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1 Introduction

Traditional medicinal systems, especially of Asian origin, have become more
interesting in Western countries during the last decades. Traditional Chinese
Medicine, Ayurveda and Traditional Tibetan Medicine are popular ones, which
are often applied to patients in many European countries as alternative
(complementary) medical treatment. Rather unknown is the Traditional
Mongolian Medicine (TMM). Considering the Mongolian history there has been
an increasing interest in traditional Mongolian medicine since the beginning of
the 1990s. This led to scientific investigations in this ancient medical system not
only within Mongolia, but also together with foreign academic institutions in
Asian and Western countries. Among the new academic partners were also
various universities in Austria, and one of them is the Department of

Pharmacognosy in Vienna [1].

1.1 Traditional Mongolian Medicine

Literature about TMM is scarce and mostly written in Mongolian or Russian.
However, some books are also edited in English and some interesting
information about the Mongolian health system and the use of traditional
medicine during the last decade is compiled in reports available in online-
databases [2, 3, 4, 5]. The next chapters provide a comprehensive overview
about the available literature and refer to the following topics: Historical
background of TMM, principles of TMM, traditional medicinal preparations, the

Mongolian health care system, and the health situation in Mongolia.

1.1.1 Historical background of TMM

TMM developed from Mongolian folk medicine and was highly influenced by the
Traditional Tibetan Medicine and Ayurveda. During the 13" century, Mongolia
came under the missionary influence of Lamaism. Its sciences of healing, which
initially were just healing practises, were established and developed gradually.

Medical practitioners were called from Tibet to Mongolia as court physicians



and independent medical schools developed in Mongolia, even though under
Tibetan names [6]. Traditional Mongolian medical knowledge was transmitted
over generations in various ways: through private practitioners who got their
medical knowledge from the elders and through educational and faculty
systems which were established in the 16" century. “Manba Datsan” is the
general name for a Buddhistic monastic school of traditional medicine, mostly
designed to educate physicians but also to provide scientific studies for scholars
of various subjects [7]. In 1921 Mongolia declared independence from China
and, in 1924, the Mongolian People's Revolutionary Party established the
People's Republic of Mongolia. The Communists' system of the Soviet Union
gained more and more influence on Mongolian politics, and in 1936 the
Mongolian republic entered into an alliance with the Soviets. This communist
influence caused dramatic changes in political and social structures. Lamaism,
the religion which had dominated until then was banned officially. In 1937 the
destruction of monasteries and persecution of monks started and led to a
collapse of religious institutions and, subsequently, also to a come down of
traditional medicine [1]. Finally, the last Tibetan pharmacy in Mongolia was
closed officially, and Western medicine became the only permitted possibility of
medical treatment [2]. For a long time it was forbidden to practise the ancient
Mongolian medicine. However, traditional medicine was still popular and used
secretly, especially in the treatment of chronic diseases. After the political
changes in the Soviet system at the beginning of the 1990s the restrictions were
lifted and Mongolian medicine became officially recognized as its own
Mongolian heritage [1]. During the 1990s the state policy of the new Mongolian
government focused on the revival of Buddhism and TMM. A new Manba
Datsan including a hospital and training centre with the aim to restore TMM in
the country was founded [7]. In 1991 the Otoch Manramba Medical College at
this respective Manba Datsan was established in order to provide training
courses in traditional Mongolian medicine. This institution aims at combining
traditional methods of treatment with the modern achievement of biomedicine.
Besides training activities, the college is pursuing research and maintains
regular contact with other medical research institutions, e.g. in India, Japan,
USA, Switzerland, UK, Germany, and Austria [7]. Another institution, the School

of Traditional Medicine of the Health Sciences University of Mongolia, offers all



degrees of education in traditional medicine and promotes research in this field.
As a consequence of those efforts, today, various hospitals and clinics apply
western as well as traditional methods. Furthermore, many small clinics, which
offer special traditional treatments, have been established throughout the
country during the last decades. By 2007, the number of people who received

traditional medicinal health care reached 23.6% of the total population [2].

1.1.2 Principles of Traditional Mongolian Medicine

The basics of TMM follow mainly the guidelines of Traditional Tibetan Medicine
and Tibetan Buddhism. Although there exists a variety of ancient medical
treatises written by Mongolians, traditional doctors accept the main Tibetan
medical treatise, the rgyud bzhi (Dirrben Undisin in Mongolian), literally "The
Four Roots", as the basis of their medical knowledge [1, 6]. According to
traditional medicine, the human body is seen as an entity and health relies on
the equilibrium of the three life sustaining principles, named in Mongolian hii
(Tibetan rlung), sar (Tibetan mkhris pa) and badgan (Tibetan bad kan). Any
disturbance in the equilibrium of the three principles results in a disease.
Therefore, traditional medical treatment focuses on the re-establishment of this
equilibrium. Pulse reading, tongue examination, urine check (smell, taste, and
colour) and interrogation of the patient serve as diagnosis parameters. It has to
be kept in mind that traditional methods of diagnosis do not necessarily
correlate with diseases as classified in Western medicine. In general, TMM
differentiates hot and cold disorders. Regarding liver impairment, there are 13
hot disorders and 5 cold ones. However, some symptoms listed in the traditional
texts relate to Western disease syndromes. E.g. fever, localisation of pain, and
yellow skin are mentioned as symptoms which indicate a liver involvement. The
therapy of diseases, according to traditional medicine, focuses first on changes
in the patient's diet and behaviour in daily life. Other therapeutic measures are
medication, massages, blood-letting, steam baths, acupuncture, and
moxibustion. The medical preparations are usually complex mixtures of a
varying number of ingredients, mainly plants but also minerals and animal drugs.
In general, one ingredient is specified as the leading one, while the remaining

ones support the main ingredient in its efficacy. A specific nature and particular
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qualities as well as secondary qualities, which influence the three life sustaining
principles in the human body, are assigned to each ingredient. In general, hot
diseases are treated with medicines having a cooling nature, whereas cold
diseases require a treatment with medicines of warming qualities. Furthermore,
it is very important, that the qualities and second qualities of the ingredients are
well balanced because otherwise the medicine may have an adverse effect on
the patient instead of a favourable one [1].

1.1.3 Traditional Mongolian medicinal preparations

The three main types of traditional medicines in Mongolia are available in the
form of talkh, tan, and pills. The tan preparation is a traditional medicinal drug
preparation at a pulverization level of 0.5-2 mm. It consists of either a single
component or a combination of several ingredients. The ingredients are
selected separately and cleaned, then blended and pulverized. This kind of
preparation is boiled or macerated with water, milk or soup. In 2006 about 32%
of the total amount of traditional medicines was tan preparations [2]. The talkh
preparation, which is the most common form of traditional preparations (50% of
total preparations in 2006), consists of a single component or a mixture of
ingredients but, compared to tan preparations, the pulverization level is 0.125-
0.315 mm. Talkh preparations are applied topically or internally, with water, milk
or soup [2]. For the preparation of pills the finely powdered medicine is mixed
with a suitable excipient such as water, honey, molasses or other liquids. Pills
can be coated or uncoated and are usually taken with water, milk or soup. Pill
preparations play a minor role and amounted only to 6% of the total number of
manufactured preparations in 2006 [2]. In the past, each traditional physician
prepared the medicines for his patients himself according to the prescriptions of
medical texts or his own experience. Also the necessary plants, minerals, and
animal products for certain medications were collected by the physician himself.
Today, the mode of preparing medicines has mostly changed. A large amount
of traditional remedies is produced in the big centres of traditional medicine and
Mongolian companies using modern production methods. Ancient sutra books
as well as more recent formula handbooks are used by traditional medicinal

drug manufactures for the production of the preparations. In 2006 a total of 36
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traditional medicinal drug manufactures were registered officially in Mongolia.
They represent 16% of the total number of drug manufactures and can be found
in public and private sectors [2]. Among the private traditional medicinal drug
manufactures, for example, is the Training Centre of Mongolian Traditional
Medicine Manba Datsan in Ulaanbaatar. Modern equipment allows the
production of traditional tan and talkh preparations, pills, mixtures, extracts and
ointments. 120 types of tan, talkh, and pills are produced using traditional and
alternative formulas and technologies [2]. The needed plants, animal drugs or
minerals are collected by the locals in the Mongolian countryside or are
purchased at various markets in and outside Mongolia. Such traditional
medicines are sold within the Republic of Mongolia by traditional medicinal drug
wholesalers. Some of those products are even exported [1]. In 2001 public and
private drug manufactures produced 4.8 tons of traditional medicinal drugs. In
comparison to that, the total amount of traditional medicinal drugs produced in
2006 increased by 60% up to 7.8 tons. This reflects the increasing importance
of traditional medical treatment in Mongolia. In 1965 Mongolia started the
implementation of a quality control system founding the Mongolian State Central
Inspection Laboratory. Today, this institution and the State Inspection Agency
are responsible for monitoring and standardizing traditional preparations with
many ingredients to ensure their quality. Mechanisms of regulation include the
Mongolian drug law (1998), an approved list of standardized medicinal raw
materials as well as inspection guidelines for traditional medicinal materials and
formulas (2003). Furthermore, validated procedures for analyses of active
ingredients by TLC or HPLC are very important. According to the policy on
improving the Mongolian Traditional Medicine new model guidelines of
inspection are going to be developed similarly to the international guidelines.
E.g., the microbiological quality is evaluated by the enumeration of total bacteria
and fungi contamination of traditional drugs. All traditional medicinal drug
manufactures are expected to provide medicinal raw materials for inspection by
the State Inspection Agency Central Laboratory. Nevertheless, further
improvement of standardization and quality inspection of traditional medicines is

required to ensure a high quality [2].



1.1.4 The Mongolian health care system

Information about the Mongolian health care system can be found mainly in
reports prepared for the WHO, such as the “Health indicators Mongolia” [3] or
the review “Health Systems in Transition” [4]. The following passages give an
insight into the development of the Mongolian health care system since the
beginning of the 1990s. However, some details remain unclear due to a lack of

information.

With the economic transition after the political changes in the former Soviet
Union the state expenditure for the social sector in Mongolia fell and the quality
of health care decreased dramatically as the health care system could not
maintain itself. During this transition period international aid and donor's
assistance helped to compensate the withdrawal of Soviet financial and social
support. The resource gap in the social system in the early 1990s was filled by
introduction of user fees and in 1994 by the introduction of a compulsory health
insurance. The system is now financed primarily through the state budget for
fixed costs, while variable costs are covered by the Health Insurance Fund
(HIF). Since 1993, there has been a series of attempts to develop a package of
"essential" and "complementary" health care services. Now the "essential"
package of services, which includes medical emergency and ambulance
services, and treatment for certain diseases requiring long-term care, is
provided free of charge, whether or not a patient is covered by health insurance.
All other services, generally curative and diagnostic, are included in the
"complementary" package, which is financed by the HIF [4]. According to the
report “Health indicators Mongolia” [3] the Mongolian health care system is
characterized by three levels of care: primary health care is provided mainly by
family group practises in Ulaanbaatar, in aimag centres, and in soum and inter-
soum hospitals. Secondary care takes place in district general hospitals in
Ulaanbaatar and in aimag general hospitals. Tertiary care is provided in major
hospitals and specialized professional centres in Ulaanbaatar [3]. Unfortunately,
it is not specified which services are exactly included in the three levels of care.
Traditional medical clinics and supervision rooms were established in the capital

and aimag's central hospitals according to the implementation of the Ministry of



Health (MoH) policy — Development of Mongolian Traditional Medical Service
from 1991-1995. The aim was to increase the number of traditional specialists
in the capital and in aimags’ hospital services and to facilitate the organization
of basic traditional medical training in the capital, aimags and districts. The first
clinical traditional wards with 50 beds and 8 supervision rooms were opened in
the State Clinical Central Hospital in 1989. The hospital division was later
expanded to become the Traditional Medicinal Scientific Technology
Corporation with 120 beds in 1998. The Hepatological Clinical Centre of
Traditional Medicine, the Traditional Medical Training Centre Manba Datsan,
and 110 private sector hospitals were established in 1991 [2]. 51.1% of the
traditional medical hospitals budgets are sourced from a mixture of funders.
Since 2002 the number of traditional hospitals in Ulaanbaatar has increased up
to 79 in 2006. An important topic is the education of traditional medical doctors
and nurses. Since the late 1990s traditional medical doctors have been
educated in public and private universities in Mongolia. The Department of
Traditional Medicine was founded in 1989 by the decision of the Health
Sciences University of Mongolia (HSUM) with 3 lectures and 24 students. In
1993 the first traditional medical doctors graduated. The School of Traditional
Medicine was established as one of the 7 independent institutes of HSUM in
2000. In two other public institutions, Darkhan city's Medical college and Govi-
altai's Medical college, traditional medical doctor assistants and nurses are
educated. Otoch Manramba Medical University was established in 1991 as the
first private traditional medical university. In total, for the years 1991-2008, 2102
traditional medical doctors have been graduated, and all over Mongolia 331

traditional medical doctors are working in the public health sector [2].

1.1.5 Health situation in Mongolia

Since the beginning of the 1990s an increasing prevalence of lifestyle-related
chronic diseases has been observed and has become an important public
health issue. The number of people suffering from cardiovascular diseases,
cancer, injuries, and poisonings has increased, while deaths from
communicable and respiratory diseases have declined. However, respiratory

and gastrointestinal diseases still dominate the morbidity pattern. Infectious
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diseases, like HIV, sexually transmitted infections (STI), tuberculosis (TB), viral
hepatits, and zoonotic diseases, which are related primarily to risk factors, such
as behaviour, lifestyle choices, and living conditions, are showing a tendency to
increase. The Mongolian Steps Survey on the Prevalence of Non-
Communicable Disease Risk Factors 2006, conducted by the Ministry of Health,
revealed that 90.6% of the surveyed population had at least one risk factor for
developing a non-communicable disease (NCD), 20.7% had three or more risk
factors or were at high risk. The government of Mongolia has been active in
population health education campaigning, but health behaviours remained
largely unchanged. Although the maijority of respondents knew about the
negative impact of alcohol on health, drinking and smoking rates are high. It
could be argued that the high levels of alcohol consumption and smoking are
closely related to the socioeconomic problems of the transitional period,
including poverty and unemployment [4]. However, a survey in 2005 showed
the prevalence of smokers to be 28%, among them 24.2% daily smokers. In
addition, 23% of the surveyed population reported low levels of physical activity.
The National Programme on NCD Control and Prevention for 2006-2015 aims
to reduce risk factors, thus contributing to a reduction in NCD morbidity and
mortality [5]. In 2008 the leading causes for outpatient morbidity were diseases
of the respiratory system, the digestive system, the genitourinary system, and
the circulatory system. The incidence of those diseases were in general higher
in rural than in urban areas. The predominant causes of hospitalization in soum
and aimag hospitals were diseases of the genitourinary and respiratory system,
whereas the residents of Ulaanbaatar were mainly admitted because of
diseases of the digestive and circulatory systems. Moreover, 25.6% of the
patients with diseases in the digestive system had liver problems. 13.7%
suffered from cholecystis. Compared to the figures of 2000, the number of
patients with liver problems increased from 18.9% to 25.6%, whereas the
number of patients with cholecystis decreased from 14.6% to 13.7% in 2008 [3].
As medicinal plants are often employed for the treatment of diseases related to
the digestive system, scientific research on the used remedies and traditional
preparations is required. This was one of the reasons for the starting of the
Austrian-Mongolian research-cooperation on traditional Mongolian medicinal

plants.
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1.2 Liver and bile flow

The liver plays an important role in the metabolism and has a number of
functions in the body, among them detoxification, protein-biosynthesis, and
glycogen storage. It is the largest glandular organ in the human body and
produces the bile which aids in the digestion via emulsification of lipids. The
organ is located on the right side of the abdominal cavity beneath the
diaphragm, and it is divided into two lobes of unequal size. On the lower,
concave, side of the liver (porta hepatis) two important blood vessels are
entering: the hepatic artery (arteria hepatica) and the portal vein (vena porta).
The venous blood, brought via the portal vein from the stomach, small intestine,
and related organs, contains digested nutrients and covers about 75% of the
liver's blood supply whereas the hepatic artery blood, enriched in oxygen,
contributes to the blood supply only to 25%. Furthermore the bile ducts (ductus
hepatici) are leaving the liver via the porta hepatis. The liver tissue is composed
of lobules of 1-2 mm size, which are separated by weak connective tissue. Each
lobule consists of hepatocytes, which possess a wide spectrum of different
enzymes, and carry out most of the liver functions. The hepatocytes, forming
characteristic tissue structures, are nerved by capillary vessels (sinusoids).
Their wall is formed by two cell types, namely endothelial cells and kupffer cells.
Kupffer cells are specialized macrophages and part of the reticuloendothelial
system [8].

The bile is produced by hepatocytes and secreted into bile canalicula which
start in the centre of the liver lobules and merge in the periphery of the lobules,
forming the left and right hepatic ducts. The hepatic ducts merge near the porta
hepatis and form the so called common hepatic duct (ductus hepaticus
communis). The cystic duct (ductus cysticus) joins with the common hepatic
duct and forms the common bile duct (ductus choledochus). Bile can either
drain directly via the common bile duct into the duodenum or be temporarily
stored in the gallbladder via the cystic duct [8].

Biliary secretion (choleresis) relies on two mechanisms. On the one hand,
excretion of conjugated bile acids, bilirubin and organic ions leads to an osmotic
gradient which is responsible for the passive water movement into the

canalicula (bile salt dependent bile flow). On the other hand, an osmotic
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gradient is developed by an active Na'-transport from hepatocytes into the
canalicula or the excretion of other osmotically active compounds which is also
followed by an increased water flow into the hepatic duct (bile salt independent
bile flow). On its way through the hepatic duct the bile is modified by
reabsorption or secretion of electrolytes, which has an impact on the additional
flow or the reabsorption of water. The bile consists of conjugated bile acids,
cholesterol, phospholipids (lecithin), enzymes, and anorganic ions (Na*, CI,
HCO3'). The production of bile is stimulated by secretin, a peptide hormone, and
bile acids itself [8]. Bile acids are amphipathic steroidal compounds derived
from the enzymatic catabolism of cholesterol, which is the most important route
to eliminate cholesterol from the body. Bile acids are conjugated at their
terminal carboxyl group with either glycin (mainly in humans) or taurin (mainly in
rodents). This amidation increases their amphipathic character making them
more hydrophilic and better excretable into the bile. In the intestinal lumen
bacterial enzymes dehydroxylate bile acids, and a part of these secondary bile
acids is absorbed from the intestine and recirculates entero-hepatically. The
detergent properties of bile acids aid in the solubilisation of cholesterol in bile
and of dietary fats and cholesterol in intestinal fluid, a prerequisite for their
intestinal absorption [9]. The complex anatomical structure of the liver and the
biliary tree makes clear that liver and biliary tract diseases and their clinical
manifestations can not be classified easily. Furthermore, it has to be considered
that its unique dual blood supply makes the liver an intermediate filter of most of
the venous drainage of the abdominal viscera. This often leads to secondary
hepatic involvement in a number of extrahepatic diseases and makes the liver a
relatively common site of solid tumor metastases [10].

A reduced function of the liver and the gallbladder is generally associated with
an impairment of the bile flow. Plant extracts, exhibiting bile-flow-stimulating
effects, may resolve disturbances in the hepato-biliary system caused by a
reduced bile secretion (cholestasis). Phytotherapy, as applied in Western
countries, suggests a variety of plants to cure disorders of stomach, liver and
the biliary system. Discomfort in the stomach, bloating, lack of appetite, nausea
and mild diarrhoea or constipation are improved by the intake of choleretic
compounds such as artichoke leaf extract which stimulates bile secretion and

shows hepatoprotective effects in animal models [11].
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In cooperation between the Department of Pharmacognosy, University of
Vienna, the Health Sciences University of Mongolia, and the Institute of
Pathophysiology, Medical University of Vienna about 20 plants were selected
which are most frequently used in the therapy of liver disorders according to
TMM. Methanolic and aqueous extracts of these plants were screened for their
effect on the bile flow in the model of the isolated perfused rat liver (Fig. 1) [1].
Such experiments are not only suitable to detect choleretic effects but provide
also a possibility for investigations of metabolites secreted into the bile. Thus,
extracts from the Mongolian medicinal plant Saussurea amara were identified
as potent choleretic agents [12]. Furthermore, an aqueous extract of D.
versicolor showed a dose dependent effect on the bile flow in the tested

concentrations (Fig.1).
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Bile flow (% of the basal value)

Gentiana | Euphorbia | Lilium Gentiana | Myricaria |Saussurea| Dianthus
algida pallasii pumilum | barbata | longifolia | amara | ersicolor

[0200mg/l 9,00 5,00 37,00 22,00 -13,00 32,00 24,00
m1000mg/l| 26,00 -48,00 32,00 24,00 -51,00 13,00 45,00

Fig. 1 Influence of aqueous extracts from selected Mongolian medicinal
plants on bile flow tested in two different concentrations in the model of
the isolated perfused rat liver. (chapter 2.4.1 p. 27) D. versicolor is
indicated by the red arrow.

Due to these results D. versicolor was chosen for intensive phytochemical

investigation and further biological testing presented within this PhD thesis.
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1.3 Dianthus versicolor FIScH.

Dianthus versicolor FISCH. belongs to the plant family of the Caryophyllaceae. It
is distributed mainly in Asia, e.g. Siberia, Kazakhstan, Mongolia (except the
Southern provinces), and China, but also in Eastern Europe, e.g. Ukraine [13,
14].

The plant is a perennial herb with a height of 20-50 cm and branched stems.
The sessile lineal-lanceolate leaves in opposite