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A B S T R A C T

A pH-responsive conjugate based 10-hydroxycamptothecin-thiosemicarbazide-polyethene

glycol 2000 (10-HCPT-hydro-PEG) nano-micelles were prepared in our previous study. In the

present study, ultra-performance liquid chromatography (UPLC-MS) method is developed

to investigate its pharmacokinetics and biodistribution in tumor bearing mice. The results

demonstrated that the conjugate circulated for a much longer time in the blood circula-

tion system than commercial 10-HCPT injection, and bioavailability was significantly improved

compared with 10-HCPT. In vivo biodistribution study showed that the conjugate could enhance

the targeting and residence time in tumor site.

© 2017 Production and hosting by Elsevier B.V. on behalf of Shenyang Pharmaceutical

University. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Multi-drug resistance (MDR) is often the main cause of che-
motherapy failure. One reason is that P-glycoprotein (P-gp) on
the surface of cancer cells membrane is to discharge small drug
molecules [1]. Nano micelles can enter the cell through endo-
cytosis, and due to lack of exocytosis, the concentration of drug
in cells can achieve a higher level to improve efficacy [2].There-

fore, link drug with polymers by chemical bonds to form
noneffective conjugate is an ideal design. Which is to release
drug by specific mechanism (hydrolysis or enzymatic hydro-
lysis) to play efficacy after endocytosis, while to normal cells,
it remains invalid form and nontoxic [3–7], . Compared with
normal cells (pH7.4), tumor cells has acidic microenviron-
ment (pH 5.8–7.2), and lysosome even lower pH value (5.0–
5.5). Acid sensitive chemical bond (such as ester bond, oxime
key) or chemical structure (e.g. hydrazone, acetal) can
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fracture or change structure through hydrolysis in the acidic
environment of the cell, so as to control the release of drugs
[8]. In the past decade, pH responsive intelligent drug re-
search become focus in the field of drug delivery [9,10].
Hydrazone bond has been reported in design of pH respon-
sive drug delivery system due to its good stability under the
condition of physiological pH and rapid hydrolysis character
under acid pH condition [11–14]. (Fig. 1).

10-Hydroxycamptothecin (HCPT) has a broad spectrum of
anti-cancer activity in vitro and in vivo [15]. Its mechanism of
therapeutic action is based on targeting nuclear enzyme
topoisomerase I (TopoI) by stabilizing a cleavable complex to
inhibit DNA S-phase replication and RNA transcription [16].
However, the clinical use of 10-HCPT has been hampered by
its poor water solubility and severe side effects, such as
myelosuppression and hematuria etc. Combination with a
polymer as a prodrug to achieve better targeting and con-
trolled release property is one of the most promising strategies.
In our previous study, a water-soluble 10-HCPT-hydro-PEG
prodrug was synthesized, as shown in Fig. 2, and it increases
the solubility of 10-HCPT by more than 3000 times [17]. The
linker contains a pH sensitive hydrazone bond, which breaks
in the acidic environment of tumor cell and release drug. The
conjugate is amphiphilic and can self-assemble into nano
micelle in water. In the current study, we report a validated
ultra-performance liquid chromatography (UPLC-MS) assay for
the determination of its pharmacokinetics in rats.

2. Materials and methods

2.1. Materials and animals

2.1.1. Materials
10-HCPT, and EDCI (1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide) were obtained from Sigma Chemical Co. (St Louis,
MO, USA). 5-Carbonyl caproic acid and dichloromethane were
obtained from Shanghai Topbiochem Ltd. (Shanghai, People’s
Republic of China). Anhydrous N,N-dimethylformamide (DMF),
thiosemicarbazide, and sulfoxide chloride were obtained from
Aladdin Industrial Corporation (Shanghai, People’s Republic of
China). MeO-PEG2000-COOH (molecular weight 2,000 Da) was
obtained from Xi’an Ruixi Biological Technology Co. Ltd. (Xi’an,
People’s Republic of China). Sephadex LH-20 was obtained from
Shanghai Yuanye Bio-Technology Co. Ltd. (Shanghai, People’s
Republic of China). All other chemicals were of analytical grade
and were used without further purification.

2.1.2. Animals
All animal research were performed following the protocol ap-
proved by the ethics committee of Henan Laboratory Animal
Center and followed the guidelines of the Regulations for the
administration of affairs concerning experimental animals.

Wistar rats (150~200 g), provided by Henan Academy of
Medical Sciences Laboratory Animal Center (qualified number:
SCXK-(army), 2007-004).

2.1.3. Statistical analysis
All statistical tests were performed using Statistical Package
for Social Science, version 13.0 (SPSS Inc., Chicago, IL, USA). A
minimal P = 0.05 was used as the significance level for all tests.
One-way analysis of variance and Tukey’s test were per-
formed on the uptake data. All data are reported as
mean ± standard deviation unless otherwise noted.

2.2. Characterization of conjugate and nano micelles

The conjugate was confirmed by 1H NMR, 13C NMR, and MALDI-
TOF MS. The amphiphilic conjugate could self-assemble into
nanosized micelles and the particle size, size distribution, and
zeta potential of micelles were determined by dynamic light
scattering.The morphology was observed by transmission elec-
tron microscopy.

2.3. Stability of nanomicelles in vitro and in plasma

Hydrazone bond is instable under certain pH conditions, so we
test the amount of degradation product (10-carbonyl capro-
ate ester of 10-HCPT) to investigate the stability of nano micelles
under different pH conditions. The conjugates were dis-
solved in a series of PBS solutions (0.01 mol/l) at pH 5.0, 6.0,
and 7.4 to give a final concentration of 0.5 mg/ml and were in-
cubated at 37 °C for 48 h. 0.1 ml portions of each solution were
withdrawn and centrifuged at 12,000 rpm for 5 min at 0, 0.5,
1, 2, 4, 6, 8, 12, 24, and 48 h and the supernatants were ana-
lyzed by UPLC/MS (Agilent Technologies 6460 Triple Quad, Palo
Alto, CA, USA; ZORBAX Eclipse XDB-C18 Rapid Resolution HD
2.1 mm × 100 mm, 1.8 µm, Agilent). Solutions of conjugate

Fig. 1 – Schematic illustration of pH-responsive polymer-
drug conjugate.

Fig. 2 – Schematic illustration of 10-HCPT-hydro-PEG.
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(5.0 mg/ml) and camptothecin with a final concentration of
1.0 µg/ml as an internal standard were added to 5 ml human
serum to give a final concentration of 0.5 mg/ml and were in-
cubated at 37 °C. At same time intervals, 100 µl samples were
withdrawn. After precipitating the protein with 300 µl aceto-
nitrile, the mixture was vortexed and centrifuged at 12,000 rpm
for 5 min. 300 µl of the supernatant was evaporated to dryness
under N2 at 40 °C. The dry extracts were dissolved in 100 µl of
acetonitrile for UPLC/MS analysis.The 10-HCPT was then further
diluted with human serum to make a set of standards ranging
from 0.5 to 1,000 ng/ml and tested quantitatively by the in-
ternal standard method. The multiple reactions monitoring
mode was used to confirm the precursor ions and select product
ions. Full-scan spectra produced a predominant peak of (MH)+

at M/Z 477.0. Collision-induced dissociation of the (MH)+ ion
produced a major fragment at M/Z 433.1. Therefore, the tran-
sition pair 477.0/433.1 was selected.

2.4. Instrumentation and chromatography conditions

The 10-HCPT in plasma was detected by ultra performance
liquid chromatography (UPLC-MS). Chromatographic separa-
tion was performed on (Agilent) C18 column (1.8 µm,
2.1 mm × 100 mm). The mobile phase consisted of acetoni-
trile and 0.01 M NH4HPO4 glacial acetic acid/triethylamine (60
/40 / 0.7 / 0.3, v / v / v / v, pH to 4.00) with a flow rate of l.0 ml/
min and column temperature of 30 °C; The injection volume
was 10 µl. The specific chromatographic conditions were op-
timized as follows: The multi-reaction monitoring model was
used to determine the parent ion and daughter ion. The full
scan spectrum produces a main peak at m/z 365.0. The colli-
sion induced dissociation fragment is m/z 321.1, thus converting
the selection to 365.0/321.1.

2.5. Sample preparation

For the analysis, 150 µl of plasma was mixed with 50 µl of 0.1
N NaOH for 20 min in a water bath at 37 °C, allowing hydro-
lysis of the conjugate. After this, 0.1 N HCl (50 µl) was added,
followed by 20 µl camptothecin(CPT) in acetonitrile (10 µg/
ml) as internal standard and 600 µl acetonitrile. After vortexing
for 2 min, the mixture was sonicated for 5 min and centri-
fuged at 10,000 rpm for 5 min. The clear supernatant was dried
under nitrogen at 40 °C, reconstituted by 100 µl acetonitrile and
centrifuged at 12,000 rpm for 10 min before analysis.

2.6. Method validation

Plasma samples were quantified using the ratio of the peak
area of 10-HCPT to that of internal standard CPT as the assay
response. The peak area ratio (Y) and concentration of 10-
HCPT (X) were subjected to a linear regression analysis to
calculate the calibration equation and correlation coeffi-
cients. Selectivity was assessed by comparing the
chromatograms of six different batches of blank rat plasma with
the corresponding batch of plasma spiked with 200.0 ng/ml 10-
HCPT and 10.0 µg/ml CPT. To evaluate linearity, rat plasma
calibration curves were prepared and assayed in triplicate on
three consecutive days. The LLOQ was experimentally deter-
mined by diluting known concentrations of 10-HCPT in rat

plasma for five replicate determinations. Accuracy and preci-
sion were assessed by determining quality control (QC) samples
at three concentrations (10.0, 200.0, and 2000.0 ng/ml) on three
different validation days. The accuracy was expressed by
method recovery and precision by relative standard devia-
tion (RSD). The extraction recoveries of 10-HCPT at three QC
levels were determined by comparing the peak area ratios of
the analyte to internal standard in the sample that had been
spiked with the analyte prior to extraction with samples to
which the analyte had been added post-extraction. The inter-
nal standard was added to both sets of samples post-extraction.
The stability in rat plasma was investigated by placing QC
samples under a variety of storage and process conditions. The
storage stability under −20 °C freezer conditions was evalu-
ated for 30 days. The freeze-thaw stability was assessed by
analyzing QC samples undergoing three freeze-thaw (−20 °C/
room temperature) cycles. The stability in the reconstituted
solution was investigated by placing QC samples at room tem-
perature for 24 h.

2.7. Pharmacokinetic study

Wistar rats were randomly divided into two groups, each group
of six. Group 1: 10-HCPT group; Group 2: 10-HCPT-hydro-PEG
group, fasting 12 h before experiment, free drinking water. Rats
were administered a single dose of 10-HCPT (5 mg/kg) and 10-
HCPT-hydro-PEG (35.1 mg/kg) intravenously. After 10, 20, 30 min,
1, 2, 4, 8, 12, 24, and 48 h of injection, blood samples were col-
lected from the orbital vein, then centrifuged to obtain plasma
samples and were stored at −20 °C until analysis. The concen-
trations of 10-HCPT from plasma were measured using UPLC-
MS. Pharmacokinetic data were analyzed using Drug and
Statistics (DAS) software version 3.0 (Mathematical Pharma-
cology Professional Committee of China, Shanghai, People’s
Republic of China). Using the statistical moment model to
process data.

2.8. In vivo biodistribution study

The mice were killed to obtain tissue samples after adminis-
tration of 10-HCPT (5 mg/kg) and 10-HCPT-hydro-PEG (35.1 mg/
kg) intravenously. The organs (heart, liver, spleen, lung, kidney,
brain, and tumor) were removed and washed with physiologi-
cal solution (0.9% NaCl), weighed and stored at −20 °C. Tissues
were homogenized in saline. Samples of 200 µL of tissue ho-
mogenate were analyzed using the same processing steps as
for the plasma samples. The concentrations of 10-HCPT from
each tissue homogenate were measured using UPLC/MS. Phar-
macokinetic data were analyzed using Drug and Statistics (DAS)
software version 3.0 (Mathematical Pharmacology Profes-
sional Committee of China, Shanghai, People’s Republic of
China).

3. Results and discussion

3.1. Characterization of nano micelles

The conjugate was confirmed in our previous study [17]. It can
self-assemble into nano micelles. Transmission electron
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microscopy images revealed their spherical shapes and par-
ticle size. The particle size of micelles was 80−100 nm and zeta
potential was about −0.23 mV by dynamic light scattering.
(Fig. 3).

3.2. Stability of nanomicelles

As shown in Fig. 4, the stability of conjugate was signifi-
cantly pH-dependent. Specifically, hydrazone bond broke rapidly
under pH 6.0, however, in the solution of pH 7.4 and in plasma
conjugate contents were 98% and 95% after 4 h, respectively.
The contents of conjugate in pH 7.4 PBS or plasma after 48 h
were all more than 70%. These results indicate that in blood
and at physiological pH levels, the conjugate is relatively stable;
however, in the acidic microenvironment of tumor cells, par-
ticularly in lysosomes, conjugate breaks quickly.

3.3. Specificity

In the chosen chromatographic conditions, blank rat plasma
and plasma samples spiked with 10-HCPT and internal stan-
dard after extraction was used for the validation of specificity.

The corresponding chromatogram results are shown in Fig. 5.
The retention times are 1.599 min and 1.800 min for 10-HCPT
and internal standard, respectively. Chromosomes in the main
peak, internal standard peaks and adjacent substances can be
completely separated between the peaks with a good peaks
shape. There were no obvious interfering endogenous sub-
stances in rat plasma.

3.4. Calibration curve

10-HCPT concentration in plasma (X) and ratio of CPT inter-
nal standard peak area verse 10-HCPT blood drug concentration
(Y) was in good linear relationship in the range of 2.0 to
8000.0 ng/ml of 10-HCPT in rat plasma. A typical equation of
the calibration curve for rat plasma samples was (Y = 57.633
X + 13487.17, r = 0.9978, n = 8). The lowest concentration (0.2 ng/
ml) on the calibration curve was determined as LLOQ.

3.5. Precision

The precision data for intra- and inter day plasma sample are
summarized in Table 1. For the assay of 10-HCPT in rat plasma,
the intra- and interday precisions ranged from 2.23 to 9.25%
and from 4.27 to 10.85%, respectively for three QC levels.

3.6. Recovery

The extraction recovery of 10-HCPT determined at 10.0, 200.00,
and 2000.0 ng/mL were 81.83, 83.94 and 87.25%, respectively

Fig. 3 – TEM image (A), size distribution (B), and zeta potential (C) of nano micelles.

Fig. 4 – Stability of nanomicelles in phosphate-buffered
saline and plasma.

Table 1 – Precisions of 10-HCPT in plasma measured by
UPLC-MS (n = 6).

Concentration
(ng/ml)

Concentration
measured

Intra-day (ng/ml)

Concentration
measured

Inter-day (ng/ml)

Mean ± SD RSD
(%)

Mean RSD
(%)

10 10.22 ± 0.945 9.25 10.71 ± 1.162 10.85
200 206.21 ± 13.11 6.36 213.85 ± 18.75 8.77
2000 2032 ± 45.31 2.23 2086 ± 89.07 4.27
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with % RSD less than 10. (n = 6, Table 2). The method recover-
ies of 10-HCPT in rat plasma, determined at 10.0, 200.00, and
2000.0 ng/mL were 106.71, 100.67, and 97.33%, respectively (n = 6,
Table 2). The accuracy of the method ranged from 97.33% to
106.71% for three QC levels. The obtained data results meet the
FDA guidelines demonstrating the robustness of the vali-
dated method developed for analysis of 10-HCPT in plasma [18].

3.7. Stability

Stability was investigated under different conditions such as
room temperature, three freeze-thaw cycles and long-term

Fig. 5 – UPLC-MS chromatoram of blank plasma sample (A), plasma sample spiked with 10-HCPT, CPT and molecular ion
peaks (B).

Table 2 – Recovery of 10-HCPT in plasma measured by
UPLC-MS (n = 6).

Concentration
(ng/ml)

Accuracy (method
recovery) (%)

Extraction
recovery (%)

Mean ± SD RSD
(%)

Mean ±SD RSD
(%)

10 106.71 ± 11.09 10.39 81.83 ± 2.39 2.92
200 100.67 ± 3.68 3.66 83.94 ± 8.74 10.41
2000 97.33 ± 2.36 2.42 87.25 ± 4.02 4.61

ARTICLE IN PRESS

Please cite this article in press as: Yang Liu, Juan Li, Zhi Li, Xing Tang, Zhenzhong Zhang, Pharmacokinetics of a ternary conjugate based pH-responsive 10-HCPT prodrug
nano-micelle delivery system, Asian Journal of Pharmaceutical Sciences (2017), doi: 10.1016/j.ajps.2017.05.005

5a s i an j o u rna l o f p h a rma c eu t i c a l s c i e n c e s ■ ■ ( 2 0 1 7 ) ■ ■ –■ ■



storage (–20 °C, 30 d) for three QC levels. The accuracy results
under above conditions indicated that 10-HCPT was stable in
rat plasma for at least 30 days when stored at –20 °C and was
stable during three freeze-thaw cycles. (Table 3). Processed
samples were also stable in the reconstituted solution for at
least 24 h at room temperature. The stability was acceptable
for pharmacokinetics study.

3.8. Pharmacokinetic study

The mean plasma concentration–time profile in rats
after intravenous administration of 5 mg/kg 10-HCPT and
35.1 mg/kg 10-HCPT-hydro-PEG is presented in Fig. 6. The
pharmacokinetic parameters were calculated using
noncompartmental model. The main pharmacokinetic param-
eters were presented in Table 4. The plasma concentration of
10-HCPT decreased more rapidly than 10-HCPT-hydro-PEG in
the first four hours after injection. The half-life (t1/2) of 10-
HCPT-hydro-PEG was 10.516 h, which is 5.6 fold higher compared
with 10-HCPT, so 10-HCPT-hydro-PEG can significantly delayed
the elimination of 10-HCPT in rats. =h), The AUC(0-inf) of 10-
HCPT-hydro-PEG was 2.06 fold higher compared with 10-
HCPT which suggested that 10-HCPT-hydro-PEG could improve
the bioavailability of 10-HCPT in rats. The MRT(0-inf) of 10-HCPT-
hydro-PEG (8.975 ± 1.238 h) were significantly longer thanthose
of 10-HCPT (6.146 ± 0.964 h). The results suggested that 10-
HCPT-hydro-PEG could circulate for a much longer time in the
blood circulation system than 10-HCPT solution, which would
result in their higher affinity to tumor cells or extracellular
spaces.

3.9. In vivo biodistribution assay

The concentrations of 10-HCPT and 10-HCPT-hydro-PEG in heart,
liver, spleen, lung, kidney, brain, and tumor were measured after
intravenous injection of 10-HCPT solution and 10-HCPT-hydro-
PEG nano micelles. The results are presented in Fig. 7. A value
of P < 0.05 was considered statistically significant using SPSS.
As can be seen, compared with 10-HCPT solution, the
MRT(0–inf) values of conjugate were 4.31-fold in tumors. The
AUC(0–inf) of conjugate in tumor were 7.76-fold higher than those
of 10-HCPT solution. The results all suggested that 10-HCPT-
hydro-PEG improve the tumor targeting effect of 10-HCPT. The
conjugate also exhibited a higher accumulation in the liver,
spleen, and lung.

4. Conclusion

A simple, precise, and accurate UPLC-MS method for the
quantitation of 10-HCPT in rat plasma with CPT as internal stan-
dard was established. The method was successfully applied to
a pharmacokinetic study of 10-HCPT-hydro-PEG nano mi-

Table 3 – Stability of 10-HCPT in rat plasma at different
conditions (n = 6).

Accuracy (%) Concentration (ng/ml)

10 200 2000

3 Cycles freeze-thaw 97.34 ± 1.26 103.29 ± 2.39 101.83 ± 2.39
Storage (−20 °C, 30 d) 101.88 ± 2.85 98.37 ± 2.39 97.94 ± 2.74
Processed at room

temperature
102.12 ± 3.36 103.28 ± 2.39 97.25 ± 3.02

Fig. 6 – Plasma concentration-time curves of 10-HCPT after intravenous administration of 10-HCPT, and 10-HCPT-hydro-PEG
at a single dose of 5 mg/kg and 35.1 mg/kg, respectively. The results are presented as the average with standard deviation
(mean ± SD, n = 6) A: 10 min~48 h; B: 10 min~4 h.

Table 4 – Statistical moment model parameters of 10-
HCPT in plasma.

Parameters Unit 10-HCPT
(mean ±SD)

10-HCPT-hydro-PEG
(mean ±SD)

AUC(0-inf) µg/l*h 8410.1 ± 3093.6 17341.1 ± 3824.5b

AUC(0-∞) µg/l*h 8455.8 ± 3101.1 17887.6 ± 4074.6b

AUMC(0-inf) h*h*µg/l 53558.5 ± 25164.3 157462.9 ± 46776.7b

AUMC(0-∞) h*h*µg/l 56283.9 ± 26021.2 192343.3 ± 64779.8b

MRT(0-inf) h 6.146 ± 0.964 8.975 ± 1.238a

MRT(0-∞) h 6.436 ± 1.157 10.561 ± 1.797b

t1/2 h 1.859 ± 1.385 10.516 ± 1.158b

Tmax h 0.167 ± 0 0.167 ± 0
V l/kg 26.29 ± 10.304 17.418 ± 2.798b

CL l/h/kg 2.679 ± 1.068 1.166 ± 0.256a

Cmax µgl 3783.3 ± 1000.4 3967.2 ± 183.4

a P < 0.05 compared to 10-HCPT injection group.
b P < 0.01 compared to 10-HCPT injection group.
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celles after intravenous administration. In comparison with 10-
HCPT solution in plasma, PK study indicated that 10-HCPT-
hydro-PEG can prolong the half-life in rats and enhance the
targeting and residence time in tumor site. Furthermore, in vivo
biodistribution study also showed that AUC(0-inf) values of nano
micelless in tumor were significantly higher than those for 10-
HCPT injection. These results suggest that nano micelle can
be considered as a promising targeted delivery system to
improve therapeutic efficacy.
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