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Chapter 1  

Introduction

Hundreds of triterpenoid molecules have been identified 

in Ganoderma, many of which have important biochemical 

functions. Here, we classified and coded triterpenoid molecules 

according to their structures. In our book "Ganoderma Triterpenoid 

Kaleidoscope ", we compiled information on nearly 300 

triterpenoid molecules. This book will help unveil the mysteries 

of Ganoderma and explore the relationships between molecular 

structures and functions. We hope this book will assist in the 

development of new drugs.

　　

1.1  Confirmed medical and health benefits of Ganoderma 

In various Asian countries, the fruiting bodies of some 

Ganoderma  spp. have been used as remedies in traditional folk 

medicine for centuries. Ganoderma belongs to kingdom of Fungi,  

Basidiomycota, Agaricomycetes, Polyporales, Ganodermataceae, 

and genus of Ganoderma. It has attracted considerable research 

interest, and nearly 400 species have been documented in the 

database Index Fungorum (http://www.speciesfungorum.org). 

Several species of Ganoderma are edible and documented as top-

grade traditional Chinese medicine (TCM). Ganoderma is known 

by different names in different countries. They are called Lingzhi 

in China, Reishi in Japan, and Youngzhi in Korea. Shen Nong Ben 

Cao Jing is the first TCM encyclopedia edited more than 2000 

years ago; in that compendium, Lingzhi is ranked as a superior 

herb that maintains vitality, promotes longevity, and is safe for 

longtime daily intake.

 Because Ganoderma has great medicinal value, modern 

societies have vigorously developed Ganoderma cultivation 

technologies and have sought to identify the bioactive 

constituents of Ganoderma since the 1970s. Nowadays, the 

fruiting bodies of Ganoderma can be cultivated on farms, 

obviating the need to collect them from forests where they 

parasitically grow on trees. Alternatively, the fungi are cultivated 

by liquid fermentation in factories to produce mycelia. The 

development of these culture technologies has provided 

sufficient raw materials to promote the continuous isolation and 

identification of active ingredients, further establishing the status 

of Ganoderma in medicine and health care. 

The industry has used Ganoderma fruiting bodies, mycelia, 

and spores as raw materials to stably produce products 

with exact health care functions or specific biochemical or 

physiological activities. Bioactive constituents of Ganoderma, 

including polysaccharides, glycoproteins, and small-molecule 

compounds, account for its physiological efficacy. Thousands 

of Ganoderma research papers have been published, and various 

Ganoderma preparations have become globally recognized as 
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effective TCM-remedies. American Herbal Pharmacopoeia and 

Therapeutic Compendium also published a monograph addressing 

the issues of analysis, quality control, and therapeutic effects of 

Ganoderma (http://www.herbal-ahp.org/). 

     The intriguing health functions of Ganoderma have attracted 

research attention from scientists from all over the world. 

Ganoderma polysaccharides (mainly β-1,3 and β-1,6-D-

glucan) are the first active ingredients that were discovered 

and confirmed. The role of Ganoderma polysaccharides as 

immune modulators has been widely recognized for a long 

time. However, since 1980, many small-molecule active 

ingredients have been purified and identified. So far, more than 

500 hundred small-molecule compounds have been identified 

from different Ganoderma varieties; these compounds include 

triterpenoids, steroids, derivatized hydroquinones, meroterpenoids, 

sesquiterpenoids, alkaloids, benzofurans, benzopyran-4-one 

derivatives, and benzenoid derivatives[1]. Among them, triterpenoid 

compounds are the most abundant.

　　

1.2  Biological function of Ganoderma triterpenoids

Since the 1980s, Ganoderma triterpenoids have gradually 

been identified and have become another class of known 

bioactive constituents. Triterpenoids are common secondary 

metabolites in the Plant-kingdom, but triterpenoids sourced 

from different plants have different backbone structures, and not 

all triterpenoids have pharmacological activity. Nevertheless, 

the unique chemical structure of triterpenoids derived from 

Ganoderma exhibits diverse pharmacological activities.     

Unlike polysaccharides (which have large molecular 

weights), triterpenoids are compounds with small molecular 

weights; they affect cellular function by entering cells or exerting 

influence through cell membrane receptors. 

The following bioactivities of triterpenoid have been 

reported in the literature. The rationale and some experiments for 

finding these bioactivities are presented in chapter 8.

* Anticancer activity: including the inhibition of cancer 

promotion, induction of apoptosis in cancer cells, and the 

inhibition of proliferation and invasion of cancers. The 

molecular mechanisms that account for these activities include 

inhibition of the induction of the early antigen of Epstein-

Barr virus (EBV-EA); further, triterpenoid has effects on cellular 

molecules, such as farnesyl protein transferase (FPT), MAP 

kinase ERK, matrix metalloproteinase (MMP) and transcription 

factor NFΚB or AP-1, and so on. Some triterpenoids modulate 



3332

G
anoderm

a Triterpenoid Kaleidoscope

G
anoderm

a Triterpenoid Kaleidoscope

research[2]. Since then, the discovery of novel triterpenoids has 

become the focus of Ganoderma research in recent years, and 

new Ganoderma triterpenoids continue to be identified every 

year. The identification of biological activities is also a focus 

of research. The macromolecules of Ganoderma polysaccharides 

have heavy molecular weights, but triterpenoids with molecular 

weights of only 5 or 6 hundred are considered to be worthy of 

scholarly attention. Many triterpenoids have been identified as 

pharmacologically active and hold great promise for modern 

medicine as small-molecule drugs. However, determining how 

to isolate enough compounds for further research is a common 

problem. 

The basic structure of a Ganoderma triterpenoid comprises a 

highly oxygenated lanostane-type triterpenoid skeleton. Numerous 

studies have reported that triterpenoids are produced from acetyl-

CoA as a starting material to generate five-carbon isopentenyl 

pyrophosphate (IPP) through the mevalonate pathway (also called 

the isoprenoid pathway). Two five-carbon IPP intermediates 

are connected into 10-carbon monoterpenes, three monoterpenes 

are linked to form 30-carbon straight-chain squalene, and then 

a cyclization reaction and post-modification reactions occur 

through the action of specific enzymes, resulting in lanostane-

type Ganoderma triterpenoids with different three-dimensional 

effects of phorbol 12-myristate 13-acetate 〔PMA or TPA 

(12-O-tetradecanoylphorbol-13-acetate) 〕on cancer cells. 

* Anti-inflammation activity: including the inhibition of TPA-

induced inflammation, the inhibition of complement activity, 

and the inhibition of upstream regulators of inflammatory 

processes.

* Antiviral activity: inhibition of human immunodeficiency virus 

type 1 (HIV-1), influenza virus, or herpes simplex virus (HSV) 

infections. 

* Hepatoprotective effects: preventing liver damage by 

alcohol, CCl4 or D-galactosamine (GalN), or the particular 

immunological liver injury induced by Bacillus Calmette–

Guerin (BCG) vaccine. 

* Inhibition of benign prostatic hyperplasia (BPH); production of 

therapeutic effects for prostate cancer. 

* Cardioprotective and antihypertensive effects; glycemic control 

in type II diabetes. 

* Other bioactivities: inhibition of adipocyte differentiation, 

prevention of bone loss, antioxidant effects, antithrombotic 

effects, and antinociceptive effects.

1.3  Total number of Ganoderma triterpenoids

The isolation of ganoderic acids A and B by Kubota 

and Asaka et al., in 1982 was a breakthrough in triterpenoid 

′
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structures and different degrees of oxidation. Most of the 

Ganoderma triterpenoids have a typical 6/6/6/5 tetracyclic 

lanostane-type skeleton, hereinafter referred as the "General 

skeleton" (Figure 1), which is composed of three hexagonal rings 

(A, B, and C rings in order from left to right), a pentagonal ring (D 

ring), and an alkyl side chain. 

How many Ganoderma triterpenoids are known?  Xia et al., 

reviewed the structure elucidation data and biological activity 

of 316 Ganoderma triterpenoids in 2014[3]. Subsequently, Baby 

et al., reviewed the biological activity of 357 Ganoderma 

triterpenoids in 2015[1]; however, it is speculated that the total 

number exceeds 357. Because some molecules are in the set of 

316 but not in the set of 357, and similarly, some are in the set 

of 357 but not in the set of 316. The majority of the research 

information can be found in data banks such as the SciFinder 

Scholar database (https://scifinder.cas.org/, American Chemical 

A B

C D

Figure 1.  General skeleton of Ganoderma triterpenoid

Society) or the Reaxys chemical research database (https://

www.elsevier.com/zh-tw/solutions/reaxys). Currently, in 2020, 

Ganoderma is no longer a mysterious TCM. 


