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ABSTRACT

Orthosiphon aristatus (Misai Kucing) was traditionally known for its anti-
diuretic properties and currently being studied for modern medicine applications had
became part of high-value herbs targeted for production of commercialised herbal
medicinal products (HMPs) in Malaysia. However, issues of adulterated HMPs rose as
an unintended consequence of the booming herbal industry and current conventional
methods including morphological identification and chemical analysis were unable to
identify the source of contaminated herbs within adulterated HMPs. In this study, DNA
barcoding was applied for authenticating six Orthosiphon aristatus HMPs that consisted
of four monoherbal tea products and two polyherbal capsule products using chloroplastic
(rbcL) and nuclear (ITS2) barcodes. Genomic DNA (gDNA) was extracted from
Orthosiphon aristatus plant (MKP) and five HMPs but only rbcL and 1TS2 barcodes of
MKP and two HMPs (MKT 1 and MKC 1) were able to be amplified, direct sequenced
and verified. Verified rbcL and 1TS2 barcodes of MKP were included as reference
barcodes for HMPs authentication and only rbcL barcode of MKP was deposited in
GenBank with accession ID (MW492548.1). Bioinformatic analysis of HMPs barcodes
using BLAST and Neighbour-Joining (NJ) method revealed that the monoherbal MKT 1
was authentic with both rbcL and ITS2 barcodes being identified as Orthosiphon
aristatus. As for the polyherbal MKC 1, the rbcL barcode was identified as Astragalus
membranaceus whereas the |ITS2 barcode was identified as Strobilanthes
namkadingensis. MKC 1 was considered contaminated as Strobilanthes namkadingensis,
a species belonging to Acanthaceae family was an unlisted active ingredient within the
labelled polyherbal composition. Overall, the findings from this study can served as a
preliminary guidance for future authentication using DNA barcoding and potentially
beneficial towards official regulatory bodies in standardising the quality and safety of
HMPs.



ABSTRAK

Orthosiphon aristatus (Misai Kucing) dikenali secara tradisional untuk ciri-ciri
anti-diuretik dan kini dikaji dalam kegunaan bidang perubatan moden telah menjadi
sebahagian daripada herba bernilai tinggi yang disasar untuk pengeluaran komersial
produk perubatan (HMPs) di Malaysia. Namun begitu, isu berkaitan penjejasan keaslian
HMPs semakin meningkat akibat perkembangan industri herba yang pesat dan kaedah
konvensional terkini yang merangkumi pengenalan morfologi dan analisis kimia tidak
dapat mengenali sumber herba yang tercemar dalam HMPs yang tidak asli. Untuk kajian
ini, kaedah barkod DNA digunakan untuk pengesahan keaslian enam Orthosiphon
aristatus HMPs yang terdiri daripada empat monoherba produk teh dan dua poliherba
produk kapsul dengan barkod kloroplastik (rbcL) dan nuklear (1TS2). Genomik DNA
(gDNA) diekstrak daripada pokok Orthosiphon aristatus (MKP) dan lima HMPs tetapi
hanya barkod rbcL dan ITS2 untuk MKP dan dua HMPs (MKT 1 dan MKC 1)
diamlifikasi, dijujukan dan disahkan. Penjujukan rbcL dan ITS2 yang sah digunakan
sebahagian daripada barkod rujukan untuk pengesahan HMPs dan hanya barkod rbcL
untuk MKP disimpan di GenBank dengan aksesi ID (MW492548.1). Analisis
bioinformatik untuk barkod HMPs dijalankan meggunakan BLAST dan kaedah
‘Neighbour-Joining’ (NJ). Keputusan analisis mendedahkan bahawa monoherba MKT 1
adalah asli kerana barkod rbcL dan ITS2 untuk MKT 1 dikenalpasti sebagai Orthosiphon
aristatus. Untuk analisis poliherba MKC 1, barkod rbcL dikenalpasti sebagai Astragalus
membranaceus manakala barkod ITS2 dikenalpasti sebagai  Strobilanthes
namkadingensis. MKC 1 didapati tidak asli kerana Strobilanthes namkadingensis yang
merupakan spesis herba tergolong dalam keluarga Acanthaceae tidak disenaraikan dalam
label bahan aktif MKC 1. Secara keseluruhan, hasil kajian ini boleh digunakan sebagai
panduan awal untuk pengesahan HMPs pada masa hadapan menggunakan kaedah
barkod DNA dan berpotensi dimanfaatkan badan pengawaln rasmi dalam

menyeragamkan kualiti dan keselamatan HMPs.
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Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

100bp DNA ladder; Lane 1: MKT 1; Lane 2: MKT 2; Lane 3:
MKT 3; Lane 4: MKT 4; Lane 5: MKC 1; Lane 6: MKC 2.

Result of amplified rbcL barcode on annealing temperature
(57.3°C) for HMPs running on 2% (w/v) agarose gel
electrophoresis. Lane A: Negative control; Lane B: Positive
control (Orthosiphon aristatus plant); Lane M: Transgen
100bp DNA ladder; Lane 1: MKT 1 ; Lane 2: MKT 2; Lane
3: MKT 3; Lane 4: MKT 4, Lane 5: MKC 1; Lane 6: MKC 2

MSA of rbcL barcode from Orthosiphon aristatus plant
(MKP) and HMPs (MKC 1 and MKT 1) with other rbcL
reference barcodes from GenBank: Orthosiphon stamineus
(MH069809.1), Clerodendranthus spicatus (FJ513156.1),
Salvia  adiantifolia  (MG823768.1) and  Astragalus
membraneus (MN309697.1) using Jalview software.
Consensus regions were indicated by solid black displayed
below the columns of the alignments.

Result of Neighbour-Joining (NJ) tree analysis of rbcL
barcodes from Orthosiphon aristatus HMPs (MKC 1 and
MKT 1) compared to rbcL Orthosiphon aristatus sequence
established in this study and other reference sequences
retrieved from GenBank. Red box displayed the clade cluster
of HMPs containing Orthosiphon aristatus. MKP: Misai
Kucing Plant; MKC: Misai Kucing Capsule; MKT: Misali
Kucing Tea.

MSA of ITS2 barcode from Orthosiphon aristatus plant
(MKP) and HMPs (MKC 1 and MKT 1) with other ITS2
reference barcodes from GenBank: Orthosiphon stamineus
(MT251295.1), Ziziphora clinopodioides (KF454607.1) and
Strobilanthes namkadingensis (LC257985.1) using Jalview
software. Consensus regions were indicated by solid black
displayed below the columns of the alignments.

Result of Neighbour-Joining (NJ) tree analysis of ITS2
barcodes from Orthosiphon aristatus HMPs (MKC 1 and
MKT 1) compared to ITS2 Orthosiphon aristatus sequence
established in this study and other reference sequences
retrieved from GenBank. Red box displayed the clade cluster
of HMPs containing Orthosiphon aristatus. MKP: Misai
Kucing Plant; MKC: Misai Kucing Capsule; MKT: Misali
Kucing Tea.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Herbal medicinal product, from a humble beginning in traditional usage to being
internationally recognised by World Health Organization (WHO) and other health
governing bodies for its health benefits. According to European Union (2004), herbal
medicinal products (HMP) are formally categorised as ‘any medicinal product,
exclusively containing as active ingredients one or more herbal substances, one or more
herbal preparations, or a combination of the two’ (Tan et al., 2020; European Union,
2004). Global herbal trade generates multibillion dollars in revenues which attracts
various parties to participate in herbal industries. For example, in 2012, US$12.8 billion
was spent on herbal products in the United States whereas China, being one of the major
global producers, manufactured approximately US$83.1 billion worth of herbal products
in the same year (Tnah et al., 2019; Nahin et al., 2016; WHO, 2013). This industry also
represents an economic opportunity to Malaysia which houses to one of the world oldest
rainforest that contained around 12,500 seed plants. From this pool, it is estimated that
approximately 1200 species with medicinal values can be found in this rainforest (Tan et
al., 2020; Ramlan, 2003). To exhibit the value of this opportunity, it is recorded that the
revenue generated from traditional medicine trade in Malaysia rose from US$385
million in 2000 to US$1.29 billion in 2005 (Abubakar et al., 2018; Aziz and Tey, 2009;
Mohammad Azmin et al., 2016). Furthermore, the import and export value of herbal

trade in Malaysia were worth around US$2077 million and US$ 441.7 million



respectively for the year 2014 (Tnah et al., 2019; Zakaria, 2015). This event is
contributed by the development of the herbal industry in Malaysia under the
implementation of Economic Transformation Programme (ETP) in September 2009
which includes Entry Point Project (EPP) High-Value Herbal Products that contributed
towards herbal products development for high value botanical drugs and nutraceuticals
purpose (Tan et al., 2020; PEMANDU, 2012)

However, the rise of global herbal industry creates a growing widespread of
cases that involved fraudulent practices that are based on herbal products adulteration.
These cases range from misidentification of herbs to substitution of herbal materials
with cheaper materials or synthetic drugs that will lead to health hazards or reduced
herbal efficacy (Tnah et al., 2019; China Plant BOL Group, 2011). A study by Ichim
(2019) found that out of 5,957 herbal products sold in global market, 27% of them
contained undeclared contaminant, substitute, filler species or none of the labelled
species. The same study also found that the distribution of adulterated herbal products
also varied by countries with the highest amount found in Brazil (68%) to the lowest in
China (19%) using DNA-based authentication method. 24% of the adulterated herbal
products were found in Malaysia. Furthermore, non-standardised regulatory policies
between countries caused major difficulties in standardising quality control, safety and
efficacy of herbal products due to differences in acceptance criteria such as limits for
presence of heavy metals, microbial contamination and pesticide (Ramadoss &
Koumaravelou, 2019; Tnah et al., 2019). These issues will only exacerbate in the future
as it is projected that the global market for herbal products will continue to grow as high
as 7% per annum towards USD 5 trillion by the year 2050 (Tan et al., 2020; Ahmad and
Othman, 2013).

Currently, production of standard herbal products are determined by following
good agricultural and collection procedures (GACP), good manufacturing practice

(GMP, good laboratory practices (GLP) and good clinical practices (GCP) (Ramadoss &



Koumaravelou, 2019). However, there is still a need for fast with precise and accurate
methods to authenticate herbal products as to match with the rapid pace of output.
Conventional authentication methods such as macroscopic and microscopic
identification and chemical analysis which includes high performance liquid
chromatographic-mass  spectrometry (HPLC-MS), liquid chromatography-mass
spectrometry (NIRS) and near-infrared spectroscopy (NIRS) are currently implemented
in commercial productions. On the other hand, recent development on DNA sequencing
technology provides an alternative authentication method known as DNA barcoding
which utilises biomarkers or ‘barcodes’ that consist of short conserved regions within
the genome (Ichim, 2019; Herbert et al., 2003). It complements with current methods as
it is able to bypass the limitations of conventional methods via determining the source of
herbs or differentiate highly related herb species that share morphological characteristics

or chemical profiles (Tnah et al., 2019)

Orthosiphon aristatus which is also commonly known as Misai Kucing remains
as among the widely used herbs for herbal products. It is traditionally popular in
Southeast Asia due to its long history for its diuretic properties. Currently, numerous
scientific studies are carried out to investigate its pharmacological properties (Silalahi,
2019) and applications in treating diabetes-related illness (Abdullah et al., 2020). In
Malaysia, Orthosiphon aristatus is one of the five herbs that was focused for
commercial production of higher-value herbal products under EPP 1 (PEMANDU,
2012). Thus, the need for fast and reliable authentication method for quality control can
be fulfilled via DNA barcoding as to ensure safety and efficacy of Orthosiphon aristatus

herbal products amid the rapid output in current times.

1.2 Problem Statement

Currently, there are few notable issues faced by herbal industry in dealing with

the growing cases of herbal product adulteration. First, multiple limitations arose within
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conventional authentication methods that utilised techniques of morphology
identification, botanical taxonomy and chemical analysis. For example, the applications
of morphology identification and botanical taxonomy are applicable if the distinct
physical features of the herbs remain intact. However, it is not applicable for HMP as
most of the herbs used as active ingredients had undergone processes which caused to
lose its distinct physical features (Abubakar et al., 2018). On the other hand, chemical
analysis is applicable in detecting contaminants and toxins but not capable to identify the
source of contamination (Ichim, 2019) or differentiating closely related herb species that
share high similarities in morphological characteristics or chemical profiles (Tnah et al.,
2019).

In response towards limitations of conventional methods, introduction of new
methods that are DNA-based technology provides a common advantage of requiring
small amount of samples regardless of their sources or forms (Drouet et al., 2018).
These methods range from restriction fragment length polymorphisms (RFLP),
amplified fragments length polymorphisms (AFLP), random amplification of
polymorphic DNA (RAPD) to recent techniques such as DNA barcoding, microsatellite-
based markers and Next Generation Sequencing (NGS)-based markers. Although these
methods are effective in detecting the source of biological materials, most of them
except DNA barcoding are not applicable for authentication of large scale commercial
products due to high cost, labour intensive or requiring specific criteria that complicate
the authentication process (Drouet et al., 2018). Thus, DNA barcoding has been
determined to be a fast and reliable species discriminator with remarkable accuracy and
cost effective for authentication of herbal products while addressing the limitations of

previous methods.

There are previous studies that successfully determined the authenticity
Orthosiphon aristatus HMP based on detection of bioactive compounds using chemical

or spectroscopy fingerprinting analysis (Hernadi et al., 2019; Yuliantini et al., 2020).



However, both methods were only able to identify by comparing the chemical
compositions with known substituted herbs whereas it cannot determine the source of
adulterants if new or novel substituted herb species are used. A DNA barcoding study
was carried out using loci combination of rbcL and trnH-psbA by Tnah et al., (2019)
which found out that a HMP which claimed to use Orthosiphon aristasus as its active
ingredient was substituted with Clinacanthus nutans. However, there are no studies that
utilised other loci combination such as ITS2 and rbcL for authentication of Orthosiphon
aristatus HMP although various studies have shown that 1TS2 provides better species
resolution in comparison with other loci for identifying plants taxa. Furthermore, the
study by Tnah et al. (2019) only tested one HMP of Orthosiphon stamineus (synonym:
Orthosiphon aristatus), which could not represent the current adulteration and

authentication status of this species in Malaysian market.

1.3  Objectives of Study

The objectives of this study were as follow:-

i. To generate nuclear (ITS2) and chloroplast (rbcL) reference barcodes for

Orthosiphon aristatus plant.

ii.  To verify the authenticity of Orthosiphon aristatus HMP via DNA barcoding
method.

1.4 Scope of Study

In this study, a purple variety of Orthosiphon aristatus plant and six herbal
medicinal products (HMP) related to Orthosiphon aristatus (four tea products and two
capsules products) were chosen. Orthosiphon aristatus leaves and HMP were subjected

to DNA extraction and purification using NucleoSpin® Plant Il (Macherey-Nagel) kit
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while the quality and quantity of extracted genomic DNA (gDNA) were determined
using Nanodrop spectrophotometer and agarose gel electrophoresis. The chloroplast
(rbcL) and nuclear (ITS2) barcode regions of the gDNA amplified using universal
primers via polymerase chain reaction (PCR) were later sent for Sanger sequencing. The
generated sequences were analysed and verified using bioinformatic tools. The verified
ITS2 and rbcL sequences of Orthosiphon aristatus plant were used as internal reference
barcodes whereas the authentication of HMP were determined by comparing ITS2 and
rbcL barcodes with the internal reference barcodes of Orthosiphon aristatus and other
reference barcodes from GenBank via BLASTn and neighbour joining (NJ) tree

analysis.

1.5  Significance of Study

With the concern of growing number of cases related to adulteration of HMP on
global trade, this study can be used to highlight the benefits of DNA barcoding as a
reliable alternative tool in authenticating HMP in comparison to conventional
authentication methods. It also highlights the effectiveness of chloroplastic (rbcL) and
nuclear (ITS2) genes as barcodes for identifying plant materials at species level that were
used in HMP. Overall, the findings of this study will contribute to a better understanding
in authentication of Orthosiphon aristatus HMP using 1TS2 and rbcL markers and may
help future works related in authenticating HMP that claimed having Orthosiphon
aristatus as their active ingredient. This will also indirectly create improvement in

quality control of herbal products.
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