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Abstract

A robust and sensitive ultra-low flow liquid chromatography (UFLC) method that can
reproducibly, at reasonable cost, detect low concentrations of piperine from human plasma is
necessary. Piperine in plasma was separated and quantified by a gradient method using ultraviolet
detection at a maximal absorbance wavelength of 340 nm. An aliquot was injected onto a
reversed-phase column Waters SymmetryShield, 2.1 x 100 mm, 3.5 pm, C1g column, attached to a
Waters absorbosphere, 4.6 x 30 mm, Cg guard column and eluted with a mobile phase containing
a mixture of acetonitrile/water/ acetic acid (25:74.9:0.1, v/v/v) on line A and acetonitrile/acetic
acid (99.9:0.1, v/v) on line B. The flow rate was 0.3 mL/min. The gradient method consisted of an
opening condition of 20% pump B, with a linear increase to 37% pump B over 8 min, then a linear
increase to 100% pump B at 11 min, 2 min at 100% pump B, and then a return to the opening
condition (20% pump B) via a linear gradient over 2 min, followed by 5 min re-equilibration at
opening conditions. The total run time was 20 min for each sample. All samples were processed
protected from ambient light to avoid isomerization of piperine. The plasma assay was linear with
R =0.9995, with a lower limit of detection [signal-to-noise (S/N) > 5:1] of 100 pg of piperine
loaded into the analytical system with acceptable accuracy and precision. Extraction recoveries of
piperine from human plasma were 88% for quality control high (QCH), 93% for quality control
medium (QCM), and 90% for quality control low (QCL), and the matrix effect was <12%.
Piperine was quantifiable from a 50 mg oral dose given to human volunteers. A UFLC method for
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the rapid assay of human plasma with sensitivity to detect as low as 5 ng/mL piperine was
developed. The method sensitivity equals that of liquid chromatography/tandem mass
spectrometry (LC/MSMS) methods with much less cost.
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Introduction

Natural compounds, such as alkaloids and polyphenols, from spices and fruits have been
shown to have medicinal properties, such as anti-inflammatory and anticarcinogenic activity
in many pre-clinical studies (1-7). Despite highly active, multi-mechanism
anticarcinogenesis efficacy of polyphenolic compounds, such as curcumin, resveratrol, and
epigallocatechin gallate, in vitro and in vivo, early phase human clinical trials have been
limited by poor bioavailability (8,9). Piperine (1-piperoyl piperidine) is a major alkaloid of
black pepper and hot peppers (10). Piperine may be a useful, bioavailable, cancer-risk-
reductive intervention (“chemopreventive agent”). A 50 mg/kg body weight piperine dose
reversed the benzo(a)pyrene-induced model of lung carcinogenesis in mice (11). Piperine
has single-agent anti-neoplastic activity in melanoma and lung cancer cell lines (12, 13) and
inhibits proliferation of colon cancer cell lines (14). Piperine has also been shown to have
significant anti-inflammatory and anti-arthritic effects in vitro and in rat arthritis models
(15)

In addition to its anti-inflammatory and anticarcinogenic activities, piperine enhances the
absorption of drugs and many dietary compounds through multiple mechanisms. For
example, piperine increases intestinal brush border membrane (BBM) fluidity and microvilli
length (16). It inhibits hepatic CYP3A4 drug metabolism and blocks the P-glycoprotein
(ABCB1 or MDR1) drug efflux pump in rodents and humans (17). Piperine downregulates
intestinal and hepatic glucuronidation and sulfation. Through these mechanisms, piperine
enhances bioavailability of dietary polyphenols, such as curcumin (17). Piperine, 5-50
mg/day in human clinical trials, enhances blood concentrations of many drugs, such as
vasicine, pyrazinamide, rifampicin, isoniazid, propranolol, theophylline, and phenytoin, in
humans (18-20) and dietary substances, such as f-carotene, water-soluble vitamin B6,
vitamin C, selenium, epigallocatechin gallate, and curcumin (10, 20-22). Piperine has mild
toxicities, including grade 1 nausea and diarrhea or dyspepsia at high doses (50 mg/day),
and is classified as generally regarded as safe (GRAS) (18). Piperine is currently marketed
as a nutraceutical to enhance the bioavailability of other micronutrients, such as vitamins
and coenzyme Q10, as well as some anti-seizure medications, such as phenytoin (23, 24).

A robust and sensitive analytical method that can reproducibly, at reasonable cost, detect
low concentrations of piperine from human plasma is necessary for future studies of
piperine. Assays described to date include high-performance liquid chromatography
(HPLC), magnetic resonance spectroscopy, and mass spectroscopy methods (25-27). There
are no published liquid chromatography/tandem mass spectrometry (LC/MSMS) methods
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for the assay of piperine from human plasma. Although such a method would be highly
sensitive, it is too expensive for clinical use to repetitively assay hundreds of biosamples. A
HPLC-ultraviolet (UV) assay in rat plasma was shown to have good sensitivity (28).
However, the ubiquitousness of piperine in the human diet and the presence of lipids in the
plasma of humans makes the assay of piperine from human plasma more complex than
rodent plasma. The aim in this study is to develop and validate a cost-effective ultra-low
flow liquid chromatography (UFLC) assay capable of detecting low nanograms per milliliter
concentrations of piperine specifically from human plasma.

Materials and Methods

Chemicals and Reagents

Piperine and -17-estradiol acetate were obtained from Sigma (St. Louis, MO). HPLC-grade
acetonitrile, methanol, water, and ethyl acetate were purchased from Honeywell Burdick
(Jackson, MI) and acetic acid was purchased from EMD Chemicals, Inc. (Darmstadt,
Germany).

Instrumentation and Equipment

The UFLC system consisted of a Shimadzu LC-2010 model with an autosampler, a UV-vis
detector operated using EZStart chromatography software.

Mobile-Phase Reagent Preparation

Ina 1 L glass container, the following reagents were measured: 750 mL of double-distilled
water and 249 mL of acetronitrile with 1 mL of acetic acid for line A and 999 mL of
acetonitrile with 1 mL of acetic acid for line B. The mixed reagents were degassed using
sonication.

Extracting Reagent Preparation

A total of 190 mL of ethyl acetate and 10 mL of methanol were mixed together. This reagent
can be stored at room temperature (RT) and is stable for 4 weeks.

Preparation of Calibration Standards in Human Plasma

Piperine (5 mg) was dissolved in methanol and made to a volume of 25 mL in a volumetric
flask to achieve a final concentration of 200 ug/mL as the working stock solution. This stock
solution was prepared fresh as required. On the assay day, the working solution of 200
ug/mL was diluted serially 10-fold to obtain lower working solutions, with lowest
concentration of 10 ng/mL. Calibration was performed by spiking pooled plasma obtained
from volunteer healthy adult humans to produce the following piperine concentrations:
lowest at 10 ng/mL to highest at 10 pg/mL (20 pg to 200 ng of piperine injected into the
analytical system). For quality control samples, human plasma was spiked with piperine 10
ng/mL as low, 250 ng/mL as medium, and 9500 ng/mL as high concentrations. For the
lower limit of quantitation (LLOQ), 5 ng/mL piperine was spiked into plasma. A subset of
the prepared piperine standards was re-assayed.
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Human plasma samples were collected using heparinized vacutainer tubes from healthy
volunteers. The samples were stored at —80 °C. A total of nine independent plasma samples
were prepared. Each sample was spiked with varying amounts of piperine from the
previously prepared stock solution.

Internal Standard Preparation

A total of 6.25 mg of -17-estradiol acetate was weighed and dissolved in 1 mL of methanol.
Methanol was added to the solution and brought to volume in a 25 mL volumetric flask to
obtain a final concentration of 250 pg/mL. This reagent when stored at —80 °C and is stable
for 3 months in a volumetric flask.

Sample Preparation

For quality control, similar to the method of Heath et al. (29), a known concentration of
piperine standard was pipeted into 200 pL of pooled, normal human plasma using a
Hamilton syringe. Unknown and quality control plasma samples were each pipeted, using a
micropipet (Rainin, Emeryville, CA), into 2 mL microcentrifuge tubes (USA Scientific,
Ocala, FL). All sample processing was performed in a minimal light environment. To each
tube, 80 uL of double-distilled water was added. The tubes were capped and mixed for 30 s
at high speed by vortex (Fisher Scientific). A total of 20 pL of internal standard (250 pg/mL
f-17-estradiol acetate) was added to each tube, along with 20 pL of piperine stock varying
from the lowest concentration of 0.005 pg/mL to highest concentration of 10 ug/mL. A total
of 200 pL of plasma was added to each tube. The tubes were capped and mixed by vortexing
for 30 s. Then, 500 pL of the extraction reagent (95% ethyl acetate/5% methanol) was added
to each tube. The tubes were capped, vortexed at high speed for 30 s, and then centrifuged at
1000 rpm for 5 min in an Eppendorf microcentrifuge (Brinkmann Instruments, Westbury,
NY). After centrifugation, the supernatant organic layer was extracted 3 times and
approximately 420 uL was carefully removed into a clean microcentrifuge tube and dried
under a stream of room air using a low heat setting. The dried extract was resuspended in
100 pL of methanol, capped, and vortexed at medium speed for 30 s. Contents of each tube
were then transferred to an injection sample vial (Chromacol 1.1 mL vials) (about 80 pL),
and 10 pL was injected into the UFLC column for assay.

UFLC Analytical Method

Piperine in plasma was separated and quantified by a gradient method using UV detection at
a maximal absorbance wavelength of 340 nm. An aliquot (10 uL) was injected onto a
reversed-phase column Waters SymmetryShield, 2.1 x 100 mm, 3.5 pm, Cqg column,
attached to a Waters absorbosphere, 4.6 x 30 mm, Cg guard column (Waters, Milford, MA)
and eluted with a mobile phase containing a mixture of acetonitrile/water/acetic acid
(25:74.9:0.1, v/viv) on line A and acetonitrile/acetic acid (99.9:0.1, v/v) on line B. The flow
rate was 0.3 mL/min. The gradient method consisted of an opening condition of 20% pump
B, with a linear increase to 37% pump B over 8 min, then a linear increase to 100% pump B
at 11 min, 2 min at 100% pump B, and then a return to the opening condition (20% pump B)
via a linear gradient over 2 min, followed by 5 min re-equilibration at opening conditions.
The total run time was 20 min for each sample. The quantitation of the piperine peak area
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ratio (piperine to internal standard) is based on standard curves in plasma. A linear curve
was generated from analysis of six different standard concentrations.

Validation Procedures

Calibration Curve and LLOQ of Piperine in Methanol—Three separate calibration
curves with eight points of known concentrations of piperine, including 10, 50, 100, 500,
1000, 5000, 10 000, and 50 000 ng/mL (100 pg to 500 ng loaded onto the column) in
methanol and methanol blanks, were performed within one 24 h period for intraday
variability. For interday variability, three separate calibration curves with duplicates were
performed on 3 consecutive days. HPLC-grade methanol was used to prepare standards and
as the blank. LLOQ in methanol was determined with a signal-to-noise (S/N) ratio > 5:1.

Calibration Curve of Piperine in Human Plasma—The plasma calibration curve
concentrations were 5, 10, 50, 100, 500, 5000, and 10 000 ng/mL (100 pg to 200 ng piperine
loaded onto the column). These plasma samples were injected into the analytical system at
decreasing concentrations to achieve a S/N ratio of >5:1. The analyte/internal standard ratio
was calculated for each plasma sample by dividing the area of the piperine peak by the area
of the internal standard, f-estradiol acetate peak. Standard curves of piperine in plasma were
constructed by linear regression analysis of the ratio of the piperine peak area/internal
standard area to the piperine concentration.

Accuracy and Precision—The accuracy of the assay was determined by analyzing five
separate plasma samples spiked with piperine at the LLOQ of 5 ng/mL, quality control low
(QCL) limit of 10 ng/mL, quality control medium (QCM) limit of 250 ng/mL, and quality
control high (QCH) limit of 9500 ng/mL concentrations in replicates in five analytical runs
together with an independently prepared, triplicate calibration curve. Accuracy was
calculated at each test concentration as (mean measured concentration/ nominal
concentration) x 100%. The assay precision was determined by assaying five replicates of
low, medium, and high concentrations (as detailed above) prepared from one sample. Assay
precision was calculated by analysis of variation (ANOVA). Back-calculated concentrations
of calibration and QC samples were entered with the run number as a factor. The intra- and
interassay precisions were calculated from the resulting mean squares of the within runs and
mean squares of the between runs, respectively.

Selectivity and Specificity—To determine whether endogenous matrix constituents
interfered with the assay, six individual batches of control, piperine-free plasma were
processed and analyzed according to the described procedures. Responses of piperine at the
LLOQ concentration were compared to the blank samples.

Extraction Recovery and Matrix Effect—We calculated the extraction recovery of
piperine from human plasma by comparing the absolute response of an extract of control
plasma to which piperine was added after extraction to the absolute response of an extract of
plasma to which the same amount of piperine was added before extraction for low, medium,
and high concentrations of piperine. Samples were run in two sets with replicates. The
matrix effect on piperine recovery by plasma matrix components was defined as the effect
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on the signal when comparing the absolute response of an extract of control plasma to which
piperine was added after the extraction to the absolute response of reconstitution solvent to
which the same amount of piperine was added.

Mass Spectrometry—The metabolites from plasma and neat standard piperine were
subjected to LC/MSMS studies on Thermo Finnigan Surveyor HPLC fitted with a diode
array detector (set for 200-600 nm) and a LTQ linear ion-trap mass spectrometer. The
Waters C1g reverse-phase column was used for the UFLC assay. The electrospray ionization
(ESI) was used in positive mode to produce mass spectra in the scan range of 150-2000. The
capillary temperature was 275 °C; the tube lens voltage was 73; the sheath gas flow rate was
45; and the aux gas was 10. The MSMS conditions were optimized by infusion experiments
with piperine standard.

Demonstration of Applicability to Biological Samples—To demonstrate the
applicability of the method, the concentration of piperine in the plasma of two healthy
human volunteers who consumed a single dose of 50 mg of piperine (donated by Sabinsa
Co., Piscataway, NJ) orally was assayed, with the University of Michigan Institutional
Review Board (IRB) approval. Blood samples were collected into heparinized tubes at 0.5,
1,15, 2, 3,5, and 24 h post-dose. The plasma supernatant was removed after the sample
was centrifuged at 1258g (2500 rpm) at 4 °C with an Eppendorf 5810R centrifuge.

Results and Discussion

Chromatography

Piperine was diluted in methanol and injected into the starting mobile-phase conditions
[80% acetonitrile/water/acetic acid (75:24.9:0.1, v/v/v) on line A and 20% acetonitrile/acetic
acid (99.5:0.5, v/v) on line B]. Under the chromatographic conditions described above, the
retention time of piperine was in the range of 7.0-7.2 min (Figure 1). The internal standard
F-17-estradiol acetate, used in all quantification experiments, had a retention time of 14—
14.4 min (Figure 1).

Light and pH Effects

Piperine (Figure 1 in the Supporting Information) is an alkaloid from black and long
peppers, with maximal absorbance at 340 nm. The photo sensitivity of piperine was
demonstrated by a series of experiments, with sample processing in full ambient light and
red light yielding split peaks, while processing in minimal ambient light resulted in a single
peak (Figure 2 in the Supporting Information). As little as 30 min of exposure to ambient
light caused isomerization to chavicine, isochavicine, and isopiperine, as previously reported
(25). Under red light conditions, we observed isomer formation at 6 h of red-light exposure.
Protection from ambient daylight or fluorescent lighting during sample processing results in
no isomerization and a single piperine peak.

Selectivity and Specificity

To determine whether endogenous matrix constituents interfered with the assay, blank
human plasma samples from six different subjects were assayed and found to have a small

J Agric Food Chem. Author manuscript; available in PMC 2015 July 21.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kakarala et al.

Page 7

peak at 7 min of retention time with the spectrum of piperine at 340 nm in every sample. To
confirm whether this peak was indeed piperine, LC/MSMS analysis was performed. The
extracted ion chromatogram (XIC) from the total ion chromatogram (TIC) was obtained
(data not shown). The complete fragmentation pattern of the unknown endogenous peak at 7
min of retention time from plasma was obtained by LC/ MS (Figure 2B), LC/MSMS (Figure
2C), and further with MS3 studies and compared to that of the piperine standard in methanol
(Figure 2A) (full fragmentation pattern of the piperine standard in methanol is not shown but
was found to be an exact duplicate of that in plasma). The molecular mass of the metabolite
from plasma was found to be equal to the molecular mass of the metabolite from piperine of
285 Da. The piperine standard in methanol (molecular mass of 285 Da) gave a [M + H]*
peak of m/z 286 Da, with a fragment ion of m/z 201 Da formed by the loss of the piperidine
moiety with a molecular mass of 85 Da (mass spectrum not shown). The molecular ion peak
profile of the metabolite from plasma (Figure 2C) was superimposable with piperine in
methanol of 286 Da[M + H]*, with a base peak at m/z 201 Da formed by the loss of a
fragment of 85 Da, along with a superimposable UV profile at 341 nm and the same RT on
LC, confirming that the metabolite from plasma was piperine.

Therefore, for subsequent plasma calibration standards, accuracy, and precision experiments
and for detection in biological samples, blank plasma extractions were assayed and the area
under the curve for the resultant endogenous piperine peak was subtracted from the post-
spiking extraction peak to obtain the corrected area under the curve corresponding to the
known concentration of piperine that was spiked into each sample.

Calibration Curve and LLOQ

For calibration in plasma, the assay was linear, with regression coefficients >0.99955 for
each of the three standard curves when forced to a y intercept of 0 (Figure 3). The lower
limit of detection of piperine in human plasma was 1 ng/mL, with a S/N ratio of >5:1,
similar to the HPLC method developed for rat plasma (28). However, the United States
Food and Drug Administration defines LLOQ as the point within 3 times the lower limit of
detection, which has less than 20% coefficient of variability in precision and is linear with
the rest of the standard curve. The endogenous piperine peak caused variability of precision
at concentrations lower than 10 ng/ mL; therefore, 10 ng/mL was defined as LLOQ in
plasma, and 5 ng/mL was defined as the lower limit of detection, despite the S/N ratio being
> 10:1 at this concentration. The sensitivity and linearity in humans is similar to that
demonstrated in rats by Bajad et al. using HPLC-UV detection, despite the more complex
lipid-rich human plasma matrix and endogenous peak (28). There are no published LC/
MSMS methods for assaying piperine in human plasma for a direct comparison.

Accuracy and Precision

Extraction

Data in Table 1 show precision and accuracy of piperine extracted from plasma at QCL,
QCM, and QCH concentrations.

Extraction recoveries of piperine from human plasma were 88% for high concentration, 93%
for medium concentration, and 90% for low concentration, and the matrix effect was less

J Agric Food Chem. Author manuscript; available in PMC 2015 July 21.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kakarala et al.

Stability

Page 8

than 12% (Table 1). CV of matrix effect was large due to endogenous piperine in the
plasma.

Three calibration curves were performed within one 24 h period, as well as calibration
curves on 3 separate days from one set of stocks, to test stability of piperine in methanol
solution at RT. Storage, refrigeration at 4 °C, and freezing at =30 °C of piperine stock in
methanol for weeks did not change the slope of our calibration curves significantly if
samples were protected from light. Piperine is stable in methanol over weeks and at different
temperature storage conditions. It is, however, not stable and generates isomers with light
exposure (30), as shown in Figure 2A in the Supporting Information. Setting the temperature
of the column using the column oven at (25 °C) versus running at RT with minor variance
with light/dark cycles also did not change our calibration curve slopes.

Demonstration of Applicability to Biological Samples

To demonstrate applicability of this UFLC assay to human biosamples, we assayed the
plasma of two healthy male volunteers who took a single 50 mg oral dose of piperine, under
an IRB approved protocol. Following oral piperine dosing, blood was taken at 45 min to 24
h time points. The time concentrations curves are shown in Figure 4. The peak concentration
was 949 ng/mL at 1 h for subject 1 and 782 ng/mL at 3 h for subject 2 after a single 50 mg
oral dose.

These data strongly suggest but do not conclusively establish that piperine is bioavailable
with oral dosing. A formal pharmacokinetic study in 10-15 subjects per dose level must be
conducted to define pharmacokinetics. This UFLC assay can be applied to human clinical
trials studying the potential effects of piperine in drug bioavailability enhancement (18, 31),
cancer prevention (11, 32), or cancer treatment, in concert with chemotherapy (33).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Chromatogram showing piperine and f-estradiol acetate internal standard peaks in plasma.
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LC/MS for (A) piperine in methanol and (B) piperine in blank human plasma extraction and
(C) LC/MSMS for fragmentation of piperine in human plasma.
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Figure 3.
Three intraday piperine calibration curves in plasma.
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Figure4.

Time concentration curve of oral piperine (50 mg) in two healthy male volunteers.
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