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Abstract 

A sensitive and selective liquid chromatography-tandem mass 
spectrometry (LC-MS-MS) method for the analysis of capsaicin, 
nonivamide, and dihydrocapsaicin in blood and tissue has been 
developed. The method utilized a one-step liquid-liquid extraction 
that yielded an approximate 90% recovery of capsaicinoids from 
blood. Chomatographic separation of the capsaicinoids was 
achieved using a reversed-phase high-performance liquid 
chromatography column and a stepwise gradient of methanol and 
distilled water containing 0.1% (v/v) formic acid. Identification and 
quantitation of the capsaicinoids was achieved using electrospray 
ionization-tandem mass spectrometry monitoring the precursor.to- 
product-ion transitions for the internal standard octanoyl 
vanillamide (m/z 280 -, 137), capsaicin (m/z 306 -, 137), 
dihydrocapsaicin (m/z 308 ~ 137), and nonivamide (m/z 294 -, 
137). Calibration curves, 1.0 to 250 ng/mL, were constructed by 
plotting concentration versus peak-area ratio (analyte/internal 
standard) and fitting the data with a weighted quadratic equation. 
The accuracy of the assay ranged from 90% to 107% for all 
analytes. The intra-assay precision (% RSD) for capsaicin was 4% at 
2.5 ng/mL, 3% at 10 ng/mL, and 7% at 100 ng/mt. The interassay 
precision (%RSD) for capsaicin was 6% at 2.5 ng/mL, 6% at 10 
ng/mL, and 7% at 100 ng/mL. Similar values for inter- and intra- 
assay precision were obtained for nonivamide and dihydrocapsaicin. 
This method was used to assay for capsaicinoids in blood and tissue 
samples collected from rats exposed to capsaicinoids via nose.only 
inhalation. The concentration of capsaicin in these samples ranged 
from < 1.0 to 90.4 ng/mL in the blood, < 5.0 to 167 pg/mg in the 
lung, and < 2.0 to 3.4 pg/mg in the liver. 

Introduction 

Capsaicinoids are chemical irritants isolated from "hot" 
peppers (Capsicum annum and C. frutescens) (1-3). These 
compounds have been widely used in modern society for various 
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purposes including the preparation of spicy foods, production 
of medicinal creams for treatment of chronic pain and arthritis, 
and in the preparation of self-defense products (i.e., pepper 
sprays) (1-3). Exposure to capsaicinoids (or pepper sprays) 
elicits a variety of physiological responses that include coughing 
and gagging, disorientation, erythema and reddening of the 
skin; lacrimation, temporary blindness, and an intense burning 
sensation (4). The pharmacologic responses to the capsaici- 
noids are the result of capsaicin, dihydrocapsaicin, nordihy- 
drocapsaicin, nonivamide, homocapsaicin, and homodihydro- 
capsaicin (1-4). These compounds are found in "hot" peppers 
and oleoresin capsicum (OC), the concentrated extract of 
"hot" peppers that is typically used to prepare products that 
utilize capsaicinoids as the active ingredient (3,4). The biolog- 
ical target of the capsaicinoids has been shown to be the 
vanilloid receptor type-l, or VR1, present primarily on the 
termini of peripheral sensory neurons that respond to cap- 
saicin exposure (5-7). Excitation of VR1 by capsaicinoids 
causes a Ca++-dependent release of substance P, and various 
other cytokines and tachykinins (8,9), which ultimately causes 
the sensation of burning and pain and the development of 
localized inflammation (5-9). Capsaicin, dihydrocapsaicin, 
and nonivamide exhibit the greatest potency of the capsaici- 
noids and typically represent 85-95% of the total capsaicinoid 
content in "hot" peppers, OC, and pepper spray products 
(i-3). 

Previous research has demonstrated that the concentration 
of the capsaicinoids in fresh peppers, OC, and pepper spray 
products was variable (1-3,10,11). This variability was hy- 
pothesized to contribute to the unpredictable performance 
and efficacy of the pepper spray products when used as less- 
than-lethal deterrents (12-14). In addition, variability in cap- 
saicinoid concentrations may contribute to the potential for 
undesirable effects such as ocular damage, respiratory dis- 
tress, and dermal irritation resulting from exposure to capsai- 
cinoids (12-16). Differences in the concentrations of capsaici- 
noids in pepper extracts may also affect the efficacy of 
potentially beneficial preparations of capsaicinoids, including 
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medicinal creams and dietary supplements. 
Since the advent of capsaicin-based products (i.e., pepper 

sprays, medicinal creams, etc.), there have been many reports 
of adverse physiological responses following exposure (12-16). 
Respiratory complications, particularly in asthmatics, and oc- 
ular and dermal irritation are the most common complaints 
(12-16). In most reports of exposures, the symptoms were tran- 
sient; however, several exposed subjects have required extended 
medical treatment (12-18). For example, an infant acciden- 
tally exposed to 5% pepper spray gas required treatment for 
acute life-threatening respiratory distress, which included 
manual ventilation and suction to alleviate airway congestion 
(17). In a separate incident, several hospital employees required 
treatment for respiratory complications and irritation to mu- 
cosa resulting from accidental discharge of pepper spray in an 
emergency facility (18). There also have been several reports of 
deaths following exposure to pepper spray products (19). Un- 
fortunately, the role of the pepper spray (or capsaicinoids) in 
these fatalities was not evaluated because of other complicating 
factors including concomitant use of illicit drugs (typically 
methamphetamine or cocaine), intoxication, physical injury, or 
physical restraint (19). 

The purpose of our research was to develop sensitive and se- 
lective methods for the analysis of capsaicin, nonivamide, and 
dihydrocapsaicin in blood and tissue such that the concentra- 
tions of capsaicinoids could be determined following a con- 
trolled-dose exposure. These data are being used to evaluate the 
role of capsaicinoids in eliciting adverse physiological responses 
and to serve as a basis to develop safer products. Because non- 
ivamide is often used as a synthetic substitute for OC in various 
pepper products, and because it can be improperly identified as 
capsaicin or nordihydrocapsaicin (20), it has been included in 
this assay. To assess the effectiveness of this assay, we have an- 
alyzed blood and tissue samples collected from rats exposed to 
aerosolized solutions of capsaicinoids. 

Experimental 

Reagents 
Capsaicin (97% and 60%), dihydrocapsaicin (97%), non- 

ivamide (n-vanillylnonanamide) (99%), ketamine hydrochlo- 
ride, and acetopromazine maleate were purchased from Sigma 
Chemical Corp. (St. Louis, MO). Octanoyl vanillamide 
(internal standard) was synthesized by condensation of octanoyl 
chloride and 4-hydroxy-3-methoxy-vanillylamine hydrochlo- 
ride, as previously described (21). Octanoyl chloride and vanil- 
lylamine hydrochloride were purchased from Aldrich Chemical 
Co. (Milwaukee, WI). Methanol was purchased from Fisher Sci- 
entific (Fair Lawn, N J). U.S.P.-grade ethanol was purchased 
from Quantum Chemical Corp. (Tuskola, IL). n-Butyl chloride 
and 88% formic acid were purchased from J.T. Baker (Phillips- 
burg, N J). Distilled water (specific resistance =18.2Mf~.cm) 
was prepared using a Millipore Milli-Q Plus water purification 
system (Millipore Corp., Burlington, MA). Bovine blood con- 
taining sodium citrate was purchased from Pel-Freez Biologi- 
cals (Rogers, AR). 
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Analytical standards 
Analytical standards were prepared by weighing 1.0 mg of 

each capsaicinoid using a Cahn model 4700 analytical balance 
(Cahn Instruments, Cerritos, CA) and dissolving the compound 
in 10 mL of methanol. Prior to weighing each compound, the 
balance was calibrated to ensure accuracy. Standard solutions 
were prepared in methanol by serial dilution of the 0.1-mg/mL 
standard using volumetric pipettes and flasks. All standards 
were stored protected from light at-20~ for the duration of the 
study. Quality control samples were prepared at 2.5 ng/mL, 10 
ng/mL, and 100 ng/mL in bovine blood. Aliquots (1 mL) were 
stored at -20~ 

LC-MS--MS analysis 
Analysis of the capsaicinoids was performed using a Ther- 

moQuest TSQ tandem MS (ThermoQuest Instruments, San 
Jose, CA) combined with a Hewlett-Packard series 1100 HPLC 
(Agilent Technologies, Palo Alto, CA). Chromatographic sepa- 
ration of the analytes and the internal standard was achieved 
using a MetaSil Basic (100 x 3.0 ram, 3-1~m particle size) C2-C8 
reversed-phase HPLC column (MetaChem Technologies, Tor- 
rance, CA) and a stepwise gradient of methanol and distilled 
water containing 0.1% (v/v) formic acid. The column was equi- 
librated at a flow rate of 0.25 mL/min with a mobile phase con- 
sisting of 57.5% methanol and 42.5% distilled water containing 
0.1% (v/v) formic acid at 40~ The mobile phase was main- 
tained at this composition for 7.9 rain, and then the methanol 
was increased to 65% over the duration of 0.1 rain. At 10.2 
rain, the concentration of methanol was increased to 75%. 
After 16.0 rain, the concentrations of methanol and formic acid 
were returned to their initial concentrations for the duration of 
the analysis (22 rain). The autosampler was maintained at 4~ 
and the injection volume was 15 lJL. 

The MS was equipped with an electrospray ionization source 
and operated in selected-reaction monitoring mode for pre- 
cursor-to-product-ion transitions for octanoyl vanillamide (m/z 
280 -, 137), nonivamide (m/z 294 ~ 137), capsaicin (m/z 306 -+ 
137), and dihydrocapsaicin (m/z 308 -, 137). The capillary and 
lens voltages were optimized for maximum signal intensity 
using the "optimize" function of the data system and the pre- 
cursor-to-product-ion transition for capsaicin (306 -, 137); 
nearly identical optima were observed for nonivamide and di- 
hydrocapsaicin. The precursor ion resolution (Q1) was set such 
that 50% of peak height was observed at _+ 1.5 ainu and the 
product ion resolution set to default tune values (50% peak 
height at _+ 0.7 ainu). Additional instrument settings were as fol- 
lows: capillary temperature, 250~ ESI spray voltage, 4.5 kV; 
auxiliary gas (nitrogen), 10 U; and sheath gas (nitrogen), 50 psi. 
The collision gas (argon) was set to a pressure of 3.0 mT and the 
collision energy was -20 eV. 

Integration and quantitation of the data were performed 
using the Xcalibur LCQuan software package (version 1.1) 
(ThermoQuest). Statistical analyses were performed using Mi- 
crosoft Excel 2000 (Microsoft, Redmond, WA). 

Preparation of samples 
Samples (1 mL) of blood were prepared in 16 x 100-ram 

screw-cap culture tubes. For tissue samples, 250-500 mg of 
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tissue was homogenized in 1 mL dH20. Prior to extraction, 
each sample was fortified with internal standard (octanoyl vanil- 
lamide) at a concentration of 50 ng/mL, vortex mixed, and di- 
luted with I mL 0.1M sodium phosphate buffer (pH 7.0). The 
samples were then extracted with 5 mL of n-butyl chloride by 
shaking for 20 min at room temperature, centrifuged for 10 min 
at 2500 x g, and the upper (organic) layer transferred to clean 
tubes. The solvent was evaporated to dryness under a stream of 
air at 40~ and the dried sample residues containing the cap- 
saicinoids stored at -20~ Prior to the analysis, the dried 
residues were reconstituted in 50 pL 70% methanol/30% dis- 
tilled water and transferred to autosampler vials for analysis. 

Accuracy and precision 
The accuracy of this assay was determined as the percentage of 

the target analyte concentration using the mean (n = 5) assayed 
concentration in a single batch of samples. Intra-assay precision 
was expressed as percent relative standard deviation (%RSD) and 
was calculated for each batch using the standard deviation of the 
assayed concentrations of each analyte at each concentration di- 
vided by the mean assayed concentration (n = 5). Interassay pre- 
cision (%RSD) was determined by dividing the standard deviation 
of the assayed concentrations (n = 15) for three separate replicate 
batches by the mean concentration (n = 15). 

Stability 
The effect of various storage conditions on sample stability 

was determined for each analyte using quality control samples. 
Quality control samples (n = 5) at 2.5, 10, and 100 ng/mL were 
stored at either room temperature for 24 h, subjected to a 
freeze-thaw cycle, or stored overnight at 4~ in autosampler 
vials (70% methanol/30% distilled water). The samples were 
then analyzed as described. Stability was 
assessed by comparing the mean assayed 
concentration (n = 5) for the stability con- 
trols to the mean concentration of un- 
treated quality control samples. 

Recovery 
The recovery of the capsaicinoids from 

blood was determined using quality control 
samples (n = 5) at 2.5, 10, and 100 ng/mL. 
Recovery was assessed by comparing the 
concentrations obtained for quality con- 
trol samples processed as described to sam- 
ples that were extracted and the internal 
standard added immediately prior to evap- 
oration of the solvent (n = 5). The ratio of 
the two concentrations represented the 
percentage of analyte recovered by the ex- 
traction. 

Animal exposures and sample collection 
Male Sprague-Dawley rats (125 g) were 

purchased from Charles River Laboratories 
(Wilmington, MA). Prior to exposure to the 
capsaicinoids, the rats were anesthetized 
by intraperitoneal injection of 80 mg/kg 

ketamine and 5 mg/kg acetopromazine. To simulate exposures 
to pepper sprays, the animals (n = 2 for control and high dose ex- 
posures and n = 1 for low and medium dose exposure) were 
placed inside the nose-only exposure apparatus (In-Tox Products, 
Albuquerque, NM) and exposed to aerosols generated from so- 
lutions of capsaicinoids for 15 min. The aerosol was generated 
from solutions of 0, 1, 5, and 50 mg/mL capsaicin (approxi- 
mately 55% capsaicin, 35% dihydrocapsaicin, 4.3% nordihy- 
drocapsaicin, 2.8% nonivamide, 1.5% homodihydrocapsaicin, 
and 1.4% homocapsaicin), dissolved in 55% U.S.P.-grade 
ethanol/45% dH20, using a Lovelace nebulizer operated at a 
flow rate of -0.5 L/min. The chamber flow was 10 L/rain and was 
maintained under a vacuum of-0.5 psi (-26 mm Hg). Using this 
protocol, approximately 85% of the generated aerosol particles 
were < 1.7 mm in diameter, determined using a seven-stage 
cascade impactor. An estimate of the delivered dose was achieved 
by quantitative analysis of a paper filter (0.2 ]~m) that collected 
aerosol from a sampling orifice. The sampling rate for the filter 
was 0.5 L/min. The delivered dose was calculated using a minute 
volume of 0.2 L/min and an approximate lung deposition factor 
of 10%. Prior to each experiment, all gas flows were calibrated. 

Following exposure, the animals were removed from the 
chamber and either sacrificed by CO2-induced asphyxiation or 
permitted to recover. Blood (~5 mL) was collected by syringe 
from the abdominal aorta and immediately transferred to hep- 
arinized-vacutainer tubes, gently shaken, and placed on ice. 
Aliquots (1 mL) were prepared and stored at-80~ in 16 x 100- 
mm screw-cap tubes. Liver and lung tissue were also collected, 
rinsed with ice-cold saline, and stored at--80~ until assayed. All 
experimental protocols were approved by the University of Utah 
Animal Review Board and performed in accordance with current 
IACUC regulations. 

lOO" 

8o! 

J 

6oi 

40~ 

20~ 

O: 

137 

+ i = 1 " =  i l l  i i i I I ; i i + 

6O 80 100 120 

0 

HO" T m/z 306 

o m/z =182 

e , -  . . . .  
" H 3 ~ t  

m/z =137 m/z =122 f 
, = 

ngz =153 

182 

170 

ii  . . . .  
i i i n l n l i I 1 1 1  l i l ' n  [ n i ~ i  i I u I I I ~  I I I I  l n i i i 

140 160 180 200 220 240 260 280 300 320 

m/z 

Figure 1. Mass spectrum showing the product ions produced from collision-induced dissociation of 
capsaicin. The data were generated by introducing a 10 ng/mL solution of capsaicin at a rate of 
10 pL/min into the LC flow consisting of 57.5% methanol/42.5% distilled water containing 0.1% 
formic acid using a syringe pump. The LC flow was directed into the MS at a flow rate of 0.25 mL/min 
and data collected for 25 scans. The inset represents the proposed fragmentation pathway for the 
precursor ion of capsaicin (m/z 306). 
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Results 

LC-MS-MS 
The analysis of capsaicin, dihydrocapsaicin, and nonivamide 

in blood by LC-MS-MS exhibited a limit of detection (LOD) of 
0.25 ng/mL and a lower limit of quantitation (LOQ) of 1.0 
ng/mL. A mass spectrum showing the product ions generated by 
collision-induced dissociation of capsaicin (m/z 306) is shown 
in Figure 1. An ion having a mass-to-charge ratio of 137 was the 
predominant product ion produced by the capsaicinoids. A typ- 
ical selected-reaction monitoring profile obtained from the 
analysis of an extracted 25-ng/mL calibrator by LC-MS-MS is 
shown in Figure 2. As shown in Figure 2, all analytes were sep- 
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Figure 2. Representative selected-reaction monitoring profile obtained from the analysis of an ex- 
tracted 25-ng/mL calibrator containing capsaicin, dihydrocapsaicin, and nonivamide by LC-MS-MS. 
The identities of the peaks are octanoyl vanillamide (m/z 280 ~ 137), nonivamide (m/z 294 -~ 137), 
capsaicin (m/z 306 --* 137), and dihydrocapsaicin (m/z 308 -~ 137). 

Table I. Accuracy and Intra- and Interassay Precision (%RSD) for Quality 
Control Standards Containing Capsaicin, Nonivamide, and Dihydrocapsaicin 

Capsaicin Nonivamide Dihydrocapsaicin 

Target Concentration Accuracy RSD Accuracy RSD Accuracy RSD 
(ng/mL) (% Target) (%) (% Target) (%) (% Target) (%) 

~tra.a~ay ~ =5) 
2.5 104 4 99 4 102 6 

10 104 3 107 3 102 2 
100 90 7 96 8 96 4 

M~rassay~ = 15) 
2.5 108 6 107 7 105 9 

10 100 6 101 7 100 4 
100 88 7 90 9 96 5 

arated either chromatographically or differentiated by MS-MS 
using selected-reaction monitoring. 

The plot of the ratio of analyte and internal standard peak 
areas versus calibrator concentration was non-linear over the 
range of 1.0-250 ng/mL. Calibration curves were fit to a 
quadratic equation, weighted 1/Y 2, where Y was the peak-area 
ratio. Calibration curves generated in this manner exhibited a 
correlation coefficient (r 2) that was typically > 0.980. The accu- 
racy of the LC-MS-MS assay was > 90% (n = 5) and the intra- 
assay precision _< 8%RSD for all analytes at the three quality con- 
trol concentrations. The interassay precision was < 9%RSD and 
the accuracy (n = 5) was > 88% for all analytes at all quality con- 
trol concentrations. The data for intra- and interassay precision 

and accuracy are summarized in Table I. 
Recovery of the capsaicinoids from blood 
was 85-95% for all three analytes at the 
concentrations tested (Table II). 

The effects of various storage conditions 
on the stability of the analytes are sum- 
marized in Table III. The experimentally 
determined concentrations of capsaicin 
in samples (n = 5) that were stored at ei- 
ther room temperature, in autosampler 
vials (in 70% methanol/30% distilled 1-120 
at 4~ or subjected to a freeze-thaw 
cycle were essentially not affected. How- 
ever, nonivamide and dihydrocapsaicin 
exhibited an approximately 50% decrease 
in concentration when stored in blood at 
room temperature for 24 h. Data for the 
stability of the capsaicinoids are presented 
in Table III. 

Analysis of biological samples 
Data from the analysis of capsaicinoids 

in blood, lung, and liver collected from 
rats exposed to aerosols of capsaicinoids 
are presented in Table IV. These analyses 
demonstrated that we could detect capsai- 
cinoids in blood, lung, and liver specimens 
collected from rats dosed with doses of 
capsaicinoids > 0.045 mg/kg (n = 2). In 
addition to detecting capsaicin, dihydro- 
capsaicin, and nonivamide, nordihydro- 
capsaicin was also observed in the m/z 294 

137 selected-reaction monitoring profile 
(Figure 3). Identification of nordihydro- 
capsaicin in these samples was based on 
similarities in the precursor-to-product ion 
transition, retention time, and proportion 
(4-5% relative to capsaicin + dihydrocap- 
saicin) of this analyte versus authentic 
nordihydrocapsaicin found in the purified 
mixture of capsaicinoids used for the in- 
halation studies. Nordihydrocapsaicin, an- 
other naturally occurring capsaicinoid, was 
not quantitated in this assay because stan- 
dard reference material for this analogue 
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was not available. The concentrations of capsaicinoids in blood, 
lung, and liver were dependent upon the dose received by the 
animal. The total concentration of capsaicin, dihydrocapsaicin, 
and nonivamide in blood samples ranged from < 1.0 to 125.6 
ng/mL, < 5.0 to 173.9 pg/mg for lung, and < 2.0 to 3.4 pg/mg for 
liver for all three doses used in this study. Capsaicin repre- 
sented 70-80% of the total capsaicinoids present in blood sam- 
ples and 90-100% in lung and liver, due presumably to the in- 
ability to detect dihydrocapsaicin and nonivamide at very low 
concentrations; dihydrocapsaicin and nonivamide comprise 
only 35 and 2.8% of the capsaicinoids present in the dose of cap- 
saicinoids, respectively. No capsaicinoids were detected in blood, 
lung, or liver collected from control animals or animals per- 
mitted to recover for 24 or 48 h after the 
exposure (data not shown). 

Discussion 

The development of sensitive and selec- 
tive methods to accurately quantitate the 
concentrations of capsaicinoids in biolog- 
ical matrices is needed to evaluate the re- 
lationship between dose and physiological 
effects of capsaicinoids. For example, the 
ability to generate dose-response rela- 
tionships will be beneficial in the devel- 
opment and assessment of medicinal 
products that contain capsaicinoids. The 
methodology may also be beneficial in un- 
derstanding the risks and ramifications of 
exposure and the development of safer, 
more effective products. 

We developed sensitive and selective 
methods for the detection and accurate 
quantitation of capsaicin, nonivamide, and 
dihydrocapsaicin in biological samples 
using LC-MS-MS. Using this method, the 
assayed concentrations for the fortified 
quality control samples were 90-107% of 
the target concentrations for all analytes 
(Table I). The method produced nearly 
identical values for the quality control 
samples on separate days, exhibiting an in- 
terassay precision of less than 9%RSD 
(Table I). In general, capsaicin was not af- 
fected by different sample storage and han- 
dling conditions. However, nonivamide 
and dihydrocapsaicin were significantly 
decreased (~50%) in blood samples stored 
at room temperature for 24 h (Table III). 
These data are significantly different than 
what we have previously observed for sta- 
bility of capsaicinoids on cloth samples, in 
which approximately 70% of the predicted 
amounts of capsaicin, nonivamide, and 
dihydrocapsaicin were detected even after 

storage for six months at room temperature (22). These data 
demonstrate that different matrices that may be assayed for 
the presence of capsaicinoids require different storage and 

Table II. Recovery of Capsaicin, Nonivamide, and 
Dihydrocapsaicin from Blood 

Target concentration Capsaicin Nonivamide Dihydrocapsaicin 
(ng/mL) % Target % Target % Target 

2.5 95 _+ 2 86 _+ 4 91 _+ 4 
10 95-+6 90-+6 93_+9 

100 88 -+ 1 85 _+ 2 87 + 8 

Table III. Stability of Capsaicin, Nonivamide, and Dibydrocapsaicin in Standards 
Stored Under Various Conditions 

Treatment and target Capsaicin Nonivamide Dihydrocapsaicin 
concentration (ng/mL) % Control % Control % Control 

24 h Room temperature 
2.5 93 _+ 7 49 -+ 10 52 + 10 

10 99__.9 48_+9 78_+7 
100 97 _+ 7 41 __. 7 69 _+ 11 

24 h Autosampler at 4~ 
2.5 99 _ 14 101 __. 12 103 + 9 

10 104 _+ 10 107 _+ 11 102 __ 8 
100 97 __. 2 100 __ 3 94 __ 4 

Freeze-thaw 
2.5 101 + 1 102 _+ 1 101 + 17 

10 108 _+ 10 110 + 9 100 + 12 
100 93 _+ 5 89 _+ 4 95 _+ 7 

Table IV. Concentrations of Capsaicin, Nonivamide, and Dihydrocapsaicin in 
Blood, Lung, and Liver Collected from Rats Exposed to Aerosols of Capsaicinoids 

Tissue Concentrations 
Sample/ Solution Dose 
Tissue (mg/mL) (mg/kg)* Capsaicin Nonivamide Dihydrocapsaicin 

Blood 0.0 0.0000 N.D. +, N.D. N.D3, N.D. N.D.*, N.D. 
(1 mL) 1.0 0.0038 <LOQ* N.D.f N.D3 

5.0 0.045 8.2 ng/mL < LOQ* < LOQ* 
50.0 0.57 90.4, 33.2 ng/rnL 1.8, 1.0 ng/mL 33.4, 14.8 ng/mL 

Lung 0.0 0.0000 N.D3, N.D. N.D3, N.D. N.D3, N.D. 
(200 mg) 1.0 0.0038 < LLOQ* N.D. t N.D. + 

5.0 0.045 8.5 pglmg N.D. t < LOQ* 
50.0 0.57 167, 153 pglmg < LOQ*, < LOQ 6.9 pglmg, < LOQ* 

Liver 0.0 0.0000 N.D3, N.D. N.D3, N.D. N.D3, N.D. 
(500 rag) 1.0 0.0038 N.D3 N.D3 N.D3 

5.0 0.045 3.0 pg/mg bN.D. < LOQ* 
50.0 0.57 3.1 pg/mg, < LOQ* < LOQ*, < LOQ < LOQ*, < LOQ 

* N = 2 for control and high doses of capsaicin. N = 1 for low and medium doses. 
r N.D. = The capsaicinoid analogue was not detected in this sample. 
* < LOQ = The capsaicinoid was detected; however, the concentration was below the lower limit of quantitation. 
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handling conditions. Hence, if blood and tissue samples are to 
be assayed for capsaicinoids, they should be immediately frozen 
and stored frozen until analysis to ensure accurate determina- 
tion of capsaicinoids in the sample. Another important factor 
that may affect the analysis of capsaicinoids in biological sam- 
ples is the time between sample collection and exposure. Un- 
fortunately, we have not investigated toxicokinetics in this 
study, nor have we evaluated other routes of exposure. However, 
we did show that the capsaicinoids were not detectable in sam- 
ples collected 24 or 48 h after exposure, suggesting the ability 
to detect capsaicinoids in biological samples was affected by 
time. Collectively, our data suggest that care must be used 
when collecting, storing, and handling biological samples that 
are to be assayed for capsaicinoids and that knowledge of these 
parameters is important for interpretation of the data. 

Unlike previous analytical methods for the analysis of cap- 
saicin and its analogues, this method permitted the unique 
identification of nonivamide in the presence of capsaicin. In ad- 
dition, this method had the sensitivity and selectivity necessary 
to accurately identify and quantitate the capsaicinoids in com- 
plex and diverse biological matrices including blood, lung, and 
liver. Previous work using GC-MS or HPLC for analysis of cap- 
saicinoids in pepper products and biological samples has been 
limited by the inability to detect, chromatographically sepa- 
rate, or to differentiate the individual capsaicinoid analogues 
(23-27). Specifically, nonivamide may only exist in very low 
concentrations relative to capsaicin and dihydrocapsaicin and 
may not be detectable in less sensitive methods such as HPLC 
with UV detection. In addition, nonivamide may be misidenti- 
fled as either nordihydrocapsaicin (because of the same mass in 
GC-MS) or capsaicin (because of similar chromatographic prop- 

80 "~ Octanoyl Vanillamide 
60 ,ffz=280 -~ 137 
4O 
2O 

0 " 

100 "~ Nonivamide ~11.9 (Nordihydrocapsaicin) 

6080 1 m/z=294 -~ 137 J ~ 2  
40 .5 (Nonivamide) 
20 
0 

80 Capsaicin 5 
60 ~ m/z=306 -* 137 
4O 
20 
0 I00-~ 14 80 Dihydrocapsaicin .6 

61 1 m/z=308 -> 137 
40 
2 

i i i I i i i I i , , I i i i I , i l ' ' ' I ? ' I I i I i i J I i i i I i i i I 

0 2 4 6 8 10 12 14 16 18 20 22 
Retention time 

Figure 3. Representative selected-reaction monitoring profile obtained from the analysis of a 1-mL 
blood sample from a rat exposed to 0.57 mg/kg capsaicinoids via inhalation. The identities of the 
peaks are octanoyl vanillamide (m/z 280 --* 137), nonivamide and nordihydrocapsaicin (m/z 294 --, 
137), capsaicin (m/z 306 --, 137), and dihydrocapsaicin (m/z 308 ~ 137). 

erties in HPLC) (23-27). The method described here permitted 
the simultaneous detection and unique identification of all 
three capsaicinoids that are commonly used to prepare com- 
mercial pepper products, as well as the qualitative identification 
of nordihydrocapsaicin, another naturally occurring capsaici- 
noid. This sensitivity and selectivity may be beneficial in as- 
sessing the contribution of individual capsaicinoids, particularly 
if the exposure involves a complex mixture of naturally occur- 
ring capsaicinoids. 

Our results also suggest that the concentration of capsaici- 
noids in blood, lung, and liver is strongly related to the dose 
(Table IV). None of the capsaicinoids were detected in blood, 
lung, or liver collected from control animals (n = 2) or animals 
exposed to the lowest dose (n = 1) (3.8 mg/kg), but all three cap- 
saicinoids were detected in blood (90.4 and 33.2 ng/mL), lung 
(167 and 153 pg/mg), and liver (3.0 and < 2.0 pg/mg) in animals 
exposed to the highest dose (n = 2) (0.57 mg/kg). Nordihydro- 
capsaicin was also qualitatively identified in blood samples col- 
lected from the high dose animals (Figure 3). The most likely 
reasons for the differences between the concentrations of cap- 
saicinoids in the samples collected from the high dose animals 
are differences in the rate of respiration, positioning in the ex- 
posure chamber, or inherent differences in absorption, elimi- 
nation, or metabolism of capsaicin. All of these parameters 
could cause differences in the delivered dose and, thus, the 
capsaicinoid concentrations detected in the various tissues. 
The doses of capsaicinoids used in this study were intended to 
represent an approximate dose received by an animal or human 
sprayed with a typical pepper spray weapon for several seconds 
(10-20 mL at 10-30 mg/mL capsaicin). Assuming efficient in- 
halation and dermal absorption of the capsaicinoids, it is rea- 

sonable to predict that, in addition to the 
skin and clothing, capsaicinoids will be 
present in blood, lung, and possibly liver at 
detectable concentrations following an ex- 
posure to pepper spray. Therefore, anal- 
ysis of these samples by LC-MS-MS may 
be beneficial in demonstrating pepper 
spray exposure in medico-legal investiga- 
tions in addition to assessing efficacy of 
the capsaicinoids in controlled dose expo- 
sure studies. 

Conclusions 

This method for the analysis of cap- 
saicin, nonivamide, and dihydrocapsaicin 
permitted the identification and quantita- 
tion of the three principal capsaicinoids 
found in various pepper products in- 
cluding pepper spray self-defense weapons, 
as well as the qualitative identification of 
nordihydrocapsaicin. The LOQ of 1.0 
ng/mL and upper limit of quantitation of 
250 ng/mL were sufficient for the simul- 
taneous quantitation all three capsaici- 
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noids in blood, lung, and liver isolated from rats exposed to cap- 
saicinoids via inhalation. Extending the dynamic range of the 
assay to lower concentrations of all three analytes may be de- 
sirable to account for the substantially lower concentrations of 
nonivamide and dihydrocapsaicin in mixtures of capsaicinoids, 
as well as all capsaicinoids in blood and tissues from low dose 
exposures, or human exposures, where the body mass, and 
thus, volume of distribution is larger. Also, a more sensitive 
method would be helpful to account for potential differences in 
the concentrations of capsaicinoids in blood and tissues fol- 
lowing different routes of exposure (i.e., inhalation versus oral 
or dermal doses), which would likely affect the amount and/or 
rate of absorption. Although we have not focused on the anal- 
ysis of capsaicinoids in/on other matrices (e.g., clothes, skin, 
etc.), our previous research suggests that this assay would be ap- 
plicable (22,28). As such, this assay, or a modified version of this 
assay, may represent a valuable tool for medical and forensic sci- 
entists who study the mechanisms by which capsaicinoids elicit 
specific physiological responses or use capsaicinoids as a marker 
of pepper spray exposure. 
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