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Highlights

Metabolites of Antrodia camphorata in mice tumor tissues were profiled by UHPLC-orbitrap/MS analysis for the
first time after oral administration, and a total of 33 compounds were characterized. The most abundant
compounds in tumor tissues, namely (25R)-antcin H and (255)-antcin H, were quantified by a fully validated
LC-MS/MS method. The results indicated that (25R)-antcin H had higher tumor affinity than (255)-antcin H.
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Abstract

Objective: Antrodia camphorata (AC), a precious medicinal mushroom in Taiwan, is popularly used for adjuvant cancer
therapy. This paper aims to clarify the metabolites which are present in tumor tissues after oral administration of AC in
Sarcoma-180 tumor-bearing mice, as well as their contents in tumors. Methods: Tumors of Sarcoma-180 tumor-bearing
mice were obtained at 1 h and 4 h after oral administration of AC extract, and the metabolites in the tumor homogenate
samples were characterized using UHPLC-orbitrap/MS analysis. Then, a fully validated LC-MS/MS method was
developed for quantitative analysis of the most abundant compounds in tumor tissues, namely (25R/S)-antcin H. Results:
A total of 33 compounds were characterized in tumor homogenate samples including 28 prototypes of triterpenoids and 5
metabolites. Among them, (25R)-antcin H and (255)-antcin H had the highest contents of 2.03 and 0.66 pg/g tumor
tissues for the 1 h group, and 2.04 and 0.59 pg/g tumor tissues for the 4 h group, respectively. It was obvious that
(25R)-antcin H had higher tumor affinity than (255)-antcin H, since the content of (25R)-antcin H was lower than that of
(255)-antcin H in AC extract (P < 0.01). Conclusion: Triterpenoids can enter tumor tissues after oral administration of
AC. Particularly, (25R)-antcin H showed higher exposure to tumor than (255)-antcin H. These compounds could
contribute to the anticancer activities of AC.
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Introduction

Antrodia camphorata (AC), also known as Antrodia
cinnamomea, is a medicinal fungus with a long history of
use in Taiwan. It is reported to possess a lot of
bioactivities including anticancer, anti-inflammatory,
hepatoprotective, and antioxidant activities [1-8]. During
the past decades, AC has attracted many attentions as a
“complementary alternative medicine” due to its potent
anticancer effects, and it could provide effective and
less-toxic therapies for various types of cancers [9-10].
For example, AC extracts could inhibit the growth of
xenografted tumors such as non-small cell lung cancer
and estrogen receptor positive breast cancer [11-12], and
showed in vitro cytotoxicities against ovarian carcinoma
cells, HL-60 premyelocytic leukemia cells, and MCF-7
breast cancer cells [13-15]. In addition, anticancer
activities of the commercial readily accessible AC
products have been revealed [16—17]. Several effective
anticancer compounds have been discovered from AC, so
far, and (25R/S)-ergostane and A7Y/A%-lanostane
triterpenoids were identified as the major bioactive
constituents [18]. Yeh et al. obtained three ergostane
triterpenoids and five lanostane triterpenoids from AC
with cytotoxicity against HT-29 human colon cancer cells
[19]. Dehydroeburicoic acid, a major lanostane
triterpenoid in AC, could damage the mitochondria of
human glioblastoma cells and inhibit cell viability of
premyelocytic leukemia cells [20-21].

In  our previous study, metabolism and
pharmacokinetics of AC and its major triterpenoids in
healthy Sprague-Dawley rats were investigated by
ultra-high performance liquid chromatography coupled
with hybrid quadrupole orbitrap mass spectrometry
(UHPLC-qTOF/MS) analysis, and (25R/S)-ergostanes

TMR Modern Herbal Medicine

2018 April; 1(2):40-50

were found to be the most bioavailable compounds in rats
plasma after oral administration of ethanol extract of AC.
They were usually metabolically stable in vivo [22].
However, metabolism of AC and its chemical constituents
in pathological animal models, such as tumor-bearing
mice, remains unclear. On the other hand, tumor affinity,
namely concentrations in tumor tissues, is highly critical
for the clinical use of anti-tumor agents [23]. Up to now,
tumor affinity of AC and its chemical constituents have
never been investigated.

In this study, a UHPLC-orbitrap/MS method was used
to comprehensively profile the metabolites of AC extract
(ACE) in the tumor tissues of sarcoma-180 tumor-bearing
mice after oral administration. Furthermore, an
LC-MS/MS method was fully validated to simultaneously
quantify (25R/S)-antcin H in tumor tissues.

Methods

Chemicals and reagents

The 18 reference compounds were isolated from AC by
the authors [24-25]. They included 15 ergostane
triterpenoids, namely (25S)-antcin K (E1), (25R)-antcin K
(E2), antcamphin E (E4), antcamphin F (E6), antcamphin
K (E7), antcamphin L (E9), antcin F (E12), (255)-antcin
C (E13), (25R)-antcin C (E15), (25R)-antcin H (E16),
(255)-antcin H (E17), (25R)-antcin I (E19), (25S)-antcin I
(E20), (255)-antcin B (E21) and (25R)-antcin B (E22),
and 3 lanostane triterpenoids, namely dehydrosulphurenic
acid (L1), sulphurenic acid (L2) and
15a-acetyl-dehydrosulphurenic acid (L3). The purities
were >95% as determined by HPLC analysis. The
internal standard (IS) ganoderic acid B was purchased
from Zelang Co. Ltd. (Nanjing, China). Structures of
reference compounds and IS are shown in Figure 1.

R1 R2 Rs Ra Rs

EX/E2 aOH OH OH H B-CHs/a-CHs
E4E6 AO OH OH H B-CHs/a-CHs
E7/E9 B-OH H OH H B-CHs/a-CHs
E13/E15 AO H OH H B-CHs/a-CHs
E16/E17 a-OH H AO OH  0a-CHs/B-CHs
E19/E20 a-OH H AO H a-CHa/B-CHs
E21/E22 AO H AO H B-CHs/a-CHs

Figure 1 Structures of reference compounds and the internal standard
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Medical-grade soybean oil was purchased from Maclin
(Shanghai, China), and tween-80 was from Sigma (St.
Louis, MO, USA). Acetonitrile, methanol, and formic
acid (Mallinkrodt Baker, Phillipsburg, NJ, USA) were of
HPLC grade. De-ionized water was purified by a Milli-Q
system (Millipore, MA, USA). High-purity nitrogen
(99.9%) and helium (99.99%) were purchased from Gas
Supplies Center of Peking University Health Science
Center (Beijing, China).

Preparation of ACE

The fruiting bodies of AC were cultivated by Professor
Yew-Min Tzeng (National Taitung University, Taitung,
Taiwan) in 2013. A voucher specimen (YMT 1002) was
deposited at the Herbarium of School of Pharmaceutical
Sciences, Peking University, Beijing, China. For drug
sample preparation, AC fruiting bodies were powdered,
and 49.91 g of the powder was extracted using 500 mL of
ethanol by reflux heating (2 h x 5 times). The extracts
were combined and evaporated to dryness in vacuum to
produce 14.85 g of ACE.

Sarcoma-180 tumor-bearing mice model

Male ICR mice weighing 18-20 g were purchased from
the Experimental Animal Center of Peking University
Health Science Center. The mice were housed in a
ventilated, temperature-controlled and standardized
sterile animal room at 22-24 °C with a 12 h dark-light
cycle, and they had free access to food and de-ionized
water. S180 tumor cells (4.0 x 10° per mouse) in 0.9%
NaCl solution was injected subcutaneously into the right
oxter of each mouse. After 10 days, when established
tumors of approximately 1000 mm? were detected, mice
were randomly divided into three groups (n = 8 for each
group): control group, 1 h group, and 4 h group. All
animals were fasted for 12 h before treatment. The animal
facilities and protocols were approved by the Animal
Care and Use Committee of Peking University Health
Science Center, and the procedures were in accordance
with the Guide for the Care and Use of Laboratory
Animals (National Institutes of Health).

Drug administration and sample collection

For oral administration, stable emulsion was prepared due
to the poor solubility of ACE [26]. Briefly, 396 mg of
ACE was infiltrated with 400 pL of soybean oil, mixed
with 200 pL of tween-80, and then dispersed in 1600 pL
of water to form stable emulsion. The final concentration
of ACE in emulsion was 180 mg/mL.

Mice of the 1 h group and the 4 h group were orally
administered with ACE emulsion at the dose of 10 mL/kg
(equivalent to 6.16 g/kg of the crude drug). Mice of the
control group were given an equal volume of the vehicle.
The 1 h group and the 4 h group were sacrificed at 1 h
and 4 h after administration, respectively, and the control
group was sacrificed at 0 h. The tumors were collected
and washed in PBS carefully to discard blood and muscle.
Finally, they were accurately weighed and homogenized
by a homogenizer after addition of 0.9% NaCl solution to
obtain uniform concentration (1 mL/g tissue). The
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samples were stored at -20 °C until use.

Calibration standards, quality control, and internal
standard stock solutions

The stock solutions of (25R)-antcin H (1 mg/mL),
(258)-antcin H (0.5 mg/mL) and ganoderic acid B (0.75
png/mL) were prepared in methanol and stored at -20 °C.
These stock solutions were mixed and then serially
diluted to obtain the calibration standard (CS) stock
solutions (6.0, 2.0, 1.2, 0.4, 0.24, 0.08, 0.048, 0.016 and
0.0096 pg/mL for (25R)-antcin H; 3.0, 1.0, 0.6, 0.2, 0.12,
0.04, 0.024, 0.008 and 0.0048 pg/mL for (25S)-antcin H).
Quality control (QC) samples were prepared at three
concentration levels based on linear ranges of the analytes
and their predicted concentrations, namely 4.0 pg/mL
(HQC), 0.2 pg/mL (MQC) and 0.02 pg/mL (LQC) for
(25R)-antcin H, as well as 2.0 pg/mL (HQC), 0.1 pg/mL
(MQC) and 0.01 pg/mL (LQC) for (25S)-antcin H.

Sample preparation

For metabolites identification, 500 pL of tumor
homogenate was added into 1500 pL of methanol and
centrifuged at 9000 rpm for 15 min. The supernatant was
evaporated to dryness under a gentle flow of nitrogen gas
at 35 °C, and the residue was resolved in 100 pL of
methanol. After filtered through 0.22 pum nylon
membranes, a 2-pL  aliquot was injected for
UHPLC-orbitrap/MS analysis.

For CS and QC samples for quantitative analysis, 100
uL of CS or QC stock solution was added into 100 pL
aliquot of blank tumor homogenate, followed by addition
of 100 puL of IS solution and 100 pL of methanol. For
unknown samples, a 100-pL aliquot of tumor homogenate
was mixed with 100 pL of IS solution and 200 pL of
methanol. The obtained mixed solutions were vortexed
for 30 s and centrifuged at 9000 rpm for 15 min. The
supernatant was evaporated to dryness under a gentle
flow of nitrogen gas at 35 °C, and the residue was
reconstituted in 100 pL of methanol. After filtered
through 0.22 um nylon membranes, a 5-uL aliquot was
injected for HPLC-MS/MS analysis.
UHPLC-orbitrap/MS metabolites
identification
A UHPLC Ultimate 3000 instrument coupled with a
Q-Exactive hybrid quadrupole-orbitrap mass
spectrometer (Thermo Fisher Scientific Inc., Waltham,
MA, USA) was employed. The UHPLC was equipped
with an on-line vacuum degasser, a quaternary pump, an
autosampler, and a column compartment. An Acquity
UPLC HSS T3 column (1.8 um, 2.1 x 150 mm) equipped
with a VanGuard precolumn (1.8 pm, 2.1 x 5 mm)
(Waters, MA, USA) was used to separate the samples.
The mobile phase consisted of acetonitrile containing 1%
methanol (A) and water containing 0.2% formic acid (B).
A linear gradient elution program was used as follows:
0-5 min, 45% A; 5-6 min, 45%-55% A; 6-18 min, 55% A,
18-23 min, 55%-60% A; 23-24 min, 60-95%; 24-30 min,
95% A. The flow rate was 200 pL/min, and the column
temperature was 40 °C. The mass spectrometer was

analysis  for
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connected to the UHPLC via an electrospray ionization
(ESI) interface, and was operated in the negative ion
mode. The parameters were as follows: spray voltage:
-3.2 kV; sheath gas pressure: 35 arb; Aux gas pressure: 10
arb; capillary temperature: 350°C; heater temperature:
300°C; scan mode: full MS (resolution 70000) and
MS/MS (resolution 17500); normalized collision energy:
35 eV; stepped normalized collision energy: 17.5, 35 and
52.5 eV; scan range: m/z 100-1200. The multiple
precursor ion function was used, where the two most
abundant ions in the full scan mass spectra were selected
to acquire MS/MS spectra for each cycle.

LC-MS/MS  analysis  for
(25R/S)-antcin H

A Waters 2695 HPLC system coupled with a Waters
ACQUITY TQD triple quadrupole mass spectrometer
was used. Separation was achieved using an YMC-Pack

quantification  of
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ODS-A column (3.5 pm, 2.1 x 150 mm) equipped with a
Zorbax SB-Cig guard column (5 pm, 2.1 x 12.5 mm,
Agilent, Waldbronn, Germany). The column temperature
was 40 °C, and the flow rate was 200 uL/min. The mobile
phase consisted of methanol (A) and water containing
0.1% formic acid (B). The following gradient elution
program was used: 0-2 min, 60-65% A; 2-8 min, 65-74%
A; 8-23 min, 74% A; 23-30 min, 74-100% A. The effluent
was introduced into the mass spectrometer without
splitting, and the mass spectrometer was operated in the
negative ion mode. The parameters were as follows:
capillary voltage: 2.8 kV; extractor voltage: 4.0 V; source
temperature: 150°C; desolvation temperature: 450°C;
desolvation gas flow: 600 L/h; cone gas flow: 50 L/h. The
analytes were detected using the multiple reaction
monitoring (MRM) scan mode. The MRM ion pair
transitions, optimized cone voltages, and collision
energies are listed in Table 1.

Table 1 Optimized MRM parameters for (25R)-antcin H, (255)-antcin H, and ganoderic acid B (IS)

Analyte Precursor ion Production Collision energy (V) Cone (V)
(25R)-antcin H 485.3 4133 26 48
(258)-antcin H 485.3 441.3 24 48

Ganoderic acid B 515.3 497.3 22 22

Results

Metabolites identification for AC in tumor tissues

The chemical composition of ACE was firstly
characterized through UHPLC-orbitrap/MS analysis. A
total of 30 compounds were tentatively identified
including 26 ergostane triterpenoids (E1-E26) and 4
lanostane triterpenoids (L1-L4) by comparing their MS
and MS/MS data with previous reports (Figure 2). Among
them, the structures of 18 compounds were confirmed by
comparing with reference standards. It is obvious that
(25R/S)-antcin K (E1/2), (25R/S)-antcin H (E16/17) and
(25R/S)-antcin B (E21/22) were the most abundant
components in ACE, which was consistent with our
previous report [24].

The metabolites of ACE in tumor tissues of mice were
then identified by UHPLC-orbitrap/MS analysis. The
total ion chromatogram of chemical constituents in tumor
tissues collected 1 h after oral administration is shown in
Figure 2. A total of 33 compounds were detected, and 28
of them were present in ACE (E3 and E23 in ACE were
not detected in tumor tissues). Accordingly, 5 metabolites
(M1-M5) were detected, and their structures were
tentatively ~ characterized by  analyzing  their
high-resolution MS spectra (Table 2). Metabolites
M1-M3 were deduced to be the isomers of antcin K, since
they showed the same [M-H] ions as antcin K. M4 and
M3, eluted at 13.82 min and 14.20 min, yielded [M-H]"
ions at m/z 499.3435 (C3H430s) and m/z 501.3593
(C31Hs00s), respectively. Their molecular weights were
16 Da greater than those of dehydrosulphurenic acid (L1)

Submit a manuscript: http://www.tmrmhm.com

and sulphurenic acid (L2). Therefore, M4 and M5 were
tentatively identified as monohydroxylated products of
dehydrosulphurenic  acid and  sulphurenic  acid,
respectively.

As shown in Figure 2, the contents of most compounds
were low in tumor tissues, especially those with retention
times between 5 and 15 min. However, (25R/S)-antcin H
had relatively high contents, and were the most abundant
compounds in tumor tissues. Interestingly, there were
three pairs of ergostane triterpenoids (E1/2, E16/17 and
E21/22) with high contents in ACE, and only
(25R/S)-antcin H (E16/17) showed high concentrations in
tumor tissues, indicating they had high tumor affinity.

Method validation for quantitative analysis of
(25R/S)-antcin H by LC-MS/MS

To determine the concentrations of (25R/S)-antcin H in
the tumor tissues, we established a LC-MS/MS method
with a triple quadrupole mass spectrometer as the detector.
The separation of (25R)-antcin H and (255)-antcin H was
difficult, as they were a pair of epimers. Different
chromatographic conditions (column, mobile phase,
elution gradient) were tested (Figure 3). Finally, a
YMC-Pack ODS-A (3.5 pm, 2.1 x 150 mm) column with
methanol and water containing 0.1% formic acid as the
mobile phase was chosen. For MS analysis, three pairs of
MRM ion pair transitions were chosen. In addition, the
methods were fully validated according to the Food and
Drug Administration (FDA) guidelines for selectivity,
linearity, accuracy, precision, recovery, matrix effect and
stability [27].
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Table 2. Identification of metabolites of AC in tumor tissues by UHPLC-orbitrap mass spectrometer.

No. tg (min) Formula (MH Am (ppm) MS/MS (m/z) Identification
Pred. Meas.
E1* 5.84 C29H4406 487.3065 487.3068 -0.66 4433171 407.2962 341.2489 247.2063 (258)-antcin K
E2* 6.12 C29H406 487.3065 487.3070 -1.11 407.2961 443.3175 247.2065 271.2072 341.2487 (25R)-antcin K
E3 8.82 C29H4,06 485.2909 485.2914 -1.05 149.0595 233.1181 83.0386 207.1748 423.2910 Hydrated antcin F
E4* 10.08 C29H4,06 485.2909 485.2914 -0.93 423.2908 137.0959 441.3017 247.2067 341.2475 Antcamphin E
E5 10.55 Ca9H4,07 501.2858 501.2865 -1.34 439.2856 457.2964 429.3008 297.1500 137.0959 12-Hydroxy-antcamphin E/F
E6* 10.70 Ca9H405 471.3116 471.3117 -0.23 427.2909 441.3014 137.0959 247.0974 397.3125 Antcamphin F
E7* 10.70 C29H4,06 485.2909 485.2909 0.02 423.2909 137.0959 247.2069 441.3027 341.2483 Antcamphin K
ES8 11.00 C29H4,06 485.2909 485.2903 1.26 149.0595 233.1179 83.0485 207.1748 423.2815 Hydrated antcin F
E9* 11.32 Ca9H405 471.3116 471.3117 -0.30 427.3221 301.2177 259.2070 409.3122 285.186 Antcamphin L
E10 11.69 Ca9H4,06 485.2909 485.2914 -1.05 413.3063 441.3011 423.2910 383.2958 83.0485 Camphoratin C
El1 12.74 C29H4,06 485.2909 485.2913 -0.74 441.3014 245.1182 423.2912 397.3133 83.0485 Campbhoratin D
E12* 13.39 Ca9H4005 467.2803 467.2806 -0.60 425.3065 233.1180 149.0595 Antcin F
E13* 14.04 Ca9H4,05 469.2959 469.2958 0.26 425.3068 247.2067 123.0801 301.2179 407.2968 (258)-antcin C
E14 14.20 Ca9H400s5 467.2803 467.2806 -0.54 425.3068 247.2067 123.0801 301.2179 407.2968 Epimer of antcin F
E15* 14.85 C29H4,05 469.2959 469.2958 0.26 425.3065 247.2067 301.2176 123.0801 107.0487 (25R)-antcin C
El6* 15.92 C29H4,06 485.2909 485.2909 0.02 413.3063 441.3012 383.2958 423.2909 (25R)-antcin H
E17* 16.53 Ca9H4,06 485.2909 485.2909 0.02 413.3063 441.3012 383.2958 423.2909 (25S)-antcin H
E18 17.00 Ca9H4006 483.2752 483.2752 -0.08 395.2956 439.2854 71.0485 421.2757 Antcin D
E19* 23.25 C29H4,05 469.2959 469.2962 -0.70 409.2750 425.3070 173.0599 287.1660 (25R)-antcin I
E20* 23.77 C29H4,05 469.2959 469.2960 -0.26 409.2750 425.3070 173.0599 (258)-antcin I
E21* 25.15 C20H49Os 467.2803 467.2804 -0.28 423.2909 407.2594 (258)-antcin B
E22* 25.56 C20H49Os 467.2803 467.2807 -0.88 423.2909 407.2594 (25R)-antcin B
E23 26.50 C31H4406 511.3065 511.3066 -0.16 59.0122 407.2959 Antcin G
E24 26.68 C31H4406 511.3065 511.3068 -0.57 59.0122 407.2959 Antcin G
E25/E2 .
P 27.77 C20H4904 453.3010 453.3013 -0.66 409.3115 393.2806 122.9841 (R/S)-antcin A
L1* 21.90 C31His04 483.3480 483.3481 -0.10 83.0486 421.3527 Dehydrosulphurenic acid
L2* 23.07 C31Hs5004 485.3636 485.3629 1.38 83.0485 97.0643 Sulphurenic acid
L3* 28.01 C33Hs50Os 525.3585 525.3587 -0.38 465.3377 59.0122 15a-Acetyl-dehydrosulphurenic acid
L4 28.32 C33Hs,05 527.3742 527.3743 -0.25 467.3531 Versisponic acid D
M1 6.33 C29H406 487.3065 487.3070 -0.92 443.3168 301.2178 Antcin K isomer
M2 8.27 C29H4406 487.3065 487.3068 -0.66 423.2965 407.2959 247.2064 341.2482 443.3180 Antcin K isomer
M3 8.90 C29H4406 487.3065 487.3070 -1.05 423.2908 443.3169 407.2960 137.0958 73.0278 Antcin K isomer
M4 13.82 C31His05 499.3424 499.3435 -2.38 499.3435 83.0486 158.9774 287.2020 403.3003 Hydroxyl dehydrosulphurenic acid
M5 14.20 C31H5005 501.3580 501.3593 -2.69 83.0486 373.2747 Hydroxyl sulphurenic acid

* ]dentified by comparing with reference standards.
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Figure 2 UHPLC-orbitrap/MS chromatograms of Antrodia camphorata extract (ACE) and tumor
homogenate samples after oral administration of ACE (1 h group). Black cross mark, endogenous compounds

in tumors.
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Figure 3 Optimization of the HPLC method for quantitative analysis of (25R/S)-antcin H. (a) SB-Cis (5 pm,
4.6 x 250 mm) with acetonitrile and water containing 0.1% formic acid as eluent; (b) Symmetry C;s (5 pm,
4.6 x 250 mm) with acetonitrile and water containing 0.1% formic acid as eluent; (¢) YMC-Pack ODS-Cs (5
pm, 4.6 x 250 mm) with acetonitrile and water containing 0.1% formic acid as eluent; (d) YMC-Pack
ODS-Cis (5 pm, 4.6 x 250 mm) with acetonitrile and water containing 0.1% formic acid as eluent; (e)
YMC-Pack ODS-Cis (3.5 pm, 2.1 x 150 mm) with methanol and water containing 0.1% formic acid as eluent.

Selectivity. The selectivity was evaluated by comparing
chromatograms of blank and spiked tumor homogenate
samples. The retention times of (25R)-antcin H,
(258)-antcin H and the IS were 18.76, 19.62 and 4.95 min,
respectively (Figure 4), and no apparent interference was
observed in the matrix. Both (25R)-antcin H and
(255)-antcin H could be detected using the two MRM ion
pair transitions “485.33—441.30” and “485.33—413.28,
and the two peaks were well resolved. Hence, selectivity
of the method was sufficient for quantitative analysis of
(25R/S)-antcin H.

Calibration and limit of detection. The calibration
curves were constructed by plotting the ratio of mean
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peak areas of the samples to the IS against the
concentration of each compound, and covered wide
dynamic ranges (6.0-0.0096 pg/mL for (25R)-antcin H
and 3.0-0.0048 pg/mL for (255)-antcin H), as shown in
Table 3. Both of the two calibration curves exhibited
good linearity with correlation coefficients (+°) no less
than 0.99. The limit of detection (LOD) was determined
by injecting a series of standard solutions until the
signal-to-noise ratios (S/N) were 3:1 and 10:1,
respectively. As a result, the LODs for (25R)-antcin H
and (25S)-antcin H were 0.0032 and 0.0048 pg/mL,
respectively.
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Figure 4 Representative MRM chromatograms of (25R)-antcin H, (255)-antcin H, and ganoderic acid B (IS).
(A) Blank tumor homogenate; (B) Blank tumor homogenate spiked with ganoderic acid B; (C) Blank tumor
homogenate spiked with (25R)-antcin H and (25S5)-antcin H; (D) Tumor homogenate samples obtained at 1 h

after oral administration of ACFE.

Table 3 Calibration curves for quantitative analysis of (25R/S)-antcin H.

Analyte Calibration curves Dynamic range (pg/mL) r?
(25R)-antcin H y=10.000583+0.0772x 0.096-6.0 0.9973
(25S)-antcin H y=0.000401+0.0774x 0.0048-3.0 0.9996

v, the peak area ratio of the analyte to IS; x, the concentration of analytes in tumor homogenate samples.

Precision and accuracy. Intra- and interday precisions

were determined by analyzing three

different

concentrations of QC samples (five replicates for intraday
precision and three replicates for interday precision) for

six times in the same day and three consecutive

days,

respectively. They were evaluated by relative standard
deviations (RSD), which were less than 4.61% and 4.93%,
respectively (Table 4). Intra- and inter-day accuracies

were calculated as relative error (RE), and RE%

(measured concentration-nominal concentration)/nominal

concentration X

100. As a result,

the calculated

accuracy values for intra- and inter-day accuracies were
-12.96-12.71% and -8.48-8.25%, respectively. The above
results demonstrated that the method had acceptable
accuracy and precision, and met the FDA requirements
for bioanalytical method validation.

Table 4 Accuracy, precision, matrix effect, and recovery of the LC-MS/MS method

Interday (n = 3)

Intraday (n =5)

Matrix Recovery
Analyte Concentration ~ Precision  Accuracy — Precision — Accuracy  effect (%) (%)
(ng/mL) (RSD,%) (RE,%) (RSD,%) (RE, %)
(25R)- antcin H 4.00 4.61 2.30 1.20 2.65 101.63 92.33
0.40 3.95 8.25 0.80 12.71 99.45 101.41
0.02 4.16 -8.48 2.91 -8.02 104.93 99.46
(255)- antcin H 2.00 4.92 0.50 0.52 1.45 101.69 93.15
0.20 4.93 0.73 1.09 6.12 100.66 100.98
0.01 1.95 -8.23 4.61 -12.96 95.47 96.29
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Recovery and matrix effect. The QC samples (HQC,
MQC and LQC), as well as the blank tumor homogenate
sample spiked QC solutions, were compared to determine
the extraction recovery, which was calculated by the
formula: recovery (%) = concentration
found/concentration spiked x 100%. As a result, the
extraction recoveries for (25R/S)-antcin H were between
92.33% and 101.41% (n = 5). The matrix effect was
determined by comparing the signals produced by the
same QC concentration in methanol and in blank tumor
homogenate. The matrices were pretreated following the
routine method, and were reconstituted with the same QC
solution. As shown in Table 4, the obtained matrix effect
ranged from 95.47% to 104.93% (n = 3), indicating that
matrix effects were not significant for (25R/S)-antcin H.

Stability. The stability test was conducted using HQC
and LQC samples after 2 h storage at room temperature
for short-term stability, and after 7 days storage at -20 °C
for long-term stability. As shown in Table S5,
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(25R/S)-antcin H were proved stable during analysis, with
RSD below 5.00% for short-term stability and below
1.27% for long-term stability.

Quantitative analysis for (25R/S)-antcin H in tumor
tissues by LC-MS/MS

Using the validated LC-MS/MS method, the contents of
(25R)-antcin H and (25S)-antcin H in ACE were firstly
determined, and their contents were 3.04% (w/w) and
3.86% (w/w), respectively, with a ratio (rris) of 0.78. The
tumor homogenate samples collected at 1 h and 4 h after
drug administration were also analyzed by the
LC-MS/MS method, and the results are shown in Table 6.
For mice in the 1 h group, the average concentrations of
(25R)-antcin H and (255)-antcin H in tumors were 2.03
and 0.66 pg/g tumor tissues, respectively, with a ratio
(7rss) of 3.19. For mice in the 4 h group, the contents were
2.04 and 0.59 pg/g tumor tissues with a ratio (rzs) of 3.33.

Table S The stability of (25R/S)-antcin H

Analyte Concentration (ug/mL)  Short-term stability (RSD, %)  Long-term stability (RSD, %)
(25R)-ant 4.00 1.34 1.19
cin H 0.02 5.00 0.97
(25S)-antc 2.00 0.07 1.27
in H 0.01 1.42 0.95
Table 6 The concentrations of (25R/S)-antcin H in mice tumor tissues
oy Al Gt Gl G o, Caen Giomen
1h 1 2.42 0.95 256  4h 1 1.68 0.51 3.27
2 0.55 0.13 4.10 2 1.67 0.63 2.63
3 0.65 0.22 2.97 3 1.40 0.50 2.77
4 2.71 0.67 4.01 4 0.48 0.17 2.81
5 2.18 0.68 3.19 5 3.29 0.86 3.82
6 3.95 1.18 3.34 6 1.36 0.44 3.12
7 1.95 0.77 2.52 7 2.96 0.81 3.64
8 1.80 0.64 2.81 8 3.48 0.76 4.57
Average 2.03 0.66 3.19 Average 2.04 0.59 3.33
RSD 54% 53% 19% RSD 53% 39% 20%
Discussion After oral administration of ACE, a total of 33

In our previous report, we investigated the metabolites
and pharmacokinetics of AC in healthy Sprague-Dawley
rats, and found that ergostane and lanostane triterpenoids
were the major plasma-exposed compounds [22]. The
present study aims to further clarify the components
which could enter tumor tissues after oral administration
of AC in Sarcoma-180 tumor-bearing mice, as well as
their concentrations in tumors.

Submit a manuscript: http://www.tmrmhm.com

compounds were detected in tumor homogenate samples
using UHPLC-orbitrap/MS analysis, including 28
prototypes and 5 metabolites (Table 2 and Figure 2).
Three of the five metabolites (M1-M3) were tentatively
identified as the isomers of antcin K, and the other two
ones (M4-MS5) were identified as hydroxylated products
of dehydrosulphurenic acid and sulphurenic acid,
respectively. In addition, majority of the triterpenoids had
low concentrations in tumor tissues except for
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(25R/S)-antcin H. Interestingly, (25R/S)-antcin K (E1/2),
(25R/S)-antcin H (E16/17) and (25R/S)-antcin B (E21/22)
were the six most abundant compounds in ACE, but only
(25R/S)-antcin H had high concentrations in tumor tissues,
even 4 h after drug administration. Considering the potent
cytotoxicities of (25R/S)-antcin H [28-30], we deduce
these two compounds may contribute remarkably to the
anticancer activities of AC.

To determine the concentrations of (25R/S)-antcin H in
tumor tissues, an LC-MS/MS method was developed and
fully validated. Selectivity, precision, accuracy, extraction
recovery, matrix effect, and stability of the method met
FDA requirements. The tumor homogenate samples
collected at 1 h and 4 h after oral administration of ACE
were analyzed. As shown in Table 6, the concentrations of
(25R)-antcin H and (25S5)-antcin H in the tumor tissues
were 0.55-3.95 and 0.13-1.18 pg/g for the 1 h group, and
0.48-3.29 and 0.17-0.86 pg/g for the 4 h group,
respectively. The elimination of the two compounds was
slow in tumors, since no significant differences were
observed between 1 h and 4 h groups. In addition, the
concentrations of (25R)-antcin H in tumors was much
higher than (255)-antcin H for both 1 h and 4 h groups
with an average ratios (rrss) of 3.19 and 3.33, respectively
(P <0.01). Considering that the content of (25R)-antcin H
was lower than that of (25S)-antcin H (rzs, 0.78) in ACE,
we deduce that (25R)-antcin H had higher tumor affinity
than (255)-antcin H. The underlying mechanisms leading
to the different tumor affinity need to be further
investigated.

Conclusion

In this study, the metabolites of AC were profiled in
tumor tissues of Sarcoma-180 tumor-bearing mice by
UHPLC-orbitrap/MS analysis. A total of 28 prototypes of
triterpenoids and 5 metabolites were detected after oral
administration of ACE. Among them, (25R/S)-antcin H
were the two most abundant compounds in tumor tissues,
and their concentrations were determined by LC-MS/MS.
The concentration of (25R)-antcin H was remarkably
higher than (25S)-antcin H in the tumor tissues. These
compounds may contribute to the anticancer activities of
AC.

References

1. Yang HL, Lin KY, Juan YC, et al. The anti-cancer
activity of Antrodia camphorata against human
ovarian carcinoma (SKOV-3) cells via modulation of
HER-2/neu signaling pathway. J Ethnopharmacol
2013, 148(1): 254-265.

2. Song TY, Hsu SL, Yeh CT, et al. Mycelia from
Antrodia camphorata in submerged culture induce
apoptosis of human hepatoma HepG2 cells possibly
through regulation of Fas pathway. J Agr Food Chem
2005, 53(14): 5559-5564.

3. Lee CI, Wu CC, Hsieh SL, et al. Anticancer effects
on human pancreatic cancer cells of triterpenoids,
polysaccharides and 1,3-B-D-glucan derived from the

' Submit a manuscript: http://www.tmrmhm.com

TMR Modern Herbal Medicine

10.

11.

12.

13.

14.

15.

16.

2018 April; 1(2):40-50

fruiting body of Antrodia camphorata. Food Funct
2014, 5(12): 3224-3232.

Huang SJ, Mau JL. Antioxidant properties of
methanolic extracts from Antrodia camphorata with
various doses of gamma-irradiation. Food Chem
2007, 105(4): 1702-1710.

Shen YC, Chou CJ, Wang YH, et al
Anti-inflammatory activity of the extracts from
mycelia of Antrodia camphorata cultured with
water-soluble  fractions from five different
cinnamomum species. FEMS Microbiol Lett 2004,
231(1): 137-143.

Song TY, Yen GC. Protective effects of fermented
filtrate from Antrodia camphorata in submerged
culture against CCls-induced hepatic toxicity in rats.
J Agr Food Chem 2003, 51(6): 1571-1577.

Hseu YC, Chen SC, Yech YJ, et al. Antioxidant
activity of Antrodia camphorata on free
radical-induced  endothelial ~ cell damage. J
Ethnopharmacol 2008, 118(2): 237-245.

Li ZW, Kuang Y, Tang SN, et al. Hepatoprotective
activities of Antrodia camphorata and its triterpenoid
compounds against CCls-induced liver injury in mice.
J Ethnopharmacol 2017, 206: 31-309.

Chen YY, Chou PY, Chien YC, et al. Ethanol
extracts of fruiting bodies of Antrodia cinnamomea
exhibit  anti-migration action in human
adenocarcinoma CL1-0 cells through the MAPK and
PI3K/AKT signaling pathways. Phytomedicine 2012,
19(2012): 768-778.

Formosa Cancer Foundation. Investigation of
Nutritional Cognition for Cancer Patients. Internet at
http://www.canceraway.org.tw/uploads/200509.pdf.
Chiou JF, Wu AT, Wang WT, et al. A preclinical
evaluation of Antrodia camphorata alcohol extracts
in the treatment of non-small cell lung cancer using
non-invasive molecular imaging. Evid Based
Complement Alternat Med 2011, 2011: ID 914561.
Shang KM, Su TH, Lee WL, et al. Novel effect and
the mechanistic insights of fruiting body extract of
medicinal fungus Antrodia cinnamomea against
TA7D breast cancer. Phytomedicine 2017, 24: 39-48.
Hseu YC, Yang HL, Lai YC, et al. Induction of
apoptosis by Antrodia camphorata in human
premyelocytic leukemia HL-60 cells. Nutr Cancer
2004, 48(2): 189-197.

Yang HL, Chen CS, Chang WH, et al. Growth
inhibition and induction of apoptosis in MCF-7
breast cancer cells by Antrodia camphorata. Cancer
Lett 2006, 231(2): 215-227.

Hseu YC, Chen SC, Tsai PC, et al. Inhibition of
cyclooxygenase-2 and induction of apoptosis in
estrogen-nonresponsive  breast cancer cells by
Antrodia camphorata. Food Chem Toxicol 2007,
45(7): 1107-1115.

Peng CC, Chen KC, Peng RY, et al. Human urinary
bladder cancer T24 cells are susceptible to the
Antrodia camphorata extracts. Cancer Lett 2006,
243(1): 109-119.

TMR Mod Herb Med | April 2018 vol. 1 |no.2 49



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Peng CC, Chen KC, Peng RY, et al. Antrodia
camphorata extract induces replicative senescence in
superficial TCC, and inhibits the absolute migration
capability in invasive bladder carcinoma cells. J
Ethnopharmacol 2007, 109(1): 93-103.

Yu CC, Chiang PC, Lu PH, et al. Antroquinonol, a
natural ubiquinone derivative, induces a cross talk
between apoptosis, autophagy and senescence in
human pancreatic carcinoma cells. J Nutr Biochem
2012, 23(8): 900-907.

Yeh CT, Rao YK, Yao CJ, et al. Cytotoxic
triterpenes from Antrodia camphorata and their mode
of action in HT-29 human colon cancer cells. Cancer
Lett 2009, 285(1): 73-79.

Deng JY, Chen SJ, Jow GM, et al. Dehydroeburicoic
acid induces calcium- and calpain-dependent necrosis
in human U87MG glioblastomas. Chem Res Toxicol
2009, 22(11): 1817-1826.

Lai KH, Du YC, Lu MC, et al. Dehydroeburicoic
acid, an antileukemic triterpene from the fruiting
bodies of dish-cultured Antrodia Cinnamomea.
Planta Med 2012, 78(11): 1084-1090.

Qiao X, Wang Q, Ji S, et al. Metabolites
identification and multi-component pharmacokinetics
of ergostane and lanostane triterpenoids in the
anticancer mushroom Antrodia cinnamomea. J Pharm
Biomed Anal 2015, 111: 266-276.

Xu W, Shan L, Liu X, et al. Determination of two
C21 steroidal glycosides of Baishouwu and their
metabolites in mice plasma and tumor homogenate

by liquid chromatography-tandem mass spectrometry.

J Chromatogr B 2008, 876(2): 203-210.

Qiao X, Song W, Wang Q, et al. Comprehensive
chemical analysis ~ of  triterpenoids  and
polysaccharides in the medicinal mushroom Antrodia
cinnamomea. RSC Adv 2015, 5(58): 47040-47052.
Huang VY, Lin X, Qiao X, et al. Antcamphins A-L,
ergostanoids from Antrodia camphorata, J Nat Prod
2014, 77 (1): 118-124.

Bakota EL, Winkler-Moser JK, Berhow MA, et al.
Antioxidant activity and sensory evaluation of a
rosmarinic acid-enriched extract of Salvia officinalis.
J Food Sci 2015, 80(4): C711-C717.

US Department of Health and Human Services, Food
and Drug Administration. Guidance for Industry,
Bioanalytical Method Validation. Internet at
www.fda.gov/cder/guidance/index.htm.

Huo Y, Win S, Than TA, et al. Antcin H protects
against acute liver injury through disruption of the
interaction of  c-Jun-N-terminal kinase  with
mitochondria. Antioxid Redox Sign 2017, 26(5):
207-220.

Shen YC, Wang YH, Chou YC, et al. Evaluation of
the anti-inflammatory activity of zhankuic acids
isolated from the fruiting bodies of Antrodia
camphorata. Planta Med 2004, 70(4): 310-314.
Geethangili M, Tzeng YM. Review of
pharmacological effects of Antrodia camphorata and
its bioactive compounds. Evid Based Complement
Alternat Med 2011, 624375.

/' Submit a manuscript: http://www.tmrmhm.com

TMR Modern Herbal Medicine 2018 April; 1(2):40-50

TMR Mod Herb Med | April 2018| vol. 1 | no. 2

50



