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Preface 
 

This review covers only Ginseng, one beneficial plant, that has had revolutionary effects and 

becomes indispensable for human society. The review might be interesting for a wide 

audience of professional scientists, researchers and scholars, who are involved in the 

chemistry of natural products and to anyone with a fascination with the world of molecules, 

biochemistry or medicine, because in the 21
st
 century chemists will have to join the forces 

with scientists in other fields and engineers to broaden their education spectrum. This review 

is destinated to excite and motivate life scientists from all over the word to explore the 

possibilities of natural product chemistry with its wondrous applications. There is so much to 

be discovered and invented by each new generation of chemists, biochemists, 

pharmaceuticals, etc…  

It is also a tribute to the many scientists who were involved in the study of Ginseng and have 

elaborated the routes of the total synthesis of its bioactive compounds and only thanks to their 

endeavour the high medicinal potency of Ginseng used for thousands of years as a powerful 

“all cure” remedy in Asian countries could be confirmed, what enabled the society also in 

Europe to use it as an efficient remedy in fight against cancer, radiation sickness, diabetes 

mellitus,  etc…  

This review covers all areas concerning scientific investigation of Ginseng as a natural 

medicine, beginning with the isolation and structure elucidation of chemical constituents of 

Ginseng on the basis of modern analytical technique (Chapter 2) as well as the routes of total 

synthesis and biocatalysis technologies of the most valuable bioactive compounds (Chapter 

6). Attention is also paid to finding a relationship between the chemical composition of the 

bioactive substances present in beneficial herbs and their geographical location what means 

not only the climatic conditions, but first of all the geochemical surroundings in the growing 

areas (Chapter 2.3; 4 and 5.10.2). When studying Ginseng processing and storage, it was 

discovered that the content and composition of the most valuable bioactive components in 

dried Ginseng roots, leaves, flowers, etc… also varies depending on Ginseng preparation and 

storage conditions (Chapter 3 and 5.1). The recent results of Ginseng field cultivation study 

are mentioned in Chapter 5.3 

The focus of chemical research has also been moving from chemical structure to biochemical 

action what is becoming now more important. That is why in Chapter 7, there are discussed 

the physiological activity of Ginseng bioactive compounds and the mechanisms of adaptation 

and stimulation triggered in different tissues and fluids after Ginseng uptake in dependence 

on diet variation and physiological state of patients. 

The author hope that this multilateral perspective of the disciplines of Ginseng will allow the 

reader to better understand all the difficulty of the processes occurring in the plant kingdom 

and in the living organisms and will motivate young scientists to plunge into ever-expanding 

field of natural product chemistry to overcome new hurdles. 
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Ginseng as Panacea: its Chemical Composition and Physiological Influence 

 

Abstract: This paper reviews the identification and elucidation of the most valuable 

bioactive compounds present in Panax plants by using modern high-precision analytical 

techniques as well as methods of their chemical and enzymatic synthesis. It is also an 

attempt to chronologically systematize the data accumulated over the past decades and to 

evaluate the physiological influence and medicinal potency of Ginseng on the basis of 

intensive scientific investigations carried out in this area to gain a better understanding of the 

mechanisms underlying the adaptation and stimulation triggered in different tissues and 

body fluids after Ginseng uptake, which are further influenced by diet variation as well as 

the physical condition of the patient. Indeed, the physiological active compounds of Ginseng 

exhibit a “bilateral effect”, what means that their physiological activity in different tissues 

and organs of the body can be the opposite. This is because a wide range of different 

bioactive compounds is present in the crude drug extract that can trigger different responses 

by initiating different biochemical cascades, which in turn, depend on the health condition of 

the patient. 

 

Keywords: Panax Ginseng and its variety: structure elucidation, total synthesis, 

Physiological properties of ginsenosides studied on rats, their absorption, distribution, 

excretion, decomposition and metabolism. 
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1. History of Panax Ginseng 

 

Time out of mind people day and night became ill and died from different diseases and only 

medicative herbs helped to confront these misfortunes and as a result human being began to 

accumulate medical knowledge concerning herbs. Of great importance in Ancient Chinese 

medicine, one of the oldest Herbals, was also the creation of internal harmony when spirit 

and soul are united with the body. Ginseng was highly appreciated in Asian countries and 

referred to as „an effective drug to calm mental condition, stabilize spirit, stimulate mind, 

extend memory and make sight clear removing the ill-feeling“ in both „Huang-di nei ching" 

(Huangdi's Canon of Medicine written by Huang Di lived in 2697-2595 B.C.) that combined 

the medical knowledge passed on from the previous generations with the latest theoretical 

ideas and in the oldest Chinese Materia Medica „Pen Ts`ao-Kang mu“ („Encyclopedia of 

roots and plants“, where there are descriptions of all the known plants with their healing 

effects) written by an unknown author in the first century and revised by Tao-Hung-Ching 

(452-536).  

Since the publication of Huang-di Neijing (Huang-di nei 

ching), what consequently established a unique 

theoretical system for TCM and laid a solid foundation 

for the theoretical and clinical development of TCM, the 

preventive medicine has attached a great importance as 

a part of TCM known as “treating the undiseased”. 

Doctors of many generations have made great efforts to 

further enrich and improve the theory of TCM, thus 

promoting the development of medical system in China. 

In the Han Dynasty, Zhang Zhongjing wrote Shang Han 

Za Bing Lun ( Treatise Exogenous Febrile Disease and 

Miscellaneous Diseases), the first monograph on 

clinical medicine that was based on Huangdi Neijing and Nan Jing (canon of difficult tissues) 

as well as on his own clinical practice and thus contributed greatly to the formation and 

development of syndrome differentiation and treatment in clinical medicine. It is still widely 

used in China and abroad and Zhang himself was worshiped as the "sage of medicine" by the 

later generations. During the Jin, Sui and Tang Dynasties clinical practice of TCM could be 

extensive expanded and deepened and the theory itself began to be regarded as a perfect 

medical doctrine. In the Jin Dynasty, Wang Shuhe wrote Maijing ( Canon of Pulse), the first 
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monograph on the TCM diagnosis in China. During the Sui Dynasty, Chao Yuanfang 

compiled the first monograph on the pathogenesis and symptomatology. In the Tang Dynasty, 

Wang Tao wrote Waitai Miyao (Medical Secrets of an Official) and Sun Simiao - Beiji 

Qianjin Yaofang (Valuable Prescriptions for Emergency) which thoroughly summarized the 

theoretical study and clinical practice before Tang Dynasty. In the period from the Song to 

Jin and Yuan Dynasties, there have been widely used various doctrines of medicine inducing 

the development of TCM from different viewpoints. In the Ming and Qing Dynasties there 

was a new branch of seasonal febrile disease in TCM that has been regarded as “a special 

pathogenic factor in the nature”. Thus was born the new explanation of pestilence.  

Similarly arose the concept of anatomy based on medical practice wherein certain 

physiological functions were disproved to be later analyzed in light of pathological 

phenomena and finally curative effects obtained have been accumulated to better understand 

the physiological changes taking place in the course of different diseases. Such a deep 

understanding of the physiology of human body laid a defined foundation for the theory of 

visceral manifestation characterized by the concept of organic holism according to an idea 

that "viscera inside the body must manifest themselves externally" by balancing 

physiological functions of the five “zang-organs” (heart, lung, spleen, kidney, liver) closely 

related to the brain physiological functions like spirit, consciousness and thinking. As we can 

see, this interconnection between the physical balance of the body and the brain physiological 

functions was taken as the basis for maintaining suitable constant of internal environment of 

human body in TCM.  

That is why TCM succeeded to develop during hundreds even thousands of years such a 

unique doctrine of physiology and pathology firstly elaborated in trials and then confirmed on 

the basis of practical and effective records and prescriptions carried out by numerous 

generations of doctors. Not only did TCM include such disease treatment as drug therapy but 

it also included certain external applications like hot ironing as well as unique acupuncture 

and moxibustion, cupping, massage, qigong, etc..  

As mentioned above, TCM has paid great attention to herbal drugs in treating various 

diseases and Panax Ginseng C.A.MEYER (Araliaceae) was one of the most important and 

famous natural drugs used to cure exhaustion syndrome because it powerfully reinforced 

original qi and toned up zang-organ qi, promoting regeneration of body fluids, nourishing 

blood, inducing mind tranquilization and improving intelligence. Ginseng has been 

prescribed since the Former Han era (the 2
nd

 – 3
rd

 century B.C.) and the first mention of it 

dates back to the three-thousand-year-old Chinese prescriptions.  
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With the development of conformational analysis and modern medicine the deep knowledge 

of TCM concerning herbal medicine was called into question. Later, when the high-

precisions analytical methods have been elaborated, scientists began to examine herbs, herbal 

prescriptions and their physiological influence on the body. At first they focused their studies 

on the isolation of bioactive substances from herbs and have established that almost all 

bioactive substances (the most powerful) have already been mentioned in the antique 

“materia medica”. Since that time began an intensive scientific study on ancient 

documentation in addition to chemical analysis, what allowed to unify modern medicine with 

the traditional healing methods used in TCM. As a result many countries have started their 

state programs for the cultivation of medicinal herbs and besides the greatest demand have 

had Ginseng. 

Ginseng root system looks like a human body and that is why it is called in China „jen shen“ 

in the meaning „a human plant“ and employed „as a drug of excellence that finds its 

application when all other drugs fail“ (G.Stuart, 1911). Since 1663 the name „jen shen“ has 

been adapted from Chinese to French with the same meaning: „Gin“-human and „Seng“-

Three-unity of heart, soul and spirit. 

Ginseng was known by Arabic doctors already in the 9
th

 century and Marco Polo, the great 

explorer of Orient, responsible for introducing Ginseng to Europe contributed to the 

popularization of this miraculous herb after returning from an expedition to Asian countries. 

This way arose its Latin name: „pánax, panacēa, panaces“ on behalf of Greek goddess 

Panakeia = Pánax – a universal magic cure, a power root, Gilgen, „a miraculous plant, which 

can cure all diseases“
[1]

.  

In Japanese Pharmacopoeia of the XIV century, Panax ginseng and Panax japonicus were 

described as the most valuable medicative plants. The delegation of king of Siam presented 

Ludwig XIV the root of Gintz-aen as a gift. Since that time, Ginseng has quickly become a 

popular medication by rich European society as a remedy against exhaustion and weakness. 

The utilization of Ginseng on American continent dates from 1752 when Jesuit missionaries 

having known usefulness and practical value of Ginseng succeeded in discovering near 

Montreal, Canada, Panax quinquefolius L., an American Ginseng used as a medicine already 

by earlier inhabitants of America. But at the end of the 19
th

 century, the plant was so much 

devastated in America that it had to be cultivated. The same destiny went through Ginseng 

also in China in the early 19
th

 century and king Tao-Kuang (1821-1850) prohibited from 

gathering of Ginseng. Also Panax quinquefolius L. had to be cultivated in China.  

To South Korea Panax quinquefolius L. was imported in 18
th

 century where it is cultivated on 
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a large scale now. 

In the middle of the 20
th

 century Soviet scientists succeeded in discovering in the Far East of 

Siberia, Russia, Eleutherococcus senticosus (Rupr. et Maxim), an other kind of Panax, named 

by them Siberian Ginseng. Since that time, Eleutherococcus senticosus (Rupr. et Maxim) is 

cultivated also in Korea and Japan.  

Panax vietnamensis HA et GRUSHV, a new wild growing Panax species known also as 

Vietnamese Ginseng („Ye-Sanchi“ in Vietnamese) was rediscovered in the early 1970`s at 

the altitudes of 1500-2595m at Ngoc Linh Mountain in Gia-Lai-Kontum, Central Vietnam, by 

the cooperation of Vietnamese and Russian scientists. From of old this life-saving plant has 

been used by Sedang Ethnic tribe that lives in the high mountains of the South Annamitic 

Range, Central Vietnam, for curing many serious diseases and for enhancing physical 

strength. In the 20
th

 century Panax vietnamensis HA et GRUSHV has been successfully 

applied in Vietnam War in order to heal the gunshot wounds. 

The influence of Ginseng in ancient Asiatic medicinal rites stretched as far as the Indian 

subcontinent, where a variety of wildly growing plants of Panax genus could have been 

discovered.
[2]

  

The richest area of wildly growing Ginseng plants is the mountain belt of the Himalayas. 

Some botanical expeditions have been undertaken to the Central and Eastern Himalayas with 

the only intention to discover new sources of wild Panax plants designated later by H.Hara as 

subspecies or varieties of Panax pseudoginseng
[2,3]

. 

A large body of wild morphologically related Panax spp. is distributed nowadays from Japan 

to the Eastern Himalayas through the South-Western Province of China. Their 

pharmacological properties are similar rather to those of Chinese and Japanese Chikusetsu-

ninjin than to Panax ginseng C.A.MEYER. 

Despite the successful efforts of modern science to unravel the physiological effects and 

medicinal potential of Ginseng bioactive components, this scientific field remains clouded. 

Nevertheless, Ginseng and its congeners are the most widely taken herbal supplements today. 

 

 2.   Chemical composition of Ginseng 

 

2.1. Saponins and Sapogenins 
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The story of Ginseng is a fascinating tale about the most successful medication in Asian 

country history. 

Panax ginseng C.A.MEYER has been employed since thousands of years as a traditional folk 

remedy, whose healing power was established based only upon experimental evidence 

because of the lack of any possibility to determine its chemical composition in ancient times. 

This situation was set to prevail until the nineteenth century, when chemistry came of age.  

In 1854 Garriques reported the first scientific data about the existence of the saponin 

Panaquilon isolated from the root of Panax quinquefolius L. that he believed to be 

responsible for its beneficial effect
[4]

.  

In the former half of the 20
th

 century some Japanese researchers published the earliest 

scientific findings we know concerning the isolation and structure characterisation of 

saponins and sapogenins from Ginseng roots harvested in Japan and Korea
[5]

. 

The power of Ginseng to cure many serious diseases, and especially in combating cancer and 

in relieving radiation sickness made many scientists and entrepreneurs to expend their energy 

on the isolation of its valuable principles. 

Since that time numerous attempts have been undertaken to discover the effective principles 

of Ginseng and to establish the mechanism of their physiological action triggered in the body 

after Ginseng uptake.  

In the late 1950`s and early 1960`s Petkov
[6]

, Brekhman
[7]

 and colleagues reported Ginseng 

extract to be effective in stimulating the central nervous system, that results in a strong anti 

fatigue effect and in enhancement of the non-specific resistance. 

But the decisive significance for development of a methodology for separation, purification 

and structure identification of saponins and other bioactive compounds has played the 

accelerated development of modern analytical techniques such as mass spectrometry, NMR 

spectroscopy and X-ray crystallography in the latter half of the 20
th

 century. The careful and 

skilled investigations of Ginseng undertaken by many research groups finally allowed to 

deconvolute the bioactive compound composition of Ginseng.  

Nevertheless, a great deal more deep study is required to evaluate and really understand the 

mechanism of physiological influence of Ginseng, indeed. 

 

2.2. Analytical methods used for structure elucidation of ginsenosides 
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At the time the chemistry of natural compounds was beginning to take shape, the first 

chemical constituents discovered in medicative herbs could be analysed only due to TLC
[8,9]

 

and HPLC
[10,11]

. 

Modern advancements in instrumental analytic chemistry elaborated in the latter half of the 

20
th

 century, like chiral GC, HPLC, coupled GC-MS
[12]

 and diverse sophisticated NMR-

spectroscopic
[13]

 techniques could have been applied for structure elucidation of natural 

compounds  becoming irreplaceable in this area of science. 

The first Ginseng genuine sapogenins were reported by Shibata et al to be Protopanaxadiol 

(PPD) and Protopanaxatriol (PPT), whose stereochemistry could be elucidated by comparing 

NMR-data of anhydropanaxanol and its acetate to isotirucallenol and corresponding acetate 

and besides, the configuration of C/D-ring fusion in dammarane nucleus has been established 

as C/D-trans-17α-H-structure by the chemical shift NMR study on methyl signals of 17-keto 

derivatives during the isomerization of C/D-cis- into C/D-trans-fused structure
[14b]

.  

The structure of Protopanaxatriol (PPT) differs from that of 

protopanaxadiol only due to the presence of an equatorial α-hydroxyl 

group at the C-6 carbon of aglycon and therefore it exhibits in the high 

resolution mass spectrum (HR-MS) a fragment peak at m/e 339 with the 

two-unit difference arisen owing to an additional double-bond in the molecular fragmentation 

ion pattern of protopanaxatriol (by dehydratation of the C6 –hydroxyl group). This two-unit 

difference in mass spectra between PPD and PPT fragmentation patterns including B-ring has 

been observed also for other fragmentation patterns that belong to dammarane-nucleus, for 

example, at m/e 301 and 299 and at m/e 189 and 187. 

In 1962 Kochetkov et al
[15]

 isolated two substances from Acanthopanax (Eleutherococcus 

senticosus (Rupr. et Maxim)) whose structures seemed identical with those of panaxadiol 

(PD) and panaxatriol (PT), the secondary products formed during the acid hydrolysis of 

saponins by intramolecular cyclization of the double bond of the side chain with the C20 

hydroxyl-group of PPD (PPT)
 [16f]

, isolated from Panax ginseng C.A.MEYER by Shibata et 

al
[17]

. The presence of the isopropylidene double bond in the sapogenin side chain was 

established by using IR- and NMR spectroscopy as well as by comparing their spectral data 

with those of betulafolienetriol. 

An analogous ring closure is known to take place in dehydrolinalool and some other natural 

compounds by the action of an acid on a system involving a hydroxyl and a double bond 
[16c]

. 

 

 O + H 

m/e 341 
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OR
1

OH

OR
2

Fig. I: Dammarene ginsenosides with Protopanaxadiol as an aglycon. 

 

It is worth noting that Dammarenediol-I triterpenes have (R)-configuration on C20 and 

dammarenediol-II triterpenes shown in Fig.s I and II exhibit (S)-configuration on C20 carbon. 

To verify the chirality on C20 carbon of aglycon, the structural conversion of ginsenosides 

occurred by acid hydrolysis had to be extensively studied, as acid hydrolysis of 

betulafolienetriol is always accompanied by many side reactions like epimerization, 

hydroxylation and cyclization of the sapogenin side chain
[18]

.  

Fig. II: Dammarene ginsenosides with Protopanaxatriol as an aglycon. 

 

When treated with acid, betulafolianetriol affords an equilibrated mixture of C20-epimers with 

an excess of 20(R-) isomer, although the same acid treatment of betulafolienetriol leads to the 

pyran-ring closure giving a C20-epimeric mixture of 3α-panaxadiol.  

Moreover, the action of organic peracid on Protopanaxatriol results in the formation of an 

epimeric mixture of ocotillol-type aglycons via the unstable epoxide
[19b]

 shown in Fig. III. 

Several Ocotillol-II-20(S)- triterpenes present in Ginseng possess such a modified side chain 

(Fig. XXI). 

Ginsenoside R1 R2 R3 
Re H O-glc2-1(α-L-rhm) -glc 

Rf H O-glc2-1glc H 

20-glc-Rf H O-glc2-1glc -glc 

Rg1 H O-glc -glc 

Rg2 = CS-I H O-glc2-1(α-L-rhm)- H 

Rh1 H O-glc H 

PS-Rs1 H O-glc2
6-

1(α-L-rhm) 

         \?  Ac 

-glc 

F1 H OH -glc 

F3 H OH -glc6-1(α-L-ara(p)) 

CS-L8 H OH -glc6-1(α-L-ara(f)) 

Noto-R1 H O-glc2-1xyl(p) -glc 

Noto-R2 H O-glc2-1xyl(p) H 

Noto-R3 H O-glc -glc6-1glc 

Noto-R6 H O-glc -glc6-1 (α-D-glc) 

VG-R4 -glc2-1glc OH -glc 

 

 Ginsenoside:   R 
1   

R 
2   

Ginsenoside  

e 

R 
1   R 

2   
Ra 

 
1 

  
- 
  
  glc 2 - 1 glc   - glc 6 - 1 ( α - L)ara( p ) 4 - 1 xyl(p)   Rg 3 

  
- glc 2 - 1 glc   H   

Ra 2 
  

- glc 2 - 1 glc   - glc 6 - 1 ( α - L)ara(f) 2 - 1 xyl(p)   PS - RC 1 
  

- glc 2 - 1 glc 6 - Ac   - glc   
Ra 3 

  
- glc 2 - 1 glc   - glc 6 - 1 glc 3 - 1 xyl(p)   Gy - IX   - glc   - glc 6 - 1 ( α - L - ara(f))   

Rb 1 
  

- glc 2 - 1 glc   - glc 6 - 1 glc   Gy - XVII   - glc   - glc 6 - 1 glc   
Rb 2 

  
- glc 2 - 1 glc   - glc 6 - 1 ( α - L - ara(p))   F 2 

  
- glc   - glc   

Rb 3 
  

- glc 2 - 1 glc   - glc 6 - 1 xyl(p)   CS - Ia   - glc 6 - 1 xyl(p)   H   
Rc   - g lc 2 - 1 glc   - glc 6 - 1 ( α - L - ara(f))   CS - III   - glc 6 2 - 1 xyl(p)   

          
1 
glc   

H   

Rd   - glc 2 - 1 glc   - glc   CS - V I   - glc 6 2 - 1 xyl(p)   
          

1 
glc   

- glc 6 - 1 glc   

Mal - Rb 1 
  

- glc 2 - 1 glc 6 - Mal   - glc 6 - 1 glc   Noto - F A 
  

- glc 2 - 1 glc 2 - xyl(p)   - glc 6 - 1 glc   
Mal - Rb 2 

  
- glc 2 - 1 glc 6 - Mal   - glc 6 - 1 ( α - L - ara(p))   Noto - Fc   - glc 2 - 1 glc 2 - 1 glc   - glc 6 - 1 xyl(p)   

Mal - Rc   - glc 2 - 1 glc 6 - Mal   - glc 6 - 1 ( α - L - ara(f))   Noto - R 4 
  

- glc 2 - 1 glc   - glc 6 - 1 glc 6 - 1 xyl(p)   
Mal - Rd   - glc 2 - 1 glc 6 - Mal   - glc   Q - I   - glc 2 - 1 glc 6 - butenoyl - 2   - glc   
Q - R 1 

  
- glc 2 - 1 glc 6 - Ac   - glc 6 - 1 glc   Q - II   - glc 2 - 1 glc 6 - octenoyl - 2   - glc 6 - 1 glc   

  Rs 1 
  

- glc 2 - 1 glc 6 - Ac   - glc 6 - 1 ( α - L - ara(p))   Q - III   - glc 2 6 - 1 glc   
          acetyl   

- glc   

Rs 2 
  

- glc 2 - 1 glc 6 - Ac   - glc 6 - 1 ( α - L - ara(f))   

  

Q - V   - glc 2 - 1 glc   - glc 6 - 1 glc 4 - 1 α - D - glc   

OR
1

R
2

OH

OR
3
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Fig. III: Transformation of PPT into Ocotillol type aglycon by the action of organic peracid
[19b] 

 

The chirality on C24 carbon could have been established by the correlation with (I) (see Fig. 

IV) derived from betulafolienetriol with molecular bromine through the bromocation 

complex as an intermediate.  

As to the bromocation complex as an intermediate, it can be attacked by the hydroxyl group 

from both sides on the contrary to the action of NBS whose attack affords only chiral pure 

compound (I) established by X-ray crystallographic analysis
[19a]

. The regeneration of 

betulafolienetriol from (I) with zinc can be referred to as debromination reaction of α-

bromoethers in steroid chemistry. 

A related compound like (I), but with the opposite configurations on C20 (R-) and C3 (ß-OH) 

carbons can be obtained from 20(R)-Protopanaxadiol with NBS in CCl4. 

 

Fig. IV: Bromination of betulafolienetriol with molecular bromine and NBS. 
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In 1961 Hörhammer et al
[21]

 discovered in the saponin mixture of Ginseng a fourth sapogenin 

- Oleanolic acid (Fig. XX) whose absolute configuration was already established to that time. 

In 1968 Kondo and Shoji discovered Oleanolic acid also in the Chikusetsu-Ninjiin 

hydrolysate
[22a]

 (Panax japonicus C.A.MEYER (Araliaceae)). 

To avoid the undesirable side reactions, when receiving Ginseng sapogenins, Kohda et al
[23]

 

screened the effectiveness of some commercially available crude glucosidase preparations. 

Fig. V: Enzymatic hydrolysis of hesperidin with crude hesperidinase preparation 

 

Five of them, namely hesperidinase, naringinase, cellulase, amylase and emulsin preparations 

exhibited the highest hydrolytic activity by hydrolysing Rb1, Rb2 and Rc saponin mixture to 

PPD and compound K as the major compounds. 

In 1963 Okada et al
 [24]

 reported that crude hesperidinase preparation produced by Aspergillus 

niger had the highest hydrolytic activity among the glucosidases tested. Moreover, not only 

did it efficiently hydrolyse the dammaren saponins extracted from Panax ginseng 

C.A.MEYER but it also successfully hydrolysed the oleanolic acid saponins from Panax 

japonicus C.A.MEYER (except for CS-III) to the corresponding sapogenins. Since that time 

its crude preparation has been used in Japan for hydrolysing hesperidin (flavanol 

rhamnoglucoside) in an industrial process shown in Fig. V
[23]

. Nevertheless, this high activity 

of hesperidinase is likely to be influenced by other enzymes present in crude enzyme 

preparation, as the activity of purified hesperidinase in hydrolysing ginsenosides seemed to 

be essentially suppressed. 

Yoshioka et al
[25]

 achieved the same result in hydrolysing ginsenosides to optical pure 

aglycons by incubating their crude mixture with soil bacteria. The carbohydrate sequence on 

C20 carbon was verified by the partial enzymatic hydrolysis of Rb1 with naringinase. 
 

2.2.1. Mass-spectrometry 

 

 During the last decades the application of mass spectrometry to biochemistry and other 

biomedical areas has emerged as one of the most promising techniques for identifying and 

elucidating structures of bioactive compounds. The introduction of high-resolution mass 

spectrometry (HR-MS) with the modifications necessary for analysing glucosidic triterpenes 

O

OOH

OH

OCH3

O
rham

1
-
6
glc

O

OOH

OH

OCH3

OHhesperidinase flavonoid

glucosidase

hesperidin hesperetin
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and for determining fragment ion compositions represented a further step towards the 

development of  identification of naturally occurring compounds like terpenes, fatty acids, 

lipids, steroids, nucleic acids, hormones, etc. by mass-spectrometry. Thereafter, mass 

spectrometry can be successfully used in clinical studies to trace fate of drug metabolits or 

some gases in physiological fluids.  

The HR-MS study on natural saponins, sapogenins and oligosaccharide unites as well as on 

related biopolymers is becoming now undoubtedly a very effective research method for direct 

identification of natural compounds. Structural investigations of glucosylated triterpenes 

usually start with application of initial chemical experiments including mainly hydrolysis of 

saponins, derivatization, labeling studies, etc, which allow to obtain a lot of additional 

information about their structure. But in spite of the relative complexity and structural 

diversity of triterpenoid glucosides mass spectrometry offers a unique tool both for the 

skeletal assignment and for the recognition of functional group position. When studying 

saponins and sapogenins of Ginseng, it turned out that one of the better ways of obtaining 

sapogenins in optical pure state without epimerization on C20 carbon by glucosidic bond 

cleavage is the alkaline treatment of peracetylated saponins in alcoholic solution
[26]

. 

The described above efficient enzymatic and microbiological methods of splitting of the 

steroidal glucosidic linkages 
[22b,27]

 are becoming nowadays highly reliable both for the 

establishing saponin structure and confirming glucosidic linkage position.  

To analyse carbohydrates and naturally occurring glucosidic compounds by mass 

spectrometry, they have to be derivatized to methyl ethers, acetates or trimethylsilyl ethers, 

because of the low volatility and thermal instability of their free sugar units. The glucosidic 

linkage splitting followed by core cleavage produce a series of certain characteristic abundant 

ions being characteristic for both sugar and aglycon moieties whose identification represents 

the main task. Recently, the analysis of trimethylsilylated ethers of natural polysaccharides by 

mass spectrometry was beginning to take shape so successfully that now this technique is 

becoming the most widely used method for determining monosaccharide unit sequences, 

glucosidic bond positions and some other structural details. The fragmentation pathway 

elucidation is not only of interest “per se”, but it allows to account for the mechanisms of 

disintegration taking place by ionisation of natural compounds. 

For example, oleanolic acid derivatives with the C12-C13 double bond suffer by ionisation 

quite a characteristic cleavage of the “C” ring of the aglycon and give the comprising D and 

E ring fragmentation ions that are intrinsic for the determination of oleanolic acid saponins. 

As to the dammarene ginsenosides, they undergo by ionisation the C17-C20 and C20-C22 bond 
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cleavage and give not only the specific aglycon fragmentation ions but also some 

characteristic side chain fragments.  
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Fig. VI: The most abundant fragmentation ions of ginsenoside Ra1 obtained by HR-MS 

  

To elucidate the mechanism of saponin fragmentation with and without glucosidic linkage on 

C20-tert-hydroxyl, a number of IR- and mass-spectral data of trimethylsilylated dammarene 

ginsenosides has been studied (Fig. VI). The most characteristic patterns of PPD and PPT 

side chain fragmentation seemed to be associated with the rupture of the C20-C22 (m/e 593[g]) 

and C17-C20 (m/e 199[i]) bonds, for the derivatized triterpenes with the carbohydrate building 

blocks attached to the C20-tert-hydroxyl group exhibit in EI-MS no fragment ion with an 
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intact C20-glucosidic bond, but only the abundant fragmentation peaks [a] and [b]. It is 

essential that the trimethylsilylated ginsenosides with an intact C20-hydroxyl group like Rf 

and Rg2 have in their mass spectra a very strong side chain fragmentation ion [i] at m/e 199, 

which can be regarded as a distinctive one for this kind of triterpenes. This fragmentation ion 

[i] the characteristic one for the side chain fragment of the TMSi-PPD and PPT ginsenosides 

could be secured by comparing their HR-MS data with those of the side chain fragment ion of 

TMSilylated 20-(S)-dihydroprotopanaxadiol (m/e 201)
[28,29]

. 

 To summarize, the certain abundant fragments of PPD and PPT core shown in Fig. VI could 

arise taking the following transformations into consideration: 

- the loss of water (c, d) 

- the elimination of the side chain (e, j, g, h).  

- the cleavage of the aglycon core (k) 

The pioneering study on the regular fragmentation patterns of oligo-, di- and monosaccharide 

units intimately associated with the carbohydrate building block chemistry has been 

conducted by Kochetkov and colleagues and it laid the foundation for determining not only 

the nature of these carbohydrate building blocks but also the position of the 

intermonosaccharidic bonds (1,2; 1,3; 1,4; 1,6)
[28]

. The fragmentation pathways of the 

derivatized di-, tri- and oligosaccharide units have been defined when studying electron-

impact-induced fragmentation (EI-MS) and the corresponding fragmentation mechanisms put 

forward proceeding from the isotopic-labelling experiments and HR-MS data. 

Within the framework of these observations
[12c]

 the characteristic fragmentation pattern of 

ginsenoside Ra1 (Fig. VI) includes the decomposition pathways of di- and trisaccharide units 

attached to the C3 and C20 carbons giving the characteristic fragmentation ion series at m/e 

1003, 625, 349 and at m/e 829 and 451
[30]

. The structure of aglycon and carbohydrate 

building blocks of ginsenoside Ra1 has been confirmed by NMR spectral analysis and 

isotopic labeling experiments
[30]

 (Section 2.2.2.). 

 It is known that both the position of the intermonosaccharidic bond and the nature of the 

non-reducing and reducing monosaccharide units (if they have different masses) influence 

mass spectra of di- and trisaccharide sequences. Mass-spectroscopic investigations of the 

trimethylsilyl ethers of di- and trisaccharides brought to light that fragmentation ion series 

could arise from splitting both monosaccharide units, the non-reducing unit “b” and the 

reducing unit “a”. Moreover, the fragmentation ion structure formed with the unit “a” 

conservation depends on the only unit “a” structure being independent of the unit “b” 

structure and of the intermonosaccharidic bond type; just as the fragmentation ions formed 
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with the unit “b” conservation depend on both the monosaccharide nature and the 

intermonosaccharidic bond position. 

 

O

OTMSi

OTMSi

OTMSi

OO
+.

OTMSi
OTMSi

OTMSi

OTMSi

OTMSi
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+
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OTMSi

OTMSi

m/e 583

C4-C5 bond cleavage

m/e 451

 

For example, there are two fragmentation ions in the mass spectra of the trimethylsilylated 

gentiobiose (1,6-ß-di-glucose): the first one at m/e 583 comprising the intact ring “b” and the 

C6-C5 fragment of “a” ring formed by the C4-C5 bond cleavage of “a” ring and the second one 

at m/e 451 consisting of the intact ring “b”.  

 What about the fragment ion at m/e 451, there seems to exist also an other opportunity to 

arise explained below. 

In mass spectra of all disaccharides, there is a relatively intense peak at m/e 569 formed 

independently of glucosidic bond position that consists of the intact reducing sugar unit “a” 

(ß-glc: m/e 467) and CH-OTMSi group (m/e 102) retained after the C1-C2 bond cleavage of 

the non-reducing sugar unit “b” and further by splitting of TMSi-O-HC=O fragment (m/e 

118) it gives the corresponding peak at m/e 451. 
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OTMSi
OTMSi
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OTMSi
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+

OTMSi
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O

OTMSi

OTMSi

OTMSi
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CH2

[TMSi-O-CH=O] fragmentof "b" ring

splitting ofC1-C2 bond cleavage

m/e 451

 

 The sophoroside derivatives (1,2-β-di-glucosides) have an abundant fragment ion at m/e 

683 consisting of the intact ring “b” and C2, C3, C4 - fragment of the ring “a” and the above 

mentioned fragment ion of the intact ring “b” at m/e 451.  

In essence, mass spectra of 1,2-; 1,3- and 1,4- disaccharides contain almost the same 

fragmentation ion peaks, differing by the intensity of the abundant peaks that are 

characteristic for the type of the linkage present. In conclusion, it should be said that the exact 

nature of disaccharides and the position of glucosidic linkage present can be successfully 

clarified on the basis of HR-MS of derivatized disaccharides. 

 By the fragmentation of TMSilylated trisaccharides with different masses (“a-b-c” units) an 

independent monosaccharide unit splitting was found to take place. The structure and m/e 

values of the fragmentation ions as well as the formation mechanism of them by ionization 

seemed to be similar to those of disaccharides and moreover, m/e values and the intensity of 
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the peaks arising from the rings “a” and “b” can be used for clarifying the 

intermonosaccharidic bond type “c-b” or “b-a”. In fact, the fragmentation of “b” ring must 

give the same ions like that of disaccharide “c-b”; and the fragmentation of “a” ring, the same 

peaks as that of disaccharide “a-b”, etc. For further details the reader is advised to consult the 

paper by Kochetkov et co-workers
[29]

 published in 1968 and Mass spectrometry text book
[28]

. 

Thus, modern high resolution mass spectroscopic technique allows to elucidate the exact 

structure of mono-, di- and trisaccharides, although the mass spectroscopic recognition of 

stereoisomeric sequences of heterooligosaccharides with monosaccharides of different 

masses still does not seem possible. 

 Yet, however great the mass spectrometry achievements in the identification and structural 

elucidation of natural products including ginsenosides may have been, it will certainly be 

better to apply for the confirmation of the complete stereochemical structure also other 

modern high-precision analytical techniques like labelling experiments, NMR, etc.. 

2.2.2. NMR-spectroscopy 

 A wide range of 
13

C-NMR studies on natural compounds had been published for quite a few 

years now beginning with Ružička`s works on the structure deconvolution of steroidal 

compounds and Klyne`s rule
[31]

 for determination of the glucosidic linkage configuration in 

steroidal glucosides. It was not until the 1920`s that total information about the chemical 

structure could be garnered only from the chemical reactions used, and besides certain 

chemical groups had to be derivatized or the substances even decomposed to provide clues to 

their true structures. In the end, it was necessary to conduct the total synthesis to confirm the 

correctness of the proposed stereochemical structure.  

The accelerated development of analytical chemistry in the second half of the 20
th

 century 

allowed to discover and refine diverse kinds of modern chromatographic techniques for 

separating and purifying organic compounds, being irreplaceable in modern chemistry. With 

the development of NMR-spectroscopy and x-ray crystallography, they have been generally 

considered to be the final arbiters of structure determination.  

The assignment of carbon signals of sugar and aglycon moieties of triterpenes elaborated by 

means of NMR-spectroscopy is based on the determination of chemical shift and coupling 

constant values (J, JC-H) between the anomeric protons and anomeric carbons of aglycon and 

monosaccharides
[32]

. Now 
13

C-
1
H COSY and Heteronuclear Chemical Shift Correlation 

Spectroscopy (HETCOR) allow us to identify coupling relationships in the heteronuclear 
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systems like 
13

C and 
1
H (JC-H), just as HMBC spectroscopy offers a unique tool for 

identifying heteronuclear multiple-bond correlations between carbons and neighbouring 

protons connected through two or three bonds (
n
JC-H, n=2,3). To date, the whole complex of 

modern NMR spectroscopic techniques is one of the most reliable methods for identifying 

organic compounds whose resolving power is high enough to quite correctly deconvolute the 

fine stereochemical structure of natural compounds. 

 

 

 

 

 

OH

α−C

(pro-R)

  ß-C

ß`-C
(pro-S)

 

Fig. VII: Glucosidation shift values = δ(glucoside) - δ(aglycon) 
[23], [25] 

 

A close correlation between the glucosidation shift value and the absolute configuration of 

both aglycon and sugar units (Table II)
[33]

 could have been established owing to anomalous 

paramagnetic shifts of carbinyl carbons of aglycon and anomeric sugar carbons arisen by 

glucosidation of a variety of alcohols with α−, ß− epimeric pairs of glucosides
[13a, 33]

, 

mannosides, rhamnosides
[34]

, arabinosides
[35]

, etc. shown in Fig. VII. 

The assignment of the carbon signal of dammarane aglycons
[13b]

 and their glucosides
[36a,b;37]

 

has been elaborated so successfully that now this technique is becoming the most substantial 

method of identifying and structural characterizing individual ginsenosides including the 

stereochemistry on the C20 carbon of the dammarene core (Table II and Fig. VII). This 

technique can also be used for establishing structure of oleanolic acid saponins.  

In connection with the study on structure determination of dammarene triterpenes, the 

assignment of 
13

C-NMR signals of different C20-hydroxy-dammarene type derivatives 

including ginsenosides has been established by using shift reagents and deuterated 

compounds. A chemical shift difference in signals of the C17, C21, and C22 carbons detected in 

13
C-NMR spectra of C20-epimers of aglycons, especially in the case of the C12-ß-hydroxy 
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dammarene saponins is certain to arise from γ-gauche effect associated with the conformation 

around the C17, C20 bond fixed by a strong hydrogen link that can be easily distinguished 

owing to 
13

C-NMR-spectroscopy (Table I). For details the reader is referred to the paper by 

O.Tanaka and co-workers published in 1977
[13b]

. 

 

 

3αααα,20(S,R)-

Dammarenediol 

C-13 C-16 C-17 C-20 C-21 C-22 

+0 +0 -0,4 +0,4 -0,8 +1,0 

 20(S,R)-Protopanaxadiol +0,7 -0,2 -4,1 +0 -4,2 +7,4 

20(S,R)-Rg2 (PPT as 

aglycon) 

+0,1 -0,3 -4,0 +0,2 -4,0 +7,9 

The data placed in this Table were borrowed from [32, 38, 39] 

Table I: 13
C-NMR chemical shift difference between pairs of C20-epimers (in pyridine-d5) 

 

In fact, the anomeric carbon of sugar moiety in the glucosides obtained experiences by 

glucosidation a different amount of deshielding in dependence on the alcohol nature, let it be 

methyl, primary, secondary or tertiary alcohol. 

A glance at the Table II and Fig. VII shown here leads us to conclude that in the case of the 

relatively hindered alcohols like 3ß-, 6α-, 12ß- trihydroxydammarene triterpenes the 

magnitude of the anomalous shifts strongly depends on the stereochemistry of carbinyl 

carbon of aglycon and anomeric carbon of carbohydrate unit. The anomeric carbon signals of 

carbohydrate buildings blocks experience by glucosidation a deshielding and the 

corresponding carbinyl carbon signals of aglycon are commonly displaced downfield by 

about 7 ppm (for carbinyl carbon in (R-) configuration) or by about 10 ppm (for carbinyl 

carbons in (S-) configuration) and besides the carbon signals vicinal to the carbinyl carbon 

(ß`and ß carbons in aglycon – Fig. VII) are also generally displaced up field. 

In fact, magnitude of these anomalous shifts depends firstly on carbinyl carbon chirality in 

aglycon and secondly on anomeric carbon chirality in sugar-moiety. 

The carbon signal assignment of dammarene aglycons and their glucosides has been 

systematized
[40]

 and discussed in numerous articles 
[32, 41]

. 
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Δδ δ δ δ ββββ-

C
[c]

 

Δδ δ δ δ ββββ`-

C
[c]

 

Sugar-

moiety 

Chirality 

of anom 

C[d] 

Chirality of 

carbinyl 

carbon (S) 

Chirality of 

carbinyl 

carbon (R) 

(S) (R) (S)-conf. of 

carbinyl 

carbon 

(R)-conf. of 

carbinyl carbon 

αααα-D-

glc(p) 

(S) 96,1 102,1 +4,7 +10,5 -5,9 -2,1 -1,3 -2.6 

αααα-D-

man(p) 

(S) 97,1 103,7 +3,3 +10,8 -6,3 -2,1 -1,5 -2,8 

ß-L-

rha(p) 

(S) 98,4 103,1 +5,7 +9,9 -5,0 -2,1 -1,4 -2,0 

ß-L-

ara(p) 

(S) 96,9 102,8 +5,0 +10,1 -5,7 -2,1 -1,2 -2,4 

 

ß-D-

glc(p) 

(R) 105,9 101,5 +10,4 +6,4 -1,8 -1,1 -2,1 -4,9 

ß-D-

man(p) 

(R) 103,6 98,4 +10,2 +5,8 -2,1 -1,5 -2,1 -5,0 

αααα-L-

rha(p) 

(R) 103,0 97,2 +10,6 +4,0 -2,9 -1,8 -2,4 -6,2 

αααα-L-

ara(p) 

(R) 106,3 101,4 +10,2 +5,9 -1,8 -1,3 -2,3 -5,3 

The data placed in this Table were borrowed from [32]. 
a) 

In Pyridine-d5, 
b) δ α-C of glucoside - δ α-C of aglycon, 

c) 

δ β-C or δ β`-C of glucoside - δ β-C or δ β`-C of aglycon, 
d)

 Chirality of anomeric carbon atom as a free form; α-C - 

carbinyl carbon of aglycon hydroxyls; ß-C – vicinal carbon to the C-OH function (pro-R); ß`-C – (pro-S) vicinal 

carbon. 

Table II: 13
C-Chemical Shifts

a
 for Anomeric-Carbons and Glucosidation Shift values for α-C, ß-C 

and ß`-C carbon atoms of resulted Glucosides (pyranosides) with (S)- or (R)-Configuration of 

Aglycon Carbinyl Carbons. 

 

And now this technique is the most essential way of characterizing stereochemical structure 

of natural compounds. It is also possible to determine sapogenin structure by 
13

C-NMR 

spectroscopy in virtue of the glucosidation shift values without isolating them by mild 

hydrolysis
[25]

. The 
1
H- and 

13
C-NMR spectral data for some ginsenosides are represented in 

articles written by Tanijama
[39]

 , Tanaka
[42a,b,d]

 and Takemodo 
[43]

. 

 

2.2.3. Thin-Layer-Chromatography 
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At the time the chemistry of natural compounds was beginning to take shape, thin-layer 

chromatography was the only convenient method for analysing bioactive compounds in 

medicative herbs. That is why the name of ginsenosides first separated by TLC and 

designated by Shibata`s method 
[16f]

 is usually composed from two letters involving the data 

of TLC-separation: the capital letter means the plant source these saponin were first isolated 

from: R-root; L-leaf; F-flower-buds and the small letter (Rx, etc.; x = o, a, b, c, d, e, f, g, h) 

corresponds to the Rf value of ginsenosides separated on TLC-plate in an alphabetical order. 

For example, ginsenosides Ro, Ra, Rb, Rc, Rd, Re, Rf, Rg, Rh etc. from Panax Ginseng 

C.A.MEYER extract could be first separated by TLC
[44]

 (Table III). But later, when applying 

the two-dimensional TLC it became clear that ginsenoside Ra is, in fact, a mixture of 

ginsenosides Ra1, Ra2 and Ra3; ginsenoside Rb a mixture of Rb1, Rb2 and Rb3; and 

ginsenoside Rg a mixture of Rg1, Rg2 and Rg3, etc
[16f]

.  

The same approach has been applied to designate Panaxosides A,B,C, etc., Eleutherosides 

A,B, etc.… Eleutheranes A,B, etc…and other natural compounds isolated from 

Eleutherococcus senticosus (Rupr. et Maxim), as well as Quinquenosides, Notoginsenosides, 

etc. discovered in Panax quinquefolius, Panax notoginseng, and other Panax species. 

By now, chiral GC and HPLC are widely introduced in organic chemistry and chemistry of 

natural compounds giving a possibility of analysing rapidly and efficiently bioactive 

compound composition and of tracing the reaction course. 

 

2.2.4. Enzymatic Immunoassay method 

 

 The recent advancements in instrumentation having improved separation, purification and 

structure elucidation of saponins, ginsenosides could have been analysed from a limited 

amount of plant material. Right at the outset of the research on Ginseng bioactive principles a 

wide range of versatile pharmacological investigations in vivo and in vitro had been carried 

out for scientific interpreting Ginseng therapeutic activity and for better understanding 

physiological action laws that govern the direction of biosynthetic pathways in the whole 

body. But however great the achievements in perfecting the experimental techniques may 

have been, they were not sensitive enough for detecting ginsenoside traces in biological 

fluids, tissues, and organs.  

 Radioimmunoassay-method (RIA) is a very sensitive technique originally developed to 

measure concentrations of bioactive substances like hormones by use of antibodies that 

allowed to solve this problem and now it is becoming a standard procedure for detecting drug 
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level in biological fluids and tissues. It is successfully employed also in phytochemistry for 

discovering alkaloids and glucosides in plant tissues and biological fluids of animals
[45]

 

because of its extraordinary high sensibility and specificity. 

About 80 saponins are known to be present in numerous Panax spp. and besides some of 

them have entirely different specific activities that other ginsenosides do not have. For 

example, ginsenoside Rf is the most potent one in inhibiting the voltage-dependent Ca
2+

 

channels in sensory neurones as compared with other ginsenosides like Rb1, Rc, Re, Rg1 and 

Rg2; just as ginsenoside Rg2 is not only a strong anti-cancer agent, but it shows also a potent 

antiplatelet aggregation effect; as to Rg3, it is the most strong inhibitor of cancer cell growth. 

To begin with, the RIA-method was elaborated for ginsenoside Rg1, the major Ginseng 

saponin  to trace its inhibitory effect on growth, invasion and migration of cancer cells. The 

synthetic route shown in Fig. VIII involves a series of transformations of the side chain 

including the final coupling reaction of arising aside with BSA (without any purification), 

that gives the desired hapten-BSA conjugate carrying 3.4 – 4.6 Rg1 molecules per each 

molecule of BSA
[45]

.  

 To prepare this hapten-protein conjugate, the side chain of peracetylated Rg1 should be 

oxidized to an aldehyde (II)
[46]

 to be further converted via Wittig-Horner reaction into an 

unsaturated ester whose following hydrozinolysis affords, in turn, a hydrazide, which can be 

directly transformed into an aside and then coupled with BSA.  

  

Fig. VIII: Synthesis of Rg1-bovine serum albumin (BSA) conjugate
[45]  

 

OH
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This method of preparing hapten-protein conjugate can be applied to the majority of the 

dammarene-type ginsenosides.  

 
125

I-labelled derivative of Rg1 (VII) can be easily synthesized by coupling aside (VI) with 

tyramine and then labelled with Na
125

J (Fig. VIII). The immunisation of rabbits with the 

hapten-BSA conjugate mentioned above gives an antiserum with a high affinity and 

specificity towards ginsenoside Rg1 five months after the first immunization. The detection 

limit of ginsenosides by using this method is 250 pg – 10 ng/ml and now it is generally 

introduced in pharmacological research. 

As physiologically active ginsenosides Rf and Rg2 have been proved to be responsible for 

inhibiting catecholamine release stimulated by acetylcholine, the enzyme immunoassay 

method (EIA) had to be developed also for these ginsenosides to trace the fate of them in 

biological tissues (0,01-10 ng per assay). As above, the antibodies have been raised in rabbits 

by using Rf-BSA conjugate as an immunogen. The anti-Rf antiserum cross-reacting with Rg2 

owing to their structure similarity, it may be used for analysing both ginsenosides. A very 

strong inhibitory effect of Rf, Rg2 and Rg3 on growth, invasion and migration of cancer cells 

could be witnessed in vivo
[47]

 by using this method. 

 Also certain polyacetylenic compounds from Panax ginseng C.A.MEYER were found  in 

vitro to be very strong inhibitors of tumor growth of various kinds of cultured cancer cell 

lines. To bring to light the details of the anti-tumor mechanism by using polyacetylenic 

compounds like panaxynol, the determination of polyacetylenic compounds like panaxynol 

by EIA double-antibody technique (6,4 ng/ml) that is 20 times more sensitive than GC-

analysis has been worked out. A specific antibody against panaxynol must be elicited in order 

to trace biological activity and pharmacokinetic of polyacetylenic compounds in rabbits after 

immunization with panaxynol hemisuccinate-bovine serum albumin conjugate
[48]

. It is by this 

method that the rapid consumption of panaxynol by target cancer cells in vitro could have 

been confirmed. Nevertheless, it is surprising that this kind of antibodies showed a minimal 

cross-reactivity with other types of polyacetylenic alcohols being highly specific against 

panaxynol.  

 By now, following groups of compounds could be discovered in Panax species: 

monoterpenes (limonene, terpineol, citral); sesquiterpenes, triterpene saponins, 

polyacetylenic compounds, flavonoids, nucleosides, amino acids, enzymes, oligo- and 

polysaccharides, glycero-galactolipids, steryl glucoside fatty acid esters, microelements and 

some vitamins (B1, B2, B12, C, folic acid) with different physiological effects.  
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But the paramount and dominant value in Ginseng belongs undoubtedly to triterpene 

saponins and only a small part of the most valuable compounds will be reviewed here. 

 

2.3. Microelements 

 

 The microelements present in plant kingdom reflect the surrounding geochemical medium, 

although their proportions differ considerably from those in the soil. The microelement 

concentration in plants is constantly being influenced by various factors including the relative 

amounts of the elements present in the soil both in the free and in the combined state, the soil 

pH, its physical state, temperature, moistness and the genetic characteristics of plants. The 

ratio of microelement amounts in the soil and in different plant parts varies considerably in 

dependence on the environmental contamination. 

To my mind, while comparing bioactive component compositions or microelement 

concentrations in plants from different localities, it is reasonable to compare also the 

chemical composition of the soil from these localities, especially the presence of 

microelements there, because the presence of them even in “trace concentrations” can exert a 

very strong influence on the direction of bioactive constituent synthesis in plants (see also 

Section 5.10.2). 

 Many authors have investigated the role of trace elements for human health and the 

influence of them on progress of chronic illnesses. Trace elements or so called transition 

metals usually present in organisms, with zinc and iron being most abundant, are needed in 

very minute quantities for the proper growth, development, and physiology of the organism. 

The metabolism of a living organism determines which microelement (or other substance) it 

will find nutritious and which it will find poisonous, moreover, the quantity of microelements 

in organism can contribute to recovery or can cause illness.  

The transition metals are present in some proteins as cofactors, thus being essential for the 

activity of enzymes such as catalase and oxygen-carrier proteins like hemoglobin. Metal 

cofactors are bound tightly to specific sites in proteins. Although enzyme cofactors can be 

modified during catalysis, they always return to their original state by the end of the reaction 

they catalyzed. Metal micronutrients are taken up into organisms by specific transporters and 

bound to storage proteins such as transferrin, ferritin or metallothionein when not being used.  

Zinc is an essential mineral of "exceptional biologic and health importance". Zinc deficiency 

is associated with many diseases, because enzymes with a zinc atom in the reactive center 

like alcohol dehydrogenase, dipeptidase, carboanhydrase, etc. are widely used in plant 
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kingdom. Moreover, deficiency of zinc as a structural component of ribosomes can cause 

disorders of protein biosynthesis. Its presence is required also for maintenance of 

biomembrane structure. 

Iron plays an important role in biology, forming complexes with molecular oxygen in 

hemoglobin and myoglobin; these two compounds are usual oxygen transport proteins in 

vertebrates. Although in plants iron is not a part of chlorophyll, nevertheless it is also 

required as a cofactor for the synthesis of chlorophyll and necessary at the active site of many 

important enzymes like catalase and peroxidase in plants. The deficiency of iron can cause in 

plants chlorophyll deficiency syndrome (chlorosis) that look like that caused by magnesium 

deficiency (the complexing agent of chlorophyll). In the soil iron is available for plants in 

combined state in form of Fe
2+

 and Fe
3+ 

cations, besides directly absorbed by roots are only 

Fe
2+

 ions. As regards Fe
3+

, it must be first reduced at the root surface to be accessible for 

plants. 

Also some diseases of animals are associated with an excess or deficiency of certain 

microelements in the plants, they are fed on. For example, solonchak disease is caused by 

poisoning with selenium, while the paralysis of sheeps arises from selenium deficiency
[49]

. 

Interestingly, some species of the genus Astragalus, Xylorrhiza and Stanleya are 

accumulators of selenium (SeO4
2-

) ions that can get into the roots from the soil through the 

same absorption system like sulfate-ions (SO4
2-

). These plants are also able to release it into 

the atmosphere in the form of dimethylselenide (gas). 

Nickel is included in plants in urease, an enzyme, whose deficiency causes reduced seedling 

growth, diminished nodule formation and leaf necrosis as a result of local accumulation of 

urea. 

Cobalt as a part of vitamin B12 is used in plants to the symbiotic fixation of N2 from the air. 

By algae, for example, it is a part of aldehyde-decarbonylase. In vertebrates, for example, it is 

required (metylcobalamin) as a cofactor for the methionine synthesis. 

Also molybdenum as a part of nitrogenase is necessary in plants to fix nitrogen. In other 

enzymes like nitrate reductase, sulphite oxidase, xanthine dehydrogenase, etc. molybdenum is 

bound to a specific pterine (molybdopterine) combined as a cofactor with different 

apoproteins to the enzymes mentioned above (with molybdenum in the centre). 

The deficiency of such trace element as boron causes inhibited flowering, irregularities in 

water supply, a blocked export of sugars via the phloem as well as death of meristems in 

sugar and fodder beet as a result of the RNA-metabolism disorder. 



International Science Congress Association 

www.isca.in , www.isca.co.in 

Ginseng as Panacea: Chemical Composition and Physiological Influence    23 

 

Also copper is included in some enzymes like ascorbic acid oxidase, cytochrome oxidase, 

phenol oxidase, etc. being thus responsible for the cereal yield. Pollen of plants with copper 

deficiency is not viable. Other side, the copper content of most crop plants in an amount of 

20-30 μg∙g
-1

 dry weight is already toxic. 

It is known that some plants accumulate certain elements from the soil to a greater degree 

than others do in dependence on the biochemical reactions taking place inside the plant cells, 

necessary to the life cycle of plants. Leguminous plants, for example, accumulate cobalt, 

nickel, iron, copper, and zinc in far greater amounts than the cereals grown in the same soil. 

The vital metabolic functions of trace elements in plants are being intensively studied 

nowadays and some microelements are found to carry out electrochemical, structural and 

catalytic functions there by enhancing or inhibiting activity of the enzymes within the cells in 

dependence on plant requirements.  

The homogenous and heterogeneous catalytic activity of ions of metals is ascribed to their 

ability to adopt multiple oxidation states to form multiple complexes, for example, by 

forming the active centre of the enzymes due to the highly specific interactions of metallions 

with the prosthetic groups of enzymes, thus facilitating the binding of substrate to enzyme. 

 The utilization of modern high-precision spectrophotometric technique (AAS) allowed to 

carry out a detailed investigation of trace elements present in Ginseng on the higher level of 

data accuracy. It turned out that Ginseng roots contain such microelements as Zn, Cu, Mg, 

Ca, Fe, Mn and a small amount of Germanium like garlic and other medicative herbs
[50]

, what 

certain also contributes to the motility activation of organism after uptake. 

 

2.4. Polyacetylenic compounds 

 

Polyacetylenic compounds represent another kind of Ginseng bioactive substances. More 

than 10 polyacetylenes are present in Panax ginseng C.A.MEYER and Panax quinquefolius 

L. cultivated in Nagano-ken, Japan, that are known to have the highest polyacetylene content 

(0,08%) among other Panax species. 

Polyacetylenes are known to be unstable by high temperature and humidity, nevertheless, 

their content in Red Ginseng appeared to be similar to that in White Ginseng, what means 

that polyacetylenic compounds only slightly decompose during the steaming process. For 

detection of polyacetylenes are used GC
[51]

 and the specially developed and validated chiral 

HPLC-method
[11e]

. 
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In White Ginseng there are not only the most characteristic polyacetylenic compounds of 

Panax spp. like panaxynol, panaxydol and panaxatriol but also such characteristic 

compounds as panaxacol and acetylpanaxydol present only in the callus of Panax ginseng 

C.A.MEYER 
[26b,48,52]

. As regards panaxydol, a polyacetylenic compound with an epoxy-

group, the cis-configuration of the C9, C10 carbons has been certified by 
1
H-NMR 

spectroscopy proceeding from the chemical shift and coupling constant values of the vicinal 

H9, H10 protons.  
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H
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[54]
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[54] 
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[11e] 
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 PQ-3 (9R, 10S)
[54] 

Fig. IX:  Polyacetylenic compounds of Panax ginseng C.A.MEYER and Panax quinquefolius L. 

 

In Red Ginseng, as compared with White Ginseng, there are also heptadec-1-ene-4,6-diyne-

3,9-diol and panaxytriol, the specific for Red Ginseng polyacetylenes. The absolute 

configuration of the C3, C9, C10 atoms in panaxytriol established by Kobayashi et al.
[53]

 by 

Mosher`s method
[52b]

 has been confirmed due to counter synthesis
[54, 55]

 and its structure is as 

follows: heptadeca-1-ene-4,6-diyne-3,9,10-triol.  

By studying absolute configuration of polyacetylenes by counter synthesis it was found that, 

when treated with the aqueous hydrochloric acid (pH like gastric juice), panaxydol affords 

panaxytriol and chloropanaxydiol, a chlorine-containing acetylene
[51]

, that exhibits in 
1
H-

NMR spectra two non-equivalent methylene protons on the C1 carbon (δ 3,68 and 3,78) and 

an additional methine proton on the C2 carbon (δ 4,54)
[52a]

.  
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Takino
[56]

 and Hasegawa et al.
[57]

 have studied the pharmacodynamic of ginsenosides in rats 

by gastric juice and intestinal bacteria impact with the aim to compare the activity of 

ginsenosides and their metabolites towards cancer cell lines (Section 7).  

But to really understand the action mechanism of ginsenosides and polyacetylenes in the 

body with a view to synthesize the most powerful drugs against cancer, it requires a more in-

depth study on the pharmacokinetic of bioactive substances after uptake. 

 

2.5. Minor constituents 

 

Scientific research on glyceroglucolipids and their physiological activity in marine fish and 

other marine products
[58]

 is becoming since certain time a breakthrough field in modern 

biochemistry.  

Joint efforts of many scientists are concentrated on studying glycero-galactolipids in plant 

kingdom for quite many years now. As a consequence, many scientific institutions are being 

involved in the deepening and widening of knowledge in this area of science in the last few 

decades. A wide range of glycerol-galactolipids including galactosyl-diacylglycerols have 

been isolated on a large scale from the overground plant parts of Medicago sativa L. 

(Leguminosae)
[59]

, the North American alfalfa, as well as from the marine phytoplankton 

Heterosigma akashiwo
[60]

. The phytoplankton Heterosigma akashiwo is known to produce a 

number of galactosyl diacylglycerols with the ω-3-polyunsaturated fatty acid residues as 

major secondary products and among them α−linolenic acid, a precursor in the biosynthesis 

of 5,8,11,14,17-eicosapentaenoic acid (EPA). These ω-3-polyunsaturated fatty acids initially 

biosynthesized by phytoplankton, that marine fish eat, were found to be present also in the 

fish’s oil of them and in a way they are considered to be responsible for the low level of the 

acute myocardial infarction rate as well as for the decreased platelet aggregation of Eskimos 

in Greenland, whose daily diet consists mainly of the marine fish.  

Logically, monoacyldigalactosylglycerols present in rhizomes of Zingiber officinale Roscoe 

(Zingiberaceae) and known as Gingerglucolipids A, B, C exhibit the same physiological 

effect on coronary disease. 

Some similar specific components like glycero-galactolipids and steryl-glucoside fatty acid 

esters have been discovered in small quantities only in fresh Ginseng roots and RG by an 

analytic study by comparing fresh Ginseng C.A.MEYER, White, Red Ginseng and some 

varieties of Panax japonicus C.A.MEYER, what allowed to conclude that the composition 
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and content of bioactive substances in Ginseng roots depend to a certain degree also on the 

preparation method used (see Section 5.1). White Ginseng extract does contain daucosterin 

and steryl glucoside fatty acid esters but not the bioactive glycero-galactolipids, the 

characteristic components of the freshly dug Ginseng root and RG. The physiological 

influence of the Ginseng`s galactosyldiacylglycerols on the human organism and particularly 

on cardiovascular diseases was not discussed in the literature until now. 

As to Panaxglucoside P1, it seemed to be, indeed, a mixture of (ß-sitosteryl-, campesteryl- or 

stigmasteryl-)-3-O-(6´-linoleoyl, palmityl, palmitoyl, palmitoleoyl, stearoyl or oleoyl)-ß-D-

glucopiranosides just as glycero-galactolipids or so-called Panaxglucolipides, a mixture of 1-

O-galactosyl-2,3-diacylglycerols
[51,61]

.  
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Panaxglucolipides:      Panaxglucoside P1,… 

R1, R2 = linoleoyl (72,9%), linolenoyl (21,3%), R = linoleoyl (50,0%), palmitoyl (29,6%),  

oleoyl (3,7%), palmitoyl (2,1%)   palmitoleoyl (10,1%), stearoyl (7,0%), oleoyl (3,3%) 

 

Fig. X: Structures of Panaxglucolipides and Panaxglucosides P1,…
[22d, 51]

. 

 

Interestingly, but some monogalactosyl diacylglycerols similar to those of Panaxglucolipids 

and consisting of linoleoyl, linolenoyl and other fatty acids are the major membrane lipids of 

Cyanobacterium Phormidium tenue
[62]

. 

In the lipophylic fraction of Panax ginseng C.A.MEYER
[63]

 there are present also nonacosane 

and 1-octacosanol.  

 

2.6. Aroma constituents 

 

Most plants in the plant kingdom have their own characteristic aroma in dependence on the 

biochemical composition. H.Iwabushi and co-workers investigated Ginseng aroma 

constituents and discovered the alkylated 3-methoxypyrazines, the aroma constituents 

responsible for the specific fragrance of Ginseng. 
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I) R1 = isopropyl; R2 = R3 = H; or R2 = H, R3 = CH3; or R2 = CH3, R3 = H. 

II) R1 = isobutyl; R2 = R3 = H;  

III) R1 = sec-butyl; R2 = R3 = H; or R2 = H, R3 = CH3; or R2 = CH3, R3 = H. 

Fig. XI: Aroma constituents of Ginseng 

 

In Ginseng there are present also some aromatic flavonoids like kaempferol, panasenoside 

and trifolin. The most suitable approach
[64]

 to detecting the structure of methoxypyrazine 

derivatives is the coupled GC-MS analysis. 

Komatsu et colleagues discovered that panasenoside decomposes by acid hydrolysis into 

kaempferol, glucose and galactose (equal amounts), just as its partial enzymatic hydrolysis 

with a glucosidase of Aspergillus oryzae var. microsporus TRR-18 (“Vernase”) affords only 

trifolin and glucose (details in Fig. XII below). 

As regards to the therapeutic influence of Ginseng flavonoid constituents, some of them like 

those from Centipeda minima O.Kuntze (Compositae) are known to be very strong 

antiallergic agents that can strongly inhibit histamine release
[65]

.  

It is also fascinating how these aroma constituents are distributed in different parts of 

Ginseng, as panasenoside and trifolin are present only in leaves and stem, just as kaempferol 

could be detected only in the flower buds, what unambiguously indicates on the difference of 

biosynthetic conversions taking their different course in various plant parts in dependence on 

the plant requirements
 [63]

. Inherently, the distribution of organic compounds synthesized by 

the plant from the hair root to the leaves/flowers and vice versa as well as their powerful 

redistribution inside the whole plant, occurring in dependence on the seasonal variation in 

spring and autumn as a result of the change in temperature and circadian rhythm only 

confirms once again the importance of collecting different parts of beneficial herbs in a 

strictly defined term.  
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Fig. XII: Flavonoids of Panax ginseng C.A.MEYER 

 

However, one should not forget, that biosynthetic conversions of constituents in different 

plant parts are continuously changing in accordance with the climatic conditions and 
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environmental contamination what reflects the principle of adaptability to the changing 

environmental conditions, what is, in turn, the driving force behind the evolutionary process 

in the plant kingdom.  

That is why studying of synthetic pathways of bioactive constituents in plants is very 

important for understanding regulation mechanisms of biochemical processes acting in 

nature. 

 

2.7. Sesquiterpenes 

 

 Thousands of years the roots of Ginseng have been used in China for treatment of different 

diseases. One of the most used form of Ginseng storage is so-called White Ginseng, the roots 

dried after removing the periderm, hair- and lateral roots. Chemists of the 20th century tried 

to find new sources of the most promising ginsenosides from the roots and analyzed all parts 

of the plant by using modern high-precision analytical techniques to detect the missing 

ginsenosides. Due to these techniques also Ginseng hair roots from various Panax species 

could be analysed notwithstanding limited amounts of plant material and even trace amounts 

of bioactive compounds, like sesquiterpenes could be discovered there. 

In the late 1980`s Iwabushi et co-workers
[66-68]

 carried out separation and 

structure elucidation of sesquiterpenes from some Panax spp. by using 

spectral evidence and chemical correlation to the congener hydrocarbons. 

Seven sesquiterpene alcohols: ginsenol, panasinsanol A, panasinsanol B, (+)-

spathulenol
[66]

, (-)-4ß, 10α-aroma-dendranediol, (-)-neointermedeol, senecrassidiol
[67]

 and 

four sesquiterpene hydrocarbons: α-panasinsene, ß-panasinsene, α-neoclovene and ß-

neoclovene have been discovered in the essential oil of rootlets of Panax ginseng, Panax 

japonicus, Panax quinquefolius and Panax Notoginseng even in a large quantity (Fig. XIII). 

The correctness of their structure could be confirmed by a total synthesis by a method similar 

to that reported by McKillop et collaborators
[69]

 when starting from (-)-ß-caryophyllene [the 

major hydrocarbon constituent of cloves` oil (Eugenia caryophyllata) first isolated in 1834, 

whose absolute configuration was already established to that time]. (Section 6.4). 

Ginsenol, a saturated tricarbocyclic sesquiterpene alcohol with a tertiary hydroxyl group, is a 

colourless oil with a camphor-like aroma (Fig. XIII). The 
1
H and 

13
C-

1
H COSY (or 

13
C-

1
H 

HETCOR – heteronuclear chemical shift correlation) spectroscopy allowed to identify the 

coupling relationships between certain carbon and proton signals in ginsenol, to clarify the 

following sequences: C(8)H2 – C(9)H2 – C(10)H2 and C(4)H –C(5)H2 and to elucidate the 

H
H

(-)-ß-caryophyllene
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stereochemistry of the geminal dimethyl groups 12H3 and 13H3 attached to the C3 carbon. 

HMBC (heteronuclear multiple-bond correlation) spectroscopy brought to light that the 

proton signal (14-H3) of C14 methyl group correlates to the C6, C7, C8 and C1 carbons, just as 

that (15-H3) of C15 methyl group, to the C10, C11, C4 and C1 carbons. Similarly, the proton 

signals (13-H3) and (12-H3) of the C13 and C12 methyl groups showed the correlations to the 

C12, C3, C2, C4 and C13, C3, C4, C2 carbons, respectively.  

The elucidation of spatial proximity between several protons in ginsenol has been conducted 

by using nuclear Overhauser enhancement spectroscopy (NOESY). The irradiation of 

ginsenol at the frequency of the 13-H3 proton signal caused the enhancement of the 12-H3 

and 2-H(a) signal intensities and the irradiation at the frequency of the 14-H3 proton signal 

also resulted in enhancing the 2-H(a) signal intensity. Thus, the protons of C13 and C14 methyl 

groups seemed to correlate with 2-H(a) proton, or in other words, to be in a spatial proximity 

to 2-H(a) proton, what confirmed the structural standpoint on Ginsenol. The detailed carbon-

carbon connectivities established by using 2D-INADEQUATE spectroscopy eliminated any 

ambiguity in Ginsenol structure. As expected, the quaternary C1 carbon with a tert-hydroxyl 

group in Ginsenol showed in INADEQUATE spectrum three cross-peaks, thus being 

connected to C2, C7 and C11 carbons. 

When treated with conc. H2SO4 under the reaction conditions similar to those employed in 

the rearrangement of (-)-ß-caryophyllene, Ginsenol is converted into two olefins: α - and ß - 

neoclovene
[70]

.  

As to Panasinsanol B, not only led its acid treatment
[68a]

 to the formation of these 

hydrocarbons but it gave also a small amount of an unknown alcohol [m/e 222(M
+
)] whose 

spectral data, optical rotation value and retention time value (GC) coincided with those of 

naturally occurring Ginsenol established as (1R; 4S; 7R; 11S)-3,3,7,11-tetramethyltricyclo-

[5,4,0,0
4,11

]-undecan-1-ol. 

OH
OH

α-Panasinsene          ß-Panasinsene         Panasinsanol A            Panasinsanol B               α-Neoclovene               ß-Neoclovene  

OH
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H

OH H H
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Fig. XIII: Sesquiterpenes from Panax spp. 
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The detailed assignment of structural connectivities in Panasinsanol A and Panasinsanol 

B
[68a]

 has been performed as above. The carbinol methyl group in Panasinsanol A having 

axial configuration, the structures of panasinsanols A and B, confirmed by their total 

syntheses
[69,70]

 starting from (-)-ß-caryophyllene, could be ascribed as (4S; 7R; 11R) and (4S; 

7R; 11S) – 3,3,7,11-tetramethyltricyclo-[5,4,0,0
1,4

]-undecan-11-ols
[68a]

. 

Two other sesquiterpene alcohols (+)-spathulenol and (-)-4ß, 10 α -aromadendranediol
[66]

 

from Panax ginseng C.A.MEYER have in their 
1
H- and 

13
C-NMR spectra signals 

corresponding to a cyclopropane ring sequence with the two geminal dimethyl groups. As to 

spectral data, optical rotation values and GC-retention time of (+)-spathulenol, they were 

found to be in a good agreement with those of naturally occurring (+)spathulenol reported by 

Bowyer and Jefferies in 1963 and the data of (-)-4ß,10α-aromadendranediol with those of 

naturally occurring (-)-4ß,10 α -aromadendranediol isolated from Brasilia sickii
[71]

.  

(-)-Neointermedeol
[66]

 showed after dehydration in 
1
H- and 

13
C-NMR spectra the signals 

completely identical with those of α-cyperene that has 7ß, 10ß-selinane 

skeleton [(+)-selina-4,11-diene]. Besides, the angular methyl group and 4-

hydroxyl group were recognized to be in 1,3-diaxial relationships and have the 

trans-fused skeleton structure by using the long-range enhanced 
1
H COSY and HMBC 

spectroscopy. Further confirmation of (-)-neointermedeol structure could be arrived by 

comparing 
1
H-NMR, IR and mass spectral data with those available in literature. 

Nevertheless, the optical rotation value of this sesquiterpene alcohol had an opposite sign and 

thus, Iwabuchi et al first isolated in 1989 the (-)-neointermedeol from a natural source. 

      As regards senecrassidiol, its conformation analysis
[67]

 conducted by 2D-INADEQUATE 

(two-dimensional incredible natural abundance double quantum transfer experiment), long-

range enhanced 
1
H, 

13
C-

1
H COSY, HMBC and NOE spectroscopies allowed to establish, 

owing to an enhanced intensity of the cross peak observed between the protons of the C2 and 

C12 carbons of the methano-bridge part, that the 2ß- and 12α protons adopt the “W” 

conformation. 

The establishment of the absolute configuration around the cyclobutane ring sequence in 

Senecrassidiol had to be studied by using 2D NOESY that showed some correlations between 

certain protons of the carbon nucleus and the protons (13-H3 and 14-H3) of the geminal 

dimethyl groups C13 and C14 attached to the C4 carbon. The protons (14-H3) of the C14 methyl 

group showed correlations with the 2ß-H and 5ß-H protons indicating that the methyl group 

protons (14-H3) are in a spatial proximity of these two protons. NOE correlations between the 

 

  

H 

α−α−α−α− cyperene   
[ (+)-selina-4,11-diene]

7 
10 
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6α-H proton and the methyl group protons (13-H3) and (15-H3) 

pointed to a close spatial connectivity between these protons 

from the other side of the molecule nucleus. The NOE correlation 

between 9ß- and 12ß- protons via W-interaction (so-called W 

rule) having been observed, it could be recognized taking the LiAlH4 reduction mechanism 

(with C9-keto group) of senecrassidiol into consideration that the secondary hydroxyl group 

on the C9 carbon adopts α-conformation. Also other synthetic methods have been applied to 

verify the structure of Senecrassidiol. For instance, 9-deoxy-senecrassidiol when treated with 

conc. H2SO4 under the reaction conditions similar to those employed in the rearrangement of 

(-)-ß-caryophyllene, afforded two compounds whose spectral data proved to be identical to 

those of clovene and clovanol. 

 The essential oil of Panax ginseng C.A.MEYER has been far and wide analyzed and a 

number of sesquiterpenes could be discovered in different quantity in various parts of 

Ginseng (the freshly dug root and rootlets; dried root cultivated in Japan; the rootlets 

cultivated in Korea and RG prepared in Japan). Now these sesquiterpenes are regarded as the 

characteristic active ingredients of Panax ginseng C.A.MEYER
[68]

.  

The difference between the constituent composition of the essential oils of Panax ginseng 

C.A.MEYER cultivated in Japan and Korea may be attributed to the different geochemical 

surroundings reported by Yoshihara and Hirose
[72]

. 

 The bioactive constituent composition in essential oils of Panax japonicus, Panax 

notoginseng, Panax quinquefolius and other Panax spp., of course, varies from one Ginseng 

species to another (different genetic characteristics of plants)
[68a]

. 

 

3.   Botanical background 

 

Wild Panax plants are very similar to Panax ginseng C.A.MEYER that has the palm-like 

leaves and a smooth erect stem in height of 60-80 cm (except for thorny Acanthopanax = 

Eleutherococcus senticosus Rupr. et Maxim that is a perennial bush in height of 2-3 m). But 

in accordance with the root system, Panax species can be easily separated into II groups 

(Table III). 

Panax ginseng C.A.MEYER, Panax quinquefolius L. (American ginseng), Panax 

notoginseng (BURK) F.H.CHEN (San-qi) and Eleutherococcus senticosus (Rupr. et Maxim) 

HARMS (Siberian ginseng) have a carrot-like root system connected to small rhizomes and 

based on this sign they belong from the morphological point of view to the first group. 

H

Clovene

H

OH

Clovanol
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Interestingly, all of them contain a large amount of dammarene and only a small amount of 

oleanolic acid saponins. In relation to ginsenoside distribution in various parts of fresh 

Ginseng root, they are more concentrated in periderm than in phloem or xylem of the main 

root
[10]

.  

The second group should include Panax japonicus C.A.MEYER (Chikusetsu-ninjin), its 

congeners and various wild subspecies and varieties of Panax pseudo-ginseng WALL, which 

are native to the shady, deciduous forests covering the southern flank of the Himalayan 

mountains. The root system consists of bamboo-like horizontally elongated roots with small 

round thickenings (by some Himalayan species the rhizome has elongated and slender 

internodes just like a string of Buddhist beads [juzu in Japanese] and is morphologically 

similar to the Chinese Panax japonicus var. major significantly distinguishing from 

Chikusetsu-ninjin rhizome with its short and thick internodes)
[73]

.  

The Panax plants of the second group contain vice versa a large amount of ocotillol- and 

oleanolic acid saponins and just a small amount (or even not) of dammarene saponins. 

Exception to the plants of the second group represents only the wild Panax pseudo-ginseng 

WALL subsp. pseudo-ginseng HARA that is very rare and has also a carrot-like root with 

small rhizomes (like Panax ginseng C.A.MEYER)
[74]

. The intensive chemotaxonomical 

investigations of external and internal rhizome structure in dependence on the geographical 

locality have been undertaken to characterize wild species from the Himalayan regions 

extending from Japan to Nepal and the South-West Province of China
[75]

.  

As already mentioned, bioactive substance content in different plant parts (root, callus, stem, 

leaves, flowers, seeds) is constantly changing in dependence on the climatic conditions, 

circadian rhythm and seasonal variation (Table III, IV). While comparing the saponin content 

in the roots of Panax ginseng C.A.MEYER and its congeners cultivated in Korea and Japan it 

turned out that the lateral roots contain twice or thrice as much amount of saponins (like Rb1, 

Rb2, Rc, Rd, Re, Rg2, RS1) as the main root, while the saponin content in the rootlets was 

found to be increased six to tenfold, as compared with that in the main root
[8, 9b]

.  

Kim et co-workers
[76]

 studied the saponin distribution in cultivated Ginseng roots in 

dependence on the seasonal variation. They discovered that the carbohydrate content in the 

roots harvested in winter was increased twofold, as compared with the summer`s crop mainly 

due to sucrose concentration. Notwithstanding the total yield appeared to be very high in 

winter`s crop (probably due to the redistribution of saponins from the overground parts to the 

root with the onset of cold weather), nevertheless, the content of the most intrinsic bioactive 

saponins and probably of other bioactive compounds there was essentially lower. Thus, it 
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could be confirmed proceeding from the experimental facts gained by a systematic study on 

Ginseng and its congeners that summer is the optimal period for gathering the roots with the 

highest bioactive potency. Logically, the ginsenosides concentration in Ginseng in the 

evening after the photosynthetically induced synthesis of bioactive compounds is somewhat 

higher than that in the morning after the cellular respiration accompanied with some 

degradation processes of bioactive compounds. 

When using Ginseng for medical purpose, a rapid and efficient processing of Ginseng roots 

collected in summer appeared to be of prime importance because a considerable formation of 

sucrose from starch as well as other undesirable biochemical transformations were found to 

take place during one month`s cold storage of the fresh Ginseng roots (in refrigerator). 

 

4.   Ginseng overground parts as a source of the missing bioactive substances 

 

The bioactive compound synthesis as well as their transport from source (biosynthesis place) 

to sink (consumption places) via phloem occurs in the plant kingdom unceasingly, however, 

the detailed mechanism of synthesis, distribution and redistribution of bioactive compounds 

inside the plant in dependence on different factors is being widely studied now. 

In 1977 Otsuka et al.
[77]

 first discovered in the corm of Panax ginseng C.A.MEYER (the 

rhizome part at the head of the root) such important ginsenosides as Rb1, Rb2, Rd, Rg1, and 

Re in relatively large quantities. Since that time all overground parts of Panax ginseng 

C.A.MEYER like leaves, stem
[78,79]

, corm
[80]

, flower-buds
[42a]

, seeds and fruits
[79]

 have also 

been investigated.  

Ginseng leaves cultivated at Daikon-Jima Ginseng Farm, Shimane-Ken, Japan and used as 

“Ginseng-tea” contain, for example, ginsenosides Rg1, Re and Rd (~1,5% each) in the tenfold 

amount as compared with rhizomes
[78]

. As to ginsenoside Re, it was found in a large quantity 

in flower-buds (2,8 %), corm and fruits (6,0%) indicating once again the importance of the 

overground parts as a source for the medical utilization
[81]

.  

New ginsenosides F1, F2, F3 and M7cd, first discovered in the flower-buds and then in the 

leaves of Panax ginseng C.A.MEYER are the most characteristic ones present in Ginseng 

overground parts. The structure of Ginsenosides F1, F2, F3 can be represented as 20(S)-

Protopanaxatriol-20-0-ß-D-glucopyranoside; 3,20-di-0-ß-D-glucopyranosyl-20(S)-

Protopanaxadiol and 20-0-[α-L-arabinopyranosyl-(1,6)-ß-D-glucopyranosyl]-20(S)-

Protopanaxatriol, respectively. 
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In 1989 Chen and Kikuchi
[82]

 discovered in the leaves of Panax ginseng C.A.MEYER a new 

type of dammarene saponins with an oxygen-linkage between the C12-hydroxyl and the side 

chain and named it ginsenoside LA (Fig. XIV). 

OH
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O

OH

OH

OH

O

OH

OH

OH

Ginsenoside M7cd

Ginsenoside LA

O

O

OH

OH

OH

OH

O

O
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O

OH

 

Fig. XIV: Characteristic leaf saponins of Panax ginseng C.A.MEYER 

  

By comparing the saponin distribution in the leaves of Panax japonicus C.A.MEYER 

cultivated in four districts of Japan, namely in Hiroshima-ken (Kake-cho), Tottori-ken (at 

Sannosawa near Mt. Daisen), Niigata-ken (at Tashiro-daira) and Kyoto-shi (Mt. Kitayama)
[36]

 

it turned out that it strongly depends upon the geochemical surroundings. For example, 

Ginseng leaves cultivated at Hiroshima Ginseng farm contained the unique 12-0-glucosylated 

Chikusetsu-saponins CS-L9a, CS-L9bc, CS-L10 lacked in the leaves collected at three other 

farms in Japan. And vice versa, the unique Chikusetsu-saponins CS-LT8, CS-LN4 with a 12-

keto function in aglycon could have been found in the leaves from Tottori-ken, Niigata-ken 

and Kyoto-shi farms but not in the leaves picked at Hiroshima Ginseng farm.  

In my opinion, the availability of macro- or microelements in free/combined form in the soil 

can influence to different degrees the regulatory mechanisms of ginsenoside biosynthesis in 

Ginseng plants that grow on these plantations.  

As regards the structure of these saponins, the configuration of carbinyl carbons in CS-L10 

has been established by comparing 
13

C-NMR spectrum of CS-L10 with that of PPT, as 

crossing from PPT to CS-L10 the (R-) C12 carbinyl carbon signal of aglycon was displaced 

downfield by +7,4 ppm and those of the neighbouring C11 and C13 carbons were shielded 

accordingly by –4,0 and –1,9 ppm (see Fig. VII: glucosidation shift values). Finally, the 

structure of CS-L10, the naturally occurring 12-0-glucosylated dammarene type triterpenes, 

could be formulated as 20(S)-Protopanaxatriol-12-0-ß-D-glucopyranoside. 

Also a difference in the side chain carbon signals (C22, C23, C24, C25, C26, C27) seemed to exist 

by comparing 
1
H and 

13
C-NMR data of CS-L10 with those of CS-L9a, what indicated the 

presence of an additional tertiary hydroxyl group and a trans-di-substituted double bond in 

the side chain of CS-L9a. 
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Panax spp. 
 

 Aglycon 
 

 
20(S)-PPD 20(S)-PPT Oleanolic acid Ocotillol-type 

1
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y
p

e
 

Panax ginseng C.A.MEYER
[11d,f; 75]

, cultiv in Jilin, China; in Nagano, Japan and in Kumsan(Geumsan), Korea 
Ra1; Ra2; Rb1; Rb2; Rb3; Rc; Rd; Mal-Rb1; 

Mal-Rb2; Mal-Rc; Mal-Rd; Q-R1 Re; Rf; Rg1; Rg2; Rh1; 20-glc-Rf; N-R1 
R0 (CS-V) 

 
 
 

Panax quinquefolium L.
[11d, 76]

, cultiv. in Wausau, State Wisconsin, USA and in Agricultural Technique and 
Training Center in Nagano, Japan and also in Canada 

Rb1; Rb2; Rb3; Rc; Rd; Mal-Rb1; Mal-Rb2; 
Mal-Rc; Mal-Rd.F2; Gy-XVII; Q-R1; Q-I; Q-
II; Q-III; Q-V; Noto-A; Noto-C; N-K; PS-

RC1 

 
Re; Rg1; Rg2; Q-IV;  

6’-Ac-Rg1 

 

 
CS-V; CS-IVa 

 
 

PS-F11 

 
 

Panax notoginseng (BURK) F.H.CHEN
[23]

 (Sanchi-Ginseng), cultiv. in Yunnan and Guang-Xi provinces, China 
Ra3; Rb1; Rb2; Rd; Mal-Rb1; N-Fa; Noto-R4; 

Q-R1; Gy-XVII 
Re; 20-glc-Rf; Rg1; Rg2; Rh1; Noto-R1; 

Noto-R2; Noto-R3; Noto-R6; F1. 
 
 

 
 

Acanthopanax = Eleutherococcus senticosus (Rupr. et Maxim) (Ginseng sibericus), cultiv. in the Far 
Eastern region of Russia (Siberia)     

      

2
 t

y
p

e
 

Panax japonicus C.A.MEYER
[19c,d; 78]

 (Chikusetsu-Ninjin), cultiv. in Kake-cho, Yamagata-gun, Hiroshima-ken, 
in Japan CS-III; CS-Ia Rg1; Rg2 (CS-I) CS-V; CS-IVa; CS-IV; CS-Ib  

Panax japonicus C.A.MEYER
[11d,f;23, 68] 

(Satsuma-Ninjin), cultiv. in Miyazaki-ken, South Kyushu, Japan Rb1; Rc; Mal-Rb1; Mal-Rc; CS-III; Gy-XVII Re; Rg1; Noto-R1; Noto-R2 CS-IVa; CS-IV; CS-V  

Panax japonicus var. major (BURK) C.Y.WU et K.M FENG
[43,79]

 (Zu-Tziseng), from Likiang, 3500m, North-
West Yunnan, China Rd ; Mal-Rb1; Mal-Rb2; Mal-Rc 

20-glc-Rf; 
Noto-R2 CS-IVa; CS-IV; CS-V Maj-R1; Maj-R2 

Chinese Panax japonicus C.A.MEYER
[23]

 (Zhujie-Shen), cultiv. in Yunnan, China Rd Re; Rg1; Rg2; Noto-R2 CS-IV; CS-IVa; CS-V;Met-ester of CS-V PS-F11 

     

Panax pseudo-ginseng WALL subsp. himalaicus HARA
[3, 23]

 var. angustifolium, Khosa, 1800m, West. 
Bhutan, Eastern Himalaya Rb1  CS-IVa; CS-IV; CS-V PS-F11 

Panax pseudo-ginseng WALL subsp. himalaicus HARA
[3, 23]

, Tzatogang 3100, West. Bhutan, Eastern 
Himalaya Rb1; Rd Rg1; PS-RT3 CS-IVa; CS-V; PS-RT1; PS-RP1 PS-F11; PS-RT2; PS-RT4; PS-RT5 

Panax pseudo-ginseng WALL subsp. himalaicus HARA
[3, 23]

, between Pari-la and Gasa, 2600-3550m, West. 
Bhutan, Eastern Himalaya Rb1; Rd; F2; Gy-XVII Re; Rg1; PS-RT3 

CS-IVa; CS-V; PS-RT1; Pro-CS-V; PS-
RP1 PS-RT4 

Panax pseudo-ginseng WALL subsp. himalaicus HARA
[3]

, betw. Dhunche and Singkunba, 2500m, (near 
Kathmandu), Centr. Nepal 

Rb1; Rd; Gy-XVII 
 

Re; Rg1; Rg2;  
Noto-R1; Noto-R2 

CS-IVa; CS-V; PS-RT1; 
 PS-F11; 24(S)-PS-F11; Maj-R2 

Panax pseudo-ginseng WALL subsp. himalaicus HARA
[3]

, Chautara, 3050m, (near Kathmandu), Centr. 
Nepal, Western Himalaya 

Rb1; Rd; Gy-XVII 
 

Re; Rg1; Noto-R1 

 - 
PS-F11; Maj-R2 

 

Panax pseudo-ginseng WALL, subsp. himalaicus HARA
[3]

, (Mt.Annapurna-east food), Chame; 2700m, 
Western Himalaya 

Rb1; Rb3; Rd; Gy-XVII; 
 PS-RC1 Re; Rg1  24(S)-PS-F11 

Panax pseudo-ginseng WALL, subsp. himalaicus HARA
[3]

, (Mt.Annapurna-west food), Ghorapani; 2743m, 
Western Himalaya Rb1; Rb3; Rd; Gy-XVII Re; Rg1; Noto-R1  24(S)-PS-F11; Maj-R2 

Panax pseudo-ginseng WALL, subsp. pseudo-ginseng HARA, dug at Nielamu, Tibet, China
[3, 69] 

 Rg1 CS-IV; PS-RT1  

Panax pseudo-ginseng WALL, var. elegantior (BURK) HOO et TSEUNG
[3]

, at 2500m, Nepal 
Rb1; Rd; Gy-XVII 

 
Re; Rg1; Rg2; Noto-R1; Noto-R2; PS-

RS1(monoac.Re) 

PS-RT1; CS-IVa; CS-V 
 

Maj-R2; PS-F11; 24(S)-PS-F11; PS-
RT2;  

Panax pseudo-ginseng var. angustatus
[80]

, (Hosoba-ninjin) from Fujiyoshida, Yamanashi-prefecture, Japan CS-III, CS-VI Rf; Noto-R2 CS-IVa; CS-IV; CS-V - 

Panax zingiberensis C.Y.WU et K.M.FENG
[23]

, (Ginger Ginseng) in Yunnan, China and (Myanmar Ginseng) in 
Myanmar, China Rb1 Rg1; Rh1 CS-IVa; CS-IV; CS-V; Z-R1  

Panax vietnamensis HA et GRUSHV var. fuscidiscus
[11f]

 (Ye-Sanchi), dug in Gia-Lai-Kontum Province, 1500-
2595m, Centr. Vietnam 
 

Rb1; Rb2; Rb3; Rc; Rd; Gy-XVII; Maj-F1; 
Noto-R4; Noto-Fa; V-R13; V-R3; V-R7; V-R8; 

V-R9 
Re; Rg1; 20-glcRf; Rh1; 20(R)-Rh1; Noto-

R1; Noto-R6; V-R4; V-R12 

CS-V; Hemsl.Ma-3 
 

 

Maj-R1; Maj-R2; 24(S)-PS-F11; PS-
RT4; V-R1; V-R2; V-R5; V-R6; V-R10; 

V-R11; V-R14 

 

Table III: Bioactive saponins discovered in roots of Panax spp.
[70] (in relatively high concentrations)  
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On the contrary, 
1
H- and 

13
C-NMR spectra of CS-L9bc indicated the presence of a terminal 

double bond and an additional secondary hydroxyl group
[36a]

. 

Chikusetsusaponins LT5, LT8 and LN4 discovered in the leaves of Panax japonicus 

C.A.MEYER (Araliaceae) from Tottori, Kyoto and Niigata Ginseng farms in Japan have 

been established as 3-0-(ß-D-glucopyranosyl)-20-0-(ß-gentiobiosyl)-3ß,20(S)-dihydroxy–

dammar-24-ene-12-one; 3,20-di-0-ß-D-glucopyranosyl-3ß,20(S)-dihydroxy-dammar-24-ene-

12-one and 3-0-[ß-D-xylopyranosyl-(1,6)-ß-D-glucopyranosyl]-20-0-[α-L-arabinopyranosyl-

(1,6)-ß-D-glucopyranosyl]-3ß,20(S)-dihydroxy-dammar-24-ene-12-one, correspondingly.  

These saponins are the first examples of the natural dammarene ginsenosides with a 12-keto-

function in aglycon structure
[36b]

.  

 

Fig. XV: Unique leaf saponins of Panax japonicus C.A.MEYER 

 

By a comparative study on Ginseng overground parts cultivated in Korea, China and Japan it 

was found that the cultivated in Nagano-ken flower buds (~15 %) and leaves (~12 %) have 

the highest saponin content and that in the leaves from Korea is slightly lower (~7 %)
[8]

. 

Strange, but ginsenosides Rb3, 20-gluco-Rf, Rg2 and Chikusetsusaponin-V have been found 

only in Ginseng flower-buds cultivated in Jilin, China, where more than 200t. of flower-buds 

are collected annually, yet not in those from Daikon-Jima farm, Shimane-ken, Japan.  

As evidenced by the results of recent analysis, the saponin content in Ginseng overground 

parts within the same species strongly depends upon the geographical locality (Table IV), 
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though it is surprising that the saponin content in the underground parts is influenced in far 

lower degree
[36b]

.  

 

 
 

P
a

n
a
x

 g
in

se
n

g
 C

.A
.M

E
Y

E
R

[7
7

] 

Overground plant parts: 

 

Aglycon 

20(S)-PPD 20(S)-PPT Oleanolic acid Ocotillol-type 

leaves[72,77] 

Rb1; Rb2; Rc; Rd; F2; Rg7; M3-7 

; Maj-F4; Maj-F2; Noto-Fe; G-

LA; F2 

Re; Rg1; Rh1; 20(R)-Rh1; 

20(R)-Rh2;;Rh5; Rh6; Rh7; 

Rh8; Rh9; F1; F3; CS-L8   

flower-buds[82] picked in 

Jilin, China Rb1; Rb2; Rb3; Rc; Rd 

Re; Rf; Rg1; Rg2;  

20-glc Rf CS-V  

flower-buds[74,77] picked 

in Daikon-Jima, Shimane-

ken, Japan) Rb1; Rb2; Rc; Rd Re; Rg1; F3; M7cd   

fruits[77] picked at 

Maruco-machi, Nagano-

ken Rb2; Rc; Rd Re; Rg1   

P
a

n
a
x

 n
o

to
g

in
se

n
g

 

(B
U

R
K

) 
F

.H
.C

H
E

N
[4

2
b

]  

leaves[23] 

Rb1; Rb3; Rc; Gy-IX; Noto-Fa; 

Noto-Fc; Noto-Fe    

flower-buds Rb1; Rb2; Rc; Rd; F2    

Seeds 

Rb1; Rb3; Rc; Rd; Gy-IX; 

Noto-Fa; Noto-Fc    

Corm Rb1; Rb2; Rd Re; Rg1; Noto-R1   

underlined – considerably higher yields than those from the main roots. 

Table IV: Bioactive saponin content in overground parts of Panax ginseng C.A.MEYER and Panax 

notoginseng (BURK) F.H.CHEN 

 

Ginseng species of the second group: Panax japonicus C.A.MEYER (Japanese Chikusetsu-

ninjin), Chinese Panax japonicus C.A.MEYER (Zhuje-shen), Chinese Panax japonicus var. 

major C.Y.WU et K.M.FENG (Zu-Tziseng), Chinese Panax zingiberensis C.Y.WU, Chinese 

Panax japonicus var. angustifolius CHENG et CHU and Chinese Panax stipuleanatus 

H.T.TSAI et K.M.FENG are widely distributed in the Himalayan mountains and contain a 

large quantity of oleanolic acid saponins, a variety of ocotillol saponins and only a few 

dammarene saponins. The dependence of the saponin composition of wild mountain Ginseng 

plants on their location has been studied on Panax pseudoginseng subsp. himalaicus (Table 

V). As expected, the saponin composition of wild subsp. Panax pseudoginseng also strongly 

depends on the location in the Himalayan mountains (eastern or western area) as in the case 

of wild Panax species from South-western China and Japan. 
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Panax spp. Total yield of saponins (%) 

 Total rhizomes  main root lat.root Leaves 

Panax Ginseng C.A.MEYER
[11d] 

n.d. 6,4 (1,8) 3,7 (0,5) 11,4(0,62) 7,6
a
(n.d.) 

12,6
b
(n.d.) 

Panax japonicus C.A.MEYER 

(Chikusetsu-Ninjin) 

n.d. 20,6
d
(n.d.) 15,6

d
(n.d.) n.d. 5,0

e
(n.d.) 

Panax japonicus C.A.MEYER 

(Satsuma-Ninjin) 

n.d. 6,0 (3,9)  9,3 (1,3)  

Panax Quinquefolium L.
[11d] 

7,3
f 

4,9
d 

9,2 (0,65) 3,9(0,14) 12,2 

(0,08) 

n.d. 

Panax Notoginseng
[11d]

 8,2
d
 10,9(-) 6,1(-) 4,3(-) n.d. 

Panax Pseudoginseng, subsp. 

himalaicus :
 

7,43 (-) Ghorapani 

 4,7 (-) Chame  

 1,91 (-) Chautara 

 2,85 (0,94) Dhunche and Singkunba 

 3,41 (2,1) Tzatogang 

 8,67 (7,13) Pari-la and Gasa 

 9,3 (8,2) Khosa 

In parentheses: the content of Oleanolic acid saponins; n.d.: not determined; “—“ - not detectable; the crude 

drugs grown: a) in Korea, b) in Nagano-ken, c) in Fukushima, d) commercially available, e) in Toyama, f) in 

Am. State Wisconsin. The data, placed in this Table were borrowed from [8], [11d] 

Table V: Saponin content in leaves and roots of Panax spp. 

 

The biochemical composition of the roots of wild Panax species from the Eastern Himalayas, 

Singalila Range of Darjeeling (India) and Bhutan (Tzatogang, Pari-la, Khosa) consisted of a 

large amount of oleanolic acid saponins and a relatively small amount of dammarene and 

ocotillol-type saponins (Table VII) like wild Panax spp. from South-Western China and 

Japan and Chinese Panax japonicus C.A.MEYER.  

The roots of wild Panax plants from Nepal, grown near the western area of distribution of 

Panax spp. (Ghorapani, Chame, Chautara) were recognized to be similar to Sanchi-Ginseng, 

for their roots contained a large amount of dammarene (Rb1, Rd, Rg1, Gy-XVII, Noto-R1), 

ocotillol (Maj-R2, PS-F11) and a small amount (or even not) of oleanolic acid saponins (Table 

III, V).  
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Correspondingly, when crossing the Himalayan mountains from the West to the East [in area 

between Dhunche and Singkunba (near Kathmandu)] the content of oleanolic acid saponins 

(mainly chikusetsusaponins) in the Panax roots grown here was significantly higher than that 

from the west side of the Himalayas (as already mentioned, here is required a precise analysis 

of the geochemical composition of the rock from these places to understand this dependence) 

and also dammarene and ocotillol –type saponins were present in a significant amount. That 

is why the region near Kathmandu may be regarded as a borderland of the 

chemogeographical distribution of the subsp. Himalaicus with and without oleanolic acid 

saponins (Table V). 

To sum up, we should say that the saponin content in roots varies significantly not only from 

species to species but also within the same species in dependence on geographical location 

what could be established on the wild mountain Panax plants collected in different areas of 

the Himalayas. The matter of fact is that the biochemical composition of Ginseng plants from 

the Eastern Himalayas must be different to that from the Central Himalayas (Ghorapani, 

Chame, Chautara), because there is a difference between the geochemical composition of 

rocks, what implies micro- and macro elements washed-out from the rocks that change the 

nutrient medium by getting into the soil (more about it in Chapter 5.10.2 ) as well as soil 

microbes (Chapter 5.1) and we should not forget about the difference in the climatic 

conditions in Himalaya regions, including the different altitude above the sea level (what 

means temperature, atmospheric pressure, moisture, air composition etc,) that strongly 

influences the biosynthesis in plants (like by coral reefs under the sea). 

 

5.   Variety of Panax spp.  

 

5.1. Panax ginseng C.A.MEYER (Araliaceae) 

 

Ginseng is native to the cool and 

shady forests that extend from Korea 

and North-Eastern China to Far 

Eastern Siberia. Every autumn small 

clusters of bright red berries appear 

on tall stalks above the plant`s mass 

of green leaves what means that it is 
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time to harvest Ginseng roots that take to 7 years to full mature and are 2-3 cm in diameter 

and 20-30 cm in length. They often grow in a human-like shape similar to the mandrake root. 

These delicate plants require painstaking care and protection from the weather (sun in 

summer, snow and freezing winds in winter), insects and any infection. It should be 

mentioned here a very imaginative study on the existence of a complex relationship between 

microbes in the soil and the ginsenoside contents discovered by studying American Ginseng. 

When analyzing the interactions between the root pathogens and the three ginsenoside 

content (Rb1, Re, Rg1) it turned out that ginsenosides with different chemical structures 

respond differently to the appearance of the soil borne pathogen infection. For example, only 

ginsenoside Rb1 significantly inhibits the conidium germination of these fungal pathogens 

and it is being produced in roots upon fungal infection in far greater amount than usual what 

indicates launch of the plant protection mechanisms as a dynamic response to the infection. 

As to ginsenosides Re and Rg1, they do not inhibit the conidium germination of the fungal 

pathogens in roots and respectively their content seemed not to be altered upon the fungal 

infection
[83]

. 

When testing in vitro ginsenosides of American Ginseng derived by hairy roots cultures 

against various microorganisms it turned out that the hairy root extracts inhibit the growth of 

standard bacteria and yeast strains. Moreover, not only did ginsenosides show the 

antimicrobial activity, but they also interacted with some commercial antibiotics. This 

synergistic action of ginsenosides with antibiotics is now successfully used in fighting 

infectious diseases (as well as cancer, see Section 7.8)
[84]

. 

Panax ginseng C.A.MEYER is cultivated now on a large scale in Japan (Nagano-ken and 

Daikon-jima (Shimane-ken)), China (Jilin), Korea (Geumsan) and Russia (Siberia). Recently, 

some wild exemplars have been discovered near Mt. Fuji in Japan. In China and Japan 

Ginseng roots (WG and RG extract) are used mainly for medical purpose, just as Ginseng tea 

is accepted as aphrodisiac. Astoundingly, in Korea Ginseng fresh root is one of the most used 

spices, necessary for example for the preparation of Asian favorite meal: chicken soup with 

Ginseng (samgue tang) as a strengthening food by wasting syndrome or for people after 

surgery. As for the other forms of Ginseng root utilization in Korea, its application is 

comprehensive: all the possible tonics to enhance the mental conditions, dietary beverages, 

teas, alcoholic drinks with Ginseng, candied Red Ginseng roots and just candy, not to 

mention various capsules, tablets, etc… 

The cultivation of Ginseng continues more than four years, because the most valuable 

ginsenosides can be synthesized there not earlier than the plant will reach maturity (the 4-
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year-old-age). Cultivation of these delicate plants takes much time and effort, but profits are 

handsome, because it is an expensive venture and that is why Ginseng fields are often 

bordered by fences or other barriers, letting people know to stay away. To the point, Ginseng 

cannot be cultivated on the same place for a long time because of the soil depletion. 

Furthermore, flower-buds ought to be removed before flowering for the root to grow better, 

what puts together only in Jilin, China, about 200 t/annually and these flower-buds are very 

valuable source of the characteristic for flower-buds ginsenosides F1, F2, F3 used for the 

Ginseng-tea production.  

It seems very fascinating to me to find out which biochemical transformations would occur 

with ginsenosides contained in nectar and pollen of Ginseng flowers if bees would collect 

them from the Ginseng flowers on Ginseng farms (with the help of the enzymes produced 

only by bees). I believe that nature as the best biochemist (in this case represented by bees) 

finds always the better ways to synthesize the most powerful natural compounds in fight 

against various infections and illnesses and scientists only have to discover these ginsenoside 

sources or routes of their synthesis what probably allows to combat illnesses thought now to 

be incurable. Let hope, that one day these ginsenosides, the magic weapon of nature will be 

discovered and the mechanism of their biosynthesis established. 

In Asian countries, there are several varieties of commercially available fresh (wild or 

cultivated) Ginseng, White and Red Ginseng (Ginseng Radix alba and rubra) roots with 

different bioactive component composition of the dried White and Red Ginseng that depends 

not only on the locus of the Ginseng root but also on the preparation technique used. For 

example, it is possible to get from Japanese marked at least eight various samples of WG 

with differing chemical component compositions (supplied from Tochimoto Temkaido C° 

Ltd.)
[11]

. 

White Ginseng (Ginseng Radix alba) being the most ancient storage form of Ginseng roots 

and applied in China as a “Yin-tonic” is, infact, a four- or six-year-old Ginseng root dried 

after removing peel, lateral- and hair roots (see picture on the left side).  

In Korea White Ginseng was produced earlier by the same 

way in Punggi. But now, on the basis of modern scientific 

knowledge concerning ginsenoside content in lateral roots 

and root hairs that proved to be several times higher than that 

in the main root, White Ginseng is being produced with peel, 

hair and lateral roots.  
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Saponin 

Fresh Ginseng root 

6 years, Nagano-ken, Japan 

Japan Korea China 

 Main 

root 

Lateral 

root 

Root 

hair 

Rhizome Ginseng Red 

Ginseng 

Ginseng Red 

Ginseng 

Ginseng White 

Ginseng 

Red 

Ginseng 

Rb1 3,498 11,256 7,932 2,514 2,861 4,011 2,323 5,983 4,993 2,094 3,471 

Rb2 0,893 4,478 2,897 1,174 1,042 1,863 0,940 2,434 1,020 0,873 1,698 

Rb3 n.d. n.d. n.d. n.d. 0,172 0,367 0,203 0,512 0,187 0,187 0,379 

Rc 1,414 5,210 3,534 1,138 1,181 1,159 0,934 2,434 0,741 0,741 1,629 

Rd 0,273 1,741 1,406 0,469 0,454 0,491 0,533 0,687 0,618 0,340 0,611 

Rs1 0,833 3,609 1,287 1,357 0,131 0,244 0,128 0,409 0,192 0,093 0,251 

Q-R1 0,202 0,510 0,334 0,201 0,195 0,368 0,175 0,409 0,167 0,236 0,375 

20(S)-

Rg3 

n.d. n.d. n.d. n.d. 0,043 0,142 0,016 0,200 0,201 0,015 0,043 

20(R)-

Rg3 

n.d. n.d. n.d. n.d. 0,021 0,091 0,023 0,152 --- --- 0,075 

Total 

Diol 

7,113 26,804 17,390 6,853 6,100 8,736 5,275 13,220 8,119 4,579 8,532 

Re 2.981 5,615 4,024 6,530 0,915 0877 1,617 2,394 1,322 0,647 1,260 

Rf 2,591 4,128 0,284 1,917 0,976 1,006 0,460 1,158 1,033 0,288 0,536 

Rg1 5,585 5,615 0,024 6,530 3,135 2,629 1,345 2,957 4,001 1,301 2,012 

20(S)-

Rg2 

0,119 0,256 0,190 0,595 0,099 0,123 0,126 2,322 0,097 0,072 0,184 

20(R)-

Rg2 

n.d. n.d. n.d. n.d. --- 0,008 0,085 0,068 --- --- 0,029 

20(S)-

Rh1 

n.d. n.d. n.d. n.d, 0,061 0,160 --- 0,151 0,030 0,029 0,084 

20(R)-

Rh1 

n.d. n.d. n.d. n.d. --- 0,089 0,061 0,189 0,044 --- 0,051 

Total 

triol 

11,276 15,614 10,522 15,572 5,186 4,892 3,694 9,239 6,527 2,337 4,156 

Sum 25,070 47,763 29,677 31,433 12,425 15,537 9,649 24,057 16,497 7,947 14,788 

 

Values are average after three measurements; n.d. – not determined; ---  means undetectable.;  

Table VI: Ginsenoside Content (mg/g) in different parts of fresh Ginseng root cultivated in Japan 

(first column) and that of the other commercially available Ginseng
[10]

 roots 

 

Red Ginseng is another form of Ginseng storage that could be elaborated in Korea only in the 

second half of the 20th century on the basis of modern scientific investigations carried out in 

this area. Red Ginseng is prepared industrially in Geumsan, Korea, where the whole unpeeled 
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roots have to be steamed before drying. Buyers from all over the country come to the 

Geumsan Ginseng Festival held every September to select the finest at these shops, where 

about 80% of Ginseng in the country is traded. While fresh Ginseng (insam) is processed in 

many different ways, most sold in Geumsan is „White Ginseng” as a spice, but steamed Red 

Ginseng (as a medicine) called “hongsam” is also marketed .  

Many shops in Korea have Ginseng in all its forms and permutations: 

pills, foods, liquor, lotion, toothpastes, potions, etc... This most 

prized medicinal plant was once sent to the emperor of China as a 

tribute and now most Koreans use it in one form or another. This 

legendary root is praised here as a cure-all and above all as an 

aphrodisiac. 

In Asia, dried roots of Panax ginseng C.A.MEYER are very popular in both forms. In Japan, 

there you will find also an other commercially available form of dried Ginseng, so called 

shoboshi-ninjin, which is dried without peeling, because of the high saponin content in the 

Ginseng peel
[9a]

. In China, by the way, Red Ginseng as a “Yang-tonic” is by far more often 

employed as a medicine than WG.  

As to the methods of Ginseng root drying, different techniques have been elaborated during 

the past few decades to reduce the degradation processes of ginsenosides and malonyl-

ginsenosides present in fresh Ginseng roots. To study the effectiveness of all these drying 

methods, Ginseng roots (Panax ginseng C.A.MEYER) cultivated in different Asian countries 

have been dried by applying different techniques and then analyzed by Yoshikawa et al
[61]

. 

The far-infrared drying method (oven temperature 45°) was found to dry Ginseng root faster 

than such conventional methods as the air- and hot-air drying and what is most importantly, 

the content of ginsenosides and malonyl-ginsenosides remained thereafter actually constant. 

The next object of Ginseng study was the elucidation of the correlations between saponin 

composition and Ginseng cultivation location as well as in accordance with the plant age and 

plant part used etc.. Samukawa et al
[10]

 reported that the content of panaxadiol- and 

panaxatriol-saponins in Ginseng roots is increased gradually every year, whereas that of 

oleananesaponins (on an example of ginsenoside Ro) begins to increase only since the 

beginning of the third year and reaches its 15-fold amount in the sixth year. That is why for 

the most valuable RG preparations there are used only six-year old and over Ginseng roots 

now.  

To understand what transformations or even degradation processes of compounds take place 

during RG processing the content of ginsenosides in the fresh, White and Red Ginseng 
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prepared from the same fresh Ginseng root has been compared. As to the Red Ginseng 

processing method, the total saponin content was increased after that, and especially of the 

most valuable ginsenosides with a very strong anti-cancer activity. Among Red Ginseng 

samples (in the same age group) prepared in different countries (different methods of 

preparation), the highest saponin content was found to be in the RG from Korea and then 

from Japan and China
[10]

 in decreasing order (Table VI). Nevertheless, the saponin content in 

the fresh roots from these farms before processing method was found to be disposed vice 

versa, namely the highest saponin content was found in Ginseng root cultivated in China and 

then in decreasing order in Japan and Korea. (Table VI). This indicates the extreme 

importance of the processing method conditions. 

 

 

The data, placed in Table X were borrowed from [10]. Values are average after three measurements 

Table VII: Changes in the composition of ginsenosides (mg/g) in the main root (Shimane-ken, 

Japan) occurred by the Red Ginseng preparation
[10]

. 

Changes of ginsenoside content in main root while steaming 

(time, hr) 

Ginsenoside 0 h (fresh 

root) 

1 h 2 h 3 h (RG) 

Rb1 1,696 2,982 4,162 4,403 

Rb2 0,771 1,191 2,053 1,843 

Rc 0,857 1,170 1,858 1,788 

Rd 0,132 0,204 0,237 0,237 

20(S)-Rg2 0,076 0,097 0,164 0,179 

20(S)-Rg3 --- 0,043 0,097 0,204 

20(R)-Rg3 --- 0,024 0,063 0,140 

20(S)-Rh1 --- 0,042 0,154 0,244 

20(R)-Rh1 --- --- 0,076 0,143 

Decomposition ratio (%) of Mal-ginsenosides while 

steaming 

Mal-Rb1 100 42 31 12 

Mal-Rb2 100 50 49 27 

Mal-Rc 100 41 31 8 

Mal-Rd 100 49 36 17 
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1-0-(α-D-glucopyranosyl)-hydroxy 
aceton

(I)

The characteristic sign for Red Ginseng root is its dark red-brown 

colour that reflects transformations of sugars and amino acids 

occurred during the steaming process in Ginseng fresh roots
[85]

. 

Tanaka et al discovered two new highly water-soluble glucosides 

(I) and (II) in RG water-extract
[85]

 lacked in the fresh root before steaming process that are, in 

fact, the most intrinsic components of Red Ginseng, as neither of them is present in White or 

other Ginseng samples prepared without the preceding steaming process. 

The first one, 1-0-(α-D-glucopyranosyl)-hydroxyaceton (I), is considered to be formed from 

the carbohydrate units during the steaming process, although the detailed mechanism of its 

formation is still discussed. 

Another one (II) discovered by Han
[86]

 is quite unstable after separation and easily 

decomposes to glucose and maltol even at RT (Fig. XVI).  

Fig. XVI: The conversion mechanism of maltose into maltol occurred in fresh Ginseng root by the 

steaming process (Table VII) 
[51,85]

 

 

The obtained dark colored product mixture initially formed from maltose and amino acids is 

proposed to be converted through 4-0-α-D-glucosyl-1-deoxo-2,3-diketo-maltose into (III), 

which, in turn, can be transformed into maltol by the glucosidic bond cleavage followed by 

isomerization and dehydration. It is also possible that the dehydration of compound (III) 

occurs through an unstable epimeric mixture (II) as an intermediate affording finally maltol 

after glucose elimination. The offered here mechanism of maltol formation is based on a 

proposal explicitly listed by Gerrard in 2002
[87]

. 

This way steamed Red Ginseng roots have to be further dried (over 45°C) what leads to the 

subsequent transformations of the bioactive constituents:  
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• demalonylation of the malonyl-ginsenosides (Mal-Rb1, Mal-Rb2, Mal-Rc, Mal-Rd) 

present in fresh root leads to an increase of the corresponding demalonylated 

ginsenoside content (Rb1, Rb2, Rc, Rd)
[10]

. 

• elimination of the carbohydrate building blocks on the C20 carbon of aglycon affords 

the partially hydrolysed saponins like Rg3 and Rh1, the very strong anti-cancer agents 

lacked in the fresh Ginseng (Table VI). That is why Red Ginseng exerts far stronger 

anticancer activity than White Ginseng does. 

• saponin isomerization on the C20 carbon of aglycon gives a few epimeric pairs of 

ginsenosides being peculiar to Red Ginseng like (20(S,R)-Rh1; 20(S,R)-Rg3; 20(S,R)-

Rg2; 20(S,R)-Rh2; etc. 

While characterizing chemical changes taking place by Red Ginseng preparation, one comes 

to the conclusion that when heated over 45 degrees, the malonylated ginsenosides present 

only in fresh and White Ginseng, easily decompose to the corresponding ginsenosides (Table 

VII)
[10]

 with only slight elimination of the carbohydrate building blocks at the C20 carbon. 

That is why only traces of them could be found in RG or in Ginseng-extracts prepared with 

boiling solvents. 

When preparing White Ginseng (at the temperature not higher than 45 degrees), on the 

contrary, no demalonylation reaction takes place and in White Ginseng there are present 

several unstable malonyl-ginsenosides even in a considerable amount. Kitagawa et al
[11d]

 

established the structure of the malonyl-ginsenosides Mal-Rb1, Mal-Rb2, and Mal-Rc by 

using NMR and SIMS (secondary ion mass) spectrometry that have the malonyl group 

attached to the primary hydroxyl on the C-6`or C-6`` carbon of the D-glucosyl units 

connected to the ß-hydroxyl function on the C3 carbon of aglycon (Fig. I). These malonyl-

ginsenosides are present in WG in high and Mal-Rd in relatively low yields.  

It is also interesting what transformations can take place with these malonyl-ginsenosides in 

human gastrointestinal tract. When treated with gastric juice, only the carbohydrate building 

blocks attached to the C20-hydroxyl group of malonyl-ginsenosides could be partially 

hydrolyzed (eliminated) giving the malonyl-ginsenoside Mal-20(R,S)-Rg3 known as a very 

strong anticancer agent. Thus way, the malonyl group in malonyl-ginsenosides is relatively 

stable under acidic conditions in gastrointestinal tract, but the carbohydrate building blocks 

attached to the C20-hydroxyl function of aglycon can be easily hydrolyzed. On the other hand, 

the malonyl-residues may be readily lost by heating or by mild alkaline treatment
[40]

.  
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Another surprising feature of these malonyl-ginsenosides is that they, as very well water-

soluble compounds, can also considerably increase the water solubility of other bioactive 

compounds including ginsenosides. Also CS-V present in Chikusetsu-ninjin has the same 

solubilizing influence
[85,40]

 (due to carboxyl group of the glucuronide unit) estimated by 

determining surface tension of aqueous solutions
[88]

. And now it is possible to understand the 

great wisdom of ancient healers of traditional Chinese medicine “Kampo” who made a great 

use of “decoction”, i.e. the utilization of crude drug mixtures in form of aqueous solution and 

who added with this aim Chikusetsu-ninjín root to the other crude drugs to be solved in 

water. 

In the late 1960`s, right at the outset of the research on “decoction”, water insoluble or 

sparingly soluble chemical compounds (like phenol, etc.) were proposed to form conjugates 

with the water soluble carbohydrates of high molecular weight (starch, pectin, mucin), the 

usual components of crude drugs, increasing thereby the water solubility of some 

compounds
[41]

. Twenty years later, in the late 1980`s it was shown that the solubilizing effect 

of medicative herbs like Ginseng co-prescribed sometimes with Bupleurum falcatum L. 

(Umbelliferae) [in Japan so-called Saiko] in Kampo-decoctions such as “Shosaiko-to”
[41]

 is 

based on the interactions of Ginseng glucuronide saponins (with the carboxyl group in the 

glucuronide unit of Chikusetsusaponins, as well as acetyl- and malonyl functional groups in 

carbohydrate units of these ginsenosides) with saikosaponins to be solved in aqueous 

solution. From modern scientific viewpoint it is easy to understand why in antiquity some 

Asian doctors preferred to prescribe for “Shosaiko-to” rather Chikusetsu-ninjin that contains 

a number of oleanolic acid saponins than Ginseng. 

Nowadays, on studying interactions among natural compounds in traditional Chinese 

medicine it turned out that the solubilizing effect of CS-V or malonyl-ginsenosides on Sa 

solubility can be significantly intensified in the presence of some neutral dammarene 

saponins, which themselves do not increase the water solubility of Sa
[89]

. This effect can only 

be explained in terms of the cooperative effect of CS-V with neutral dammarene saponins in 

“decoction”
[90]

. As to CS-V, a natural anionic surfactant, it has the same critical micelle 

concentration (cmc) as sodium lauryl sulphate, a typical industrial anionic surfactant. An 

evident solubility increase of Saikosaponin a (Sa) could be supervised near the cmc in the 

presence of CS-V, but the surface tension of CS-V solution was decreased by increasing the 

hydrogen ion concentration.  

In this connection it is necessary to refer to a physico-chemical study on “decoction” of 

Kampo prescriptions carried out by Nakajima et al
[91]

 in 1994 who suggested that there may 



International Science Congress Association 

www.isca.in , www.isca.co.in 

Ginseng as Panacea: Chemical Composition and Physiological Influence    48 

 

be a relationship between the hydrophobic parameters of crude drug components and their 

transfer ratio into “decoction” affected by complex interactions among crude drug 

components in water.  

Some experimental factors of this phenomenon have been examined by different 

experimental conditions (the volume proportion: extractant-crude drug; the component 

concentrations in crude drug solution; kinds of medicinal herbs mixed; decoction time; the 

recovery ratio of decoction, etc). Other parameters could be directly connected with physico-

chemical properties of the components added into the solution (water solubility of crude drug 

components in dependence on concentration, temperature, pH value and presence of the 

constituents able to promote or inhibit the dissolution or even transfer into decoction without 

dissolution in water by forming a suspension or emulsion) and a few were considered to be 

very complicated like phenomenon itself. 

The partition equilibrium of organic compounds between water and an immiscible organic 

solvent by preparing “decoction” is constantly fluctuating with each new component added in 

dependence on the interactions with the solvent used and its capacity for the hydrogen 

bonding. Generally, the partition equilibrium is usually calculated for only one solute 

distributed between water and organic solvent. That is why in “Kampo”, the theory of 

partition equilibrium should be applied to each individual solute added in a certain sequence 

into “decoction”. If all the crude drug components in “decoction” should be regarded in a 

sequential addition of components (one after another) that continuously change the affinity of 

decoction solution for water, in this case the solvent properties as a whole must also 

continuously be changed with the addition of each new solute in dependence on its 

hydrophobicity. That is why all components in “decoction” ranging from hydrophilic to 

lipophilic were supposed to simultaneously exert some promotive and/or inhibitory effect on 

the dissolution of the subsequent components. 

Finally, it was found that the transfer ratio of the hydrophobic crude drug components into 

“decoction” becomes the more essential the more complex  the “decoction” and besides this 

transfer may occur also owing to emulsifying or suspending of components added.  

This outcome only emphasizes the importance of the surface-active interactions between 

constituents of crude drugs and explains the pharmaceutical superiority of extracts prepared 

by combination of several crude drugs in ancient Chinese medicine. 

Unfortunately, there isn`t any new information concerning interactions between the organic 

compounds to be solved and the enzymes present in these “decoctions”, especially in the case 

of finely shredded crude drug preparations. This topic would be an interesting but the most 
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difficult object of investigations offering an interesting new insight into the stereochemical 

nature of interactions among crude drug components. 

 

5.2. Panax notoginseng (BURK) F.H.CHEN (Araliaceae) 

 

Panax notoginseng (Sanchi or San-qi ginseng in Chinese) is 

cultivated not only in Korea but also in China, Yunnan and 

Guang-Xi provinces and can be dried by various techniques like 

Panax ginseng C.A.MEYER. This popular medication is 

attracting these days much attention because of its beneficial success in preventing and curing 

coronary disease. 

Numerous saponins with strong anti-inflammatory, hypoglycemic and antiallergic activities 

(Rb1, Rd, Re, Rg1), flavonoids, polysaccharides and other bioactive compounds are present in 

the different parts of Panax notoginseng (BURK) F.H.CHEN
[11d,42a,80,92]

 (Table IV). The 

highest ginsenoside content (9,176%)
[11e]

 has Panax notoginseng (BURK) F.H.CHEN 

cultivated in Yunnan, China, whereas the polyacetylenic compound content make up about 
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0,05%. When studying Ginseng storage conditions and the influence of them on the content 

of ginsenosides in dependence on the storage duration it turned out that the content of 

physiologically active constituents in Panax notoginseng (BURK) F.H.CHEN roots also 

depends on the drug storage duration, deposition temperature and first of all on the drying 

conditions. And this is likely the reason for the disparities in the published experimental 

results of diverse groups, that can be easily explained taking into consideration the alterations 

arising during storage, drying and preparing of Ginseng roots (Chapter 5.1). As to the 

overground parts of Panax notoginseng (BURK) F.H.CHEN, in the corm-extract of Sanchi-

ginseng there are present extremely high quantities of ginsenosides Rb1 (5,2%), Rb2 (0,12%), 

Rd (1,0%), Re (0,63%), Rg1 (5,7%) and Noto-R1 (1,1%) and besides their content there is 

significantly higher than that in the main root. Leaves, flower-buds and seeds of Panax 

notoginseng are important sources of ginsenosides Rb1, Rb2, Rg1 and Noto-R1
[42a]

. 

Since Antiquity Sanchi-Ginseng was used in diverse Chinese prescriptions like “Yunnan Bai 

Yao” applied to treat trauma or bleeding caused by an internal/external injury and “Pien Tze 

Huang”, a specific remedy against hepatitis whose miraculous effect has been described 

about for centuries. Nevertheless the scientific research on Notoginseng and the verification 

of medicative properties of its bioactive principles on the present scientific level began only 

hundreds of years later and modern biochemistry was yet to be developed.  

In 1980 Wei et al first discovered in Sanchi-ginseng six saponins called by them 

sanchinosides C1, C3, D1, D3, E1, E2 and besides two of them (E1 and C1) appeared to be 

identical with already known ginsenosides Rb1 and Rg1; the others, unfortunately, have been 

left unidentified. 

Zhou et Taniyasu
[80]

 revealed that the seemingly homogenous Re-fraction is, in fact, a 

mixture of ginsenoside Re and notoginsenoside R1, the major distinctive notoginsenoside of 

Sanchi-ginseng with the structure 20(S)-Protopanaxatriol-6-0-[ß-D-xylopyranosyl-(1,2)-ß-D-

glucopyranosyl]-20-0-ß-D-glucopyranoside, established on the basis of anomalous chemical 

shifts exhibited by 1,2-linked sugar units attached to the C6-α-hydroxyl group of PPT in 

NMR spectra (Fig. II). Since that time also other notoginsenosides like Noto-R2, Noto-R3, 

Noto-R4, Noto-R6, Notoginsenosides A,B,C,D,E,G,H,I,J,K,L,M,N as well as an acetylenic 

fatty acid glucoside, notoginsenic acid ß-sophoroside, and fourteen already known 

dammarene saponines like Rh1, Rg2, 20-gluco-Rf, Gy-XVII, etc. (Table III)
[92]

 have been 

discovered in this plant and characterized. The establishment of their stereochemistry has 

been carried out by modern NMR spectroscopic techniques [homo- and heteronuclear 
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chemical shift correlation spectroscopy (
1
H-

1
H; 

1
H-

13
C COSY, HETCOR); HMBC 

spectroscopy and DEPT (the distortionless enhancement of polarization transfer technique)] 

and also confirmed by method of counter synthesis. The structures of Noto-A, Noto-B, Noto-

C, Noto-K extracted from Notoginseng correlated with those derived by photosensitized 

oxygenation of Rb1 in the presence of Rose Bengal reagent (shown in Fig. XVII)
[16a]

; the 

others two, Notoginsenoside E and Notoginsenoside 13, could be synthesized under the same 

reaction conditions, but starting from ginsenoside Rd
[16b]

. 

In the digestive tract of rats Noto-K could be also discovered, namely as a secondary 

metabolite of ginsenoside Rb1
 [93]

. 

 

5.3. Panax quinquefolius L. 

 

American ginseng, Panax quinquefolius L. was one of the famous and valuable drugs by 

American Indians used to create balance in the whole body. And it remains until now one of 

the most popular herbs in the United States to treat headaches, fever, indigestion and 

infertility being available foremost in the form of different tablets, capsules, powders and 

extracts as well as in several combination formulas. Though most commonly found in the 

mountains, it is becoming rare because it has so many uses. Today some states have declared 

American Ginseng as a threatened or endangered species because so many people try to 

harvest it. On the other side, farming American Ginseng is becoming more popular among 

forestland owners and 2004 over 40 percent on foresters and extension agents in the Mid-

Atlantic wanted more information about ginseng income opportunities. 

Panax quinquefolius L is cultivated on a large 

scale in USA (Waasau, state Wisconsin), Canada 

and China and is exported to the East with the 

same purpose as Ginseng. It has leaves that grow 

in a circle around a straight stem. The more larger 

leaves a plant has, the older the plant is, indicating 

larger roots and a more valuable plant. First year 

seedlings have three leaflets at the tip of a small, 

skinny, purplish stem. Yellowish-green umbrella-

shaped flowers grow in the centre and produce beginning from 5 to 10 years red berries that 

ripen in August-September. These seeds remain dormant for 18-20 month and germinate in 

the second spring after ripening. Wrinkles (scars) around the neck of the root tell how old the 
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plant is (left picture from Virginia Tech). Ginseng may not be harvested from any state or 

other publicly owned lands in Virginia, but harvest is allowed on private property between 

August 15 and December 31 (Endangered Species Coordinator 2009). It is also recommended 

to change the start of harvest season from August 15 to September 1 so ginseng berries have 

time to ripen before harvest. 

The recent results of field cultivation experiments showed that the growth regulators, like 

kinetin, gibberellic acid, benzimidazole derivative, etc. can significantly affect quality 

parameters, morphological features and accumulation extent of ginsenosides in American 

Ginseng. The application of some growth regulators as a foliar spray (c= 100mg l
-1

) in the 2
nd

 

year of vegetation resulted after 4 year of cultivation in a significant increase in weight of 

roots and overground parts as well as in the content of total ginsenosides as compared to the 

control ones. Moreover, the change of individual ginsenoside content in roots allowed 

assuming that after application the synthesis of ginsenosides in roots during these 4 years was 

being under the influence of these growth regulators
[94]

. In this connection it is worth to note 

that the most valuable 20-50 year-old-age Ginseng roots found in the wilderness contained 

the highest concentration of the most essential ginsenosides. The question only is whether it 

is possible to influence with the growth regulators the biosynthesis of ginsenosides in roots  

in such a way that the grown roots could contain the most powerful ginsenosides (like by 

wild exemplars). 

As to the bioactive compounds, a number of saponins, sesquiterpenes, polyacetylenes, etc. 

has been discovered in Panax quinquefolius L. beginning from the first report by Garrigues. 

But it took nearly one hundred years, for chemists to have been able to separate and establish 

the true stereochemical structures of the bioactive saponins Q-I, Q-II, Q-III, etc. from Panax 

quinquefolius L.. 

The investigators were spurred on by the goal of finding creative new approaches to 

scrutinizing the structures of new physiologically active saponins so that these drugs might be 

produced on an industrial scale. Sanada et collaborators
[44]

 characterized scores of all possible 

saponins from Panax quinquefolius L. by HR-MS and NMR spectroscopy
[95]

 (Table III) 

including its distinctive saponin – Quinquenoside-R1, the acetylated on the C6``-hydroxyl 

ginsenoside Rb1 (Fig. 1). The structures of other characteristic quinquenosides (the total 

saponin content puts together about 6%) have been studied by means of commonly used 

analytic- and synthetic techniques. For example, Quinquenoside Q-I (Fig. XIX) had to be 

hydrolysed to ginsenoside Rb1 and trans-2-butenoic acid and only HMBC spectroscopy 

displayed the long-range correlations between the methylene protons on C-6`` and the C-
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1````-carboxyl carbon. Thus, the location of the butenoyl-group in Q-I could be confirmed by 

comparing NMR data of Q-I with those of Rd due to the acylation shift around the C-6``-

carbon and Quinquenoside-I structure represented as 20(S)-Protopanaxadiol-3-O-[(6``-(E)-2-

butenoyl)-ß-sophorosyl]-20-O-ß-D-glucopyranoside. The structures of other quinquenosides 

(Fig. I) have been deduced similarly. Also a small quantity of malonylated ginsenosides 

seemed to be present in main and lateral roots, but only Mal-Rb1 in a sufficient quantity
[11d]

. 

 As to polyacetylenic compounds, the root and callus of American ginseng contain 

panaxynol, panaxytriol, panaxydol, heptadeca-1,8-diene-4,6-diyne-3,10-diol as well as some 

new ones: PQ-1, PQ-2, PQ-3 and PQ-8. All these polyacetylenes can inhibit completely the 

growth of leukemia cells (L 1210) in tissue culture at a concentration of 0,5-1,0 µg/ml. 

Interestingly, the highest content of polyacetylenic compounds (0,08%) among other Panax 

spp. has Panax quinquefolius L. cultivated in Nagano-ken (Japan). 

As regards sesquiterpenoid compounds, only traces of α-panasinsene, ß-panasinsene and α-

neoclovene are present in the roots of Panax quinquefolium L., but α-panasinsanol, ß-

panasinsanol and ß-neoclovene, the characteristic sesquiterpenes of Panax ginseng 

C.A.MEYER
[68a]

 are missing  there. 
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Fig. XVIII: Characteristic Quinquenosides of Panax quinquefolius L. 
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The overground parts of Panax quinquefolius L. (stem, leaves, flowers) contain a lot of 

triterpenoid saponins, besides the stem was found to be the missing source of ginsenosides 

Rb3 and Rg1, although the content of them is lower than that in other Panax species. 

Notwithstanding the leaf saponin composition of American ginseng is very similar to that of 

wild Himalayan Panax, but the root saponin compositions of these plants differ significantly 

from each other. 

 

5.4. Eleutherococcus senticosus (Rupr. et Maxim) HARMS (Araliaceae) = Acanthopanax 

senticosus 

 

Acanthopanax is native to the deciduous forests covering the eastern region of Siberia, North-

Eastern China and South Korea. Its medicinal properties have 

been highly appreciated in China since the Former Han era (the 

3
rd

 century BC). The name Eleutherococcus was adapted from 

the Greek eleutheros, meaning “free” and from the Latin name 

coccus for the stone, what is connected with fruits. “Senticosus” 

means “thorn” and is adapted also from Latin. Unlike Ginseng, 

Acanthopanax is a deciduous shrub growing up to a height of 2-4 meters that have straight 

shoots covered with numerous thin spikes, black (but not red) fruits and leaves that are 

similar to Ginseng leaves. The roots can be harvested with curative intent only from the 

second half of September (adult plants above 1 meter) and then dried at the temperature of 

60-80 degrees. It is commonly used as a tonic or in form of tablets, capsules, etc. 

Eleutherococcus senticosus (Rupr. et Maxim) was recognized as a beneficial medication else 

by native inhabitants of Siberia that succeeded in discovering its beneficial value owing to the 

wild reindeers in taiga that for the frosts to tolerate better ate before the beginning of winter 

Acanthopanax roots and as a result were far stronger than the others. Since that time Siberian 

inhabitants began to use it as a superior highly effective adaptogenic remedy for enhancing 

general metabolic status by wasting syndrome. Nevertheless, in Europe and in Russia except 

for taiga inhabitants the beneficial properties of Acanthopanax roots were unknown for a long 

time. 

It was not until the middle of the 20th century that the accelerated scientific research on 

medicinal herbs and their physiological effects exhibited was beginning to take shape almost 

simultaneously in various countries including the Soviet Union. 
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Acanthopanax discovered by Soviet scientists only in the mid-twentieth century contains, in 

fact, scores of bioactive compounds, primarily a series of triterpenoid saponins related to that 

of Panax ginseng C.A.MEYER.  

In the 1960`s, Elyakov et collaborators conducted an intensive survey of biologically active 

compounds present in Eleutherococcus senticosus (Rupr. et Maxim) and established the 

structures of PPD- and PPT-aglycons as well as of corresponding saponins named by them 

panaxosides
[15]

. Panaxosides A,B,C were reported to represent saponins with PPT as an 

aglycon and Panaxosides D,E,F – those with PPD as an aglycon being identical to 

ginsenosides Rb, Rc and Rd isolated from Panax Ginseng C.A.MEYER.  

Moreover, new peculiar compounds like lignans (Eleutherosid B4 = Sesamin; and 

Liriodendrin), cumarines (Isofraxinidin and its glucoside Eleutheroside B1), polysaccharides 

(Eleutherane A – G2), ß-sitosterol-glucosides, triterpene saponins, named Eleutherosides I-M, 

etc. have also been discovered in Acanthopanax. The presence of some microelements 

including Germanium known to exert  a good influence on blood circulation and strength 

muscle and bone as in the case of Allium sativum (Liliaceae) confirmed the exerted healing 

properties. 

For the time being, Ginseng Sibericus (Acanthopanax) is cultivated on a large scale in the Far 

Eastern region of Russia and besides its cultivation is more fertile and easier than that of 

Panax ginseng C.A.MEYER. Now Eleutherococcus senticosus (Rupr. et Maxim) is 

becoming in Russia a very popular medication exerting a versatile beneficial activity, for 

example, when taken, it stimulates the central nervous system and shows a protective effect 

on regeneration of neuritis and reconstruction of synapses of cortical neurons if they are 

damaged. Moreover, it improves physical and mental performance, prevents exhaustion and 

intensifies the organism resistance to stress and disease. It is effective not only in reducing 

blood cholesterol level, inhibiting platelet aggregation, preventing the stress-induced ulcer 

but also in combating cancer and radiation sickness. It is used also as a means for 

reconvalescence the body after serious illnesses. 

A number of beneficial effects in treating various diseases known about for centuries have 

been scientifically confirmed by modern pharmacological investigations and now 

Eleutherococcus senticosus (Rupr. et Maxim) is widely used as a very potent adaptogenic and 

anticancer drug exerting simultaneously strong antiviral and antioxidant activities and 

promoting the unspecific immune resistance. 

 

5.5. Japanese Panax japonicus C.A.MEYER 
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Panax japonicus C.A.MEYER named in Japanese “Chikusetsu-ninjin” or “Toshiba-ninjin” 

played a crucial role in shaping Japanese traditional medicine over innumerable generations. 

It is widespread throughout Japan and time out of mind it had been used in Japan as one of 

the famous natural drugs, however, the precise chemical structures of its constituents could 

not be investigated and unravelled until the science of chemistry began to come of age. 
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Fig. XIX:  Oleanolic acid saponins found in Panax japonicus C.A.MEYER (Araliaceae) 

 

Panax japonicus C.A.MEYER is cultivated in Japan in Hokkaido (two species), Nagano-ken, 

Niigata-ken, Tokyo-to, Kyoto-fu, Nara-ken, Mie-ken (three species), Tottori-ken (three 

species), Shimane-ken, Hiroshima-ken (nine species), Ehime-ken, Fukuoka-ken and Ohita-

ken. 

OR
1

COOR
2
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Chikusetsu-ninjin and its related wild spp. found up to now [Japanese Panax japonicus 

C.A.MEYER (“Satsuma-ninjin”), Chinese Panax japonicus C.A.MEYER (“Zhuje-shen”), 

Chinese Panax japonicus var. major C.Y.WU and K.M.FENG (“Zu-Tzi-Shen”), Chinese 

Panax zingiberensis C.Y.WU and K.M.FENG (“Ginger Ginseng”), Chinese Panax japonicus 

C.A.MEYER var. angustifolius CHENG et CHU, Chinese Panax stipuleanatus H.T.TSAI et 

K M FENG and Himalayan Panax pseudoginseng subsp. himalaicus HARA (Table V)] 

represent from the morphological standpoint the second group of Panax spp. widely 

distributed throughout the Himalayan region up to Japan. 

Panax species of this group commonly contain a large amount of Chikusetsusaponins, the 

oleanolic acid saponins, as major ones, and rather a small amount of dammarene and ocotillol 

saponins. Some glucosides, like glucoside P1 seemed to be present in Panax japonicus 

C.A.MEYER. As to the saponin composition in the overground parts of Chikusetsu-ninjin, it 

also essentially differs from that of Ginseng
[73]

. Panax japonicus contains no sesquiterpene 

alcohol (Ginsenol, Panasinsanol A,B)
[68b]

, nevertheless, Panaxydol seemed to be one of the 

dominant component of Panax japonicus C.A.MEYER and Satsuma-ninjin. 

To elucidate the structure of oleanolic acid saponins, the described above analytical and 

chemical methods have been used
[96]

. The infrared spectroscopy (KBr) reconfirmed the 

presence of hydroxyl-, ester- and carboxyl groups in Chikusetsusaponin-V (Fig. XIX), that by 

methylation with CH2N2 gave as expected the corresponding monomethylester and by acid 

hydrolysis – oleanolic acid, D-glucose and D-glucuronic acid. The establishment of the 

position of ester bond with glucose has been performed by using a new microbial method of 

splitting glucosidic linkage with Cephalosporum species successfully elaborated by Yoshioka 

and Kitagawa
[27]

. Nevertheless, when mild hydrolysed, CS-V afforded two prosapogenins: 

C36H56O9 and C42H66O14.  

Interestingly, Panax ginseng C.A.MEYER flower buds cultivated in Jilin (China) also 

contain CS-V but not those collected in Daikon-Jima, Japan. 

In 1960`s Shoji et al. 
[22,96]

 discovered in the root of Panax japonicus four oleanolic acid 

saponins: CS-Ib, CS-IVa, CS-IV, CS-V ( = Ro) and some characteristic dammarene saponins 

like CS-Ia, CS-III as well as CS-I already known as Rg2. The structure of CS-IV deduced by 

Kochetkov et al
[97a]

 proved identical to that of Araloside A, an oleanolic acid trioside first 

discovered in Aralia manschurica root that has D-glucose, L-arabinose and D-glucuronic acid 

as sugar components. Concerning Chikusetsusaponin CS-III, the peculiar dammarene saponin 

of Panax japonicus C.A.MEYER not discovered in any other Panax spp., one can only say 
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that its presence is evident for a specific botanical position of Japanese Panax japonicus in 

the second group of Panax species. 

Thus, having compared Ginseng and Chikusetsu-ninjin saponin compositions scientists could 

confirm the standpoint of ancient healers that Chikusetsu-ninjin and Ginseng are not 

interchangeable. 

As regards polyacetylenes, unfortunately, there is no information about the determination of 

them by using already elaborated high-sensitive EIA-method
[48]

.  

 

5.6. Japanese Panax japonicus C.A.MEYER (Satsuma-ninjin) 

 

In 1646 Chin-chi Her, a Chinese physician who fled to Kyushu from his own country, 

discovered a wild species Panax japonicus, named it “Satsuma-ninjin” and described its 

beneficial value. 

“Satsuma-ninjin” grows only at Miyakonojou, Mt. Futaishi and Shiiba in Miyazaki 

prefecture, South Kyushi, Japan. For a long time, it was thought to be morphologically 

similar to Chikusetsu-ninjin but now it is known that the saponin composition in “Satsuma-

ninjin” root differs significantly from that in Panax japonicus C.A.MEYER root. While 

looking at the geographical standpoint, it would be possible to identify the relationship 

concerning saponin content and composition in Panax japonicus C.A.MEYER (Satsuma-

ninjin) root and the geographical location where this species grows, namely in South Kyushu, 

a nearest to China province of Japan. Indeed, the content and composition of bioactive 

saponins in Satsuma-ninjin root are rather similar to those of related Chinese and wild 

Himalayan Panax species than to Japanese Panax japonicus C.A.MEYER root cultivated in 

other regions of Japan.  

In the past decades, a considerable success could be achieved in separating saponins from 

Satsuma-ninjin roots. It has been discovered such valuable, bioactive dammarene saponins as 

Rb1, Rc, Re, Rg1, Noto-R1, Noto-R2 and Gy-XVII (first isolated from Gynostemma 

pentaphyllum MAKINO (Cucurbitaceae))
[98]

 as well as some pivotal oleanolic acid saponins 

like CS-IV and CS-V. Moreover, a large amount of Mal-Rb1 and a low quantity of Mal-Rc 

has been detected in lateral roots of Satsuma-ninjin
[11d]

, despite the fact that these 

malonylated saponins were thought characteristic for Panax ginseng C.A.MEYER. 

Furthermore, Satsuma-ninjin (like Panax Ginseng C.A.MEYER) lacked CS-Ia and CS-III, 

the peculiar saponins of Chikusetsu-ninjin root
[73]

. Thus, the presence in Satsuma-ninjin of 

dammarene saponins responsible for the pharmacological activity of Ginseng root allowed to 
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conclude that Satsuma-ninjin may be used as a substitute for Panax ginseng C.A.MEYER 

owing to its bioactive constituent composition. 

 

5.7. Chinese Panax japonicus C.A.MEYER (Zhujie-shen) 

 

Chinese “Zhujie-Shen”, “Zhujie-Sanchi” or “Zhao-shen” is cultivated at the altitudes of 

1500-2500m above sea level in Yunnan, Guizhou, Hunan, Jiangxi, Zhejiang and Szechwan 

provinces in China and has the bamboo-like long creeping rhizomes being similar to Japanese 

Panax japonicus C.A.MEYER (Chikusetsu-ninjin). 

Fig. XX: Ocotillol-type saponins  

  

Also the internal rhizome structures of Zhujie-shen and Chikusetsu-ninjin were repoted by 

Mitsuno et al 
[99]

 to be similar, although the content of calcium oxalate crystals in cambium 

layer of Zhujie-shen was more abundant than that in Chikusetsu-ninjin
[75]

. This similarity in 

the external and internal root structure of both species complicated their exact morphological 

separation from each other. Nevertheless, when comparing the chemical component 

composition, it becomes obvious that Zhujie-shen takes a special chemotaxonomical position 

among other wild Chinese Panax japonicus species (like Satsuma-ninjin by Japanese Panax 

japonicus species). 

The hallmark of Chinese Panax japonicus C.A.MEYER is the presence of Pseudo-

ginsenoside F11 previously found only in the leaves of Himalayan and American Ginseng as 

well as of Majonosides-R1, R2, the ocotillol saponins shown in Fig. XXI, though 

both Chinese and Japanese Panax japonicus C.A.MEYER have a large quantity of 

other oleanolic acid saponins like CS-IV, CS-IVa, CS-V. However, the 

compositions of the most valuable saponins are characteristic for each species. 

(Table III).  
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The identification of Maj- R1, R2 could be carried out by HR-MS: there was a strong base 

peak at m/e 143 or m/e 185 (if acetylated, i.e. H=Ac) assigned to 1-(2-hydroxypropan-2-yl)-

4-methyl-tetrahydrofuran ring of ocotillol-type triterpenes that represents a fragment of the 

modified side chain. The absolute configurations of the C24 carbon of ocotillol saponins could 

be determined by NMR when comparing the chemical shift values of the C23, C24, C26 and 

C27 carbons of the modified side chain of aglycon 
[39,42,43]

. The location of glucosidic linkage 

has been established by comparing 
13

C-NMR data of Maj-R1 with those of its aglycon and 

finally, Maj-R1 structure has been defined as 6-0-ß-sophoroside of dammarane-20(S), 24(S)-

epoxy-3ß, 6α, 12ß, 25-tetrol.  

Other ginsenosides have been determined as above. 

Malonylated ginsenosides Rb1, Rb2 and Rc are available also in both Chinese and Japanese 

Panax japonicus C.A.MEYER, although their content in the wildly growing plants is usually 

higher than that in the cultivated species. The same can be said about the CS-V content in the 

wild and cultivated Chinese and Japanese Panax japonicus C.A.MEYER (age more than ten 

years)
[100]

. 

 

5.8. Chinese Panax japonicus C.A.MEYER var. major (BURK) C.Y.WU et K.M.FENG 

(Zu-Tziseng) 

 

Zu-Tziseng or Panax pseudoginseng WALL var. major (BURK) J.L.LI grows at the altitudes 

of 2500-4500m above sea level in Likiang, Yunnan and Szechwan provinces in South China 

and has long creeping rhizomes with elongated and slender internodes that are different from 

rather short and thick internodes of Chikusetsu-ninjin. 

In Zu-Tziseng there is a large quantity of oleanolic acid saponins, characteristic dammarene 

and some ocotillol saponins (Table III)
[42d]

. Already known saponins have been identified by 

comparing their spectral data with those available in literature and the chirality of the C24 

carbon in the structures of Maj-R1, Maj-R2, etc. has been verified by the correlation with 25-

bromo-3α,12ß-dihydroxy-20(S),24(S)-epoxy-dammarane obtained from betulafolienetriol 

and NBS as shown in Fig. IV
[19]

. 

 

5.9. Chinese Panax japonicus C.A.MEYER var. stipuleanatus H.T.TSAI et K.M.FENG 

 

This wild species grows in South Yunnan, China as well as in North Vietnam
[101]

. 
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Stipuleanosides R1 and R2 isolated and determined as above are the most characteristic ones 

for this plant.
[42b]

 (Fig. XIX). Astonishingly, but no dammarene-type saponin could be 

detected in this plant, despite of careful survey. 

For lack of published information concerning the experimental aspects of saponin structure 

determination, the data to be reviewed here could only be mentioned in passing. 

 

5.10. Panax pseudo-ginseng WALL 

 

In the 1980`s, three botanical expeditions were undertaken to the Himalayan mountains in 

search of new wild Panax plants. The wildly growing species Panax pseudo-ginseng WALL 

and a number of its morphologically related subspecies and varieties like Panax pseudo-

ginseng WALL subsp. pseudo-ginseng HARA , Panax pseudo-ginseng WALL subsp. 

himalaicus HARA, Panax pseudo-ginseng WALL subsp. himalaicus HARA var. 

angustifolium (BURK) LI; Panax pseudo-ginseng WALL subsp. himalaicus var. 

bipinnatifidus (SEEM) LI; Panax pseudo-ginseng WALL subsp. japonicus HARA (= 

P.japonicus C.A.MEYER) etc. have been discovered at the altitudes of 1500-3000m above 

sea level being widely spread over the whole region from Japan to the Eastern Himalayas 

through the South-Western province of China. 

Modern advancements in analytical instrumentation having radically improved a trace 

amount determination of saponins and other bioactive compounds, even rare, wild Himalayan 

plants could have been analysed from a limited material amount.  

As to the root system, most of these subspecies belong to the second group, except for Panax 

pseudo-ginseng WALL subsp. pseudo-ginseng HARA. 

 

5.10.1. Panax pseudo-ginseng WALL subsp. pseudo-ginseng HARA  

 

Panax pseudo-ginseng WALL subsp. pseudo-ginseng HARA is a very rare herb in the plant 

kingdom. It has a carrot-like fleshy root with small rhizomes. This wild subspecies first 

discovered at an altitude of 3050m in Nielamu, Tibet, was believed to be a kind of wild 

Notoginseng, however, its saponin content seemed to be very low as compared with Ginseng 

and other Panax spp
[74]

. 

Panax pseudo-ginseng WALL subsp. pseudo-ginseng HARA found in Shiopuri contains 

Stipuleanoside R2 and Chikusetsusaponin CS-IV, two oleanolic acid saponins and traces of 

some unidentified saponins. Its characteristic bioactive constituents are Compound O, the ß-
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D-glucopyranosyl-oleanolate, and polyacetylenic compound panaxynol
[3]

, though in a 

relatively low quantity. Unfortunately, no dammarene saponin seemed to be present in this 

subspecies. Therefore, this plant may not be used as a substitute for Panax ginseng 

C.A.MEYER.  

It is worth underlining here that these experimental findings were obtained in the early 1980`s 

by using analytical techniques of that time.  

To determine the dependence of the saponin content on the locus of the wild plants pseudo-

ginseng HARA in the Himalayan mountains [namely in Chautara (3050m), Sindhu Chouk 

District, the North-Eastern area of Kathmandu, Central Nepal and in Shiopuri (2500m), the 

Northern area of Kathmandu, Central Nepal], the wild plant roots from Chautara have been 

analysed in detail, just as those from Shiopuri only by using TLC and HPLC, because of the 

plant material shortage.  

The DNA-analysis of wild Himalayan and Japanese Panax species only confirmed that on the 

phylogenic tree this subspecies represents a separate group with a large distance to other wild 

Himalayan and Japanese species
[102]

. 

 

5.10.2. Panax pseudo-ginseng WALL subsp. himalaicus HARA 

 

The dependence of the geographical location on the concentration change of bioactive 

compounds in plants of the same species (Table III) was studied more intensively on the wild 

Panax pseudo-ginseng WALL subsp. himalaicus HARA discovered in three Himalayan 

regions: Central Nepal (Chame, the eastern foot of Mt. Annapurna and Ghorapani, Chautara, 

the western and north-eastern foot of Mt. Annapurna), Central Nepal (near Kathmandu, at the 

altitude of 2500m above sea level along a trail leading from Dhunche to Singkunba) and 

West Bhutan (Khosa, Pari-la, Tzatogang) during three botanical expeditions to these 

regions
[42b,c]

. These wild Panax pseudo-ginseng WALL subsp. himalaicus HARA plants have 

been analytically compared by commonly used methods and a strong correlation between the 

root shape (I or II group) and saponin composition in Panax plants could have been 

discovered (details in Section 4). 

It turned out that the Panax plants from Nepal, the western distribution area of Ginseng 

(around Mt. Annapurna at Chame, Chautara and Ghorapani), are very similar to Sanchi-

Ginseng (I group) with respect to content and composition of the bioactive saponins and 

contain a lot of characteristic dammarene (Rb1, Rd, Re, Rg1, Gy-XVII, Noto-R1) and ocotillol 
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(Maj-R2, PS-F11) triterpenes but no oleanolic acid saponins (Table V), regardless of the root 

shape difference between these plants (I and II group)
[103]

. 

And vice versa, the wild Panax pseudo-ginseng WALL subsp. himalaicus HARA plants from 

the Eastern Himalayas, the Singalila Range of Darjeeling (India) and Tzatogang, Khosa, Pari-

la (Bhutan) were found to contain a lot of oleanolic acid saponins and rather a small amount 

(or not) of dammarene saponins like Panax japonicus species (II group) from South-Western 

China and Japan (Chinese and Japanese Panax japonicus) and differing in their biochemical 

compositions from the species from the Central Himalayas (Ghorapani, Chame, Chautara, the 

western foot of Mt.Annapurna).  

A glance at the Table V shown above allows us to conclude that saponin composition of each 

mountain plant species depends not only on the geographical location but first of all on the 

soil state (different mineral composition of the rock in a specific location) as well as on the 

climatic conditions (atmospheric pressure, rarefied air, different temperature fluctuations in 

day and night rhythm at different altitudes, etc.). For example, the plants that grew up at a 

lower altitude (1800m) in Khosa and Bhutan (Eastern Himalayas) contained a large amount 

of oleanolic saponins: CS-IV, CS-IVa and CS-V and only a small amount of Rb1 (as a 

representative of dammarene saponins), just as the plants grown up at the higher altitudes in 

Tzatogang (3100m) and Pari-la (2600-3550m), a large amount of quite different oleanolic 

acid saponins like PS-RT1, PS-RP1, CS-IVa, CS-V and also quite a small amount of 

dammarene saponins
[3]

. And thus, from the chemotaxonomical viewpoint Panax pseudo-

ginseng WALL subsp. himalaicus HARA plants from the Eastern Himalayan region can be 

referred to Chinese Panax japonicus var. major.  

Interestingly, the wild Panax pseudo-ginseng WALL subsp. himalaicus HARA plants grown 

in the area between Dhunche and Singkunba (near Kathmandu) by coming over from the 

western to the eastern Himalayas contained a wide range of both dammarene and oleanolic 

acid saponins and even in a considerable quantity. That is why the area around Kathmandu 

may be regarded as a chemogeographical borderland in the distribution area of subspecies 

himalaicus with and without oleanolic acid saponins.  

Wild mountain Ginseng plants are appreciated higher than those from plains or cultivated on 

farms. The reason for this not-random preference is a difference in the composition of 

bioactive constituents in Ginseng roots. In fact, content of bioactive substances in plants 

strongly depends on the nutrient medium or in other words on nutriens including 

microelements entering from the soil that can regulate the biosynthesis of ginsenosides and 

other bioactive compounds by initiating different cascade cycles of biosynthesis in plants. 
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The influence of geochemical composition of the soil on bioactive substance synthesis in 

plants is displayed from my mind more visually on the Ginseng plants harvested in different 

areas of the Himalayan mountains formed 45 million years ago during the mountain building 

phase when the lithospheric plates India and Asia began to collide with each other. Along the 

collision boundary arisen in the course of the plate convergence appeared a wide orogen with 

a deformation maximum in the first contact zone (suture). Large amounts of material were 

exposed not only to the uplift but especially to the elevated temperatures and pressures by 

crustal thickening and shortening and the arisen partial melting in the most deformed regions 

of the developing mountain belt has produced plutons intruded into the overlying rock layers 

deforming they even more. The most important fact is that this area of the Himalayas often 

preserves parts of an oceanic lithosphere, composed predominantly of basalt and gabbro, that 

were trapped between the both colliding plates. When the hot mineral-rich crust was mixed 

with the cold circulating seawater, the minerals dissolved there have precipitated in form of 

massive metallic sulphide deposits. The crystallized mafit and anorthite-rich plagioclases 

have been formed as the main components in case of subalkaline magmas followed by quartz, 

mica, potassium feldspar, etc.. Under heating the seawater has changed also basaltic rocks 

through a process named the hydrothermal metamorphose or metasomatose characterized by 

microstructural changes, mineral reactions and exchange reactions. Thereby the dark silicates 

peridot and pyroxen of basalt from the oceanic lithosphere could be converted into new 

minerals chlorite and serpentine just as the heated sea water circulating throughout the new 

formed rock stratum could dissolve further portions of metal ions, e.g. Si, Ca, Fe, Cu, Ag, 

Au, etc from the heated basalt stratum. That is why the seawater is now enriched with all 

possible microelements, known to be responsible for the healing properties of seawater. By 

cooling down the volatiles migrated further into the surrounding rock stratum having been 

installed into white mica, tourmaline, beryl, etc. thus transporting also heat and substances 

from the plutons. In such a way contact aureoles could be formed. This is in brief the 

geochemical perspective on the genesis of the tectonic material of the Himalayas.  

And now we should proceed to the processes of weathering and erosion in mountain regions 

that finally led to the soil formation and to its enrichment with micro- and macro elements 

necessary for the healthy development of plants. It was mainly the whether with the change 

from rain to sunshine and from heat to frost and vice versa that caused the conversion of a 

solid rock into the loose soil. Wherein many processes were overlapped. Primarily the 

physical weathering has decomposed the initial rock into smaller blocks, regoliths and further 

to rubble through the formation of cracks and gaps. This physical weathering could only take 
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place due to an existence of a difference in expansion coefficients of minerals the rocks are 

constituted from, thus causing an inconsistent volume changes as a result of seasonal and 

day/night-rhythm temperature fluctuations, what finally led to the compressive and tensile 

stresses between the grains of the minerals and caused cracks. The further process of rock 

destruction was accelerated by the getting inside and circulating there rainwater because 

when changing from liquid state to ice the water volume increases by 9 % what can lead to 

shattering of a considerable force. But only by the next level of the chemical-biological 

erosion regolith and rubble could finally be turned into the soil. 

Chemical erosion is, in fact, a result of the chemical reactions between parent-rock minerals 

and the substances dissolved in the water circulating in cracks and gaps (enriched with salt-, 

carbonic acid- (CO2 from air), etc.). Besides there are important not only lithological 

characteristics of rocks like composition, grain size, structure, pore space, permeability, etc. 

but especially the air and soil temperature, type and amount of organic substances, redox and 

pH-conditions as well as the availability of gas phases (CO2, etc.). 

It should not be forgotten the chemical-biological erosion by bacteria, fungi, lichens, mosses 

and microorganisms. Nitrobacteria, for example, when destroying plant material, can release 

nitrite- and nitrate ions thus causing acidification of the soil water, what, in turn, accelerates 

mineral weathering, specifically the extraction of metal cations from the crystal lattice of 

minerals. And thus way micro- and macroelements located in the upper layers of rocks 

(especially in the case of the ocean lithosphere parts enriched with microelements in the 

Himalayas and trapped between both colliding plates) could be solved and washed-out with 

rainwater over the millennia (in dissolved or combined form) into the soil layers covering 

these rocks to get further through the exchange absorption into the plants growing there. 

Nevertheless, how much nutrients a plant needs is not a question of the microelement 

concentration in the soil but of their accessibility for this kind of plants. And the most 

important role here belongs to the free-living and symbiotic microorganisms (Mycorrhiza) 

that are the kitt of this system synchronizing supply and demand in the plant kingdom.  

The biosynthesis pathways in Rhizophyten plants supplied with nutrients only by means of 

roots depend primarily on the soil composition (presence of not only weathering products of 

the rock-forming minerals but also of decomposition products of organic materials, humus) 

and correspondingly on the availability of nutrients there. In this connection it is worth to 

note that various substances outcoming through the root system (apart from organic- and 

aminoacids, sugars, vitamins, etc.) can cause influence on the living conditions of 

microorganisms (bacteria, fungi) in the nearest surroundings of the root system (the 
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rhizosphere) and this way change the extent of implementation of the soil minerals and the 

extent of degradation of organic materials through the microorganisms, considerably 

changing the availability of nutrients in the soil. May be thus way some plants grow usually 

in groups, because the first plants grown here have created (in their rhizosphere) the most 

appropriate soil conditions (soil microclimate, pH, nutrient availability, etc.) for the seed 

germination of the next plants of the same species. 

The concentration and accessibility of micro- and macroelements in the mountain soil is not 

constant as the composition of the rocks itself and that is why the mountain Ginseng plants 

collected at different altitudes (different section of the rock) and supplied with quite different 

micro- and macro-element amounts involved in the biosynthesis of ginsenosides can have 

quite different compositions of the bioactive compounds. To my mind, to really understand 

the mechanisms of synthesis and distribution of the synthesized bioactive substances in plants 

it would be better in future to explore the biochemical transformations in plant kingdom only 

in connection with the geochemical composition of the soil/rock-forming minerals (mountain 

plants have grown on) and climatic condition (by cultivated plants taking into account 

especially the influence of the drought or of a large amount of precipitation also causing by 

plants quite significant changes in the bioactive compound synthesis that  also must be taken 

into consideration). 

In this connection there should also be mentioned that bezoars, the mineralised stones present 

in the rumen of some wild goats and chamois are likely to be formed as a result of the dietary 

absorption of indigestible mountain plant fibres and resins mixed there with the hair coat. 

Since ancient times these bezoars have been high appreciated in Asia for their beneficial 

properties having been one of the expensive drugs in Kampo medicine and not without 

reason, as it has become known now. They do contain not only bioactive compounds like 

triterpenes, etc., but likely first of all various minerals and trace elements responsible for their 

beneficial properties. 

However, it must be said that this chemotaxonomical study has been enlarged upon the only 

wild plants of Panax pseudo-ginseng WALL subsp. himalaicus HARA found in the Western 

[Central Nepal (Chame, Ghorapani, Chautara around Mt. Annapurna), Central Nepal 

(between Dhunche and Singkunba, near Kathmandu)] and Eastern regions of the Himalayan 

mountains [West Bhutan (Khosa, Pari-la, Tzatogang)]. 

As to Panax species discovered in other Himalayan regions, they have been left 

uninvestigated because of plant material shortage and the inaccuracy of analytical methods of 

that time. 
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5.10.3. Panax pseudo-ginseng WALL var. elegantior (BURK) HOO et TSEUNG 

 

This wild plant variety of Panax pseudo-ginseng WALL identical with Panax japonicus 

C.A.MEYER var. major (BURK) C.Y.WU et K.M.FENG could be discovered at an altitude 

of 2500m by the third botanical expedition to the Himalayas along a trail leading from 

Dhunche to Singkunba (to the east of Chame and Ghorapani) in Nepal. 

There are present some bioactive dammarene, ocotillol and oleanolic acid saponins, though 

their content and composition differed from those in other Himalayan subspecies. In contrast 

to the mentioned previously Japanese, Chinese and Bhutanese species, the content of 

oleanolic acid saponins in Panax pseudo-ginseng WALL var. elegantior (BURK) HOO et 

TSEUNG was somewhat lower than that of dammarene saponins
[42b]

. 

 

5.10.4. Panax pseudo-ginseng WALL var. angustatus (HARA) (Hosoba-ninjin) 

 

A new kind of wild Panax plants named Hosoba-ninjin has been discovered at the foot of Mt. 

Fuji, in Fujiyoshida, Yamanashi-prefecture, Japan. Like other wild Japanese, Chinese and 

Himalayan species of the second group Hosoba-ninjin contains a large quantity of CS-IVa, 

CS-IV, CS-V and rather a small amount of dammarene saponins like Noto-R2, Rf, CS-III, 

CS-VI.  

The peculiar saponin of Panax pseudo-ginseng WALL var. angustatus (HARA) is 

Chikusetsusaponin CS-VI
[104]

. 

 

5.11. Panax zingiberensis C.Y.WU et K.M.FENG (Ginger Ginseng) 

 

Ginger Ginseng discovered in Yunnan, the South-western province of China, is known to 

have been extensively used in ancient Chinese medicine. 

Recently, a colony of Panax spp. named Myanmar Ginseng could be found at an altitude of 

1500m above sea level at the Par Moe Ne Water Spring area in Taung-gyi, Shan State by a 

botanical expedition to Myanmar region in search of Myanmar beneficial herbs and identified 

as Panax zingiberensis. It has many typical morphological characteristics of the second 

Panax group
[105]

. Moreover, the nucleotide sequence of MG is identical with that of Ginger 

Ginseng. The bioactive compound composition includes dammarene (Rb1, Rg1, Rh1) and 

some oleanolic acid saponins (CS-IVa, CS-IV, CS-V) including Zingibroside R1, a peculiar 

saponin for Panax zingiberensis shown in Fig. XIX. 
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Recently, Panax zingiberensis was claimed to be threatened in Yunnan to the brink of 

extinction and in 1977 it was listed in IUCN Red List of the Threatened Plants with an 

“endangered status”.  

That is why now it is on the highest protection level in China. Can the Myanmar Ginseng 

hope for an other fate? 

 

5.12. Panax vietnamensis HA et GRUSHV (Ye-Sanchi) 

 

Else in antiquity Panax vietnamensis HA et GRUSHV has been used as a magnificent natural 

drug by Sedanic ethnic tribe living in the high mountains of the Southern Annamitic Range, 

Central Vietnam. This new species was re-discovered in the early 1970`s owing to an 

intensive botanical survey
[106]

 of Vietnam and Soviet Union botanists and named by them 

Panax vietnamensis. It is now an important medicative herb in Vietnam that has been 

successfully used in Vietnam-war. It grows at the altitudes of 1500-2590m in Gia Lai-

Kontum in Central Vietnam.  
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Fig. XXI: New distinctive saponins of Panax vietnamensis HA et GRUSHV. 

 

The root system of this species belongs from the morphological standpoint to the second 

Panax group and there are numerous dammarene and a small quantity of oleanolic and 

ocotillol saponins, especially Maj-R2. Moreover, ß-sitosteryl-3-0-ß-D-glucopyranoside and 

Hemsloside-Ma3, an oleanolic acid saponin first isolated from Hemsleya macrosperma 

C.Y.WU (Cucurbitaceae), as well as some new peculiar saponins named Vina-ginsenosides 
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V-R1, V-R2, V-R3, V-R4, V-R5, V-R6, V-R7, V-R8, V-R9 could be discovered in this species. 

As to Ginsenosides V-R8 and V-R9, they have an additional hydroxyl group in the side chain, 

like CS-L3bc, CS-L9bc.  

Notoginsenoside–R6 first extracted from Sanchi-ginseng could also be discovered  in Panax 

vietnamensis HA et GRUSHV.. 

 

6.   Synthesis of the most valuable substances present in Ginseng 

 

 Panax ginseng C.A.MEYER and its bioactive principles have a multifaceted therapeutic 

effect but the routes of their total syntheses are extremely sophisticated, because of 

complexity of their stereochemical structures closely related to their biological activities. 

Decades of numerous investigations of steroid chemistry provided a valuable insight into the 

fundamental nature of carbocations, radicals and  chemical reactivity of them as well as the 

concept of conformational analysis. The significant mission of organic synthesis is to produce 

large quantities of important naturally occurring and artificial compounds in a modernized, 

straightforward and practical way and provide them to society. But before a chemical 

synthesis could be attempted the deconvolution of molecular structures of ginsenosides had to 

be accomplished. 

The first attempts concerning the synthesis of triterpene basic skeleton were undertaken in the 

1960`s pioneered by Schaffner and Stork. 

 

6.1. Synthesis of Ginseng sapogenins 

6.1.1. Chemical methods  

 

The first total synthesis of Protopanaxadiol, one of the Ginseng genuine sapogenins, could be 

carried out starting from 6-methoxy-α-tetralone (I) through such chiral key building blocks as 

2-(5`,5`,8a`-trimethyl-6`-acetoxy-2`-oxodecalin-1`-yl)-acetic acid (II), α-onocerin and 

hydroxyhopanone shown in Fig. XXII-XXV. The success of the total synthesis of (+)-α-

onocerin represented a great importance on two counts. At first, this naturally occurring 

pentacyclic triterpene system was a simple example of the squalene biogenetic hypothesis 

brought forward by Ružička, who assumed that a concerted cyclization cascade may take 

place by the triterpene core synthesis. Secondly, the cyclization of triterpene α-onocerin via 

its ß-isomer to a pentacyclic triterpene system γ-onocerin related to hydroxyhopanone, a 
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natural triterpenoid of the hopane group (Fig. XXIII), allowed Barton and Overton to confirm 

the structure of α-Onocerin in 1955 
[107]

. 

 

Fig.XXII: Synthesis of (+)-α−Onocerin. 

 

Though α-Onocerin is accessible in nature in a large quantity, the cyclization success of the 

racemic α-Onocerin to the pentacyclic γ-Onocerin via its ß-isomer still not discovered in 

nature gave Stork and his co-workers the possibility of performing step by step a total 

synthesis of (+)-α-Onocerin starting from a convenient γ-ketocarboxylic acid (in Fig. XXII 

compound II) via Kolbe`s electrolytic coupling
[108]

 that became since 1963 the most suitable 

way of synthesizing particular symmetrical molecules getting over three principal synthetic 

problems shown in Fig. XXII: 

 

Fig. XXIII: Synthesis of Hopenone-I
[110] 
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1) the construction of the required keto-acid and its resolution;  

2) the electrolytic coupling of γ-ketocarboxylic acid to a symmetrical diketone; 

3) the following transformation of these two carbonyl groups of the dione into the 

methylene groups of the final product. 

In 1958 Schaffner et colleagues succeeded in synthesizing the racemic hopenone-I beginning 

with the easily accessible α-Onocerin
[109]

, but without asymmetry on the C-17 and C-21 

carbons in hydroxyhopanone; nevertheless, the regeneration of chirality of these carbons, the 

leading feature of natural triterpenoids, was hitherto unsuccessful (Fig. XXIII). 

In 1967 Tsuda and Hattori
[110]

 published the first asymmetric synthesis of hydroxyhopanone 

under Schaffner`s conditions starting from (+)-α-Onocerin through gammaceran-3-one-21-ol, 

a chiral key building block. When subjected to solvolysis, the tosylated or mesylated 

gammaceran-3-one-21-ol gave the optical pure hydroxyhopanone completely identical with a 

natural sample. 

In essence, the above described transformation represents an excellent opportunity of 

synthesizing practically all related natural triterpenoids like diplopterol, diploptene, moretene, 

adiantone, etc. of hopane, norhopane or 21-α-hopane groups
[110]

. 

Further, hydroxyhopanone was converted into hopenone-I and further into dammarenediol-II 

through a complex series of manipulations including oxidation, reduction, dehydration, 

etc.
[111]

. 

In 1972 Breslow elaborated
[112]

 the remote oxidation of steroids by photolysis of attached 

benzophenone groups that permitted to introduce a functional group into the inactivated C- or 

D-rings of the hydrocarbon core. To apply remote oxidation to the triterpenoid compounds of 

the dammarane group and introduce a hydroxyl group into the C –ring of aglycon at the C12 

position it was necessary to chose an alternative reagent, in this case p-nitrophenylacetate. 

The following selective protection of the 3ß-hydroxyl group to the monoacetate of (III) 

allowed to achieve an inversion of the introduced 12α-hydroxyl group through Jones` 

oxidation with the subsequent LiAlH4 reduction. The following dehydration, ozone 

degradation and alkylation with Grignard reagent afforded 3,12-diacetoxydammar-24-ene-

3ß,12ß,20(S)-triol, whose hydrolysis accomplished the synthesis of 20-(S)-

Protopanaxadiol
[113]

 (Fig. XXV). 

Yet, if we compare the overall efficiency of chemical processes involved in the total 

syntheses of natural products to the biosynthesis facility of them in the plant kingdom 
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(catalysed by plant enzymes), we must admit our inferiority and conclude that we still have a 

long way to go before we can claim equal status with the nature. 

 

Fig. XXIV:  Synthesis of Dammarenediol-II
[111] 

 

That is why far more convenient opportunity of overcoming this problem is synthesis of 

Ginseng aglycons starting from other bioactive triterpenoids accessible in nature in sufficient 

quantities, namely from: 

• α-Onocerin, the tetracyclic triterpene, which can be isolated from the root of Onosis 

spinosa and Lycopodium clavatum in high yields and then transformed into hydroxyhopanone 

through gammaceran-3-one-21-ol 

 

Fig. XXV: Synthesis of Protopanaxadiol through Remote oxidation of Dammarenediol-II 

 

• Hydroxyhopanone, dipterocarpol and dammarenediol, the penta and tetracyclic 

triterpenes of Dammar resin, that are easily accessible from balsam and heartwood of several 

Dipterocarpus species. Moreover, Hydroxyhopanone and dammar-24-ene-12ß, 20(S)-diol-3-

one are available from the leaves of Japanese white birch, though in relatively low yields. 

HO

OH
OH

N
+O

-

O

O

O

Remote
Oxidation

OH

OH
HO

(yield 13%) AcO

OH
O

AcO

OH
OH

AcO

O

OAc

AcO

OH
AcO

HO

OH
HO

Protopanaxadiol-II

(III)

O

Hopenone-I

AcO
AcO

O

O

AcO

OH

OH

AcO

O

H

AcO

O

H

AcO

OH

HO

OH

Dammarenediol-II



International Science Congress Association 

www.isca.in , www.isca.co.in 

Ginseng as Panacea: Chemical Composition and Physiological Influence    73 

 

• Betulafolienetriol, a tetracyclic triterpene, which is easily accessible from the leaves 

of European white birch, Betula alba L. (Betulaceae) and Japanese white birch, Betula 

platiphylla SUKACHEV, var. japonicus HARA.  

Nevertheless, the most suitable approach to obtaining Protopanaxadiol on a large scale offers 

the chemical conversion of betulafolienetriol accessible from Japanese white birch leaves in a 

large quantity. By this method the α-hydroxyl group attached to the C3 carbon can be 

selectively mild oxidized to the corresponding keto group
[114]

 and the obtained dammar-24-

ene-12ß,20(S)-diol-3-one also accessible from Japanese white birch leaves further reduced to 

the 20(S)-PPD, the desired genuine aglycon of ginsenosides. 

 

6.1.2. Enzymatic methods 

 

The conventional chemical methods of obtaining genuine sapogenins like mild acid 

hydrolysis or alkaline cleavage of saponins are always accompanied by many side reactions 

like epimerisation, hydroxylation, cyclization of sapogenin side chain, etc.
[115]

. That is why, it 

is almost impossible to achieve optically pure sapogenins by hydrolysing ginsenosides.  

Kitagawa and co-workers intensely concerned themselves with this problem and elaborated 

in 1966 an useful method of preparing sapogenins of Ginseng by the soil bacteria action
[27b]

. 

Kohda and Tanaka focused their attention on looking for a suitable crude enzyme 

preparation. They tested hesperidinase, naringinase, pectinase, cellulase, amylase, emulsin 

and other crude enzyme preparations to find a better approach to hydrolysing ginsenosides
[23]

 

and in the early 70`s they found out that crude hesperidinase can almost completely hydrolyse 

ginsenoside Rg to its genuine sapogenin 20(S)-PPT and more importantly, also a ginsenoside 

mixture (Rb1, Rb2, Rc) can be almost completely hydrolysed to Compound K (PPD 

glycosylated (ß-D-glc) at the C20). Most surprising is that the crude hesperidinase is also able 

to hydrolyse Chikusetsusaponins of Panax japonicus to the corresponding sapogenins under 

the same experimental conditions, with the exception of CS-III. 

In the late 1980`s Ogihara et al 
[26]

 elaborated a new opportunity of resolving this problem, 

namely a mild alkaline treatment of ginsenosides that afforded the desirable genuine 

sapogenins and prosapogenins by splitting glucosidic bonds available, and most importantly, 

without epimerisation at the C-20 carbon of aglycon. For example, peracetylated 20(S)-Rg2 

could be easily converted into ginsenoside Rh1, its prosapogenin, by the mild alkaline 

treatment. 
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6.2. Production of the most valuable minor ginsenosides 

 

The most valuable ginsenosides Rg3, Rh1, Rh2 etc. with the highest physiological activity are 

present in wild and cultivated Ginseng plants, unfortunately, in very low yields. That is why 

some investigators were spurred on by the goal of finding creative approaches to produce 

these rare irreplaceable ginsenosides on a large scale starting from Ginseng major saponines. 

Some of these primarily practicable methods are listed below. 

 

6.2.1. Partial enzymatic hydrolysis of ginsenosides 

 

Ginsenoside Rh2 present only in fresh wild 

Ginseng roots and in Red Ginseng attracted 

recently a lot of attention because of its high 

inhibitory activity in combating growth of B16 

melanoma and human ovarian cancer cells and 

even to the same extent as the well-known 

anticancer drug: cis-diaminedichloroplatinum. 

Nevertheless, for quite a few years now, it was practically impossible to separate Rh2 from 

wild Ginseng roots or RG because of its low content there. 

The idea of looking for a compromise solution to this problem was being much debated in 

literature. Intensive investigations had to be performed so that the enzymatic method of 

producing rare ginsenosides from other major saponins or saponin mixtures might become 

realizable. 

In 2001 F. Jin et colleagues
[116]

 reported about a successful ginsenoside Rh2 production by the 

enzymatic hydrolysis of Rg3 or PPD-saponin mixture with ginsenoside-ß-hydrolase, the ß-

glucosidase isolated from Ginseng root, that can specifically hydrolyse the ß-(1,2)-glucosidic 

linkages in ginsenosides. 

Y.Suzuki et collaborators
[117]

 examined the effectiveness of various crude glucoside 

hydrolases on enzymatic hydrolysis of some valuable saponins like Rh1, Rg2 and F1 and 

reported in 2003 that four glucoside hydrolases shown in Fig. XXVI have the highest ability 

to produce the required minor saponins from ginsenoside mixture in high yields. 

Also ß-galactosidase from Aspergillus oryzae and lactase from Penicillium spp. were found 

to be able to hydrolyse almost completely the PPT-saponin mixture to the desired 

ginsenosides Rh1 and Rg2.  
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Fig. XXVI: Hydrolysis of ginsenosides (aglycon: 
PPT) with various hydrolases
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6.2.2. High-regioselective enzymatic acylation of ginsenosides 

 

Scientific knowledge concerning isolation and characterization of natural compounds was 

being expanded very rapidly over the past decades, as numerous pharmacological 

investigations have convincingly confirmed the apparent value of beneficial herbs used in 

antiquity as popular remedies. As a consequence, the most important synthetic and analytical 

approaches have undergone profound changes and till now they are currently being improved 

with a view to finding most convenient methods of synthesizing these bioactive compounds. 

By studying systematically the bioactive compounds of Ginseng it has become apparent that 

malonyl-ginsenosides may increase not only the water solubility of other bioactive saponins 

(Section 5.1.), but as a consequence the absorption rate of them in the human digestive tract. 

Since that time scientists have concentrated their efforts on looking for the most appropriate 

reaction conditions for preparing these valuable acylated ginsenosides like malonyl- and 

acetyl-ginsenosides on an industrial scale. 

The enzyme-catalysed acyl-transfer was first applied to solve a number of synthetic problems 

arisen by using certain alcohols, amines and natural glucosides. In order that the desirable 

selective transformation of ginsenosides might take place, the special experimental 

arrangements including acylating agent variation, enzyme source search, solvent nature 

change, etc. had to be worked out in detail.  

In the late 1970`s B.Danieli et colleagues
[118]

 reported about an enzymatic acylation of 

flavonoid glucosides and ginsenosides elaborated for ginsenoside Rg1, one of the simplest 

and most abundant saponins of Panax ginseng C.A.MEYER. Successful acylation of the 

primary hydroxyl group of the terminal sugar unit attached to the α-hydroxyl function on the 

C6-carbon of Rg1 could be successfully realized in 1995 and afforded almost quantitatively 

(in accordance with the acylation agent) the C-6`-acetylated or C-6`-malonylated ginsenoside 

Rg1 
[119]

.  

It should be noted that in the last several years the enzyme-catalysed acyl-transfer reactions 

are finding  wider application in different branches of preparative organic synthesis
[120]

. 

 

6.2.3. Ginsenoside production by hairy root cultures transformed by Ri-plasmides 

 

During the last few decades, it was discovered that even plant tissue cultures can be 

conveniently used for a large scale production of secondary metabolites
[121]

. At the end of the 
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1980`s, a very impressive success was achieved in producing alkaloids and saponins by the 

root cultures induced by phytohormones 
[92]

. 

As to Ginseng secondary metabolites, there appeared to be one interesting opportunity of 

solving this problem. In 1989 Sankawa and co-workers elaborated an efficient method of 

transforming ginsenosides in Panax ginseng root with Ri-plasmides of Agrobacterium 

rhizogenes
[122]

. This highly convenient method of producing Ginseng secondary metabolites 

by root cultures is, in fact, a good chance to enhance the therapeutic value of Ginseng, as 

some secondary metabolites exert far stronger physiological activity than the initial 

ginsenosides do. 

Sankawa et al have received after several weeks some crown galls on Ginseng stems around 

the places incised with a scalpel and infected then with Agrobacterium rhizogenes ATCC 

15834. Moreover, the stem segments including crown galls sprouted scores of hairy roots a 

few weeks later, when incubated on a solid medium with antibiotic Claforan. These 

experimental findings are closely connected with the fact that by an infection with 

Agrobacterium rhizogenes under the dry conditions only crown galls have been formed 

instead of hairy roots. 

Ginseng hairy roots could be easily obtained from Ginseng root segments by the following 

method: the sterilized Ginseng root segments with a cambium layer and the ends sealed with 

an instant chemical glue had to be incised with a scalpel and then infected with 

Agrobacterium rhizogenes. A monthly incubation of these segments on a solid medium with 

Claforan led to formation of several germinated hairy roots, thick and without fine lateral 

branching. These hairy roots generated by the transformation with Ri-plasmides are, in fact, 

the completely differentiated organs being capable of producing secondary metabolites on a 

significantly higher level than the intact Ginseng roots do. 

The best secondary metabolite production traced by HPLC could be achieved in the 

generated crown galls whose dry weight was being increased twentyfold within 30 days. 

The production of some oligosaccharides like opine, agropine and mannopine as well as 

nucleosides like adenosine and guanosine has also been detected in the hairy root cultures
[123]

, 

but on a far higher level as compared with wild or cultivated Ginseng roots. 

Now Ginseng hairy root cultures provide an attractive alternative to obtain in vitro the most 

important bioactive ginsenosides within very short time to study their physiological activity 

in vitro. For example, by using hairy root cultures of Panax quinquefolium it is possible to 

obtain in a great amount two major group of ginsenosides with PPD or PPT as an aglycon: 
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the ginsenosides of Rb1 group (PPD): Rb1, Rb2, Rc, Rd and those of Rg1 group (PPT): Re and 

Rg1 . 

 

6.3. Synthesis of Polyacetylenic compounds 

 

Several polyacetylenic compounds found in the roots of Panax ginseng C.A.MEYER and 

Panax quinquefolium L. exhibit a very strong cytotoxic activity against leukaemia cells and a 

variety of other cancer cells
[124]

. Three of them: panaxynol, panaxydol and panaxytriol (Fig. 

IX) are the most potent growth inhibitors of the tumour cells cultured in vitro; for instance, 

panaxytriol can strongly suppres the growth of B16 melanoma cells also in vivo
[125]

, although 

the detailed mechanism is still not known. 

 

Fig. XXVII: Synthesis of Panaxynol
[131] 

 

The scientific knowledge concerning physiological activity of naturally occurring compounds 

has expanded very fast over the last few years and this process is still continuing much faster 

then ever. Some of the older conceptions must be revised as they have come into conflict 

with new experimental findings. Not unexpectedly, therefore, that also the physiological 

activity of Ginseng polyacetylenic compounds has been studied for finding a correlation 

between healing and structure of naturally occurring compounds.  

While studying physiological activity of Ginseng polyacetylenic compounds it turned out that 

not only do some polyacetylenic compounds exert an anti-inflammatory activity
[126]

 and 

inhibit thromboxane formation and platelet aggregation
[127,128]

, but they also inhibit the 

activity of some enzymes like lipoxygenase [EC: 1.13.11]
[129]

 and 15-hydroxyprostaglandin 

dehydrogenase [EC: 1.1.1.141]
[130]

 in dependence on the physical state of the body. 

Most of the published synthetic routes of the bioactive polyacetylenic compounds like 

panaxynol, etc. have been elaborated only to confirm the absolute configuration of these 

compounds 
[131,132]

. 
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6.4. Synthesis of Sesquiterpenes through Rearrangement of Caryophyllene 

 

 Caryophyllene is the major hydrocarbon constituent of the clove oil (Eugenia 

caryophyllita) isolated in a pure state only in 1834. When treated with acidic reagents, it 

easily undergoes an acid-catalysed transannular ring closure giving a mixture of clovene, 

caryolan-1-ol and neoclovene, where clovene and caryolan predominate. 

The total synthesis of (±)-Caryophyllene starting from isobutylene and cyclohexenone was 

successfully carried out by Corey et al
[133]

 in 1963. 

To realize this synthesis three major problems had to be solved:  

• the formation of the bicyclo-[7.2.0]-undecane skeleton 

• the control of the bridgehead stereochemistry 

• the control of the double-bond geometry 

In 1965 Sutherland et al
[134]

 published an interesting approach to synthesizing (±)-

caryophyllene beginning with the macrocycle humulene. Barton determined the absolute 

stereochemistry of clovene and caryolan-1-ol by deuterium-labelling experiments
[135]

 and 

rationalized noticeably the mode of their formation that may be accounted for by the 

sequence of carbonium ion shifts shown in Fig. XXVIII. 

In 1967 Parker put forward a mechanism concerning the conversion of caryophyllene into 

(α)-neoclovene in the presence of H2SO4
[136]

. 

Astonishingly, isocaryophyllene when treated with mineral acid is converted into neoclovene 

and an other tricyclic olefin instead of clovene or caryolan-1-ol. 

Fig. XXVIII: Acid catalysed rearrangement of caryophyllene
[136] 
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Also some other convenient methods of synthesizing (α)-neoclovene could be elaborated to 

confirm the transformation mechanism of (±)-caryophyllene into (α)-neoclovene
[137]

. To 

study this rearrangement was chosen carbocation (I), the well known in caryophyllene 

chemistry cationic intermediate that distinguishes considerably from both caryophyllene and 

neoclovene. The supposed mechanism of caryophyllene rearrangement is given in Fig. 

XXVIII. The (1,4- 6,7-) carbon-carbon bonds involved in the rearrangement of cation (I) into 

neoclovene were determined to be cis-oriented and therefore necessarily eclipsed because of 

the lack of the conformational mobility in carbocation (I). 

This rearrangement can be cited as an exception to the normal antiperiplanar arrangement of 

the σ-bonds in multiple Wagner-Meerwein rearrangement involving discrete intermediates. 

As the essential purpose of this review is to give a unified view on this synthetic problem, 

that is why many important facts and arguments are mentioned here only in passing. For 

details the reader is referred to the paper by W.Parker et co-workers reported in 1971
[136d]

. 

 

7.   Pharmaceutical properties of Ginseng 

 

In the Middle Ages, Ginseng was prescribed either as a separate drug to cure many serious 

diseases including hyperlipemia, atherosclerosis, hypertension, diabetes mellitus, chronic 

hepatitis, ulcer, etc. or in combination with other herbs, like in “Hange-shashin-to” prepared 

from seven crude herbs for the treatment of gastroenteric disorders: Ginseng radix, Pinelliae 

tuber, Scutellariae radix, Zingiberis rhizoma, Glycyrrhizae radix, Ziziphus jujuba fructus and 

Coptidis rhizoma. In fact, many Chinese herbal prescriptions contain Ginseng as one of the 

most valuable components
[138]

, but sometimes it was used only to intensify effects of other 

herbs or to reduce their negative side effects, thus enhancing the beneficial therapeutic value 

of these prescriptions.  

Thanks to ability to heal different illnesses, Ginseng became a standard medication of any 

pharmacy from China and Japan in the Orient and later to Europe and the New World in the 

West. In the mid-eighteenth century a Japanese physician Yoshimasu-Todo (1702-1773) 

studied the drug prescriptions cited in “Pen-Ts`ao-Kang-mu” (Chinese Herbal and Materia 

Medica) and confirmed the stimulating effect of Ginseng, contributing to the popularization 

of Ginseng in Japan for two centuries to follow by encouraging its use as a beneficial natural 

medicine. 
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For many thousands of years Panax ginseng C.A.MEYER had been used in China as a crude 

drug taken orally. The introduction of ancient Chinese medicine into Japan happened during 

the Tang Dynasty as evidenced in Shosoin cloister by the availability there of some natural 

medicaments including certain plant, animal and mineral origins brought to Japan from 

China, Korea and other Asian countries via China. Up to now there are present thirty-eight of 

sixty medicaments originally dedicated to the Great Buddha by the Empress Dowager Komyo 

in memory of the late Emperor Shomu in Todaiji Temple, in Nara and Ginseng is also 

mentioned in the original manuscript of these medicaments. Since 1948 these medicaments 

stored in Shosoin for 1200 years could have been scientifically investigated.  

Only in the second half of the 20
th

 century scientists began to be interested in studying natural 

product chemistry and elaborated methods of separation, analysis and identification of 

bioactive components including ginsenosides as well as routes of their total synthesis. And, 

after the structures of the most important ginsenosides have been elucidated, clinicians 

decided to study the healing effects of the natural drugs exerted after uptake. Many 

biochemical groups concentrated their energy trying to understand the underlying cause of 

diseases and  metabolism regulation mechanisms in different physiological tissues and fluids. 

Investigations of absorption, distribution and metabolism of ginsenosides involving 

experiments in the gastrointestinal tract of rats have been undertaken in vitro and in vivo to 

understand the biological activity of Ginseng. Also now a great number of scientific studies 

on Ginseng and other natural compounds is being carried out from year to year focusing 

mainly on triterpenoid saponins and polyacetylenes. As explained above, the total saponin 

content and the physiological activity exerted are specific to each species and are dependent 

on plant geochemical surroundings, the soil fertility, climatic conditions, plant age, 

harvesting season etc., what makes some Ginseng species more valuable than the others.  

After uptake, ginsenosides are hydrolysed by human intestinal bacteria into the intestinal 

bacteria metabolites or metabolic intermediates (IBM’s) in order to be more easily absorbed 

from intestine and then to be activated in liver by etherification reaction of the ß-hydroxyl 

group on the C3 carbon of aglycon by acyl-CoA: cholesterol acyltransferase (ACAT) and/or 

of the primary hydroxyl group (on the C6` carbon) of the terminal sugar unit attached to the ß-

hydroxyl on the C3 carbon of aglycon by acyl-CoA-triterpene acyltransferase (ATAT) or to 

be excreted in unesterified state as bile. The esterification reaction takes place in microsomes 

like cholesterol esterification because IBM’s are able to penetrate through the cell membrane 

in order to reach the nuclei inducing there various intracellular reactions.  



International Science Congress Association 

www.isca.in , www.isca.co.in 

Ginseng as Panacea: Chemical Composition and Physiological Influence    81 

 

Tabas et al
[139]

 put forward a very plausible hypothesis that the fatty acid triterpene esters 

found in liver of rabbits and humans are result of the dietary absorption of the plant 

triterpenes esterified in liver. By the way, the activity of these IBM’s and fatty acid triterpene 

mono-esters (stearate, oleate, palmitate) is far stronger than that of the intact ginsenosides. 

Moreover, IBM’s are usually excreted as bile, just as the esterified fatty acids triterpenes 

(FATE) can be accumulated in liver longer than the unesterified ones, thus inhibiting there 

ACAT. This inhibiting ability of Ginseng is likely to be responsible for the reducing 

cholesterol level in blood. As we can see, ginsenosides are natural pro-drugs transformed in 

gastrointestinal tract and liver to their active metabolic forms in order to be transported to the 

principal target organs and tissues like spleen, kidney, lung, heart, brain
[57]

, etc., to exert there 

a great deal stronger pharmacological influence than initial ginsenosides would do. 

When injected intravenously, ginsenosides are strongly bound with serum albumin to be 

transported to their target organs and tissues or to liver, where they are exposed to the same 

transformations, as above. In literature there is much disagreement between the results of 

several groups concerning metabolism and absorption of ginsenosides in the digestive tract of 

rats, that can be connected with several experimental problems like the exactness of 

analytical methods, different animal species etc. 

Interesting facts could be gathered by studying rhythmic fluctuations of daily routine and 

lighting conditions that evoke in plants and living organisms a number of physiological 

phenomena. For example, Watanabe et al
[140]

 discovered the presence of a circadian variation 

in the rat liver glycogen content under the controlled lighting conditions and feeding 

schedules. It has been established that Ginseng influence on glycogen content in liver is being 

changed in dependence on the diet variation and physiological state of the body. 

Also Panax japonicus C.A.MEYER has not been left uninvestigated. In the early 1970`s 

Saito and Takagi with co-workers 
[141]

 carried out intensive pharmacological investigations of 

Japanese Chikusetsu-Ninjin in vivo to ascertain physiological influence of chikusetsusaponins 

on the body after an intraperitoneal injection or oral administration. CS-ΙΙΙ was found to 

exhibit some anti-inflammatory, sedative, antipyretic, antitussive and expectorant effects, 

preventing stress ulcer and accelerating intestinal motility; as to CS-ΙV, it was shown to 

accelerate intestinal motility and furthermore to exhibite strong anti-ulcer and expectorant 

activities. CS-V proved to be an efficient drug to regulate haemostasis in addition to its anti-

inflammatory, anti-ulcer, etc. activities. 

As soon as these discoveries had been made, also other Ginseng components have been tested 

to establish their medicinal potency. Finally, the polyacetylenic compounds present also in 
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other natural products were discovered to be responsible for certain beneficial effects of these 

herbs. Panaxynol, panaxydol and panaxytriol were demonstrated to exert in vitro a very 

strong cytotoxic activity on the cancer cell growth by using various kinds of the cultured 

cancer cell lines
[142]

. 

At the time being Ginseng is one of the most taken herbal drugs recommended for the 

treatment of a disparate collection of maladies, because of its multifunctional beneficial 

activities such as antiallergic, antiinflammatory, antiulcer, antiviral, anticancer, antimicrobial, 

immunomodulating etc.. Ginseng is also known to enhance general metabolic status by 

wasting syndrome, to prolong lifetime, to prevent progress of some diseases, to reduce 

cholesterol in blood, to inhibit platelet aggregation and to reduce side effects of some 

hormones. By the way, Ginseng can be used as a means to strengthen muscle and bone and to 

smooth skin. 

 

7.1. Role of intracellular messengers in the regulation of cell metabolism 

 

Striking feature of metabolism in living organisms is the similarity of the basic metabolic 

pathways even between vastly different species, what can be explained due to its early 

appearance in evolutionary history that persisted until now due to its efficacy. 

To govern metabolism in the human body, there are present the substances-regulators or 

messengers that can both indicate the metabolism changes occurred as a result of changing 

environmental conditions and govern cell cycle by adjusting the direction and rate of 

biochemical transformations within the cell through the enzyme activity control. In 

dependence on the action duration, one can distinguish between an express or long-term 

metabolism regulation. The mechanism of the express regulation is characterized by an 

immediate action of regulators on the transport of substances into the cell through the cellular 

membrane and as a consequence on the enzyme activity control. The long-term regulation is 

characterizes by rather prolonged, sustainable changes in metabolism due to action of 

regulators on the enzyme quantity within the cell. In dependence on the place where this 

action takes place, the regulators can be divided into two groups: intra- and extracellular 

messengers. The intracellular messengers (nutrients and their metabolites, vitamins and their 

coenzymes, cAMP, cGMP, Ca
2+

 ions, oligonucleotides, etc.) are components of the signal 

transduction cascades and they influence the activity and quantity of the intracellular enzymes 

by relaying signals of hormones like adrenaline, epinephrine, growth factors, etc. (even by 

amplifying strength of their signals) and thus causing significant changes in cell activity. 
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Nevertheless, the cell metabolism is regulated not autonomously but through the extracellular 

messengers that govern metabolism in tissues and organs of the whole body by launching 

intracellular messengers. The extracellular messengers differ from one another in connection 

with their biological activity and the position where they are synthesized and activated. In the 

human body there are humoral, endocrine and nervous systems of metabolism regulation. To 

receive information from the extracellular messengers, there are specific receptor proteins in 

cell located both on the cell surface and in the cytoplasm.  

Cyclic adenosine monophosphate (cAMP) discovered by Sutherland in 1957 is an intracellular 

or so-called second messenger synthesized and activated by enzymes within the cell. It can 

influence activity and quantity of various enzymes in cells by governing the biochemical cell 

functions and evoking the whole cascade of different biochemical effects. The enzyme cyclic 

AMP-phosphodiesterase can hydrolyse cAMP and break down its action on the cell 

metabolism. That is why the cyclic AMP-phosphodiesterase plays an important role in the 

activity regulation of the cyclic AMP. Therefore not surprising that the substances that can 

change the cAMP metabolism are the subject of comprehensive investigations for quite a few 

years now not only from the biochemical, but also from the medical standpoint. They are 

intensively studied now for new efficacious means of curing different diseases to be 

discovered. Many synthetic and natural drugs tested have shown a potent inhibitory activity 

against cyclic adenosine-3`,5`-monophosphate-phosphodiesterase expressed in a great variety 

of physiological effects and first of all in the alteration of the cyclic AMP metabolism. These 

bioactive substances can diffuse inside the cell and inhibit there one of the cyclic 

phosphodiesterases (cAMP- or cGMP phosphodiesterase), thus imitating the effect of natural 

hormones and mediators on the metabolism exerted through these cyclic nucleotides.  

In the past decades some natural phosphodiesterase inhibitors like cofein, papaverine, 

theophylline, ethynyl estradiol, testosterone, diazepam, dipyridamol and oxybocin have found 

their wide application in modern medicine. Nevertheless, these findings do not necessarily 

mean that the physiological activity of these natural drugs in the body is associated only with 

the alteration of the cAMP metabolism. In any case, these observations allowed to conclude 

that the phosphodiesterase inhibitors present in natural products may evoke strong 

physiological effects. 

Among 250 Chinese natural drugs taken to verify the inhibitory activity of phosphodiesterase, 

only 34 of them showed a reproducible inhibitory activity. The high appreciated in TCM 

herbal prescription “Hange-shashin-to” has been especially tested among other prescriptions. 

The inhibitory activity of this herbal extract towards cAMP-phosphodiesterase was shown to 
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be caused chiefly by the bioactive constituents of Scutellaria and Glycyrrhiza roots, just as 

Ginseng constituents acted as synergistic and Jujube constituents as mitigatory agents for 

Scutellaria root
[138]

. 

Several polymethoxyflavonoids discovered in Citrus reticulata BLANCO (peel) and Iris 

florentina L.
[143]

 (rhizome) also have a very strong inhibitory activity towards cAMP-

phosphodiesterase and besides the most strong ones are norlignans
[144]

, lignans
[145]

 and 

saponins
[146]

 present also in Anemarrhena asphodeloides BUNGE (root), Forsythia suspensa 

VAHL (fruits) and Polygala tenuifolia WILLD (root), respectively. Incidentally, some 

sedative effect ascribed to these drugs in traditional Chinese medicine proved also to be true. 

By a screening study of microbial cultures Umezawa et co-workers
[147]

 discovered there a 

dihydrodicaffeic acid dilactone (DDCAD), a phosphodiesterase inhibitor whose structure 

seemed to be similar to pinoresinol, a lignan present in Forsythia suspensa
[145]

 and Eucommia 

ulmoides bark used from of old as a hypotensive drug in China. At present, (+)-pinoresinol-di-

ß-D-glucoside is confirmed to be responsible for the antihypertensive effect of these natural 

drugs. Therefore it is not surprising that also DDCAD with its similar to pinoresinol structure 

exhibits the same physiological activity as expected and also can be used as an 

antihypertensive and sedative agent. Interestingly, exactly the configuration of the two phenyl 

rings with the two p-hydroxyl groups (or substituted hydroxyl groups) is thought to be 
 

responsible for this inhibitory activity towards phosphodiesterase in lignans like (+)-

pinoresinol and its congeners
[145]

. In fact, the measurement of inhibitory activity towards 

cAMP-phosphodiesterase can be used as a screening tool for detection of biologically active 

compounds in medicative herbs. 

Astonishingly, ginsenosides with the 20(S)-PPD-core exhibit in general far stronger inhibitory 

activity against cAMP-phosphodiesterase than those with the 20(S)-PPT-core
[148]

. 

Incidentally, ginsenoside Rg5, one of the most pivotal metabolites, obtained from certain 

ginsenosides by gastric juice hydrolysis of the glucosidic bond at the C20 carbon with the 

following dehydration on the same carbon has a very high inhibitory activity towards cAMP-

phosphodiesterase.  

When summing up the results obtained, it could be concluded that the structural modifications 

both of aglycon and of carbohydrate units in ginsenosides may influence the intensity of their 

physiological effect. Moreover, the position of carbohydrate units at a specific hydroxyl group 

of aglycon affects also the solubility and activity of 20(S)- and 20(R)-Prosapogenins. 

Brekhman
[149]

, Saito
[150]

 et colleagues reported that ginsenosides with the PPD-core are 

responsible for a sedative action, just as those with the PPT-core for the stimulation of the 
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central nervous system. A difference in the ginsenoside influence on plasma corticosterone 

level could be discovered by Hiai et al
[151]

. In fact, the effect of ginsenosides on cAMP-

phosphodiesterase and on the corticosterone secretion activities appeared to be parallel. 

  

7.2. Effect of Ginsenosides on Lipid- and Sugar-metabolism. 

 

Since ancient times Ginseng was used to cure diabetes mellitus. To find out if Ginseng, in 

fact, causes by diabetic patients the expected hypoglycaemic action, many scientific groups 

have begun to study its influence on sugar and lipid metabolism.  

In lipid metabolism Lipoprotein Lipase (LPL) [E.C.3.1.1.34] represents the main task 

regulating the TG metabolism and supplying several tissues with FFAs, which can be used in 

muscle for energy production or deposited as energy reserves in fat-tissues. Improper 

regulation of this mechanism can lead to major pathological changes including the genetic 

caused obesity, several hypertriglyceridemien, development of exhaustion by cancer patients 

etc.  

Lipoprotein lipase (LPL) specifically hydrolyses TG of the triglyceriderich lipoprotein 

complexes (Chylomicrons and VLDL) and thus generates FFAs for tissue uptake metabolism. 

Hydrolysis of triglycerides by LPL is a prerequisite for the uptake of the triglyceride-derived 

FFAs by peripheral cells. Absence of the enzyme activity, as observed in patients with 

hyperlipoproteinemia (type I), causes severe chylomicronemia and other metabolic 

complications. The human LPL gene is located on chromosome 8p22. The enzyme is bound to 

the capillary endothelium probably by an interaction with heparane sulphate and is activated 

by Apolipoprotein C II. The major sites of LPL expression and enzymatic activity are muscle 

and adipose tissue. After uptake, the intracellular metabolism of FFAs is quite different in 

various tissues. In muscle FFAs are mainly utilized for ß-oxidation and energy production. In 

adipose tissue FFAs are reesterified and deposited as lipid droplets for storage. In accordance 

with these distinct metabolic functions, the regulation of the extracellular triglyceride lipolysis 

by LPL is different in adipose tissue and muscle. The active LPL needs as a promoter 

Apolipoprotein C II (Apo-C II), which is a part of Chylomicrons and VLDL. Thus the 

regulation of LPL activity depends on nutritional as well as on hormonal status of animals. 

For example, while fasting LPL activity is low in fat, but high in muscle, whereas while 

refeeding it is high in fat, but decreased in muscle. Thus LPL carefully balances the 

partitioning of the triglyceride-derived FFAs among different tissues
[152]

. 
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Hormone-sensitive lipase (HSL) hydrolyzes triglycerides in adipose tissue and is activated by 

catecholamine and a variety of hormones. 

Ginsenosides Rb1 and Rb2, the major Ginseng saponines, evoke very strong physiological 

action on carbohydrate- and lipid metabolism by regulating enzyme activity in dependence on 

the physiological status of organism. To establish this relationship, not only intact rats  but 

also those with the specifically induced deviations, namely diabetic (streptozotocin-induced) 

rats and rats on a high-cholesterol diet have been taken. Ginseng influence on rats from these 

groups was quite different. 

Liver, kidney, intestine and adipose proved to be the target organs and tissues of ginsenoside 

action. After uptake, ginsenoside Rb2 induced by intact rats decomposition of glycogen in 

liver accompanied by a whole cascade of enzymatic reactions, what ultimately caused lipid 

accumulation in the adipose tissue as a result of Rb2-stimulating action on the glycogenolytic 

and glycolytic pathways without significant change in the triglyceride level, cholesterol or 

phospholipids in liver
[153]

. 

By the suppressed LPL activity, when the adipose tissue is not supplied with the triglyceride-

derived FFAs, an intraperitoneal Rb2-injection caused a pronounced effect on LPL activity, a 

slight decrease in HSL-activity and as a result an accelerated accumulation of lipids in 

adipose. 

Effect of ginsenosides on lipogenesis in liver is manifested in the increased activity of Acetyl-

CoA-Carboxylase, the rate-limiting enzyme in fatty-acid biosynthesis, and in the altered ratio 

of the NADPH/NADP
+
 system involved in the control mechanism of FA-biosynthesis. Thus, 

Ginseng stimulates lipogenesis in liver and adipose tissue by intact rats within 24 h after 

uptake. However, by rats fed on high-fat diet, Ginseng stimulating influence on lipogenesis in 

liver, known to be considerably influenced by nutritional status of animals, is completely 

abolished. 

To clear up mechanism of hypolipemic action triggered after uptake, Yamamoto et al have 

studied influence of ginsenosides in rats fed on high-fat diet e.g. with an increased level of the 

exogenous cholesterol. A repression of cholesterol biosynthesis in rat liver by the exogenous 

cholesterol has been observed by these animals in contrast with the intact rats due to a 

significant decrease in HMG-CoA reductase activity, the rate-limiting enzyme in the 

biosynthesis pathway of cholesterol. Even a single intraperitoneal Rb1-injection caused 

lowering of lipid level in blood. But the prolonged application of Ginseng was more effective 

and induced an accelerated cholesterol turnover and far more significant decrease in the TG-

level in blood as a result of its stimulating action on the uptake of circulating chylomicrones 
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and lipoprotein triglycerides. So, the hypolipemic action of ginsenoside Rb2 is to enhance the 

lipolytic activity of LPL by rats in hyperlipemia state (induced by high-cholesterol feeding) 

and to increase lipid accumulation in adipose tissue
[154]

. Cholesterol content in liver is 

influenced to a smaller extent than that in blood. That is why Ginseng evokes an improvement 

in hyperlipemia by the rats fed on high-fat diet by stimulating specific physiological 

alterations, but only when it is applied at the beginning of this diet. When reducing cholesterol 

content in hyperlipemic patients, Ginseng causes also an improvement in atherogenic 

index
[155,156]

. In point, glycyrrhizin in licorice behaves itself exceptionally similarly
[157a]

. 

By all means, ginsenosides stimulate not only the synthesis of the labelled cholesterol in vivo 

including its faster conversion into other steroid compounds but also its increased catabolism 

accompanied with a fast excretion rate
[157]

 or in other words ginsenosides Rb1 and Rb2 can 

most effectively launch cholesterol conversion into bile acids and other steroid compounds in 

liver 
[158b]

. Nevertheless, no stimulation of cholesterol synthesis in vitro could be detected in 

the liver slices treated with Rb1
[158a]

, what allowed to suppose that Ginseng-saponins may 

influence cholesterol synthesis not directly but through certain intermediates like some 

hormones
[159]

. 

Higashi et co-workers
[158]

 explored ginsenoside influence not only on lipogenesis but also on 

lipoprotein particle metabolism. With this aim they studied the synthesis of aminoacids and 

proteins in liver of the intact rats, the target organ of ginsenoside action and ascertained the 

following dose-dependent alterations occurred after ginsenoside uptake: • the active 

acceleration of the labelled acetate incorporation into lipids of lipoproteins and cholesterol; • 

the elevated incorporation of the labelled leucine into the protein moieties of lipoprotein 

complexes (VLDL and Chylomicrones)
[160]

 without noticeable change in protein concentration 

in blood as a result of an increased turn-over rate of proteins in blood. Or in other words, an 

accelerated incorporation of the labelled acetate into lipids of lipoproteins including 

cholesterol coincides an enhanced incorporation of the labelled amino acids into protein 

moieties of lipoproteins
[158c]

. On the basis of these findings it could be confirmed that the 

syntheses of the lipids and lipoproteins transporting them are interconnected. 

Interestingly, the highest specific radioactivity by intact rats has been detected in proteins with 

lower molecular weight, but by the rats treated with Ginseng the tendency seemed to be 

reverse and the incorporation ratio for proteins with higher molecular weight was 2,5 

including chylomicrons and VLDL and 2,0 for proteins with lower molecular weight (LDL). 

Notwithstanding, Ginseng-extract is likely to promote very fast turnover of LDL apo-

lipoproteins that is the reason why it is difficult to detect the labelled LDL apo-lipoproteins. 
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One of the physiological activities of ginsenosides is the promotion of nuclear RNA 

biosynthesis what leads to an improvement in protein biosynthesis in the rat kidney
[161]

. 

However, it is still not clarified whether ginsenosides induce the renal RNA biosynthesis 

directly or it is influenced by the action of other organs after ginsenoside uptake, but the 

improvement of kidney function could be confirmed. Besides, the increase in RNA-

polymerase activity after Ginseng-application was found to be smaller than that obtained after 

uptake of hormones like estradiol
[161,162]

. 

 Since ancient times Ginseng has been employed as an effective remedy against diabetes 

mellitus. The first chemical and clinical investigations of hypoglycemic action of Ginseng 

have completely confirmed the medicinal potency of Ginseng to regulate sugar metabolism. 

When injected intraperitoneally, Ginseng increased by intact rats the activity of the following 

enzymes in liver: glucose-6-phosphate dehydrogenase, phosphofructokinase, acetyl-CoA-

carboxylase, pyruvate kinase and malic enzyme; reduced glycogen content and increased 

glucose-6-phosphate content. For example, Pyruvate kinase [E.C.2.7.1.40] is known to 

carefully balance the two opposite pathways of the carbohydrate metabolism in liver, and 

besides its low activity favours gluconeogenesis, just as its high activity evokes carbohydrate 

dehydration including their following conversion into fat. Also Ginseng saponins may govern 

carbohydrate metabolism in liver through the enzyme activity control by rats fed on different 

carbohydrate diets. Indeed, the activity of the enzymes mentioned above can be altered (up to 

tenfold) in dependence on dietary conditions; what is, in turn, compatible with the fact that 

metabolic pathway direction depends on nutritional and hormonal status of animals
[163]

. 

Saito, Petkov, Lei, Kimura and Yokozawa studied the hypoglycemic activity of Panax 

ginseng C.A.MEYER (Araliaceae) by diabetic rats and discovered that the hypoglycemic 

effect of ginsenoside Rb2 is to significantly increase the glycogen- and glucose-6-phosphate 

content in liver usually decreased by diabetes mellitus through the activity regulation of 

glucose-6-phosphatase [E.C.3.1.3.9] and at the same time to reduce as much as possible the 

glucose level in liver and blood
[164]

 by regulating the activity of glucokinase [E.C.2.7.1.2.] and 

this way shifting the metabolic pathway direction towards glucose degradation. The promoted 

after Ginseng uptake the activity of serine dehydratase [E.C.4.2.1.13] in liver that catalyses 

the conversion of serine into pyruvate and ammonia is also influenced to a different degree in 

dependence on nutritional conditions of rats: high protein diet, high fat diet, starvation or 

alloxan induced diabetes. Besides, serine can be converted to sugar via pyruvate and the 

resulting ammonia metabolised via carbamide cycle. Thus, ginsenoside Rb2, when taken, 

stimulates both glycogen synthesis and glucose conversion as well as removes the alterations 
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in protein synthesis in liver by streptozotocin or alloxan induced diabetes, thus improving 

such diabetic symptoms as glucosuria, hyperaminoaciduria, hyperaminoacidemia, ketonuria 

and ketonemia. In addition, Ginseng reduces the content of triglycerides, phospholipides, 

FFAs, VLDL, 3-hydroxybutyrate and acetoacetate in blood usually considerably increased by  

patients with diabetes mellitus  having a tendency to restore it to the normal state. 

In 1987 Yokozawa et co-workers
[165]

 discovered that Rb2 stimulates also the protein synthesis 

in liver by diabetic rats and at the same time reduces the content of urea and free amino acids 

(about 45%) and increases the RNA-, DNA- and protein content in blood, what finally 

normalizes the amino acid level in liver and blood similar to the action of insulin , but without 

changing insulin level in blood.  

In conclusion, it should be said that a general conception about role of ginsenosides in lipid 

and carbohydrate metabolism in diabetic rats was put forward in conformity with that 

ginsenoside Rb2 not only stimulates the lipolytic activity of LPL by enhancing lipid deposition 

in adipose tissue but it also facilitates by diabetes or liver injury the glucose utilization in liver 

(similar to the metabolic alterations produced by insulin) and makes the reesterification of the 

triglyceride-derived fatty acids in intestine easier. As for the hypoglycaemic activity of 

Ginseng, it is still obscure whether ginsenoside Rb2 acts as a kind of modifier by enhancing 

insulin effect at the insulin receptor or it reduces the secretion of adrenalin, glucagon and 

adrenocorticotropic hormones that are antagonists of insulin. No doubt, Ginseng bioactive 

compounds carefully govern the direction of sugar and lipid metabolism in liver through 

enzyme activity control in dependence on nutritional and hormonal status
[165]

 of the body. 

  

7.3. Adaptogenic and anti-stress activity 

 

Combination of biochemical (cell-) and physiological (systematic) mechanisms of adaptation 

allows our organism to accommodate to the unfavourable conditions. The mechanisms of 

regulation and adaptation are closely interconnected and only with the help of the intracellular 

messengers that trigger cell cycle in dependence on the altered life conditions it becomes 

possible to direct metabolism towards necessary pathway. 

Adaptogenic activity of Ginseng is to cause influence on the permeability of cell membranes; 

on activity of enzymes  and on synthesis of other functional proteins through the nervous-

hormonal stimulants. All together, this leads to improving the physical and mental condition 

by tranquillizing the respiration, nervous system and by improving blood circulation, etc.. 
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Huong et al. reported that Maj-R2, the major constituent of Panax vietnamensis
[166]

 can reduce 

the stress-induced psychological and pathophysiological changes in the body exhibiting at the 

same time an essential anti-cancer activity. The same effect show Eleutherosides I-M from 

Eleutherococcus senticosus (Rupr. et Maxim), known to be a strong acting anti-stress drug that 

governs metabolism via the hypothalamic-pituitary system by reducing adrenalin secretion 

and removing the stress-induced metabolic alterations. It is worth noting that the hypothalamic 

regulation of hormonal secretion has only recently been understood.  

A typical response on stress is the ejection of ACTH from hypophysis, which being bound 

with the cell membrane of adrenal cortex accelerates the formation of adrenal cAMP and thus 

activates the utilization of cholesterol esters in the synthesis of glucocorticoids as well as the 

following secretion of them in blood. The stress-induced adrenal hypertrophy causes an 

increased secretion of glucocorticoids and relieves the adrenalin release from adrenals.  

As glucocorticoid secretion is under control of ACTH and ginsenosides are known to be 

antagonists of the stress-induced adrenal hypertrophy, that is why ginsenoside influence on the 

inhibition of cAMP-phosphodiesterase and consequently on the cAMP formation and further 

on thymus and adrenals via hypothalamic-pituitary system has been intensively studied. 

Hiai et al
[151]

 demonstrated that ginsenosides, saikosaponins and other naturally occurring 

triterpenoids and FAD in acute (single maximally effective dose of dexamethasone) and 

chronic (in long term treatment) experiments by intact rats primarily exert influence on 

adrenal glands via hypothalamic-pituitary system to secret corticotropin. This, in turn, leads to 

the activation of adrenocortical cAMP by inhibiting the cAMP-phosphodiesterase activity, 

what finally stimulates adrenal growth, regulates secretion and synthesis of corticosteron in 

adrenal cortex and ultimately leads to thymus atrophy.  

In rats treated with dexamethasone ginsenosides stimulate the corticosteron secretion from the 

pituitary glands as a result of an increased ACTH secretion and remove the dexamethasone-

induced suppression of the pituitary-adrenocortical system
[167]

. This suppressive effect of 

dexamethasone, the long-acting inhibitor of ACTH secretion from the pituitary-adrenocortical 

system, was being much discussed in numerous papers concerning the stress response and 

negative feedback mechanism. Various types of excitations like haemorrhage, laparotomy 

with intestinal traction, 100% N2-inhalation etc. are known to evoke an abundant corticosteron 

secretion in animals treated with dexamethasone.  

On the basis of experimental evidence two feasible mechanisms of the corticoid feedback 

control with two different input pathways to the adrenocortical system have been proposed. In 

the first one, the low threshold corticosteroid sensitive pathway, the adrenal response was 
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blocked after administration of a single maximal dose of corticosteroids and in the second one, 

the high threshold corticosteroid resistant pathway, adrenals continued to give response, 

notwithstanding the administration of the maximally effective dose of corticosteroids. 

Natural saponins like ginsenosides, eleutherosides, saikosaponins etc. cause the corticoid-

resistant stimulation of adrenocortical system in acute experiments by intact rats, what means 

a rise in the corticosteron level and transient increase in the glucose level in blood. 

However, in acute experiments  ginsenosides, when injected to the hypophysectomized rats, 

can not influence the adrenal cAMP or plasma corticosteron level. But saikosaponins having 

no direct influence on adrenal or thymus, can primarily act on the adrenal cortex via the 

hypothalamic-pituitary system to secrete ACTH and corticosteron, what finally stimulates the 

adrenal glands and suppresses the thymus function. Nevertheless, by the stressed rats this 

effect on thymus is completely lost, just as the ACTH effect on adrenal weight is 

exaggerated
[168]

. 

It has been observed that after unilateral adrenalectomy by the rats previously treated with 

cortisone acetate, a further administration of ginsenosides removes the suppressive influence 

of cortisone acetate on the compensatory adrenal hypertrophy, thymus weight decrease and 

K
+
-concentration decrease, what fully confirmed Ginseng ability to reduce negative side 

effects of hormones
[169]

. 

But there seemed to be a difference in the inhibition degree of the ACTH ejection between 

two groups of rats treated with corticosteron or dexamethasone revealed by Sakakura et al
[170]

, 

who suggested that the main site of corticosteron and dexamethasone actions should be the 

hypothalamic-pituitary system. In the long-term, saponins evoked the adrenal growth (like 

ACTH-caused), corticosteroidogenesis and thymus atrophy (like the glucocorticoid caused 

atrophy), but without changing the blood corticosteron level. That allowed to assume that the 

hypertrophied adrenals remained all the time active. 

The adrenal growth control as well as corticosteroidogenesis are considered to be a 

consequence of the action stimulated by ACTH
[171]

. 

Also Saikosaponins a and d are known to induce the ACTH-secretion after uptake, therefore, 

it has been concluded that the trophic effect of saikosaponins on adrenals is to stimulate 

ACTH secretion, just as their atrophic effect on thymus is, in essence, only the secondary 

result of the repeatedly stimulated corticosteron secretion from the hypertrophied adrenals. 

The weight gain of adrenals after saikosaponin injection is likely to be evoked by reason of an 

increase in the thickness of adrenal cortex accompanied by hyperplasia and hypertrophy of 

adrenal cortex.  
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Also other natural triterpenes can evoke an indirect glucocorticoid-like effect (like 

saikosaponins) operating via hypothalamic-pituitary system.  

From this point of view a co-prescription of saikosaponins and glucocorticoids or even the 

injection of saikosaponins alone may be clinically useful to reduce a risk of the glucocorticoid 

induced adrenal atrophy and insufficiency without reducing glucocorticoid activity, especially 

in a long-term use. 

 

7.4. Immunostimulating effect 

 

Since ancient times Panax Ginseng C.A.MEYER, Panax Notoginseng (BURK) F.H.CHEN, 

Panax quinquefolium L. and Eleutherococcus senticosus (Rupr. et Maxim) HARM have been 

prescribed as very strong immunostimulating and protective remedies by various infections. 

Recently, successful clinical studies convincingly confirmed this physiological influence of 

Panax plants. 

Matsuda et al
[172]

 reported that RG launches a range of diverse beneficial effects in vivo 

including a very strong immunomodulating and anticancer activity by inducing phagocytic 

activity and enhancing cytokine induction, the cell-mediated immunity and the natural killer 

cell (NK) activity. 

As to Sanchi-Ginseng, Panax notoginseng (BURK) F.H.CHEN, there are present not only 

Notoginsenosides D, -G, -H and –K with their strong immunomodulating activity to increase 

the IgG level in blood
[173]

, but also an arabinogalactan named sanchinan-A and in Chikusetsu-

ninjin, Panax japonicus C.A.MEYER two polysaccharides: tochibanan-A and tochibanan-B 

that  activate reticuloendothelial system (RES) after uptake
[174]

. 

Eleutherococcus senticosus (Rupr. et Maxim) HARM is the most potent immunostimulating 

and adaptogenic Ginseng plant. Some polysaccharides like Eleutheranes A – G2 present in 

Acanthopanax can considerably activate the immune system by promoting phagocytic- and 

NK cell activities. Moreover, some lignans like Eleutherosid B4 (Sesamin), Liriodendrin and 

Syringin show a very strong stimulation of the natural defence mechanisms of the body. That 

is why now Acanthopanax named also as Panax Sibericus is used in Russia as an adaptogenic 

and strengthening tonic to stimulate the unspecific immune resistance, to reduce stress 

reaction stage as well as the stress-connected psychological and pathological changes over the 

altered life conditions. It is also a strong antioxidative agent. 

All in all, these results closely correlate with the data obtained by studying 

immunostimmulating activity of other beneficial herbs like Licorice, Glycyrrhiza spp. 
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(Fabaceae), etc., whose bioactive triterpenoid compounds show very strong 

immunostimulating effect both in vitro and in vivo. For example, Glyzyrrhetinic acid (GA) 

and Glyzerrhizin (GL) when injected intraperitoneally or intravenously induce the γ-interferon 

activity within 24 h and enhance the NK cell activity within 21 h after application
[175]

. In this 

way, the immunostimulating activity of these medicative herbs used from of old for 

combating various infections could be  scientifically confirmed. 

 

7.5. Effect of Ginseng saponins on nervous system 

 

Ginseng multilateral application sphere can be easily explained taking into account the 

presence of various bioactive compounds with different, very specific activities. For example, 

ginsenoside Rf is the most potent inhibitor of the voltage-dependent Ca
2+

 channels in sensory 

neurons as compared to ginsenosides Rb1, Rc, Re and Rg1
[47,176]

; just as ginsenosides Rf and 

Rg2 can strongly inhibit catecholamine release from chromaffin cells stimulated by 

acetylcholin
[177]

 etc. 

In traditional Chinese medicine Ginseng has been also used as an effective means to enhance 

memory by amnesia. The mechanism of the fixed memory requires synthesis of new RNAs, 

proteins and probably also changes both in the structure and in the chemistry of presynaptic 

endings and it is quite different from that of the volatile memory that is caused by the 

activation of adenilatcyclase with the following increase in the level of the intracellular 

messengers (cAMP) in cerebral cortex neurons.  

At the beginning of study on Ginseng influence on the nervous system, the elucidation of 

Ginseng tranquillizing and memory-enhancing activity has been carried out by studying in 

vitro the amplifying effect of ginsenosides on the NGF and as a consequence on the survival 

of the embryonic cerebral cortex neurons 
[178]

. The nerve growth factor (NGF) is a 

polypeptide, whose cumulative effect on the CNS includes stimulation of the neurite 

outgrowth and survival and growth of the developing sympathetic, sensory neurons as well as 

of the cerebral cortex neurons in brain. Ginsenosides Rb1 and Rg1 were found to be 

responsible for this stimulating effect exerted on learning and memory, just as Rb1 also for a 

strong tranquillizing influence exerted on the CNS. These experimental findings could be 

traced by an increased incorporation of the labelled leucine and uridine into DRG and SymG. 

Some drugs like 6-(4-hydroxybutyl)-2,3,5-trimethyl-1,4-benzoquinone (TMQ) are known to 

cause not only an increase in the NGF level and choline acetyltransferase (CAT) activity in 
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brain, but also an improvement in memory and learning in the basal forebrain-lesioned rats (an 

animal model of amnesia).  

Colchicine is known to be an antagonist of the NGF effect exerted on the nerve fibre 

production. Its effect notwithstanding, naturally occurring ginsenosides like Rb1 can protect 

the NGF effect from colchicine inhibition by stimulating survival of the cerebral cortex 

neurons in vitro. Other hand, Rb1 was reported to be able to intensify the vinblastine inhibitory 

effect on the NGF action. From these experimental findings it has been drawn the conclusion 

that naturally occurring compounds like Rb1 can influence the uptake of colchicine and 

vinblastine into ganglionic neurons by altering membrane properties or by exerting 

intraneuronal influence on tubulin assembly in dependence on the physiological status of 

organism. Also ginsenoside Rg1 has a potent life prolonging effect both on chicken and rat 

cerebral cortex neurons.  

Saito et al 
[179]

 discovered that aglycon structure of saponins is also responsible for the exerted 

medicinal activity and that is why certain ginsenosides with 20(S)-PPD as an aglycon were 

able to intensify the NGF effect on neurite outgrowth of the sympathetic and sensory neurons 

in vitro, while saponins with 20(S)-PPT or oleanolic acid as aglycon had no influence on the 

NGF-effect
[179]

. Moreover, it should be not vorgotten the influence of carbohydrate building 

blocks that  proved to be reduced by eliminating terminal sugar-units of saponins or by 

modifying the side chain of aglycon. 

In conclusion, we can say that the NGF promotes both the nerve fibre production and survival 

of the cerebral cortex neurons by increasing choline acetyltransferase activity. The influence 

of ginsenosides Rg1 and Rb1 on the CNS is similar to that of NGF and it involves the survival 

amplification of the cerebral cortex neurons as well as tranquillization of the central nervous 

system what finally leads to the stimulating influence on memory and learning. 

 

7.6. Hepatoprotective influence 

 

The strong hepatoprotective effect of Panax Ginseng C.A.MEYER prescribed in antiquity by 

a disparate collection of maladies like hepatitis, poisoning etc. was ascertained to be caused 

owing to ginsenosides that exert very strong hepatoprotective effect by regulating enzyme 

activities in liver thus promoting or intensifying glycogen synthesis what unltimately 

improves the liver functions. 



International Science Congress Association 

www.isca.in , www.isca.co.in 

Ginseng as Panacea: Chemical Composition and Physiological Influence    95 

 

Glycogen synthetase [EC 2.4.1.11] in the phosphorylated state is known to be inactive in 

glycogen synthesis, therefore, protein phosphorylation induced by many different protein 

kinases provides an important regulation mechanism of the biochemical cell functions. 

It is published enough evidence concerning the hepatotoxic action of carbon tetrachloride 

CCl4 on glycogen metabolism in liver that induces a very strong inhibition of glycogen 

synthesis by the mediated action of protein kinase. The primary cause of hepatotoxicity in 

CCl4 poisoned animals is a highly reactive radical [·CCl3] formed by the conversion induced 

by the microsomal cytochrome P-450`s action that causes the malfunction of the microsomal 

ATP-dependent Ca
2+

-pump and thus leads to an increased Ca
2+

-accumulation in liver 

homogenates and microsomes, what ultimately causes the abnormal protein phosphorylation 

and glycogen depletion. This potent disturbance of the intracellular Ca
2+

-concentration 

induces the calmodulin (CaM) dependent alterations through the activity change of diverse 

enzymes, what finally influences the whole cell cycle. 

The hepatoprotective influence of ginsenosides by poisoning is supposed to be based on the 

activity regulation of the calmodulin-dependent protein kinase (CaM-PK) [EC 2.7.11.17] that 

can inhibit Ca
2+

-accumulation and as a consequence the following protein phosphorylation. 

Thus, CaM-protein kinase suppresses the CCl4 induced glycogen depletion in liver by 

inhibiting the phosphorylation of glycogen synthetase. In the same way ginsenosides induce 

an increased glycogen synthesis improving liver functions in poisoned animals and 

ginsenoside Rb1 is the most effective one. 

On the other hand, when injected, ginsenoside Rb1 has strong influence on the glutamate 

oxaloacetate transaminase (GOT) [EC 2.6.1.1] content in blood usually increased in CCl4-

poisoned animals or hepatitis patients and can restore it to normal level. On the basis of these 

findings the effectiveness of Ginseng in combating chronic hepatitis in ancient Asiatic 

medicinal rites could be scientifically confirmed. 

As mentioned above, Notoginseng, Panax notoginseng (BURK) F.H.CHEN, was used as a 

specific medication not only in combating hepatitis in prescriptions like “Pien Tze Huang”, 

but also in treating trauma or bleeding evoked by internal or external injuries in such 

prescription as “Yunnan Bai Yao”. Intensive scientific investigations of the bioactive 

substances of Sanchi-Ginseng brought to light that the impressive hepatoprotective effect of 

Notoginseng on liver injury induced by D-galactosamine and lipopolysaccharides (from 

Salmonella enteritidis)
[180]

 is based on the presence of Notoginsenosides Noto-A, Noto-B, 

Noto-C, Noto-D, Noto-E, Noto-G, Noto-H, Noto-I, Noto-J, Noto-K and notoginsenic acid ß-

sophoroside (Table V, Fig. XVIII). Tanaka et al.
[173]

 established the mechanism of this 
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protective ability, what is based on the inhibition of serum GOT and GPT increase induced 

by D-galactosamine, although the hepatoprotective effect of Notoginsenosides on liver injury 

induced by CCl4 is considerably weaker than that of Panax ginseng C.A.MEYER. 

American ginseng, Panax quinquefolium L., also exhibits very strong hepatoprotective 

activity that was thought to be caused due to the presence of quinquenosides I, II, III, IV, V. 

But now it is known that there are present also some other bioactive compounds responsible 

for this hepatoprotective effect, namely such polyacetylenic compounds like panaxynol, 

panaxydol, panaxytriol, heptadeca-1,8-dien-4,6-diyn-3,10-diol and ginsenoside 6`-O-acetyl-

Rg1, which are also able to inhibit the increase in serum GOT and GPT content induced by 

the action of D-galactosamine
[95]

. 

 

7.7. Anti-ulcer activity 

 

The credibility of medicinal potential of Panax japonicus C.A.MEYER root (PJR) used in 

Japan for curing gastroenteric disorder was confirmed only in the late 1980`s by a scientific 

study conducted by Yamahara, Fujimura and colleagues.  

A large body of bioactive substances discovered in PJR extract are responsible for this 

phenomenal success exhibited not only in combating ulcer and gastritis but also in treating 

cancer. The most potent anti-ulcer agents of PJR are Chikusetsu-saponins CS-ΙΙΙ, CS-ΙV and 

CS-V. When examining their anti-ulcer activity in several experimentally induced ulcers it 

turned out that the protective effect of them cannot be ascribed only to the inhibition of 

gastric juice secretion
[181]

, but rather to the stimulation of the gastroenteric motility; 

nevertheless, in case of the stress-induced ulcer, due to the tranquillizing activity of 

chikusetsusaponins on the CNS. Meanwhile it became known that CS-ΙΙΙ should activate the 

gastric membrane-protective factor or directly (irritating effect of saponins on the gastric 

mucosa cells) or via activation of the multiple defense mechanisms by the immune system 

[181]
. Nevertheless, the detailed mechanism of the physiological action of CS-ΙΙΙ (aglycon-

PPD) and of CS-ΙV, CS-V, (aglycon-oleanolic acid) on gastroenteric disorder was not 

reported until now. In the interim, also CS-ΙV exhibits a very strong protection against the 

stress-induced ulcer and intensifies the intestinal motility after uptake. CS-V shows many 

beneficial effects: antipyretic, analgesic, antiedemic, anti-inflammatory and anticancer 

activity what could be confirmed by clinical investigations of Panax Japonicus Rhizome
[181]

. 

Interestingly, Liriodendrin, a lignan isolated from Acanthopanax, was reported to be a very 

strong protective agent towards the stress-induced ulcer. 
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7.8. Anti-cancer activity 

 

The major cause of mortality by cancer patients is metastasis, an uncontrolled proliferation of 

cancer cells, which invade and disrupt tissues, beginning locally and then spreading through 

the body to reach a maximum of their destructive behaviour. During this metastatic cascade 

the metastasizing cancer cells penetrate through the basal membrane and the endothelial cell 

layer to come out into blood vessel and to get with the bloodstream to the other neighbouring 

organs, where they can survive and multiply in their new surroundings. The ability to 

regulate cancer cell metastasis can introduce an important approach to developing new 

antimetastatic medicaments and anticancer therapies with a special reference to the inhibition 

of adhesion and invasion of cancer cells and to the suppression of the tumor induced 

angiogenesis
[182]

. Angiogenesis, the formation of new blood vessels in embryogenesis and by 

wound healing, is also one of the key factors in the transition of tumour from a benign state 

to a malignant one, leading to use the angiogenesis inhibitors in the treatment of cancer cell 

metastasis. Most of the solid tumours are capable to induce a continuous formation of new 

capillary blood vessels from the host vascular bed for supplying them with nutriments and 

oxygen and for removing their wastes. Therefore, the medical treatment of patients with 

natural drugs that can inhibit tumor neovascularization may become an important approach 

to preventing growth and metastasis of cancer cells. 

Ginseng as a magnificent natural medicine to prevent cancer and cause vasorelaxation played 

a crucial role in shaping Asian medicine over innumerable generations. Today’s search for an 

adequate explanation of ginsenoside action on the growth and metastatic activity of cancer 

cells by anti-cancer therapies is of paramount value because one is hoped that Ginseng and 

other natural products may become a powerful new weapon in our fight against cancer. That 

is why many scientific institutions around the globe are trying to solve this problem during 

the past decades what allowed to gain an impressive knowledge in this field thus far. 

Three Ginseng extracts prepared from the WG, RG and especially processed Ginseng (SG) 

have been chosen for studying Ginseng influence on the tumor growth and cancer 

prevention. At least two groups of cytotoxic substances with a strong inhibitory activity 

against cancer cell growth are present in Ginseng, namely ginsenosides and polyacetylenic 

compounds. 

Clinical studies offered an interesting new insight into the mode of Ginseng action on the 

inhibition of cancer cell growth as well as on the reduction of adhesion and invasion of 

cancer cells after their injection to the rats previously treated with Ginseng-extract
[182b]

. 
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When taken, Ginseng significantly inhibited the metastasis formation of B-16 melanoma 

cells in lung by reducing cancer cell invasion and adhesion, thus being effective in 

preventing lung metastases
[184]

. By an in vitro study ginsenosides Rb2 and Rg3 considerably 

inhibited the cancer cell adhesion to fibronectin (FN) and laminin (LM) as well as the 

invasion of B-16 melanoma cells through a reconstituted basal membrane (Matrigel)/FN 
[182]

. 

Interestingly, Ginseng immunostimulating activity by cancer patients is to activate the 

immune system via mucosal tissue (Payer’s patch) by inducing and intensifying immune 

responses in lungs against the cancer cells destinated to metastasize there
[182]

. 

Odashima et co-workers could clearly show
[185]

 that RG-extract induces in Morris hepatic 

carcinoma cells (MH1C1) both the reverse transformation of MH1C1 cells and the retention of 

the cell doubling time
[186]

, thus being effective in the growth suppression of Morris hepatic, 

B16 melanoma and human ovarian cancer cells by inducing their reverse transformation. The 

anti-cancer activity of ginsenosides Rg3, Rg5, etc. present in RG is, in fact, to enhance the 

cytokine induction, the cell-mediated immunity and the natural killer (NK) cell activity. 

Ginsenoside Rg3, the most potent anticancer ginsenoside of fresh Ginseng, is today an 

extraordinary successful anticancer drug in China and chemotherapy by using Rg3 and other 

natural anticancer products with their own long and rich chemical and clinical histories has, 

indeed, proved to be a decisive advance in the struggle against cancer.  

As soon as this knowledge concerning the structure of the most potent anticancer compounds 

of Ginseng and the inhibition mechanism of the cancer cell growth has been gained in 

clinical trials, synthetic chemists have busily focused their mind on the modifying the 

ginsenoside structure and elaborating new preparation methods in an effort to discover new, 

far stronger and more accessible compounds with an improved pharmacological profile. And 

this way was elaborated an especially processed Ginseng that causes far stronger 

vasorelaxation and antimetastatic activity than RG or WG due to the presence of new strong 

cytotoxic analogues of ginsenoside Rg3 like Rk1, Rg5, Rs5, Rs4, whose 50% growth inhibition 

concentration values (GI50) are 41, 11, 13, 37, and 13µM, respectively (by the way, GI50 

value of Cisplatin, a potent anticancer platinum complex, is 84µM under the same assay 

conditions)
[187]

. Saiki et al
[188]

 discovered that the antimetastatic effect of ginsenosides on B-

16 - BL-6 mouse melanoma cells (time- and dose-dependent) in vitro was caused due to the 

inhibition of their proliferation, as ginsenosides were able to induce abrupt morphological 

changes in cancer cells (at the concentration of 20µM), what finally led to the apoptotic cell 

death.  
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The medicaments (some antibiotics like olivomycin, dactinomycin, actinomycin D) and a 

great number of plant alkaloids (vincristine, vinblastine, camptothecin, etoposide, etc. 

isolated from Vinca minor, Camptotheca acuminata, etc.) that inhibit protein synthesis and 

thus repress the cancer cell growth and metastasis by cancer patients are widely used in 

medical practice (in contrast with inductors that are used by injuries to stimulate protein 

synthesis). The mechanism of their inhibitory activity in protein synthesis is, that after uptake 

they bind to the DNA matrix to block RNA-polymerase, what finally leads to the inhibition 

of the tumor cell growth and to an apoptotic cell death. Some proteins that cause apoptosis 

were published to be associated with the cancer cell division and proliferation and to be 

involved in the different regulated apoptotic signal pathways. Apropos, compound K, the 

major intestinal bacteria metabolite of ginsenosides, also induces the tumour cell apoptosis 

through the up/down control of these cell growth regulating molecules. 

While studying the mechanism of the intracellular distribution of compound K in cancer cells 

with the help of fluorescent microscopy in vitro, it turned out that the dansylated comp.K 

penetrates the cell membrane and being bound with the cytosol receptor quickly reaches the 

nuclei to induce there an apoptotic cell death by regulating the expression of proteins, what is 

closely interconnected with the cell growth on the transcriptional level. It is likely that 

comp.K with its steroid-like chemical structure interacts with some intracellular receptors 

including the steroid receptors involved in a rapid regulation of the nuclear proto-oncogene 

transcription what results in a strong anti-metastatic activity in vivo. 

The majority of other Panax spp. are capable to inhibit the growth of different cancer cell 

lines to a lesser or greater extent. For example, Panax quinquefolius and Eleutherococcus 

senticosus (Rupr. et Maxim) exhibit an unusually broad spectrum of cytotoxic activities 

against leukemia cells (L 1210) as well as against a variety of other cultured cancer cell lines, 

notwithstanding that the structures of the responsible cytotoxic agents in these plants are 

different. In this connection it should be mentioned that the major disadvantage of almost all 

synthetic anticancer drugs is the appearance of negative side-effects in various tissues of the 

body (liver, gastro-intestinal tract, lung, heart, kidney, etc.). Therefore, it is requested that 

research on new anticancer candidate compounds should be conducted side by side with 

research on natural products (plant extracts, microbial secondary products, marine products, 

etc.), which can influence not only the cancer cell-growth mechanism but also strong reduce 

the negative toxic effect of synthetic anticancer drugs and chemotherapies. 

At present Rg3, Rk1, Rg5, Rs5, Rs4, vincristine, vinblastine, vindesine, camptothecin, 

etoposide, taxol, taxanes, taxotere, irinotecan, etc., the bioactive compounds of beneficial 
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herbs like Panax Ginseng, Vinca minor, Camptotheca acuminata, Taxus 

baccata/brevifolia
[189]

 are produced on a commercial scale as a formidable weapon in fight 

against cancer and as a pivotal supplementary remedy in combination with chemotherapy or 

irradiation. Moreover, not only are they the excellent natural anti-cancer drugs but they also 

can intensify the antitumor efficacy of certain synthetic anticancer drugs
[183b]

 and reduce the 

negative toxic effect of these drugs or therapies by improving the physical and mental 

condition of patients. Also some ginsenosides present in WG and RG can simultaneously 

enhance the cytotoxic activity of other anti-cancer drugs against diverse cultured carcinoma 

cells. 

As mentioned above, not only ginsenosides but also some polyacetylenic compounds like 

panaxynol, panaxydol and panaxytriol
[142]

 have a strong cytotoxic activity against diverse 

carcinoma cell lines such as human gastric adenocarcinoma cells (MK-1 cells); human colon 

adenocarcinoma cells (SW620 cells); human uterus carcinoma cells (HeLa cells); human 

leukemia cells (K562 cells); mouse melanoma cells (B16 cells) and mouse fibroblast-derived 

tumour cells (L929 cells). That is why several sophisticated analytical techniques have been 

employed to study the anti-cancer efficiency of Panaxytriol on the growth inhibition of 

cancer cells referred to and besides, the human embryo-derived fibroblast cells has been 

taken as standard. The required GI50-values of panaxytriol against MK-1, B-16; L929; 

SW620; HeLa and K562 cancer cells corresponded to 0,8; 1,7; 2,2; 2,3; 10,7 and 11,7 µg/ml 

respectively. At the same time, panaxytriol did not inhibit the growth of the embryo-derived 

and normal human fibroblast cells even at higher concentrations. The examination of 

panaxytriol absorption by cancer cells (MK-1) revealed an increase in the absorption degree 

by these cells with time (50% within 10h). 

From chemical standpoint, panaxynol, panaxydol and panaxytriol are the most potent 

cytotoxic polyacetylenic compounds, but their structures differ from each other only due to 

the unequal substituent availability at the C9 – C10 carbons. Nevertheless, a poor solubility of 

panaxynol in water was a serious impediment to its application and as to panaxydol, it was 

very difficult to get pure from RG. For solving these problems, the solid complexes of these 

polyacetylenic compounds with the α-cyclodextrin had to be prepared and then examined in 

vitro on the growth inhibition of various cultured cell lines. As expected, all these 

cyclodextrin complexes selectively inhibited the growth of various carcinoma cells offering 

an improved administration profile. A significant tumor growth delay could be observed also 

after an intramuscular panaxytriol injection in vivo. 
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In conclusion, it can be said that Ginseng antimetastatic and anti-carcinogenic activity is 

based mainly on the blockade of cancer cell invasion and the prevention of the chromosomal 

aberration. The first target of cancer cell attack is the cell membrane and the bioactive 

Ginseng components interacting with the cell membrane cause the reduction of the glucose 

influx into tumour cells and the suppression of drug-efflux from these cells. Let’s hope the 

above mentioned Ginseng species will become successful drugs in fight against cancer. 

 

7.9. Ginseng effect on Haemostasis 

 

In the Middle Ages Ginseng was recommended to be used as a means to stop internal and 

external bleedings and injuries, to treat peripheral vascular disease and to improve blood 

circulation being at the same time a strong antibacterial and antiviral agent. Today Ginseng is 

recognized to be therapeutically effective in treating thrombosis and arteriosclerosis and to 

have a preventive effect against the experimentally induced DIC.  

Numerous investigations in vivo and in vitro substantiated the medicinal efficacy of Ginseng 

extract on haemostasis that is regulated under the joint action of coagulating and fibrinolytic 

systems: the first one triggers the fibrin polymer-net formation just as the second one, its 

hydrolysis. 

Ginseng extract comprises a number of organic compounds, which change the blood-

coagulating properties in accordance with the disease course and the physiological state of 

patient owing to their balanced counter-activity, as some ginsenosides have a fibrinolytic and 

the others a strong coagulating activity. The power of the haemolytic activity of seven pure 

ginsenosides tested by Kaku et al
[190]

 correlates with the ability of them to increase plasma 

corticosteron level and besides in the following order: Rd, Rb2, Re, Rc, Rf, Rb1 and Rg1
[151]

. 

In 1986 Matsuda et al reported that ginsenosides Ro, Rb1, Rc, Re, Rg1 and Rg2 showed not 

only a strong promoting effect on the activation of the fibrinolytic system but they also 

strong inhibited DIC, the disseminated intravascular coagulation, induced by endotoxin or 

thrombin
[191,192]

. By the way, the efficacy of the ginsenoside influence is similar to that of 

dextran sulphate, which promotes the conversion of plasminogen to plasmin. As to 

Ginsenoside Rg2, it inhibits to a certain degree the platelet aggregation induced by such 

aggregating agents as endotoxin, collagen or arachidonic acid (as compared with standard 

agents like aspirin, heparin, dextran sulfate). It is therefore not surprising that White and Red 

Ginseng are widely used today in Asian countries as natural drugs for improving blood 

circulation, especially by peripheral vascular disease and for preventing DIC
[191]

. 
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Strong haemolytic effect of Panax Japonicus Rhizome used since ancient times as a tonic to 

regulate haemostasis is based on the presence of chikusetsusaponins CS-ΙΙΙ, CS-ΙV and CS-

V, the main haemostatic components of this plant
[193]

. When taken, Chikusetsusaponin CS-V 

(Ro), the most powerful of them, (concentrations from 0,1 to 1,0 mM) inhibits the conversion 

of fibrinogen into fibrin by the thrombin-induced DIC
[153]

. 

In Sanchi-Ginseng, there seemed to exist also a new haemostatic component, whose structure 

could be elucidated by Yokota et co-workers as ß-N-oxalo-L-α,ß-diaminopropionic acid and 

designated as “dencichine”
[194,195]

. 

To conclude, it should be reminded that many medicative herbs can exhibit “bilateral effect” 

in treating disease symptoms in dependence on the physical state and on the underlying cause 

of the disease due to a carefully balanced counter-activity of different substances present in 

natural drugs. That is why natural drugs have been successfully prescribed in ancient Chinese 

medicine by quite opposite symptoms of the disease. For example, Ginseng can be used both 

for reducing and for elevating blood pressure
[193]

. The same is valid for the fibrinolytic (for 

improving blood circulation, preventing DIC) and coagulating (by injuries, bleedings) 

activities of ginsenosides
[194]

. Takagi et al
[196]

 reported Rg to stimulate the CNS, just as Rb to 

show a sedative action. This numeration of the “bilateral” effects of Ginseng is here not 

complete and can be continued further. 

  The definitive answer to these and other possibilities must await further investigations of 

the physiology and pharmacodynamic of bioactive ingredients of Panax Ginseng, which had 

been used over the millennia since ancient times in both the East and West. Further 

investigations in this field are expected to clarify this obscure point and to contribute to 

human healthcare in the XXI century. 
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9.   List of Symbols and Abbreviations 

 

AAS   atomic absorption spectrometry 

Ac   acetyl 

ACAT   acyl-CoA: cholesterol acyltransferase 

ACTH   adrenocorticotropic hormone 

ATAT   acyl-CoA: triterpene acyltransferase 

ara(f)   αααα-L-arabinofuranosyl 

ara(p)   αααα-L-arabinopyranosyl 

BSA   bovine serum albumine 

cAMP   cyclic adenosine monophosphate 

cmc   critical micelle concentration 

COSY   correlation spectroscopy 

CNS   central nervous system 

CS-I   Chikusetsusaponin-I 

δδδδ   chemical shift (ppm) 

DIC   disseminated intravascular coagulation 

EI   electron impact 

EIA   enzyme immunoassay method 

FAB   fast atom bombardement 

FT   Fourier transform 

FT-MS  Fourier transform mass spectrometry 

gal   ß-D-galactopyranoside 

GC   gas chromatography 

GI50   50% growth inhibition concentration (µm) 

glc   ß-D-glucopyranosyl 

glcUA   ß-D-glucuronic acid 

Gy   Gypenoside 

HDL   high-density lipoproteins 

Hemsl-  Hemsloside 

HMBC  heteronuclear multiple-band correlation spectroscopy 

HPLC   high-performance liquid chromatography 

HR-MS  high-resolution mass spectrometry 
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HSL   hormone-sensitive lipase 

IBM   intestinal bacteria metabolites 

INADEQUATE incredible natural abundance double quantum transfer experiment 

i.p.   intraperitoneal administration 

J   spin-spin coupling constant 

LDL   low density lipoproteins 

LPL   Lipoprotein lipase 

Maj   Majonoside 

Mal   malonyl- 

MMC   mitomycin C 

Mw   weight-average of molar mass 

NGF   nerve growth factor 

NMR   nuclear magnetic resonance 

NOE   nuclear Overhauser enhancement 

NOESY  2D nuclear Overhauser enhancement spectroscopy 

Noto   Notoginsenoside 

PD   panaxadiol 

PPD   protopanaxadiol 

ppm   parts per million 

PPT   protopanaxatriol 

Pro-CS-V  Prosapogenin of Chikusetsusaponin-V 

PS   prosapogenin 

PS-RT1  pseudo-ginsenoside RT1 

PT   panaxatriol 

Q   Quinquenoside 

RES   reticuloendothelial system 

RG   Red Ginseng 

rhm   αααα-L-rhamnopyranosyl 

RI   refractive index 

RIA   radioimmunoassay-method 

RNA   ribonuclear acid 

Sa   Saikosaponin A, isolated from Bupleurum falcatum L., Umbelliferae 

SIMS   secondary ion mass spectrometry 
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T   temperature 

TG   triglycerides 

TLC   thin-layer chromatography 

TMSi-   trimethylsilylated 

TMS   tetramethylsilan 

UV   ultraviolet 

VG   Vina-ginsenoside 

VLDL   very low density lipoproteins 

VR   retention volume 

WG   White Ginseng 

xyl   ß-D-xylopyranosyl 

Z   Zingibroside 
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