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ABSTRACT

Herbal medicine is undoubtedly the oldest system of medical science in the world. Utilization of nature’s wealth for health benefits and the cure,
prevention and mitigation of diseases plays a big role in human civilization, with a dependency of a large number of human populations particularly
in developing countries. Globalization of the local knowledge regarding the use of indigenous medicinal plants by traditional healers and
localization of globally advanced technologies have boosted the growth of herbal industry and created immense global interest towards herbal
medicine. The advancement in the technologies have also helped the developed countries to adopt this ancient and enriched medicinal system in a
new way. An improvement in each step of herbal medicine production has recently been possible with the aid of technical developments. The
increase in the demand and utilization of herbal medicine in the past few years has been increased considerably indicating herbal ‘renaissance’. The
current trend of utilization of these formulas after scientific researches and modern technological aspects helped in industrial growth of herbal

medicine.
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INTRODUCTION

From the beginning of human civilization people are indebted to
nature in many ways. From time immemorial plants and natural
products are being used for prevention, mitigation and cure of
diseases, which was the advent of primitive healthcare system. The
primary health care in most of these ancient civilized societies are
based on herb based medicines yet still fuzziness exists in
encompassing different domains of herbal medicine as a whole
(Figure 1). Contributions from ancient civilizations like Arian,
Egyptian, Sumerian, Greek and others towards herbal medicine
highlights conglomeration of experimental and occult knowledge
specific to a particular culture. Countries like India, China, Japan,
Egypt as well as Africa, Pakistan and Middle East, have their own
forms of indigenous healthcare systems mostly based on herbs
(Table 1). In the last part of twentieth century, Western Nations
realized the importance of herbal medicine as the one that possesses
maximum health benefits with minimum adverse effects and

countries like USA, UK, Australia, and other European countries have
accepted the medication 2 Herbal drugs are recently prepared
mostly by eco-friendly processes from plants and can be defined as
preparations containing active constituents of medicinal
importance. It is also often called as phytomedicine/ botanical and
considered as a part of alternative and complementary medicine.
The traditional systems of medicine revived in all over the world in
the light of modern technological aspects. Advancement in different
areas of herbal research starting from extraction procedures to
isolation and identification techniques, design and utilization of bio-
assay for efficacy testing, dosage form design, and study of
pharmacokinetic, pharmacodynamic, toxicological and
pharmacological mode of action call for a healthy competition with
existing classic health care systems. Simultaneously, uses of forensic
studies in regulatory aspects as well as global marketing strategy are
other highlighted areas of herbal medicine industry. The literature
survey based study addresses these important issues on global
perspective.
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Fig. 1: Different domains of herbal medicine

Table 1: Existing Traditional Medicinal Systems in Different Countries

Country Traditional system of medicine
India Ayurveda, Siddha,

China Chinese Herbal medicine

Japan Kampo

Korea Hanbang

Pakistan Indusynunic

Middle east Islamic, Unani

Europe Aromatherapy, homeopathy, botanicals and herbalism

USA, Australia Western Herbal medicine

Africa Many traditional medicine systems used by various tribes like Muti, Ifd etc. and made operational by sangomas or

izinyangas, traditional healers etc..

According to W.H.O. herbal medicine is mainstay for 75- 90% people
in developing countries for primary care Bl. Its safety, efficacy,
biocompatibility, better cultural acceptability, ease of availability
and lesser side effects are some of the causes of its increasing
acceptance worldwide. The annual growth rate of herbal medicine
nowadays is nearly between 5% and 15% with an annual income of
US$60 billion. The revenue earned through herbal drugs in some
countries are quite impressive as per W.H.O, that, US$5 billion in
Western Europe (2003-2004), US$14 billion in China (2005) and
US$160 million in Brazil (2007). The global estimate of traditional
medicinal market in 2008 was US$83 billion showing an exponential
increment 3 4 With the developments in technological field and
implementation of specific regulatory measures in cultivation,
harvesting, and other processes related to medicinal plants
researches in the field of herbal medicines flourished resulting to
increased awareness towards the adversities in the arena like
undesirable effects, drug-drug interactions and increased self
medication tendencies etc. Some problems faced today includes the
presence of minute quantity of active principle, lack of knowledge
regarding dosage calculation due to varied concentration of active
constituent from same amount of raw material, lack of standardized
procedures for medicament preparation, less awareness to toxicity
of herbal drugs, adverse effects and interaction consequences etc.
New researches are being carried out to address these aspects.
Studies in respect to the systematical revision of the traditional use
of wild and cultivated plants; ethnobotanical reviews in mostly all
parts of world are very common area of study today. New
approaches for novel lead identification from herbal sources during
drug discovery are major leap toward globalization of confined local
knowledge. Advancements in instruments for better identification,
characterization of active principles, in assays to carry out their
efficacy studies, increased scope of forensic sciences in the field of
herbal drugs indicate the beginning of herbal ‘renaissance’.

Cultivation, harvesting, collection, post harvest storage of
medicinal plants -

Change in environmental conditions during cultivation or medicinal
plant growth, improper agricultural practices followed during
cultivation and harvesting, malpractices occurred during drying and
improper post harvest storage conditions etc. are some major
important but quite neglected area in herbal drug research.
Conditioned drying, processing, post harvest storage, production
procedures like extraction, final processing before packaging,
transportation also affects the secondary metabolite concentration
and type °. The factors mentioned above can affect composition and
yield of active compounds as well as biological activities of medicinal
plants ¢. This area is also being given importance nowadays even in
poor countries. During each extraction step also, amount of active
components in extract may varies. Therefore the extract should then
be checked for indicated biological activity in an experimental
animal model which is not always possible. One recent study states
suggests that if therapeutic index is provided with cultivation
success, batch to batch variation of active constituent can be

minimized and information about best time of harvest can be
known. That study also suggest that cultivation will be more
effective for medicinal plants to get better yield with fertilization
and irrigation 7. Good Agricultural Practices for medicinal plants
prescribed by WHO India in 2009 were suggested to be followed 8.

Many moulds and toxigenic bacteria are susceptible to grow on
herbal raw material as well as during post harvest storage, and often
produce toxic compounds due to deterioration. Therefore change in
chemical composition often affects the medicinal efficacy of the
herbal drugs °. Studies have shown that aqueous extract of
Adenocalymma alliaceum can act as antifungal and antiaflatoxigenic
10, Ocimum sanctum essential oil (EO) along with Eugenol can be
exploited for this purpose 1%

Herbal drug extraction, identification, isolation,
characterization and Drug discovery

With the help of genomics, gene manipulation and metabolic
engineering techniques it is possible nowadays to develop new drug
component from natural origin for developing new herbal drug
candidates. Along with these new techniques in search of new drug
candidates various pharmaceutical companies are also exploring
plants from less investigated areas of world like North and
Southeast Asia and Oceania '2.

Drug discovery is mainly done by high throughput screening (HTS),
but this approach is becoming less successful due to presence of
number of good compounds already available in the market and
increasing cost of this method. The research to solve the problem
associated with HTS shows high time consumption, nonspecific
interference, problems due to fluorescence and insolubility !2.
Therefore again role of traditional herbal formulas are getting
importance due to their apparently safe use. In case of theoretical
screening of herbs importance of HTS still remains and has been
reported in many articles. The process is now used with success for
screening of plants for new lead compounds from herbs. The other
new technologies includes virtual screening filtering experiments
using pharmacophore models, docking studies, and neural networks
for novel lead identification from natural product. DNA, protein, and
cell chip based HTS are being used today as miniature version of
complex HTS method. DNA microarray 1is useful for
pharmacognostic, pharmacogenomic, and pharmacodynamic studies
of herbal drugs 13. Even fluorescence resonance energy transfer
(FRET) based High Throughput Screening is being used as a new
tool for anti cancer drug designing 4. Construction of high quality
natural product library through high throughput screening is an
approach for complexity reduction. One of the other major
bottlenecks of natural product drug discovery is numbers of
metabolites that are present in natural products and their huge
dynamic range which result in the loss of many possibly bio-active
natural compounds. This also causes increase in cost of drug by high
throughput screening. These problems nowadays are thought to be
solved with proper use of metabolomics approach !5 or by use of
chromatographic fingerprinting profiling of each medicinal plant.
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Similarity search is one of the most efficient methods in
cheminformatics methodology to detect specific bio-molecular
targets expected to have effects for certain diseases where screening
and introduction of novel herbs for particular disease is possible 16.

Extraction of active principle from medicinal plants is one of the
critical steps in herbal technology. Method of extraction is mainly
aqueous and solvent extraction. Previously extraction was done
using the steps like distillation, decoction, maceration, percolation
etc. Recently newer modified techniques have been introduced. In
2006, after South-East Asian (SEA) Regional Workshop entitled
“Extraction Technologies for Medicinal and Aromatic Plants, “held in

Int ] Pharm Pharm Sci, Vol 4, Suppl 1, 47-52

Lucknow, a new publication solely on newer techniques of
extraction were published by International Center for Science and
High Technology (ICS). Along with the conventional techniques
newer techniques like Micro-distillation, Thermo-micro-distillation
and Molecular Distillation Techniques, Solid Phase Micro-extraction
and Headspace Trapping Extraction, Super-critical Fluid Extraction,
Process-scale HPLC, Flash Chromatography and Low Pressure
Chromatography, Counter-current ~ Chromatography, High
performance Thin Layer Chromatography (HPTLC) were also
mentioned as extraction techniques. These new techniques are
tabulated in table 2.

Table 2: Some newer extraction techniques

Some New Extraction Techniques Uses
Improved extraction efficiency and pesticide residues analysis is 17,18
possible

Increased yield and decreased time and solvent consumptionand 18,19
protects sensitive compounds

Supercritical Fluid extraction (SFE)

Pressurized Liquid Extraction (PLE) and PLE combined with
ultrasound-assisted
extraction and solid phase extraction

Reference

Microwave assisted extraction (MAE) technique and different Extracts can directly used for HPLC 18,20
statistical optimization strategies
Ultrasonic extraction Increased extraction efficiency and reduced extraction time 18, 21

Most important area of study of herbal technology specifies active
component isolation and identification followed by study of
biological activities. Most of the isolation and identification steps
used nowadays are also considered for quality control aspects to
detect adulteration simultaneously. Quality control, safety and
efficacy study of herbal drug is therefore a major thrust area of
research today as drug adulteration is a common and major problem
faced by herbal industry. Some technical methods to analyze the
active principle as well as adulteration include Thin layer
chromatography (TLC), High performance liquid chromatography
(HPLC) and capillary electrophoresis (CE) etc. Tandem techniques
such as Gas chromatography (GC)/ Mass spectroscopy (MS), Liquid
chromatography (LC)/MS and CE/MS are also some measures which
provide higher specificity and these are mostly used for
confirmation studies. Liquid chromatography-selected reaction
monitoring mass spectrometry (LC-SRM/MS) is a new technique.
Techniques to analyze and remove toxic pesticide includes GC, HPLC
or Column switching high-performance liquid chromatography
(CSHPLC), GC/MS, HPLC/MS, Super-critical fluid extraction (SFE),

capillary electrophoresis (CE), and enzyme linked immunosorbent
assay (ELISA). Pesticide residue detection is often done using SFE 7.
In the past few years, electromigration methods like capillary
electrophoresis, Capillary electro-chromatography (CEC) play a
major role in identification and quality control of herbal drugs 22
Some modifications in instrumentation helped in the revolution with
better detection ability. In thin layer chromatography, the
improvements include forced-flow planar chromatography (FFPC),
rotation planar chromatography (RPC), over-pressured-layer
chromatography (OPLC), and electroplanar chromatography (EPC)
etc. Advances in HPLC includes HPLC analysis coupled with
evaporative light scattering detection (ELSD), strong anion-
exchange HPLC (SAX-HPLC), micellar electrokinetic capillary
chromatography (MECC), high-speed counter-current
chromatography (HSCCQ), low-pressure size-exclusion
chromatography (SEC), reversed-phase ion-pairing HPLC (RP-IPC-
HPLC) etc [231. Some technological aspects involved in herbal active
principle and adulteration isolation, and detections have been
tabulated in Table 3.

Table 3: Some technological aspects involved in isolation, and detections of active principle and adulteration in herbal medicine

Technology involved Utilization Reference
Chemical proteomics Isolation and identification for binding 24
partner of biologically active natural
product
Use of DNA Barcode Identification 25
Use of animal tissue culture models For uptake And metabolism study of 26
herbal drugs During digestion
DNA-based molecular markers like AFLP and RAPD Markers Pharmacognostic characterization of 27

herbal medicine

Chromatographic fingerprinting like High-performance thin-layer chromatography Identification and isolation of herbal drug 17, 28, 29

(HPTLC), High-performance liquid chromatography (HPLC), Ultra-high
performance liquid chromatography (UPLC), Gas chromatography (GC) and

multiple chromatographic profiling

Hyphenated HPLC techniques, like with mass spectrometry (LC/MS), UV diode
array (LC/UV) detection, nuclear magnetic resonance (LC/NMR), quadrupole time

of flight (Q-TOF)

Capillary electrophoresis (CE) and other modified CE like Electrokinetic

chromatography (EKC), Capillary zone electrophoresis (CZE)
Countercurrent chromatography (CCC)

chemical fingerprinting combined with biological fingerprinting

and adulterations

Identification of herbal drug and 28,30
adulterations

Identification of herbal drug and 22,28
adulterations

Total recovery of sample, minimized 28

tailing, less sample decomposition and
solvent consumption during extraction
Quality Control and prediction of severity 31
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Use of DNA micro-arrays
Biological Detection Technology like Inmunoassay, sensor method

Similarity search tool of chemiinformatics

of adverse reactions of herbal injections

and to detect quality fluctuation

Gene expression studies by herbal drugs 32,33
Detection and removal of pesticide residue 17
from herbal medicine

To screen drugs for diseases 16, 31,34, 29,

Utilization of novel spectroscopic methods like FT-IR (Fourier transform infrared

spectroscopy , near-infrared spectroscopy (NIR), Nuclear magnetic resonance

(NMR) etc.

Identification purpose of herbal drugs 32

On the other hand, in herbal medicine research, DNA array also
found its importance in efficacy testing. Effect of herbal extracts on
gene expression is reported to be studied in cells and tissues 33. Even
genotoxicity assessment of the drug extract is also possible and
carried out nowadays for toxicological potency assessment.

Multiple chromatographic profiling is one easy way considered for
quality control of herbal drug. Classification and discrimination
between herbal fingerprints and large data obtained thereafter are
handled then by chemi-informatic tools like similarity search 29 3134,
With the advancement of bio-informatics or chemi-informatics large
databases of herbal medicine or secondary metabolites from various
species have been set up which act as a substitute of various herbal
pharmacopoeias. Bio-informatics-based identifications of plant
secondary metabolites are possible through Madison Metabolomics
Consortium Database (MMCD) whereas data about natural medicine
can be obtained from Natural Medicines Comprehensive Database.
HerbMed® is an interactive, electronic herbal database which
provides information about herbs used for health and is maintained
and updated by American Botanical Council. Some other database
for natural product, herbal drug or alternative medicine includes
NAPRALERT, Natural Medicines Comprehensive Database etc.
Advancements in plant tissue culture techniques for more secondary
metabolite production as well as modern techniques for isolation of
medicinal compounds and pharmacological testing procedures are
considered to be important issues today. Low cost bioreactors for
plant tissue culture are being designed especially for
commercialization of phytoconstituents3s. Plant cell based
bioprocessing is a new area of study of process optimization for
maximum yield of plant derived compounds.

Adverse effects of herbal drugs: causes and types - To be
minimized by technology

Pesticides have role in the regulation of plant growth and secondary
metabolite production in cultivated medicinal plants, but residue
levels have, so far, not been monitored. Nowadays various testing
conditions are adapted to measure pesticide residue. They often
cause adverse toxicities due to contamination 3¢. The adverse effects
also occur due to factors like adulteration, substitution,
contamination and misidentification, lack of standardization,
incorrect preparation and/or dosage, and inappropriate labeling
and/or advertisement. Some toxic heavy metals like arsenic, lead,
mercury, cadmium, 37 and undeclared drugs like Glibenclamide,
mefenamic acid, etc. have been found in some Chinese as well as
Indian traditional herbal product 38. Now people are aware of these
problems and various measures are being taken to solve the
problems by forensic identification and by regulations. Not only it
shows adverse effects, drug - drug and drug - excipient reactions
are also considered important today. As many people is habituated
in self herbal medication, it may cause adverse drug reaction with
other prescription drugs and can complicate a situation as a study
mentions that, commonly used herbal drugs like garlic, ginger,
Gingko biloba are risk factors for intraoperative hemodynamic
instability during pre or post operative period 3°. Considerable
number of medicinal plants used in day to day life like Chinese
herbal tea (used as health tonic) causes hepatic veno-occlusive
disease (VOD) or Margosa oil from Azadirachta indica, a health tonic
is also cause of Reye’s syndrome #0. Tea tree oil camomile causes
contact dermatitis. Pharmacological interactions of herbal drugs
with other medications were neglected previously but nowadays
have also been taken into account. For example, Gingko biloba by
interacting with aspirin and warfarin shows effects in coagulation of

blood. Organ toxicity like neuropathy, nephropathy etc. due to
contamination by pesticide residue, adulteration by other materials,
misidentification are also major problems taken into account today
which are being tried to be solved both by extensive research and
increasing public awareness #1. Cerebral arteritis, cerebral oedema,
delirium, coma, confusion, encephalopathy, hallucinations,
intracerebral haemorrhage and other types of cerebrovascular
accidents, movement disorders, mood disturbances, muscle
weakness, paresthesiae and seizures are some serious psychiatric
and neurological adverse affects due to the effects of some herbal
constituents 38. Cases of neurotoxicity, hepatotoxicity, hematotoxity,
nephrotoxity, cardiotoxicity have also been reported 42.

Formulation, dispensing and packaging

Stability studies related to herbal drug are considered important
nowadays. Herbal drugs are generally dispensed in the form of pills,
decoction, syrups, tablet, capsule etc. The physical instability of
those herbal formulations or raw materials of herbal drugs are due
to high moisture content, bacterial and fungal contamination,
chemical instability, improper harvesting and storage condition etc.
High moisture content also often facilitates bio-degradation of active
constituents. These common causes of instability can be minimized
by proper drying condition considering decomposition behavior of
active constituents, nanoparticle coating of drug, use of chelating
agent, formulation of emulsion and suspension etc 3. Again, in most
of the cases water soluble phyto constituents are the cause of limited
bio-availability due to poor absorption in vivo. So, stabilization of
the bio-active extract with a minimum shelf-life of over a year as
well as techniques to increase bio-availability of phytochemicals are
important areas of research. As biological activity of a herbal drug
also depends upon drug delivery systems, various novel drug
delivery systems like polymeric nanoparticles, nanocapsules,
liposomes, phytosomes, nanoemulsions, microsphere,
transferosomes, and ethosomes has been reported which in term
help to increase the shelf life of the product and better and
prolonged biological efficacy #+ 45. For example curcumin liposome
has been utilized as anticancer medication. Better biosorption was
achieved with the discovery of herbosome. Herbosome consists of
phosphatidylcholine which helps the phytoconstituent to enter the
intestinal epithelial cell outer membrane which in term causes more
bio-availability with better absorption properties 46. Herbal
excipients like starch, gums are also useful for manufacturing of
herbal drugs with better bio-availability 4.

Other problems that should be of concern in herbal drug industry
include lack of utilization of packaging technology for herbal drugs.
Proper packaging is necessary so that it can be impervious to
children and batch to batch product uniformity can be maintained.
Proper labeling is also a part of packaging. In a recent paper it was
stated that as no Good Manufacturing practice is maintained and
concentration of active constituents are not indicated properly,
which may cause toxicity when used for children 48. Substandard
processing, packaging or storage is great concerns for poor
countries like Uganda . Adopting newer techniques and
implementing them, as well as focusing on search for new plants and
natural materials containing plant products for medicinal purposes,
the position of Chinese herbal market is rising while Indian herbal
market is declining in global herbal market scenario 5051,

CONCLUSION
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With the advancement of modern technology, people have paved up
to a new era of herbal medicine. Still due to poor economic
condition, many technologies are not possible to be implemented in
developing countries for drug discovery, extraction, isolation and
identification of important active principles or detection of toxic
contaminants. So cheaper, easy to perform technologies for above
mentioned processes are still being sought which would be needful
for people of developing countries. Implementation of new small
scale industrial collaboration utilizing indigenous plant sources for
low cost herbal drug formulation production will be beneficial for
primary health care system of third world countries. Though
analysis of all other aspects discussed in this paper, it can be
suggested that the era can be designated as herbal ‘renaissance’ due
to rapid technological advancement of herbal medicinal industry
and expansion of global herbal industry.

REFERENCE

1.

10.

11.

12.

13.

14.

Tovar R.T and Petzel R.M. Herbal Toxicity. Dis Mon. 2009; 55:
592-641.

Sharma A, Shanker C, Tyagi L.K, Singh M and Rao C.V. Herbal
Medicine for Market Potential in India: An Overview. Academic
Journal of Plant Sciences.2008; 1 (2): 26-36.

Robinson MM and Zhang X, Traditional medicines: global
situation, issues and challenges. The World Medicines
Situation. 2011; WHO: 3rd Edition. Available from
http://www.who.int/medicines/areas/policy/world_medicine
s_situation/WMS_ch18_wTraditionalMed.pdf (Accessed on
2011 August 2)

WHO Traditional medicine strategy 2002-2005. Geneva, World
Health  Organization, 2002 (WHO/EDM/TRM/2002.1).
Available at:
http://apps.who.int/medicinedocs/en/d/Js2297e/

Sahoo N, Manchikanti P, Dey S. Herbal drugs: Standards and
regulation. Fitoterapia. 2010; 81: 462-471.

Fennell CW.,, Light M.E,, Sparg S.G., Stafford G.I, van Staden ]J.
Assessing African medicinal plants for efficacy and safety:
agricultural and storage practices. Journal of
Ethnopharmacology.2004; 95: 113-121.

Azaizeh H, Ljubuncic P, Portnaya I, Said O, Cogan U, Bomzon A.
Fertilization-induced changes in growth parameters and
antioxidant activity of medicinal plants used in traditional Arab
medicine. Evid Based Complement Alternat Med.2005;
2(4):549-556.

Good Agricultural Practices for Medicinal Plants (2009), WHO,
India. ISBN No- 978-81-909121-2-9.Available at:
http://whoindia.org/LinkFiles/Traditional Medicine_GAP_boo
k.pdf

Kumar A, Shukla R, Singh P, Dubey N K. Biodeterioration of
some herbal raw materials by storage fungi and aflatoxin and
assessment of Cymbopogon flexuosus essential oil and its
components as antifungal. International Biodeterioration &
Biodegradation. 2009;63 :712- 716

Shukla R, Kumar A, Prasad CS, Srivastava B, Dubey NK.
Antimycotic and antiaflatoxigenic potency of Adenocalymma
alliaceum Miers. on fungi causing biodeterioration of food
commodities and raw herbal drugs. International
Biodeterioration & Biodegradation.2008; 62:348-351.

Kumar A, Shukla R, Singh P, Dubey NK. Chemical composition,
antifungal and antiaflatoxigenic activities of Ocimum sanctum
L. essential oil and its safety assessment as plant based
antimicrobial. Food and Chemical Toxicology. 2009; 48 :539-
543.

Gullo V.P. and Hughes D.E. Exploiting new approaches for
natural product drug discovery in the biotechnology industry.
Drug Discovery Today: Technologies. 2009; 2(3): 281-286.
Naoghare PK and Song JM. Chip-Based High Throughput
Screening of Herbal Medicines. Combinatorial Chemistry &
High Throughput Screening. 2010; 13: 923-931.

Tian H, Ip L, Luo H, Chang D. C and Luo KQ. A high throughput
drug screen based on fluorescence resonance energy transfer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Int ] Pharm Pharm Sci, Vol 4, Suppl 1, 47-52

(FRET) for anticancer activity of compounds from herbal
medicine. British Journal of Pharmacology. 2007; 150: 321-
334.

Yuliana N.D, Khati A, Choi Y.H and Verpoorte R. Metabolomics
for Bioactivity Assessment of natural products.Phytother Res.
2011; 25(2): 157-1609.

Sardari S, Shokrgozar M. A, Ghavami G. Cheminformatics based
selection and cytotoxic effects of herbal extracts. Toxicology in
Vitro. 2009; 23: 1412-1421.

Meihua Y and Linan W. Advances in Techniques on Analysis
and Removal of Pesticide Residues in Traditional Chinese
Herbal Medicines. Mode Tradit Chin Med Mater Med.
2008;10(1): 107-112.

Huie CW. A review of modern sample-preparation techniques
for the extraction and analysis of medicinal plants. Anal Bioanal
Chem.2002; 373: 23-30.

Mustafa A and, Turner C. (2010). Pressurized Liquid Extraction
as a Green Approach in Food and Herbal Plants Extraction: a
Review; Analytica Chimica Acta doi:10.1016/j.aca.2011.07.018
Mandal V, Mohan Y, Hemalatha Y. Microwave Assisted
Extraction - An Innovative and Promising. Pharmacognosy
review. 2007;1(1): 7-18.

Vinatoru M. An overview of the ultrasonically assisted
extraction of bioactive principles from herbs. Ultrasonics
Sonochemistry. 2001; 8: 303-313.

Gotti R. Capillary electrophoresis of phytochemical substances
in herbal drugs and medicinal plants. Journal of Pharmaceutical
and Biomedical Analysis.2011; 55: 775-801.

Lianga Y Z, Xieb P, Chanc K. Quality control of herbal medicines.
Journal of Chromatography B. 2004; 812: 53-70.

Piggott A M, Karuso P. Quality, not quantity: The role of natural
products and chemical proteomics in modern drug discovery.
Comb Chem High Throughput Screen. 2004; 7: 607-630.

Li, M., Cao, H., But, P.P.H. and Shaw, P.C. Identification of herbal
medicinal materials using DNA barcodes. J. System. Evol. 2011;
49: 271-283.

Sumantran VN. Experimental Approaches for Studying Uptake
and Action of Herbal Medicines. Phytother. Res. 2011; 21: 210-
214.

Joshi K, Chavan P, Warude D, Patwardhan B. Molecular
markers in herbal drug technology. Current Science. 2004;
87:159-165.

Marston, A. Role of advances in chromatographic techniques
in phytochemistry. Phytochemistry. 2007; 68: 2786-2798 .
Fan XH, Cheng YY, Ye ZL, Lin RC , Qian ZZ. Multiple
chromatographic fingerprinting and its application to the
quality control of herbal medicines. Analytica Chimica Acta.
2006; 555:217-224.

Zhou JL, Qi LW, Li P. Herbal medicine analysis by liquid
chromatography/time-of-flight mass spectrometry. Journal of
Chromatography A. 2009; 1216: 7582-7594.

Tistaert C, Dejaegher B, Heyden YV. Chromatographic
separation techniques and data handling methods for herbal
fingerprints: A review. Analytica Chimica Acta. 2011; 690: 148-
161.

Jiang Y, David B, Tu P, Barbin Y. Recent analytical approaches in
quality control of traditional Chinese medicines—A review.
Analytica Chimica Acta. 2010; 657: 9-18.

Hudson ], Altamirano M. The application of DNA micro-arrays
(gene arrays) to the study of herbal medicines. Journal of
Ethnopharmacology, 2006; 108: 2-15.

Gan F, Ye R. New approach on similarity analysis of
chromatographic fingerprint of herbal medicine. Journal of
Chromatography A. 2006; 1104: 100-105.

Eibl R and Eibl D. Design of bioreactors suitable for plant cell
and tissue cultures. Phytochem Rev. 2008; 7: 593-598.

Aziz Z. and Tey N.P. Herbal medicines: Prevalence and
predictors of use among Malaysian adults. Complementary
Therapies in Medicine. 2009; 17: 44—50.

51



37.

38.

39.

40.

41.

42.

43.

44,

Mitra et al.

Bais S K and Chandewar A V. Significance of Some Toxicological
Parameters Standardization of Herbal Medicine Marketed In
India: A Review. JPBMS. 2010. 7(05): 1-4.

Ernst E. Serious psychiatric and neurological adverse effects of
herbal medicines - a systematic review. Acta Psychiatr Scand.
2003; 108: 83-91.

Kaye AD, Clarke RC, Sabar R, Vig S, Dhawan KP, Hofbauer R.
Herbal Medicines: Current Trends in Anesthesiology Practice—
A Hospital Survey.Journal of Clinical Anesthesia. 2000; 12:468-
471.

Chitturi S and Farrell G.C. Herbal hepatotoxicity: An expanding
but poorly defined problem. Journal of Gastroenterology and
Hepatology . 2000; 15: 1093-1099.

Niggemann B. and Gruber C. Side-effects of complementary and
alternative medicine. Allergy. 2003; 58: 707-716.

Deng JF. Clinical and laboratory investigations in herbal
poisonings. Toxicology. 2002; 181/182: 571-576.

Thakur L, Ghodasra U, Patel N, Dabhi M. Novel approaches for
stability improvement in natural medicines. Phcog Rev. 2011;
5(9): 48-54.

Ajazuddin,Saraf S. Applications of novel drug delivery system
for herbal formulations. Fitoterapia. 2010; 81: 680-689.

45.

46.

47.

48.

49.

50.

51.

Int ] Pharm Pharm Sci, Vol 4, Suppl 1, 47-52

Sindhumol PG, Thomas M, Mohanachandran, Sindhumol PG,
Thomas M, Mohanachandran. Phytosomes: a novel dosage form
for enhancement of bioavailability of botanicals and
neutraceuticals. International Journal of Pharmacy and
Pharmaceutical Sciences. 2010; 2(4): 14.

Saurabh KV and Kesari A. Herbosome a novel carrier for herbal
drug delivery. International Journal of Current Pharmaceutical
Research. 2011; 3(3): 36-41.

Singh R P, Singh S G, Naik H, Jain D and Bisla S. Herbal
excipients in novel drug delivery system. Pharmacie Globale,
(I)CP). 2011; 4 (02): 1-7.

Snodgrass W R. Herbal Products: Risks and Benefits of Use in
Children. Curt Ther Res Clin Exp. 2001; 62: 724-737.

Tabuti J.R.S, Lye K.A, Dhillion S.S. Traditional herbal drugs of
Bulamogi, Uganda: plants, use and administration. Journal of
Ethnopharmacology. 2003; 88: 19-44.

Aneesh TP, Hisham M, Sekhar MS, Madhu M, Deepa TV.
International market scenario of traditional Indian herbal
drugs - India declining... Int ] Green Pharm. 2009; 3 (3): 184-
190.

Rout SP, Choudary KA , Kar DM, Das L, Jain A. Plants in
traditional medicinal system - future source of new drugs.
IJPPS. 2009; 1(1): 1-23.

52



