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Rapid identification of the authenticity of the Cinnamomum

kanehirai wood by using GC-IMS method

Yue-Wen Chen, Yu-Fan Wei, Chiao-Ping Lin
Department of Biotechnology and Animal Science, National I-Lan University, Taiwan

Abstract

Antrodia cinnamomea is a popular functional food with its variety of biological effects,
but its composition and bioactivity are greatly varied according to its cultivated medium.
It is generally considered that the fruiting bodies cultivated in the woods of
Cinnamomum kanehirai, has the best quality of production. Therefore, how to quickly
and correctly identify the source of the woods of C. kanehirai, become an important
issue of the A. cinnamomea industry. GC-IMS is a new technique combining gas
chromatography and ion-mobility-spectrum analysis, which can be used to selectively
analyze the volatile organic compounds gases (VOC) in the upper part of solid or liquid
samples, which has been developed in recent years for the rapid identification of the
use of food and medicines. The technology does not need the complex extracted and
purified process, it usually requires only simple heating, to produce volatile substances
into the instrument for analysis. Commonly used supplies only sample bottles and carry
nitrogen. It not only saves cost, time and energy, but also the reproducibility of the
analysis results is very high. Using GC-IMS technology to quickly identify the source
of C. kanehirai wood, we must first obtain a lot of authentic C. kanehirai wood samples,
and set up standard sampling procedures. Then the sample is analyzed by GC-IMS to
obtain a unique fingerprint. The fingerprints of these C. kanehirai woods are used to
establish their standard fingerprint database by statistical analysis software. When the
practical discriminant application, we can sample the test sample according to the
standard procedure, and obtain the fingerprint by using GC-IMS analysis. Finally, we
can differentiate the sample from the data base by the similarity analysis. At present,
the research team has used GC-IMS technology to identify honey nectar and origin.
Preliminary results also show that GC-IMS can quickly identify the species of the
camphor woods, and even the identification of A. cinnamomea fruiting bodies sub
entities. We believe that the GC-IMS technology has high application value in the
identification of the authenticity of the cattle camphor wood.

Key words: GC-IMS, Cinnamomum kanehirai, Antrodia cinnamomea, authenticity.
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Abstract

Antrodia cinnamomea is a treasured Taiwanese mushroom that has been used by
aboriginal tribes for centuries to treat food intoxication and to enhance liver functions.
It was included in Asian folk medicine in the last few decades with remarkable results
in treating inflammatory disorders, cancers, hypertension and hepatitis. This myriad of
therapeutic activities encouraged several research groups to subject A. cinnamomea to
intensive biological and phytochemical investigation, leading to the isolation of
different classes of pharmacologically active secondary metabolites. The in vitro and in
vivo biological results of the mushroom extracts and its active components revealed
their potent cytotoxic, anti-inflammatory and hepatoprotective activities.

Our group has been studied to the AC extracts and its active constituents from
different available sources (wild, submerged fermentation, solid support culture, cutting
wood culture, and dish culture) and established the characterization and quantification
platform as a quality control standard utilizing HPLC-PDA, UPLC-PDA, gNMR and
HPLC-tandem MS.

Additionally, the toxicology assessment as well as cytotoxic, and anti-inflammatory
activities of AC material and its active constituents were also discussed, to improve the
application of AC industry.
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Chemical analysis technology of Antrodia cinnamomea

products

Ya-Chu Chang?, Ching-Hui Chen?, and Cho-Chun Hu®- 2"
!Department of Applied Science, National Taitung University, Taitung, Taiwan;
2 Agriculture Products Inspection Center, National Taitung University, Taitung, Taiwan

Abstract

In this study, LC-MS/MS was used to analyze the chemical compounds in the
Antrodia cinnamomea. The MS signal of these chemical compounds were investigated
by direct injection method. In the negative MS mode, 12 Triterpenoids compounds
were measured, and 2 compounds including Antrocin and 4-acetyl-antroquinonol
were measured under positive MS mode. Not only the experiment conditions of liquid
chromatography were optimized, but also the pretreatment process was investigated.
The recovery of these compounds after ten different extraction solvents were
compared. Using methanol as extraction solvent, the recovery of these compounds
were satisfied and the pretreatment process were easy and safe. Our method could be
used in different type of real sample including the capsule, dish culture sample, solid
culture sample, mycelium, fruit body and even the essential oil.

Keywords: Antrodia cinnamomea, LC-MS/MS, Triterpenoids
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Comparisons of components of Antrodia cinnamomea

cultured on different substrates

Tun-Tschu Chang'®, Cheng-Jen Chou?
Taiwan Forest Research Institute, Taipei, Taiwan
2National Research Institute of Chinese Medicine (Retired)
“corresponding author: ttchang@ tfri.gov.tw

Abstract

Due to limited quantity and probably legal problem involved for collecting basidiomes
of Antrodia cinnamomea from wilds, most materials of A. cinnamomea for merchandise
come from artificial cultivations. Based on the morphology of original materials, they
can be divided into mycelial and basidiomatal materials. The basidiomatal materials
can be produced by growing A. cinnamomea on woods of Cimamomum kanehirai,
woods of other tree species and petri dishes containing nutritious agar media. The liquid
and solid cultivations are usually used for production of mycelial materials of A.
cinnamomea. The HPLC analysis of ethanol/methanol extracts can be used for the
quality evaluation by using the 8 indicating compounds which include 5 basidiomatal
specific compounds (Antcins A, B, C, H and K) and 3 mycelial and basidiomatal
common compounds (dehydrosulphurinic acid, dehydroeburicoic acid and 4,7-
dimethoxy-5-methy1,3- benzodioxole). Regardless of the cultural substrates, the 8
indicating compounds are all detectable as long basidiomatal materials are analyzed.
However, there are quite diverse present of the indicating compounds for the mycelial
materials. In general, the 5 basidiomatal specific compounds are not detectable and the
3 common compounds are none, partial or all detectable for the mycelial materials.
Some compounds not found in natural materials of A. cinnamomea are present in some
mycelial materials from the artificial culture. The conclusions are as follows: 1. The 5
basidiomatal specific compounds (ergostanes) are detectable in ethanol/ methanol
extracts of basidomes from the different growing substrates. These results indicate that
the production of ergostanes is related to basidiomatal formation of A. cinnamomea.
Due to these 8 indicating compounds stably present in the basidiomes from the different
cultivation methods, they and the ethanol/methanol extracts of the basidiomes can be
used for quality control of materials and products, as well as key parameters of standard
erection. 2. There are quite diverse present of the indicating compounds for the mycelial
materials when they are grown on different substrates and different conditions of
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cultivations. These results indicate that cultural substrates and conditions may influence
the biosynthesis pathways at the stage of mycelial growth. In some cultural conditions,
the mycelia even produce certain compounds that have not been found from natural
materials of A. cinnamomea.
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Abstract

Antrodia cinnamomea £ # 7. (Syn. Antrodia camphorata and Taiwanofungus
camphorata) is a precious edible fungus endemic to Taiwan that has long been used as
a folk remedy for treating various diseases including liver diseases, hypertension,
abdominal pain, and cancer. To investigate the antiinflammation activity of A.
cinnampmea, a lipopolysaccaride (LPS)-challenged ICR mouse acute inflammation
model and a LPS-induced macrophage model were used. Ethanol extract of A.
cinnampmea significantly inhibited expression of INOS and COX-2 in the liver of LPS-
challenged acute inflammatory mice. The ethyl acetate fraction and its isolated
compound, antrocamphin A, significantly suppressed nitrite/nitrate concentration in
LPS-challenged RAW 264.7 cells. Antrocamphin A showed potent anti-inflammatory
activity by suppressing pro-inflammatory molecule release via the down-regulation of
INOS and COX-2 expression through the NF-kB pathway. This study, therefore, first
demonstrates the bioactive compound of A. cinnampmea and illustrates the mechanism
by which it confers its anti- inflammatory activity. Besides the antiinflammation
activity study, the hepatoprotective efficacy of antroquinonol and ethanolic extracts of
mycelia of A. cinnamomea (EMAC) in vitro and in vivo by us. Based on the results
obtained in our study, antroquinonol pretreatment significantly inhibited ethanol-
induced AST, ALT, ROS, NO, MDA production and GSH depletion in HepG2 cells.
Western blot and RT-PCR analysis showed that antroquinonol enhanced Nrf-2
activation and its downstream antioxidant gene HO-1 via MAPK pathway. This
mechanism was then confirmed in vivo in an acute ethanol intoxicated mouse model:
serum ALT and AST production, hepatocellular lipid peroxidation and GSH depletion
was prevented by EMAC in a dose-dependent manner. EMAC significantly enhanced
HO-1 and Nrf-2 activation via MAPKS consistent with in vitro studies. Ethanol-induced

20



mailto:taiwanfir@dragon.nchu.edu.tw

hepatic swelling and hydropic degeneration of hepatocytes was significantly inhibited
by EMAC in a dose-dependent manner. These results provide a scientific basis for the
hepatoprotective effects of A. cinnamomea. Data also imply that antroquinonol, a potent
bioactive compound may be responsible for the hepatoprotective activity of A.
cinnamomea. This study highly supported our traditional knowledge that A.
cinnamomea as a potential candidate for the treatment of alcoholic liver diseases
(Senthil Kumar et al., 2011). Antcin C is a steroid-like compound isolated from A.
cinnamaomea fruiting body. We approved the cytoprotective effects of antcin C against
AAPH-induced oxidative stress and apoptosis in human hepatic HepG2 cells.
Pretreatment with antcin C significantly protects hepatic cells from AAPH-induced cell
death through the inhibition of ROS generation. Furthermore, AAPH-induced lipid
peroxidation, ALT/AST secretion and GSH depletion was signi cantly inhibited by
antcin C. e antioxidant potential of antcin C was correlated with induction of
antioxidant genes including, HO-1, NQO-1, y-GCLC, and SOD via transcriptional
activation of Nrf2. e Nrf2 activation by antcin C is mediated by JNK1/2 and PI3K
activation, whereas pharmacologic inhibition of JINK1/2 and PI3K abolished antcin C-
induced Nrf2 activity. In addition, AAPH-induced apoptosis was signi cantly inhibited
by antcin C through the down-regulation of pro-apoptotic factors including, Bax,
cytochrome c, capase 9, -4, -12, -3, and PARP. In vivo studies also show that antcin C
significantly protected mice liver from AAPH-induced hepatic injury as evidenced by
reduction in hepatic enzymes in circulation. Further, immunocytochemistry analyses
showed that antcin C signi cantly increased HO-1 and Nrf2 expression in mice liver
tissues. These results strongly suggest that antcin C could protect liver cells from
On the other hand, an index of 13 representative metabolites from the ethanol extract
of A. cinnamomea fruiting body was established for use in quality evaluation. Most of
the index compounds selected, particularly the ergostane-type triterpenoids and
polyacetylenes, possess good antiinflammation activity. A comparison of the metabolite
profiles of different ethanol extracts from A. cinnamomea strains showed similar
metabolites when the strains were grown on the original host wood (Cinnamomum
kanehirai) and harvested after the same culture time period (9 months). Furthermore,
the amounts of typical ergostane-type triterpenoids in A. cinnamomea increased with
culture age. Culture substrates also influenced metabolite synthesis; with the same
culture age, A. cinnamomea grown on the original host wood produced a richer array
of metabolites than A. cinnamomea cultured on other wood species. We conclude that
analysis of a fixed group of compounds including triterpenoids, benzolics, and
polyacetylenes constitutes a suitable, reliable system to evaluate the quality of ethanol
extract from A. cinnamomea fruiting bodies. The evaluation system established in this
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study may provide a platform for analysis of the products of A. cinnamomea (Lin et al.,
2011). Besides fruiting bodies, we selected an A. cinnamomea mycelium health food
product, which was produced by solid-state culture and certificate by Taiwan’s
Department of Health as “National Health Food”, as the target for investigation. 14
representative metabolites of A. cinnamomea mycelium (EMAC) were selected as
index compounds to establish the metabolite profile for evaluation of EMAC product
quality. It was also demonstrated that EMAC administration significantly reduced liver
inflammation and serum oxidative stress in vivo. 4-Acetylantroguinonol B obtained by
a bioactivity-guided fractionation from EMAC was able to not only inhibit LPS-
induced nitric oxide formation in macrophages but also protect against ethanol-induced
oxidative stress in liver cells. The results suggest this A. cinnamomea product might be
a potent antioxidative and anti-inflammatory supplement for chemoprevention (Wang
et al., 2013). Recently, we found that Antrodin C (ADC), a maleimide derivative
isolated from A. cinnamomea health food product inhibits TGF-B1-induced Epithelial-
to-mesenchymal transition (EMT) and breast cancer cell metastasis in vitro. Our data
suggested that ADC attenuates the TGF-B1-induced EMT, migration and invasion of
human breast carcinoma through the suppression of Smad2/3 and B-catenin signaling
pathways (Senthil Kumar et al., 2015). The similar activity was also approved for 2,3,5-
trimethoxy-4-cresol (TMC), which was isolated from solid-state cultured mycelium of
A. cinnamomea (strain no. LEACS-002). We demonstrated that TMC effectively
suppresses movement, migration and invasion of lung cancer cells, and achieves an
anti-cancer metastasis effect (Lin et al., 2015).
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A study on Analysis of Four Types of Antrodia Cinnamomea
Cultivating Ingredients and Discussion on Product

Classification

Antrodia Cinnamomea Association of Taiwan National Treasure
Executive Director Sheng-Hui Yeh

Abstract

Taiwan endemic species- Antrodia Cinnamomea, its efficacy is widely
recognized by the public for many years. Due to the complex composition, using HPLC
to analyze its contents and ingredients is common in the industry. For the sake of the
products’stability and accuracy, Doing the qualitative and quantitative analysis on the
indicative ingredient of Antrodia Cinnamomea is suggested.

Nowadays, there are many various commercial products in the market, and the
biological technologies are progressing rapidly. The cultivation methods are becoming
more and more diversified. Linden wood mycelia cultivation, petri dish cultivation,
solid state cultivation, and liquid state cultivation are four main methods for producing
the raw material. Extraction drops, dripping pills, and capsules are different forms of
commercial product packaging. As a result, it’s difficult for consumers to choose the
complicated products. Only through the instrumental analysis and the data presented
can make the instruction of raw materials and ingredients clear. In this way, the
consumers will have more reference materials.
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