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Antioxidant Activities of Mongolian Medical Plants' 
Pentaphylloides fruticosa as a Traditional Source 

of Natural Antioxidants 

TORII Yasuyoshi*l§, SHIMIZU Keisuke*2 and TAKENAGA Fumio*l 

* 1 College of BioreSOllrce Sciences, Nilwn University, 1866 KWlleino, Fujis({wa-siJi, KanagalVa 252-0880 

* 2 Japan Pet and Animal Col/ege, 3-17-17 Akatsuka-SlziIlIllClchi, 1taiJas/Zi, Tokyo 175-0093 

A recent increase in lifestyle-related diseases has drawn attention to the disease-preventing and 
health-promoting effects of traditional foods. Although the standard Mongolian meal is based on animal
derived foods. lifestyle-related diseases in Mongolia are uncommon. The present study examined 
Mongolian medical plants naturally growing on steppes as a source of antioxidants. A total of ZO 
samples were collected, and methanol extracts of these plants were tested for antioxidant activity. A 
rosaceous plant Pentaphylloides frllticosa (Mongolian name, Borolzgono: Japanese name, Kinro-BaD, had 
the highest antioxidant effect in the 1, 1-diphenyl-Z-picryl-hydrazyl radical scavenging assay and the 
ferric rhodanate method and had the highest poly phenolic content. In Mongolia, tea made from P. 

ji'uticosa has been used to treat liver diseases, in which inflammation plays an important 
pathophysiological role. The polyphenolic components, as well as compounds such as ursolic acid, may 
have anti-inflammatory and cell-regulatory properties that contribute to liver protection. 

(Received Jul. 7, Z011 ; Accepted Oct. ZO, Z011) 
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A recent increase in lifestyle-related diseases has 

drawn attention to the disease-preventing and health 

- promoting effects of traditional foods. The 

protective effects of traditional foods must be 

evaluated, especially since the Western lifestyle is 

gaining popularity worldwide. Many studies have 

suggested that. traditional foods have protective 

effects against a variety of lifestyle-related diseases, 

including cancer, diabetes, cardiovascular disease, 

and atherosclerosis! I • Our recent work has focused 

on discovering and evaluating the functional 

components of traditional foods that reduce disease 

occurrence and progression: these components are 

therefore candidates for chemoprevention and 

chemotherapy. In particular, these functional 

components are being investigated for antioxidant 

and enzyme inhibitory properties. Many such factors 

were previously thought to be non-nutritional and 

thus unimportant: however, they have recently 

been found to have various health - promoting 

activities. 

The staple Mongolian diet is based on animal-

§ Corresponding author, E-mail: torii@brs.nihon-u.ac.jp 

derived foods, including mutton and cow's and 

horse's milk. Nevertheless, lifestyle-related diseases 

in Mongolia are less common than 111 other 

populations 'with a high consumption of animal

derived foods. Although the major dietary sources 

of antioxidants are typically vegetables and fruits, 

the consumption of vegetables and fruits m 

Mongolia is low. Therefore, the consumption of the 

medical plants that grow on the Mongolian steppe 

may contribute to the overall health of the 

Mongolian population. Nomads likely obtain 

nutritional factors that are deficient in animal

derived foods from medical plants and herbs. 

However, research on the chemical and functional 

components of Mongolian medical plants remains 

scare. In the present study, we examined whether 

Mongolian medical plants growing on steppes are a 

source of antioxidants. 

Materials and Methods 

1. Chemicals 

1, 1-Diphenyl-Z-picryl-hydrazyl (DPPH) was obtained 
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from Sigma-Aldrich (St. Louis. MO. USA). All other 

chemicals were of analytical grade and were 

purchased from W AKO Chemical Co. (Japan). 

2. Mongolian plant materials 

A total of 20 plant varieties were collected III 

August 2004 in the Khentii Aimag prefecture of 

Mongolia under the instruction of the local nomadic 

population. Among these plants. 10 showed 

antioxidant actIvIty (Table 1 and Fig. 1). As 

indicated in Table 1. some of these plants have 

been used for medicinal purposes. The remaining 

plants showed very weak or no antioxidant activity 

Table 1 Mongolian medical plants with antioxidant activity 

No. Mongolian names 

fl1lllYYH (Gishuun) 

2 A3apraHa (Azargana) 

3 nopomroHo (Borolzgono) 

4 MaHnlp (Mangir) 

5 CBJ1,BBC (Sod ows) 

6 fOHbJ1, (Gonbd) 

Scientific names 

RUll1ex acetosa 

Subjects 
Japanese names 

of related plants 

Polygonaceae Suiba 

Cirsiwll dipsacolepis Compositae Mori-azami 

Pelltaphylloides 

jruticosa 

AlliulIZ aitaiclllil 

Sallgllisorba 

official/alis 

Liballotis 

bllchtonnellsis 

(Asteraceae) 

Rosacceae 

Liliaceae 

Rosacceae 

Umbelliferae 

(Apiaceae) 

Kinnro-bai 

Chive or Negi 

Waremokou 

Ibuki-bouhuu 

Function/usage 

Starter for Tarag (yogurt) 

production 

Edible 

Liver diseases (hepatitis and 

others) 

Edible 

Gastric medicine 

Spice. cold and flu 

7 UaraaH na X6x .LJ:3rJJ, (Tsagaan Lomatogollillm Gentianaceae Hime-sennburi Pneumonia 

Ba Khiikh Degd) rotatllll1 

8 Ani (Agi) Artemisia allstriaca Compositae Niga-yomogi Shampoo 

(Asteraceae) 

9 UapBaH (Tsarwan) Artemisia sp. Compositae Takane-yomogi Cough. throat ache. asthma 

(Asteraceae) 

10 qara (Tsaga*) Obligulis illOIlOjUS Poliporales Kabanoanatake Immunity activation. cancer 

prevention. exhaustion 

* : "Tsaga" is originally Russian name of the mushroom. and also used in Mongolia. 

No.1 fl1lllyyH3 No.2 A3apraHa No.3 nopomroHo No.4 MaHnlp No.5 C8J1,8BC 

No.6 fOHbJ1, No.7 UaraaH nax8x No.8 Ani No.9 UapBaH No. 10 qara 
.LJ:arJ1, 

Fig. 1 Mongolian medical plant extracts with antioxidant activity (sample nos. 1-10) 

Identification and characterization of each plant listed in Table 1. 
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and are not listed. Although close relatives of most 

of the collected plants can be found in Japan or 

China, they do not have a similar traditional usage. 

Approximately 100 g of each dried, ground plant 

material was soaked in 1 R- of methanol for 5 days 

and mixed every 24 h by gentle inversion of the 

bottles. The final extracts were filtrated with 

Whatman filter paper No.1 (Whatman Ltd., 

England). An aliquot of the filtrated extracts were 

concentrated under vacuum on a rotary evaporator 

at 40°C to measure the concentrations of the 

extracted components. Working solutions C5mg/mR-) of 

the extracts were prepared in methanol and stored 

at 4 °c until use. 

3 . Assays for polyphenolic contents and 

antioxidant activities 

Water and methanol extracts were prepared from 

dried plant samples by extraction with a 5 -fold 

volume of solvent and were used ll1 further 

experiments. The polyphenol concentration of each 

extract was determined with the Folin-Denis method 

using gallic acid and epicatechin as standard 

polyphenolic compounds"''''. 

Antioxidant activities were assessed by the 

peroxide value (also known as the ferric rhodanate 
method )1I.5

l 
ll1 which ferric chloride, potassium 

thiocyanate, and linoleic acid were used as 

substrates. Antioxidant activities were also 

measured by the DPPH-radical scavenging assay". 

Working solutions of the test extracts were 

prepared in methanol. A 1-100 ).lg 1 me solution of 

ascorbic acid was used as standard. A O. 002% 

DPPH solution was prepared in methanol, and 1 me 

of the DPPH solution was mixed with 1 me of the 

sample solution or standard solution. The solution 

mixtures were kept in the dark for 30 min: then. 

the optical density was measured at 517 nm using a 

spectrophotometer (UV - mini 1040, Shimazu Co .. 

Japan). Methanol (1 me) mixed with the DPPH 

solution (1 me) was used as a blank. The optical 

density was recorded. and percentage inhibition was 

calculated as: 

DPPH scavenging activity(%) = [(A - B) 100%JI A 

where A is the optical density of the blank. and B 

is the optical density of the sample. 

Results and Discussion 

Reactive oxygen species (ROS) -induced 

peroxidation of biomolecules. such as lipids. 

contributes to the development and progression of 

various lifestyle - related diseases. Antioxidant 

components in food scavenge ROS and thus 

suppress the lipid peroxidation. In the present study. 

some of the samples displayed markedly high 

antioxidant properties. Other samples. in contrast. 

displayed weak or no antioxidant properties (data 

not shown). 

Among the samples tested. sample no. 3. a 

rosaceous plant named Pentaphylloides jruticosa 

(Mongolian name, Borolzgono: Japanese name. 

Kinro-Baj), had the strongest antioxidant properties 

in the DPPH radical scavenging assay (Table 2) and 

the ferric rhodanate method (Fig. 2). The water 

extracts of the plants were similarly effective as the 

methanol extracts. After partial purification of 

sample no. 3. the antioxidant activity was found in 

the water-soluble fraction and then in the ethyl

acetate fraction after stepwise fractionation (data not 

shown). The extract of sample no. 3 contained a 

higher concentration of poly phenolic components 

than extracts of other samples. and 11. 3% of the 

total polyphonic compounds were recovered in the 

ethyl-acetate fraction. 

Hot-water extracts of P. jrllticosa have been used 

as a traditional medicine for liver diseases ll1 

Mongolia. P. jrllticosa is used for herbal tea ll1 

Europe and also used as a remedy for fever and 

gastric problems in China traditionally. In Japan. a 

plant closely related to P. jruticosa grows as an 

alpine plant but IS not utilized for medicinal 

purposes. Antioxidant effect of P. jruticosa has not 

been examined and reported ll1 former related 

studies7l
• The aqueous extract of P. ji'lIticosa has 

Table 2 Polyphenol contents and DPPH radical scavenging 
activity of Mongolian medical plants extracts (sample 
nos. 1 -10) 

Relative polyphenol Polyphenol content DPPH radical 
No. content in in plant body scavenging 

extracts (pg/me) (mg/ g. wet weight) activity (%) 

14.39 0.68 94.64 
2 8. 18 1. 07 69.89 
3 61. 23 3.06 96.91 
4 12.09 0.60 93.30 
5 32.35 1. 62 96.39 
6 24.94 1. 24 89.59 
7 17.61 0.88 91. 68 
8 25. 14 1. 26 93.18 
9 18. 79 0.94 93.81 
10 21. 92 1.10 78.31 
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Fig.2 Inhibitory effects of Mongolian medical plant extracts (sample nos. 1-10) on lipid 
peroxidation. Oxidative degradation of free linoleic acid was detected by the ferric 
rhodanate assay 

been reported to have a protective effect against 

chronic toxic hepatitis in an experimental rat 

modelS). Many liver disorders, such as hepatitis and 

hepatoma, are related to chronic inflammation and 

excessive ROS formed by toxic chemicals, alcohol. 

and viral infection. Therefore, antioxidants 111 

medical plants may be used to treat inflammatory 

liver disorders. P. fruticosa is also rich in ursolic acid, 

a tri-terpene commonly found in herbs, which can 

regulate hepatic lipid metabolism via activation of 

PPAR-y". Recently, ursolic acid was also reported to 

have anti-tumor effectslO). However, ursolic acid IS 

not a polyphenolic compound and has weak 

antioxidant activity. Therefore, we speculate that P. 

fruticosa contains high levels of antioxidant 

poly phenolic compounds aside from ursolic acid. We 

are currently pursuing the purification and 

identification of the active components in P. fruticosa 

and will perform further functional evaluations in a 

cell culture system. 

Presently, antioxidation is considered an important 

feature of foods. ROS are highly reactive oxygen

related molecules. A small, but significant, portion of 

oxygen molecules in the body is converted to ROS 

via enzymatic or non-enzymatic reactions. Most ROS 

is rapidly scavenged and detoxified. However, excess 

ROS production leads to ROS that goes 

unscavenged and can have severe consequences. In 

particular, ROS rapidly attacks lipids and other 

biomolecules including nucleic acids, resulting 111 

peroxidation. An accumulation of peroxidized lipids 

can induce atherosclerosis and other cardiovascular 

diseases. Oxidative damage to genomic DNA can 

cause cancer and other diseases. 

Antioxidants are chemical agents that suppress 

peroxidation. As such, they play an indispensable 

role in homeostasis and health maintenance. Many 

traditional foods and medical plants are used in 

Japan and other areas for longevity; recently, some 

have been shown to have strong antioxidant 

activities. For example, there is a wide variety of 

antioxidant foods and plants in the southern 

Japanese islands, the Okinawa islands, where the 

indigenous population is known for its longevity. 

The consumption of antioxidants contained in the 

traditional Okinawan meal may promote Okinawan 

longevity. However, in recent years, the Okinawan 

lifespan has declined: this may be due to a shift 

towards a Western lifestyle after a long occupation 

by United States and recent urbanization. Indeed, 

obesity and other lifestyle - related diseases are 

increasing in Okinawa, and the average lifespan has 

declined each year. The situation in Okinawa may 

foreshadow similar crises in Japan and other Asian 

countries, including Mongolia. Theref0re, it is critical 

to investigate the health benefits of traditional foods. 

The longevity and health of the Japanese and 

Okinawan populations are likely due to their large 
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variety of foods. In contrast. there is a smaller 

variety of foods in Mongolia. For hundreds of years, 

the Mongolian people have had a nomadic lifestyle. 

The staple foods of the Mongolian nomads are 

meats and dairy products. Their only common plant

derived foods are wheat breads or noodles and tea. 

Although consumption of vegetables and fruits is 

increasing in Mongolia, it remains lower than that 

of Japan and the United States. Many epidemiologic 

studies have demonstrated that excessive 

consumption of animal-derived foods contributes to 

an increased risk of lifestyle - related diseases, 

including cardiovascular diseases. The increase in 

lifestyle-related disease in Japan, Okinawa, and other 

countries may be a result of an increased 

consumption of animal-derived foods. However, data 

from the Mongolian government and the WHO lll 

indicate that those diseases are less common in 

Mongolia than expected. While the morbidity rate of 

coronary disease in Mongolia is almost equal to that 

of the United States, the morbidity rate of diabetes 

is approximately 1/5 that of Japan and the United 

States. In the United States. which has a high 

prevalence of lifestyle-related diseases and obesity, 

the government has enacted a national project 

named "Healthy People 2000" in order to reduce the 

occurrence of these diseases. It is surprising that 

the Mongolian population. which consumes mostly 

meat and dairy products. should have a low rate of 

lifestyle-related disease. This phenomenon is termed 

the "Mongolian Paradox". which is based on the 

famous French paradox. French people consumed 

many animal-derived fats but have a lower rate of 

cardiovascular than other European populations. It is 

now thought that the French population is 

protected due to a high consumption of red wine, 

which contains antioxidants. such as anthocyanidine 

pigments from red grapes. Therefore. we 

hypothesize that factors found in traditional 

Mongolian foods help prevent lifestyle - related 

diseases. 

The use of traditional medicines and medical 

plants in Asia has 3 important origins: Ayul Veda 

from India, Chinese medicine, and Tibetan medicine. 

Mongolian medicine has been influenced by these 

practices. especially by Tibetan medicine and 

Tibetan Buddhism. Nevertheless, the medicinal 

usage of Mongolian plants has a long tradition that 

IS unique to the Mongolian climate. geological 

conditions. and nomadic lifestyles. 

We hypothesize that the factors underlying the 

"Mongolian Paradox" are the use of fermentation 

and medical plants. Fermentation is used for milk 

storage and hygiene. Fermentation of milk with 

Lactobacterium and other microorganisms. such as 

yeasts, increases the nutritional value of milk by 

inducing the production of vitamins by 

microorganisms; fermentation also results in the 

production of probiotics and prebiotics that enhance 

immunity. 

The Mongolian people have utilized medical plants 

as a natural gift. "Medicine Box on Green". Under 

the Munkhtengel (The Eternal Sky, an object of 

worship in the Mongolian culture). "Mongolian 

Paradox" is ongoing and supports the Mongolian 

people's health. The present study on Mongolian 

traditional medicine may benefit the health of not 

only the Mongolia people. but also those around the 

world. 
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