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ABSTRACT

Background and Objective
This study has evaluated the pharmacokinetic parameters and bioavailabilities of monotropein, kae-
mpferol-3-O-glucoside, and quercetin-4’-O-glucoside after administration of MOTILIPERM in rats.

Material and Methods

Following the administration of MOTILIPERM, the plasma concentrations of each compound in rats were 
simultaneously determined by using liquid chromatography tandem mass spectrometry (LC-MS/MS).
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Results
The pharmacokinetic parameters of monotropein in rats were AUCinf 20,020.44±3944.67 and 
11,915.53±1190.91 min·ng/mL and Cmax 286.99±38.37 and 56.23±9.02 ng/mL for intravenous and 
oral administration, respectively. The pharmacokinetic parameters of kaempferol-3-O-glucoside in 
rats were AUCinf 287.86±126.17 min·ng/mL and not estimated; Cmax 5.80±1.87 and 1.24±0.41 ng/mL 
for intravenous and oral administration, respectively. The pharmacokinetic parameters of querce-
tin-4’-O-glucoside in rats were AUCinf 511.38±248.11 and 481.44±65.72 min·ng/mL; Cmax 10.72±2.70 
and 2.83±0.34 ng/mL for intravenous and oral administration, respectively. 

Conclusion
The absolute bioavailabilities of monotropein and quercetin-4’-O-glucoside for oral administration 
were evaluated and calculated as 3.0 and 4.7%, respectively. The absolute bioavailability of kaemp-
ferol-3-O-glucoside was not calculated because the elimination rate constant could not be estimated. 
These results may be applied to the basic data in a further study in order to develop functional foods 
or herbal medicinal products. 

Key Words: bioavailability; kaempferol-3-O-glucoside; monotropein; pharmacokinetic; quercetin-4’-O-
glucoside

INTRODUCTION 

Male infertility is a major clinical health issue.1 
About 15% of couples are infertile and 40–50% 
of these cases are related to male factor.2 Several 
studies demonstrated that oral medicines and 
herbal medicines have been proposed to improve 
male fertility potential.3,4 MOTILIPERM is a 
drug under development by the Dong-A 
Pharmaceutical Company (Gyeonggi-do, Korea) 
for the treatment of male infertility. It was pre-
pared through a mixture of three medicinal herb 
extracts the roots of Morinda officinalis How 
(Rubiaceae), the seeds of Cuscuta chinensis 
Lamark (Convolvulaceae), and the outer scales 
of Allium cepa Linnaeus (Liliaceae). 

M. officinalis is a small vine bush plant that is
widely found in China, Australia, the Pacific 
Islands, and other tropical and subtropical 
regions.5 The dried roots of M. officinalis, locally 
known as “bajitian,” are a well-known traditional 
oriental medicine.6 M. officinalis has traditionally 
been used to treat impotence, high blood pres-
sure, osteoporosis, respiratory problems, and 
inflammatory diseases.7 Recently, a number of 
biologically active components have already been 

isolated from M. officinalis roots, such as carbo-
hydrate constituents, anthraquinones, β-sitos-
terol, rotungenic, iridoid glycosides lignans, and 
triterpenoids.8 Monotropein, the main iridoid 
glycoside isolated from the roots of M. officinalis 
has been reported to have  antinociceptive and 
anti-inflammatory properties.9,10

Tu-Si-Zi, which is derived from the seed of 
C. chinensis, is one of the important Chinese tradi-
tional medicines widely used to treat deficiencies in
the kidney and liver, improve sexual function, and
prevent cardiovascular diseases.11 Previous studies
have demonstrated that C. chinensis has antican-
cer, hepaprotective, and neuroprotective effects as
well as immunostimulatory activity.12,13 The active
compounds of C. chinensis include flavonoids,
polysaccharides, lignans, steroids, and others.14

The ethyl acetate fraction of C. chinensis extract
showed antioxidant effects with kaemp-
ferol-3-O-glucoside.15 Kaempferol-3-O-glucoside,
the major compound of flavonoids from the seeds
of C. chinensis, is a traditional herbal medicine
that is commonly used as a liver and kidney tonic.16

Onion (A. cepa) of the Alliaceae family is one 
of the oldest cultivated plants and is widely 
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cultivated all over the world.17 A number of studies 
have shown that the biological activities of A. cepa 
extract may be beneficial for human health.18 
A.  cepa extracts have also been found to reduce
total blood cholesterol and to have antiasthmatic,
anti-inflammatory, and antithrombotic activities
due to the inhibition of cyclooxygenase.17,19 A. cepa
is a major source of valuable phytonutrients such
as flavonoids, fructooligosaccharides, and other
sulfur compounds.20 Olsson et al. have suggested
that quercetin-4’-O-glucoside and quercetin-3,4-di-
glucoside are the two major flavonoids in A. cepa.19

Quercetin-4’-O-glucoside is the major flavonoid
found in the extracts of onion outer scales that
have traditionally been considered waste including
and possess antioxidant activity.21

In our previous studies, MOTILIPERM were 
reported to increase the sperm motility in a rat 
model of cisplatin, finasteride, and varicocele-in-
duced infertility.22–24 The present study was under-
taken to evaluate the pharmacokinetic parameters 
and bioavailabilities of monotropein, kaemp-
ferol-3-O-glucoside, and quercetin-4’-O-gluco-
side after oral and intravenous administration of 
MOTILIPERM in rats.

MATERIALS AND METHODS

Chemicals and Reagents
MOTILIPERM is a mixture of  the ethanol 

extracts of  three medicinal herbs (the roots of 
M. officinalis, the seeds of  C. chinensis, and the
outer scales of  A. cepa). These three extracts
were mixed at the ratio of  10:1:10 (w/w/w).
Herbs were ground and extracted with ethanol
under reflux for 3 h at 70–80°C three times. The
combined filtrate was concentrated in a rotary
evaporator, freeze dried, and then stored at
−20°C until required. This extract was dissolved
in sterile normal saline and administrated orally
with a Zonde needle (JD-S-124, Jeungdo, Seoul,
Korea). The  contents of  monotropein, 
kaempferol- 3-O-glucoside, and quercetin- 4’-O-
glucoside in MOTILIPERM were determined to

be 0.67%, 0.04%, and 0.36% (w/w), respectively, 
by high-performance liquid chromatography 
(HPLC). The  three standards (monotropein, 
kaempferol-3-O-glucoside, and querce-
tin-4’-O-glucoside) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). The purity of 
each standard was more than 99%. Internal 
standard (desipramine-d3) was obtained from 
Cerilliant (Round Rock, Texas, USA). Formic 
acid and ammonium formate were also pur-
chased from Sigma-Aldrich. Acetonitrile (ACN) 
was obtained from Honeywell (HPLC Grade, 
NJ, USA). HPLC-grade water was obtained 
from Tedia (Fairfield, OH, USA).

Animals
Male Sprague-Dawley rats (300–330 g) were 

purchased from the KOATECH Animal Company 
(Gyeonggi-do, Korea). All animal procedures in 
this study were performed in accordance with the 
Guide for the Care and Use of Laboratory 
Animals of Jeonbuk National University and 
were approved by the Jeonbuk National University 
Laboratory Animal Center of the Institutional 
Animal Care and Use Committee (cuh-IA-
CUC-2016-13). All possible efforts were made to 
minimize animal suffering. All rats were housed 
in a controlled environment for 1 week; the rats 
were fed with standard rat chow and had access to 
water. They were maintained in an animal facility 
under constant environmental conditions (room 
temperature 20±2°C, relative humidity 50±10%, 
and a 12 h light--dark cycle).

In Vivo Pharmacokinetic Study in Rats
Twelve male Sprague-Dawley rats were 

enrolled in each group for the pharmacokinetics 
of  MOTILIPERM. In Group 1, rats were intra-
venously administered 20 mg/kg MOTILIPERM 
into the penis vein. A number of  researchers 
maintained that the penis vein injection for male 
rats is much easier, more quick, and simpler to 
accomplish than tail vein injection.25,26 In 
Group 2, rats were orally administered 400 mg/
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kg MOTILIPERM by oral gavages. Upon the 
induction of  anesthesia with ketamine (30 mg/
kg) plus Rompun® (3 mg/kg), a midline incision 
was made in the neck region, and the jugular 
vein as well as the contralateral carotid artery 
were cannulated with PE-50 tubing and flushed 
with physiologic saline solution containing hep-
arin (10 IU, JW Pharmaceutical, Seoul, Korea). 
Following intravenous or oral administration, 
aliquots of  250 μL blood samples were collected 
in heparinized 1.5 mL polythene tubes at differ-
ent time intervals postdosing (0, 5, 10, 15, 30, 60, 
90, 120, 180, 240, 360, 480, and 600 min). Plasma 
was separated by centrifugation at 3000 rpm for 
30 min and then stored at −60°C until analysis.

Sample Preparation
Plasma proteins were precipitated by adding 

acetonitrile (400 μL) containing internal standard 
(IS), desipramine-d3 (0.5 μg/mL) 25 μL. The sam-
ple was mixed using a vortex mixer for 1 min and 
then centrifuged at 15,000 rpm for 10 min. The 
supernatant was transferred into another clean 
glass tube and evaporated to dryness at 40°C 
under a gentle stream of nitrogen gas. The resi-
due was finally reconstituted with 50 μL of meth-
anol, and an aliquot (5 μL) was subjected to 
liquid chromatography tandem mass spectrome-
try (LC-MS/MS) analysis. 

LC-MS/MS Conditions
LC-MS/MS analysis was performed using an 

Agilent 1290 infinity UHPLC (Agilent 
Technologies, Santa Clara, CA, USA) with AB 
Sciex Qtrap® 4000  MS/MS (Sciex, Foster City, 
MA, USA). The samples were separated by a 
Kinetex® Biphenyl 100Å LC column (100 × 2.1 
mm, 2.6 μm). The mobile phase consisted  of 2 
mM ammonium formate containing 0.2% formic 
acid in D.W. (A) and 2 mM ammonium formate 
containing 0.2% formic acid in ACN (B) at a flow 
rate of 400 μL/min. The following gradients of 
mobile phases were used: 0–1 min, B 2%; 1–12 
min, B 2–100%; 12–15 min, B 100%; 15–15.1 min, 
B 100–2%; and 15.1–17.5 min, B 2%.

The mass spectrometer was operated in the 
multiple reaction monitoring (MRM) mode. 
High-purity nitrogen served as both the nebuliz-
ing and drying gas. The other parameters of the 
mass spectrometer were set as follows: drying 
gas  flow, 10 L/min; source temperature, 550°C; 
nebulizer gas pressure, 40 psi; capillary voltage, 
5000 V; and curtain gas pressure, 20 psi.

The analytes were quantified by MRM to 
product ion transitions and parameters (Table 1): 
monotropein, m/z 408.3211.0 with declustering 
potential (DP) 46 V and collision energy (CE) 17 eV; 
kaempferol-3-O-glucoside, m/z 447.1283.8 with 

TABLE 1 Optimized Mass Spectrometry Parameters

Analytes RT Q1
(Da)

Q3
(Da)

Time 
(ms) DP EP CE CXP

Monotropein 1 0.71 408.3 211.0 50 46 10 17 36
Monotropein 2 193.0 50 46 10 23 34
Kaempferol-3-O-glucoside 1 5.79 447.1 283.8 50 −96 −10 −38 −14
Kaempferol-3-O-glucoside 2 254.9 50 −96 −10 −56 −13
Quercetin-4’-O-glucoside 1 4.59 465.2 303.0 50 106 10 31 16
Quercetin-4’-O-glucoside 2 228.9 50 106 10 71 38
Desipramine-d3 1 5.97 270.2 75.0 50 106 8.5 25 4
Desipramine-d3 2 193.1 50 106 8.5 51 4

RT = retention time; DP = declustering potential; EP = entrance potential; CE = collision energy; CXP = collision cell exit potential.
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DP -96 V and CE -38 eV; quercetin-4’-O-gluco-
side, m/z 465.2303.0 with DP 106 V and CE 31 
eV; and IS, desipramine-d3, m/z 270.275.0 with 
DP106 V and CE 25 eV, respectively. Data acqui-
sition was performed with Analyst® 1.6 software 
(AB Sciex, USA).

Method Validation
Method validation was carried out in terms of 

precision, accuracy, linearity, matrix effect, recov-
ery, and analyte stability. Calibration curves were 
prepared at the concentrations of 0.1, 0.2, 0.5, 1, 
2, 10, 50, and 100 ng/mL under plasma concen-
trations for monotropein, kaempferol-3-O-gluco-
side, and quercetin-4’-O-glucoside, respectively. 
These standards were spiked in 100 μL plasma. 
The biologic samples were stored at −20°C.

The precision and accuracy were evaluated 
both intraday and interday and stated as the 
coefficient of  variation (CV). Stability was 
determined as the ability of  each analyte to 
maintain its chemical properties in a biometric 
matrix. To measure stability, three concentra-
tions of  each compound were prepared in three 
conditions (short-term, long-term, and three 
freeze-thaw cycle). The short-term stabilities of 
the plasma samples were studied for periods of 
7 h in room temperature (25°C). The samples 
of  freeze and thaw stability were stored at 
−20°C for 3 day freeze and thaw cycles. The
long-term stability was examined after 3 weeks
of  storage at −20°C. Three conditions of  the
spiked samples of  standard and IS were ana-
lyzed in the autosampler.

The matrix effects and recoveries of the bio-
logic samples were investigated with five different 
sources of blank rat plasma at three concentra-
tions. For matrix effects, the peak areas of the 
plasma samples spiked after deproteinization 
were compared with the peak areas of the neat 
standard. The recovery was determined by com-
paring the peak areas of the plasma samples 
spiked before and after deproteinization.

Pharmacokinetic Assessments
The individual pharmacokinetic parameters 

were obtained through noncompartmental meth-
ods using Phoenix® WinNonlin® (Pharsight 
Corporation, Mountain View, CA, USA). The 
maximum plasma concentration (Cmax) and Tmax 
(time to reach Cmax) were obtained directly from the 
observed values. The area under the curve (AUC) 
from time 0 to the last measurable time (AUClast) 
was calculated using the linear trapezoidal rule. 
AUCinf was calculated using the following equa-
tion: AUClast + (Clast/ke), where Clast is the last mea-
sureable concentration and the elimination rate 
constant (ke) describes the rate of decrease in con-
centration per unit time, which is estimated from 
the log-linear terminal part of the concentration–
time curve as the slope of the natural logarithm of 
the concentration against time. The elimination 
half-life (t1/2) of a substance is the amount of 
time  required for its plasma concentration to 
decrease by 50%, calculated as ln(2)/ke. The plasma 
 concentrations for monotropein, kaempferol-3-O- 
glucoside, and quercetin-4’-O-glucoside that were 
below the limit of quantification following drug 
administration were assigned a value of 0 if col-
lected prior to Cmax, and were treated as missing 
values if collected after Cmax. The pharmacokinetic 
parameters were summarized as the mean±SD, 
except for Tmax, for which the median (minimum ~ 
maximum) values are given. The absolute bioavail-
ability was calculated by the dose-normalized ratios 
of AUCinf following oral administration divided by 
the intravenous AUCinf.

RESULTS

Method Validation
Figure 1 shows the MRM chromatograms 

of  three standards (monotropein, kaemp-
ferol-3-O-glucoside, and quercetin-4’-O-gluco-
side) and IS (desipramine-d3) for blank plasma 
(Figure 1a), blank plasma spiked 50 ng/mL 
(Figure 1b), intravenous sample plasma 
(Figure 1c), and oral sample plasma (Figure 1d). 
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The lower limit of detection (LLOD) was set at 
0.03 ng/mL for kaempferol-3-O-glucoside and 
0.2 ng/mL for monotropein and querce-
tin-4’-O-glucoside, with a signal to noise (S/N) 
ratio of 3. The lower limit of quantification 
(LLOQ) was set at 0.1 ng/mL for kaemp-
ferol-3-O-glucoside and 0.5 ng/mL for monotrop-
ein and quercetin-4’-O-glucoside, with an S/N 
ratio of 10.

The calibration curves were characterized 
by six points (kaempferol-3-O-glucoside: 0.1, 
0.2, 0.5, 1, 10, and 50 ng/mL; monotropein 
and  quercetin-4’-O-glucoside: 0.5, 1, 2, 10, 50, 

and 100 ng/mL). The regression equation was 
y=0.0096x−0.0019 (R²=0.9999, n=4) for 
monotropein, while for kaempferol-3-O-glu-
coside, the  regression equation was 
y=0.0063x−0.0018 (R²=0.9998, n=4) and for 
quercetin-  4’-O-glucoside, the regression equa-
tion was y=0.0075x+0.0003 (R²=1, n=4). The 
calibration curves showed good linearity in 
the studied range. The correlation coefficients 
were higher than 0.9998 for all of  the samples. 
The intraday and interday precision and accu-
racy were each evaluated at three concentra-
tions. All CV values of  precision and accuracy 

FIG. 1 Multiple reaction monitoring (MRM) chromatograms of three standards (monotropein, 
kaempferol-3-O-glucoside, and quercetin-4’-O-glucoside) and IS (desipramine-d3). (a) Blank plasma. 
(b) Blank plasma spiked 50 ng/mL. (c) Intravenous sample plasma. (d) Oral sample plasma.
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were lower than 15% in the low, medium, and 
high concentrations. The results are shown in 
Table 2.

The matrix effects of  monotropein, 
kaempferol-3-O-glucoside, and quercetin-4’- 
O-glucoside were: monotropein 106.18±10.47%, 
110.87±4.04%, and 100.97±1.86% at 0.5, 
10, and 100 ng/mL concentrations, respectively; 
kaempferol-3-O-glucoside 102.53±3.77%, 
106.57±5.34%, and 100.18±5.97% at 0.1, 1, 

and 10 ng/mL concentrations, respectively; 
and  quercetin- 4’-O-glucoside 103.93±1.89%, 
101.23±3.21%, and 101.08±0.68% at 0.5, 10, 
and 100 ng/mL concentrations, respectively.

The mean recoveries of  monotropein 
(100.85–110.15%), kaempferol-3-O- glucoside 
(96.14 ~ 100.57%), and quercetin-4’-O- glucoside 
(100.58–103.16%) at low, medium, and 
high  concentrations are summarized in 
Table 3.

TABLE 2 Accuracy and Precision of Monotropein, Kaempferol-3-O-glucoside, and Quercetin-
4’- O-glucoside

Compounds
Concentration Accuracy (%) Precision (CV, %)

(ng/mL) Intraday* Interday** Intraday* Interday**
Monotropein 0.5 112.66 101.05 11.4 12.35

10 97.85 109.04 9.27 8.87
100 89.79 99.72 9.45 9.96

Kaempferol-3-O-glucoside 0.1 96.27 93.26 1.77 4.89
1 102.85 101.72 3.00 5.50

10 97.18 96.81 2.48 2.39
Quercetin-4’-O-glucoside 0.5 102.21 107.46 14.32 14.73

10 102.87 109.89 6.61 6.93
100 96.69 103.70 8.05 10.56

*Five times per day. **Five times analysis of standards per day for 3 days.
CV = coefficient of variation. 

TABLE 3 Matrix Effects and Recovery at LOQ, Medium and High Concentration

Compounds Concentration
(ng/mL)

Mean Matrix 
Effect (%) CV, % Mean Recovery

(%) CV, %

Monotropein 0.5 106.18 10.47 110.15 11.14
10 110.87 4.04 100.85 0.18

100 100.97 1.86 101.04 0.35
Kaempferol-3-O-glucoside 0.1 102.53 3.77 100.57 5.27

1 106.57 5.34 96.53 2.33
10 100.18 5.97 96.14 2.85

Quercetin-4’-O-glucoside 0.5 103.93 1.89 103.10 2.71
10 101.23 3.21 103.16 1.54

100 101.08 0.68 100.58 0.35

LOQ = limit of quantification; CV = coefficient of variation.
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The stabilities of monotropein, kaemp-
ferol-3-O-glucoside, and quercetin-4’-O-gluco-
side are shown in Table 4. Regarding short-term 
stability, monotropein, kaempferol-3-O-gluco-
side, and quercetin-4’-O-glucoside were all stable 
after 7 h of storage at room temperature. For 
measuring long-term stability, the three standards 
were measured after 3 weeks of storage at −20°C. 
The 3 day freeze/thaw cycle stabilities in plasma 
were all stable for 3 days.

Pharmacokinetic Assessments
The mean plasma concentration–time profiles 

of monotropein (Figure 2a), kaempferol-3-O-glu-
coside (Figure 2b), and quercetin-4’-O-glucoside 
(Figure 2c) following the intravenous administra-
tion of MOTILIPERM 20 mg/kg and oral 
administration of MOTILIPERM 400 mg/kg 
were obtained in Figure 2. The pharmacokinetic 
parameters of monotropein, kaempferol- 
3-O-glucoside, and quercetin-4’-O-glucoside are 
summarized in Table 5. The mean±SD values 
of  monotropein for Cmax, AUClast, AUCinf, and 
t1/2  following the intravenous administration 
of  MOTILIPERM at 20 mg/kg were 

286.99 ± 38.37 ng/mL, 19,180.83±4003.93 
min·ng/mL, 20,020.44±3944.67 min·ng/mL, 
and  184.07±135.05 min, respectively. The 
mean±SD  values of monotropein for Cmax, 
AUClast, AUCinf, and t1/2 following the oral admin-
istration of  MOTILIPERM at 400 mg/kg 
were  56.23±9.02  ng/mL, 10,343.57±1135.94 
min·ng/mL, 11,915.53±1190.91 min·ng/mL, and 
236.40±23.85 min, respectively. The mean±SD 
values of kaempferol-3-O-glucoside for Cmax, 
AUClast, AUCinf, and t1/2 following the intravenous 
administration of MOTILIPERM at 20 mg/kg 
were 5.80±1.87 ng/mL, 217.68±97.15 min·ng/mL, 
287.86±126.17 min·ng/mL, and 71.48±30.64 min, 
respectively. The mean±SD values of 
kaempferol-3-O-glucoside for Cmax and AUClast 

following the oral administration of 
MOTILIPERM at 400 mg/kg were 1.24±0.41 ng/
mL and 68.89±33.12 min·ng/mL, respectively. 
The AUCinf and t1/2 of  kaempferol-3-O-glucoside 
were not calculated because the elimination rate 
constant could not be estimated. The mean±SD 
values of quercetin-4’-O-glucoside for Cmax, 
AUClast, AUCinf, and t1/2 following the 
intravenous  administration of MOTILIPERM 

TABLE 4 Stabilities of Short, Long, and Freeze/Thaw

Compounds Concentration
(ng/mL)

Short Term 
(RSD %)

Long Term 
(RSD %)

Freeze/Thaw Cycle 
(RSD %)

Monotropein 0.5 3.37 3.66 1.25
10 1.16 1.03 1.21

100 2.18 2.22 2.01
Kaempferol-3-O-glucoside 0.1 1.43 3.60 1.50

1 2.51 4.28 3.31
10 0.66 1.47 2.26

Quercetin-4’-O-glucoside 0.5 3.80 1.42 1.14
10 1.72 1.76 3.81

100 4.34 2.55 3.90

Short term = 7 h at 25°C; Long term = 3 weeks at −20°C; Freeze/thaw cycle = 3 days at 25°C/−20°C; RSD % = intra- and interday 
precisions.
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FIG. 2 Mean plasma concentrations versus time profiles of (a) monotropein, (b) kaempferol-3-
O-glucoside, and (c) quercetin-4’-O-glucoside in rats following the intravenous administration of
MOTILIPERM at 20 mg/kg and oral administration of MOTILIPERM at 400 mg/kg.

at  20  mg/kg were 10.72±2.70 ng/mL, 
368.91±78.0 5 min·ng/mL, 511.38±248.11 min·ng/mL, 
and 140.40±182.15 min, respectively. The mean±SD 
values of quercetin-4’-O-glucoside for Cmax, AUClast, 
AUCinf, and t1/2 following the oral administration 
of  MOTILIPERM at 400 mg/kg were  
2.83±0.34   ng/mL, 354.63±32.29 min·ng/mL, 
481.44±65.72 min·ng/mL, and 125.46±57.15 min, 
respectively. The absolute bioavailabilities of mono-
tropein and quercetin-4’-O-glucoside for oral 
administration were 3.0% and 4.7%, respectively.

DISCUSSION

The pharmacokinetic parameters of 
MOTILIPERM after oral and intravenous 
administration to rats including bioavailability 
were revealed in the present study. These parame-
ters are valuable in further study related to its tox-
icity in blood levels and determination of 
optimum dosage regimens. 

Several studies have shown that oral and intra-
venous administration is adopted in most of the 
pharmacokinetics and bioavailability studies.27–29 
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Therefore, the bioavailability of MOTILIPERM 
is determined as the ratio of the normalized 
area  under plasma concentration–times curves 
after oral and intravenous dosing, although 

bioavailability determined in this way is usually 
very variable. 

MOTILIPERM was prepared through a mix-
ture of three medicinal herb extracts of the roots 

TABLE 5 Pharmacokinetic Parameters for Monotropein, Kaempferol-3-O-glucoside, and Quercetin-
4’-O-Glucoside in Rats after Intravenous Administration of MOTILIPERM at 20 mg/kg and Oral 
Administration of MOTILIPERM at 400 mg/kg

Pharmacokinetic Parameters Intravenous Administration Oral Administration
Monotropein
Cmax (ng/mL) 286.99±38.37 56.23±9.02
AUClast (min·ng/mL) 19,180.83±4003.93 10,343.57±1135.94
AUCinf (min·ng/mL) 20,020.44±3944.67 11,915.53±1190.91
Tmax (min)* 5 180
t1/2 (min) 184.07±135.05 236.40±23.85
Clearance (mL/min) 2.10±0.38 70.91±7.26
Volume of Distribution (mL) 556.47±423.38 24,093.12±2696.55
Absolute Bioavailability (%) -- 3.0
Kaempferol-3-O-glucoside
Cmax (ng/mL) 5.80±1.87 1.24±0.41
AUClast (min·ng/mL) 217.68±97.15 68.89±33.12
AUCinf (min·ng/mL) 287.86±126.17 NE**

Tmax (min)* 5 90 (60–90)
t1/2 (min) 71.48±30.64 NE**

Clearance (mL/min) 10.11±4.65 NE**

Volume of Distribution (mL) 896.83±356.66 NE**

Absolute Bioavailability (%) -- NE**

Quercetin-4’-O-glucoside
Cmax (ng/mL) 10.72±2.70 2.83±0.34
AUClast (min·ng/mL) 368.91±78.05 354.63±32.29
AUCinf (min·ng/mL) 511.38±248.11 481.44±65.72†

Tmax (min)* 5 (5–10) 90 (60–90)
t1/2 (min) 140.40±182.15 125.46±57.15†

Clearance (mL/min) 50.35±20.50 943.876±129.49
Volume of Distribution (mL) 6647.87±4718.49 163,945.2±58,326.99
Absolute Bioavailability (%) -- 4.7

Values are the arithmetic means±SD.
*Median (minimum ~ maximum); **NE (Not estimated): the elimination rate constant cannot be estimated; †n=6: the elimination rate
constant of one rat cannot be estimated.
Cmax = maximum plasma concentration; AUClast = area under the curve from time 0 to the last measurable time; AUCinf = calculated
using the following equation AUClast + (Clast/ke); Tmax = time to reach, Cmax = t1/2, the elimination half-life.
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of M. officinalis, the seeds of C. chinensis, and the 
outer scales of A. cepa. A number of chemical con-
stituents have been isolated from herb extracts. We 
selected active compounds (monotropein, kaemp-
ferol-3-O-glucoside, and quercetin-4’-O-glucoside) 
of each herb extracts because it was possess bioac-
tivities effect. Monotropein has been reported to 
have anti-inflammatory and antinociceptive prop-
erties.9,10 Kaempferol-3-O-glucoside is a traditional 
herbal medicine that is commonly used as a kidney 
and liver tonic.16 Quercetin-4’-O-glucoside have 
been possess antioxidant activity.21 Several studies 
on the quantification of monotropein from M. 
officinalis using HPLC have been published.30,31 
According to a prior pharmacokinetic study, many 
other compound were separated C. chinensis, such 
as hyperin, chlorogenic acid, neochlorogenic acid, 
p-coumaric acid, astragalin, and isoquercitrin.29 
But there is not any study about the pharmacoki-
netic and bioavailability of quercetin-4’-O- 
glucoside in vivo. We selected MOTILIPERM 
concentration because its doses of 200 mg/kg orally 
administered once daily for 28  days significantly 
improved infertility in a rat model of varicocele-in-
duced infertility.23 According to a prior study, there 
was a 10-fold difference between oral and intrave-
nous concentration.32,33 Plasma concentration ver-
sus time profiles of kaempferol-3-O-glucoside in 
rats were not estimated for oral administration 200 
mg/kg because it mixed at the ratio of 1. Therefore, 
we used orally administered 400 mg/kg. 

Infertility affects 9%–15.8% of the general 
population and male factors contribute to about 
approximately half.34,35 There are no oral medi-
cines and herbal medicines for the treatment of 
male infertility.36 Our previous study reported 
that MOTILIPERM acted to improve sperm 
motility by reactive oxygen species-dependent 
endoplasmic reticulum stress pathway and 
decreasing apoptosis in a rat infertility model.22–24 
To the best of our knowledge, this is the first 
report presenting the pharmacokinetic parame-
ters of MOTILIPERM.

CONCLUSIONS

In the present study, an LC-MS/MS method for 
the simultaneous detection of MOTILIPERM 
was developed and fully validated. This method 
was also successfully applied to a pharmacokinetic 
study on oral and intravenous administration. 
This method potentially offers a sort of platform 
for the clinical study of MOTILIPERM. The 
pharmacokinetic parameters and  bioavailabilities 
of monotropein,  kaempferol-3-O- glucoside, and 
 quercetin-4’-O-glucoside were also reported here 
for the first time. The results may be effective for 
promoting the further study of functional foods 
or  herbal medicinal products and may also pro-
vide valuable knowledge for pharmacokinetic 
investigation.
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