
Journal of Pharmaceutical and Biomedical Analysis 48 (2008) 1201–1205

Contents lists available at ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis

journa l homepage: www.e lsev ier .com/ locate / jpba

Short communication

High-performance liquid chromatographic and pharmacokinetic analyses
of an intravenous submicron emulsion of perillyl alcohol in rats

Hai-Ying Huaa,∗, Yong-Xing Zhaob, Lin Liuc, Qi-Xia Yea, Shi-Wen Gea

a Academy of Medical and Pharmaceutical Sciences, Zhengzhou University, 40 Daxue Road, Zhengzhou, Henan Province 450052, PR China
b College of Pharmaceutical Sciences, Zhengzhou University, Zhengzhou, Henan 450001, PR China
c Zhengzhou Central Hospital, Zhengzhou, Henan 450007, PR China

a r t i c l e i n f o

Article history:
Received 5 June 2008
Received in revised form 28 July 2008
Accepted 5 August 2008
Available online 22 August 2008

Keywords:
Perillyl alcohol
Submicron emulsion

a b s t r a c t

Perillyl alcohol (POH) is currently in phase II clinical trials both as a chemopreventative and chemothera-
peutic agent. The present report describes a simple, rapid and sensitive HPLC-UV method to quantify POH
in rat plasma. After protein precipitation with acetonitrile, POH was separated using an Agilent Zorbax
XDB C18 column (150 mm × 4.6 mm, 5 �m) with a mobile phase consisting of acetonitrile–water (40:60,
v/v) at a flow rate of 1.0 ml min−1, and detected at 210 nm. The method has been used successfully to
determine trace levels of POH in plasma down to 0.015 �g ml−1. The pharmacokinetics of POH after intra-
venous administrations in three formulations, i.e. POH solution (POH-SOL), negatively charged submicron
emulsions (POH-SE) and positively charged submicron emulsions (POH-CSSE) were investigated. AUC0–∞,
MRT, t and t of POH-SE and POH-CSSE were significantly higher, while their total body clearance
HPLC method

Pharmacokinetics
Rat plasma

1/2� 1/2�

was lower than those of POH-SOL. In addition, AUC0–∞, MRT and t1/2� of POH-CSSE were significantly
higher than those of POH-SE. The results indicate that the submicron emulsion formulation significantly
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. Introduction

Perillyl alcohol (POH) is a cyclic monoterpene (4-
sopropenylcylcohex-1-ene carbinol) isolated from perillyl leaf,

andarin orange, cherry and peppermint. It has shown in animal
tudies therapeutic activity for pancreatic, mammary and liver
umors and chemopreventive activity for colon, skin and lung
ancer [1–6].

POH has been successfully applied in patients with advanced
olid tumors in phase I and II clinical trial [7–10]. Efforts have been
ade to avoid difficulties cased by the unpleasant taste and side

ffects including nausea, early satiety, eructation as well as fatigue
11]. Parenteral administration of drugs can bypass the gastroin-
estinal (GI) tract so as to cause less GI toxicity [12]. The intranasal
ormulation of POH was generally well tolerated and did not cause
I toxicity [10]. Efforts are now directed toward building intra-

enous submicron emulsions of POH free of GI toxicity [13]. In
his study the pharmacokinetic properties of submicron emulsions
ere evaluated in rats in order to enable the prediction of the phar-
acokinetics of these formulations in humans.

∗ Corresponding author. Tel.: +86 371 66658210; fax: +86 371 66658210.
E-mail address: hhylu@yahoo.com.cn (H.-Y. Hua).
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tions and retention within the systemic circulation.
© 2008 Published by Elsevier B.V.

GC–MS methods have been used for pharmacokinetic studies of
OH in dogs [14] and humans [15,16]. However, Phillips et al. [14]
ere unable to detect POH in plasma using the GC–MS method
ecause of inadequate sensitivity. Moreover, the GC–MS method
equired complicated and time-consuming sample pre-treatment.

In the present study, a simple, sensitive, and rapid HPLC method
as developed to quantify POH in rat plasma. Furthermore, the rat
harmacokinetic parameters of POH solution (POH-SOL), its neg-
tively charged submicron emulsions (POH-SE) and its positively
harged submicron emulsions (POH-CSSE) following intravenous
dministration were evaluated.

. Experimental

.1. Chemicals

POH (purity >96.0%) was purchased from Sigma Co. (USA).
oloxamer 188 was purchased from BASF Co. (Germany). Soybean
hospholipid (Lipoid S75) was purchased from Tai Wei Phar-

aceutical Co. (Shanghai, China). Chitosan was purchased from
nkang Biology Technology Co. (Shandong, China). Acetonitrile
nd methanol of HPLC grade were obtained from Siyou Chemical
eagent Co. (Tianjin, China). Heparin was from Tianjin Biochemi-
al Pharmaceutical Industry (Tianjin, China). Triply deionized water

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:hhylu@yahoo.com.cn
dx.doi.org/10.1016/j.jpba.2008.08.015
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blood at 8000 rpm for 10 min, and prepared as described in
202 H.-Y. Hua et al. / Journal of Pharmaceutica

as used for all preparations. All other reagents were of analytical
rade.

.2. Chromatographic conditions

The HPLC system consisted of Agilent 1100 modules, a qua-
ernary pump, a diode-array detector, mobile phase degasser,
uto-sampler with thermostat and a column heater compartment
Wilmington, DE, USA). The HPLC separation was performed using
n Agilent Zorbax XDB C18 column (150 mm × 4.6 mm ID, 5 �m;
gilent Co., USA) with a C18 guard column (8 mm × 4 mm i.d., 5 �m).
he mobile phase consisted of acetonitrile–water (40:60, v/v) with
ow-rate of 1.0 ml min−1. The mobile phase was filtered through
.45 �m millipore filters before use. The injection volume was
0 �l. POH was detected at 210 nm. The column was operated at
0 ◦C. Agilent software, ChemStation, was used for data acquisition
nd analysis.

.3. Preparation of stock solution and validation samples

The primary stock solution of POH (1.0 mg ml−1) was prepared
n methanol and stored at 4 ◦C. A series of POH standard solutions
f plasma were prepared by spiking blank rat plasma with stock
olutions to construct the standard calibration curves (SCC). The
nal concentrations were 25.0, 20.0, 10.0, 5.0, 2.5, 2.0, 1.0, 0.2 and
.05 �g ml−1. These standard solutions from SCC were also used for
he validation of the method.

.4. Sample preparation

All plasma, spiked plasma calibration standards and spiked
lasma quality control samples were treated in the same manner
escribed below. The plasma (0.1 ml) was mixed with 200 �l ace-
onitrile, and the mixture was vortexed vigorously for 3 min. After
entrifugation of the mixture at 12,000 rpm for 10 min at 4 ◦C, and
hen a 20 �l aliquot of the supernatant was injected into the HPLC
ystem.

.5. Preparation of submicron emulsions of POH

POH-SE containing POH (2%, w/v), soybean oil (15%, w/v) as
ily phase and Lipoid S75 as emulsifier (2.0%, w/v) were prepared
s described recently [13]. Briefly, Poloxamer 188 (1.0%, w/v) and
lycerol (22.5%, w/v) were dissolved in the aqueous phase. POH,
oybean oil and Lipoid S75 were dissolved in soybean oil as oil
hase. Both phases were heated separately to 70 ◦C, and then were
ixed together and emulsified by a homogenizer at 12,000 rpm for
min. The pH of the crude emulsion was adjusted to 6.5 using citric
cid (0.1 M). The coarse emulsion was ultrasonicated (power 25%)
or 10 min. The pH of the emulsion was then adjusted to 7.0. POH-
E was packed in 15 ml sterile glass vials under nitrogen. The vials
ere sealed and POH-SE was sterilized by autoclaving at 115 ◦C for
0 min. POH-CSSE was prepared in a similar manner, but adding
hitosan (0.5%) in the aqueous phase.

The droplet size and zeta potential were measured using a
alvern Zetasizer Nano-ZS90. The mean droplet size and zeta

otential of POH-SE and POH-CSSE were 217.5 nm (−32.5 mV) and
05.4 nm (48.1 mV), respectively.

.6. Linearity and quantifications
For the construction of calibration curve in plasma, nine dif-
erent concentrations of POH were prepared and processed as
escribed above. The calibration curve was constructed by per-
orming linear regression analysis of the peak area (y) versus POH

S

a
c
(
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oncentrations (x). The lower limit of detection (LLOD) was defined
s the lowest concentration level resulting to a signal-to-noise ratio
f 3:1, and the lower limit of quantification (LLOQ) was defined as
hat with the signal-to-noise ratio of 10:1.

.7. Precision and accuracy

Validation samples were prepared and analyzed to evaluate the
ntra- and inter-day precision and accuracy. The intra-day preci-
ion of the assays performed in replicate (n = 5) were tested by
sing three concentrations of POH, 0.2, 2.5 and 20.0 �g ml−1. The

nter-day precision of the assays was also estimated on five consec-
tive days and the precision was evaluated as the relative standard
eviation (R.S.D.). Accuracy was determined by comparison of the
alculated mean experimental concentrations with theoretical con-
entrations.

.8. Extraction recovery

Extraction efficiency of POH from plasma was evaluated (n = 5)
t 0.2, 2.5 and 20.0 �g ml−1 by comparing the peak areas of an
xtracted sample containing a known amount of POH with the peak
reas obtained from direct injections of the solution containing the
ame concentration of POH in pure solvent.

.9. Stability

The short-term sample stability was examined by analyzing
alidation samples at room temperature for 24 h and long-term
tability was examined by analyzing samples stored at −20 ◦C for
months. The samples were left at room temperature for 1 h to

haw and then refrozen at −20 ◦C for 24 h for the freeze-thaw sta-
ility study. This cycle was repeated three times and analysis was
erformed after the third freeze-thaw cycle. The POH stability in
econstituted extracts during run-time of HPLC was tested per-
orming a second analysis of the same extract left for 8 h at room
emperature.

.10. Pharmacokinetic study

Eighteen Sprague–Dawley (SD) rats with the average body
eight of 250 g (250 ± 20 g) were obtained from the Department of

aboratory Animal Science at Zhengzhou University (Zhengzhou,
hina). These rats were pathogen-free and kept in environmentally
ontrolled quarters for at least 1 week before use, with free access
o standard diet and water, except that food was withdrawn 18 h
rior to the experiment.

For intravenous (i.v.) administration, POH was dissolved with
,2-propanediol and then diluted with physiological saline as
OH-SOL, with a POH final concentration of 20 mg ml−1. The
reparations were made immediately before drug administra-
ion. The SD rats were divided into three groups (6 rats/per
roup). POH-SOL, POH-SE and POH-CSSE were injected into the
at-tail vein at a dose of 65 mg kg−1 of body weight. Blood
amples were collected from the eye ground vein before admin-
stration and at predetermined time intervals (0.08, 0.17, 0.25,
.50, 0.75, 1.0, 2.0, 4.0, 6.0, 8.0 and 10.0 h) after intravenous
dministration. Plasma was obtained by centrifugation of the
ection 2.4.
The concentration of POH in rat plasma was determined

s described above. Pharmacokinetic analysis of plasma POH
oncentration–time data was conducted using Kinetica Software
Version 4.4, Therom Electron Corporation).
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ig. 1. Chromatograms of POH in rat plasma (A) blank plasma, (B) blank plasma spike
mulsions at 0.5 h; Rt = 10.68 min; mobile phase: acetonitrile–water (40:60, v/v).

.11. Statistical analysis

The pharmacokinetic results were analyzed statistically using
n overall ANOVA. When comparisons between groups yielded

value of P < 0.05, the difference between these groups was
onsidered statistically significant. All statistical analysis was per-
ormed using statistical package for social sciences (SPSS, Version
2.0).

. Results and discussion

.1. Method development

A straightforward and accurate HPLC method to determine POH
n rat plasma was initially developed. The extracted samples of
OH were successfully separated with a C18 column. Several mobile
hases were tested and acetonitrile–water (40:60, v/v) was an

ppropriate mobile phase for separation of POH from endogenous
ompounds within a run-time of 15 min, with a symmetrical peak
hape. The detection was at �max (210 nm) of POH in the mobile
hase. Proteins in sample were precipitated by acetonitrile. The
ecovery was higher than 80%.

3

e

h POH 20 �g ml−1 and (C) plasma sample after i.v. administration of POH submicron

Typical HPLC chromatograms of POH after extraction from
lasma are shown in Fig. 1. Fig. 1A shows the chromatogram of
lank rat plasma. Comparing this chromatogram with that of rat
lasma spiked with POH (Fig. 1B) the retention time of POH was
ound to be 10.68 min and no interfering peaks were observed
ithin the time frame in which POH was detected. Fig. 1C shows the

hromatogram of a POH sample obtained after intravenous admin-
stration to rats.

.2. Linearity, LLOQ and LLOD

The calibration curve was found linear over the range of
.05–25.0 �g ml−1. The mean regression equation in plasma was
= 17.00(±0.87)C − 24.60(±1.25) (r = 0.9996). The coefficient of
ariations of slope for POH in plasma was found lower than 10%,
hich indicates a high precision of the assay. The LLOD and LLOQ

f POH were found to be 0.015 and 0.045 �g ml−1, respectively.
.3. Precision and accuracy

The precision and accuracy of the method were also defined by
xamining both intra- and inter-day assay variabilities. The results
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Table 1
Accuracy and precision of the determination of POH in rat plasma (n = 5)

Theoretical
concentration
(�g ml−1)

Experimental
concentration
(mean ± S.D.)

Precision
(R.S.D.%)

Accuracy
(%)

Intra-assay precision
0.2 0.202 ± 0.009 4.46 100.84
2.5 2.431 ± 0.05 2.18 97.23
20.0 19.722 ± 0.3 1.53 98.61
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nter-assay precision
0.2 0.199 ± 0.01 5.53 99.45
2.5 2.433 ± 0.08 3.45 97.31
20.0 19.834 ± 0.4 2.18 99.17

re shown in Table 1. These indicated that the values were within
he acceptable range and the method was accurate, reliable and
eproducible.

.4. Recovery and stability

The mean extraction recoveries for POH (n = 5) at concentra-
ions of 0.2, 2.5 and 20.0 �g ml−1 from rat plasma were found to be
2.3 ± 3.2, 85.5 ± 5.4 and 87.6 ± 3.5%, and the R.S.D.s of extraction
ecoveries were 3.9, 6.3 and 4.0%, respectively.

The stability study of POH was conducted by comparing results
nder different storage conditions with those for validation sam-
les freshly prepared at concentrations of 0.2, 2.5 and 20.0 �g ml−1

n rat plasma (n = 3). The mean recoveries (%) were 96.8 ± 1.9
n short-term, 98.8 ± 3.1 in long-term, 98.2 ± 2.3 in freeze-thaw
ycles, and 99.5 ± 1.8 in the extract stability test. The results indi-
ated that POH was stable in rat plasma for at least 24 h when stored
t −20 ◦C, and three freeze-thaw cycles and stability test of recon-
tituted extracts also indicated that POH was stable under these
onditions.

.5. Pharmacokinetic analysis

The method was successfully used to quantify POH in rat plasma
amples after tail vein injection of POH-SOL, POH-SE and POH-
SSE at a dose of 65 mg kg−1. Representative chromatograms are
hown in Fig. 1. The plasma concentration vs. time profiles of POH
btained after the injection of the POH-SOL, POH-SE and POH-
SSE formulations are shown in Fig. 2. The concentration of POH

n plasma declined biexponentially and POH concentrations were
ignificantly higher for POH-SE and POH-CSSE treated rats than that
f POH-SOL treated rats (P < 0.05) at all time points. In plasma, POH
as detectable even after 10 h of injection in POH-SE and POH-CSSE

reated rats while POH was not detectable in plasma of rats treated
ith POH-SOL.

The pharmacokinetic parameters that were obtained by fitting

xperimental data to a two-compartment model using Kinetica
oftware (Version 4.4) are listed in Table 2. The AUC0–∞, MRT, t1/2�
nd t1/2� after intravenous administration of POH-SE and POH-
SSE to rats were significantly higher than those with POH-SOL
P < 0.01). The clearance of POH was slower in POH-SE and POH-

d
c
o
e
S

able 2
harmacokinetic parameters after i.v. administration of POH-SOL, POH-SE and POH-CSSE

arameter Definitions POH-SOL

1/2� (min) Distribution half life 15.93 ± 1
1/2� (min) Elimination half life 81.65 ± 1
l (l/kg min) Total body clearance 0.022 ± 0
UC0–∞ (mg l−1 min) Area under the curve 4944.2 ± 2
RT (min) Mean residence time 76.52 ± 1

he results are expressed as means ± S.D. (n = 6). *P < 0.01 vs. POH-SOL; #P < 0.05 vs. POH-S
ig. 2. Plasma concentration–time profiles of intravenous POH-SOL, POH-SE and
OH-CSSE, respectively. Each point represents the mean ± S.D. of six rats.

SSE treated rats than that obtained with POH-SOL (P < 0.01). These
ere in accordance with previous findings, where lipophilic drugs

dministered in lipid emulsions showed higher plasma concentra-
ion and longer retention time in the blood circulation following
ntravenous injection than in solution forms [17,18]. The most fre-
uent toxic symptoms (nausea, eructation and early satiety) of POH
ere found in the GI tract. However, no correlation was observed
etween POH plasma levels and toxicity [11]. The GI toxicity of POH
ight be related with the fact that POH could potentially cause

irect-contact gastric irritation. da Fonseca et al. [10] suggested that
he intranasal formulation of POH did not cause GI toxicity.

By comparison, the AUC0–∞, MRT and t1/2� of POH-CSSE were
ignificantly higher than those of POH-SE (P < 0.05). Kawakami et
l. [17] and Shi and Benita [19] also suggested that the positively
harged submicron emulsions altering the pharmacokinetics pro-
le of incorporated drug submicron emulsions is more than that of
he conventional negatively charged submicron emulsions. In order
o further understand the disposition characteristics of the differ-
nt submicron emulsion formulations, the tissue-distribution and
umor-targeting evaluation of POH-SE and POH-CSSE is under way.

. Conclusion

A simple, rapid and sensitive HPLC method was developed and
alidated to investigate the level of POH in rat plasma. The phar-
acokinetic profile of POH after intravenous administration of

ifferent formulations was evaluated. POH formulated in submi-

ron emulsions significantly improved the pharmacokinetic profile
f the drug administered to rats. These data may contribute to the
valuation of the tissue-distribution and tumor-targeting of POH-
E and POH-CSSE.

POH-SE POH-CSSE

.21 19.16 ± 0.85* 18.95 ± 1.04*

.93 121.58 ± 2.64* 130.69 ± 3.22*,#

.0012 0.011 ± 0.00081* 0.011 ± 0.00062*
4.4 6716.2 ± 69.4* 7008.5 ± 48.9*,#

.35 131.32 ± 2.13* 142.53 ± 2.81*,#

E.
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