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presence of foreign substances or a marker is
considered as the best and simplest (4,5).

The analytical methodologies/techniques
used for adulterant detection or authentication of
food and agricultural commodities include physical
methods, chemical/biochemical methods,
immunoassays and  the most recent DNA based
molecular tools.

Physical methods used in adulterant
detection are macroscopic and microscopic visual
structural evaluation and analysis of other physical
parameters viz., texture, solubility, bulk density,
etc. (6-11). Chemical/biochemical techniques such
as high performance liquid chromatography
(HPLC), thin layer chromatography (TLC), gas
chromatography (GC), gas chromatography mass
spectroscopy (GC MS), nuclear magnetic
resonance (NMR) spectroscopy, liquid
chromatography mass spectroscopy (LC MS),
liquid chromatography nuclear magnetic
resonance (LC NMR), electronic nose, capillary
electrophoresis polyacrylamide gel electrophoresis
(PAGE), capillary electrophoresis etc. and
immunological method like enzyme linked
immunosorbent assay (ELISA) have  also been
proved to be useful in component identification
and adulterant detection in traded commodities
of plant origin (12-23). However, although they
are of considerable value in certain instances of
adulterant detection, these methods are not
convenient for routine sample analyses. Structural
evaluation, which is useful for both authentication
and checking for adulterants, requires expertise
in analyzing the macroscopic and microscopic
features of plant parts, especially  those that are
ground to very fine powders, mixed with other
plants, or degraded due to poor storage or
processing. Likewise, chemical profiling is very
useful for detecting adulterants such as synthetic
drugs or phytochemicals from unwanted plant
material (24). Phytochemical profiles may vary

on how the plant parts were processed or the
environmental conditions under which the plants
were grown. Furthermore, for many plant
products, the marker compounds may overlap
with those in related but unwanted species, or in
some cases, the chemical standards may be too
rare or expensive, or no marker compound has
been identified for a particular botanical (3).
DNA-based methods have the potential to
complement these approaches (25). The use of
DNA based molecular tools could be more ideal
for adulterant detection in traded commodities of
plant origin, especially, when the adulterants are
biological substances.

Adulterant detection using DNA based
methods

i. Isolation of genomic DNA

PCR based analytical methods are highly
sensitive to the purity of DNA templates (26).
DNA isolation from plant materials is not always
simple or routine (27). Unlike the non plant DNA
isolation protocols, the methods need to be
adjusted to each plant species and even for each
tissue due to the pleothora of primary and
secondary metabolites in plants (28). Although
methods are available that yield high quality DNA
via binding to silica columns or beads in the
presence of chaotropic salts (29-33), commercial
kits that employ these methods are costly and
limit their applicability. Consequently, researchers
continue to modify existing inexpensive phenol-
chloroform based methods, tailoring them to deal
with problems such as excessive polysaccharides
in specific groups of plants (34).

The modified methods in place are
essentially variants of a few principal protocols
viz., Dellaporta et al. (35), Doyle and Doyle (36),
Saghai Maroof et al. (37) as well as Webb and
Knapp (38). The modified protocols for the
isolation of DNA from recalcitrant plant tissues
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include those developed  for seeds of sesame,
soyabean, rice etc.(39); commercial samples of
tea (40); cylinder of sugar cane (41); fresh and
dry leaves of medicinal plants (42-44); poppy seeds
(45); peanut (46 ); potato tubers (47); dried corn
cobs (48); chick pea seeds, soybean (49); mature
fresh rhizomes of ginger and turmeric (50); jams
and yoghurts (51); olive oil (52,53);  commercial
samples of turmeric powder (54);  traded
cardamom seeds (55); fennel, oregano, hemp
seeds, hop and dried cones (56); commercial rice,
cereal products (57); fresh and dry roots of
medicinal plants (58-59); dried black pepper
berries (60); green and roasted coffee beans
(56,61) and commercial chilli powder (62).

ii) DNA based techniques

In terms of the mechanisms involved, DNA
methods are classified into three types, namely
polymerase chain reaction (PCR)-based,
sequencing based and hybridization-based (63).

PCR presents a high potential in
adulterant detection and authentication of
commodities due to its simplicity, sensitivity,
specificity as well as rapid processing time and
low cost (51,64,65). The PCR-based methods
used for adulterant detection and authentication
include the amplification using species specific
primers, DNA fingerprinting methods like random
amplified polymorphic DNA (RAPD) (66),
arbitrarily primed PCR (AP-PCR) (67), DNA
amplification fingerprinting (DAF) (68), inter-
simple sequence repeat (ISSR) (69), PCR-
restriction fragment length polymorphism (PCR-
RFLP) (70), amplified fragment length
polymorphism (AFLP) (71) and directed
amplification of minisatellite-region DNA
(DAMD) (72), sequence characterized amplified
regions (SCAR) (73), amplification refractory
mutation system (ARMS) (74), and simple
sequence repeat (SSR) analysis (75). Among
these, RAPD is widely used for detecting

adulterants in commercial plant materials due to
its low operating cost and the ability to discriminate
different botanical species. Though RAPD is a
fast assay in which no sophisticated technology
and no previous sequence information are needed
(76), it is highly susceptible to the variations in
amplifying conditions (77). However, if RAPD
markers are converted to specific SCAR markers,
they facilitate easy, sensitive, specific aiding in
the large scale screening of commercial samples
for adulterants.

The development of quantitative detection
strategies such as quantitative competitive PCR
(QC-PCR) (78) and real-time PCR (79) have led
to the quantification and confirmation of
adulterants studied thereby, increasing the number
of PCR applications to adulterant analysis in food
tremendously.

 In sequencing based methods, the
variations in the species specific region of the
genome (amplified rRNA genes, mitochondrial
genes or chloroplast genes) due to transversions,
transitions, insertions or deletions present are
commonly identified (80). However, prior
sequence knowledge is required for designing
primers for amplification of the region of interest
(79). With DNA hybridization method, detection
from a variety of possible species is feasible at a
time (81). However, a relatively large amount of
DNA is required and the process is time-
consuming (79), needs very stringent experimental
conditions (81,82), and labor-intensive compared
to PCR-based methods.

DNA based techniques have been applied
in authentication and detection of adulteration/
cross species contamination in plant derived foods
such as legumes (83-84); cereals (85-91);
beverages (92,93); fruit preparations and jams
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(94,95); additives such as spices (96,98);
thickeners agents such as locust bean gum (99);
detections of allergens (100-106) and
authentication of olive oil (107-108). The
applications also include adulterant detection and
authentication of medicinal plant materials and
products used in traditional medicine (25,63,109-
115). Table 1.

Adulterants and adulterant detection in
spices

International organizations like International
Standards Organization (ISO) defines spice and
condiments as ‘vegetable products or mixtures
thereof, free from extraneous matter, used for
flavouring, seasoning and imparting aroma in food’
(192). Traded forms of spices/spice powders are
highly subjected to admixing or substitution with
cheaper and inferior substances (193). The more
common spice adulterants in some of the traded
spices are presented in Table 2.

Table. 1. Adulterant/contaminant detection and authenticity assessment of plant derived food and
agricultural commodities using DNA based techniques.

Application Technique Target gene Reference

Detection of cashew husk  (Anacardium
occidentale L.) adulteration in tea [Camellia
sinensis (L.) samples

Differentiation of ‘Arabica’ and ‘Robusta’ coffee
beans

Detection of rhubarb yogurt in raspberry yogurt

Detection of  mei (Prunus mume) and plum (Prunus
salicina) adulteration in preserved fruit products

Authenticity testing of raw rice materials in rice-
based food product

Species-specific PCR ITS of 5S rRNA (92)

PCR-RFLP chloroplastic
genome (93)

PCR ,
sequencing chloroplast rbcL (51)

Specific PCR Ribosomal ITS1 (95)

SSR Microsattelite DNA (57)
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a. Traded black pepper
Black pepper is the most widely used spice

and is often referred to as ‘King of Spices’. Apart
from the use as spices and flavoring agent, black
pepper has antimicrobial, antioxidant,
antiinflammatory and antitoxic activity (194,195).
It is an essential ingredient in the Indian systems
of medicine viz., Ayurveda, Sidha and Unani
(196,197).

The annual trade in black pepper is valued
at around 494.1 million US dollars (198). Black
pepper is traded as whole dried berries and value
added forms like white pepper, ground pepper/
black pepper powder, dehydrated green pepper,
freeze dried green pepper, pepper oil and oleoresin
(199). Pepper powder is the most common form
of black pepper available to the consumer and
the high process friendly nature of the commodity
increases their demand in the world market. The
average annual export of black pepper powder
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Species-specific PCR mannitol (138)
dehydrogenase

Real-Time PCR 2S albumin (137)

Real-Time PCR sinA (137)

RAPD - (97)

RAPD - (62)

SCAR - (98)

RAPD - (76)

Sequencing; SSCP trnL-trnF (139)

SSR/Real-time PCR microsatellite DNA (140)

PCR, SNP/ LDR– - (141)
universal array

Real-Time PCR plasma intrinsic (108)
protein

SSR microsatellite DNA             (142-144)

SCAR - (145)

AFLP/RAPD - (52)

RAPD – (146)

SSR/Sequencing microsatellite DNA (147)

RAPD - (148)

RAPD - (149)

SCAR - (150)

PCR-RFLP ITS1-5.8S-ITS2 (151)

RFLP; PCR - (152)

MARMS trnK; 18S rRNA (153)

Detection of allergenic mustard (Sinapis alba,
Brassica juncea, Brassica nigra) in food.

Detection of allergenic sesame (Sesamum
indicum) in food

Detection of adulterant in traded turmeric powder

Detection of adulterant in traded chilli powder

Detection of adulterant in traded black pepper
powder

Detection of adulterant in traded oregano

Identification of cinnamon (Cinnamomum
cinnamomum ) from its adulterants (Cinnamomum
cassia, C. zeylanicum, C. burmannii and C.
sieboldii).

Detection of origin and authenticity verification
of virgin olive oil.

Adulterant detection and authentication of
medicinal Panax species

Identification of Panax species in the herbal
medicine preparations

Authentication Panax species
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AFLP; DAMD - (154)

SCAR - (155)

RAPD -                                             (156,157)

RAPD - (158)

RAPD - (159)

RAPD - (160)

RAPD - (161)

RAPD - (162)

SCAR - (163)

RAPD - (164)

RAPD - (165)

RAPD - (166)

RAPD - (167)

SCAR - (168)

RAPD - (169)

RAPD - (170)

RAPD - (171)

RAPD - (172)

Discrimination of the Chinese drug “Ku-di-dan”
(herba elephantopi) and “Pu gong ying” (herba
taraxaci) from its adulterants

Identification of the sources of medicinal
Coptidis rhizome (Coptis species) in market

Determination of the components in herbal
prescription

Discrimination of  two very closely related
medicinal plants Anoectochilus formosanus and
A. koshunensis

Detection of adulterants in medicnal Echinacea
species

Discrimination of medicinal Echinacea species
viz., E. angustifolia., E. pallida and E. purpurea

Discrimination of medicinal Melissa officinalis at
their subspecies level.

Discrimination of closely related dried Scutellaria
plants viz., S. galericulata, S. lateriflora and S.
baicalensis;

Discrimination of medicinal Amomum villosum
samples from their adulterants

Discrimination of medicinal Lycium species from
their closely related species

Differentiation of Lycium barbarum from its
common adulterant, Lycium chinense var.
potaninii.

Identification of  Atractylodes plants in Chinese
herbs and formulations

Species identification in powdered plant materials
of the genus Cimicifuga and Trifolium.

Discrimination of Aloe arborescens from its
adulterants.

Authentication of  five medicinal Derris species
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Authentication of Mimosae tenuiflora bark.

Determination of the components in an Ayurvedic
herbal prescription, “Rasayana Churna”.

Authentication of  Dendrobium officinale.

Authentication of Dendrobium loddigesii

Identification of Phyllanthus emblica in its
commercial samples and multi component
Ayurvedic formulation.

Detection of adulteration in traded Phyllanthus
material in crude drug (dry leaf powder).

Identification of true  Sinocalycanthus chinensis
in  the seedling market

Discrimination of medicinal Artemisia princeps
and Artemisia argyi from other Artemisia plants

Identification of ginger (Zingiber officinale) from
crude drugs and multicomponent formulations.

Authentication of medicinal  Embelia ribes

Identification of traded medicinal plant Pueraria
tuberose from its adulterants.

Differentiation of medicinal plants Euphorbia
humifusa and E. maculata from their adulterants

Identification of Ephedra sinica dietary
supplements such as plant mixtures and tablets/
capsules

Discrimination of medicinal Swertia mussotii from
related adulterants.

Authentication of Pinellia ternata and its
related adulterants

Discrimination of  the Chinese medicinal material
Gekko gecko  from its adulterants

Authentication of Alisma orientale and its
adulterants

Discrimination of Saussurea lappa from its
adulterants

Discrimination  of Dryopteris crassirhizoma and
its adulterant species

RAPD - (173)

RAPD - (174)

ISSR - (175)

ARMS nrDNA ITS (176)

SCAR - (177)

SCAR - (178)

SCAR - (179)

SCAR - (180)

SCAR - (181)

SCAR - (182)

SCAR - (183)

Real-Time PCR rDNA ITS1 (184)

Sequencing psbA-trnH (185)

Sequencing; species ITS (186)
specific PCR

PCR, PCR-SR mannose-binding (187)
lectin

Spececies specific PCR mitochondrial 12S (188)
rRNA

PCR-RFLP; ARMS ITS;  nrDNA (189)

Sequencing ITS ;5S rRNA (190)

Sequencing cpDNA rbcL (191)
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Table 2. Common adulterants in some of the major traded spices

AdulterantsCommodity
    Chemical / earthy material                Biological

Black pepper berries
(Piper nigrum)

Black pepper powder

Chilli fruits (Capsicum
annuum)

Chilli powder

(Turmeric power.
Curcuma longa)

Ginger (Zingiber
officinale)

mineral oil

 Dye

Dyes,  mineral oil

Dye- coal tar red, sudan red, para
red;  vanilyl- n-nonamide ;   Mineral
oil; talc powder; brick powder; salt
powder.

Dye- Metanil Yellow, Orange II lead
chromate; chalk powder; yellow
soap stone powder.

Lime, capsaicin.

Dried papaya seed (Carica papaya); wild
Piper Spp. (P. attenuatum and P. galeatum);
fruits of Lantana camara and Embelia ribes;
seeds of Mirabilis jalapa; berries of Schinus
molle; exhausted black pepper; light berries,
stems and chaff of black pepper.

Powdered papaya seed; wild Piper berries;
Lantana camara; Embelia ribes; Mirabilis
jalapa seeds;  Schinus molle berries;
exhausted black pepper and light berries;
starch from cheaper source

-

Powdered fruits of ‘Choti ber’ (Ziziphus
nummularia); red beet pulp; almond shell
dust; extra amounts of bleached pericarp,
seeds, calyx, and peduncle of chilli; starch of
cheap origin; tomato wastes.

 Wild Curcuma spp- C. zedoaria Rosc or
‘yellow shotti’ syn. C. xanthorrhiza Roxb.
(‘Manjakua’) or C. malabarica; starch from
cheaper source; saw dust.

Exhausted ginger (volatile oil extracted).
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from different pepper producing and re exporting
countries  is approximately 32.4 thousand metric
tons worth 99.5 million US dollars i.e., about 12 %
of the total global pepper export (198).

The high commercial value of the black pepper
is accountable for its adulteration (200). Black
pepper berries are often reported to be adulterated
with cheaper plant material of similar colour, size,
and shape (201-203). Undetected adulteration of

black pepper berries can lead to adulteration of
the value added products such as black pepper
powder and oleoresin (204).

Dried papaya seed (Carica papaya L.)
is one of the most common adulterants of whole
black pepper. Ripened papaya seeds resemble
black pepper in color, size and shape
(7,201,205).  The addition of the seeds to the
pepper berries increases the bulk of the sample
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Lime

Small pebbles

-

-

Pieces of clay for
repairing broken nutmeg

-

Magnesium salt, sand, earth

-

Eugenol, cylon oil, yellow brown
dye

-

-

Fine earth materials

-

-

-

-

-

Capsicum, grains of paradise; turmeric;
exhausted ginger fortified with falvours;
Japanese ginger (Zingiber mioga).

Orange seeds; un roasted coffee seeds.

Seeds of Amomum aromaticum, A.
subalatum and A. cardamomum

 Powdered cardamom hulls

Wild species- Macassar (Myristica
argentea), Bombay nutmeg (M. malabarica)
and M. otoba

Bombay mace (Myristica malabarica);
Macassar  mace ( M. argentea).

Exhausted clove (volatile oil extracted); stem
and fruits of clove.

Cassia (Cinnamomum cassia)

Aromatized and powdered beechnut husk;
hazel nut; almond shell dust.

Bark of Cinnamomum japonicum, C.
mairei, C. Burmannii.

Powdered clove stem; berries of Myrtus
tobasco and Lindera benzoin

Hemlock fruit; parsley ; dill fruit

Fennel

Illicium anisatum fruit

Illicium anisatum powder

Onion seeds

Cumin;Carum bulbocastanum

Ginger powder

Cardamom fruits
(Elettaria
cardamomum)

Cardamom seeds

Cardamom seed
powder

Nutmeg
(Myristica fragrans)

Mace (Myristica
fragrans)

Clove

Cinnamon bark

Cinnamon powder

Cassia bark
(Cinnamomum cassia)

Allspice powder
(Pimenta dioica)

Aniseed

Aniseed powder

Star anise (Illicium
verum).

Star anise powder

Nigella seeds (Nigella
sativa)

Caraway (caravum
carvi)
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Exhausted or partially exhausted fennel
fruits; stem tissue and stalks of fennel;
umbelliferous seeds.

Argemone seeds (Argemone mexicana);
rape seed; ragi

Added starch; turmeric

Rajeera seeds (Amaranthus paniculatas)

Indian dill

Exhausted ajowan seeds; excess stem and
chaff.

Origanum majorana ; O. syriacum; O.
Vulgare; Satureja montana.

Foreign resin- Gum arabic, gum resin
colophony, galbanum, moriacum, resin, rosin;
Barley; wheat or rice flour; slices of potato

Different parts of the saffron
flower itself (styles, stamen, strips of the
corolla); dried petals of safflower and Scotch
marigold; calendula; poppy; arnica; onion
skins; turmeric; annatto; stigmata from other
species of Crocus, pomegranate, Spanish
oyster and maize; dyed corn silk; meat fibre;
red sandal wood; turmeric powder; paprika
powder.

Tonka beans (Dipteryx odorata); Dipteryx
oppositifolia; vanillon (Vanilla pompona);
little vanilla (Selenipedium chica); leaves
of orchid Angreacum fragrans and Orchis
fusca; ladie’s tresses (spiranthes cernua);
‘vanilla-plant’(Trilisa odoratissima); ‘herb
vanilla’ (Nigritella anguistifolia) and
common sweet clovers (Melilotus spp.)

-

Fennel

Mustard seed

Mustard seed powder

Poppy seed (Papavar
somniferum)

European dill

Ajowan

Mediterranean oregano

Asafoetida

Saffron
(Crocus sativus)

Vanilla beans

Vanilla  extract

-

-

-

-

Terpenes

Earthy materials

-

Coal tar dyes; gypsum; red clay;
chalk.

Synthetic dyes- tartrazine,
ponceau 2R,  sunset yellow,
amaranth, orange GG, methyl
orange, eosin and Erythrosine; oil;
honey; glycerine; solutions of
potassium or ammoniumnitrate;
sodium sulphate; magnesium
sulphate; barium sulphate; borax.

-

Synthetic vanillin, ethyl vanillin,
veratraldehyde, piperonal,
vanitrope and coumarin

.
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and have deleterious effects upon consumption
by people. Sareen et al. (206) and Das (207)
observed the toxicity and anti fertility activity of
ripe papaya seeds. Black pepper is also reported
to be substituted with berries of wild Piper species
like P. attenuatum and P. galeatum which are
cheaply available as non timber forest produce.
Dried fruits of Lantana camara, Embelia ribes,
seeds of Mirabilis jalapa, and berries of Schinus
molle (208-211) are the other minor adulterants
reported in black pepper. Low quality exhausted
pepper, light berries, stems and chaff of black
pepper can also form as adulterants in whole black
pepper (212). Coloured starches from cheaper
source were also reported as adulterant in black
pepper powder (202,213).

Pruthi and Kulkarni (7) developed  a
technique for  the  detection of  papaya  seeds in
black pepper berries emplyoing the flotation test
flollowed by visual and microscopic examination
of the floaters. The papaya seeds and light berries
of black pepper are floated in ethyl alcohol of
specific gravity 0.8 to 0.82 at 25/22 degree  Celsius
while  the mature black pepper berries sank.
Bhatnagar and Gupta (6) as well as Sredharan et
al. (8) described the utility of staining techniques
and microscopic examination for the detection of
papaya seed in black pepper.

The advantage of different chromatographic
behavior and UV characteristics of the phenolics
isolated from papaya seeds was used by
Hartman et al. (214) for their detection in
powdered black pepper. Curl and Fenwick (215)
developed a test based on the determination of
benzyl glucosinolate, a compound specific to
papaya seed using gas chromatography to
determine papaya seed adulteration in back
pepper.

Paradkar et al. (204) and Paramita et al.
(216) have suggested the utility of thin layer
chromatography analysis in detecting the

adulteration of black pepper powder with ground
papaya seed.  Fluorescent bands observed at 366
nm at Rf 0.172 and Rf 0.943 in the super critical
carbon dioxide and ethylene dichloride extracts,
respectively were identified as papaya specific
markers. Jain et al. (211) studied the fluorescence
characteristics and HPLC finger prints of black
pepper and two market samples along with the
common adulterant papaya seed and other minor
adulterants such as seeds of Embelia ribes Burn.
and Lantana camara L. Black pepper petroleum
ether extract under 365 nm exhibited lemon yellow
flouresecne in contrast to papaya seed with blue
fluorescence.

Smith et al. (217) suggested  that crude
fibre,  d-glucose,  MgO, MgO: d-glucose  ratio,
and MgO: crude  fibre  ratio as the most  valuable
criteria  for  detecting  the  adulteration of  ground
black pepper with added  black pepper  shells.
The variation in starch concentration could be used
to estimate the amount of light berries present in
black pepper (218).

The only DNA based report available on
adulterant detection in black pepper is the
development of a specific, sensitive and
reproducible sequence characterized amplified
region (SCAR) marker to detect papaya seed
powder adulteration in traded black pepper
powder (98). This specific SCAR marker could
detect papaya seed adulteration in two branded
market samples of black pepper powder. (Fig.1)
Dhanya (219) developed SCAR markers for the
detection of wild Piper (P. attenuatum and P.
galeatum) berries in black pepper powder.

b. Traded chilli

Chilli, the dried ripened fruits of Capsicum
annuum (Family, Solanaceae) is extensively used
in all types of curried dishes in India and even
abroad (220). Apart from its use as spice, chilli
preparations are used as counter irritants in
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Fig. 1: Amplification of papaya seed specific SCAR marker in genuine black pepper samples,
commercial samples of black pepper powder and papaya seed. Lane 1-4 are genuine black pepper
samples viz., ‘Panniyur-1’, ‘Karimunda’, ‘Wayanadan’  and ‘Malabar pepper’, Lane 5-12 are
commercial samples of black pepper powder, Lane 13- papaya seed, Lane 14- negative control, M-

1 Kb DNA  ladder (Biogene, USA).

lumbago, neuralgia and rheumatic disorders
besides in the treatment of asthma, cough and
sore throat (221). Capsaicin extracted from chilli
is fast becoming a number one plant based
pharmaceutical in the world due to its benefits as
a pain reliever and a neutraceutical owing to its
natural anti oxidant properties (222).

The prominent producers of chilli   globally
are India, China, Pakistan, Korea, Mexico and
Bangladesh (223). In the year 2004, total world
imports of capsicum reached 371,000 tons valued
at US dollar 590 million, of which China and
India’s exports contributed US dollar 140 million
and US dollar 94 million, respectively, for quantities
exceeding 85,000 tons each (198).

Chillies are exported as dry whole fruits,
crushed chilli, chilli powder and its value added
products like fermented chilli, chilli paste, oleoresin

etc. (199). In recent years, the global demand for
chilli powder has steeply increased mainly due to
their convenience in use (224). Chilli powder is
the most important ground spice exported from
India (221).  It is estimated that around 20-30
percent of chilli crop in India is used for powder
preparation. India exports around 22000 tons of
chilli powder per year (199).

Compared to whole dried chilli, chilli powder
and paste are more vulnerable to adulteration as
foreign substances go in to it visually undetected
(225). Artificial colours such as coal tar red, sudan
red, para red etc., synthetic pungent compounds,
brick powder, talc powder are the non plant based
adulterants reported in chilli powder
(213,226,227). The analytical techniques employed
for the detection of artificial colour includes
solid phase spectrophotometry (228); paper

Current Trends in Biotechnology and Pharmacy
Vol. 4 (1)  454-489  January 2010.  ISSN 0973-8916

Dhanya and Sasikumar



468

chromatography (226);  thin layer
chromatography (229,230); gel permeation
chromatography (GPC); liquid chromatography
tandem mass spectrometry interfaced with
electrospray ionization (GPC LC ESI MS/MS)
(231); capillary electrophoresis (232); high
performance liquid chromatography (HPLC)
(233); polarographic method (234),  UV (235);
chemiluminescence (236) and mass spectroscopy
(MS) (227.237,238). Todd et al. (239) narrated
TLC procedures for the separation of synthetic
pungent substitutes in chilli. Adulterants such as
brick powder and soapstone in chilli powder can
be easily separated based on their difference in
density (213).

Dried and powdered fruits of ‘Choti ber’ a
cheaply available red coloured fruit of the shrub
Ziziphus nummularia Burm. (62), dried red beet
pulp (240,241) and almond shell dust (241) etc.
are the major extraneous plant based adulterants
reported in chilli powder. Chilli powder may also
be adulterated by adding extra amounts of
bleached pericarp, seeds, calyx, and peduncle of
chilli to increase the bulk without visibly affecting
the appearance (242,225).  Apart from these, the
presence of starches of cheap origin and tomato
wastes are also reported in chilli powder
(242,244).

Schwien and Miller (240) reported
microscopic examination, paper chromatography
and spectrophotometric analysis for the detection
of dried red beet pulp in capsicums. Pruthi (244)
and Konecsni (245) described the utility of
microscopic techniques in the determination of
adulterants like tomato waste and added starch
in chilli powder. Cox and Pearson (246) reported
that a comparatively low level of non volatile ether
extract as an indicative to the addition of
exhausted capsicums in chilli powder.

The possibilities of the sensitive molecular

tools are not much exploited in the detection of
adulterants in chilli.  Lekha et al.  (247) used
ISSR PCR and FISSR PCR makers for
differentiating four disputed chilli seed samples,
a case of marketing of spurious seeds of chilli in
the brand name of an elite variety, referred to
them from an Indian court of law, for varetal
identification.

The utility of RAPD primers for the
detection of plant based adulterants viz., dried and
powdered fruits of ‘Choti ber’, dried red beet pulp
and almond shell dust, in marketed chilli powders
was described by Dhanya et al. (62). Comparative
RAPD profiling of genuine chilli, market samples
and the adulterants could identify markers specific
to the adulterants. These markers were further
converted to more reliable SCAR markers (219).
The SCAR markers developed could detect
adulteration of traded chilli powder with that of
‘Choti ber’  powder in one out of six samples
studied.

c). Traded turmeric
Turmeric (Curcuma longa L. syn. C.

domestica) belongs to the family Zingiberaceae
and it is the rhizomes which are traded in different
forms. It is generally used as a spice in its ground
form, turmeric powder, prepared from the
processed rhizomes (248). The major use of
turmeric world wide is for domestic culinary
purpose (249).

Besides the use as a spice, turmeric is now
gaining importance globally as a mighty cure to
combat a variety of ailments as the rhizome is
credited with molecules having anti-inflammatory,
hypocholestremic, choleratic, antimicrobial,
antirheumatic, antifibrotic, antivenomous, antiviral,
antidaibetic, antihepatotoxic, anticancerous
properties and insect repellent activity (250). It is
extensively used in Indian and Chinese systems
of medicine (250-252).
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India stands as the leading producer and
exporter of turmeric with an annual production of
around 716.84 thousand tons and export of around
46500 tones valued US dollar 382.5 million (253).
About 61% of the exported Indian turmeric is
traded as turmeric powder (199). Turmeric is a
spice probably most subjected to adulteration since
it is frequently sold in ground form (210).
Govindarajan (254), Purseglove et al. (255), Pruthi
(256), Singhal et al. (210) and Pruthi (257) have
reviewed the adulteration of turmeric and turmeric
powder.

The non plant based adulterants in turmeric
powder include artificial colours such as Metanil
Yellow, Orange II and lead chromate which are
detected by colorimetric, chromatogarphic or
spectrophotometric techniques (213,258,259).  The
presence of chalk powder and yellow soap stone
in turmeric powder can be detected by simple
chemical reaction (213).

Turmeric powder is frequently adulterated
with rhizomes of cheaply available related species
(210) especially with those containing the
colouring pigment curcumin (255,260). The
related Curcuma species which are of real
significance in adulteration are, C. zedoaria Rosc
or ‘yellow shotti’ syn. C. xanthorrhiza Roxb.
(‘Manjakua’) and C. malabarica (97,250,261-
264). C. zedoaria starch, ’shotti’ is reported as
toxic in nature (265).

The quality of turmeric is attributed to the
presence of total curcumin content, which can be
measured rapidly by simple spectrophotometric
determination (266). Though the marketed
turmeric powders are shown to have acceptable
curcumin levels, they were found to be adulterated
with powders from wild Curcuma species (97).
The determination of variation in pigment
composition of different Curcuma rhizome using

TLC, spectrophotometric and capillary
electrophoretic techniques have been adopted for
distinguishing C. domestica from its  adulterant
C. xanthorrhiza (261,267). However, the study
has been reported to have many limitations as
the pigment content is often extremely low (268).
The qualitative differences of the essential oils of
turmeric and related species (262-264) were also
tried as a criterion for differentiating these plant
based adulterants.

Microscopy does detect the adulteration of
cheaper vegetable substances in turmeric (269),
but when the adulterants belong to the same genus
the genuineness of the sample is difficult to
decipher even by experts in microscopy as the
starch grains and oleoresin cells are destroyed
by boiling the rhizome (255).

Analysis based on 18S rRNA gene and trnK
gene sequences in Curcuma species is found to
be helpful in species identification (270). Komatsu
and Cao (271) reported the variability in
chloroplast trnK nucleotide sequences for the
identification of five Curcuma species including
turmeric (C. longa). Application of single
nucleotide polymorphism (SNP) analysis based
on species specific nucleotide sequence was
developed by Sasaki et al. (272) to identify the
drugs derived from turmeric (C. longa) and other
related species such as  C. zedoaria, C.
aromatica  and C. phaeocaulis.

Syamkumar (273) used RAPD and ISSR
markers along with 18S rDNA sequences for the
identification and authentication of Indian
Curcuma species including culinary turmeric.

Minami et al. (274) performed molecular
analysis based on polymorphisms of the nucleotide
sequence of chloroplast DNA (cpDNA) for
species identification of dried Curcuma rhizomes.
The polymorphism observed in the intergenic
spacer between trnS and trnfM (trnSfM) could
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distinguish C. longa from the other three species,
C. zedoaria, C. aromatica and C.
xanthorrhiza.

Sasikumar et al. (97) used RAPD markers
for adulterant detection in traded turmeric powder.
RAPD profiles of genuine turmeric (C. longa)
and the adulterant C. zedoaria were compared
with three branded market samples of turmeric
powder to identify the adulterant specific bands.
The method could detect the admixing of C.
zedoaria powder in all the three market samples
of turmeric powders tested.  Recently Dhanya
(219) developed SCAR markers to detect
presence of Curcuma zedoaria adulteration in
commercial samples of turmeric powder. Using
these markers presence of C. zedoaria or its
synonymous entity, C. malabarica, could be
detected in four out of six market samples
analysed (Fig. 2).

Conclusion
Spices assume special significance as they

are high value export oriented commodities
extensively used for flavouring food and
beverages, in medicines, cosmetics and perfumery.
Synthetic substances as well as natural products
are used as adulterants. Adulteration is also a
major economic fraud involving public health. The
Sanitary and Phytosanitary regulations of the
WTO at the international level make the issue
very critical and significant especially with the
exported commodities. The Food Safety and
Standards Authority (FSSA) of India at the
national level and the Food Safety
Commisionerates (FSC) at state level are also
set up/being set up realizing the gravity of the
issue.

The worldwide spice market was worth
US $ 2973.9 millions and a corresponding 1547.2
thousand metric tonnes were globally exported in
2004, outlining a steady upward trend (198).
However, the quality of spices is a major concern
at present both at export and domestic trade, as
the commodity is of high value traded in low
volume. Unlike the whole commodity, powders
are more amenable to adulteration as the foreign
matters go in to it visually undetected. Spice
adulterants come in different forms. In addition
to artificial colors, powdered plant based materials
of cheap origin as adulterant are currently on the
rise especially in spice powders like black pepper,
chilli and turmeric. Though advanced
chromatographic/spectroscopic techniques are
available for easier detection of the chemical
adulterants, the plant based adulterants are more
difficult to detect. A few microscopic/
chemoprofiling techniques so far developed for
their detection have not been found discriminative
enough, warranting more precise tools. Of late
the cheaper availability of biomolecular assays
make the employment of quick, precise and

Fig. 2: Amplification of Curcuma zedoaria / C.
malabarica specific SCAR marker in pure
turmeric, commercial samples of turmeric powder
and C. zedoaria and C. malabarica. Lane 1-4
are turmeric cultivars /varieties viz., ‘Alleppey’,
‘Amalapuri’ ‘Prathiba’, ‘Sudarshana’,  Lane 5-
10 are commercial samples of turmeric powder,
Lane 11-C. zedoaria, Lane 12- C. malabarica,
Lane 13-Negative control, M-1 Kb DNA  ladder

(Biogene, USA).
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reliable PCR based techniques affordable in a
large number of food related applications. RAPD-
SCAR markers are now available for the
detection of plant based adulterants in traded black
pepper, chilli and turmeric powders which need
to be further extended as a quantitative analytical
tool to regale the regulatory agencies/quality
control laboratories. The ongoing development of
quantitative DNA-based methods using Real
Time PCR could enable in the future a quantitative
analysis of species composition in mixed plant
materials and products.
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Abstract
Cancer is a pathological condition charac-

terized by uncontrolled proliferation of cells that
invade surrounding tissue and metastasize to new
sites in the body.  This disease is difficult to treat
since cancer cells, unlike bacteria or virus, do
not contain molecular targets completely foreign
to the body.  The goal of any therapy is to treat
the affected tissue with minimal damage to nor-
mal tissues.  With the current cancer therapies,
this is often difficult to achieve as the drugs are
cytotoxic in nature and often causes widespread
damage to normal tissues as well. Thus, a need
for targeted therapy for cancer has evolved in
recent times. This review details a novel targeted
micellar drug delivery approach that involves tar-
geting of drugs and drug delivery systems to can-
cer cells that specifically expresses folate recep-
tors on the cell surface.  This review describes
the synthetic design approach, and the ability of
folate labeled amphiphilic system to form micelles
which can be used as targeted drug carriers to
cancer tissues.

Key words : Cancer, Chemotherpy, Radiation
Phagocytosis

Introduction
The goal of a treatment regime against

cancer is to eradicate all cancer cells from the
body or at least bring them down to such a num-
ber that the patient might outlive the time required
for a relapse of the disease.  This can be accom-

plished in a number of ways.  An obvious strat-
egy is to surgically remove the cancer that is only
possible when the tumor is localized, the tumor
has not invaded the neighboring tissues and the
mass of tissue to be removed can be partially
replaced by the body to maintain homeostasis.
Surgery is often complicated by the fact that tu-
mors may grow at certain anatomically critical or
inaccessible sites and the tumor cells may be ex-
tensively intermingled with healthy tissue.  Ra-
diation therapy is another alternative to treat tu-
mors.  Proliferating cells in the G2/M phase are
highly susceptible to damage by radiation since
they do not have enough time for DNA repair
(1).  Thus healthy tissues with a rapidly dividing
population such as bone marrow, hair follicles,
gastrointestinal tract and oral mucosa also get
affected during radiation therapy and show vari-
ous symptoms of acute toxicity.  Apart from this,
healthy organs that fall in the path of radiation
but do not have a rapidly dividing cell population
also get affected over time and may cause re-
duction in the dose of radiation to be given to
patients over their lifetime.  This is due to the
fact that these organs require a longer time to
recover.  Yet another approach to tumor mitiga-
tion is chemotherapy.  Similar to radiation therapy
proliferating cells are susceptible to cytotoxic drugs
and conventional chemotherapeutic agents kill
cells by disrupting the cell division or by DNA
damage.  Their action is non-specific and may
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cause serious damage to healthy cells.  Thus, in
both these paradigms, the therapeutic window is
narrow and the dose given to a patient relies
heavily on the dose limiting toxicity experienced
by the patient that arises due to non specific cell
kill from the treatments.  This essentially forms
the desired  features  a delivery system that is
designed to target specifically cancer cells while
doing minimal harm to normal tissues.  Targeted
delivery was originally proposed in the early 20th
century by a German scientist Paul Ehrlich.  This
idea, called magic bullet, was developed from his
desire to create compounds that selectively tar-
get the disease causing organism while sparing
the normal tissues.

Mechanism of Tumor Targeting
The physical basis for tumor targeting lies

in the fact that the tumor vasculature is more leaky
than in normal tissues (2).  Thus macromolecular
drug conjugates get into the tumor by diffusion,
convection and transcytosis in an exchange
vessel.  Among these routes of entry, diffusion is
considered to be the major route of transvascular
transport as the interstitial fluid pressure of the
tumor is high due to high vascular permeability
and low lymphatic drainage (3, 4).  The drug
conjugates targeted to tumors in this fashion are
classified under passive tumor targeting.  The
submicron size range of drug delivery systems is
often used to target tumor tissues passively by
enhanced permeation retention effect.  Since
tumor tissues have leaky vasculature, the delivery
system escapes from the circulation into the tissue
yet cannot drain back into the circulation due to
high hydrostatic pressure in the vessel.  The
delivery system needs to be in circulation for a
considerable amount of time is needed for both
active or ligand dependant targeting as well as
passive targeting. At present, Doxil® , pegylated
liposomal formulation of doxorubicin and
Abraxane®, nanoparticles formulation of

paclitaxel, are examples of passively targeted
chemotherapeutic agents.  On the other hand,
tumor cells not only differ in physical aspects from
normal tissues but they also express different levels
of pro-survival proteins that promote growth (5-
7).  The different levels of these proteins serve
as biomarkers of cancer and are targeted for
therapeutic purposes and are more commonly
referred to as active targeting.  The common
mode of uptake of any drug delivery device in
active targeting is by receptor mediated
endocytosis (8).  It has also been observed that
functional inhibition of certain biomarkers in
cancer leads to tumor cell death (9-11).  Thus the
targeted tumor therapy currently encompasses
both the fields of active tumor targeting and
chemotherapeutics that specifically target one or
more biomarkers to elicit tumor cell death.  The
scope of this article is limited to active targeting
and further discussions will be limited to active
targeting of chemotherapeutics.

Design Principles of Targeted Delivery
Systems

A targeted delivery system consists of a
homing device connected to a delivery system
which carries a payload of the drug.  The homing
device is usually a small molecule ligand or an
antibody for a receptor to which the delivery
system is targeted.  Since antibodies to a target
protein are highly specific they make good homing
devices.  The nature of the delivery system
depends on the physicochemical properties of the
drug and the ligand, the regional constraints of
the target and the time for which the delivery
system needs to be available for action.  In some
cases, the drug may be directly attached to the
homing device.  Reactive functional groups on
the drug are often utilized for making conjugates
of drugs and the homing device.  In such a system,
after the drug reaches the target, it must be
cleaved from the homing device to exert its action
as conjugation to the homing device often results
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Table 1. Current approaches that utilized folate receptor in targeted delivery

Polymer Drug Delivery system Ref

PLGA-TPGS-Dox+TPGS-Fol

Fol-peptide-imaging agent

Poly(N-isopropylacrylamide-co-N,N-
dimethylacrylamide-co-undecenoic
acid)-Fol

Fol-PEG-PLGA

Fol-PEG-OligoDN-GFP

Fol-poly histidine-PLLA

Fol-PEG-PANAM G3.5

Fol-PANAM G5

Fol-PAMAM

Fol-PEG-DOX

Fol-PEG-chitosan

Fol-BSA

Fol-Chitosan

Fol-PEO-PPO-PEO/PEG

Fol-Penicillin G amidase

DPPC/DMPG/mPEG-DSPE/folate-
PEG-DSPE

Desacetylvinblastine
monohydrazide-Fol

Polyether polyol-PEG-Fol

Fe oxide-PEG-Fol

Thioctic acid-PEG-Fol on Au
nanoparticles

Fol-Solid lipid nanoparticles

Fol-PEG-Polycaprolactone

Dox Nanoparticle (26)

Pyropheophorbide Conjugate (27)

Taxol Polymeric micelle (28)

Dox Polymeric micelle (29)

Gene Polymeric micelle (30)

Polymeric micelle (31)

Indomethacin Dendrimer (32)

Dendrimer (33)

Methotrexate Dendrimer (34-36)

Doxorubicin Nanoparticle (29)

Gene Nanoparticle (37)

Protein Nanoparticle (38)

DNA Nanoparticle (39, 40)

Taxol Nanoparticle (41)

Phenacetyl-Dox FDEPT (ADEPT) (42)

Taxol Liposome (43-48)

Desac
etylvinblastine Conjugate (49)

Tamoxifen Dendrimer (50)

Nanoparticle (42, 51, 52)

Nanoparticle (53)

Hematoporphyrin, Solid lipid (54)
taxol nanoparticle

Paclitaxel Nanoparticle (55)
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Fol-(PEG3350)-distearoyl-
phosphatidylethanolamine

Fol-PEG + poly(2-(dimethylamino)ethyl
methacrylate)

(99m)Tc-picolylamine monoacetic acid
folate

DTPA-PEG-Fol , desferroxamine
folate

Shell crosslinked nanoparticles

Fol-18fluorobenzylamide

Fol-spacer-drug

Fol-thymidylate synthetase inhib

Fol-peptide-camptothecin

Fol-RNA

Fol-PEG-beta cyclodextrin

Fol-PEG PT

Doxorubicin, Liposome (38,40,56-58)
siRNA,
aclacinomycin A

DNA Polyplex (59)

Tc99 Conjugate (60)

Tc99 Conjugate (61-66)

64Cu Nanoparticle (67)

18F Conjugate (60)

Gemcitabine Conjugate (68)

Conjugate (69)

Camptothecin Conjugate (70, 71)

siRNA Nanoparticle (72)

Conjugate (73)

Carboplatin conjugate (74)

Micellar Drug Delivery System
The interaction of oil films on water surface

has been well documented. But the interaction of
hydrocarbon chains in the bulk of water was
theorized principally by J. Traube in late nineteenth
century.  He noted that a long hydrocarbon chain
attached to a polar group tends to migrate to the
surface of water rather than stay in the bulk of
the solution.  Their presence at the surface of
liquid can be measured by the decrease in surface
tension which is linear at very low bulk
concentration of the solute.  At high concentrations
of the solute the decrease in surface tension loses
this linear inverse relationship and begins to
saturate.  It is observed that at low concentrations
of an amphiphilic solute the ratio of the surface
concentration of the solute to that of the
concentration in bulk increases threefold for

addition of one methylene group to the
hydrocarbon chain.  Such a relation also exists in
homologues series of other amphiphilic molecules.
Thus the cause of the observed effect is due to
the lack of affinity of the water molecules for the
hydrocarbon chains.  Measurements of the free
energy of attraction of water and hydrocarbons
yield a value of -40erg/cm2.  The free energy of
attraction of hydrocarbons for themselves is also
about -40erg/cm2 at the same temperature
whereas, for water molecules the free energy of
attraction is -144erg/cm2.  Thus it is the strong
attraction between water molecules that supports
the avoidance of water hydrocarbon interactions
or the hydrophobic effect.  The hydrophobic effect
can be explained from a mechanistic point.  Water
itself is a highly structured liquid due to the
presence of hydrogen bonds between water
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molecules.  For the dissolution of hydrocarbons
in water some of these bonds must be broken in
order to accommodate the hydrocarbon core.  But
at the same time the water molecules at the
surface of the cavity formed by hydrocarbons in
the bulk of the solution arrange themselves in order
to regenerate the broken hydrogen bonds thereby,
creating regions of higher degree of local order
than present in pure water producing a decrease
in entropy.  An increase in the concentration of
amphiphilic hydrocarbons in water will thus require
the formation of hydrocarbon water interface
resulting in a large decrease in entropy.  It has
been observed that the change in enthalpy (Hmic
– Hw) for amphiphilic hydrocarbons is nearly zero
for ionic and/or zwitterionic micelles and is positive
for nonionic micelles hence the driving force for
micelle formation, observed with an increase in
the concentration of the amphiphile, solely arises
from a positive entropy change.  The hydrophobic
effect drives micellization but the repulsion of
headgroups limits its size.  It is this balance of the
two opposing forces that result in the formation
of micelles as opposed to phase separation and
are characterized by discrete aggregation number
rather than a statistical size distribution (75).  Some
commonly used amphiphilies employed to
construct micellar systems are listed in Figure 3.

One of the important applications of micellar
systems is their solubilization capacity of poorly
water soluble compounds.  Solubilization of a
poorly water soluble compound via micelles of
an amphiphile is found to increase linearly after
the critical Micellar concentration (cmc) has been
reached (76).  Micellar solubilization is analogous
to partitioning of hydrophobic compounds between
water and oil phases.  It differs only in the fact
that the micelles which compose the oil phase
are dispersed in water resulting  in clear
homogeneous solution.  The solutions are
thermodynamically stable, but are sensitive to

Fig. 3: Examples of different classes of
amphiphiles classified according to their charge
of the polar headgroup

Hydrophobic
tail

Hydrophobic
head group

Anionic amphiphile: Sodium laurlsulfate

Cationic amphiphile : CEtyltrimrthyl ammonium bromide

Zwitterionic amphiphile : Lauryl be taine

Non-ionic-amphiphile:Polyethylene glycol-12-hydroxy stearate (Solutol HS 15)

OH

O

O
OH

15

O

O
N

+

N
+ Br

Na
+

S O
O

O

O

dilution if the concentration of the surfactant falls
below the cmc (77).  Thus the lower the cmc
value of a surfactant, the more stable are its
micelles towards dilution.  This factor assumes
importance in the formulation aspects of
amphiphile drug blends used for parenteral
administration as these undergo several folds of
dilution in blood.  As discussed previously, the
micelles have a hydrophobic core and a hydrated
hydrophilic shell, the loci of solubilization of drug
molecules in the micelles thus varies with the
degree of hydrophobicity of the solute (78).
Compounds may be adsorbed at the micelle water
interface or may be dissolved in the hydrocarbon
core (Fig. 4).  When adsorption takes place at
the micelle water interface the solubility rises to
a greater extent than when solubilization takes
place at the hydrocarbon core (79).  The shape
factor of the micelle also influences the amount
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Fig. 8:  Plot of I3/I1 ratio of the pyrene spectrum
with respect to concentration of folate labeled
amphiphile

Fig. 9:  Plot of I3/I1 ratio of the pyrene spectrum
with respect to concentration of folate labeled
amphiphile

Fig. 10:  Plot of I3/I1 ratio of the pyrene spectrum
with respect to concentration of folate labeled
amphiphile

Fig. 11: Plot showing quenching of pyrene
fluorescence with increasing concentration of
cetylpyridinium chloride

Steady state fluorescence quenching of
pyrene was used to measure aggregation number
of micelles (86). In this method, it is assumed that
the probe concentration is low when compared
to micelles such that only one probe occupies a
micelle and no emission takes place from micelles
where both the probe and the quencher reside.
Such a situation can be compared to distribution
of m random objects in n boxes.  Thus the

distribution of the probe and the quencher among
micelles follow Poisson statistics and the
luminescence intensity of such a system is
governed by

where I = Fluorescent intensity in presence of

quencher
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I0 = Fluorescent intensity in the absence of

quencher

[Q] = Concentration of quencher

[M] = Concentration of micelles

Now the term [M] can be written as

where Ctotal= Concentration of the amphiphile
in solution

cmc = Critical micellization concentration

nagg = Aggregation number

Thus aplot of in           against the quencher
concentration [Q] yields straight line

with slope as [M]-1 where the amphiphile
[C

total
] and probe concentrations are contant.

Aggregation number for the FDC(n) series of
amphiphiles could be measured by using pyrene
as the fluorescent probe and
cetylpyridiniumchloride as a quencher (Fig 3).
Fromthe queation above the aggregation number
N

agg
 was calculated using the cmc(s) of the

amphiphilic molecules, total concentration of the
amphiphiles used and the micelle concentration
(table 3).

Solubility of a model lipophilic drug,
paclitaxel, was determined in the presence of
FDC15 and FPC18 above their cmc(s).  The
aqueous solubility of paclitaxel was found to be
0.25µg/mL.  FDC15 and FPC18 enhanced the
solubility of paclitaxel by 85% and 62%
respectively.  Though the folate labeled
amphiphiles did not increase the solubility to an
extent that they can be considered as an
alternative to Cremophor EL, but they can be used

for the purpose of drug delivery in lieu of their
targeting efficiency as cytotoxic activity elicited
by a drug depends on its intracellular
concentration.

Table 3  Aggregation number for FDC(n) series
of amphiphiles

   Amphiphile   Aggregation number [N
agg

]

FDC10 9

FDC13 18

FDC15 28

Conclusion
The understanding of tumor biology has

come a long way in terms of its cause, therapy
and chemoprevention.  But the question of
specificity of antitumor agents towards diseased
tissues still remains to be addressed.  Targeted
therapies based on hindering cell signaling
pathways have evolved and are specific to tumor
cells.  But they are usually used in addition to the
standard chemotherapeautic agents.  The dose
limiting toxicity results from the nonspecific
cytotoxicity of these chemotherapeutic agents.
Thus it is of utmost importance that these agents
be delivered by targeted delivery minimizing dose
limiting toxic side effects. In this manuscript,
folated ligand conjugated amphiphilic molecules
as micellar drug delivery systems were reviewed.
The feasibility of this folate receptor based
targeted delivery system approach that deploys
micelles created by amphiphililc surfactants has
been established.  A great advantage of targeting
with amphiphiles is its versatility because of the
diverse array of targeting ligands that can be
attached to amphiphilic.  These amphiphilic
molecules may range from small molecule
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surfactants as reported here or may be large block
copolymers such as pluronics that form polymeric
micelles.  Micelles from small molecule
surfactants and amphiphiles are known to be
unstable in biological systems due to extensive
dilution in the body and interaction with plasma
proteins.  This can be overcome by the use of
block copolymers which form stable polymeric
micelles in biological systems.

The advent of these novel folate receptor
based vitro methods coupled with deployment of
block co polymers that are commercially available
and have been in used in approved pharmaceutical
products, give a compelling case for disciplined
pre clinical evaluation for drug targeting in
oncology space. Significant body of work needs
to be completed, however, before such exciting
opportunities can be advanced from academic
laboratories into clinical evaluation to meet the
unmet needs.
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Table 1a: Mean antibody titres against purified lipo-polysaccharide of Brucella abortus S-19 in i-
ELISA in cattle calves vaccinated with Brucella abortus S-19 glyco-conjugate vaccine and controls.
(† - the vaccinated groups did not differ significantly in the antibody response (P>0.05) whereas
there as a highly significant difference when compared with the unvaccinated controls (P<0.01).

vaccine was able to elicit a strong antibody
response in cattle similar to that of the live,
attenuated vaccine as measured by a specific
indirect ELISA (Table 1a & 1b). The titres were
significantly higher and comparable with the S19
vaccine. The animals vaccinated with LPS-OMP
glyco-conjugate vaccine showed a strong IgG

antibody response up to day 120 post-vaccination
comparable to the S-19 vaccinated groups
(P<0.05).  Following booster vaccination on day
90 there was a strong anamnestic response in
the glyco-conjugate vaccine group.  As per the
manufacturer’s instructions the S-19 vaccine
group were not revaccinated.

  Vaccine groups 0 dpv 21 dpv† 60 dpv† 90 dpv† 120 dpv†

  Glyco-conjugate vaccine 1.76±0.13 2.42±0.46 2.30±0.21 2.96±0.25 3.20±0.13

  S-19 vaccine 1.76±0.-13 2.84±0.3 2.36±0.39 2.90±0.30 3.20±0.16

  Unvaccinated control 1.70 1.70 1.82±0.16 1.70 1.70

Table 1b: Mean antibody titres against purified outer membrane protein complex of Brucella abortus
S-19 in i-ELISA in cattle calves vaccinated with Brucella abortus S-19 glyco-conjugate vaccine and
controls. († - the vaccinated groups did not differ significantly in the antibody response (P>0.05)
whereas there as a highly significant difference when compared with the unvaccinated controls
(P<0.01).

  Vaccine groups 0 dpv 21 dpv† 60 dpv† 90 dpv† 120 dpv†

  Glyco-conjugate vaccine 1.76±0.13 2.90±0.25 3.08±0.27 3.62±0.63 3.87±0.53

S-19 vaccine 1.76±0.-13 3.20±0.16 3.20 3.87±0.78 3.20±0.46

  Unvaccinated control 1.70 1.70 1.76±0.-13 1.70 1.70

The isotypes of the specific antibodies were
IgG1 and IgG2 for the live attenuated vaccine
and the LPS-OMP glyco-conjugate vaccine
groups (Table 2a & 2b). The B.abortus LPS is
known to persist on the surface of antigen
presenting cells and thus may induce a prolonged
antibody response (18). In this study, the antibody
levels remained high until day 60 post vaccination

and an anamnestic response was noticed after
booster on days 90 and 120 post-vaccination in
animals LPS-OMP glyco-conjugate vaccine
group. Booster vaccination is not recommended
for the live attenuated vaccine.  The isotype (IgG)
and subtype (IgG1 and IgG2) responses induced
by the LPS-OMP glyco-conjugate vaccine may
also indicate a Th1 and Th2 type response induced
by the vaccine (19).
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and Aspartate amino Transferase (AST) activities
in the serum were determined by Reitman and
Frankel (26) method.

Pathological studies: One rat from each group
was sacrificed at 0, 7, 14, 21 and 28 days. The
organs namely liver, kidney and pancreas were
examined for any gross abnormalities and
preserved in 10% formalin, processed by routine
paraffin embedding method and stained by
haematoxylin and eosin for histopathological
examination.

Statistical analysis: The mean and standard
error for all the groups was calculated. The mean
values were compared with using students’ t-test
at 5% level of significance.

Results and Discussion
The yield of volatile oil obtained from the

fresh leaves of T. capitatus was found to be
2.49%. The present findings were in accordance
with that of Alonso (4) who reported a yield of
0.8-2.5% of volatile oil    extracted   from   the
fresh   leaves and twigs of T. capitatus.

The biochemical findings recorded in both
treated as well as untreated rats are shown in
Table 1 and 2 and Fig. 1a-d. The untreated
diabetic control rats showed significant (p<0.05)

progressively increased values of serum glucose,
cholesterol, LDL, triglycerides, ALT, AST, serum
urea nitrogen and creatinine and decreased values
of serum HDL towards the end of the trial.  The
biochemical findings correlated well with that of
histological findings which revealed progressive
necrosis of the islet cells of the pancreas (Fig. 1)
and degenerative changes in the renal tubules and
hepatocytes.

The diabetic rats treated with volatile oil of
thyme recorded significant (p<0.05) decreasing
values of serum glucose towards normal at the
end of the trial, showing a mean value of
483.32±1.35 mg% and 113.20±1.00 mg% on day
0 and day 28, respectively. The serum cholesterol
levels showed progressively inclining values from
82.63±0.93 mg% at 0 day to 144.00±1.83 mg%
at 14 days and thereafter declining to 107.40±1.20
mg% at the end of the trial. However, serum HDL
and triglycerides remained within normal limits
throughout the entire period of study while LDL
levels started increasing until day 14 (30.70±1.12
and 89.40±0.79 mg%  at  0  and 14 days,
respectively)  and

Table 1: Serum glucose and triglyceride levels* in normal, diabetic and thyme oil treated rats

  Glucose (day) Triglyceride (day)

  Group 0 7 14 21                   28                         0                       7                    14                            21             28

1  84.38a ±0.68 84.60a±0.75 85.25a±0.61 85.53a±0.67 85.10a±0.90 83.38a±0.83 84.28a±0.83 85.20a±0.58 85.60a±1.67 82.20ac±2.00

2 83.17a±1.36 81.76a±0.75 84.20a±1.41 85.47a±0.64 85.20a±1.00 83.20a±0.90 83.88a±1.16 85.20a±0.58 84.27a±1.10 84.30a±2.10

3 484.40b±1.09 444.60b±24.66 503.00b±7.77 507.33b±8.19 537.00b±5.00 83.27a±1.19 83.72a±1.47 95.00b±1.29 156.00b±7.57 211.00ab±1.00

4 483.32b±1.35 257.76c±7.14 141.50c±0.96 120.67c±0.67 113.20c±1.00 81.83a±0.70 85.36a±0.47 82.90a±1.26 85.07a±0.68 85.20a±1.00

5 483.33b±0.79 116.92e±2.37 92.00e±2.83 93.33d±2.40 88.00a±2.00 82.93a±0.82 84.20a±1.10 85.15a±0.61 84.80a±0.70 80.30c±0.10

6 482.30b±1.04 537.92f±11.16 527.50f±7.50 526.00e±3.06 541.30b±1.10 84.27a±0.74 84.96a±0.47 96.00b±0.82 159.33b±4.67 210.00b±2.00

*: Values expressed in mg% **: Values with different superscripts differ significantly
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