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ABSTRACT

Quality, safety and efficacy of herbal drugs have to be ensured to provide
sound scientific footing to enhance consumer confidence and to improve
business prospectsfor herbal medicinesglobally. Therefore, very efficient
and sel ective methods, including the extraction techniques are required for
identification and quantitative analysis of the active compounds or drug
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standardization. Chromatographic fingerprinting represents main technique
applied in thisfield due to their powerful separation efficiency combined

with sensitive detection.

INTRODUCTION

Herba drugshave been used snceancienttimesas
medicinesfor thetreatment of arangeof diseases. Me-
dicina plantshaveplayed akey roleinworld hedlth. In
spite of the great advances observed in modern medi-
cineinrecent decades, plants still make animportant
contribution to hedth card™. Medicind herbsare mov-
ing from fringeto mainstream use with agreater num-
ber of people seeking remedies and hedl th approaches
freefrom side effects caused by synthetic chemicals.
Recently, considerableattention hasbeen paidto utilize
eco-friendly and biofriendly plant based productsfor
the prevention and cure of different human diseases.
Considering the adverse effects of synthetic drugs, the
western populationislooking for natural remedies, which
aresafeand effective. Itisdocumented that 80% of the
world’spopulation hasfathin traditiona medicine, par-
ticularly plant drugsfor their primary hedthcare.

Indiaissttingonagold mineof well- recorded and
traditiondly well- practiced knowledge of herba medi-
cine. Thiscountry is perhapsthelargest producer of
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medicinal herbsandisrightly called the botanica gar-
den of the world®@. Because of poverty and lack of
access to modern medicine, about 65-80% of the
world’spopulation whichlivesin devel oping countries
depends essentialy on plantsfor primary hedlth care.
Currently, the major pharmaceutical companieshave
demonstrated renewed interest ininvestigating higher
plants as source for new lead structures and also for
thedevel opment of gandardized phytothergpeutic agents
with proven efficacy, safety and quality!™.

With the widespread use of traditional medicine
(TM) aswell ascomplementary/aternative medicine
(CAM) andtherapid expansion of international herbal
medicinemarkets, thedevel opment of nationd policies
and regulationson TM/CAM has become and impor-
tant concernfor both health authoritiesand the public.
Nationa policiesand regulationson TM/CAM could
ensurethe safety, quality and efficacy of herbal thera-
piesand products, and function asimportant stepsto-
wardsintegrative health- care systemd?.

In order to promote global acceptance of herbal
drugs, thereisan urgent need to evd uate the therapeu-
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tic potential of thedrugsas per regulatory guidelines.
Ironically, not many herbd productsareavailablein stan-
dardized form, whichistheminimum requirement for
introducing aproduct inthe global market@.

Thesingleand most important factor, which stands
intheway of wider acceptance of herbal drugs, isthe
non-availability or inadequacy of standards of check-
ingandensuringthar qudity. Quaity iswholesome cov-
ering statutory requirements, technical experienceand
market expectations. Technicd experienceensuresqud-
ity standardization, quality production, quality testing,
quaity monitoring and quaity assurance.

Itisamisconception that al thenatura sare safeas
thereisalikelihood of innatetoxicity, poor quaity prod-
uct, mistaken use of wrong species, adulteration with
other medicinesand even potent chemical substances.
There could beincorrect dosing, interaction with other
medicinesand even misuseof herba drugsby thehedth
careprovidersand consumers.

Ayurvedic therapy presents numerous potential
safety concerns. One serious problem is that many
ayurvedic herbshave never undergoneaformal safety
evauation and thosethat have been eval uated have not
necessarily proven harmless.

Botanical and herbal preparations are medicinal
preparations, containing asingle plant or amixture of
two or moredifferent types of medicina plants. For
botanicalsand herba preparations, thereisaneedto
approach scientific proof and clinical validation with
chemicd standardization, biologicd assays, animd mod-
elsandclinical trids. Quality assurance of botanicals
and herbal preparationsistheprerequisiteof credible
clinicd trials. According to the draft guidelines stated
by the United statesfood and drug administration and
the European agency for the eval uation of medicinal
products, variousaspectsof andyssmust be performed
for the purpose of certification of botanical drugsand
herbal preparations®. Currently, thereisacommon
practiceamong natura productsanalysisto select one
or more compounds as either active or markers for
purposesof identification and quality assessment. This
problem iscompounded when one substancethat con-
tainsaspecific class of compoundsiscombined with
otherscontainingthesameor different classes of com-
pounds. It is necessary to develop atype of quality
assessment system that adequately meetsthe complex
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characteristics of herbas. Chromatographic fingerprint
andysisby which multiplecompoundsinsingle herbd
drugsand finished herba s can beidentified represents
arationd approach for the qua ity assessment of herb-
as.

Major causes of inconsistency!?

1. Adulterationin market samplesduetoregiond lin-
guistic nomenclaturefor the plant collectors.

2. Improper harvesting of the plants could al so affect
thequality. Themedicind propertiesof plantsvary
with respect to different seasons.

3. Degradation of medicinally valuable secondary
metabolitesof stored plant drugsdueto funga in-
festations has been reported.

4. The post harvesting practices such asthe method
of drying, garbling, packing and storage conditions
influencethequality of raw materid.

5. Lack of standardization and quaity control of the
herba drugs.

Challenges

Quiality, safety and efficacy of herba drugshaveto
be ensured to provide sound scientific footingsto en-
hance consumer confidence and to improve business
prospectsfor herba medicinesinIndid®.

Thedemand for high quality, safe, effective, and
clean naturd plant productsand their formulationswith
various substances have been growing significantly in
theindustria world. Inthe past, herbsand essentia ol
bearing plantswerelargely harvested fromthewild and
brought to the market without many questions asked
about their origin, method of cultivation, botanica iden-
tity, purity, safety, and efficacy. With further improve-
ment in communication and education, therehasbeena
growing consciousnessinindugtriaized countries about
persond hedth, environmenta safety, sustainable har-
vesting, andlossof genetic diversity”.

Compared withwell- defined synthetic drugs, herbd
medicinesexhibit somemarked differences, namely:
e Theactiveprinciplesarefrequently unknown;

e Standardization, sability and quality control arefea
siblebut not easy;

e Theavailabilityand quaity of raw materidsarefre-
quently problematic;

e WA controlled double- blind clinical and toxico-
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logica studiesto provetheir efficacy and safety are

rare,

e Empirical useinfolk medicineisavery important
characterigtics;

e They haveawiderangeof thergpeuticuseand are
suitablefor chronic trestments;

e Theoccurrenceof undesirable side effects seems
to belessfrequent with herbal medicines, but well
controlled randomized clinical tridshavereveaed
that they dso exit;

Technical experienceensuresquality standardiza-
tion, quality production, quality testing, quality moni-
toring and quality assurance. The market expectations
arevery important, moreredistic deciding thefate of
the product and thus both the product and packaging
gandardsplay animportant role. Safety isafundamen-
tal principa of herbal medicinesin health careand a
critical component of their quality management.

Regulatory requirement for quality control of
herbals

From theregulaory point of view, uniform criteria
regarding the assessment of safety and efficacy do not
currently exist.

WHO, initsresolution of WHA42.43% of 1989,
urged member states to introduce measures for the
regulation and control of medicinal plant productsand
for the establishment and maintenance of suitable stan-
dards.

WHOM drafted “Guiddinesfor the assessment of
herbd medicines” inMunichin June1991, whichwere
adopted for genera useby the 6" Internationa confer-
ence of Drug Regulatory Authorities (ICDRA). The
objective of these guiddineswasto definecriteriafor
theeva uation of quality, safety, and efficacy of herba
medicinesand thereby to assist national regulatory au-
thorities, scientific organization, and manufacturers.

Inorder to provide scientifically- based assistance
for aharmonized assessment of herba medicina prod-
ucts, the European Scientific Cooperative on
phytotherapy!™ (ESCOP) wasfounded in 1989 by six
national scientific associations. Themain objectivesof
this European scientific umbrellaorganization areto
establish harmonized criteriafor the assessment of herbd
medicinal products, support scientific research, and
contributeto the acceptance of phytotherapy on aEu-

ropean level.

European committeeinitsdirective 2004/24/EC*2,
March 31, 2004, describe the tendency around the
world isthe harmonization of basi c concepts concern-
ing safety, firstly, and, later, the efficacy of aplethoraof
products. Themain pointsunder discussion are:

1. Theconstant quality of botanicasto get arepro-
ducible safety and efficacy profile.
2. Thesdtrict standardization of the extractsand their

GMP production.

3. AstheGMPisimplemented, thelocd differences
inmanufacturing processwill disappear and auni-
form quality control will be possiblenation wide.
The GMPinsiststhat the methods devel oped by
themanufacturer for qudity testingaswel asthose
have mentioned inthe ancient authoritative books
haveto be maintained to ensure the quality of the
products.

Their genic safety and basictoxicity data.

5. Thelr reasonabletol erability based on safety infor-

mation and drug interaction studies.

Thedietary supplement, hedlth and educationa act
(DSHEA) of United States™ initsresolutionin 1994,
reguires manufacturersto ensurethat products placed
onthemarket are safe.

To summarizethetechnical requirement for anex-
tract of acceptablequality, we can say that thefollow-
Ing pointsare necessary:

e Theplant hasto becultivated according to GAP.

e A chromaographicfingerprint hasto beestablished
for vegetd materia and extract.

e A quantitativeratio amongthesdected activeprin-
ciplesand markershasto befixed.

e A spectroscopictechnique hasto beintroduced for
theevad uation of unknown substancesand stability.

e Solubility and bioavailability of theactiveprinciples
haveto be studied.

e GMPhastobeused at productionlevel.

Ministry of hedth and family wefares, Department
of Indian systemsof Medicinesand Homeopathy!®, in
its Gazette under Part 11 section 3, sub-section ii, pub-
lished requirement of Good manufacturing practicefor
traditional medicinesto ensure:

e Raw materia used inthe manufactureof drugsis
authentic, of prescribed qudity and freefrom con-

s

————————, Natural Products

Au Tudian Journal



114

Chromatographic fingerprint analysis-an approach for herbal medicines

NPAIJ, 3(3) December 2007

Review e
tamingtion.

e Themanufacturing processisashasbeen prescribed
to maintain the standards;

e Adequatequality control measures are adopted;

e Themanufactured drugwhichisrelessedfor sdeis
acceptablequdity;

e Toachievetheobjectiveslisted above, eachlic-
enseeshd|l evolvemethodol ogy and proceduresfor
following the prescribed process of manufacture of
drugs, which should be documented asamanual
and kept for reference and inspection.

Aspectsof standardization of Herbal Drugg*¥

To standardize and control of herbal medicines, a
feasible approach and control system isnecessary!*®.
Theestablishment of perfect quality control profilesof
herba medicinesbased onphysical, chemica and bio-
logical evauation, backed with their stability and
bioavailability parametersisthe need to ensurethe ac-
ceptance of phytopharmaceuticalsasanintegrd part of
modern drug therapy!.

Unlikethesinglechemicd entity that formsthe ba-
sisof modern pharmacol ogy and drug devel opment,
theparadigm of traditional herbal medicineviewsthe
multi-compound, multi-ingredient preparationstypica
of traditional herba medicinesasrepresenting the ac-
tivity of theherbal drugs. Selection of individua anayti-
ca compoundsfor determining ether efficacy or qual-
ity iscontrary to traditiona herba medicineprinciples'”.
Thecommondinica useof traditiond herba medicines
requiresthe combination of two or moreherbalsbased
onrecipesand formulaederived from historical refer-
encesand empirical evidence of ayurvedic practitio-
ners. Herba drugs, singularly or incombinations, con-
tainamyriad of compoundsin complex matricesinwhich
no singleactive congtituentsisresponsiblefor overal
efficacy. Thiscreatesachallengein establishing qudity
control standardsfor raw materialsand the standard-
ization of finished herbal drugs. It isnecessary to de-
velop atype of quality assessment system that ad-
equatdy meetsthe complex characteristic of traditiond
herbal preparationg®.

It seemsto be necessary to determine most of the
phyto- chemica constituents of herbal productsin or-
der to ensurethereliability and repeatability of phar-
macological and clinical research, to understand their
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bioactivitiesand possible side effects of active com-
pounds and to enhance product quality control 9.

Chromatographicfingerprint andysisby whichmul-
tiple compoundsin single herbal drugsand finished
herba materiascan beidentified representsarationa
approachfor thequality assessment of traditiona herba
preparations. It utilizes chromatographi ¢ techniques,
TLC, HPLC, HPTLC, and GC etc. to construct spe-
cific patternsof recognition for multiplecompoundsin
herba drugs?”. Chromatographicfingerprint andysis
of herbal drugsrepresentsacomprehensivequditative
approach for the purpose of species authentification,
eva uation of quality, and ensuring thecons stency and
stability of herbal drugsand their rel ated products?Y.

By definition, achromatographic fingerprint of a
HM is, in practice, achromatographic pattern of the
extract of some common chemical componentsof phar-
macologicaly activeand or chemicaly characteristics.
Thischromatographic profile should befeatured by the
fundamentd attributionsof “Integrity” and “Fuzziness”
or “Sameness” and “Differences” so asto chemically
represent the herba medicinesinvestigated®.

For standardization of natura product drugs, sngle
chemical entities, “marker compounds” may be used
as potency standardsin high performanceliquid chro-
matography (HPLC) andyds. Usngwell-characterized
marker compounds, conventiona pharmaceutical manu-
facturing criteriafor assay and content uniformity may
be applied. These marker compounds may be used to
hel pidentity herba materid's, set specificationsfor raw
materids, sandardizebotanica preparationsduringal
aspects of manufacturing processes, and obtain stabil-
ity profiles?.

For the establishment of the quality and purity of
crudeplant materia and finished formulationthe pro-
cedure should be as per GMP. Following protocols
should follow in addition of already described proce-
dures

1. Assessment of quality!?
Crudeplant material

Thebotanica definitions, including genus, species
and authority should begivento ensurecorrect identifi-
cation of aplant. A definition and description of the part
of the plant from which the medicineismade should be
provided. The active and characteristic constituents
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should be specified.
Foreign matter, impuritiesand microbia content
should bedefined or limited.

Plant preparation

Plant preparati onsinclude comminuted or pow-
dered plant materials, extracts, tinctures, fatty or es-
sentia oils, expressed juices and preparationswhose
productioninvolvesfractionation, purification or con-
centration. The manufacturing procedure should be
describedin detall.

If any other substancesare added during the manu-
facturein order to adjust the plant preparationto acer-
tainleve of active or characteristic constituentsor for
any other purpose.

A chromatographic fingerprint isnecessary to en-
sure consistent quality of the preparation.

Finished products

Manufacturing procedureandformula, includingthe
amount of excipients, should bedescribedindetail. A
finished product specification should be defined. A
method for identification, quantification of the plant
material inthefinished product should bedefined.

A chromatographic fingerprint isnecessary to en-
sure consi stent quality of the preparation. Thefinished
product should comply with general requirementsfor
particular dosageforms.

Sability
Thephysical and chemical stability of the product
inthecontainer inwhichitisto bemarketed should be

tested under defined storage conditions and the shelf
lifeshould be established.

2. Assessment of safety

A review of therelevant literature should be pro-
videdwith origina articlesor referencestotheoriginal
article. Long-term use without any evidence of risks
may indicatethat amedicineisharmless. Reported side
effects should be documented according to normal
pharmacovigilance practices.

Documentation of safety based on experience

Documentation of along period of use should be
taken into consideration when assessing safety. When
thereareno detail ed toxicologicad studies, documented

experienceof long-term usewithout evidence of safety
problems should formthe basis of therisk assessment.

If any toxicological risk isknown, toxicity datamust
be submitted. The assessment of risk whether indepen-
dent of doseor rel ated to dose, should be documented.

3. Assessment of efficacy
Activity
The pharmacologicd and clinica effectsof theac-

tiveingredientsand, if known, their constituentswith
therapeutic activity should be specified or described.

Evidencerequired supportingindications

In the case of traditional medicines, therequire-
mentsfor proof of efficacy should depend onthekind
of indication.

Sability testg?

Sincetheherba drug or herba drug preparationin
itsentirely isregarded asthe active substance, amere
determingtion of thegtability of thecondituentswithknown
therapeutic activity will not sufficient. It must also be
shown, by meansof appropriatefingerprint chromato-
grams, that other substancespresent inthe herba drug
orintheherba drug preparation arelikewisestableand
that their proportiona content remainsconstant.

Accd erated stability studiescan bedonefor herba
preparations asin alopathic dosage forms by using
appropriatefingerprint chromatogram (qualitativeand
quantitetive), appropriate overall methods of assay and
physica and sensory tests.

The performance of reported chromatographicfin-
gerprinting constructed by single chromatogram some-
timesturns out to beinadequate for complex herbal
medicines, such asmulti-herb botanical drug products.
Multi chromatographicfingerprinting, which consstsof
morethan one chromatographic fingerprint and repre-
sentsthewhol echaracteristicsof chemical congtituents
of the complex medicine, isproposed as a potential
strategy in these complicated cases?,

Pretreatment of chromatographicfingerprintsare
important for quality control of herbal medicinesand
they include datacorrection and datatransformation.
Thedatacorrection can reducethevariation of experi-
mental procedures, and data transformation can put
different weightson the different partsof thefinger-
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prints. A new target peak alignment(TPA) procedure
has been proposed to correct the retention time shifts,
multiplicative scattering correction (M SC) hasbeenin-
troduced for response correction. Thenthesimilarity of
thefingerprintswith mean and median fingerprintsis
used to evauate thequdity of herba medicines”.

CONCLUSION

Chromatographic fingerprint andysisisarational
and practica anaytical strategy to assesstheauthentic-
ity, quality cond stency, and Sability of herba medicines
Theinformation gathered fromthefingerprintismore
comprehensivethan that provided fromthetypical ap-
proach of only focusing onthequantitation of individua
markersor active congtituentsfor identifying and quan-
titativeassay. Chromatographicfingerprintingisgradu-
aly being applied inthe quality assessment of tradi-
tiona herbd medicines. Itiscurrently required, by many
of drugregulatory authorities, to ensurethequality con-
trol of injectable herbal preparationsandispromoted
for useinmanufacture of oral preparations.

However, using the chemical fingerprintsfor the
purposeof quaity control of herba medicinescan only
address to the problem of comparing the integrated
samenessand/ or differenceand controlling their stabil-
ity of theavailableherbal products. Thecomplex rela
tionship between the chromatographic fingerprintsand
efficacy of the herbal medicinesisnot takeninto ac-
count yet, which seemsto be the most important as-
pect for the quality control of herbal medicines. More
methodol ogical validation work isrequired on more
botanicalsand botanical products. The fundamental
requirement for devel oping achromatographic finger-
printisspecificity, reproducibility and applicability. Once
anoffidd chromatographicfingerprintisestablished and
an acceptable alowanceisgiven, al manufacturers
should require meeting these specifications.

Thus, the researchers concerning therelationship
between the chromatographi c fingerprintsand efficacy
of the herbal medicinesare urgent requirement for the
quality control of herbal medicines. Thework on pos-
sible contaminationin herbal products, such asexces-
sive or banned pesticides, microbia contaminations,
heavy metds, chemical toxins, should bead so conducted
concurrently.
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