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Abstract Bulbus eleutherinis is a classical traditional Dai medicine, and has been widely used in
clinical treatment of coronary heart disease (CHD) in Yunnan, China. Naphthoquinone,
as the main active compound in Bulbus eleutherinis in treating CHD, mainly contain
isoeleutherin, eleutherin, and eleutherol. This study aimed to investigate the in vivo
parameters of isoeleutherin, eleutherin, and eleutherol. In this work, male Sprague
Dawley (SD) rats were treated with the three compounds by oral administration, and
then blood and tissue samples were collected. A novel UPLC-MS/MS (ultra-performance
liquid chromatography-tandem mass spectrometry) method has been developed to
determine the absolute oral bioavailability, and the tissue distribution profile of the
compounds. Acetonitrile and 0.1% (v/v) solution of formic acid were selected as the
mobile phase of the chromatogram. C18 column was employed. Betamethasone was
used as an internal standard in the method. The detection was performed with a
multireaction monitor of scan type in positive ion mode by MS/MS. Our data showed
linearity of the method with r over 0.9983. Lower limits of quantification of isoeleu-
therin, eleutherin, and eleutherol were 1.00, 3.84, and 0.498 ng/mL, respectively. The
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Introduction

According to the relevant statistics, the incidence of coronary
heart disease (CHD) and the associated pathogenic factors
has increased every year worldwide.1,2 Lipid-lowering drugs
such as niacin drugs and antithrombotic drugs are currently
used for CHD in clinics.3 Despite their effectiveness, these
drugs show certain side effects.4 It is well known that natural
product is an excellent candidate for alternativemedicine for
disease management. Bulbus eleutherinis is a famous tradi-
tional Dai medicine with good therapeutic effect and low
toxicity. It is a whole herb of Eleutherine plicata originated
from tropical America,5,6 and its multiple conventional
functions, such as promoting blood circulation, relieving
swelling and pain, detoxifying, as well as dehumidifying,
make it suitable for treating chest tightness, shortness of
breath, and CHD.7–9 Currently, Bulbus eleutherinis is widely
used in the treatment of CHD in the clinic, especially for the
Dai nationality living in Yunnan Province, China.10,11

Bulbus eleutherinis contains naphthoquinone derivatives,
glucosides, and a small amount of hydrazine.12–14 Previous
studies showed that naphthoquinone in the ethanol extract
of Bulbus eleutherinis can significantly improve blood viscos-
ity and enhance hypoxia tolerance in myocardial ischemic
animals,15–18 and thereby plays a key role in anti-CHD effect
of the herb. Several naphthoquinone derivatives, such as
isoeleutherin, eleutherin, and eleutherol, have been investi-
gated as the main active fractions for CHD therapy.19–21

Danshen Injection is a commonly used drug in clinical
treatment of CHD. Evidence suggested that in comparison
with Danshen Injection, the active compounds mentioned
above (isoeleutherin, eleutherin, and eleutherol) significant-
ly increase coronary blood flow without side effects and
toxicities,10 and have the value of developing new drugs for
CHD threapy.7 At present, the research on the active ingre-
dients of Bulbus eleutherinis has a certain foundation. It is
necessary to study the in vivo metabolism of the active
ingredients in Bulbus eleutherinis to investigate its drugg-
ability more comprehensively.

In 2009, a high-performance liquid chromatography
(HPLC) detection method for the three active compounds
(isoeleutherin, eleutherin, and eleutherol) in Bulbus eleuther-
inis was reported by Liu et al.22 However, the determination

of these three active compounds in vivo after oral adminis-
tration has not yet been reported. In this study a reliable and
useful ultra-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) method has been devel-
oped to obtain pharmacokinetics (PK) and tissue distribution
data of the three active compounds in rat plasma simulta-
neously after po (oral) and iv (intravenous) administration. A
series of conditions and validation projects were verified. By
obtaining the PK and tissue distribution parameters of the
drug in the body, the action site and time of the drug in the
body can be analyzed, which can provide a reference and
basis for the subsequent research on the metabolism of
active ingredients, mechanism of action, and new drug
development.

Experimental

Chemicals and Reagents
Isoeleutherin (> 96%, HPLC), eleutherin (> 98%, HPLC), and
eleutherol (> 98%, HPLC) were purchased from Chengdu
Herbpurify Co., Ltd (Chengdu, China). Betamethasone
(HPLC purity>98%, internal standard [IS]) was purchased
from Innochem Technology Co., Ltd (Peking, China). The
structures of four compounds are provided in ►Fig. 1. The
methanol and acetonitrile of chromatographic grade were
purchased from ANPEL (Shanghai, China). UPLC grade formic
acid was purchased from Merck (Darmstadt, Germany).
Bulbus eleutherinis (Yunnan, China) were purchased from
Yunnan Jinfa Pharmaceutical Co., Ltd. (Yunnan, China). Milli-
pore Alpha-Q system (Billerica, Massachusetts, United
States) was used to prepare ultra-pure water. Medicinal
materials were stored in Xishuangbanna Prefecture Dai
Medicine Research Center in School of Pharmacy, Shanghai
Jiao Tong University.

UPLC-MS/MS Condition
Chromatography separation was operated by an ACQUITY
UPLC system (Waters,Milford,Massachusetts, United States).
Waters Cortecs C18 column (1.7 μm, 2.1mm�50mm) was
used in chromatographywith a flow rate at 0.40mL/min. The
column temperature and the autosampler temperaturewere
set as 45°C and 4°C, respectively. The gradient elution of 0.1%
aqueous formic acid (A) and acetonitrile (B) were selected as

overall precision of the compoundswas less than 12.68%, recoveries ranged from85.44
to 103.83%, and the accuracy of the compounds in plasma was between 91.56 and
110.75%. The stability assay showed that they were stable (87.83–114.62%) under
different conditions in plasma. For oral administration, the half-lives of isoeleutherin,
eleutherin, and eleutherol was 6.11, 7.30, and 3.07 hours, respectively. The absolute
oral bioavailabilities were 5.38, 4.64, and 2.47%, respectively. Moreover, the three
components had the highest distribution in small intestine. In conclusion, the
established method was successfully applied to the determination of the in vivo
parameters of the three components in SD rats. This work provides a reference for
the development of new drugs of Bulbus eleutherinis in the future.
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mobile phases. The process is listed as follows: 30–39% B at
0–3.3minutes, 39–95% B at 3.3–3.4minutes, 95–95% B at
3.4–4.4minutes, 95–30% B at 4.4–4.5minutes, 30% B at 4.5–
6.0minutes. The injection volume was 3 μL. The AB SCIEX
Qtrap 5500 LC/MS/MS system (SCIEX, United States) with an
electron spray ionization source in multiple reaction moni-
toring (MRM) mode was used as a MS analysis tool. The
detection was performed under the following conditions:
s¼ source temperature (at set point): 550.0°C, positive ion
mode, GS1: 40 psi, GS2: 40 psi, CUR: 45 psi, CXP:15V, DP:
100V, EP: 10V. Quantitative analysis of analytes in MRM
mode to determine the transition of precursor ions to
specific product ions (m/z): isoeleutherin, m/z 273.1 [Mþ
H]þ !m/z 229.0 (collision energy, CE: 17V), eleutherin, m/z
273.1 [MþH]þ !m/z 229.0 (CE: 17V), eleutherol,m/z 244.8
[MþH]þ!m/z 227.1 (CE: 23V), IS,m/z 393.2 [MþH]þ!m/z
373.2 (CE: 17V). The data were processed with MultiQuant
2.1 Software (SCIEX, California, United States).

Determination of Isoeleutherin, Eleutherin, and
Eleutherol
Naphthoquinone in Bulbus eleutherinis was obtained by
purifying the ethanol extract of the medicinal material using
macroporous adsorption resin, and 0.03 g of which was
weighed and dissolved ultrasonically in 25mL methanol.
The solution was filtered with 0.22 μm microporous mem-
brane, and the content of isoeleutherin, eleutherin, and
eleutherol was determined using UPLC-MS/MS conditions
mentioned above. The contents of isoeleutherin, eleutherin,
and eleutherol in naphthoquinone were 6.37, 23.13, and
9.71%, respectively.

Animals
Male Sprague Dawley (SD) rats (180–220 g) were used for
the study. The rats were housed in a professional animal
breeding room (relative humidity: 55–60%, temperature:

25°C) for 1 week. Experimental operation of rats was in
strict accordance to the animal experiment’s ethical
requirements. The animal study was reviewed and ap-
proved by the Institutional Animal Care and Use
Committee of Shanghai Jiao Tong University. Rats were
given free access to drinking water throughout the
experiment and kept fasting for 24 hours before the
experiment.

Preparation of Standard Working Solution and
Quality Control Samples
Isoeleutherin, eleutherin, and eleutherol were dissolved in
methanol to obtain a mixed standard stock solution (isoeleu-
therin: 1 μg/mL, eleutherin: 3.84 μg/mL, eleutherol: 0.498
μg/mL). The mixed stock solution was diluted with methanol
to prepare a series of different concentration gradient mixed
standard solutions. A 2.0 ng/mL IS solutionwas prepared from
betamethasone solution (500 μg/mL) with methanol.

Rats were sacrificed in a professional animal breeding
room (relative humidity: 55–60%, temperature: 25°C), and
then blood and tissues (heart, liver, kidney, small intestine)
were collected. The blood was centrifuged (5,000 rpm, 4°C)
to obtain plasma. Tissues were flushed with saline to
remove blood or other contents, and blotted dry with filter
paper. The accurately weighed tissue was then homoge-
nized using a tissue homogenizer in saline (four times the
tissue weight).

A 20.0 μL of the mixed standard solution was added to
40.0 μL of blank plasma or 20 μL of blank tissue homogenate.
The supernatant was obtained by centrifugation after mixing
evenly with calibration standard. Calibration standards in-
cluded a serial of concentrations of isoeleutherin (1–200
ng/mL), eleutherin (3.84–768 ng/mL), and eleutherol (0.498–
99.6 ng/mL). Four concentrations of analytes were used to
prepare lower limit of quantification (LLOQ) and quality
control (QC) samples of plasma as follows: 1, 2, 50, and
150 ng/mL of isoeleutherin; 3.84, 7.68, 192, and 576 ng/mL of
eleutherin; 0.498, 0.996, 24.9, and 74.7 ng/mL of eleutherol.
Three concentrations of analytes were used to prepare QC
samples of tissue as follows: 2, 5, and 15 ng/mL of isoeleu-
therin; 7.68, 19.2, and 38.4 ng/mL of eleutherin; 0.996, 2.49,
and 4.98 ng/mL of eleutherol.

Preparation of Plasma and Tissue Sample
Containing IS
For plasma sample preparation, 180 μL of IS solution was
mixed with 40 μL of plasma sample. The protein precipitate
was removed by centrifugation at 13,000 rpm for 10minutes.
For tissue sample preparation, 180 μL of IS solution was
mixed with 20 μL of tissue homogenate and the protein
precipitate was removed by centrifugation at 13,000 rpm for
10minutes. The supernatant was transferred to the injection
vial, and then detected by the UPLC-MS/MS condition men-
tioned above.

Selectivity
The blank biological samples (plasma samples, tissue sam-
ples) from six different rats were evaluated to determine the

Fig. 1 Chemical structures of analytes.
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selectivity of UPLC-MS/MS method. The chromatograms of
blank biological matrix samples and the three compounds
(isoeleutherin, eleutherin, and eleutherol) were compared to
confirm the presence of any interference.

Linearity and the Lower Limit of Quantification
Calibration curves of isoeleutherin, eleutherin, and eleu-
therol were obtained by measuring the ratio of the peak
response of different compound concentrations in the rat
plasma and tissue samples to the IS peak area (weighting
factor was 1/x2). The LLOQ was determined by a signal to
noise ratio of 10:1 as the lowest concentration in the
standard curve.

Recovery and Matrix Effect
The extraction recoveries and matrix effects were deter-
mined by evaluating QC samples prepared according to the
method in the “Preparation of Standard Working Solution
and Quality Control Samples” part mentioned above (n¼6).
The extraction recoveries of isoeleutherin, eleutherin, and
eleutherol were determined by calculating the ratio of
extracted samples versus extracts of blanks spiked with
the analyte postextraction. The peak areas of the three
compounds from the postprocessed sample and the standard
solutions were compared to calculate the matrix effects.

Precision and Accuracy
The precision and accuracies of compounds were determined
byevaluatingQC samples prepared according to themethod in
the “Preparation of Standard Working Solution and Quality
Control Samples” part mentioned above (n¼6). The intra-
accuracies and inter-accuracies were obtained by comparing
the spiked concentrations and the calculated concentration of
QC samples for 1 or 3 days. Intra-precision and inter-precision
were validated by calculating the repeatability of the concen-
tration measured by the QC samples for 1 or 3 days.

Stability Tests of Isoeleutherin, Eleutherin, and
Eleutherol in Rat Plasma
The stability tests of isoeleutherin, eleutherin, and eleu-
therol in rat plasma samples were performed by determin-
ing six replicate QC samples in three storage environments.
The QC samples were stored at 25°C for 6 hours. The
contents of the three compounds were determined to
evaluate the short-term stability. Their freeze–thaw stabili-
ty was evaluated by determining the concentration in the
QC samples after three freeze and thaw cycles. Autosampler
stability was conducted by evaluating changes in the active
compounds of the QC samples placed at 4°C for 8 hours in
the autosampler.

Pharmacokinetics Study
The active compounds were added to 0.5% sodium carboxy-
methylcellulose and mixed well. Oral administration of a
single dose of 50mg/kg (3.18mg/kg of isoeleutherin, 11.57
mg/kg of eleutherin, 4.86mg/kg of eleutherol) was selected
based on effective dose results from previous laboratory
pharmacodynamics experiments and the lowest dose that

could be quantified in plasma. Blood samples (0.10–0.15mL)
were obtained from the eyelids subsequently at 0.033, 0.083,
0.167, 0.25, 0.5, 1, 2, 4, 6, 8, 12, and 24hours after oral
administration. Similarly, blood samples were collected at
0.083, 0.167, 0.25, 0.5, 1, 2, 4, 6, 8, 12, and 24hours after iv
(10mg/kg in glycerin). Plasma samples were obtained by
centrifuging the blood samples to take the supernatant.
Plasma samples were prepared according to sample prepa-
ration, and detection was performed using the UPLC-MS/MS
condition mentioned above. The PK results (including t1/2,
Tmax, Cmax, AUC0-t, AUC0-1, AUC0-t/0-1) were analyzed based
on the noncompartmental method by PK solver software
(version 2.0, China Pharmaceutical University).

Tissue Distribution
For tissue distribution study, the SD rats were randomly
divided into three groups (n¼5). Various tissue samples
(heart, liver, small intestine, kidney) were collected at
10minutes, 30minutes, and 120hours after po of 0.1 g/kg
of effective parts, which is the lowest dose that could be
quantified in the tissue. Subsequently, the tissues were
immediately rinsed with normal saline to remove the blood
or other content and blotted dry with filter paper. The
accurately weighed tissues were homogenized using a
tissue homogenizer in normal saline (four times the tissue
weight) and stored at �80°C until analysis. The tissue
samples were operated with the same procedure as de-
scribed in section “Preparation of Plasma and Tissue Sample
Containing IS”.

Results and Discussion

UPLC and MS/MS Condition Optimization
To obtain suitable chromatographic results, a series of chro-
matographic conditions were tested and selected for the
standards, including analysis time, peak shape, and response
intensity. The results showed that acetonitrile had high
efficiency as an organic phase. The best separation effect
was achieved with 0.1% aqueous formic acid as the aqueous
phase.

The standard solution was injected into the mass spec-
trometer only, for scan with positive ion mode and negative
ion mode, respectively. The mass spectrum showed that the
positive ionmode could give better results. The target was to
select the precursor ion and the product ion after detection
in positive ion mode. The UPLC-MS/MS method established
in this study has better sensitivity than the previously
reported HPLC, and is suitable for the detection of biological
samples or samples with low content. At the same time, the
new method greatly reduces the detection time. The MS/MS
spectra of isoeleutherin, eleutherin, and eleutherol are
shown in ►Fig. 2.

There were no reports of the method of internal standard
yet. 2-Methoxy-1,4-naphthoquinone, betamethasone, and
5-hydroxy-1,4-naphthoquinonewere selected as candidates.
The experiment showed that the response of 5-hydroxy-1,4-
naphthoquinone in QC samples was too low, as shown
in ►Fig. 3A. The retention time of 2-methoxy-1,4-
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Fig. 2 Product ion mass spectra of (A) isoeleutherin, (B) eleutherin, and (C) eleutherol.

Fig. 3 Typical MRM chromatograms of (A) 5-hydroxy-1,4-naphthoquinone in blank plasma samples; (B) 2-methoxy-1,4-naphthoquinone in blank
plasma samples; and (C) betamethasone in blank plasma samples. MRM, multiple reaction monitoring.
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naphthoquinonewas far from the retention time of the target
compound (►Fig. 3B). By comparing the retention time and
intensity of the response of the three compounds, betame-
thasone, an anti-inflammatory drug, was selected as internal
standard.

Selectivity
The typical MRM chromatograms of the blank sample, iso-
eleutherin, eleutherin, eleutherol, and IS in blank plasma
samples and plasma samples are shown in►Fig. 4. Therewas
no overlap or interaction at the retention time of compounds
and IS. Isoeleutherin, eleutherin, eleutherol, and IS are
approximate at 2.35, 2.53, 3.02, and 1.37minutes, respec-
tively. The UPLC-MS/MS method was shown to have accept-
able selectivity.

Calibration, Linearity, LLOQ, and Detection
The calibration curves of isoeleutherin, eleutherin, and eleu-
therol in plasma and various tissue homogenates are dis-
played in►Table 1. The calibration curves of the above three
compounds showed qualified linearity (r¼0.9983–0.9997).
The LLOQ for all analytes were 1.00, 3.84, and 0.498 ng/mL.
The results confirmed that their linear ranges met the
requirements of PK.23

Recovery and Matrix Effect
As shown in►Table 2, LLOQ samples and three concentrations
of QC samples in plasma were selected to determine the
recoveries andmatrix effects. The mean recoveries of isoeleu-
therin, eleutherin, and eleutherol were 87.41–103.39, 97.90–

99.79, and 89.55–103.33%, respectively. The matrix effects of
the three compounds inplasma ranged from89.62 to 113.08%.
The extraction recoveries and matrix effect for the three
analytes (at three different QC concentrations) and IS in
various tissues are shown in the Supporting Information
(►Tables S1 and S2 [online only]). The results showed that
the recoveries and matrix effect of the three analytes in the
tissue homogenate ranged from 85 to 115%. It indicated that
thematrix effect and recoverywas insignificant under current
processing methods.23

Precision and Accuracy
The results of precision and accuracy in plasma were
obtained by measuring four concentrations of QC samples.
The results are shown in ►Table 3. The precision of each
analyte was below 13.04%. At the same time, the accuracy of
each analyte was acceptable, ranged from 91.56 to 110.75%.
The results of precision in various tissues are presented in the
Supporting Information (►Table S3, online only). The results
show that the precision of the three analytes in the tissue
homogenate iswithin�15%, indicating the stability and high
reliability of the method.23

Stability
Stabilities of the three compounds in plasma were deter-
mined under different conditions. As shown in ►Table 4,
after three freeze–thaw cycles, the analytes displayed excel-
lent stability in plasma (104.28–114.61%). Simultaneously,
insignificant changes were found at 4°C for 8 hours (98.18–
110.42%) and at 25°C for 6hours (87.83–114.62%), suggesting

Fig. 4 Typical MRM chromatograms of isoeleutherin, eleutherin, and eleutherol and IS in rat plasma. (A). MRM chromatograms of blank plasma;
(B) MRM chromatograms of blank plasma spiked with the three analytes at 24.9, 50, 192 ng/mL and IS; and (C) MRM chromatograms of plasma
sample collected at 4 hours after oral administration of naphthoquinone in Bulbus eleutherinis (50mg/kg). IS, internal standard; MRM, multiple
reaction monitoring.
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that the three compounds have good stability under the
tested conditions.23

Pharmacokinetic Study
As shown in ►Fig. 5, the plasma concentration curve of the
three active compounds in Bulbus eleutherinis was obtained
using a verified detection method after oral and intravenous
administration. The mean PK parameters are displayed
in ►Table 5. The half-lives (t1/2) of isoeleutherin, eleutherin,
and eleutherol were 6.11, 7.30, and 3.07hours, respectively.
Their absolute oral bioavailabilitieswere 5.38, 4.64, and 2.47%,
respectively. The results showed that they reached the maxi-

mum concentration in a short time. However, their bioavail-
ability is low. According to the results, there is a possibility that
mostof the active ingredients donotenter thebodycirculation
in the intestinal tract but are directly excreted, so follow-up
researchon theabsorptionmechanismand invivometabolism
of the three active ingredients is necessary.

Tissue Distribution
The measurement results in the tissue are all within the
standard curve range. The overview of the tissue distribution
of the three components is shown in ►Fig. 6. The content of
isoeleutherin in the liver and intestine is relatively high, and

Table 2 Recovery and matrix effect of isoeleutherin, eleutherin, and eleutherol in rat plasma (n¼6)

Analyte Concentration
(ng/mL)

Recovery (%) Matrix effect (%)

Mean RSD Mean RSD

Isoeleutherin 1 103.39 9.99 98.11 6.20

2 96.98 7.13 99.15 4.18

50 87.41 7.60 97.92 4.25

150 98.60 5.30 102.68 3.59

Eleutherin 3.84 99.79 9.36 110.69 6.83

7.68 98.27 6.39 106.62 3.49

192 97.90 9.46 113.08 4.30

576 98.14 6.21 108.40 6.09

Eleutherol 0.498 103.33 8.06 89.62 10.87

0.996 99.84 6.82 98.67 2.91

24.9 89.55 7.81 95.19 5.19

74.7 102.04 7.89 97.87 4.59

Abbreviation: RSD, relative standard deviation.

Table 1 Calibration curves and linear ranges of the analytes (n¼ 6)

Analyte Calibration curve r Linear range (ng/mL) LLOQ (ng/mL)

Plasma Isoeleutherin y¼0.1989xþ0.0753 0.9983 1–200 1

Eleutherin y¼0.0478xþ0.0022 0.9987 3.84–768 3.84

Eleutherol y¼0.6355x�0.0942 0.9997 0.498–99.6 0.498

Heart Isoeleutherin y¼0.1689xþ0.0409 0.9989 1–20 1

Eleutherin y¼0.0362xþ0.0015 0.9991 3.84–76.8 3.84

Eleutherol y¼0.7075xþ0.0758 0.9995 0.498–9.96 0.498

Liver Isoeleutherin y¼0.1819xþ0.0533 0.9993 1–20 1

Eleutherin y¼0.0412xþ0.0023 0.9994 3.84–76.8 3.84

Eleutherol y¼0.6012xþ0.0104 0.9997 0.498–9.96 0.498

Small intestine Isoeleutherin y¼0.1605xþ0.0592 0.9999 1–20 1

Eleutherin y¼0.0325xþ0.0051 0.9990 3.84–76.8 3.84

Eleutherol y¼0.5202xþ0.0405 0.9988 0.498–9.96 0.498

Renal Isoeleutherin y¼0.1701x�0.01537 0.9991 1–20 1

Eleutherin y¼0.0352xþ0.0041 0.9990 3.84–76.8 3.84

Eleutherol y¼0.5212x�0.0321 0.9999̀ 0.498–9.96 0.498

Abbreviation: LLOQ, lower limit of quantification.
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Table 3 Precision and accuracy of isoeleutherin, eleutherin, and eleutherol in rat plasma

Analyte Spiked
concentration

(ng/mL)

Intra-batch (n¼6) Inter-batch (n¼6�3)

Measured
concentration

(mean� SD, ng/mL)

Precision
(RSD, %)

Accuracy
(RE, %)

Measured
concentration

(mean� SD, ng/mL)

Precision
(RSD, %)

Accuracy
(RE, %)

Isoeleutherin 1 0.98�0.04 4.58 97.92 1.10� 0.11 10.28 110.75

2 2.017 � 0.13 6.52 100.29 2.03� 0.29 5.88 100.50

50 50.30� 1.16 2.30 100.60 52.37� 2.80 5.34 104.75

150 148.08þ 3.97 2.68 98.72 151.67� 14.73 9.71 101.11

Eleutherin 3.84 3.61�0.06 1.53 94.10 3.52� 0.40 11.25 91.56

7.68 7.35�0.15 2.06 95.73 7.86� 0.70 8.88 102.28

192 211.5� 20.17 9.54 110.17 199.63� 26.03 13.04 103.97

576 596.33� 20.45 3.43 103.53 585.79� 68.95 11.77 101.70

Eleutherol 0.498 0.52�0.05 9.27 105.07 0.51� 0.05 9.52 102.03

0.996 1.02�0.05 4.82 102.59 0.97� 0.06 6.03 97.23

24.9 25.85� 0.42 1.64 103.83 25.55� 1.32 5.16 102.62

74.7 79.04� 3.85 4.87 105.81 74.42� 4.67 6.28 99.63

Abbreviations: RSD, relative standard deviation; RE, relative error; SD, standard deviation.

Table 4 Stability of isoeleutherin, eleutherin, and eleutherol in rat plasma (n¼ 5)

Analyte Concentration (ng/mL) Content Change (%)a Content Change (%)b Content Change (%)c

Isoeleutherin 2 95.51 104.28 107.06

50 101.39 111.96 110.42

150 99.28 110.81 108.16

Eleutherin 7.68 87.83 113.86 98.18

192 105.41 104.47 109.05

576 103.61 109.12 104.50

Eleutherol 0.996 94.39 106.87 107.55

24.9 114.62 114.61 105.66

74.7 99.26 113.73 104.34

aQC samples were stored at 25°C for 6 hours.
bQC samples were stored at freeze–thaw cycles.
cQC samples were placed at 4°C for 8 hours in the autosampler.

Fig. 5 Mean plasma concentration–time curves of three analytes after intravenous administration (10mg/kg) and oral administration
(50mg/kg) to rats. Data are presented as mean� standard deviation (n¼ 6).
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the content begins to decrease after 30minutes. The content of
eleutherin is less in the kidney, the content of eleutherin is
higher in the small intestine, and the content reaches the
highest in the kidney at 30minutes; the distribution of eleu-
therol in the tissues of eleutherin is similar, and the content of
both thesmall intestineandthekidney is similar. Thehighest is
reached at 30minutes. All the three components reached the
highest concentration in the heart at 10minutes, indicating
that the drug can take effect in a short time.

Conclusion

An accurate and reliable method of UPLC-MS/MS for the iso-
eleutherin, eleutherin, and eleutherol in Bulbus eleutheriniswas
developed. The results proved that the method was simple,
efficient, and useful. The PK and tissue distribution data of the
compounds in SD rats have been successfully obtained that lays
a foundation for its follow-up studies. Simultaneously, the IS in
the method was also selected and analyzed. This method can
also be used to study the metabolites of the active components
in Bulbus eleutherinis, and provide a method reference for the
invivo studyofnewdrugpreparations.Overall, theresearchwill
provide a scientific reference for the druggability of total
naphthoquinone in Bulbus eleutherinis.

Funding
This research was supported by the Shanghai Committee
of Science and Technology (Grant No. 17401900900 and
15401901700), the National Natural Science Foundation
of China (Grant No. 81973487 and 81573617), and Na-
tional Facility for Translational Medicine (Shanghai) with
Grant No. TMSK-2020-110.

Conflict of Interest
The authors declare no conflicts of interest.

References
1 National Health and Family Planning Commission of the People’s

Republic of China. China Health and Family Planning Statistics
Yearbook in 2016. BeijingPekingUnionMedical College Press2016

2 Chen W, Gao R, Liu L, et al. Summary of China Cardiovascular
Disease Report 2017 (in Chinese). Chin Circ J 2018;33(01):1–8

3 Zhai LY. The main symptoms of coronary heart disease and the
rational use of treatment (in Chinese). Heilongjiang Med J 2013;
26(05):846–849

4 Liu LF, Yang JG. The reaction of drugs commonly use in the
treatment of cardiovascular diseases (in Chinese) [J]. Chinese
Practical Journal of Rural Doctor 1999;06(03):46–47

5 Kusuma IW, Arung ET, Rosamah E, et al. Antidermatophyte and
antimelanogenesis compound from Eleutherine americana
grown in Indonesia. J Nat Med 2010;64(02):223–226

Table 5 Pharmacokinetic parameters of naphthoquinone in Bulbus eleutherinis in SD rats

PK parameters Isoeleutherin Eleutherin Eleutherol

iv Po iv po iv po

t1/2 (min) 279.686� 99.05 366.55� 59.43 330.09� 70.64 489.11� 110.76 126.86� 13.83 184.03� 39.77

Tmax (min) – 15� 0 – 25� 8.90 – 20� 7.07

Cmax (ng/mL) 631.96� 9.49 24.50� 3.26 1,739.13� 89.01 76.87� 12.83 543.39� 22.47 28.32� 7.10

AUC0-t

(ng/mL�min)
18,649.22�
1,229.65

4,525.88�
901.29

60,089.26� 2,218.14 13,789.47� 4,764.36 17,629.90� 3,727.02 2,047.63� 684.88

AUC0-1
(ng/mL�min)

18,799.83�
1,307.42

5,059.32�
835.31

62,948.35� 4,078.59 15,189.65� 2,579.49 17,925.43� 3,744.45 2,209.46� 655.16

AUC0-t/0-1 0.992� 0.003 0.900� 0.02 0.963� 0.03 0.907� 0.017 0.984� 0.003 0.920� 0.033

Abbreviations: AUC 0-t, the area under the curve (0–t); AUC0-1, the area under the curve (0–1); AUC0-t/0-1, the area under the curve (0–t)/(0–1);
Cmax, maximum concentration; iv, intravenous; PK, pharmacokinetic; po, oral; t1/2, half-life; Tmax, peak time.

Fig. 6 The distributed amount of three analytes at 10, 30, and 120minutes after oral administration to rats. Data are presented as
mean� standard deviation (n¼ 6).

Pharmaceutical Fronts Vol. 4 No. 2/2022 © 2022. The Author(s).

Development of UPLC-MS/MS Method for Bulbus eleutherinis in Rats Guo et al. e111



6 Insanu M, Kusmardiyani S, Hartati R. Recent Studies on Phyto-
chemicals and Pharmacological Effects of Eleutherine Americana
Merr. Procedia Chem 2014;13:221–228

7 Ieyama T, Gunawan-Puteri MD, Kawabata J. α-Glucosidase inhib-
itors from the bulb of Eleutherine americana. Food Chem 2011;
128(02):308–311

8 Mahabusarakam W, Hemtasin C, Chakthong S, Voravuthikunchai
SP, Olawumi IB. Naphthoquinones, anthraquinones and naphtha-
lene derivatives from the bulbs of Eleutherine americana. Planta
Med 2010;76(04):345–349

9 HanAR,Min HY, Nam JW, et al. Identification of a newnaphthalene
and its derivatives from the bulb of eleutherine americana with
inhibitory activity on lipopolysaccharide-induced nitric oxide pro-
duction. Chem Pharm Bull (Tokyo) 2008;56(09):1314–1316

10 Chen Z, Huang S, Wang C, Li Y, Ding J. Study on the active
ingredients of Eleutherine americana (in Chinese). Chin Tradit
Herbal Drugs 1981;12(11):3–4

11 Kamarudin AA-O, Sayuti NH, Saad N, Razak NAA, Esa NM.
Eleutherine bulbosa (Mill.) Urb. bulb: review of the pharmaco-
logical activities and its prospects for application. Int J Mol Sci
2021;22(13):6747

12 Alves TMA, Kloos H, Zani CL. Eleutherinone, a novel fungitoxic
naphthoquinone from Eleutherine bulbosa (Iridaceae). Mem Inst
Oswaldo Cruz 2003;98(05):709–712

13 Shibuya H, Fukushima T, Ohashi K, Nakamura A, Riswan S,
Kitagawa I. Indonesian medicinal plants. 20. Chemical structures
of eleuthosides A, B, and C, 3 new aromatic glucosides from the
bulbs of Eleutherine palmifolia (Iridaceae). Chem Pharm Bull
(Tokyo) 1997;45(07):1130–1134

14 Chen D, Qiao J, Sun Z, et al. New naphtoquinones derivatives from
the edible bulbs of Eleutherine americana and their protective
effect on the injury of human umbilical vein endothelial cells.
Fitoterapia 2019;132:46–52

15 Gallo FR, Palazzino G, Federici E, et al. Polyketides from Eleuther-
ine bulbosa. Nat Prod Res 2010;24(16):1578–1586

16 Chen Z, Hang H, Wang C, et al. Hongconin, a new naphthalene
derivative from Hong-Cong, the rhizome of Eleutherine america-
na Merr. et Heyne (iridaceae). Chem Pharm Bull (Tokyo) 1986;
34:2743–2746

17 Qiu F. New Constituents from Eleutherine americana. Chem Res
Chin Univ 2005;26(11):2057–2060

18 Xu J, Qiu F, Qu G, Wang N, Yao X. Studies on the antifungal
constituents isolated from Eleutherine americana. Chinese Jour-
nal of Medcinal Chemistry 2005;15(03):157–161

19 Xu J, Qiu F, Duan W, Qu G, Wang N, Yao XS. New bioactive
constituents from Eleutherine americana. Front Chem China
2006;1:320–323

20 Wang X, Wang Q, He Y, Wang H. Advances in studies on chemical
constituents and pharmacological activities of Eleutherine Amer-
icana. Asia-Pacific Tradit Med 2015;11(05):39–42

21 Tang XL, Li XR, Su J, Qiu MF, Que X, Ma X. Study on extraction
technology of total naphthoquinone in Eleutherine plicata Herb
(in Chinese). Zhonghua Zhongyiyao Zazhi 2018;12:4

22 Liu X, Yan X, Li L, Wang N. RP - HPLC simultaneous determination
of isoeleutherin, elelutherin and eleutherol in Eleutherine Amer-
icana. Yaowu Fenxi Zazhi 2009;29(05):735–738

23 Zhang JP, Guo C. Bioanalytical methodology validation. China
Pharmacy 2008;19(31):2469–2471

Pharmaceutical Fronts Vol. 4 No. 2/2022 © 2022. The Author(s).

Development of UPLC-MS/MS Method for Bulbus eleutherinis in Rats Guo et al.e112


