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Abstract

There has been a considerable interest worldwide in traditional and alternative medicine, particularly herbal products
over the past few decades but the adulteration or contamination of herbal medicinal products (HMPs) is a potential threat to
consumer safety. The fact highlights the importance of an effective and accurate science integrated method for taxonomic
identification of the medicinal plants and their HMPs. DNA barcoding is a molecular technique which has made it possible
to identify the herbs and to find the adulterants in HMPs. The current study was designed on DNA barcoding of medicinal
plants of family Lamiaceae for their correct identification and to fix the problem of adulteration for protecting consumers
from health risks associated with product substitution and contamination. Many Lamiaceae species are used as traditional
medicines, as culinary herbs, spices and as source of essential oils. HMPs representing 32 Lamiaceae plant samples were
purchased/collected from three herbal stores (Pansar stores) in Islamabad and a herbal pharmaceutical industry. We selected
three plastid loci rbcl, matK and psbA-trnH to barcode these HMPs. MEGABLAST sequence comparison was performed to
verify the taxonomic identity of the samples. We found four mislabeled samples and two product substitutions. The overall
amplification success for rbcL and matK was 87% and 81% while psbA-trnH showed 69%. matK and psbA-trnH were able
to distinguish the species relatively better with 40% success rate than rbcL (16%). On the whole we generated a total of 22
genus-level barcodes (78%) and 12 species-level barcodes (44%). The species-level identification was considerably low due
to insufficient reference data and selection of plastid markers. Therefore, it is recommended to develop herbal barcode
library for adequate availability of reference sequence data and addition of nuclear markers. DNA barcoding can help the
regulatory authorities to devise a mechanism for quality control and can largely support the herbal pharmaceutical industries

to restore the eroded consumer confidence.
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Introduction

The popularity of herbal medicine/products has
increased worldwide during the past couple of decades. In
many countries herbal medicine is not only regarded as a
conventional treatment strategy but also acts as a health
care system. This knowledge of traditional medicine based
on utility of plants/herbs is playing a pivotal role in today’s
drug development and biological research. The active
compounds of medicinal herbs are used as a lead molecule
for the discovery of new drug. Globally speaking, demand
for medicinal plants, herbal medicinal products, food
supplements, pharmaceuticals and health products are
significantly growing (Sen & Chakraborty, 2015). By 2050,
the estimated rise in global market for medicinal and
aromatic plants is US $5 trillion which was US $62 billion
in 2002, indicating a global paradigm shift from an
allopathic to a traditional healthcare system (Shinwari,
2010). Despite the increasing demand and acceptance of
medicinal plants, there are pitfalls in drug standardization,
efficacy, safety, quality control, information & regulatory
system. The very first step in the process of quality
assurance is the authentic identification of the plant species.
The identification of herbs is traditionally carried out by
morphological characters, but in case of cryptic species or
phenotypically  variable species the chances of
misidentification are greater (Vijayan & Tsou, 2010). There
can be serious consequences of use of a misidentified
medicinal plant. For example, Digitalis purpurea
(foxglove) could be mistaken for Symphytum officinale
(comfrey) because of morphological similarity in their
leaves. Symphytum officinale is used to treat fractures,
tendon injury while Digitalis purpurea has been used to

treat congestive heart failure due to the presence of cardiac
glycosides. Ingesting the Symphytum officinale tea resulted
the cardiotoxicity in nine individuals, some others even
required temporary pacemakers to regulate their heart beat
(Lin et al., 2010). There are studies which proved the
deliberate adulteration of herbal medicinal products
(HMPs) with additives not found on the label (Stoeckle et
al., 2011; Newmaster et al., 2013; Anon., 2015). These
reports highlight the importance of an effective and
accurate science integrated method for taxonomic
identification of the medicinal plants and their HMPs. DNA
barcoding is a molecular technique which has made it
possible to identify the herbs and to find the adulterants in
HMPs. A DNA barcode is a standardized, short (< 1000
bp) and highly variable segment of DNA which is
compared to a reference database through a sequence
alignment algorithm for species identification (Shinwari et
al., 2014). The standard genomic regions that have been
used for DNA barcoding are chloroplast ribulose 1, 5-
bisphosphate carboxylase/oxygenase large subunit (rbcl)
and maturase K (matK) as core barcodes (Hollingsworth et
al., 2009). The spacer between photosystem II protein D1
and tRNA-His (psbA-trnH spacer) and the nuclear
ribosomal internal transcribed spacer 2 (ITS2), however,
are now suggested by several studies (Chen et al., 2010;
Gao et al.,, 2010; Yao et al., 2010; Fu et al., 2011, Han et
al., 2012; Newmaster et al., 2013; Michel et al., 2016).

In Pakistan about 70% of the population is dependent on
the plant derived traditional medicine for primary health care
system. In developed countries like Germany the 80% of
population have used herbal medicine at least once.
Therefore, to provide standardization and quality control of
herbal medicines with established therapeutic value, resulting
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in an increase in demand, to revive a traditional healthcare
system facing extinction is an important task that can be
fulfilled by DNA barcoding of medicinal plants. In Pakistan,
medicinal plants are used widely often in the form of
packaged medicine manufactured by herbal medicine
industries and as raw herbs and their decoctions which are
formulated by indigenous people by practicing their
indigenous knowledge. The raw material is collected from
the wild and transported to national and international
markets. The long transportation chain, with many
middlemen, results in increased events of misidentification
and adulteration. Due to lack of proper monitoring and
regulatory system there is a risk that many medicinal plants
and their products sold in the market are taxonomically
misidentified, mislabeled, or contaminated. The aforesaid
situation emphasizes need for an effective and efficient
identification system through barcoding these medicinal
plants. Hence, where the barcoding will allow the
pharmaceutical industry and consumers in Pakistan to
authenticate the raw material, it will also provide reference
sequences to the scientific community. The current study
was designed on DNA barcoding of medicinal plants of
family Lamiaceae for their correct identification and to fix
the problem of adulteration. Many species are used as
traditional medicines, as culinary herbs and spices and as
source of essential oils. However, it is often difficult to
differentiate closely related groups due to morphological
complexity of the Lamiaceae, which leads to many
taxonomic problems. Many members of Lamiaceae are
available in the domestic herbal markets of Pakistan as raw
herbs and packaged herbal preparations manufactured by
herbal pharmaceutical industries. Barcoding of suspect raw
ingredients can prove or disprove the identity of medicinal
plants before they are processed. It enables the
pharmaceutical industry to build its consumer confidence
(Schori & Showalter, 2011). Here, we investigated the
taxonomic accuracy of raw herbs (Lamiaceae) sold by three
local stores within Islamabad area and the medicinal species
collected from a major herbal pharmaceutical industry of
Pakistan. These local markets are termed as ‘Pansar stores’
which are usually owned by qualified individuals of herbal
medicine known as ‘Hakeems’ or ‘Tabibs’. These small
businesses sell the dried medicinal herbs and the ‘Hakeems’
prepare the medicinal formulations as well. We selected the
three standard barcoding markers rbcL, matK and psbA-
trnH for this study and also evaluated the ease of barcoding
using these markers with different plant parts, including
amplification success and ability to resolve species in
comparative sequence analyses. Many previous studies
employed the rbcL for taxonomic purposes (Shinwari et al.,
1994a; Shinwari et al., 1994b; Shinwari, 1995; Shinwari
1998; Shinwari, 2002; Shinwari & Shinwari, 2010).

Materials and Methods

Herbal medicinal products (HMPs) representing 32
plant samples belonging to family Lamiaceae were
purchased/collected from three herbal stores (Pansar stores)
in Islamabad and a herbal pharmaceutical industry. These
sampled HMP’s came in plastic packets, pre-weighed or
weighed according to customer needs. HMPs sampled
included fragmented plant parts, twenty-three of which
were leaf samples, two seeds, two inflorescence, four
samples were a mix of different dried plant parts (shoots,
flowers, leaves) and one sample was grounded plant
material beyond recognition.
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Standard cetyltrimethylammonium bromide (CTAB)
protocol (Doyle, 1991) was used for DNA isolation.
Polymerase chain reaction (PCR) amplification of the rbcL,
matK and psbA-trnH was performed in a Veriti Thermal
Cycler (Applied Biosystems, Carlsbad, California, USA) using
the KAPA3G Plant PCR Kit (Kapa Biosystems, Woburn,
Massachusetts, USA) (Schori et al., 2013; Shinwari et al.,
2014). Each reaction contained the KAPA3G Plant PCR
Buffer (1x final concentration, includes dNTPs at 0.2 mM
each), MgCl, (1.5 mM final concentration), 1 unit KAPA3G
Plant DNA polymerase, primers at a final concentration of 0.3
uM each, template DNA and PCR-grade water to bring the
volume to 50 pL. A higher concentration (2 mM) of MgCl,
was required for successful PCR of nine of these species. For
most of the species successful amplification of our selected
markers was achieved with the KAPA3G enzyme from dirty
pellets (not purified after CTAB extraction), while other
species (Ocimum, Lycopus, Nepeta, Origanum) failed to
amplify until genomic DNA had been purified or extracted
with the PowerPlant Pro DNA Isolation Kit. The following
cycling parameters were used for rbcL : 95°C 10 min; 50
cycles: 95°C 20 s, 58°C 15 s, 72°C 90 s; 72°C 90 s. The rbclL
primers 1F (Fay et al., 1997) and 1460R (Fay et al., 1998;
Cuénoud et al., 2002) were used in this experiment. The same
cycling parameters were performed using the matK
390F/1360R primers (Cuénoud et al., 2002) with an annealing
temperature of 50°C for 40 cycles (Schori et al., 2013;
Shinwari et al., 2014). A touchdown program was carried out
for psbA-trnH using the PsbAF/PsbHR primers (Sang et al.,
1997; Tate & Simpson, 2003), where the annealing
temperature was 58°C for initial 11 cycles followed by
touchdown to 48°C for 29 cycles (Schori et al., 2013;
Shinwari et al., 2014). To ensure the successful amplification
of the desired sequence, the PCR products were run on 1%
agarose gel. PCR products were cleaned with the Wizard SV
Gel and PCR Clean-Up System (Promega Corporation,
Madison, Wisconsin, USA). The purified PCR products were
sequenced at Ohio University’s Genomics Facility and
analyzed using an ABI 3130xl Genetic Analyzer (Applied
Biosystems, Carlsbad, California, USA). Each sequencing
reaction included 2 pL 5% buffer (Applied Biosystems), 0.5 pL
dimethyl sulfoxide (DMSO ; Sigma), 0.5 pL BigDye (Applied
Biosystems), 0.1 pL ThermoFidelase (Fidelity Systems,
Gaithersburg, Maryland, USA), 10-40 ng template DNA, and
PCR-grade water for a total volume of 8 uL.. Cycle sequencing
products were cleaned with the BigDye XTerminator
Purification Kit (Applied Biosystems). In case of rbcL,
external primers 1F and 1460R and internal primers 636F and
724R (Fay et al., 1997) were used for sequencing. For matK
and psbA-trnH sequencing, the similar primer pairs were used
as for amplification.

Assembly of forward and reverse sequences and
manual trimming were performed in Geneious R6
(Biomatters Ltd., Auckland, New Zealand). Sequences
were then compared to GenBank nucleotide database
using NCBI’s MEGABLAST default parameters.
Percent similarity was recorded for the closest matches.
The highest BLAST % identity of the query sequence
should be from the expected species or the species
belonging to the expected genera for correct
identification; ambiguous identification means that the
highest BLAST % identity for a query sequence was
found to match several genera of the expected family;
incorrect identification means that the highest BLAST %
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identity of the query sequence was not from the
expected species/expected genera/expected family.

Results

In our investigation, rbcL proved to be the most
successfully amplified and sequenced in 28 of the 32 HMPs
(87%). matK provided 26 barcode sequences while psbA-
trnH yielded 22 sequences. The barcode recovered for each
HMP and plant part from which it was recovered can be
found in Table 1. Recovered rbcL barcodes ranged from
576-1445 bp. Barcoding success for matK and pshA-trnH
were 26/32 (81%) and 22/32 (69%), respectively (Fig. 1).
matK sequences ranged from 506586 bp, while pshA-trnH
sequences ranged from 713-826 bp. All sequences
(KP172036-KP172082, KP218929- KP218945) generated
from this study were deposited in GenBank (excluding
misidentified and substituted/contaminated samples).

Twenty-two (22) of 32 sequenced samples matched
their expected genera based on MEGABLAST of the
selected barcode regions. Four samples Leucas linifolia,
Lycopus europaeus, Salvia haematodes and Salvia
moorcroftiana I which were bought from the local stores
came up as completely different species not belonging to
Lamiaceae (Table 1). Sequence chromatograms of these
samples showed clear peaks with no indication of admixture.
With respect to their obtained barcodes, all, except Lycopus
europaeus, showed 99% sequence identity to a different
unrelated species in MEGABLAST. Lycopus europaeus
showed Proboscidea and Martynia with 95% sequence
identity as top-hits.

Excluding the four misidentified samples and three other
samples for which rbcl could not be amplified/sequenced, 21
of 25 rbcL sequences (84%) matched the expected genera
based on MEGABLAST. Of these 21 only four rbclL
sequences matched the expected species (Melissa officinalis,
Nepeta cataria, Rosmarinus officinalis, Stachys byzantina).
Nine rbcL sequences (Ajuga bracteosa, Ajuga parviflora,
Plectranthus rugosus, Leucas cephalotes, Nepeta ruderalis,
Otostegia limbata, Salvia aegyptiaca, Salvia lanata, Salvia
moorcroftiana T) could not be identified to species level due to
limited reference sequence data available in GenBank. rbcL
lacked sequence variability for  resulting in multiple
congeneric species hits having the similar % identity. For
example, top hits for the rbcL sequence for Mentha spicata
sample did not include the expected species, but included
Mentha suaveolens. matK for Mentha spicata came up with
multiple congeneric hits including Mentha spicata, Mentha
suaveolens and Mentha x piperita with 100% identity. On the
other hand psbA-trnH resulted in 99% identity with Mentha
spicata but 97% identity with other congeneric species. The
same was true for Mentha pulegium and Mentha aquatica
rbcL, which showed Mentha suaveolens and Mentha x
piperita as top hits respectively while their matk and pshA-
trnH provided us with the expected closest matches. Based on
our rbcL barcode, Mentha suaveolens, Mentha x piperita,
Mentha longifolia, Mentha arvensis, Ocimum basilicum I,
Ocimum basilicum II, Ocimum x africanum, Ocimum
tenuiflorum and Salvia plebeia did not match their expected
species. We could only prove their identification to the
expected genus level.

A total of 25 matK barcodes excluding the four
misidentified and three non-amplified/non-sequenced
samples were obtained. Of these 25 matK sequences, 19
matched the expected genera based on MEGABLAST. 10 of
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these 19 matK sequences matched their expected species
level (Melissa officinalis, Mentha aquatica, Mentha
pulegium, Mentha spicata, Nepeta cataria, Ocimum
basilicum I, Ocimum x africanum, Rosmarinus officinalis,
Salvia plebeia, Stachys byzantina). No reference data could
be retrieved for Ajuga bracteosa, Hyssopus officinalis,
Lallemantia royleana, Leucas cephalotes, Nepeta ruderalis.
Otostegia limbata, Salvia aegyptiaca and Salvia
moorcroftiana 1 from GenBank, therefore, species level
identification was not possible based on matK barcodes.

psbA-trnH  spacer region had a lower rate of
amplification/sequencing success as compared to rbcL and
matK, however, it proved to be more successful for
distinguishing the samples at species level. Only 20 psbA-
trnH barcodes were found (excluding four mislabeled and
eight unamplified), resulting in 14 sequences which provided
identification to expected genera and eight sequences
(Mentha pulegium, Mentha spicata, Mentha longifolia,
Mentha aquatica, Ocimum basilicum I, Ocimum basilicum
I, Rosmarinus officinalis and Salvia plebeia) came up as
successful barcodes for expected species. Ajuga bracteosa
and Leucas cephalotes could be identified only to the
expected genera due to lack of reference psbA-trnH
sequences for these species in GenBank.

There are three HMPs from our collection which
appeared to be highly ambiguous. There was not sufficient
reference data available in GenBank for these species with
respect to our chosen DNA barcoding markers. Although the
barcodes obtained for these species (Lallemantia royleana,
Origanum vulgare and Salvia aegyptiaca) were not
completely unrelated because they belonged to Lamiaceae
and none of the sequences for either of the barcoding region
showed up to any other plant family. Genus Lallemantia had
no records for rbcl, matK and psbA-trnH. Otostegia had no
reference sequence for psbA-trnH, four un-verified matK
sequences and three rbcL sequences which did not matched
to our query blast. matK and psbA-trnH sequences of
Origanum vulgare did not correspond to reference sequences
in top-hits, rather in case of matK it appeared to be 99-100%
identical to several Mentha species but also 99% identity to
Origanum vulgare in lower-hits. psbA-trnH behaved in the
same fashion where top-hit was Thymbra while lower hits
contained Origanum vulgare, both with 97% identity. The
only reference data available for Salvia aegyptiaca was a
psbA-trnH sequence which did not show up in our blast hits.
In case of Hyssopus only two rbcL reference sequences were
available for Hyssopus which did not came up as top-hits for
our query sequence. No reference sequences were present in
GenBank for matK and psbA-trnH for genus Hyssopus.
Similarly, Nepeta ruderalis had no sequence data in
GenBank. However, we have marked Hyssopus officinalis
and Nepeta ruderalis as product substitutes based on the
sequences we obtained. Our rbcL, matK and psbA-trnH
sequences for Hyssopus officinalis and Nepeta ruderalis
showed them as Nepeta bracteata and Salvia respectively.
As all the three markers showed same identification, it
indicated the product substitution.

The overall amplification success for rbcL and matK
was 87% and 81% while psbA-trnH showed 69% (Fig. 1).
On the contrary, matK and psbA-trnH were able to
distinguish the species relatively better with 40% success rate
than rbcL (16%) (Fig. 1). On the whole we generated a total
of 22 genus-level barcodes (78%) and 12 species-level
barcodes (44%) (Fig. 2).
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Fig. 1. rbcL demonstrated the highest barcoding and genus-level
identification success, but with the lowest species-level
identification. matK and psbA-trnH showed the same percentage
of species-level identification. Our results proposed matK as the
potential barcode for Lamiaceae HMPs.

Discussion

1. Difficulty in DNA extraction and amplification:
Wallace et al. (2012) reported a relatively low DNA
barcode success rate of 48% in their study. There may be
different reasons of this low success rate including
different manufacturing protocols of HMPs and the type
of plant material (for example, seeds, leaf, stem, roots,
barks) used in the herbal formulations. The natural
presence of several secondary metabolites, including
polysaccharides, glycoproteins and phenolics in plants
can result in interference with DNA isolation,
amplification and sequencing (Schori et al., 2013).
Therefore, inefficient laboratory protocols used for DNA
isolation, amplification and sequencing of haplotypes
from herbal products may impede the success. In addition,
degradation at primer binding sites may also contribute to
differential amplification success of selected genes in
samples with potentially degraded DNA (Newmaster et
al., 2013). We faced some failures in DNA extraction by
using the standard CTAB method for Ocimum, Lycopus,
Nepeta and Origanum which we overcame by replacing
the CTAB protocol with the PowerPlant Pro DNA
Isolation Kit. It suggests that DNA extraction from HMPs
is not unachievable from common forms of herbal
materials (leaf, seed, root, flowers, and powder). There
are previous studies (Cimino, 2010; Stoeckle et al., 2011;
Baker et al., 2012; Wallace et al., 2012; Newmaster et al.,
2013; Michel et al., 2016) in support of DNA based
methods for quality control of herbal products wherein
DNA was successfully extracted. Majority of our samples
amplified at 1.5 mM MgCl,, a higher concentration (2
mM) of MgCl, was required for successful PCR of nine
samples only. We tried plant enhancer which comes with
the KAPA3G Plant PCR Kit according to manufacturer’s
protocol, yet failed to get the desired results for few
samples. Hence, it suggests that there are instances when
PCR from herbal pant material become challenging in the
presence of inhibitors and absence of primers which do
not perfectly match the target sequences.
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Fig. 2. DNA barcodes of 32 HMPs belonging to Lamiaceae,
collected from local herbal stores and herbal pharmaceutical
industry.

2. Insufficient reference sequence data: Several
Lamiaceae species used as medicinal plants do not have
reference sequence data available in GenBank and it
became a major problem for our species-level
identification of Ajuga bracteosa, Ajuga parviflora,
Lallemantia royleana, Plectranthus rugosus, Leucas
cephalotes, Nepeta ruderalis, Otostegia limbata, Salvia
lanata and Salvia moorcroftiana I. There was not a single
reference sequence available for these species for either of
our selected markers. Hence, MEGABLAST hits showed
congeneric species but not the said species, resulting in
the genus-level identification only and decreasing the
success rate of species-level discrimination. Our approach
was in accordance with Hollingsworth et al. (2009) who
stated that species with a single sample were considered
potentially distinguishable if the sequence was unique
(i.e. there was a potential that successful species-level
discrimination may be achieved, but further sampling was
needed to verify this). For Hyssopus officinalis only two
rbcL reference sequences were available while Salvia
aegyptiaca had only one psbA-trnH sequence in
GenBank. Lallemantia was another exception for which
no reference data was found for any member of this
genus. Our voucher specimen are the first ever sequences
for these aforementioned species deposited in GenBank
and publicly available. With such scant data the
possibility of misidentification by the suppliers, or the
chances of mislabeled sequences in GenBank always
remain. It is not always possible to identify an unknown
or suspect plant where there is no reference sequence
generated. The family or genus level identification may
take place but it is unlikely that species identification will
be confirmed. Newmaster et al. (2013) established a
reference database of barcodes termed as Sequence
Reference Material (SRM) Library to which they
compared sequences to prevent these problems. However
GenBank is adequately informative when we are working
with limited resources, or performing preliminary
research. Another potential problem which we
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encountered was the deposited reference data in GenBank
do not always include the complete gene region. A partial
sequence from a less variable portion of a gene may lead
to a high match percentage that does not reflect an
accurate identification of the query sequence. rbcL and
matK regions are relatively long (approximately 1430 and
1550 bp respectively) but the rate of evolution might not
be same for complete gene regions. The psbA-trnH spacer
may be much shorter (200-650 bp, Kress et al., 2005)
than rbcL and matK, so a 99% match using it as a barcode
may be more accurate than a 99% match using either of
these gene regions (Schori and Showalter, 2011).

3. Pros and cons of rbcL, matK and psbA-trnH regions:
CBOL (The Consortium for the Barcode of Life)
recommended the two-locus rbcL-matK combination as
the universal plant DNA barcode in 2009. The psbA-trnH
spacer and the nuclear internal transcribed spacer 2
(ITS2), are also widely used (Chen et al., 2010; Gao et
al., 2010; Yao et al., 2010; Fu et al., 2011, Han et al.,
2012; Newmaster et al., 2013; Michel et al., 2016). Our
findings showed that rbcL and matK reasonably amplified
among Lamiaceae with 89% success for both but psbA-
trnH demonstrated a relatively lower success (71%).
However, we were able to get the good quality
bidirectional reads for rbcL and matK but rbcL was not
variable enough to discriminate species. rbcL was able to
distinguish only four samples at species-level while matK
provided species identification of ten samples. psbA-trnH
performed better than rbcL by pinpointing the taxonomic
identity of eight species, although its amplification/
sequencing success remained lower. The concatenated
phylogenetic analyses of rbcL and matK was unable to
resolve species because of insufficient reference sequence
data in GenBank which resulted in extensive missing data
of either rbcL or matK sequences in GenBank for many
accessions per species (results not shown here). Both
matK and psbA-trnH carried out 40% success rate for
species-level identification wherein matK had better
amplification/sequencing success. Therefore, based on
this investigation, matK proved to be the potential
barcode for Lamiaceae HMPs used in Pakistan. The
overall success rate (excluding the four misidentified
samples) of barcoding the Lamiaceae HMPs in this study
is 82% at genus-level, however, it reduces to 44% at
species-level identification attributed to the inadequate
availability of reference sequence data and related issues
discussed earlier.

Challenges, improvements and regional
recommendations for DNA barcoding of HMPs: To
date, as far as we know this is the first study published
from Pakistan on the quality assurance of HMPs generally
and particularly on Lamiaceae where we targeted a big
herbal pharmaceutical industry and local herbal stores of
the country’s capital city Islamabad. Contamination and
adulteration in herbal products offers considerable health
risks for consumers. Previously, contamination and
substitution in several products with plants that have
known toxicity, side effects and/or negatively interact
with other herbs, supplements, or medications has been
reported by other studies (Lin et al., 2010; Stoeckle et al.,
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2011; Newmaster et al., 2013). Our results found two
product substitutions but it was difficult to affirm whether
it was an accidental misidentification of a bulk product or
a fraudulent market substitution for a cheaper product.
Unlabeled plant fillers may also be found in herbal
products, which may pose a potential health risk for
consumers. With the recent advances in DNA barcoding
methods, it is potentially possible to meet the challenge of
authentication of herbal products or their raw material for
routine market analysis (Sucher & Carles, 2008).

The first major challenge which created the
limitations in our study was the lack of herbal barcode
library for reference sequence data. The similar problem
has been reported in market studies from North America,
where scientists tested the authenticity of herbal products
without herbal SRM barcode library (Stoeckle et al.,
2011; Baker et al., 2012; Wallace et al., 2012). Therefore,
it is important to develop the regional herbal barcode
library where we can find the reference sequence data of
all the medicinal plants and their haplotypes being used in
the region. Once such a regional herbal barcode library
will be created, it would be possible to overcome the
insufficiency of authentic reference sequence data for
quality control by regulatory authorities as well as the
herbal pharmaceutical industries. A similar approach was
taken by Newmaster et al. (2013) where they developed a
SRM herbal barcode library for their study. Moreover, it
is important to Pakistan that a broader regional herbal
barcode library is established which not only includes the
reference sequence data from Pakistani voucher
specimen’s but also from its neighboring countries i.e.
China, Iran, India and Afghanistan. It is because we found
in our study that the raw material for HMPs do not
necessarily comes from within the country but has been
imported from the border countries. The ‘GenBank’ and
‘Medicinal Materials DNA Barcode Database’ (Lou et al.,
2010) provides barcodes for many species of medicinal
plants but without the information about voucher
specimens which is an essential component of any DNA
Barcode (Hebert et al., 2004). Therefore, it provides
another reason for construction of herbal barcode library.

The second challenge occurred due to the selection of
plastid barcode regions only, which provided low species
resolution for herbal products. Chen et al. (2010) selected
ITS2 for use in identifying medicinal plants provided the
reasons (i) it comes from the nuclear genome, which has a
different rate of evolution than the plastid genome (ii) it
provides high species resolution (iii) it is a much shorter
sequence allowing higher recovery from processed plant
materials found within herbal products. Han et al. (2012)
suggested the use of ITS2 for identification of medicinal
plants of Lamiaceae. Hence, ITS2 may present a more
successful barcode for Pakistani Lamiaceae HMPs and
should be tested in future investigations.

There has been a considerable interest worldwide in
traditional and alternative medicine, particularly herbal
products over the past few decades. The World Health
Organization also emphasizes the crucial role of
alternative and traditional medicines in preventive and
curative health, especially in developing countries and

encourages member states to support traditional
medicines and plan for formulation of policies with
appropriate  regulations (Anon., 2002).The herbal

medicine as an alternative system of medicine is largely
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prevailing in South Asian countries such as Pakistan,
India, Srilanka and Bangladesh. About half of the
industrialized world’s population and 75-90% of the
developing countries population still depend on the
alternative systems of medicine. In Pakistan, traditional
medicines have been a strong part of our cultural heritage
and playing a significant role in providing health care to a
large part of the population. The family Lamiaceae is one
of the largest family of angiosperms found in Pakistan.
Hedge, (1990) reported 60 genera and about 212 species
of Lamiaceae present in Pakistan. Many species in the
family Lamiaceae have been widely used for the
treatment of cardiovascular diseases, stroke, and other
conditions, and are largely used by indigenous people,
herbal pharmaceutical industries and the local herb stores.
Hence authenticating these species has become an
important area of research. We need to have scientific
evidence on quality, efficacy, purity and safety of our
HMPs in addition to good manufacturing practice (GMP),
compliant facilities and manufacturing processes. The
quality assurance or quality control starts right away from
the authentication of raw material used in the preparation
of HMPs, therefore the suppliers must be placed in quality
chain, more importantly bringing our herbal collectors
and sellers in spot light to ensure quality.

There has been lack of concerted efforts for proper
utilization of traditional medicines in the health care
system. Globally there is a serious focus on regional and
traditional ways of treatment to cure modern diseases.
The Ministry of Health Pakistan along with National
Council of Tibb (NCT), a regulatory authority for
traditional and herbal system of medicine is determined to
preserve and promote primitive practices by old
practitioners and have recently initiated efforts to take
measurements for quality assurance of herbal medicines,
as it has bountiful capacity to enhance Pakistan’s
economy in traditional medicine. The demand for a
product authentication service that utilizes molecular
biotechnology can be met by DNA barcoding which will
restore the consumer confidence. The regulatory
authorities should not only adopt DNA barcoding as an
improved scientific method for standardization of herbs
but also for conservation of these resources.

Conclusion

Our study which was primarily designed to
authenticate the HMPs of Lamiaceae can be taken as a
case study for all the herbal products of Pakistan.
Presently there is no standardization of herbal products
based on an efficient and cost-effective scientific method.
The herbal industry is suffering in terms of losing the
customer confidence including the serious health risks. It
is crucial to authenticate the socioeconomically vital
medicinal plants including Lamiaceae species. Our
findings showed that the herbal pharmaceutical industry
and the local herb markets are probably not completely
guilty on their part only because they lack the proper
species identification system and mostly the
contamination or adulteration occurs during the long
supply chain of raw materials. DNA barcoding can help
the regulatory authorities to devise a mechanism for
quality control and may develop check-points during the
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long supply chain starting from local collectors to the
market shelf. The herbal pharmaceutical industries are
recommended that they should voluntarily establish the
DNA barcoding for the testing of raw materials used in
manufacturing their medicinal products. A herbal
pharmaceutical industry may build his own herbal
barcode library for reference sequence data depending on
which plant species do they use in their products. It will
be cost effective and will facilitate the rapid
authentication to increase sovereign business interests and
provide considerable health safety to consumers.
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