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a b s t r a c t

A rapid, simple and sensitive HPLC–ESI–MS/MS method was developed for the simultaneous deter-
mination of capsaicin and dihydrocapsaicin in rat plasma. Plasma samples containing capsaicin,
dihydrocapsaicin and phenacetin (internal standard) were prepared based on a simple protein precipi-
tation by the addition of two volumes of acetonitrile. The analytes and internal standard were separated
on a Zorbax SB-C18 column (3.5 �m, 2.1 mm × 100 mm) with mobile phase of acetonitrile/water (55:45,
v/v) containing 0.1% formic acid (v/v) at a flow rate of 0.2 mL/min with an operating temperature of
25 ◦C. Quantification was performed on a triple quadrupole mass spectrometer equipped with electro-
spray ionization (ESI) source by selected reaction monitoring (SRM) of the transitions at m/z 306–137
for capsaicin, m/z 308–137 for dihydrocapsaicin and m/z 180–110 for the IS. Linear detection responses

were obtained for capsaicin and dihydrocapsaicin ranging from 1 to 500 ng/mL and the lower limits of
quantitation (LLOQs) for the two compounds were 1 ng/mL. The intra- and inter-day precisions (R.S.D.%)
were within 9.79% for the two analytes, while the deviations of assay accuracies were within ±10.63%.
The average recoveries of the analytes were greater than 89.88%. The analytes were proved to be stable
during all sample storage, preparation and analytic procedures. The method was successfully applied to
the pharmacokinetic studies of capsaicin and dihydrocapsaicin in rats after subcutaneous administration

tainin
of capsaicin (natural, con

. Introduction

Capsaicin and dihydrocapsaicin, responsible for up to 90% of
ungency of pepper fruits, are the most abundant members of
apsaicinoids (capsaicin, dihydrocapsaicin, nordihydrocapsaicin,
onivamide, homocapsaicin, homodihydrocapsaicin, etc.) in chili
eppers [1,2]. Capsaicin and dihydrocapsaicin were demonstrated
o produce the characteristic sensations and elicit multiple pharma-
ological actions via activating transient receptor potential channel,
anilloid subfamily member 1(TRPV1) [3]. In addition to food addi-
ive uses, capsaicin and dihydrocapsaicin are widely used in the
orms of nonprescription or prescription topical analgesics (creams
nd ointments), self-defense products (pepper spray weapons) and
ral herbal supplements.

Previous publications have described the methods for the

nalyses of capsaicin or/and dihydrocapsaicin in chili peppers,
epper-containing foods as well as pepper spray weapons by HPLC
4–7], GC–MS [2,8], LC–MS [9,10] and LC/MS/MS [11]. In rat blood
nd tissues, capsaicin and dihydrocapsaicin have been simultane-

∗ Corresponding author. Tel.: +86 10 63165172; fax: +86 10 63165172.
E-mail address: yanli@imm.ac.cn (Y. Li).
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g 65% capsaicin and 35% dihydrocapsaicin).
© 2010 Elsevier B.V. All rights reserved.

ously determined by Reilly et al. using LC/MS/MS [12], however,
the method required sample pretreatment (liquid–liquid extrac-
tion), a total 22 min run time and the commercially unavailable
octanoyl vanillamide as internal standard. Recently, Beaudry and
Vachon have developed a LC/MS/MS method for determination of
capsaicin in rat plasma following simple protein precipitation with
LLOQ of 10 ng/mL [13]. Considering that the high probability of
simultaneous exposure to capsaicin and dihydrocapsaicin and the
relatively low plasma concentrations of these two compounds in
vivo, we herein developed a sensitive, simple and rapid LC/MS/MS
method for simultaneous determination of capsaicin and dihydro-
capsaicin with good accuracy at concentrations in rat plasma as
low as 1 ng/mL. The total run time of the method per sample was
6.5 min. This method was validated and applied to the pharmacoki-
netic studies in rats after subcutaneous administration of capsaicin
(natural, containing 65% capsaicin and 35% dihydrocapsaicin).

2. Experimental
2.1. Chemicals and reagents

Capsaicin and dihydrocapsaicin (>99% purity) were purchased
from the National Institute for the Control of Pharmaceutical and

dx.doi.org/10.1016/j.jchromb.2010.06.040
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:yanli@imm.ac.cn
dx.doi.org/10.1016/j.jchromb.2010.06.040
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iological Products (Beijing, China). Capsaicin (natural, contain-
ng 65% capsaicin and 35% dihydrocapsaicin) and phenacetin were
urchased from Sigma–Aldrich. Acetonitrile was of HPLC grade
Fisher, USA). All other chemicals were of analytical reagent grade.
ltrapure water, prepared using a Milli-Q Reagent water system

Millipore, MA, USA), was used throughout the study.

.2. Instrumentation and analytical conditions

The LC/MS/MS system consists of a Surveyor auto-sampler, a
urveyor LC pump, a TSQ Quantum AccessTM triple quadrupole
ass spectrometer with an electrospray ionization (ESI) source and
calibur 1.4 software for data acquisition and analysis (Thermo
inigan, USA). The analytes and IS were chromatographed by
njection of 10 �L sample onto a Zorbax SB-C18 column (3.5 �m,
.1 mm × 100 mm, Agilent, USA). The mobile phase of acetoni-
rile/water (55:45, v/v) containing 0.1% formic acid (v/v) was run at
flow rate of 0.2 mL/min with an operating temperature of 25 ◦C.
he temperature of the auto-sampler was set at 4 ◦C throughout
he analyses.

Mass spectrometer equipped with an ESI source run in posi-
ive ion mode. The ESI source was operated with a spray voltage of
500 V. The sheath gas and auxiliary gas were nitrogen delivered at
0 psi and at 10 L/min, respectively. The capillary temperature was
et at 350 ◦C. The collision gas (argon) pressure was 1.0 mTorr. The
S recordings were carried out in SRM mode with specific ion tran-

itions of protonated precursor ion to product ion at m/z 306–137
ith collision energy (CE) of 23 eV for capsaicin, m/z 308–137 with
E of 15 eV for dihydrocapsaicin and m/z 180–110 with CE of 20 eV
or IS, respectively. The total analytical runtime was 6.5 min.

.3. Preparation of stocks, calibration standards and quality
ontrol samples

The stock solution containing capsaicin and dihydrocapsaicin
as prepared in methanol at the same concentrations of 1 mg/mL

nd appropriate dilutions were made with methanol. A 1 mg/mL
olution of phenacetin in methanol was prepared as the internal
tandard stock solution. All stock solutions were stored at −20 ◦C
rior to use.

Calibration standards were prepared by spiking diluted stock
olutions into blank rat plasma, giving final concentrations of 500,
50, 100, 50, 10, 4 and 1 ng/mL for each analyte.

High-, mid- and low-level quality control samples containing
00, 20 and 2 ng/mL of capsaicin and dihydrocapsaicin, were pre-
ared in a manner similar to that used for the preparation of the
alibration samples.

.4. Pretreatment of plasma sample

A 5 �L of IS working solution (1 �g/mL) and 100 �L acetonitrile
ere added to 50 �L of plasma sample. The mixture was vortex
ixed followed by centrifugation at 14,000 rpm for 5 min. A 10 �L

liquot of each supernatant was injected into the LC/MS/MS system
or the analysis.

.5. Method validation
.5.1. Selectivity
Six different blank rat plasma samples were analyzed to detect

he potential interferences co-eluting with the analytes and IS.
hromatographic peaks of analytes and IS were identified on the
asis of their retention times and SRM responses.
878 (2010) 2292–2297 2293

2.5.2. Matrix effect
The matrix effect was defined as the ion suppression/

enhancement on the ionization of analytes, which was evaluated
by comparing the responses of the deproteinized samples of blank
plasma from six rats spiked QC samples (n = 5) with those of the
standard samples at equivalent concentrations.

2.5.3. Calibration curve, precision and accuracy
The linearities of the LC/MS/MS method for the determination of

capsaicin and dihydrocapsaicin were evaluated by the calibration
curves in the range of 1–500 ng/mL. The calibration curves were
obtained by plotting the peak area ratios (analyte/internal stan-
dard) versus the analytes concentrations prepared. Least squares
linear regression analysis was used to determine the slopes,
intercepts and correlation coefficients (r2). The calibration curves
require the correlation coefficients of 0.99 or better. To evaluate
the precision, at least five QC samples of three different concen-
trations were processed and injected in a single day (intra-day)
and at different days (inter-day). The variability of determination
was expressed as the relative standard deviation (R.S.D.%) and the
accuracy was expressed as the relative error (R.E.%). The criteria for
acceptability of the data included an accuracy within ±15% rela-
tive error from the nominal values and a precision of within ±15%
relative standard deviation, except for LLOQ, where it should not
exceed ±20% of accuracy as well as precision

2.5.4. Recovery
The recoveries of capsaicin and dihydrocapsaicin from rat

plasma were determined by comparing peak area ratios from
plasma samples with those obtained from the direct injection of
pure analytes standard solutions at three QC concentration levels.
The recoveries of the two compounds in rat plasma were examined
at least five times.

2.5.5. Stability
The stabilities of capsaicin and dihydrocapsaicin in rat plasma

were evaluated. Short-term stability was assessed by analyzing QC
plasma samples kept at room temperature for 6 h that exceeded
the routine preparation time of samples. To evaluate the stability of
the treated plasma samples in the auto-sampler, QC samples were
prepared and placed at 4 ◦C for a period of 12 h, and then injected
for analyses. Long-term stability was determined by assaying QC
plasma samples after storage at −20 ◦C for 30 days. Freeze–thaw
stability was investigated after three freeze (−20 ◦C)–thaw (room
temperature) cycles.

2.6. Pharmacokinetic study

To assess the applicability of present method, we investi-
gated the pharmacokinetics of capsaicin and dihydrocapsaicin in
rats after subcutaneous administration of capsaicin (natural). All
animal protocols were approved by Institute Animal Care and
Welfare Committee. Sprague–Dawley rats (adult male), weighing
180–220 g, were obtained from Beijing Vital River Experimental
Animal Co., Ltd. The animals were quarantined for 1 week prior
to the study. The rats were maintained on a 12 h light/12 h dark
cycle at 22 ± 1 ◦C and at 60% relative humidity. All animals were
weighed daily and observed twice daily, in order to assess their
general health. The dosing solutions used for the animal studies
were prepared by dissolving the required amounts of capsaicin
(nature) in solvent containing 10% ethanol, 10% Tween 80 and 80%

normal saline. After subcutaneous injection of capsaicin (nature) at
a dose of 10 mg/kg (6.5 mg/kg capsaicin and 3.5 mg/kg dihydrocap-
saicin) to rats, approximately 0.2 mL blood samples were collected
in heparinized 1.5 mL polythene tubes by orbital bleeding via cap-
illary tubes at 0.08, 0.17, 0.33, 0.5, 0.67, 1, 2, 3, 4, 5, 6, 8 and 12 h.
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Fig. 1. Product ion mass spectra of [M+H]+ of (A)

he blood samples were immediately centrifuged at 5000 rpm for
0 min. The plasma was separated and frozen at −20 ◦C until anal-
sis. The plasma concentrations of capsaicin and dihydrocapsaicin
ere expressed as mean ± S.D. and the mean concentration–time

urves were plotted. Data fitting and pharmacokinetic parameter
stimates were carried out using DAS 2.0 pharmacokinetic program
Chinese Pharmacological Society).

. Results and discussion

.1. Chromatographic conditions
To get appropriate retention time, better resolution and sen-
itivity, the different HPLC parameters including mobile phase,
ategory of column and flow rate of mobile phase were tested and
ompared. Finally, the mobile phase of acetonitrile/water (55:45,
/v) containing 0.1% formic acid (v/v) at a flow of 0.2 mL/min
cin, (B) dihydrocapsaicin and (C) phenacetin (IS).

was found to be suitable for the determination of electrospray
responses of capsaicin, dihydrocapsaicin and IS. Zorbax SB-C18
column (3.5 �m, 2.1 mm × 100 mm) was selected for the chromato-
graphic separation. The system provided higher resolution, greater
baseline stability and higher ionization efficiency.

3.2. Mass spectrometry

By investigating the full-scan mass spectra of capsaicin, dihydro-
capsaicin and IS, we found that the signal intensity in the positive
ion mode was much higher than that in the negative ion mode.
During a direct infusion experiment, the mass spectra for cap-

saicin, dihydrocapsaicin and IS revealed peaks at m/z 306, 308 and
180, respectively, as protonated molecular ion [M+H]+. As shown
in Fig. 1, the most abundant and stable product ions were at m/z
137 for both capsaicin and dihydrocapsaicin, and at m/z 110 for
IS, after fragmentation in the collision cell. The most suitable mass
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ig. 2. Typical SRM chromatograms of capsaicin, dihydrocapsaicin and IS: (A) blank r
10 ng/mL, 5.19 min) and IS (1.66 min); and (C) rat plasma sample at 3 h postdose of 1
m/z 308–137); and c: phenacetin (IS) (m/z 180–110).

pectrometric conditions were determined by optimizing all the
arameters of the mass spectrometer such as collision energy,
rgon collision gas pressure, sheath gas and auxiliary gas pressure,
pray voltage and capillary temperature to obtain more higher and
table signal.

.3. Method validation

.3.1. Selectivity
As shown in Fig. 2, there are no significant interferences from

at plasma found at the retention times of the two analytes and IS.
he retention times of capsaicin, dihydrocapsaicin and IS are 3.85,
.19 and 1.66 min, respectively.

.3.2. Matrix effect
The absolute matrix effect values were 103.94%, 90.09% and

4.07% for capsaicin and 97.24%, 88.35% and 91.52% for dihydro-
apsaicin, the relative matrix effect values were 6.4%, 8.5% and 1.4%
or capsaicin and 6.2%, 8.4% and 0.44% for dihydrocapsaicin at low,

edium and high QC levels, respectively. These results suggested
hat the matrix effect on the ionization of capsaicin and dihydro-
apsaicin was not obvious under our experimental conditions.

.3.3. Calibration curve

The calibration curves generated from detection of rat plasma

ontaining known amounts of capsaicin and dihydrocapsaicin
ere linear over the concentration range tested (1–500 ng/mL).

he regression equations obtained by least squared regression
ere y = (17.941 ± 2.689) × 10−3x − (5.616 ± 2.686) × 10−3 (n = 6)
sma; (B) blank plasma spiked with capsaicin (10 ng/mL, 3.85 min), dihydrocapsaicin
g capsaicin (natural) spiked with IS. a: capsaicin (m/z 306–137); b: dihydrocapsaicin

for capsaicin and (27.404 ± 1.163) × 10−3x − (3.217 ± 1.271) × 10−3

(n = 6) for dihydrocapsaicin using weighing factor (1/X), where y
are the peak area ratios of analytes to IS, and x are the concen-
trations of analytes. The correlation coefficients (r2) were ≥0.99
for all calibration curves, and the observed deviations were within
±15% for all calibration concentrations. The lowest concentrations
in the calibration curves for the two analytes with R.S.D. <20% were
taken as LLOQ and were found to be 1 ng/mL which are sufficient
for pharmacokinetic studies of capsaicin and dihydrocapsaicin in
rats.

3.3.4. Precision and accuracy
The intra- and inter-assay variations were found to be within the

accepted limits. The intra- and inter-day precisions of the two ana-
lytes at three QC concentrations, as presented in Table 1, were less
than 9.79%. Assay accuracies were found to be within ±10.63%. The
results indicated that the present method was reliable and repro-
ducible for the simultaneous quantitative analyses of capsaicin and
dihydrocapsaicin in rat plasma samples.

3.3.5. Recovery and stability
The recoveries in rat plasma were 92.25–106.56% for capsaicin

and 89.88–97.08% for dihydrocapsaicin at three QC concentration

levels.

The stability results of capsaicin and dihydrocapsaicin in rat
plasma are summarized in Table 2. Capsaicin and dihydrocapsaicin
in rat plasma were found to be stable after being placed at room
temperature for 6 h, stored at −20 ◦C for 30 days or through three
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Table 1
Intra- and inter-day accuracies and precisions of capsaicin and dihydrocapsaicin in rat plasma (n = 5).

Sample Spiked (ng/mL) Measured (mean ± S.D.) Accuracy (R.E.%) Precision (R.S.D.%)

Capsaicin

Intra-day
2 2.10 ± 0.16 5.4 7.5

20 21.8 ± 1.43 9.0 6.6
200 185 ± 11.1 −7.5 6.0

Inter-day
2 2.07 ± 0.16 3.7 7.8

20 19.2 ± 1.88 −4.1 9.8
200 191 ± 12.0 −4.4 6.3

Dihydrocapsaicin

Intra-day
2 2.21 ± 0.09 10.6 4.1

20 19.6 ± 1.59 −2.3 8.1
200 191 ± 15.7 −4.3 8.2

Inter-day
2 2.13 ± 0.18 6.3 8.4

20 18.8 ± 1.12 −6.1 6.0
200 191 ± 10.9 −4.4 5.7

Table 2
Stability of capsaicin and dihydrocapsaicin in rat plasma (n = 5).

Conditions Spiked (ng/mL) Capsaicin Dihydrocapsaicin

Measured(mean ± S.D.) R.E. (%) Measured(mean ± S.D.) R.E. (%)

Room temperature
(6 h)

2 1.95 ± 0.10 −2.3 1.90 ± 0.14 −5.1
20 19.3 ± 0.76 −3.6 18.0 ± 1.03 −10.0

200 207 ± 15.1 3.5 196 ± 14.2 −1.9

Three freeze–thaw
cycles

2 2.11 ± 0.16 5.4 2.21 ± 0.16 10.3
20 20.1 ± 1.97 0.4 19.7 ± 2.00 −1.3

200 219 ± 8.47 9.6 186 ± 9.09 −7.0

At 4 ◦C (12 h)
2 1.74 ± 0.04 −12.9 1.77 ± 0.21 −11.3

20 19.2 ± 1.08 −4.0 19.0 ± 1.06 −4.9
200 195 ± 10.4 −2.6 196 ± 9.25 −1.9
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for capsaicin and dihydrocapsaicin, respectively. The half-life
of drug elimination at the terminal phase (t1/2) was 2.94 h for
capsaicin and 3.19 h for dihydrocapsaicin.
Stored at −80 ◦C (1
month)

2 1.91 ± 0.10
20 18.6 ± 0.95

200 214 ± 9.53

reeze–thaw cycles. Furthermore, samples after treatment were
table at 4 ◦C in auto-sampler for a period of 12 h, which indi-
ated that a large number of samples could be determined in each
nalytical run.

.4. Pharmacokinetic study

The present method was successfully applied to the phar-
acokinetic studies of capsaicin and dihydrocapsaicin in

prague–Dawley rats after subcutaneous injection of 10 mg/kg
apsaicin (natural). There are several published literatures about
he pharmacokinetic profile of capsaicin or dihydrocapsaicin,
owever, only one of them involving subcutaneous administration
as reported in which the authors determined the concentrations

f capsaicin in blood using HPLC method [14]. Moreover, in view
f the previous study by Akimoto et al. [15], where capsaicin and
ihydrocapsaicin affected the numbers of acquired immunity cells,
otal WBCs and neutrophils at 3–12 h following a subcutaneous
dministration of 3 mg/kg capsaicin or dihydrocapsaicin in rats, it
s worth to observe the pharmacokinetic profiles of capsaicin and
ihydrocapsaicin after subcutaneous administration. As shown in
ig. 3, the maximum plasma concentration (Cmax) was 104.9 ng/mL
or capsaicin and 54.3 ng/mL for dihydrocapsaicin. The time of

aximum plasma concentration (Tmax) was 5 h for capsaicin
nd 4 h for dihydrocapsaicin. The Tmax of capsaicin obtained

n our study was consistent with previous study [14] that the
oncentration of capsaicin in blood reached a maximum at 5 h
fter subcutaneous administration of 50 mg/kg capsaicin in rats.
he area under the plasma concentration–time curve from 0 h to
he time of last measurable concentration (AUC0–t) was 763.46
−4.4 1.84 ± 0.08 −8.1
−6.9 18.2 ± 0.69 −9.1

7.2 206 ± 9.13 3.2

and 412.86 �g/L h, the area under the plasma concentration–time
curve from 0 h to infinity (AUC0–∞) was 829.83 and 465.78 �g/L h
Fig. 3. Mean plasma concentration–time profiles of capsaicin and dihydrocapsaicin
after subcutaneous administration of 10 mg/kg capsaicin (natural) in rats. Each point
represents mean ± S.D. (n = 5).
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. Conclusion

An LC–ESI–MS/MS method with simple protein precipitation for
imultaneous determination of capsaicin and dihydrocapsaicin in
at plasma has been developed and validated, which showed excel-
ent sensitivity, good linearity of response, and high precision. The

ethod was successfully applied to the pharmacokinetic studies of
apsaicin and dihydrocapsaicin in rats after subcutaneous admin-
stration of capsaicin (natural).
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