes was examined by keeping rep-
licates of the liver tissue homogenate QC samples on 
bench at room temperature for 2 h, in the autosampler 
tray for 24 h, and in a freezer at −80°C for 30 days; the 
freeze-thaw stability was obtained over three freeze-
thaw cycles, by thawing at room temperature for 2–3 h 
and then refreezing for 12–24 h. The stability of the stan-
dard solutions was tested after standing at room tem-
perature for 4 h and after refrigeration at 4°C for 30 days. 
For each concentration and each storage condition, six 
replicates were analysed in one analytical batch. The 
concentration of HCPT after each storage period was 
related to the initial concentration, which was deter-
mined when the samples were originally prepared and 
processed.

Liver tissue distribution studies in mice
The concentrations of HCPT in mouse liver tissue homo-
genate samples were determined by using the HPLC 
method described above. Groups of 48 healthy male 
mice (20–25 g) were chosen for the tissue distribution 
study (approved by the Animal Ethical Committee in 
Northeast Forestry University). An oral formulation of 
HCPT (8 mg/mL) was prepared by mixing HCPT in cot-
tonseed oil via constantly grinding with an agate mortar 
and pestle. After fasting for 12 h, each mouse was orally 
administrated the appropriate dosage of HCPT (80 mg/
kg) by gavage. A series of liver samples were collected 
into tubes before and at 0.17, 0.33, 0.67, 1.0, 1.33, 1.67, 
2.0, 4.0, 8.0, 12 and 24 h time points after administration. 
The liver tissue samples were washed with an isotonic 
sodium chloride solution, and homogenized in 1% 
aqueous sodium phosphate (tissue/solution 1/2, w/v) 
with a crux homogenizer and stored frozen at −80°C 
until analysis.

Statistical analysis
A noncompartmental pharmacokinetic analysis using the 
Kinetica™ software package (version 5.0, Thermo Fisher 
Scientific Inc., MA, USA) was performed to determine 
key parameters including the maximum plasma con-
centration (C

max
), the time-to-maximum concentration 

(T
max

), the elimination half-life (T
1/2

), the mean residence 
time (MRT), the area under the plasma concentration-
time curve from zero to 24 h (AUC

0–24
), and the area under 

the plasma concentration-time curve from time zero to 
infinity (AUC

0–∞
).

Results and discussion

Sample preparation
Some of plant secondary metabolites with acidic or basic 
properties allow them to be converted into water-soluble 
salt when pH value was adjusted (Aymard et al., 2000; 
Hertzberg et al., 1989; Hsiang et al., 1989; Jaxel et al., 
1989; Nardini & Ghiselli, 2004). For these compounds, 
a two-step pH-dependent LLE can be used for sample 

preparation in order to remove water-soluble and lipidic 
interferences from the biological matrices. Both CPT and 
its natural derivative HCPT have the chemical properties 
of pH-dependent conversion between lactone and car-
boxylate forms. HCPT (with CPT as an I.S.) and liver tis-
sue were chosen as the model compounds and biological 
matrices, respectively.

The two main steps for sample preparation in this 
study were a basic LLE followed by an acidic LLE. To 
separate HCPT from hydrophobic interferences, a 
basic aqueous solution was used to convert the lac-
tone form of the analyte and I.S. into the water-soluble 
carboxylate form. Strong, moderate and weak bases, 
specifically sodium hydroxide, sodium phosphate, and 
sodium carbonate were tested at different concentra-
tions (0.1–5%). It was proven that HCPT and CPT could 
be fully converted and hydrophobic interferences, such 
as lipid, were not affected by 1% sodium phosphate 
solution under ultrasonication. Dichloromethane 
was used as the organic phase in the first step of LLE 
to remove the hydrophobic interferences from HCPT 
and I.S. which remained in the water layer with their 
carboxylate forms. Next, 1% phosphoric acid was used 
to transform the carboxylate form of the analyte back 
into its lactone form. Finally, diethyl ether was added 
to extract HCPT and I.S. Ethyl acetate, diethyl ether and 
the mixtures of these two solvents in different ratios 
(20/80 and 50/50, v/v) were evaluated for extraction 
efficiency. Diethyl ether was found to be the optimal 
extraction solvent. Repetition of the second step of 
extraction was essential for a good recovery. To evalu-
ate the necessity of the first step of LLE, extraction 
processes were also performed with and without this 
step. As shown in the chromatograms in Figure 2, sev-
eral interfering peaks were detected when the first step 
of LLE was omitted (Figure 2a), and the method was 
found to be lack of linearity and with lower sensitivity, 
whereas a much cleaner chromatogram was obtained 
when the first step of LLE was performed (Figure 2b). 
Although an endogenous peak was presented in blank 
liver tissue samples with a retention time close to that 
of HCPT, these two peaks were baseline resolved and 
there was no interference for the quantification of 
HCPT.

Chromatography
Different chromatographic conditions including chro-
matographic columns have been evaluated. A good 
separation was obtained with a Hypersil GOLD C

18
 col-

umn using the binary gradient program described above. 
It was demonstrated that no endogenous substances 
interfered with the quantification of analytes in the liver 
tissue homogenates. Under this chromatographic condi-
tion, the monitoring time was 16 min followed by a 9 min 
equilibration time for each sample analysis. The reten-
tion times were 6.77 and 9.05 min for HCPT and CPT, 
respectively.
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Method validation
Selectivity and specificity
Selectivity was assessed by evaluating the differences 
between six different batches of the spiked liver tissue 
homogenates sample and blank tissue homogenates. 
The representative chromatograms of a blank liver tissue 
homogenate, a blank liver tissue homogenate spiked with 
HCPT (20 ng/mL) and I.S., and a liver tissue homogenate 
sample after 4 h of oral administration of HCPT (80 mg/
kg) are shown in Figure 2. No interfering peak at the 
retention time of analytes, HCPT and I.S. was observed 
in all samples. The specificity was verified by comparing 
retention time of HCPT and CPT in QC samples (n = 10). 
The differences were less than 1%.

Linearity of calibration curves and lower limits of 
quantification
The calibration curve in this study was established by plot-
ting the ratio of the peak areas of HCPT and I.S. against 
the expected concentration of calibration standards 
spiked in liver tissue homogenates. The linear-regression 
correlation coefficients were greater than 0.999 over the 
concentration range of 2.5–160 ng/mL in all validation 
runs. Figure 3 shows the classic linear calibration curve 
obtained for HCPT in liver tissue homogenate over the 
concentration range.

The lower limits of quantification (LLOQ) was defined 
as the lowest concentration on the calibration curve at 
which an acceptable accuracy of ±15% and a precision 
below 15% was obtained (Liu et al., 2008). The present 
method provided a LLOQ of 2.5 ng/mL in 0.1 mL liver tissue 

homogenate samples. HCPT can be detected in liver tissue 
homogenate samples even 24 h after administration using 
this sensitive method. Thus, this method is sensitive enough 
to investigate the distribution of HCPT in liver tissue.

Precision and accuracy
The intra- and inter-day precision and accuracy for 
HCPT analysis were evaluated by assaying the QC sam-
ples (2.5, 10 and 80 ng/mL) in 5 consecutive days. The 
results are presented in Table 1. The inter-day precision 
was lower than 8.14%, and the accuracy was between 
98.80 and 102.20%. The intra-day precision was lower 
than 10.02%, and the accuracy was between 96.80 and 
99.98%. These data suggested that the method was accu-
rate and precise for the quantitative analysis of HCPT in 
mouse liver tissue samples.

Recovery and stability
The recoveries of HCPT spiked into mouse liver tissue 
homogenates were determined at three QC sample con-
centrations (2.5, 10 and 80 ng/mL) and were 114.94 ± 3.98, 
104.3 ± 2.44 and 95.9 ± 1.4% (n = 6), respectively.

The stability of HCPT was evaluated as described in 
the method section. The data are shown in Table 2, which 
suggested that no significant degradation occurred under 
the experimental conditions.

Application of the method to liver tissue  
distribution study
In this study, the mean concentration-time curve of 
HCPT in liver tissue homogenates was determined for 

Figure 2. Representative chromatograms of: (A) a blank mouse liver tissue homogenate sample without the first LLE step; (B) a blank 
mouse liver tissue homogenate sample using the two-step LLE; (C) a blank mouse liver tissue homogenate spiked with HCPT (20 ng/mL) 
and I.S. (CPT 200 ng/mL); (D) a mouse liver tissue homogenate sample at 4 h after oral administration of HCPT at a dose of 80 mg/kg and 
spiked with I.S. (CPT 200 ng/mL).
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four mice each receiving a single dose of 80 mg/kg. The 
curve and pharmacokinetic parameters of HCPT are 
shown in Figure 4 and Table 3, respectively. After oral 
administration of HCPT, the concentration of HCPT in 

the liver tissue homogenates reached the peak at T
max

 
of 1.0 h, which was later than that in plasma (0.17 h) 
base on the result of our related research (Guo et al., 
2011a,b). This suggested that HCPT can quickly distrib-
ute to tissues after it was absorbed into the bloodstream. 
The concentration increased quickly to reach the peak 
concentration and then decreased slowly after 1 h. The 
C

max
 values of HCPT were about 69.40 ± 8.59 ng/mL, i.e., 

Table 2. Stability of HCPT in liver tissue homogenate samples (n = 6).
Experimental condition Nominal, C (ng/mL) Measured, C (ng/mL) ± SD Relative error (%)
Liver tissue homogenate QC 
samples

2 h at RT 2.5 2.56 ± 0.17 2.4
10 10.01 ± 0.06 0.09
80 80.13 ± 2.41 0.17

Autosampler 24 h 2.5 2.63 ± 0.12 5.5
10 10.51 ± 0.87 5.1
80 78.34 ± 2.28 −2.08

30 days storage at −80°C 2.5 2.65 ± 0.19 6.01
10 9.92 ± 0.03 −0.77
80 78.54 ± 1.21 −1.82

3 freeze-thaw cycles 2.5 2.64 ± 0.11 5.92
10 10.67 ± 0.05 6.79
80 78.63 ± 2.57 −1.71

Standard solutions 4 h at RT 2.5 2.54 ± 0.11 1.6
10 10.11 ± 0.23 1.1
80 80.09 ± 2.17 0.11

30 days at 4°C 2.5 2.45 ± 0.13 −1.93
10 10.21 ± 0.05 2.1
80 79.54 ± 3.38 −0.58

Figure 4. Mean concentration-time profiles of HCPT in mouse 
liver tissue homogenate samples from four subjects each receiving 
a single dose of 80 mg/kg HCPT.

Table 3. The pharmacokinetic parameters of HCPT after oral 
administration of 80 mg/kg of HCPT.
Parameters HCPT
C

max
 (ng/mL) 69.40 ± 6.07

T
max

 (h) 1.00
T

1/2
 (h) 4.73 ± 0.73

MRT (h) 6.25 ± 1.17
AUC

0–24
 (ng·h/mL) 318.60 ± 43.02

AUC
0–∞

 (ng·h/mL) 331.12 ± 50.53

Figure 3. A representative calibration curve of HCPT in liver tissue 
homogenate samples.

Table 1. Accuracy and precision for the analysis of HCPT in 
mouse liver tissue homogenates.
Nominal, C  
(ng/mL)

Measured, C 
(ng/mL) (RSD %)

Relative 
error (%)

Accuracy 
(%)

Inter-day (n = 30)
2.5  2.47  8.14 −0.90 98.8
10 10.22  1.01  2.29 102.2
80 80.14  3.02  0.18 100.18

Intra-day (n = 18)
2.5  2.42 10.02 −3.30 96.8
10  9.87  4.94 −1.30 98.7
80 79.98  4.68 −0.02 99.98



960 J. Zheng et al.

 Pharmaceutical Biology

there was about 138.8 ng HCPT in 1 g of live tissue. This 
value was four times higher than the mount of HCPT 
in mouse plasma samples (17.80 ± 7.14 ng/mL) in our 
previous study (Guo et al., 2011a,b), which suggested 
an accumulation of HCPT occurred in mouse liver tis-
sues. The elimination half-time (T

1/2
, 4.73 ± 0.73 h) and 

the MRT (6.25 ± 1.17 h) of HCPT in liver tissue homo-
genates were both shorter than that in plasma samples 
(9.03 ± 2.58 h and 14.33 ± 4.56 h, respectively) (Guo et al., 
2011a,b). The ratio (%) of the AUC

0–24
 value to the AUC

0–∞
 

value was about 96.22% for HCPT in liver tissue. These 
results indicated that most HCPT was quickly elimi-
nated from the liver tissue.

Conclusion

It is possible to interconvert some plant secondary 
metabolites between water-insoluble and water-soluble 
forms by pH adjustment. A sensitive, accurate and pre-
cise RP-HPLC with fluorescence detection was devel-
oped and validated using HCPT with I.S. (CPT) and 
mouse liver tissues as model compounds and biological 
matrices. A two-step pH-dependent LLE was employed 
sample preparation. This LLE process could separate 
HCPT from hydrophobic or hydrophilic interferences 
by dissolving HCPT in the basic aqueous solution and 
then the lactone form in an organic solvent at acid 
condition. This method was convenient for the quan-
tification of HCPT in mouse liver tissue homogenate 
samples and fully validated. In addition, this method 
was also successfully applied to the determination of 
liver distribution profiles of HCPT in male mice with a 
LLOQ of 2.5 ng/mL. This modified LLE method can also 
be applied to distribution studies of other compounds 
with pH-dependent interconvertible forms in biologi-
cal matrices, especially tissue samples.
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