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ABSTRACT

Ganoderic acid A is one of the important active triterpenoid components of
Ganoderma  lucidum, however the study on pharmacokinetics and oral
bicavailability of it 1s still lacking. The present study aims to investigate
pharmacokinetic properties and the absolute oral bioavailability of Ganoderic acid
A A sensitive and selective LC-MS/MS method was developed for the
determination of Ganoderic acid A. The validated method was successfully applied
to the quantification of Ganoderic acid A in rat plasma after oral and intravenous
administrations of triterpenoid extract from Ganoderma lucidum with different
single dosages. Ganoderic acid A was rapidly absorbed with the time to maximum
concentration (C_,,) <0.611 h after oral administrations for all oral dosage groups.
The C, . after oral administration were 358.733, 1378.20 and 3010.40 ng mL ™' for
100, 200, 400 mg kg ' dosages, respectively. Area under the concentration-time
curve from time zero to the last time point were 954.732, 3235.07 and
7197.236 h ng mL ™" after oral administration for 100, 200, 400 mg kg™' dosages
and 880.950, 1751.076 and 7129951 h ng mL™" after intravenous
administration for 10, 20, 40 mg kg ! dosages, respectively. The half-life ranged
from 0.363- 0.630h and 2.183 to 2.485 h after intravenous and oral administration,
respectively. Absolute bicavailability ranged from 10.38-17.97%.

Key words: Ganoderic acid A, Ganoderma [ucidum, bioavailability,
pharmacokinetics, L.C-MS/MS

INTRODUCTION

Ganoderma ucidum, also known as “Ling Zhi” in China
(Hsu et al., 2013) or "Reishi" in Japan (Yoshida et al., 2012),
1s a famous traditional Chinese medicinal mushroom that has
been used for centuries in Asian countries for health
improvement and life prolonging (Wang et al., 1997). Further
researches show that G. [ucidum could be effective with
remedy of hepatitis (Zhang et al, 2002), neurasthenia
(Tang et al., 2003), fatigue (Zhao et al., 2012) and cancer
(Lin and Zhang, 2004), etc. Polysaccharides and triterpenoids
are two major bioactive components in G. lucidum (Lin et al |
2003). Triterpenoids have been shown to play an important
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role in the mechamism of G. lucidum therapeutical effect
{(Paterson, 2006). However, since the complexity of
triterpenoid component, the pharmacokinetics (PK) and oral
bioavailability of triterpenoids after oral administration are still
unclear.

GA 1s a typical triterpenoid isolated from G. lucidum.
It has been reported to have antitumor activity through
its inhibition of oxidative stress-induced invasion of
MCF-7 cells through suppression of IL-8 secretion
{Thyagarajan et al., 2006). In addition, GA was able to
suppress IL-6-induced signal transducer and activator of
transcription 3 phosphorylation in HepG?2 cells through JAK 1
and JAK2 (Yao et al., 2012). Generally, G. lucidum are taken
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as medicine or health care products after extraction and
preparation process by pharmaceutical factories. Therefore, to
better simulate the real condition and provide reference to
further study of G. lucidum preparations, the current study
investigated the pharmacokinetics of GA after administration
of friterpenoids extraction of G. lucidum orally and
intravenously.

MATERIALS AND METHODS

Chemicals and reagents: GA (with purity of 98.5%) was
provided by Sichuan Industrial Institute of Antibiotics
(Chengdu, China). Hydrocortisone (internal standard, IS) was
purchased from National Institute for the Control of
Pharmaceutical and Biological Products (Peking, China).
Sodium carboxymethyl cellulose Na (CMC-Na) and Tween-80
was purchased from Kemiou Chemical Reagent Co., Ltd.
(Tianjin, China). About 0.9% sodium chloride injection was
purchased from Kelun Pharmaceutical Co., Ltd. (Hunan,
China). Methanol, acetonitrile were purchased from Sigma
(St. Louis, MO, USA), ammonium acetate from ROE
Scientific Inc. (Newark, New Jersey, USA). The deionized
water (DW) was distilled using a Millipore AFS-10 water
purification system (Millipore, Billerica, MA, USA).

Quantification of GA in triterpenoid extract (TE) from
G. lucidum: The Triterpenoid Extract (TE) from G. lucidum
was provided by Sichuan Industrial Institute of Antibiotics. A
stock solution of GA (204.6 ug mL™") was prepared to
determine GA in TE. The stock solution was further diluted of
by methanol to obtain the standard curve of GA concentrations
of 20.46, 40.92, 136.4, 409.2, 818.4, 1637 and 2046 ng mL.~!
and then the working solutions were injected into the
LC-MS/MS system. The GA content in TE was calculated
through the standard curve.

Drug administration and sample collection: Thirty-six
Sprague-Dawley rats weighing about 200 g were randomly
divided into six groups, 6 rats each (Group I-VI). All the
amimals were adapted to a 12 h light/dark cycle under
controlled room temperature and humidity conditions. Rats
from group I-IT were fasted over night prior to administration,
while food and water were given ad libitum for group IV-VL
The animal experiments were conducted in accordance with
the Guidelines for the Care and Use of Laboratory Animals
and approved by the Institutional Animal Care and Use
Committee of Sichuan University. The rats of Group [-11T were
administrated orally of 100, 200, 400 mg kg™ of TE (ie., 10,
20, 40 mg kg™! of GA), respectively; the rats of Group IV-VI
were administrated intravenously of 10, 20, 40 mg kg™' of TE
(ie. 1,2, 4mg kg™ of GA), respectively. The blood samples
of Group I-11T were collected via caudal veinat 0.17,0.33, 0.5,
1.5,2,3,4,6,8, 10, 12 and 24 h and those of Group IV-VI
were collected at 0.03, 0.08,0.17, 0.25,05,1,2. 4.6, 8, 12
and 24 h after dosing. The blood samples were placed in
heparinized tubes and centrifuged to obtain the plasma. The
plasma was stored at -20°C until analysis.
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Instrumentation and chromatographic conditions:
LC-MS/MS analysis was performed on an SHIMADZU
SCL-10A HPLC system (SHIMADZU, Japan) coupled to an
APT 3000 mass spectrometer (Applied Biosystems, Foster
City, CA, USA) The chromatographic separation was
achieved using a CAPCELL PAK C18 MG TI column (5 um,
2.0 mm IL.Dx50 mm, Cat. No. 92517 SHISEIDO, Japan)
coupled with a Security Guard Cartridge (C18, 4x3.0 mm,
Phenomenex). The column temperature was set at 25 °C. An
isocratic elution was carmried out using a mobile phase
containing 80% ACN and 20% DW (containing 0.1% formic
acid). The flow rate was 0.3 mL mmn™".

The mass spectrometer was operated in the Multiple
Reaction Monitoring (MRM) mode using negative ion
electrospray. The Q1 scans and product ion scans of GA and
IS are shown in Fig. 1-2; the chromatographic figures of GA
and IS are shown in Fig. 3a-b. The target compounds were
detected by monitoring m/z transition of 515.8-285.1 and
361.3-331.3 for GA and hydrocortisone, respectively. The AFL
3000 instrument parameters were set as follows: Nebulizer 12
psi, curtain gas 10 psi, collision gas 6 psi, ionspray
voltage 4200 eV, ion source temperature 500°C. Data
acquisition and analysis were performed using the Analyst
software version 1.4.2. {Applied Biosystems, Foster City, CA,
USA).

Preparation of calibration curves and quality control
samples: A stock solution of GA and hydrocortisone with
concentrations of 201.4 and 207.2 ug mL ™", respectively, was
prepared by dissolving the accurately weighed reference
compounds in methanol. A series of standard working
solutions were obtained by further dilution of the stock
solution with DW. Calibration curves were prepared by
spiking 25 uL of the appropriate standard solution into 50 pL,
blank rat plasma. The linear range of the calibration curve was
over 5.829-5038 ngmL . Quality Control {(QC) samples were
prepared by adding the stock solution of GA into blank
plasma to obtain final concentrations of 17.49, 209.9 and
4030 ng mL™' for GA which represented low, medium
and high concentration of QC samples, respectively. A
7.4 pg mL~" [S working solution was prepared by diluting a
stock solution of hydrocortisone with DW. All of the solutions
were stored at 4°C and brought to room temperature before
use. The analytical standards and QC samples were stored at
-20°C.

Sample preparation: Samples were thawed to room
temperature prior to preparation. Twenty five microliter of
DW instead of the corresponding working solutions as
mentioned above, 25 ulL IS working solutionand 50 pl of 1%
formic acid were spiked. Samples were then mixed well by
vortexing briefly. Liquid-liquid extraction was then performed
by addition of 1 mL of an ethyl acetate/isopropanol (9:1, v/v)
mixture, followed by vortex extraction for 3 min (Vortex
Genie® 2 Vortex, Carlsbad, CA, US). After centrifuging at
12000 rpm for 5 min, the upper organic layer was transferred
into another tube and completely evaporated to dryness at
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Fig. 1{a-b): {(a) Q1 and (b) Q3 scan of Ganoderic acid A

37°C under a stream of nitrogen (Turbovap Zymark,
Hopkinton, MA, USA). The dry residue was reconstituted with
50 uL of mobile phase. After centrifuging at 13000 rpm for
5 min, 5 ul. of supernatant was injected in to the LC-MS/MS
system.

Method validation: Specificity was evaluated interms of the
endogenous interference by analyzing blank plasma samples
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from six different rats spiked with only IS or GA. The curves
were fitted by a linear weighted (1/¢?) least squares regression
method through measurement of the peak-area ratio of the
analytes to the IS.

The precision and accuracy of the method were
assessed by the determination of QC samples at three
concentration levels in triplicate on the same day and three
different days.
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Fig. 2{a-b): (a) Q1 and (b) Q3 scan of Hydrocortisone (Internal Standard)

The accuracy was expressed as the percentage of the observed
concentration to nominal concentration, while the precision as
the Relative Standard Deviation (RSD) of the corresponding
triplicate samples. The intra and inter-day precision was set
at <20% for QC samples at low limits of quantification
(LLOQ) concentration or 15% for other QC samples from
nominal concentration. Extraction recovery of GA and IS was
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determined by comparing the peak areas of the extracted
QC samples to those of the extracted plasma blanks
spiked with the equivalent nominal concentration of GA or
IS. The stability of GA and IS with regard to different
conditions (time and temperature) was evaluated during the
sample collection, storage and handling process using QC
samples.
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Fig. 3{a-b): Chromatographic figure of (#) Ganoderic acid A and {(b) Hydrocortisone (Internal standard)

The absolute matrix effect for GA was evaluated by
comparing the peak area of GA in extracted blank plasma
samples obtained from six rats unexposed to any drug to that
in neat solution. The variability in matrix factors, as measured
by the coefficient of variation, should be less than 15%.

Pharmacokinetic calculation: The pharmacokinetic data was
analyzed by non-compartmental method with the aid of
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Phoenix WinNonlin (version 6.3, Pharsight Corp, Mountain
View, CA, USA) Main PK parameters after oral
administration were calculated via a previous method
(Wang et al., 2013). For intravenous administration,
C, 1is the concentration just after intravenous
administration and 1t is estimated by back-extrapolation
from concentrations determined at any tme after the
dose.
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Table 1: Accuracy and precision for the determination of GA in rat plasma

Precision (RSD, %)

C (ngmL™) Intra-day Inter-day Accuracy (%)
5.829 4.20 7.97 104.70+4.40
17.71 4.31 5.04 106.21+4.58
209.9 1.28 4.11 109.40+1.40
4030 8.55 4.94 104.62+8.98
Table 2: Main pharmacokinetic parameters of GA in rats determined after intravenous and oral administration at different dose levels (n = 6, MeantSD)

L dose M dose H dose
23«
parameters Iniravenous Oral Intravenous Oral Intravenous Oral
tig () 0.363+0.134 2.183+0.517 0397+0.205 2.485+0.502 0.630+0.264 2.344+1.000
Cying mL’l) 6145.257+4347.989 9760.316+5130.374 - 29958.069+14481.998 -

T () - 0.611+0.310 - 0.417+0.091 - 0.433+0.091
C,.. (ng mL’l) 358.733£191.334 1378.200£701.193 3010.400+1442.422

AUC, (hng mL_l) 880.950+259.631
AUCpth ng mL_l) 917.149+248.297

954.732+254.755
1081.514+248.737

Vz/F (mL kg™ 32484.84318542.082

CU/F (mL/Wkg) 9811.334+2993.197

Vz(mLkg™" 611.296+254.990 685.751+249.144
€1 (mL/h/kg) 1152.662+£278.599 1448.784£765.222
F - 11.79+2.71

1751.076+1167.001
1847.525+1232.852

3235.070£1835.323
3319.305+1811.836
31208.271+23528.628
8073.702£5001.935

7129.951+£4729.446
7140.409+4727.944

7197.236+3696.193

7410.563+3559.262

25073.994+£19298.436
6479.014£2874.172

631.105+£265.511 -

829.657+£546.904

17.97+9.81 10.38+4.98

RESULTS

Quantitative determination of GA in TE: A stock solution
of TE (1076 ug mL™") was prepared and the stock solution
was further diluted to 5380 ng mL ™’ to obtain a working
solution of TE. The working solution was then injected into
LC-MS/MS system five times and the content of GA in TE
was calculated with reference to the standard curve. The GA
accounted for 10.09% of the total extract.

Specificity: The specificity was evaluated by comparing
blank, spiked and routinely prepared plasma samples. The GA
and 1S were eluted at about 1.04 and 1.07 min, respectively.
No apparent interference was observed in the matrix.

Linearity of calibration curves and lower limit of
quantification (LLOQ): All the calibration curves exhibited
good linearity with correlation coefficients above 0.99. The
LLOQs of this assay were 5.829 ng mL~!. Under the present
LLOQs, GA could be quantified in plasma samples until 24 h
after administration. This result is sensitive enough to
investigate the pharmacokinetic behaviors of GA.

Precision and accuracy: Table 1 summarizes the intra and
inter-day precision and accuracy values for the QC samples. In
this assay, the intra and inter-day precisions of GA were
measured to be below 8.55 and 7.97%, respectively. These
results indicated good precision, accuracy and reproducibility.

Recovery and stability: The recoveries of GA obtained from
plasma (n = 6) were 78524594, 8127378 and
85.77£12.09% at concentrations of 1749, 209.9 and
4030 ng mL7', respectively. The results of stability
experiments showed that GA was stable for 15 days in DW,
for 10 h after preparation at room temperature, for 6 h at room
temperature and after three freeze/thaw cycles (-20°C to room
temperature), as the relative error values were within £15% for
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L, M, H doses for intravenous administration were 10, 20, 40 mg kg™ ! of TE, respectively, I, M, H doses for oral administration were 100, 200, 400 mg kg~' of TE, respectively

low, medium and high concentrations. Thus, the samples could
be stored and prepared under routine laboratory conditions
without special attention.

Matrix effect: Matrix effect was evaluated by comparing the
signals produced by the same QC concentration in blank
methanol and in blank plasma. The coefficient of variation
values from six lots of plasma was less than 6.45%. No
significant difference between the two matrices was observed.
The results indicate the absence of obvious matrix effect for
quantitative analysis.

Application of the method to pharmacokinetic studies in
rats: The validated analytical method was applied to the assay
of GA among the six groups (Group I-VI). Mean plasma
concentrations versus time profiles are presented in Fig. 4
and 5. The main pharmacokinetic parameters following oral
doses and intravenous doses are listed in Table 2.

DISCUSSION

A pre-clinical pharmacokinetic study of GA was
conducted in SD rats which for the first time provided precise
and comprehensive information of its pharmacokinetics and
oral bioavailability.

This study first described the development of a sensitive
and specific LC-MS/MS method for the determination of GA
concentrations in rat plasma. In the full-scan Q1 mass
spectrum, the parent negative ion peak of GA, [M-H],
appeared at m/z = -515.8 amu and the abundance of this ion
peak was sufficient for the quantification of GA. For
hydrocortisone, the most abundant peak was the deprotonated
molecular ion [M-H]~ found at m/z = -361.3 amu. Hence,
deprotonated GA and hydrocortisone were targeted for
frapmentation and the most stable and abundant ions in the
product 1on scan of GA and hydrocortisone were m/z -285.1
and -331.3 amu, respectively.
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Fig. 4: Meanplasma concentrations versus time profile of Ganoderic acid A inrats orally receiving different doses of triterpenoid
extract (L, M, H doses were 10, 20 and 40 mg kg™ of triterpencid extract, respectively)
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Fig. 5: Mean plasma concentrations versus time profile of Ganoderic acid A in rats intravenously receiving different doses of

triterpenoid extract (L, M, H doses were 10, 20 and 40 mg kg ' of triterpenoid extract, respectively)

During the optimization of chromatographic conditions,
different ratios of organic and aqueous phase of 60:40, 70:30,
80:20 and 85:15 were tested. To avoid tailing peak shape and
achieve short chromatographic runtime, the ratio of
acetonitrile/water (80/20, v/v) was selected. As shown in
Fig. 3a, GA peak was symmetric and the total runtime for a
single sample was only 2 min.

Because TE had poor solubility in water, TE with a small
amount of DMBSO was resolved first and then added 0.9%
sodium chloride injection (with 1% Tween-80, v/v) to
obtain TE injections with different concentrations: 2, 4 and
8 mg mL~". DMSO accounted for less than 1% of the total
volume of the diluted injection. The 0.5 mL injection was
administrated for each 100 g weight of the rats. On the other
hand, the gavage suspension was made by suspending TH with
0.5% CMC-Na aqueous solution to obtain different
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concentrations: 10, 20 and 40 mg mL ", One milliliter of the
suspension was administrated for each 100 g weight of the
rats.

Hydrocortisone  displayed similar  chromatographic
retention behavior (with a retention time of 1.07 min) with GA
and high extraction efficiency (79.80%). Additionally, there
were no interferences of IS from GA and endogenous
substances. Therefore hydrocortisone was chosen as IS.

Protein precipitation and liquid-liquid extraction were
both assessed as sample preparation methods. Although
protein precipitation would provide a simpler method,
injection of precipitated samples by acetonitrile or methanol
would cause an increase in column pressure, meanwhile, the
LLOQ of the determination after protein precipitation was
relatively high and was not sensitive enough for the
quantification of biclogical samples. However, these problems
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could be solved using a liquid-liquid extraction method. The
efficiencies of dichloromethane, ethyl ether, ethyl acetate,
Methyl-Tert-Butyl Ether (MTBE) and mixture of ethyl
acetate-isopropanol as extract solvents were evaluated and the
recoveries of GA were higher when ethyl acetate-isopropanol
(v/v, 9/1) was used as compared with the others.

The main pharmacokinetic parameters of GA in the six
groups were calculated using non-compartment modeling. GA
was rapidly absorbed at all doses with the median tmax
ranging from 0.417-0.611 h. However, its absolute
bicavailability was quite low with a value being around 15%.
This low bicavailability might attribute to significant first pass
effect and poor permeability via the intestinal epithelial
membrane after oral administration.

Only few literatures reported about the PK of some
triterpencid such as ganoderic acids C2, B, Kand H
(Wang et al., 2007) and ganoderic acid D (Cheng et al., 2013).
Although Teekachunhatean et al. (2012) have studied the PK
of Ganoderic Acid A (GA) and F. The present method has a
quicker GA peak time and thusly shortened sample analysis
time. Additionally, for the first ime was studied PK of three
different dosages of G. [ucidum product and conducted an
intravenous group in order to obtain the bicavailability of GA.
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