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a b s t r a c t

Isomers 5,7-dihydroxy-3,6,8-trimethoxy-2-phenyl-4H-chromen-4-one (5,7–dihydroxy-3,6,8
trimethoxy flavone) (flavone A) and 3,5-dihydroxy-6,7,8-trimethoxy-2-phenyl-4H-chromen-4-one
(3,5-dihydroxy-6,7,8-trimethoxy flavone) (flavone B) have recently demonstrated differential antineo-
plastic activities against pancreatic cancer in vitro. These studies also indicated that these compounds
target highly tumorigenic cells while sparing normal cells. The in vivo antitumor activities of these
flavones have not been determined, and detection protocols for these compounds are needed to conduct
pre-clinical assays following intravenous dosing. Here, we report methods developed using acetonitrile
to extract two flavone isomers and corresponding internal standards, celecoxib and diclofenac, from rat
plasma. Separation was achieved using a Shimadzu liquid chromatography system with a C18 column
and mobile phase acetonitrile/water (60:40 and 70:30 for flavones A and B, respectively) containing 0.2%
acetic acid and 0.05% triethylamine at a flow rate of 0.4 mL/min and detection at 245 nm. Calibration
curves ranging from 250 to 2500 ng/mL and 2500 to 100,000 ng/mL for both flavones were linear
(r2 ≥ 0.99) with the lower limits of quantification being 250 ng/mL. Recovery of concentrations 250,
1000, 2500, 5000, and 100,000 ng/mL ranged from 87 to 116% and 84 to 103% (n = 3) for flavone A and
B, respectively. Stability of both flavones after a freezing/thawing cycle yielded a mean peak ratio ≥0.92
when compared to freshly extracted samples. Intravenous administration of a 20 mg/kg dose in rats
yielded half-lives of 83.68 ± 56.61 and 107.45 ± 53.31 min with clearance values of 12.99 ± 13.78 and
80.79 ± 35.06 mL/min/kg for flavones A and B, respectively.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Throughout history people have used plants for medicinal pur-
poses. In the Andean mountains of South America, people often
rely on a group of plants commonly known as vira-viras to treat
different ailments [1]. Many of the bioactive compounds found
in these plants are part of a class of polyphenolic secondary
metabolites called flavonoids, a large family of compounds char-
acterized by a C6–C3–C6 phenylbenzopyrone backbone. They are
further subclassified as flavones, isoflavones, flavanones, flavonols,
anthocyanidins, and chalcones. Over 5000 flavonoids have been
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discovered, but the potential health benefit of only a few have
been studied [2]. Pharmacological properties of flavonoids include
antioxidant [3,4], antiviral [5,6], antidiabetic [7], as well as protec-
tive properties of the gastrointestinal tract [8], and cardiovascular
system [9]. Anticancer studies have shown some flavonoids to pre-
vent or inhibit the development of cancer in rodents [10–14]. The
antineoplastic properties of flavonoids are due to their effect on
cell growth, inhibition of kinase activity, induction of apoptosis,
suppression of the secretion of matrix metalloproteinases, and/or
tumor invasive behavior [12,15,16].

Gnaphalium elegans and Achyrocline bogotensis are two of the
species identified generically as vira-viras that are traditionally
used in the treatment of various cancers. A pair of isomeric
flavones, 5,7-dihydroxy-3,6,8 trimethoxy flavone (flavone A) and
3,5-dihydroxy-6,7,8–trimethoxy flavone (flavone B) were isolated
from bioactive fractions of G. elegans and A. bogotensis respectively
[1,17–19]. In vitro studies suggest that flavone A and flavone B have

http://dx.doi.org/10.1016/j.jchromb.2015.07.039
1570-0232/© 2015 Elsevier B.V. All rights reserved.
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differential antineoplastic activity against cancer cell lines, which
may depend upon cellular tumorigenic and differentiation status.
Indeed, flavones A and B target cancer cell lines derived from colon,
pancreas, breast, and prostate that have been categorized as being
highly tumorigenic. Among these, flavone A demonstrated pref-
erential activity against the better differentiated cell lines, while
flavone B was shown to be active against the poorly differentiated
cells. Furthermore, flavones A and B demonstrated significant cyto-
toxic activity on cancer cell lines of the pancreas and the colon
[1].

Only 6% of the 46,420 new cases of pancreatic cancer projected
to be diagnosed during 2014 will survive another 5 years. Of the
96,830 new cases of colon cancer predicted to be diagnosed in 2014,
only 40% will be detected at an early stage to have a 90% 5 year sur-
vival rate. However, once the cancer has spread to distant organs,
the 5 year survival rate drops to 13% [20]. Thus, new treatments
for pancreatic and colon cancer are urgently needed. In vivo testing
and mechanistic analysis are warranted to further understand the
antineoplastic properties of these compounds.

In this study, we developed methods to quantify the concentra-
tion of flavone A or flavone B in rat plasma, using high performance
liquid chromatography (HPLC) analysis with celecoxib or diclofenac
as internal standards, respectively. These methods were used
to determine the pharmacokinetic parameters of flavone A and
flavone B in rats administered a 20 mg/kg dose via intravenous
injection.

2. Experimental

2.1. Chemicals and standards

5,7-Dihydroxy-3,6,8 trimethoxy flavone (flavone A) and 3,5-
dihydroxy-6,7,8-trimethoxy flavone (flavone B) were extracted as
described previously [1]. NMR analysis was done to verify that
compounds were ≥99% pure in a Bruker 400 MHz spectrometer
(Billerica MA). The results were compared to spectra previously
obtained [17,19]. Celecoxib was purchased from Toronto Research
Chemicals (Toronto, ON, CA). Diclofenac sodium was purchased
from MP Biomedicals, LLC (Solon, OH). HPLC grade acetonitrile,
acetic acid, triethylamine and water were purchased from Fisher
Scientific (Pittsburgh, PA). Polyethylene glycol 400 was purchased
from Electron Microscopy Sciences (Hatfield, PA).

2.2. Stock solution and standards

Stock solutions of flavone A (100 �g/mL) and celecoxib
(25 �g/mL) were prepared with acetonitrile/water/acetic
acid/triethylamine (60:40:0.2:0.05). Stock solutions of flavone
B (100 �g/mL) and diclofenac (25 �g/mL) were prepared with
acetonitrile/water/acetic acid/trimethylamine (70:30:0.2:0.05).
All stock solutions were stored protected from light at 4 ◦C.

2.3. Sample preparation

Calibration curves for flavone A was prepared by spiking
100 �L of blank plasma with 100 �L flavone A, 100 �L celecoxib
(25 �g/mL), and 200 �L of organic solvent (acetonitrile). The sam-
ples were vortex mixed for 5 s before centrifugation for 15 min
at 4400 rpm. The supernatant was removed to a clean tube and
evaporated using a Labconco vacuum concentrator (Kansas City,
MO). 200 �L of mobile phase was used to reconstitute the residue
and 100 �L of sample was injected into the HPLC column. Calibra-
tion curves for flavone B were prepared in similar manner with
diclofenac as the internal standard. Analysis was conducted in trip-
licate.

2.4. HPLC conditions and quantitation

Assays were performed with a Shimadzu liquid chromatog-
raphy system (Shimadzu Scientific Instruments Inc., Columbia,
Maryland, USA) consisting of a DGU-20A Prominence degasser,
LC020AB solvent delivery system, SIL-20AHT auto sampler, CBM-
20A communication bus module, SPD-M20A diode array detector,
and CTO-20A column oven with a C18 (100 × 4.6 mm, 2.6 �m; ACE,
Aberdeen, Scotland) column. Mobile phases used were acetoni-
trile/water/acetic acid/triethylamine 60:40:0.2:0.05 (for flavone A
HPLC assay) and 70:30:0.2:0.05 (for flavone B HPLC assay). Detec-
tion was at 245 nm with a temperature of 30◦C. Flow rate was
0.4 mL/min with run times of 11 and 10 min respectively. LC solu-
tions program was used to collect and analyze the data. Plotting the
peak area ratios of flavone against internal standard in Excel were
used to make the calibration curves.

2.5. Accuracy and precision

Calibration curves were used to determine the accuracy and
precision of the methods. The coefficient of variation (CV) of three
replicates performed on the same day was used to determine the
precision for intra-day analysis and the CV of replicates performed
on three consecutive days was used for the precision of inter-day
analysis. Accuracy was determined by how close the calculated con-
centration was to the known concentration. Data is presented as
mean ± standard deviation.

2.6. Recovery

Five concentrations (250, 1000, 2500, 5000 and 100,000 ng/mL)
were used to determine the percent of flavone recovered by the
extraction method. Recovery was determined by comparing the
peak area ratio of extracted samples to the peak area ratio of non-
extracted standard of the same concentration. Experiment was
performed in triplicate.

2.7. Stability

Three concentrations (1000, 5000, and 100,000 ng/mL) were
used to determine the stability of the flavones after freez-
ing/thawing cycle. 100 �L of blank plasma was spiked with 100 �L
flavone and put in −20 ◦C for 24 h. After thawing, 100 �L of inter-
nal standard and 200 �L of acetonitrile were added to the sample.
Extraction was completed as describe above. The peak area ratio
of frozen samples were compared to the peak area ratio of freshly
prepared samples. Experiments were performed in triplicate.

2.8. Animals and drug administration

Male Sprague-Dawley rats weighting 269–305 g and fitted with
jugular vein cannulas were purchased from Charles River (Raleigh,
NC). Animals were housed in a 12 h light-dark cycle and exper-
iments were carried out within the Animal Care Committee of
East Tennessee State University guidelines. During the experiment,
rats were housed in metabolic cages. Flavones were mixed in
polyethylene glycol 400 and administered by intravenous injection
to deliver a 20 mg/kg dose of flavone A (n = 6) or flavone B (n = 6).
Serial blood samples (250 �L) were collected at 0, 5, 15, 30, 60, 90,
120, 240, and 360 min post dosing. After 3 min of centrifugation at
10,000 rpm, plasma was collected and stored at −20 ◦C.

2.9. Pharmacokinetic analysis

Outliers were determined using SPSS Statistics software ver-
sion 21. The non-compartmental component of Phoenix WinNonlin
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Fig. 1. Elution of flavone A from plasma. HPLC chromatographs of (A) blank plasma;
(B) plasma spiked with internal standard (celecoxib 25 �g/mL); (C) plasma spiked
with flavone A (100 �g/mL) and internal standard.

(v.6.3) was used to calculate the pharmacokinetic parameters such
as clearance (CL), area under the plasma concentration-time curve
from zero to t (AUC0–t), area under the plasma concentration-time
curve from zero to infinity (AUC 0–∞), half-life (t1/2), and volume
of distribution (Vz) for both flavones. A Student’s t-test was used
to determine statistical differences between the pharmacokinetic
parameter of flavone A and B.

3. Results

3.1. Specificity

Chromatograms of blank plasma, blank plasma spiked with cele-
coxib, and blank plasma spiked with celecoxib and flavone A are
shown in Fig. 1. Chromatograms of blank plasma, blank plasma
spiked with diclofenac, and blank plasma spiked with diclofenac
and flavone B are shown in Fig. 2. The retention times for flavone
A and celecoxib are 7.0 and 9.6 min, respectively. Retention times
for diclofenac and flavone B are 5.0 and 6.8 min, respectively. Good
separation was achieved and no interfering peaks were seen under
these chromatographic conditions.

3.2. Linearity, lower limit, and precision

For both flavones, calibration curves were divided into
250–2500 ng/mL and 2500–100,000 ng/mL sections. The
2500–100,000 ng/mL curve for flavone A has the represen-
tative calibration equation of y = 0.000048x + 0.03024 while
the 250–2500 ng/mL curve has the representative equation
of y = 0.00005x + 0.01752 (Fig. 3). Good linearity can be seen
for flavone A with r2 = 0.9991 and r2 = 0.9917, respectively.

Fig. 2. Elution of flavone B from plasma. HPLC chromatographs of (A) blank plasma;
(B) plasma spiked with internal standard (diclofenac 25 �g/mL); (C) plasma spiked
with internal standard and flavone B (100 �g/mL).

Fig. 3. Calibration curves for flavone A extracted from plasma. Calibration curves
were made by graphing the flavone/internal standard area under the curve extracted
from plasma versus the known concentration of flavone A ranging from (A)
2500–100,000 ng/mL or (B) 250–2500 ng/mL.
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Fig. 4. Calibration curves for flavone B extracted from plasma. Calibration curves
were made by graphing the flavone/internal standard area under the curve extracted
from plasma versus the known concentration of flavone B ranging from (A)
2500–100,000 ng/mL or (B) 250–2500 ng/mL.

Table 1
Intra-day and inter-day precision and accuracy for 2500–100,000 ng/mL flavone A
extracted from rat plasma.

Concentration
(ng/mL)

Error intra-day (%) Observed
intra-day
(n = 3)

CV Accuracy (%)

100,000 2.51 ± 1.82 98,830 ± 3277 3.31 98
25,000 4.43 ± 4.72 24,028 ± 1347 5.61 96

5000 8.28 ± 6.29 5126 ± 576 11.24 102
2500 17.38 ± 12.31 2774 ± 514 18.56 110

Concentration
(ng/mL)

Error inter-day
(%)

Observed
inter-day
(n = 3)

CV Accuracy (%)

100,000 6.61 ± 4.28 103,582 ± 8033 7.75 103
25,000 9.17 ± 7.33 26,843 ± 2481 9.24 107

5000 4.43 ± 3.85 4898 ± 308 6.29 97
2500 12.53 ± 2.69 2186 ± 67 3.07 87

For flavone B, the representative calibration equation for
the 2500–100,000 ng/mL curve was y = 0.00006x while the
250–2500 ng/mL curve equation was y = 0.000148x + 0.00458
(Fig. 4). These curves also had good linearity with r2 = 0.9994 and
r2 = 0.9958, respectively.

Intra-day precision was determined by three calibrations curves
performed in the same day. Inter-day precision was determined
by calibration curves performed on three consecutive days. Intra-
day coefficient of variation for flavone A (Tables 1 and 2) and B
(Tables 3 and 4) were≤20.23 and≤39.94, respectively. The accuracy
ranged from 94 to 112% for flavone A and 83 to 124% for flavone B.
Inter-day coefficient of variation for flavone A and B were ≤22.44
and ≤16.18 respectively. The accuracy ranged from 83 to 111% for
flavone A and 89 to 103% for flavone B, respectively. The lower limit

Table 2
Intra-day and inter-day precision and accuracy for 250–2500 ng/mL flavone A
extracted from rat plasma.

Concentration
(ng/mL)

Error intra-day
(%)

Observed
intra-day
(n = 3)

CV Accuracy (%)

2500 3.54 ± 1.83 2494 ± 117 4.71 99
1000 12.53 ± 11.32 1125 ± 113 10.06 112

500 11.25 ± 10.94 516 ± 85 16.57 103
250 12.61 ± 13.26 236 ± 48 20.23 94

Concentration
(ng/mL)

Error inter-day
(%)

Observed
inter-day
(n = 3)

CV Accuracy (%)

2500 5.92 ± 3.39 2509 ± 199 7.96 100
1000 15.07 ± 12.65 996 ± 223 22.44 99

500 11.75 ± 13.59 558 ± 68 12.17 111
250 16.54 ± 9.02 208 ± 23 11.03 83

Table 3
Intra-day and inter-day precision and accuracy for 2500–100000 ng/mL flavone B
extracted from rat plasma.

Concentration
(ng/mL)

Error intra-day
(%)

Observed
intra-day
(n = 3)

CV Accuracy (%)

100,000 3.71 ± 2.52 103,140 ± 3497 3.39 103
25,000 4.16 ± 2.35 23,958 ± 588 2.46 96

5000 9.68 ± 3.36 4515 ± 168 3.73 90
2500 9.71 ± 2.22 2257 ± 56 2.48 90

Concentration
(ng/mL)

Error inter-day
(%)

Observed
inter-day
(n = 3)

CV Accuracy (%)

100,000 3.11 ± 3.18 104,648 ± 2355 2.28 103
25,000 4.89 ± 2.64 25,450 ± 1999 7.84 102

5000 10.88 ± 4.61 4781 ± 334 6.98 96
2500 10.51 ± 9.30 2223 ± 149 6.7 89

Table 4
Intra-day and inter-day precision and accuracy for 250–2500 ng/mL flavone B
extracted from rat plasma.

Concentration
(ng/mL)

Error intra-day
(%)

Observed
intra-day
(n = 3)

CV Accuracy (%)

2500 8.28 ± 2.11 2535 ± 255 10.07 101
1000 7.43 ± 5.77 1068 ± 67 6.28 106

500 24.31 ± 17.38 621 ± 87 13.98 124
250 20.95 ± 29.27 209 ± 83 39.94 83

Concentration
(ng/mL)

Error inter-day
(%)

Observed
inter-day
(n = 3)

CV Accuracy (%)

2500 4.56 ± 3.42 2527 ± 160 6.35 101
1000 4.51 ± 4.83 1027 ± 65 6.35 102

500 10.86 ± 9.03 487 ± 79 16.18 97
250 9.20 ± 9.42 259 ± 35 13.4 103

of quantification (coefficient of variation <40) for both flavone A and
B in plasma was 250 ng/mL (Tables 2 and 4).

3.3. Recovery

Recovery was determined by comparing the peak area ratio of
extracted sample to peak area ratio for non-extracted standards of
specific concentration (250, 1000, 2500, 5000, and 100,000 ng/mL).
This experiment was performed in triplicate with mean recovery
ranging 87–116% for flavone A and 84–103% for flavone B, respec-
tively (Tables 5 and 6).
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Table 5
Recovery of flavone A extracted from rat plasma.

Concentration (ng/mL) Recovery (%) RSD* (%)

100,000 87 4.01
5000 102 6.02
2500 106 8.70
1000 116 10.04

250 92 25.40

* Relative standard deviation.

Table 6
Recovery of flavone B extracted from rat plasma.

Concentration (ng/mL) Recovery (%) RSD (%)

100,000 92 3.10
5000 102 1.78
2500 84 15.20
1000 103 7.92

250 101 4.11

Table 7
Stability of flavone A and flavone B in rat plasma after freeze/thaw cycle (n = 3).

Flavone A Flavone B

Concentration
(ng/mL)

Mean peak
area ratio

RSD (%) Concentration
(ng/mL)

Mean peak
area ratio

RSD (%)

100,000 1.01 4.82 100,000 1.05 3.61
5000 0.93 18.68 5000 1.09 3.53
1000 1.04 25.84 1000 0.92 5.29

Table 8
Pharmacokinetic parameters of flavone A after administration of a 20 mg/kg dose
via intravenous injection (n = 6).

Parameters Values

t1/2 (min) 83.68 ± 56.61
Vz (mL/kg) 986.77 ± 591.30
CL (mL/min/kg) 12.99 ± 13.78
AUC0–t (�g min/mL) 2358.14 ± 1200.70
AUC0–∞ (�g min/mL) 2492.82 ± 1244.27

t1/2 – half-life, VZ – volume of distribution, CL – total clearance, AUC0–t – area under
the plasma concentration-time curve from 0 to 360 min, AUC0–∞ – area under the
plasma concentration-time curve from time 0 to infinity.

3.4. Stability

Stability was determined by comparing the peak area ratio of
spiked plasma that had been frozen with peak area ratio of samples
that had been freshly prepared for concentrations 1000, 5000, and
100,000 ng/mL. This experiment was performed in triplicate with
mean peak ratio ranging from 0.93–1.04 for flavone A and 0.92–1.09
for flavone B, respectively (Table 7).

3.5. Pharmacokinetics of flavones A and B following a single
intravenous injection

The plasma concentration-time profile for flavone A after the
administration of a 20 mg/kg dose via intravenous injection is
shown in Fig. 5A. The pharmacokinetic parameters are listed in
Table 8. Flavone A has a short half-life of 83.68 ± 56.61 min and
clearance of 12.99 ± 13.78 mL/min/kg. The plasma concentration-
time profile and pharmacokinetic parameters for flavone B after
the intravenous administration of a 20 mg/kg dose are shown in
Fig. 5B and Table 9. The half-life of flavone B is calculated to be
107.45 ± 53.31 min with a clearance of 80.79 ± 35.06 mL/min/kg.

Fig. 5. Area under the plasma concentration-time (AUC) curves. AUC following
intravenous administration of 20 mg/kg doses of (A) flavone A or (B) flavone B.

Table 9
Pharmacokinetic parameters of flavone B after administration of a 20 mg/kg dose
via intravenous injection (n = 6).

Parameters Values

t1/2 (min) 107.45 ± 53.31
Vz (mL/kg) 11,463.50 ± 5936.69
CL (mL/min/kg) 80.79 ± 35.06
AUC0–t (�g min/mL) 245.47 ± 112.47
AUC0–∞ (�g min/mL) 289.14 ± 121.58

t1/2 – half-life, VZ – volume of distribution, CL – total clearance, AUC0–t – area under
the plasma concentration-time curve from 0 to 240 min, AUC0–∞ – area under the
plasma concentration-time curve from time 0 to infinity.

4. Discussion

Our previous studies have shown that isomeric flavones A and B
have significant antineoplastic activity against highly tumorigenic
pancreatic and colon cancer cell lines with varying differentia-
tion status [1]. In the current study, we developed simple HPLC
methods to determine the concentration of either flavone A or B
in rat plasma. The methods described in this paper provide good
separation of the flavones from the plasma peaks and internal stan-
dards. To optimize our methods, several ratios of acetonitrile and
water of differing pH were used to achieve separation from the
plasma peak. Also, a variety of compounds were tested to deter-
mine the most appropriate internal standards, including flavonoids,
vitamins, statins, and nonsteroidal anti-inflammatory drugs. Most
compounds, especially the flavonoids, overlapped with the drug
or the plasma peak. Celecoxib and diclofenac gave the best peaks
without overlapping, as well as good run times close to 10 min
(Figs. 1 and 2).

The described assays provide satisfactory and reproducible
quantification of the flavones in concentrations ranging from 250 to
100,000 ng/mL (Tables 1–4). The assays were linear for both flavone
A and flavone B (Fig. 3). The extraction method used yielded satis-
factory, consistent recovery for both flavones at all concentrations
(Tables 5 and 6). Freezing and thawing of spiked plasma samples
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showed that both flavones were not degraded during the process
(Table 7).

Both flavone A and B have short half-lives (<120 min) that are
commonly seen in flavonoids [21–24]. The area under plasma
concentration-time profiles shows that flavone B disappears from
the plasma at a faster rate than flavone A (Fig. 5). The concentra-
tions of flavone B were below the limits of detection (250 ng/mL) by
360 min, whereas flavone A was still detectable at that time. This
difference in plasma levels was also seen in the AUC0−∞ values
(p = 0.0015) depicted in Tables 8 and 9. These observations cor-
respond with the higher volume of distribution (p = 0.0015) and
higher clearance (p = 0.0013) values of flavone B compared to those
of flavone A. Part of the observed rapid disappearance of flavone
B in plasma could be explained by the higher lipophilic nature of
this flavone [1]. This is further supported by reports that flavonoids
can be incorporated into the erythrocyte cell membrane causing an
echinocytic form of these cells, and into epithelial cell membranes
[25,26]. The lipophilic nature of the compounds may also favor their
rapid distribution into tissues.

5. Conclusion

Extraction methods were developed for flavones A and B from
rat plasma that have been validated in terms of recovery, linearity,
precision, and accuracy. The HPLC methods developed for flavones
A and B have good separation and detection for the ranges of
250–100,000 ng/mL. Pharmacokinetic analysis of flavone A and B
reveal them to have short half-lives comparable to other flavonoids.
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