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Introduction
Herbal medicine is not only easy accessible at low prices for primary 

health care, but also can serve as valuable reservoir for pharmacological 
drug development [1]. Remarkably, a majority of the world’s population 
cannot afford the costs for western-style drugs. This is especially true 
for Third World countries. Hence, it does not come as a surprise that 
traditional medicines are far distributed on the globe [2]. On the other 
hand, it is estimated that there are between 30,000-70,000 medicinal 
plants worldwide, most of which have not been scientifically analyzed 
[3]. Since prehistoric times, herbal medicines are used without the 
rigorous rules necessary to register drugs nowadays. As a consequence, 
safety and efficacy of medicinal plants have been challenged by western 
academic medicine. Therefore, development of evidence-based 
traditional medicines seems to be the only option to convince skeptic 
western physicians.

Paradoxically, about 90% of the current western drugs are not 
working in about 60% of the patients using them [4], indicating that 
the principles of evidence-based medicine have not been vigorously 
applied for western medicine too. The lack of efficacy of western drugs 
in all patients led to the concept of personalized medicine. The vision 
of personalized medicine is that custom-tailored treatments may be 
developed for each individual patient leading to higher treatment 
efficacy and low adverse side effects. Personalized medicine is, however, 
not a new invention, but well-known feature of most, if not all traditional 
medicines for hundreds or thousands of years. This indicates that 
both systems, traditional and modern medicines have advantages and 
disadvantages, and that both systems may complement each other for 
the sake of the patients. Two major requirements for herbal medicines 
to be integrated in western medicine are, firstly, standardization and 
quality control of herbal products and secondly, proof of safety and 
efficacy.

Herbal recipes are frequently comprised of complex mixtures of 
different plant species, and even within one and the same species, the 
composition and amount of chemical compounds can considerably vary, 
depending on exogenous (e.g. climate, soil composition and altitude) 
and endogenous factors (e.g. genetics, epigenetics). Quality control 

is therefore, of high priority to ensure herbal products’ consistency 
and efficacy. The establishment of internationally accepted standards 
is certainly one of the priorities for the future of medicinal plants. 
Standards are necessary at three different levels: (a) Quality control of 
herbal products, (b) preclinical evidence of safety and efficacy, and (c) 
clinical evidence of safety and efficacy.

Quality Control of Herbal Products
DNA-based technologies

The correct identification of medicinal plants is essential, 
as wrongly identified species, subspecies or species varieties are 
either therapeutically less active or inactive, or may even contain 
poisonous ingredients [5]. The methods of classical botany for plant 
identification are recently supplemented by various DNA-based 
technologies, including RAPD, RFLP, ARMS, CAPS, AFLP, DAF, 
ISSR, SSR, hybridization and microarrays [6]. A recent technological 
development is the authentication of medicinal plants by barcode DNA. 
This method is based on the detection of variable sites of the rDNA 
internal transcribed spacer (ITS). In systematic botany, PCR-based 
determination of barcode DNA is used for taxonomy studies. DNA bar-
coding provides a powerful tool for the authentication of plants, and is 
exquisitely suited for quality control of medicinal plants [7-11]. Current 
research in this field focuses on the question, how many and which DNA 
fragments are necessary for the optimal discrimination of different 
species. The largest database on DNA barcodes of medicinal plants, 
with more than 1000 species listed in the Chinese Pharmacopoeia and 
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American Herbal Pharmacopoeia, represents the Medicinal Materials 
DNA Barcode Database (MMDBD) [12].

Good practice guidelines

Having the correctly identified plants in hand, they have to be further 
handled in a standardized manner [13]. For this reason, international 
guidelines have been developed such as Good Sourcing Practice 
(GSP), Good Agricultural Practice (GAP), Good Laboratory Practice 
(GLP), Good Manufacturing Practice (GMP), and Good Clinical Trial 
Practice (GCTP) [14]. In this context, an interesting project is the 
cultivation and breeding of Chinese herbs in Germany, which is an 
interdisciplinary approach covering diverse aspects from seed sourcing 
to medicinal application. A recent report described the outcome 
of the agricultural seed and field experiments, breeding program, 
botanical and chemical characterization of the experimental material, 
comparison of experimental and imported herbal material with respect 
to their pharmaceutical quality, transfer of production methods and 
plant material to specialized farmers, medicinal application and finally, 
information for users along the chain of distribution about the benefits 
of the locally produced herbal material [15].

Chemoprofiling

As already pointed out, the chemical composition of plants 
may vary to some extent and needs to be standardized to guarantee 
comparable therapeutic effects. A number of chromatographic 
fingerprinting analyses are known to disclose the detectable ingredients 
composition and concentration distribution [16,17]. Standard analytical 
techniques include thin-layer chromatography, high-performance 
liquid chromatography and capillary electrophoresis. Recently, novel 
technological developments became available for chemoprofiling, such 
as infrared spectroscopy, metabolic fingerprinting and quantitative 
determinations based on nuclear magnetic resonance spectra.

Toxicology

Another aspect of quality control, in addition to ensure proper 
composition of herbal prescriptions, is to avoid contamination with 
mycotoxins, pesticides, heavy metals, or other chemical toxins [18,19]. 
Furthermore, faked herbal prescriptions with adulteration of drugs 
from western medicine, e.g. with glucocorticoids, have to be banned 
[20,21].

Monographs and pharmacopeias

Due to the above mentioned concerns of traditional herbal drugs, 
there are legal frameworks for the pharmaceutical use of herbal 
products. The pharmaceutically relevant knowledge of medicinal plants 
is collected in monographs, which are part of national or international 
pharmacopeias, e.g. the International Pharmacopeia, the European 
Pharmacopeia, the American Herbal Pharmacopeia, the German 
Pharmacopeia, the Chinese Pharmacopeia, and so on. Monographs 
contain definitions, analytical techniques for identity and purity and 
content, as well as storage regulations for all kinds of drugs (herbal, 
chemical, biological). Each pharmaceutically employed drug has to 
meet the requirements of the monograph.

Preclinical Evidence of Safety and Efficacy
In classical drug development, candidate compounds traverse 

a pipeline of preclinical investigations, using in vitro and in vivo test 
models. If the preclinical evaluation is positive, the candidate drug 
is further investigated in clinical phase I-IV trials, and is ultimately 
used in clinical everyday routine. Phytotherapy has a different 

approach. Herbal medicines are used since ages, and it was only in 
recent years that the need to understand their mode of action and 
gain knowledge about their safety and efficacy came into awareness. 
In this sense, phytotherapeutical research may be understood as 
reverse pharmacology. On the other hand, research on the bioactivity 
of medicinal plants is a part of quality control that a certain herbal 
preparation is efficient and safe.

Systems biology 

After the establishment of standard molecular biological techniques 
in the past three decades, more recently, systems biology with an 
array of thriving new methods came into play. Traditional medicines 
are often based on holistic therapeutic approaches, whereas, western 
medicine is reductionistic in nature. While classical pharmacological 
approaches are able to explain some of the mechanisms of medicinal 
plants, e.g. receptor-ligand interactions, the chemical composition of 
herbal mixtures is extremely complex, and can only insufficiently be 
understood by reductionistic approaches. The advent of systems biology 
and “-omics” technologies has been perceived with much interest among 
scientists working in the field of traditional medicine, because “-omics” 
technologies are also holistic in the sense that they measure entire 
profiles of molecules in whole cells, organs or organisms [3]. Microarray 
hybridization and LC-MS are basic technological platforms to measure 
changes in the genome (genomics), transcriptome (transcriptomics), 
proteome (proteomics) or metabolome (metabolomics). Especially, 
metabolomics is of interest for herbal medicine [22,23], since plants 
produce a huge array of chemicals, far more than are produced by 
most other organisms. Bioinformatical methods such as hierarchical 
cluster analysis, principal component analysis and others are employed 
to statistically process the massive amount of data, resulting from 
“-omics” technologies [24]. An appealing strategy is to interconnect 
the data obtained from genomics, transcriptomics, proteomics and 
metabolomics to cellular interaction networks, which may explain the 
activity of complex herbal mixtures in a comprising fashion. Therefore, 
systems biology is appreciated as an innovative discipline to study 
holistic phytotherapeutical approaches. Systems biological research 
may also facilitate to understand synergistic interactions of herbal 
mixtures.

Animal experimentation

There is a plethora of investigations reporting the activity of 
plant extracts in in vitro test models. Such assays are frequently easy 
to perform, and used for bioactivity-guided isolation of the active 
phytochemicals in extracts. Sophisticated methods are sometimes also 
preferentially performed in vitro, because in vivo settings complicate the 
experimental design even more. Despite the unambiguous advantages 
of in vitro analyses, bioactivity in vitro does not necessarily translate 
into bioactivity in vivo [25,26]. The influence of drug metabolism in 
living organisms might not be appropriately reflected in cell culture 
models. Plant secondary metabolites may occur as prodrugs that have 
to be metabolized in vivo by the intestinal microflora or by hepatic 
enzymes.

Clinical Evidence of Safety and Efficacy
There is still some reluctance of western academia towards herbal 

medicine, which is in striking contrast to the general public, which 
is open-minded to phytotherapy and other forms of complementary 
medicine. There are several reasons that can be discussed:

•	 Traditional (holistic) medicines are often mixtures, which do 
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not fit well to the general set-up of clinical (reductionistic) trials 
[27,28]. 

•	 Herbal medicines are frequently sold as over-the-counter 
products, without official registration [29,30]. Their efficacy 
and safety is, therefore, doubted. 

Having in mind that traditional and herbal medicines have been 
successfully used for thousands of years, it is not always obvious for 
herbalists and traditional medical doctors to perform preclinical or 
clinical studies, in order to proof the efficacy of herbal medicines. 
However, the only pragmatic way for the integration of traditional 
medicines into western medicine in a realistic time frame seems to 
perform sound clinical trials, and to convince western physicians by 
strong data from evidence-based herbal medicine. In recent years, an 
ever increasing number of clinical trials and meta-analyses focused 
on the efficacy of herbal medicines [31-36]. Once evidence-based 
traditional medicines are on the market, pharmacovigilance studies are 
required for monitoring the adverse effects [37].
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