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ABSTRACT

The identification of the components of herbal roedis is of great importance in
controlling their quality and gaining a better urslending of their pharmacological
effects. In addition, it is necessary to investgalternative extraction methods because
some conventional extraction methods could causeadwverse impact on the
environment.The methods for simultaneous characterization afiomal compounds
using liquid chromatography hybrid ion trap timeflajht mass spectrometry
(LC/NIT-TOF MS) and for effective extraction of poderberberine alkaloids using
microwave-assisted extraction (MAE) fro@oscinium fenestratum were successfully
developed. A total of 32 compounds, including 2 Zyéisoquinoline alkaloids, 3
aporphine alkaloids, 12 quaternary protoberberitk@l@ds, 10 8-oxoprotoberberine
alkaloids, 3 tetrahydroprotoberberine alkaloids,d aa steroid compound were
simultaneously separated and characterized by mgttie empirical molecular formulae
with those published in literature and the muliget mass spectrometry (M)Slata
obtained using structural information from IT, a@te mass measurement obtained
from TOF MS, and HPLC separation. A total of 20 pounds, including 4 novel
natural products were identified or tentatively ntitted for the first time fromC.
fenestratum. MAE of protoberberine alkaloids were studied iothh an open (at
atmospheric pressure) and closed vessel (undegsapized condition). The extraction
yields obtained by using MAE under optimum condisiofor 15 min (60% EtOH,
material/solvent ratio 1 g:40 mL, microwave outpatver 300 W) in an open vessel at
a boiling point of 83°C and in a closed vessel@i°C were higher than those obtained
using Soxhlet extraction for 8 h and extractionhwit.2% sulfuric acid for 24 h.
Extraction using water as a solvent at 160°C forniib yielded the same level of
berberine amount as that obtained using 0.2% sulfacid for 24 h. This high
extraction yield could be due to the alcohol-likkaracteristics of water at high
temperature. Berberine degradation was observedtamperature above 160°C. An
additive such as EtOH or NaCl could reduce bereedegradation. MAE is more
effective than conventional extraction methods wébard to the extraction time and
extraction yield for extracting protoberberine dtkds fromC. fenestratum.
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Chapter 1 Introduction

CHAPTER 1

INTRODUCTION

1.1. General background

Traditional medicine (TM) has played an importaokerin the health care and
medication of people in many regions of the wortzhf the ancient history. The World
Health Organization (WHO) estimated that 65-80%hefworld population used TM,
and complementary and alternative medicine (CAM)thees primary form of health
caré™,

The use of TM remains widespread in developing trees) while the used of
CAM is increasing rapidly in developed countti@sApproximately 80% of population
in Africa use TM to help meet their health careAkia and Latin America, populations
continue to use TM as a result of historical cirstances and cultural beliefs. In China,
TM accounts for around 40% of all health care deld. The broad use of TM in
developing countries is attributable to its acdabii, affordability and cultural
acceptability. In Europe, North America and othedustrialized regions, CAM are
becoming increasingly popular. For example, thegaiage of the population which
has used CAM at least once is 48% in Australia, 0%anada, 42% in USA, and 75%
in France. The popular use of CAM in many developedntries is may be due to the
concern about the adverse effects of allopathiciciresl For many patients with heart
disease, cancer, diabetes and mental disorders, @#dars to offer gentler means of
managing such diseases than does allopathic meticin

Herbal treatments are the most popular formMf @nd are highly lucrative in the
international marketplace. The global market sdlaasbal medicine reached US$ 19
billion in 2006 and estimated to surpass US$ 2&ohilin 2011 with the growth rate of
10—15% per yedr’”. This trend offers a great opportunity for devatgpcountries those
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have potential in the development of their herbaditines as an important industry.
The development of herbal product including meditpiants and spices for export can
help to increase income among farmers, reduce powtimulate entrepreneurship, and
create a favorable business environment to integnéb the global market plate

One of the countries that has this potential is Bad.R, a landlocked country in
South East Asia. Due to the war for a long timeltf75 and the geographical barrier,
the manufacturing industry has not developed insLathe Gross national income
(GNI) per capita was only 500 USD in 2004, and 7SOUn 2008 (ranking at 1¥5in
205 countries) The major industries are agriculture, hydropowsining, and tourism.
Approximately 80% of the population are engagedsusistent agriculture in rural
areas, which consisted of 42.8% of GDP componen2006°. Considering this
situation, agriculture based-product industry cobédsuitable for the development of
Laos. In addition, Laos has a long history of udiegbal medicine. There are various
kinds of herb and medicinal plants around the agumbout 8000-11000 flowering
species were found in Laos. Some survey showed theae are many herbs and
medicinal plants, some have not reported previdtisithese medicinal plants have
been used in food and traditional medicine.

However, these medicinal plants have been useddrapersonal experiences and
scientific research data are often scarce. Sintagtbeen generally accepted that the
efficacy of herbal medicines can be attributedhi synergistic activity of various major
and minor components of the héfh$® the identification of the components of herbal
medicines is of great importance in controlling ithguality and gaining a better
understanding of their pharmacological effects. $eguently, the development of rapid
and reliable methods for qualitative and quantitatiletermination of compounds in
herbal medicine has become a significant and cigilg issue. The development of
methods to provide scientific data on medicinahplare useful for the development of
herbal products and boosting the industries in Lasswell as other developing
countries, instead of only exportation of the mewditplant or crude drug at low prices.
Therefore, it is necessary to develop methods imulsaneous characterization of
medicinal compounds from medicinal plants.

Another problem arose from the process for exingotif medicinal compounds. In

some extraction process, a large amount of cheraigal as strong acid and alkali has
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been used, which could cause an adverse impadtieoanivironment. In addition, low
extraction yield, long extraction time, and acigideal in the product are also the
problems to be concerned of. Accordingly, it ises=ary to investigate for alternative
extraction methods for sustainable development.

This research focuses on the development of methiods simultaneous
characterization and effective extraction of thedimi@al compounds inCoscinium

fenestratum, an important medicinal plant in Lao P.D.R.

1.2 Literature Reviews

1.2.1 Lao Traditional Medicine and Medicinal Plant

In parallel with the use of modern medicine, Laogle have their own way of TM
which is called "Ya Phurn Meuang Lao", that mayedaack to at least 2,500 yeldrs
The first group of Lao people has an origin in Swuthern part of China and has relied
on agriculture since the ancient time. Their liaes in harmony with nature, especially
with plants. It could be assumed that the Lao TMrs of the oldest medicines in the
world. Unfortunately, the information were destrdyley war many times due to the
invasion of foreign countries.

Today, Lao TM reflects a diversity of local tribaaditions, as well as knowledge
of local environment$. Traditional remedies have a long-standing histornany Lao
communities, and continue to provide useful toals tfeating diseases. Many Lao
people believed that TM are more efficient thangjethetic drugs sold in pharmacies
Claudio O. Delang suggested three main reasonsLématpeople rely on medicinal
plants®. First, many people cannot afford to buy mediciirepharmacies. Second,
pharmacies are often staffed by people with litilaining, while knowledge of
medicinal plants is readily available from one’sghéors, family members, traditional
healers, and sellers. Third, people believe thatsté/e medicines only cure the
symptoms, not the causes of the illness, while Tdrasses the causes of the illness.
Thus, medicinal plants are not only popular in ¢bantryside, where medical services
are worse, but also in the capital city.

Laos has various medicinal plants and flower sgettiat have been used in food
and as TM. Silavanh indicated that there are mioam tL0,000 species of plants and
animals found in Laos, of which 1,400 are only foun Laos’. However, many
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medicinal plants have not been reported until régeA. Libmanet al**., conducted a
field survey of commonly used medicinal plantshe district of Paksan, Bolikhamsai
Province in Laos. They found that 55 species oftglabelonging to 49 genera in 31
families of vascular plants, are used in day-to-aeegdical therapy. Seven species have
medicinal uses that overlap with uses reportedhénliterature. No medicinal uses have
been previously reported for 31 of the speciesecté#ld based on ethnobotanical field
interviews, signifying that their uses may be ueidqa Laos. Nine of the 31 previously
unreported species are mentioned as medicinal pfeultimes. This survey provided
evidence that medicinal plants continue to represenmportant asset to the health care
in communities in Laos.

Lao government has a policy to promote the useMfifdtegrating with modern
medicine. Thenational policy on TM was includedin the National Drug Policy
issued in 1998. In 1976, the Traditional Medicine Research Cenf@vIRC) was
established by the ministry of health in order tadg and incorporate the use of
medicinal plants and traditional Lao medicines itite health care systems. TMRC is
involved in ethnobotanical field study, plant cotien and identification, and the
cataloging of medicinal plants used in various paftthe country, as well as working
with pharmaceutical factories in the developmentdnfgs based on traditional Lao
medicines.

Currently, there are more than 70 kinds of traddio medicine those were
manufactured in pharmaceutical factories in Laartyterbal medicines were included
on the national essential drug list that was issne2D0Z. They have been used for the
treatment of malaria, pyrexia, diarrhea, diabetes @hers. Some major medical plants
are listed inTable 1.1

In contrast, the medicinal plants and crude ektrmaere heavily exported to
surrounding countries such as China, Vietnam araildid recentl§; Several foreign
and local companies have been established to peahadicinal plants from villagers
and export in form of plants and crude extractpAdsent, China is one of the biggest
trading partners of ASEAN. It is expected that teanand for medicinal plants and
spices will further increase due to the China-ASERNA that will take effect in 2015.
With the increased demand for medicinal plants,pfessure on the environment as a

result of over-harvesting is increasing. Laos &klaf information of medicinal plants
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and it is difficult to realize the real value ofettmedicinal plants. For sustainable
development, it is necessary to find the way howutitize the medicinal plants

effectively.

Table 1.1 Some important medicinal plants in Laos®.

Disease Medicinal plant
Coscinium fenestratum
Diarrhea Psidium guyava

Caesalpiniaceae,
Morordia charantia
Diabetes Coscinium fenestratum
Scopariadulcis
Artemisia annua
Malaria Dichroa febrifuga
Alcasia macrorrhiza
Scopariadulcis
Pyrexia, Measles Strobilanthes cusia
Cissanpelos parreira
Belamcanda sinessis
Respiratory disease |Sesbania grandiflora
Morus acidosa
Eleutherine subaphylla
Curcuma longa
Oroxylumindicum
Coscinium fenestratum
Dental carries Spilanthes acmella
Rheumatism Suregada multiflorum
Mitragyna speciosa
Alocasia macrorrhiza
Coscinium fenestratum
Soilanthes acmella

Gastric ulcer

Skin disease
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1.2.2 Coscinium fenestratum

C. fenestratum is a medicinal plant belonging to family Menispeceae, a woody
climbing shrub with cylindrical stem, externallylisvish brown and internally yellow
in color®. The stem vyields a yellow dye, which is used eitdene or in combination
with turmeric and other coloring materialgigure 1.1 shows the photo ofC.

fenestratum.

Figure 1.1 Photos ofC. fenestratum

C. fenestratum has been used as herbal medicine in Lao P.D.Rnafig Thailand,
India, and Sri Lanka for a long time. This plansHhaeen used in the treatment of
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diarrhea, inflammation, ulcers, skin disease, aatietes mellituS. Several biological
effects have been attributed to the plant extramtfyuding antibacterial, antioxidant?
anti-diabetié®, and hypotensié activities. A total of 15 chemical compounds
primarily quaternary and tertiary protoberberinekadbids, have been isolated
previously>?’.

C. fenestratum is also an important source of export-orientedoeene (BER)
production in Laos?® Numerous factories in many provinces (such askBainxay,
Luang Prabang, Huaphanh, Khammuane, Savannakh&tekmhg) are extracting BER
from the liana ofCoscinium sp.. These factories are run by local companies, elkasg
foreign companies from China and Vietnam. Theséofees buy materials from local
villagers at a price of around 500-1,000 Kip (U®$%680.1) per kilogram for raw
Coscinium sp. (2007) and export a large quantity to Chirféigure1.2 shows the BER
extraction process in a factory in Laos. The phaas ground and macerated with
sulfuric acid for 1 to 3 days, then sodium hydrexidbas added to precipitate the
impurities. After that hydrochloric acid was addedsalt precipitation. A large amount
of acid has been used for extraction of BER whike treatment of waste are remain as
the concern issue. This process could cause adiepxct on the environment, gave
low extraction yield and took a long time for extian. In addition, acid residual in the
product is one of the concerned issues. Moreowest barvesting and unsustainable
extraction ofC. fenestratum is a major threat to wild biodiversity. In Indiadh Sri

Lanka,C. fenestratum has been listed as an endangered spécies

Add HCI
Add NaOH l Add NaCl

Sulfuric acid l -
C. fenestratum Tutand” | 0.2% 13 days pH 9-10 | Salting out |

Grind Berberine
chloride

Figure 1.2 BER extraction process in factory in Lao&
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1.2.3 Protoberberine Alkaloids and Extraction of Akaloids

Alkaloids form an important group of chemicals iraicine because of their high
biological and pharmacological activities. Protdis#me alkaloids, which are
isoquinoline  alkaloids, have various activites Isucas antimicrobid?,
anti-inflammatory®, antimalarial’, and anti-diabeti®® activities. Because of the
potential medicinal applications of this group, somesearchers have synthesized
protoberberine alkaloids from their natural preoms§. However, they are very
complex for cost-effective chemical synthesis, #&merefore, medicinal plants remain
the main source of protoberberine alkaloidsgure 1.3 shows some important
protoberberine alkaloids.

Conventional alkaloid extraction methods are akwed: maceration; percolation
with an organic solvent such as methanol, ethaoola strong acid; and Soxhlet
extraction®® These extraction processes are time consumindamatious; further,
they require a large amount of solvent and have dawaction efficiency. Moreover,
there is great concern about the adverse enviroaiempact of using a strong acid as
a solvent. Alternative extraction methods for aidagimple, and selective extraction
with lower solvent consumption have been developszkntly; these include new
techniques such as supercritical fluid extracti®REY°, microwave-assisted extraction
(MAE), and pressurized solvent extraction (PSEpr extracting alkaloids. SFE is
suitable for extracting non-polar and thermolaloibenpounds, but it requires complex
optimization for extracting polar compounds. MAEIEPSE can be applied to all types
of solutes and solid matrices and they require fggagameters to be optimized than
SFE. In addition, MAE offers the advantage of perfimg multiple extractions

simultaneously under moderate presstftes

1.2.4 Liquid Chromatography Mass Spectrometry (LCMS)

NMR technique is a superior and widely used fa determination of chemical
conformation and identification of compounds. Hoemvit is necessary to have an
appropriate amount (more than 1 mg) of pure mdtestameasurement. On the other
hand, it is often difficult and time consuming tarifly a compound from a complex
matrix because the concentration of the target camgs is usually extremely low in

natural product. In contrast, mass spectrometryah@gh sensitivity to detect the
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Alkaloid 2 3 9 10 11
Berberine (BER) OCHO OCH; OCH;,
Palmatine (PAL) OCH;, OCH; OCH,; OCH;,
Jatrorrhizine (JAT) OCH;, OH OCH; OCH;,

Coptisine OCHO OCHO

Columbamine OH OCH, OCH; OCH;,
Thalifendine OCHO OCH;, OH
Stepharanine OH OCH;, OCH;, OH
Groendlandicine OCH; OH OoCHO
Dehydrocorydalmine OCH; OCH;, OCH;, OH
Dehydrodiscretamine OCH; OH OCH; OH
Dehydrocheilanthifoline  OH OCH;, OCHO
Demethylenberberine OH OH OCH; OCH;,
Epiberberine OCH; OCH; OoCHO
Pseudopalmatine OCH,; OCH; OCH;, OCH;
Pseudojatrorrhizine OCH; OH OCH; OCH;
Pseudocoptisine OoCHO OCHO
Pseudoepiberberine OCH; OCH; OCHO
Pseudocolumbamine OH OCH, OCH;,; OCH;
Dehydrodiscretine OCH; OH OCH; OCH,;
Dehydrocoreximine OH OCH; OCH;,; OH
Thalifaurine OCH;, OH OCHO

Figure 1.3  Chemical structure of some important protoberberire alkaloids™

compounds at low concentration. The combinationaiseass spectrometry and gas or
liquid chromatography is a powerful technique fetettion of compounds in complex
matrix. Especially, the combination of high-perfamaee liquid chromatography and
multi-stage mass spectrometry (HPLC-WB being used increasingly pharmaceutical

research and for the quality control in herbal roie.
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1.2.4.1 Liquid Chromatography

Liquid chromatography is a fundamental sepamagoience in the field of life
science and related field of chemistry. Unlike gagomatography, which is unsuitable
for nonvolatile and thermally fragile moleculegjuid chromatography can separate a
very wide range of organic compounds, from smallenale metabolites to peptides
and protein$. There are several types of retention mechanispioiéed in analytical
chromatography such as adsorption, phase partiipnon exchange, size exclusion
(gel permeation), and biochemical affirifty

Recently, reversed-phase HPLC is the most widedg uschnique to separate and
analyze compound in complex mixture. The separati@chanism in reversed phase
chromatography depends on the hydrophobic bindmeraction between the solute
molecule in the mobile phase and the immobilisedriyhobic ligand such as ODS
(Octa Decyl Silyl (GgH37Si)) in the stationary phaséigure 1.4). Thus, the target
hydrophobic compounds will have strong interactigith solid phase and retained
longer than that of hydrophilic compounds. It mag bategorized base on the
adsorption and phase partitioning mechanism. Thst m@mmon columns are packed
with silica particles. The beads or particles geeerally characterized by particle and
pore size. Particle sizes generally range betvwaand 50 um. Larger particles will
generate less system pressure and smaller pantwllegenerate more pressure. The
smaller particles generally give higher separatefficiencies. Silica is the most
common particle material. However, the chemicaltabgity of silica in aqueous
solutions at high pH has limited its applicatiorev8ral techniques have developed to
improve the stability of solid phase and the effidy in separation using high purity of
silica and end capping technidtie

A medicinal plant typically contains a complex mirg¢ of hundreds or more
chemical compounds, e.g., alkaloids, glycosided, feavonoidé® For analysis of such
a complex mixture, analytical technique with straggparation capability is needed.
Silica gel with chemically attached octadecylsilargroups (C-18) is the most
frequently used adsorbent in reversed-phase HPLCherbal medicine analysis.
Adsorbents with other alkyl groups, such as C-8 @ad C-30, can also be found in
herbal products analysis. The longer the alkyl clagiached to the adsorbent, the higher

the retention of the components. In herbal anaglysisnpounds belong to the same

10
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structure class, including the isomers, often neede separated in a single run.
Therefore, to achieve sufficient resolution of gted, long analysis times are always
needed in the case of analysis of multiple strectsimilar compounds using

conventional HPLC columns. Shortening the analytsise can be achieved by

decreasing in the column size and the size ofdseraent particles, or increasing in the
eluant flow rate and temperature. However, theaisenaller columns, faster flow rates
or higher temperature may sacrifice the resolutasrtime. Recently, interest in use of

fast HPLC with 2 ¢ m particle size has increased because of the dimmateases in

speed of analysis without losing the resolution sesitivity.

o e X
S
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\ (:H3

Retention time ——>

Detector signal —
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Hydrophobic

(ODS: Octa Decyl Silyl, GH,,Si)

Figure 1.4 Retention mechanism in reversed-phase HPLC

1.2.4.2 Mass Spectrometry

The mass spectrometer is an instrument designeseparate gas phase ions
according to their m/z (mass to charge ratio) vallee mass analyzer uses electrical or
magnetic fields, or combination of both, to move tbns to a detector that produces a
signal which is amplified. Since the motion andasagion of ions is based on electrical
or magnetic fields, it is the mass to charge radiod not only the mass, which is of
importance, the analyzer is operated under higlhiwac so that the ions can travel to

the detector with a sufficient yieft

11
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There are several types of mass analyzers suchiabkupole (Q), ion trap (IT),
time-of-flight (TOF), sectors (B), Fourier transforion cyclotron resonance (FTICR)
and the combinations of them such as triple quadesp(QqQ), and Q(IT)-TOF. This

research focuses on using mass spectrometers wdthrupole, and IT-TOF MS.

1.2.4.2.(a) Quadrupole Mass Spectrometéf
The quadrupole is the most widely used analyzertdiis ease of use, mass range
covered, good linearity for quantitative work, regimn and quality of mass spectra,
and relatively accessible price.
The quadrupole is composed of two pairs of metatias (Figure 1.5. One set of
rod is at a positive electrical potential, and titeer one at a negative potential. A
positive ion entering the space between the rotddwidrawn towards a negative rod. If
the potential changes sign before it dischargesfits this rod, the ion will change
direction. The principle of the quadrupole wastfdsscribed by Paul and Steinwegen.
lon traveling along z axis are subjected to itifeuence of a total electric field
made up of a quadrupolar field superposed on tmstant field resulting from the
application of potential upon the rods:
@ =+ -V cosat) (1)
-@ =-(UU -V cosat) (2)
@ Potential applied to the rods

a = 2mv . angular frequency , where is the frequency of the RF field

U : Direct potential

V : Zero-to-peak amplitude of RF voltage

The ions accelerated along thexis enter the space between the quadrupole rods
and maintain their velocity along this axis. Howeubey are submitted to acceleration
alongx andy that result the forces induce by electric filed.

From the equation of motion,

d®x 0
F,=m e = —zea—io (3)
2
F, = m_((jjt Zy = —zeg—z) 4)

12
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@ is function of g,
Gryy =B —y*) 15 = (x* —y*)(U -V cosat) /17 (5)

Differentiating and rearranging the terms leadghi following equation of the

movement (Paul equation):

d?x 2ze

+ U -Vcosaut)x=0 6
dt? mroz( ) ©)
d’y 2ze
—+ U -Vcosat)y=0 7
e er2( )Y (7)

The trajectory of an ion will be stable if the valof x andy never reach, thus if it
never hit the rods. To obtain the value of eitker y during the time, these equations
need to be integrated. The following Mathieu edqurais applied.
d®u
dé?

u stand for eithex ory.

+(a, —2q, cos2é)u =0 (8)

th 2

¢ is defined as¢ =%t and thus & =

In the first term of the Paul equation (6) and (@placingt® by &2 introduces a

2
factor i. To compensate this factor, the whole equationtnies multiplied by

4 : . :
reverse;— . The following expressions were obtained.
7

8zelU

a-a =--a,=——— 9
u X y m 2r02 ( )
4z7eV
= =—q =—— 10
G ==, me’r{ (10)

For a given quadrupolep and « =2/ is maintained constant) and V are the
variables. For an ion of any masg andy can be determined during a time span as a
function of U andV. Stability areas can be represented inagn q,diagram. In these
areas the values &f andV are such that andy do not reach values above or equal to
ro. Figure 1.6 represents these stability areas. The upper pdhifigure represents

the stability areas along the x and y axis respelsti The overlay of these two diagrams

13
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is represented in the lower part of the figure. Témgons where the ion will have stable
trajectories according to both thendy axes are simultaneously identified.

From equation (9) and (10), the following equatians obtained.

2.2

U=a 1%0h (11)
"z 8e
2

By switching from onem/z to another results in a proportional multiplicatiof a,
and g,, which means changing the scale of drawingJinV coordinates; thus the

triangular area A will change from one mass to lentlike proportional triangles.

Figure 1.7represents in |, V diagram the areas A obtained with different masses

2r,

-(U-Vcos wt)

(U-Vcos wt)

Figure 1.5 Structure of quadrupole MS instrument**
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Qu 4 qQu

Stable along x
a, Stable along y

Figure 1.6 Stability areas for an ion alongx or y ( above) and along andy

(below)*.

u

The area A is used commonly in mass spectromeser

. gl
.....
L
______
R
A0 U

Figure 1.7 Stability areas as a function of) and V for ion with different mass*.

Multistage mass spectrometer can be achieved byctimebination of triple

quadrupole system. The first quadrupole is usestkect a first ion (precursor), which is
fragmented in the collision cell. This is typicalachieved in the collision cell by

accelerating the ions in the presence of a colligias (helium or argon). The energy of
the collision with the gas can be varied to allaffedent degrees of fragmentaion. The

resulting fragments are analysed by the secondrgpalk®, used either in selected ion

15
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monitoring (SIM) mode or in scan mode. Study of snggectral fragments can provide
structural information. When using a single quadtapinstrument, it is possible to
obtain fragmentation by using a technique calledsanrce CID. The fragmentation
takes place before the introduction of the ione thie optics of the mass spectrometer.
This technique is useful if there is no chromatpgie interference. With a triple quad
system, the first quadrupole acts as a separaguitel reducing the need for a perfect

chromatographic separation.

1.2.4.2.(b) lon Trap Mass Spectrometer (IT MSY

The principle of the trap is to store the ions irdevice consisting of a ring
electrode and two end cap electrodegire 1.8). The ions are stabilized in the trap by
applying a RF voltage on the ring electrode. Fokimam efficiency, the ions must be
focused near the centre where the trapping fietdsclbsest to the ideal and the least
distorted maximizing resolution and sensitivity.using the Mathieu equation to locate
areas where ions of given masses have a staldettygj, the equations are very similar
to the ones used for quadrupole. However, in tredgupole, ion motion resulting from
the potential applied to the rods occurs in two ehsions,x andy, the z motion
resulting from the kinetic energy of the ions wltleay enter the quadrupole field. In the
ion trap, the motion of the ions under the influerd the applied potentials occurs in

three dimensions, x, y and z. However, due to ftiadrical symmetryx® + y?) =r?,

it can also be expressed usig coordinates.

By ramping the RF voltage, or by applying suppletagnvoltages on the end cap
electrodes, or by combination of both, it is polestb:
« destabilize the ions, and eject them progresgivem the trap
» keep only one ion of a givem/z value in the trap, and then eject it to observe it
specifically
* or keep only one ion in the trap, fragment itilgucing vibrations, and observe the
fragments.
* repeat the last operation a few times to progrels fragment the ions. That is
MS/MS*

16
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Figure 1.8 Schematic view of ion trap mass spectrometer

1.2.4.2.(c) Time-of-Flight Mass Spectrometer (TOMS)**

In a TOF MS, Mass-to-charge ratio are determinedhbgsuring the time that ion
take to move through a field-free region betweangburce and the detector. Before it
leaves the source, an ion with massand total charge= ze is accelerated by a

potentialVs, its electric potential enerdyy is converted into kinetic enerdgy.

_mu®

E, 5 =qV, =zeV, = E, (13)
The velocity of the ion leaving the source is givstrearranging the above equation as
2 V 1/2
v =[ 2 j (14)
m

After initial acceleration, the ion travels in aasght line at constant velocity to the
detector. The timeneed to cover the distancéefore reaching the detector is

— (15)
v
Apply equation (14) to (15) and modify,

2
2=mf_L (16)
z\ 2eV,

Since the terms in parentheses being constavit, can be calculated from a
measurement df.
TOF MS analyzer has a wide mass range and can fyeaceurate in their mass
measurements.

In spite of the enormous analytical potential oé tombination of LC-(Q/IT)
TOF-MS, not much has been reported on the anadydisrbal medicin®&. This is may
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be mainly due to the still high costs of the tegwel and to the initial poor quantitative
capabilities of TOF instruments, which fall behioither more commonly used MS such
as quadrupole or triple quardrupoles mass analyzélswever, the use of

LC-(Q/IT)TOF-MS on herbal medicine analysis hagéased quickly in last two years,

which will, in the near future, revolutionized theld of herbal medicine analysis.

1.3 Objectives and Scope of This Study

The objective of this study is to develop a methém simultaneous
characterization and effective extraction of methticompounds fronC. fenestratum.
The simultaneous characterization of compoundsagedt on the technique of liquid
chromatography hybrid ion trap time-of-flight masgectrometry (LC/IT-TOF MS).
The effective extraction of protoberberine alkatofdom C. fenestratum was studied
using microwave-assisted extraction technique.

This study consisted of seven chapters in which ridationship among each
chapter is shown iRigure 1.9 The summary of each chapter is given as follows:

Chapter 1

The background and literature reviews included wiedl plants in LaosC.
fenestratum, extraction and characterization methods, andotjectives of this study
are introduced.

Chapter 2
The condition of extraction and separation ofdim@al compounds inC.
fenestratum using LC/MS were studied

Chapter 3
Simultaneous characterization of medicinal compsund. fenestratum by liquid
chromatography hybrid ion trap time-of-flight maspectrometry was studied.

Compunds were categorized to 7 groups and theracteizations were discussed.

Chapter 4

18
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Quantification of major alkaloids, variation of cpounds inC. fenestratum from
different areas of Laos, effect of plant size, anchparison with other protoberberine

containing plants were studied.

Chapter 5
Microwave-assisted extraction of protoberberinallkls, BER, Palmatine (PAL),
and jatrorrhizine (JAT) were studied using botlopen (at atmospheric pressure) and

closed vessel (under pressurized condition).
Chapter 6
The application of developed methods for extracteomd characterization of

medicinal compounds to other medicinal plants vastueied.

Chapter 7

The general conclusions of this study are presented

19
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CHAPTER 2

EXTRACTION AND SEPARATION OF COMPOUNDS IN
C. FENESTRATUM BY LIQUID CHROMATOGRAPHY MASS
SPECTROMETRY

2.1 Introduction

To date, several methods have been developed teuneethe principal component
of C. fenestratum, BER; these include methods based on thin-layeorncatography
(TLC) and high-performance liquid chromatography(f€)*> *° At least 15 chemical
compounds primarily quaternary and tertiary protoberberiakkaloids, have been
isolated previousf™?’. In herbal medicine, it has been generally acceptat the
efficacy of herbal medicines can be attributed e synergistic activity of various
major and minor compounds of the héfb§ Therefore, it is essential to develop a
method for simultaneous analysis of the compoumd€.ifenestratum in order to
understand better the pharmacological effect asdrenthe quality control of the herb.
Moreover, there are no studies on the online arsabfsoxoprotoberberine alkaloids by
LC/MS, which show various pharmacological effétf€ and occur in several important

medicinal plants such aSoptis japonica and Phellodendron amurense®® *°

which
widely used in Japanese and Chinese herbal mediginerder to simultaneously
analyze the compounds, it is necessary to invdstitigee condition for extraction and
separation of the compounds.

In this chapter, the optimum condition for sepamtiof compounds inC.
fenestratum and selection of solvent for extraction were iniggded. The effects of
solvent such as MeOH, EtOH, water, and sulfuricdacn the extraction ofC.

fenestratum were studied.
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2.2 Experimental

2.2.1 Materials

BER, PAL, JAT, methanol (LC/MS-grade), and formmda(HPLC-grade) were
purchased from Wako Pure Chemical Industries, Lidpan. BER, PAL, JAT, and
20-hydroxyecdyson stock solution were preparedviddally with methanol at the
concentration 15Qg/mL, 42ug/mL, 100ug/mL, and 11.4g/mL, respectively.

Six batches of samples were obtained from diffeptgtes in Vientiane province,
Vientiane capital, Saysomboun and Louangphabangimme as shown in thi$able

2.1 Batch 1 and batch 4 were identified by Dr. Keam&l Rasphone (Pharmaceutical
factory No 2, Laos). Batch 1 was used in this study

Table 2.1 Six batches of sample obtained from different area

Sample Obtained date Place

Batch 1 Aug-06 Vientiane province

Batch 2 Dec-07 Nasaythong district, Vientiane capital
Batch 3 Dec-07 Morning market, Vientiane capital
Batch 4 May-08 Thulakhom Disctrict, Vientiane provenc
Batch 5 Jun-06 Market in Louangphabang province
Batch 6 Dec-07 Saysomboun province
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2.2.2 Preparation and Extraction

The plants were ground by a blender (Wonder bledérl; Osaka Chemical Co.
Ltd., Japan) and sieved to obtain powder of partsize under 250 um. Extraction were
conducted using Soxhlet extraction, extraction atew bath, and extraction using 0.1 %
sulfuric acid aqueous solution. Soxhlet extractigmgure 2.1) was performed by
weighted 0.4 g of plant powder to extraction thienlaind extracted with 80 mL of
MeOH and EtOH in oil bath for 11 hours. In the extron in water bath, the plant
material 0.2 g were extracted with 40 mL of MeOHOH, and water at 60°C.
Extraction using 0.1 % sulfuric acid aqueous solutiwas conducted at room
temperature for 3 days. The extracted liquid wisréd with 0.45um membrane filter.
The filtrate was transferred into 1.5 ml vial foCIMS analysis and analyzed in

triplicate.

Figure 2.1 Soxhlet apparatus

2.2.3 Analysis

HPLC/PDA-ESI/MS analysis was done by Shimadzu LC/RELOEV system
(Figure 2.2). The LC system comprises a series of Shimadzmidence binary pump
(LC-20AB), on-line vacuum degasser (DGU-20A3), aatopler (SIL-20A), column
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oven (CTO-20A), photo diode-array detector (SPD-KMROThe separation was
performed on ZORBAX Eclipse XDB-C18 Column (150 mm2.1 mm, 3.5um)
(Agilent Technologies, Inc., USA). The mobile phasmsisted of 0.1% formic acid
agueous solution and methanol. The optimum comdftio analysis was investigated by
isocratic elution and gradient elution containingthanol from 20% to 70%. The
elution was performed at 0.2 mL/min with the samipjection 3 pL for qualification
and 1pL for quantification. The column temperatwes kept at 40°C. UV spectra were
scan from 200 to 470 nm. Peaks were simultanealetigrmined at 254 nm and 345
nm.

The mass spectrometer was fitted with electrospmaigation (ESI) interface. ESI
was operated using scan mode and performed onpusitive and negative ion in a
single run with 1.5 s for each event time. Therinmsental parameters were interface
voltage 5 kV (positive mode), -4.5 kV (negative rajddetector voltage 1.65 kV
(positive mode), 1.5 kV (negative mode); heat bldeknperature 200°C, Curved
Desolvation Line (CDL) temperature 250°C, nitrogmulizing gas 1.5 L/min and m/z
scan range 100-700. The chromatographic and masdr@metric analyses were

operated by LCMS solution Ver3.14 Software. Theitire of MS spectrometer was

shown inFigure 2.3

"||'|m‘mm&‘. - E

Figure 2.2 Photography of LC/MS system
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Figure 2.3 Structure of MS spectrometer>®

2.3 Results and Discussion

2.3.1 Optimum Conditions for Separation of Compounds inC. fenestratum.

The separation of compounds @ fenestratum was investigated on ZORBAX
Eclipse XDB C-18 column. The column was chosen his tmethod development
because of its capability to be used in wide rasfgeH with small tailing.

The optimum conditions were investigated using aasi conditions of mobile
phaseFigure 2.4 shows 4 representative results of investigatingmfmum condition.
The stem extract ofC. fenestratum in methanol was injected directly to
LC/PDA-ESI/MS without any further pre-treatment.

For isocratic mobile phase consisting of 70% Me@Hly one main peak was
obtained. This indicated that most of the compoundee not retained in the column
using this mobile phase condition. Reducing MeOHcemtration to 35%, only 4 peaks
were found. BER and PAL were not separated anddh®bined peak was observed at
retention time 7.5 min. Using gradient elution @néd 25-35% (0—-20 min), 35%
(20—40 min) and 25% (40-50 min) of methanol, JAERBand PAL were well
separated and 12 peaks were detected. However, samoe compounds which were
expected to be contained @ fenestratum were not detected. It may be due to the low
polarity of compounds that make them difficult te bluted. Optimizing the gradient
elution to 20-32% (0-20 min), 32-70% (20-35 min%/ (35—-40 min) and 25%
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(40-50 min) of methanol, more than 20 peaks indude&nor compounds were
observed. Therefore, this condition was considecete the optimum condition for
online analysis ofC. fenestratum. The total ion chromatogram (TIC) from mass
spectrometer using the optimum condition was shiowigure 2.5 The retention time,
maximum UV absorption wavelength and m/z of compisumwere summarized in
Table 2.2 Peak 4, 5, 7 and 8 exhibited four maximum alsmip at 220-240 nm,
260—-280 nm, 340-350 nm, and 410-430 nm. This stegéisat they were quaternary
protoberberine alkaloids. The retention times, UM anass spectra of peak 5, 7 and 8
are identical with those of JAT, BER, and PAL stamdcompounds. Consequently,
they were identified as JAT, BER and PAL. [M+Hind [M+Na] were observed for
compounds 10-20. The observation of [M+Nsggested that those compounds
have many electron pairs. This is because bindisgdaum ion with molecule requires
the availability of several electron pair in theleoule. Considering this fact and the
longer retention time, these compounds were sugdeti be molecule with low

polarity such as oxoprotoberberine alkaloids.

26



Chapter 2 Extraction and separation of compoundsin C. fenestratum by LC/MS

1] ® UV 254 nm
S 1.5 I
< Mobile phase B concentration (5.0~
Q ] g
S 1.0 I o
< 50.0 B
g - B
g 03] : ®
S 25.0 S
001 i
— T Tt T [ ‘v ‘T ‘T T [ ‘Tt T Tt T [ T T T T [ T T T 1 0.0
0 10 20 30 40 min
Retention time (min)
(B) Uv 254 nm [
=S ] i =
I 5.0 750 &
£ i )
S ] 3
R - D
> 500 §
Q 2'? Mobile phase B concentration F E
g S
C = A
) AM L/\A j25'0
0.01 ]
L e L S B EO B N N VO.O
0 10 20 30 40
Retention time (min)
°0 © UV 254 nm |
2 > BER -75.0
E 40 i s
g "7 -
X ] L =
< 3.0 F50.0 T
o 1 Mobile phase B concentration I g
g I w
- 726.0 3
L5 L B L L B B 0.0

0 10 20 30 40
Retention time (min)

Figure 2.4 UV chromatogram of stem extract ofC. fenestratum using different
mobile phase concentration. (A) 70% MeOH; (B) 35% MOH; (C)
25-35% MeOH; (D) 20-32-70% MeOH.
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Figure 2.5 Total ion chromatogram (TIC) of stem extract ofC. fenestratum using
20-32-70% MeOH as mobile phase
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Table 2.2 UV and mass spectrum of compounds i€. fenestratum

Peak . HPLC-ESI-MS
tg (Min) UV Amax (nm) Compound name
No [M]"[M+H] " [M+Na]*
1 5.2¢ 222, 28( 344 -
2 5.8¢4 269, 30: 34z -
2 9.14 221, 269, 30 35€ -
3 14.0¢ 206, 231, 264, 342, 4 352 -
4 1991 228,262, 342, 4: 32z -
5 21.2¢ 225,272,342, 4. 33¢ Jatrorrhizin
6 21.9¢ 240, 286, 33 33¢ -
7 23.3t 228, 264, 345, 4: 33¢ Berberin
8 25.3¢ 225,273, 342, 4: 352 Palmatin
9 25.87 238, 286, 33 352 -
10 27.7¢ 24¢ 481 502 -
11 28.41 292, 31 314 33€ -
12 31.01 202,283, 36 34z 364 -
13 32.7¢ 202, 222, 333, 3¢t 34C 364 -
14 33.5¢ 202,282, 36 35¢€ 37¢ -
15 34.80 202,222, 334, 3i 354 37¢€ -
16 35.71 204,282, 36 37C 39z -
17 36.4: 202,291, 317, 3¢ 34C 362 -
18 37.1¢ 205, 221, 333, 3¢ 36¢ 39C -
19 38.0¢ 206, 221, 342, 3 354 37¢ -
20 39.35 2083, 224, 342, 369 352 374 -

2.3.2 Selection of Solvent for the Extraction of @npounds inC. fenstratum

Figure 2.6 shows the chromatogram Gf fenestratum extract using each solvent
in water bath set at 60°C for 180 min (extractiosing 0.1% sulfuric acid was
conducted at room temperature for 3 days). Thereoissignificant different in the
number of peaks found with each solvent conditldowever, extraction using MeOH
gave the higher peak area of major compounds capasther solvent.

Table 2.3shows the BER and PAL extraction yield by Soxlebetraction for 8 h
using MeOH, EtOH, and extraction using 0.1% sutf@atid at room temperature. The
extraction yield of BER using MeOH as solvent aghie 25.81 mg/ g-dry material and
higher than extraction yield using EtOH (20.96 mdrfg material). Extraction using
sulfuric acid at room temperature gave low extmacitield compared to that of Soxhlet
extraction using MeOH and EtOH.

Figure 2.7 shows the summary of BER extraction yield by eaxinaction method.
MeOH gave the highest extraction yield comparedt®@H and water. This could be the
high dissociation of BER and PAL in MeOH ratherrthia EtOH and water.

29



Chapter 2 Extraction and separation of compoundsin C. fenestratum by LC/MS

4.0 uv254nm A T
g 1 BER ;75_0
] [ o
= ] i S
> ] i =
> 20 50.0
g Mobile phase B concentration i %
E 10 950 =2
: IAT BAL 25.0 5
0.04 i
L L L N B B B 0.0
0.0 5.0 10.0 15.0 20.0 25.0
Retention time (min)
2.5] UV 254 nm B) [
5 ] BER -75.0
2 20 i
S ] [ §
= 1.5 i =)
T -50.0 ©
2 ] i 3
g w I %
E o5 250 2
5 JAT PAL i S
o.o;J — :
T T T T T ' T T T T ' T T T T ' T T T T ' T T T T ' T T T T _O
0.0 5.0 10.0 15.0 20.0 25.0
Retention time (min)
2.57 L
] UV 254 nm ©) t
S 2.0 BER i
< 1 ~75.0
g i =
S 15' i &
X ] - ®
2 1.0] 0.0 3
% Mobile phase B concentration I %
£ 05 JAT PAL 50 =
s I T W 50 ¥
'0-5: — T T T [ Tt T T T | T T T T [ T T T T [ T T T T [ T T T T VO. 0
0.0 5.0 10.0 15.0 20.0 25.0

Retention time (min)

Figure 2.6 Chromatograms of stem extract ofC. fenestratum using each solvent.
(A) MeoH; (B) EtOH; (C) Water; (D) 0.1 % sulfuric acid.
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Table 2.3 Comparison of extraction yield using di#rent solvent

(%) goseud a|1qo N

BER extraction yield

PAL extraction yield

(mg/g-dry material) (mg/g-dry )
MeOH
(Soxhlet extraction) 25.81 1.04
EtOH
(Soxhlet extraction 20.96 0.77
0.1% Sulfuric acid 19.24 0.62

30 r
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B25C,72h

20

15

10

Berberine extraction yielc
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Figure 2.7 BER extraction yield by each extraction method
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2.4 Conclusions

The separation conditions of compound<€irfenestratum were investigated using
liquid chromatography mass spectrometry. The optimcondition for separation
compounds were studied on ZORBAX Eclipse XDB-C18uBm using 20-90% of
MeOH and 0.1% formic acid aqueous solution as thbila phase. More than 20 peaks
were found and successfully separated in the siract of C. fenestratum using three
step gradient condition of 20-32-70% MeOH. BER, JAIAL are the major
compounds irC. fenestratum. MeOH gave higher extraction yield than EtOH aratex

in the extraction using water bath and Soxhletaetion vessel.
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CHAPTER 3

SIMULTANEOUS CHARACTERIZATION OF MEDICINAL
COMPOUNDS IN C. FENESTRATUM BY LIQUID
CHROMATOGRAPY HYBRID ION TRAP TIME-OF-FLIGHT
MASS SPECTROMETRY

3.1 Introduction

The development of rapid and reliable methods fealitptive and quantitative
determination of compounds in herbal medicine hasoime a significant and
challenging issue. The combination of high-perfamo®a liquid chromatography and
multi-stage mass spectrometry (HPLC-WB being increasingly used pharmaceutical
research and for quality control in herbal mediclecause of its superior sensitivity
and selectivity® °>°* In these procedures, mass analyzers such asdiatirupole or
ion trap provide online mass information, whichuseful in identifying the eluted
components. However, both of these mass analya@rglp nominal mass values.

In contrast, time-of-flight mass spectrometry (TMIS) provides higher accuracy
and precision, which is remarkably efficacious e tidentification of unknown
compound$ >>°” The accurately measured mass values can be osedldulate
candidate empirical formulae. Mass values obtawe#d a mass error of less than 5
ppm can significantly reduce the number of possisiieictures of the separated
compounds. Accordingly, the combined use of iop W&" for determining structural
information and TOF MS for the obtaining accurataseymeasurement offers a more
powerful analytical approach for identifying thenstituents of herbal medicirfe¥

The objective of this study is to develop method the simultaneous
characterization of known and unknown compoundS.ifenestratum by using liquid

chromatography hybrid ion trap time-of-flight maggectrometry (LC/IT-TOF MS).
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3.2 Experimental

Figure 3.1 shows the procedure of measurement and analydigr Ahe
measurement, UV characteristic, molecular and feagmon with accurate mass of
each compound was analyzed. From the ion mass tt&tagchemical formulae were
calculated and they were used to propose the cléstitcture and the fragmentation
pathway. The compounds were identified or tentftiveentified by comparing with
the fragmentation pathway of standard compoundscangparing with those reported

in literatures.

3.2.1 Chemicals

BER, PAL, JAT, tetrahydroberberine (canadine), 20rbxyecdysone, methanol
(LC/MS-grade) and formic acid (LC/MS-grade) wererghased from Wako Pure
Chemical Industries, Ltd, Japan. Ultra-pure wates \produced by Milli-Q Advantage
system (Millipore Corp., USA). 8-Oxoberberine vegsithesized from BER chloride by
using a previously described proced€irén brief, BER chloride 50 mg was dissolved in
20% KOH aqueous solution. The solution was reflux¢d80°C for 6 hours. The
reaction mixture was extracted with & (3 x 15mL). The combined GBI, extracts
were dried, filtered, and evaporated to yield 8hmberine. Stock solutions of BER
(150 pg/ml), PAL (42 pg/ml), JAT (110ug/ml), tetrahydroberberine (4fg/ml), and
20-hydroxyecdysone (11.4ug/ml) were prepared in methanol. A solution of
8-oxoberberine was prepared by dissolving 2.5 mthefsynthesized crystals in 50 ml
of methanol. All the solutions were stored at 4AGhe refrigerator. Standard solutions

were prepared by diluting each stock solution ithaueol.

3.2.2 Sample Preparation and Extraction
Stems ofC. fenestratum (Batch 1) were obtained from Vientiane provincaps in

August 2006 and dried at room temperature.The plavere ground in a blender
(Wonder blender WB-1; Osaka Chemical, Japan), hadbbwder was sieved using a
60-mesh sieve to obtain a powder with particle &8s than 250 um. Extraction was
performed in a Soxhlet extraction vessel by ad@ifgg of plant powder to the extraction
thimble and extracting the powder using 100 ml raethh for 11 hours. The extracted
liquid was filtered using a 0.45m membrane filter, and the filtrate was used for
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LC/IT-TOF MS analysis.

3.2.3 LC/IT-TOF MS Analysis

LC/IT-TOF MS analyses were performed on an LC/ITFTRAS system (Shimadzu
Corp., Japan). The LC system consisted of a Shim&ominence binary pump
(LC-20AD), on-line vacuum degasser (DGU-20As), aatopler (SIL-20AC), column
oven (CTO-20AC), and a photo diode-array detec3®{-M20A). The separation was
carried out on a ZORBAX Eclipse XDB-C18 column (1&0n x 2.1 mm, 3.5um)
(Agilent technologies, Inc., USA). The mobile phasbich consisted of a 0.1% formic
acid aqueous solution (A) and methanol (B), was/eedd at a flow rate of 0.2 ml/min
by using the following gradient program: 20—32% f@)m 0—20 min, 32—70% (B) from
20-35 min, 70% (B) from 35-45 min and 20% (B) fr@s-55 min. The sample
injection volume was 2 pl. The column temperatuses vinaintained at 40°C. The UV
spectra were obtained by scanning the samples in the range of 200—470anoh the
peaks were simultaneously determined at 254 nm.

The IT-TOF mass spectrometer was fitted with arctedspray ionization (ESI)
interface as shown iRigure 3.2°. The LCMS-IT-TOF has been designed to maximize
sensitivity and selectivity by optimizing the ioramsport to the TOF analyzer and
redefining the capability of the quadrupole iorptrdhe ion trap is used to focus ions
before ejection into the TOF as well as supporiit®] analysis with effective precursor
ion selection capabilities (resolution > 1,000 &0D m/z). The detail information of the
structure of this IT-TOF mass spectrometer canobed in the report of Taniguchi and
Eizol°. This LCMS-IT-TOF incorporates a host of new temlbgies and enhancements,
including Compressed lon Injection (CIl) and Bditision Extraction (BIE). The CII
method makes it possible to control the accumulatioions before they are introduced
into the ion trap. Adopted for the LCMS-IT-TOFgitfectively couples the LC system to
the MS, dramatically increasing sensitivity. Thee ud BIE accelerates ions into the
TOF instantly, and combined with the Dual-Stagel€d#fon (DSR), achieves faster,
more stable, and higher resolution spéttra

ESI-MS' experiments were conducted in both positive arghtiee modes. The
following instrumental parameters were used: iagfvoltage, +4.5 kV (positive mode),
—-3.5 kV (negative mode); heat-block temperatur®;20 curved desolvation line (CDL)
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temperature, 200°C; flow rate of nebuliziggs (N), 1.5 L/min; and pressure of drying
gas (N), 100 KPa. Mass spectrometry was performed irfutiscan mode (M§ and
automatic multiple-stage fragmentation-scan mot#&*(MS") over annvz scan range
of 100700. In the automatic mode, all the ions were fastumulated in the
octopole, and then, they were rapidly pulsed irte tT for MS' analyses. The
resulting ions were introduced into the TOF instemtn for accurate mass
determination. The ion-accumulation time was set3t ms. The following
parameters for collision-induced dissociation (Cii®re chosen: CID energy, 30%;
collision-gas content, 50%Argon was used for CID. The TOF-detector voltafygs
the positive and negative modes were 1.60 kV an8i6 1kV, respectively.
Trifluoroacetic acid (TFA) sodium solution was used the standard sample for
calibrating the instrument. The chromatographic andss-spectrometric analyses,
including the prediction of chemical formulae weerformed by using LCMS solution
Ver3.41 software package (Shimadzu Corp., Japan).
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Figure 3.2 Structure of IT-TOF mass spectrometer
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3.3 Results and Discussion

3.3.1 Online Analysis of Standard Compounds

The online analysis of 6 standard compounds wdsrpeed by using LC/IT-TOF
MS under the optimum conditions described in thpe@rental section. As shown in
Table 3.1, quaternary protoberberine alkaloids such as BEA,, and JAT exhibited
maximum UV absorption at 4 wavelength ranges: 230—+2m, 260-280 nm, 340-350
nm, and 420-430 nm. 8-Oxoberberine exhibited maxiraly absorption at 254 nm, 313
nm, 341 nm, and 369 nm. In contrast, 20-hydroxyscdg exhibited maximum
absorption at a single wavelength, 249 nm. In pesimode, BER, PAL, and JAT
generated the molecular ion [MAnd the fragment ions [M «€H3]™, [M — *CHs; —*H]",
[M — «CH; — *H — COJ in MS* and [M — :CH; — *H — 2H] in MS.
Tetrahydroberberine generated the protonated melefdd + H]". [M + H]" was
observed to undergo the Retro-Diels-Alder (RDA)gfreentation reaction when CID
was applied in M% 20-Hydroxyecdysone produced [M +Hind the sodium adduct
ion [M + NaJ'. The cleavage of water molecules from 20-hydrostysone (M — nk, n
= 1-3) was also observed. In negative mode, JAdymed [M — 2H + HCOOH] and
20-hydroxyecdysone produced [M —Hand [M — H + HCOOH]. The molecular ion
and the fragment ions of BER, PAL, JAT, and 20-bygiecdysone were consistent with
those reported in previous studfe%" ®?

[M + H]" and [M + NaJ were observed in the mass spectra of 8-oxobearin
MS!. Figure 3.3shows the fragmentation ion from the precursordom/z 352.1169.
This ion produced the fragments [M + HGH3]™, [M + H —+CH3;—*H — COTJ, [M +
H — *CHs— H,O]" in MS%, [M + H — *CH;— *CHg]" in MS® , and [M + H —CHsz—
CH;— COJ" in MS', which were different from the corresponding i@fsBER and
tetrahydroberberine. Standard reference analysis pe&formed to establish the
principal fragmentation pathways of gquaternary @betberines,

tetrahydroprotoberberines, 8-oxoprotoberberines tha steroid compound.
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Table 3.1 Retention time ( &), UV (Amax) and MS data of standard compounds.

mi'z [identity]

Compound  tg (min) UV Amax

(+)ESI-MS (-) ESI-MS (+)ESI-MS' fragments
Jatrorrhizine  23.05 225, 274, 338.1390 [M] 382.1290 323.1137, 322.1052,
343, 427 [M—2H+HCOOH] 320.0893, 307.0815,
- 294.1122
Berberine 25.45 226,264, 336.1236 [M] 321.0971, 320.0896,
346, 426 318.0748, 292.0951
Palmatine 27.06 245,273, 352.1550 [M] 337.1293, 336.1228,
344, 425 334.1061, 320.0911,
308.1288, 292.0954
Tetrahydro- 21.76 285 340.1547 [M+H] 176.0712, 149.0593
berberine
20-Hydroxy- 29.30 249 503.2982 [M+Na]+  525.3061
ecdysone [M—H+HCOOHT

481.3164 [M+H] 479.2973 [M—H] 463.3050, 445.2931,
371.2195, 303.1997

463.3059 [M+H-HOJ"

445.2952 [M+H-2HO]"
427.2839 [M+H-3H0]"

8-Oxoberberine 41.19 224, 341, 374.0997 [M+Na]
369

352.1169 [M+H] 337.0947, 322.0696,
319.0821, 308.0927,
304.0615, 294.0757
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Figure 3.3 MS' mass spectra of 8-oxoberberine obtained by IT-TORA) MS?
spectrum of ion atm/z 352.1169; (B) MS spectrum of ion atm/z
337.0947; (C) M3 spectrum of ion atm/z 322.0696.
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3.3.2 Simultaneous Characterization of Compoundsdm the Stem Extract of C.
fenestratum

The stem extract o€C. fenestratum was injected directly into LC/IT-TOF MS
without any further pretreatme(figure 3.4andTable 3.2. A total of 32 peaks were
recorded, and the chemical structure of the comgewvas characterized on the basis
of the calculated accurate mass of the moleculas,ithe protonated molecule, the
fragment ions, the retention behavior, and the ttata the UV spectralable 3.2and
Table 3.3. The mass error of the measured value and trtbgped value was less than
5 ppm for MS and less than 10 ppm for most of the fragmeni8$A—MS’ analysis. The
empirical formulae obtained from the accurate masdges were compared to those in
literature to identify the known compounds. Theusate fragmentation data was used to
elucidate and identify the unknown compounds. Thaglly accurate mass values
were useful in reducing the number of candidatenite formulae and identifying the
compounds easily and rapidly. It can be concludhed mnost of these compounds are
quaternary alkaloids, 8-oxoprotoberberine alkaloidgahydroprotoberberine alkaloids,
along with a single steroid compoundable 3.2. Compounds 1 and 2 were
characterized as benzylisoquinoline alkaloids; commds 3, 4, and 5, as aporphine
alkaloids; compounds 6, 8, and 15, as tetrahydtopeoberine alkaloids; compounds 7, 9,
10, 11, 12, 13, 14, 16, 17, 18, 19, and 20 as mate protoberberine alkaloids;
compound 21 as a steroid compound; and compound¥225, 26, 27, 28, 29, 30, 31,
and 32 were characterized as 8-oxoprotoberberikaloads. Compound 22 was
tentatively identified as a benzyl tetrahydroisogline alkaloid.Figure 3.5-Figure 3.9
shows the representative of mass spectra and m@plsagmentation pathways of

protoberberine compounds.
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Figure 3.4 HPLC-PDA and total ion chromatogram of C. fenestratum (2 pl
injected). (A) Monitored at 254 nm; (B) total ion diromatogram in
positive mode; (C) total ion chromatogram in negatie mode.

42



Chapter 3 Smultaneous characterization of medicinal compoundsin C. fenestratum by LC/IT-TOF MS

Table 3.2 Retention time ( ), UV (Amax) and MS data of compounds from the stem extraaif C. fenestratum.

Peak Formula [M['or UV Amax

tg (min Measuredwz Predictedwz Error m * (=) ESlm/z [identi Proposed compounds
No R ( ) [M+H] + (nm) (ppm) [M+Na] =) [ ty] p p
1 3.20 [C1gH24NO3* 223, 275 314.1762 314.1756 191 - - Tembetarine derévativ
2 4.85 [CaoH26NO,]* 281 344.1846 344.1856 -291 - 388.1766[M—2H+HCOOH] Tembetarine
434.1812[M-2H+2HCOOH]
3 5.73 [CagH24NO,]* 217, 269, 342.1705 342.1700 1.46 - 386.1584[M—-2H+HCOOH] Magnoflorine
302
4 7.89 [CaoH24NO,]* 222,275 342.1686 342.1700 -4.09 - - N,N-demethyllindcarpine
5 9.71 [CoiH2eNO,] 221, 269, 356.1858 356.1856 0.56 - 354.1709[M—-2H], Menisperine
302 40C.1774[M—2H+HCOOH™
6 12.98 [CigHioNO#+H]" = 326.1388 326.1387 0.31 - - Tetrahydrothalifendine
7 13.52 * 231, 275, 354.1342 354.1336 1.69 - -
[CaoH2dNOd] 342, 412 13-Hydroxyjatrorrhizine
8 15.03 [CotHsNO, +H]F — 356.1852 356.1862 -2.81 - - Tetrahydropalmatine
9 15.37 [CagH1gNOG]* 231, 264, 352.1178 352.1179 -0.28 - - 13-Hydroxyberberine
342,411
10 16.60 [C1sH1NO,]* - 310.1074 310.1074 0.00 - - Demethylenethalifendine
11 17.82 [CigH1aNO,* 232, 275, 324.1227 324.1230 -0.93 - - Demethyleneberberine
342,411
12 18.80 [CoiH2NO - 368.1501 368.1492 2.44 - - 13-Hydroxypalmatine
13 20.31 [CigH1sNO,]* - 324.1227 324.1230 -0.93 - - Dehydrodiscretamine
14 21.60 [CigH16NO,]* 228, 262, 322.1068 322.1074 -1.86 - - Thalifendine
342, 426
15 21.78 [CaH:NO+H]T  — 340.1546 340.1543 0.88 - - Tetrahydroberberine
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23.05 [CagH20NO,]* 225, 272, 338.1389 338.1387 0.59 - 382.1285[M-2H+HCOOH] Jatrorrhizine
342, 426
23.72 [CaoH2NO,]* 240, 287, 338.1384 338.1387 -0.89 - - Pseudojatrorrhizine
310sh, 337
2541 [CaoH1sNO,]* 228, 264, 336.1229 336.1230 -0.30 - - Berberine
346, 426
27.07 [C2iHNO, 225, 273, 352.1544 352.1543 0.28 - - Palmatine
342,421
27.55 [CiHoNO,* 239, 287, 352.1547 352.1543 1.14 - - Pseudopalmatine
310sh, 337
29.31 [CoH 4, 07+H]* 249 481.3162 481.3160 0.42 503.297825 3056[M—H+HCOOH]  20-Hydroxyecdyson
29.93 [CigH1gNO,+H]" 292, 318 314.1374 314.1387 -4.14 336.12322.1239[M—HJ, 1, 3-Dioxolo [4,5]
3581295[M—H+HCOOH] iSOqUinOIine-?-OI' 5,6,78-
tetrahydro-6-
[(methoxyphenyl)methyl]
32.66 [CigH1gNOs +H]" 202, 283, 342.1331 342.1336 -1.46 364.1153 - 8-Oxodiscretamine
369
34.47 [CigHgNO+H]" 202, 222, 340.1173 340.1179 -1.76 362.1009 - 8-
333, 369 Oxodehydrodiscretamine
35.27 [CoHNO+H]" 202, 282, 356.1492 356.1492 0.00 378.1306 - 8-Oxoisocorypalmine
369
36.53 [CoHaNO+H]" 202, 222, 354.1324 354.1336 -3.39 376.1163 - 8-Oxojatrorrhizine
334, 370
37.46 [CoHNO+H]" 204, 282, 370.1648 370.1649 -0.27 392.1470 - 8-Oxotetrahydropaimat
369
38.16 [CigHisNO+H]" 202, 291, 340.1188 340.1179 2.65 362.1011 - 8-
317, 369 Oxotetrahydrothalifendine
38.89 [CxH,NO+H]" 205, 221, 368.1492 368.1492 0.00 390.1299 - 8-Oxopalmatine
333, 369
39.79 [CooH1gNOHH]" = 354.1332 354.1336 -1.13 376.1161 - 8-Oxotetrahydrobiedbe
39.96 [CigH1sNO+H]™ 206, 221, 338.1027 338.1023 1.18 360.0894 — 8-Oxothalifendine
342, 370
41.19 [CooH1NOg+H]* 203, 224, 352.1171 352.1179 -2.27 374.0997 - 8-Oxoberberine
341, 369
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Table 3.3 MS" data in positive mode of compounds observed fromhé stem

extract of C. fenestratum.

Peak N'HPLC/ESI-MS" m/z (% base pea

1

10

11

12

13

14

15

16

MS?314.1762]: 271.1322(32), 269.1142(100), 239.11%437.0890(18), 175.0767(39),
147.0758(15), 145.068)( 137.0559(18), 107.0496(23)

MS®[314.1762— 269.1144]: 175.0732(78), 145.0645(100), 137.06083(207.0493(64)

MS?[344.1846]: 312.1734(5), 301.1450(11), 299.1299(88Y.1203(8), 267.1000(19),
235.0793(17), 192.0999(177.0898(6), 175.0748(100), 151.0781(9),
143.0485(36), 137.0&B)(

MS®[344.1846— 175.0748]: 160.0481(38), 143.0490 (100)

MS?342.1705]: 311.1294(26), 299.1259(19), 297.1110(1R279.097(17), 265.0845(53)

MS[342.1705— 297.1113]: 282.0889(22), 265.0848(100), 237.098)1(207.0779(9)

MS[342.1705— 297.1113— 265.0877]: 250.0658(37), 237.0871(100), 207.07DR(B91.0825(91)

MS?[342.1686]: 297.1114 (100), 265.0842(56)

MS’[342.1686— 297.1112]: 265.0851 (100)

MS[342.1686— 297.1112— 265.0848]: 237.0900(100), 233.0613(37)

MS?356.1858]: 325.1408(14), 311.1282(100), 296.102%(293.1223(6), 279.1018(16), 237.0919(16)

MS?[ 356.1858— 311.1265]: 296.1037(100), 279.1029(18), 248.086®B7.0929(32)

MS’[ 356.1858— 311.1265-296.1038]: 281.0804(100), 250.1026(85), 248.0793(385.0791(63)

MS?326.1388]: 176.0706(100), 149.0597(32)

MS?[ 326.1388—176.0710]: 176.058(100), 149.056(100)

MS? 354.1342]: 339.1096(100), 338.1029(54), 310.18%y(

MS?[ 354.1342— 339.1092]: 338.1013(100), 324.084(8), 322.1064(31).1071(48)

MS[ 354.1342— 339.1092— 338.1013]: 336.0942(22), 323.0820(100), 320.08853(306.0824(32)

MS?[356.1852]: 192.1017(100), 177.0797(6)

MS®[356.1852— 192.1017]: 177.0797(100)

MS[356.1852— 192.1017— 177.0797]: 149.08 (100), 148.072(80)

MS?352.1178]: 337.0957(100), 336.0858(76), 308.092P(8

MS?[ 352.1178— 337.0957]: 336.0860(100), 334.0710(9.63), 308.083p

MS[352.1178— 337.0957— 336.0860]: 334.0707(100), 318.0741(47), 316.058}1(305.0598(5),

294.0741(7), 292.0584(6)

MS[310.1074]; 295.0818 (100)

MS?[310.1074— 295.0839]: 267.087 (100), 266.079 (12)

MS[310.1074— 295.0839— 267.087]: 250.084 (28), 238.0837(100)

MS[324.1227]: 309.0997(100), 308.0918(28), 280.098%(3

MS?[324.1227— 309.0997]: 308.0910(100), 294.0761(42), 280.0980(5

MS[324.1227— 309.0997— 308.0901]: 306.0751(100)

MS[368.1501]: 353.1239(100), 352.118(63), 324.127}(82

MS®[368.1501— 353.1254]: 352.1211[100], 324.1258(39)

MS’[ 368.1501— 353.1254— 352.1147]: 350.1015(100), 336.0865[93], 334.108p[3

MS[324.1227]: 309.0981(100)

MS?[324.1227— 309.0981]: 294.0738(100), 281.0997(35), 280.08Z2(1), 266.0794(19)

MS[324.1227— 309.0981> 294.0738]: 266.0791(100), 238.0843(18)

MS’[322.1068]: 307.0836(100)

MS?[322.1068— 307.0836]: 292.0583(6), 279.0881(100), 278.082)1(381.0922(8), 250.0871(7)

MS[322.1068— 307.0836— 279.0881]: 278.0813(100), 263.0615(7), 250.087),(385.0758(15)

MS’[340.1546]: 176.0706(100), 149.0597(5)

MS®[340.1546— 176.0706]: 149.0614(100)

MS’[338.1389]: 323.1141(100), 322.1077(56), 306.1091484.1125(69)

MS®[338.1389— 323.1141]: 322.1074(42), 320.0903(43), 307.082@)1294.1133(63), 279.0919(19)

MS[338.1389— 323.1141> 322.1074]: 321.1066(25), 320.0902(30), 307.0848(10
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MS[338.1384]: 338.1375(19), 323.1153(100), 322.10),5194.1135(12)

MS?[338.1384— 323.1153]: 323.1152(22), 320.0903(5.48), 308.09PB(307.0819(81), 295.1204(100),
£9122(82), 279.0888(89.59), 278.0989(10), 251.0B)1®50.0845(8)

MS[338.1384— 323.1153— 295.1204]: 294.113(100), 279.0898(50), 278.089(28%.1108(6),

251.0924(11), 250.085(33)

MS[336.1229]: 321.0987(100), 320.0918(69), 292.0969(9

MS?[336.1229~ 321.0987]: 320.0895(100), 318.076(50.89), 2920064)

MS[336.1229~ 321.0987— 320.0895]: 318.0757(100)

MS[352.1544]: 352.1527(92), 337.1305(100), 336.1233(7), 320.1259(6), 308.1291(84)

MS?[352.1544~ 337.1305]: 337.1278(36), 334.10536(55), 321.098))(320.0922(100),
30888(71), 292.0976(20)

MS[352.1544— 337.1305— 320.0922]: 318.0755(100), 290.0819(6)

MS352.1547]: 337.1275(30), 336.1217(100), 308.12IP(3

MS?[352.1547— 336.1217]: 334.1068(21), 320.0922(100), 292.093)7(8

MS[352.1547— 336.1217— 320.0922]: 318.0759(100), 305.0657(32), 292.097)4(290.0842(29),

274.0860(18), 262.0818(11)

MS[481.3162]: 445.2954(100), 371.2202(86), 303.180P(2

MS®[481.3162— 445.2954]: 427.2855(77), 409.2824(15), 371.221Q)1803.1982(10), 301.1771(10)

MS[314.1374]: 177.0556(100), 145.0277(15)

MS®[314.1374— 177.0556]: 145.0276(100), 117.0322(5)

MS[314.1374— 177.0556— 145.0276]: 117.0319(100)

MS[342.1331]: 327.1092(100), 326.1032(16), 312.0862,(310.1058(8), 178.0874 (31)

MS?[342.1331— 327.1092]: 326.1012(27), 312.0876 (27), 310.1(8),(308.0923(55), 296.0949(11),
810867(100), 176.0680(8)

MS[342.1331— 327.1092— 178.0867]: 163.0607 (100)

MS[340.1173]: 325.0951(100)

MS?[340.1173— 325.0951]: 310.0690(100)

MS[340.1173— 325.0951>310.069]: 295.0475(100), 282.0743(41), 267.0524(21)

MS[356.1492]: 341.1260(61), 340.1204(10), 326.1008(308.0942(5), 178.0873(28), 176.0702(100)

MS?[356.1492— 176.0702]: 161.0467(100), 133.0534(26),

MS[356.1492— 176.0702— 161.0467]: 133.0524(100)

MS[354.1324]: 339.1099(100), 324.0868(12), 310.11P6(5

MS?[354.1324— 339.1099]: 324.0861(100), 321.0912(6), 310.105D(33

MS[354.1324— 339.1099—324.0861]: 309.0591(17), 296.0916(100), 281.0646(18

MS[370.1648]: 355.1396(45), 354.1353(16), 340.118),(334.1191(11), 192.1005(31), 190.0868(100)

MS®[370.1648— 190.0868]: 175.0622(96), 174.0533(79), 146.059(100

MS[370.1648— 190.0868— 175.0622]: 174.0593(100)

MS’[340.1188]: 325.0931(100), 324.0844(12), 310.07R1(76.0701(34),

MS?[340.1188~ 325.0931]: 324.0856(26), 310.0694(26), 306.076)1(235.0818(12), 176.0706(100),
10674(6), 174.053(6)

MS[340.1188~ 325.0931> 176.0706]: 174.0593(33), 149.0582(100)

MS[368.1492]: 353.1258(100), 338.1034(11)

MS?[368.1492— 353.1258]: 338.1028(100), 324.1214(29.51)

MS[368.1492— 353.1258— 338.1028]: 322.0704(6), 310.1064(100), 294.0748(9)

MS[354.1332]: 339.1086(39), 338.1059(11), 324.085%(380.1092(5), 176.0718(35), 174.0559(100)

MS?[354.1332— 176.0706]: 174.0517(100), 118.0650(26), 116.0588(1

MS[338.1027]: 323.0784(100)

MS?[338.1027— 323.0784]: 308.0548 (100)

MS[338.1027— 323.0784— 308.0548]: 280.0599(100), 252.0628(12)

MS[352.1171]: 337.0951(100), 322.0715(7)

MS®[352.1171— 337.0951]: 322.071(100), 319.0841(11), 308.0908(33

MS[352.1171— 337.0951— 322.0710]: 304.0605(6), 294.0764(100), 276.0678(8)
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Figure 3.5 Mass spectra and proposed fragmentation pathway dferberine
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Figure 3.7 Mass spectra and proposed fragmentation pathway détrahydroberberine

49



Chapter 3 Smultaneous characterization of medicinal compoundsin C. fenestratum by LC/IT-TOF MS

!nten. (x10, 000, 000)

352.1171 i

o 5] MSt [M+H] * 4] Calculation
5 <

1 N.

| 0 |
OOy, | 3740997 | 352117

200 250 300 350 m/z

!nten. (x1, 000, 000)

1 2 337.0951

1LMS [M+H - CH ]
2.5]
00— 3220715

200 250 300 350 m/z

Inten. (x1, 000, 000)
25| MS? | [M+H --CH,- +CH #2710

1 [M+H --CH_,--H-CO]* 308.090

1 319.0841
oo————--——

200 250 300 350 m/z

Inten. (x1, 000, 000)
2.0| Ms? 294.0764
10 [M+H =CH,- -CH,-CQO]J*

1 276.0678
o.0}b——7—r7+r-¢v ¥+ - —4>——"" e

200 250 300 350 m/z ’ 294.0761

(0]

Figure 3.8 Mass spectra and proposed fragmentation pathway @&-oxoberberine
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3.3.2.1 Quaternary Protoberberine Alkaloids
3.3.2.1.(a) Quaternary Protoberberine Alkaloids wih Methoxy Groups at C-9
and C-10

Compounds 7, 9, 11, 16, 18, and 19 exhibited maxirabsorption at 4 wavelength
ranges, namely, 220-240 nm, 260-280 nm, 340-350 amd, 410-430 nm, which
suggested that they are quaternary protoberberlkalo@ls™. Due to the low
concentration of compound 12, the UV absorptiothaf compound could not be clearly
monitored. However, it was characterized as a qouartg protoberberine compound from
the fragmentation datd @ble 3.3. The fragment ions of BER, PAL, JAT#ble 3.2
produced [M —CHs]", [M — *CHs— *H]*, [M = *CH3—*H — COJ'in MS? and [M —
‘CH;— *H — 2HJ in MS®. The fragmentation pathways of these 3 compounels a
proposed irScheme 1 (A) Thesdragmentation data indicated that the 3 alkaloads |
a methyl radical in M3and then produced fragment A after the loss oftretom and
the ring-closure reactions in MSSince the formation of such methylenedioxy group
occurs only when 2 methoxy groups are vicinal tcheather, fragment A can be used
as a diagnostic i0A Although the exact position of methoxy groups retrbe fully
elucidated by MSanalysis, methoxy groups are rarely found at ostother than
C-2, C-3, C-9, C-10, and C-¥1 The methoxy groups at C-9 and C-11 can be
distinguished on the basis of differences in thBiradsorption characteristits The
retention times and the UV and mass spectraoofipounds 16, 18, and 19 were
identical to those of the standard compounds JAERBand PAL. Consequently,
compounds 16, 18, and 19 were identified as JATRBEBnd PAL, respectively.
Compounds 7, 9, 11, and 12 followed the above rapat fragmentation pathways,
which indicated that they have 2 methoxy group€& and C-10. The mass of the
[M] ™ ions of compounds 7, 9, and 12 were 16 Da (O)drigiian the mass of the [M]
ions of JAT, BER, and PAL. These results suggest these 3 compounds could be
derivatives of JAT, BER, and PAL with an additiomsidroxy group. In addition, the
loss of water molecule from these compouridsMS* was also observed. The
additional hydroxy groups was hypothesized to beth&t C-13 position. This
inference is based on the reasoning that the presehthehydroxy group at C-5
would reduce the possibility of the formation cidment A, while the presence of the

hydroxy group at any other position could affea fbrmation of the fragment iori&
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Thus, compounds 7, 9, and 12 were tentatively ifiethtas 13-hydroxyjatrorrhizine,
13-hydroxyberberine, and 13-hydroxypalmatine, respely. The lower elution times
of compounds 7, 9, and 12 suggested that theseatordp were more polar than JAT,
BER, and PAL, and supported our hypothesis. Thesrofishe [M] ion of compound
11 was 14 Da (C}) lower than the mass of the [Mipn of BER; moreover, compound
11 generated fragment A, indicating the presencmtthoxy groups at C-9 and C-10.

Therefore, compound 11 was identified as demetlejlerberine.

3.3.2.1.(b) Quaternary Protoberberine Alkaloids wih Single Hydroxy Groups at
C-9 or C-10

Compound 14 was characterized as quaternary prietdee alkaloid, because it
showed maximum UV absorption at 4 wavelength rangiesilar to that observed in
case of BER. However, its fragmentation pathway massimilar to the pathway of the
guaternary alkaloids with 2 methoxy groups at il €-10. Compounds 10, 13, and
14 produced [M =CHg] " in MS?, [M — +CHz— COJ", [M — *CHs;— CO —H]*, and [M
— +CHsz— *CHg]"in MS®. The generation of a single ion in M®dicated that the [M —
-CH3] " ion was highly stable. In addition, fragment A wast observed among the
fragment ions of these compounds. Thus, these congsowere considered to be
quaternary protoberberine alkaloids with a singl@rbxy group at C-9 or C-10.
Compound 14 generated an [Mpn atm/z 322.1068, suggesting that it is thalifendine
or its derivative, berberrubine. To characterize thifferences in the behaviors of
thalifendine and berberrubine, berberrubine wasthggized by using the method
described by Y. Qiet al. ®. The synthesized dark-red powder was dissolveakithanol
(50 pg/ml) and analyzed using the same procedune. @erberrubine peak was the
biggest peak (86% of total peak area; 345 nm) \wittetention time of 25.34 min,
which was close to the BER peak. The [Min atnvz 322.1074 was observed as a base
peak in the full-scan mode (MSand atm/z 307.0852 in M& In addition, a small peak
(0.2% of total peak area) for an [Matnmvz 322.1073 with a retention time of 21.64 min
was observed, which was identical to the retentiore of compound 14. The small
peak was considered to be thalifendine producedkgproduct from the reaction. Thus,
compound 14 was identified as thalifendhé&he [M]" ion of compound 10 haavz
value of 310.1074, which was 14 Da (§Hower than that of demethyleneberberine.
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Compound 10 followed a primary fragment pathwidmat was similar to that of
thalifendine. Therefore, compound 10 was identiesddemethylenethalifendine or
demethyleneberberrubine. Both demethylenethalifendine and
demethyleneberberrubine are novel natural prodheatshave been reported for the first
time in thisstudy. The molecular weight of compound 13 was A2}) higher than
that of thalifendine. These findings indicated tbampound 13 had a methoxy and
a hydroxy group at C-2 or C-3 and C-9 or C-10. Theref compound 13 was
identified as dehydrodiscretamine or iterivative, e.g., jatrorrhizubine or
stepharanine. The proposed fragmentation pathways thee quaternary
protoberberines with OH groups at C-9 or C-10 A inScheme 1(B)

3.3.2.1.(c) Quaternary Protoberberine Alkaloids wtih Methoxy Groups at C-10
and C-11

The peaks for compounds 17 and 20 appeared clod®ose of JAT and PAL,
respectively. Their [M] ions Wz 338.1384 and 352.1547) were identical to those of
JAT and PAL. However, their UV spectra exhibitecosg maximum absorption at
287 nm and shoulder at 310 nm, which is signifigadtfferent from the spectra of
guaternary protoberberinegith 2 methoxy groups at C-9 and C-Igure 3.10.
This spectrum is considered to be the characteristi pseudoprotoberberine
compounds with a methoxy group at C-11 instead-8fCTherefore, compound 17
was proposed to b@seudojatrorrhizine and compound 20 was proposedeto
pseudopalmatine. Their fragment ions are simildhtse of quaternary protoberberines
with 2 methoxy groups at C-9 and C-10. Howeverrgheere some differences; for
example, PAL and pseudopalmatine showed differeamebpeaks in MS and
pseudojatrorrhizine generated an iomét 295.1204 in M& which was not observed in
case of jatrorrhizineT@ble 3.3. There are very few reports of online analysis of
pseudoprotoberberine in the literafifre
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Figure 3.10 Comparison of UV adsorption characteristic of jatrarhizine and

pseudojatrorrhizine. (A) Jatrorrhizine;(B) Pseudojatrorrhizine
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354.13(7; Ry=CH,, R;=OH) 339.10 (7; R=CHj,, Ry=OH) 338.10 (7; R=CHj,, Ry=OH) 336.08 (7; R=CH,, Ry=OH)
352.11(9; R-R,=CH,, R;=OH) 337.09 (9; R-R,=CH,, R;=OH)  336.08 (9; R;-R,=CH,, R;=OH)  334.06 (9; R;-R,=CH,, R;=OH)
324.12(11; R=R,=OH, Ry=H) 309.09 (11; R=R,=OH, R=H)  308.09 (11; R=R,=OH, R=H) 306.07 (11; R=R,=OH, R;=H)

368.15(12; R=R,=CH,, Ry=OH)  353.12 (12; R=R,=CH,, R;=OH) 352.11 (12; R=R,=CH,, R;=OH)  350.00 (12; R=R,=CH,, R;=OH
338.13(16; R=CH,, R2=R=H)  323.11 (16; R=CH,, R2=R=H)  322.10 (16; R=CH,, R2=R=H)  320.08 (16; R=CH,, R2=R=H)
336.12(18; R-R,=CH,, Ry=H) 321.09 (18; R-R,=CH,, R=H)  320.08 (18; R-R,=CH,, Rs=H) 318.07 (18; R-R,=CH,, Ry=H)

352.15(19; R=R,=CH,, R=H) 337.13 (19; R=R,=CH,, R=H)  336.12 (19; R=R,=CH,, R=H)  334.10 (19; R=R,=CH,, R;=H)

MS? -H,0 | Ms*

o
310.10 (7; R=CH,, R;=0OH) 320.08 (7; R=CH,, Ry=H)
308.09 (9; Ri-R,=CH,, R;=OH)  318.07 (9; R;-R,=CH),)
280.09 (11; R=R,=OH, R;=H)

324.12 (12; R=R,=CH,, R;=OH) 334.10 (12; R=R,=CH,)
294.11 (16; R=CH,, R2=R=H)

292.09 (18; R-R,=CH,, Ry=H)

308.12 (19; R=R,=CH,, R;=H)

Scheme 1 Proposed fragmentation pathways of quataary protoberberine alkaloids. (A) Compounds with 2 methoxy groups at
C-9 and C-10; (B) Compounds with one hydroxy grou@t C-9 or C-10.
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295.08(10; Ri=R,=H)
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Scheme IContinued).
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3.3.2.2 Tetrahydroprotoberberine Alkaloids

Compounds 6, 8, and 15 generated protonated mekedqiM + HJ) in the
full-scan mode. The retention time, [M +'Hhnd the fragments of compound h5Z
340.1546) were identical to those of tetrahydroben®, which underwent the
Retro-Diels-Alder (RDA) fragmentation reaction tooguce an iminium ion atn/z
176.0706. Therefore, compound 15 was identifiederahydroberberifé In case of
compound 8, the mass of the [M +lin atnvz 356.1852 and the fragment ionnafz
192.1017 were 16 Da (GHhigher than the corresponding mass of tetrahyattmyine,
and these mass matched with the corresponding ofastrahydropalmatine, which
has been previously reported@nfenestratum™. Therefore, compound 8 was identified
as tetrahydropalmatine. The mass of the [M ¥iét} of compound 6 was 14 QI&H,)
lower than the mass of thg + H]" ion of tetrahydroberberine. Compound 6
generated fragment ions @tz 176.0706 anan/z 149.0597, which werglentical to
the fragment ions of tetrahydroberberine, sugggdtiat it contains a methylenedioxy
group at C-2 and C-3. Thereforewiais tentatively identified as tetrahydrothaliferalin
or tetrahydroberberrubine. The fragmentation pagtswaf tetrahydroprotoberberine

are proposed iBcheme 2

ol e eMEETN oS
H
RIO N M82 R]O /T_\*_IH RIO > -H
S
OR,

326.13(6; Ri-R,=CH,, R;=CHs, Ry=H)  176.07(6; Ri-R,=CH,)

356.18(8; Ri=R,=Rs= R;=CHj) 192.10(8; R=R,=CH,) 177.07(8; Ri=CHy)
340.15(15; R-R,=CH,, Ri= R;=CHs)  176.07(15; R-R,=CH))
| ms? J MS2
GIL <
o
o y NH
149.06 (6) 149.08 (8)
149.06 (15)

Scheme 2 Proposed fragmentation pathways of tetrahydroprotolerberines.
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3.3.2.3 8-Oxoprotoberberine Alkaloids
3.3.2.3.(a) 8-Oxodihydroprotoberberine Alkaloids

Compounds 24, 26, 29, 31, and 32 have similar Ubgdiion characteristics, with
maximum absorption at wavelength ranges of 200+205220-230 nm, 330-345 nm,
and 365-370 nm. Compound 32 generated an [M*id#] atnvz 352.1171 (molecular
formula, GoH17NOs), and the fragments of this compound were idehtizghose of
8-oxoberberine. Therefore, compouB@ was identified as 8-oxoberberifeThe
fragmentation patterns of compound 247 340.1173), 26nVz, 354.1324), 29r{Vz,
368.1492), and 31n{z 338.1027) were similar to that of 8-oxoberberifithese
findings indicated that the compounds 24, 26, 29nd a3l are
8-oxodihydroprotoberberine alkaloids. Compoundsa@@ 29 generated [M+HEH;]
*and [M + H —=CHz;—*H — COJ in MS*, [M + H —+CHz— *CHg]" in MS® , and [M +
H — *CH; — *CH; — COT in MS*. The m/z values of the [M + H] ion and the
corresponding fragment ions of compound 26 and @@\ Da (2H) and 16 Da (GH
higher than the corresponding values for 8-oxolr@rbe Therefore, compound 29 was
identified as 8-oxopalmatif® and compound 26 was tentatively characterized as
8-oxojatrorrhizine or 8-oxodihydrocolumbamine (diént positions of methoxy and
hydroxy group aCC-2 and C-3). Compound 26 was considered to bevalntural
product. The oxodihydroprotoberberines with methaxypups at C-9 and C-10
showed loss of water molecule in KISThe fragments of compounds 2#v%
340.1173) and 31n§z 338.1027) showed only [M + H «CHs]~ions atm/z 325.0951
and m/z 323.0784, respectively, in MSThese fragments were observed to be stable
and were difficult to fragment further, indicatitizat they have only 1 methoxy group
at C-9 or C-10. The molecular weight of compound\@s 14 Da (Ck) lower than that
of 8-oxoberberine. Therefore, compound 31 was teelg identified as
8-oxothalifendine. The molecular weight of compowiwas 2 Da (2H) lower than
that of compound 31. Therefore, it was tentativelidentified as
8-oxodehydrodiscretamine or a derivative of 8-oxodiodiscretamine with a
methoxy group at C-9 or C-10 and another one ato€@2-3. [M + Na] was generated
by all the 8-oxoprotoberberinesTable 3.2. The fragmentation pathways of
8-oxodihydroprotoberberine are propose&aheme 3 (A)
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3.3.2.3.(b) 8-Oxotetrahydroprotoberberine Alkaloids

Compounds 23, 25, 27, 28, and 30 showed similgnientation patterns. The
fragment ions at/z 176.07, 178.08, and 192.10, which were iminiumsiamth
methylenedioxy groups, methoxy and hydroxy growgrs] dimethoxy groups at C-2
and C-3, suggested the possibility of ring cleavlige the protoberberine skeleton.
The fragmentation patterns of these compounds w&railar to those of
tetrahydroprotoberberine compounds, but [M + HCH3]™, [M + H —+CHz— *CH3]",
and [M + H —CHz— -H]" were also observed. The formation of these additimns
could be attributed to the effect of the oxygenmatattached at C-8, which made
cleavage more difficult than that in case of tegchbprotoberberine. Therefore,
compounds 23, 25, 27, 28, and 30 were considerbd &oxotetrahydroprotoberberine
alkaloids. The iminium ions of compounds 28 andg@derated ions atVz 176.0706
andm/z 176.0718, suggesting that they had methylenedyoayps at C-2 and C-3. The
[M + H]" ions of compounds 28 and 30, which were obserntedva 340.1188
(CigH17NOs) and m/z 354.1332 (CyoHioNOs) were identical to those of
8-oxotetrahydrothalifendine and 8-oxotetrahydroberte (8-oxocanadine), which have
been previously isolated frof. fenestratum %> 26 Compounds 23 and 25 magssess
hydroxy group and methoxy group at C-2 or C-3 du¢hkir iminium ions, which
were observed atV/z 178.0874 andn/z 178.0873. In case abmpound 25the[M +
H]* ion observed atmyz 356.1492 was identical to the [M + HJion of
8-oxoisocorypalmine, which has been reporte@€.idenestratum [15]. Compound 23
was characterized as 8-oxodiscretamine or a derevaf 8-oxodiscretamine with a
methoxy group at C-9 or C-10. There are no repafr&oxodiscretamine alkaloids in
literature. Therefore, compound 23 is considereldeta new compound. Compound 27
(C21H23NOs) was identified as 8-oxotetrahydropalmatine. Theppsed fragmentation

pathways of 8-oxotetrahydroprotoberberines are samaed inScheme 3 (B)
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340.11(24; R=Ry;=CH,, R,=R,=H)
354.13(26; R=Ry;=R,=CHj, R,=H)
368.14(29; R=R,=R;=R,=CH,)
338.10(31; R-R,=CH,, R;=CH,, R,=H)
352.11(32; R-R,=CH,, R=R,=CH,)
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ne
R,0

F
(26,29, 32) ’

(1))

OH

310.07 (24)
324.08(26; R=, R,=H)
338.10(29; R=R,=CHy)
308.05 (31)
322.07(32; R-R,=CHy)

325.09(24; R=CH;, R=R,=H)
339.11(26; R=R,=CHs, R=H)
353.12(29; R=R,=R,=CH},)
323.08(31; R-R,=CH,, R;=H)
337.09(32; R-R,=CH,, R;=CHy)

-H,0 -0
-CO

2 Ms?
MS~- S

310.10(26; R=R4=CHs, R,=H)
324.12(29; R=R,=R,;=CH;, Ry=H)
308.09(32; R-R;=CH,, R;=CHy)

321.10(26; R=R,=CHj, R,=H)
335.11(29; Ri=R;=R;=CH;, Ry=H)
319.08(32; R-R,;=CH,, R=CHy)

O

282.07 (24)
296.09(26; R=, R,=H)
310.10(29; R=R,=CHy)

280.05 (31)
294.07(32; R-R,=CH,)

Scheme 3 Proposed fragmentation pathways of 8-oxapoberberines. (A) 8-oxodihydroprotoberberines;

(B) 8-oxotetrahydroprotoberberines.
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Scheme 3Continued).
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3.3.2.4 Aporphine Alkaloids, Benzylisoquinoline Ataloids, and a Steroid
Compound

Aporphine alkaloids and steroid compounds have baggested to be presenn
fenestratum. However, onlyN,N-demethyllindcarpine (MW 341), which is an aporghin
alkaloid, has been actually reported in literétireand there are no reports of
identification of steroid compounds. As shownTable 3.3 compounds 3, 4, 5 showed
molecular ions atm/z 342.1075,m/z 342.1686, andwz 356.1858 and generated
fragment ions [M — (Ch)2NH]" and [M — (CH):NH — CHy]",and [M — (CH),NH —
CHsOH]" in MS% These findings are considered to be a charaiteds aphorphine
alkaloids. The UV absorption spectra and the maggrfents of compound 3 and 5 were
similar to those of magnoflorine and menispefindhus, compounds 3 and 5 were
tentatively identified as magnoflorine and menisper respectively. Compound 4
generated [M]ions and fragments similar to those of magnofarindicating that it is a
derivative of magnoflorine, namel{y,N-demethyllindcarpine. Therefore, compound 4
was identified ad\,N-demethyllindcarpine, which has been previouslyortgal in C.
fenestratum. The fragmentation pathways of aporphine alkalo@s proposed in
Scheme 4

Compound 2 produced [M]ons atm/z 344.1846 in M$and the fragment ion [M —
(CH3),NH]" as a major peak in MSThe formation of fragment ions at'z 175.0748,
m/z 151.0781, andn/z 143.0485 suggested a split in the skeleton strecttompound
2 is considered to be a benzylisoquinoline alkal@ide UV and mass spectra of this
compound are similar to those of tembeta¥in€herefore, it was tentatively identified
as tembetarine. The [Mjon and principal fragments of compound 1 werdaJCHO)
lower than that of tembetarine. It was consideceld a derivative of compound 2. The
fragmentation pathways of benzylisoquinoline aliddare proposed ficheme 5

The retention time, UV spectra, and fragmentatiatigon of compound 21 were
identical to those of 20-hydroxyecdyson€aljle 3.2, which lost up to 3 water
molecules in M& Accordingly, compound 20 was identified as 20+bygecdysone.

The fragmentation pathway is propose&aheme 6
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e ) 0 e
- CHN R,0 ‘ -CH;0H R o ‘ o ‘ -CO g
=7 Ro _— N 0.
W e T e
R3O0 0

342.2(3;R=H, R=H, R;=CH,) 297.11 (3) 265.08 (3, 4) 237.09 (3, 4)
342.2 (4;R=H, R,=CHj, Rs=H) 297.11 (4)
356.2(5;R;=CHs, R=H, Ry=CHs)  311.12 (4)

CH;NH \MSZ -CH3OHJ MS? \CH3 - CH,0 \ MmS?

+ —0. 0. e o +
CioH1304-R O ‘ - CHs O O
: : e
311.12 (3) Q ‘ HO ‘ HO ‘
325.14 (5) Y O B O ’
282.08 (3) 207.07 (3)

279.06 (5) 296.10 (5) 281.08 (5)

Scheme 4 Proposed fragmentation pathways of aporpte alkaloids
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Scheme 5 Proposed fragmentation pathways of benigdquinoline alkaloids
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Scheme 6 Proposed fragmentation pathways of 20-hykyecdysone
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3.3.2.5 Structural Identification of Compound 22
(1,3-Dioxolo[4,5-g]isoquinolin-7-0l,5,6,7,8-tetrahgro-6-[(methoxyphenyl)methyl]-)
Figure 3.11 shows the MS mass spectra of compound 22 in the positive and
negative modes. In the full-scan mode, the specshowed the presence of an ion at
m/z 314.1374 in the positive mode andndt 312.1249 in the negative mode. Using the
accurate mass calculator software, the chemicaluiar GgH1oNO4 was obtained for the
compound ainvz 314.1374. The fragments of the ionratz 314.1374, which was
obtained in the positive mode, showed only 2 intgmeeaks atw/'z 177.0556 (GHqO3
") andm/z 145.0277 (GHsO,") in MS?, suggesting a split in the structural skeletore Th
ion at m/z 177.0556 produced fragment ions ratz 145.0276 andnwz 117.0322
(CgHs0O"). Considering the compounds found @ fenestratum, most of them are
alkaloids that have aromatic rings. There is higkgbility that the compound 22 at
m/z 314.1374 has aromatic rings. The number osrorgunsaturations of a molecule or
of a fragment can be obtained by using the doubtetbequivalent values ( DBE
(CcHrNROSs)= ¢ — (h/2) + (n/2) +1 ), which is calculated frahe molecular formula
of the iorf°>. The odd-electron radical cations have integer DB&f#ues, whereas
even-electron ions have half integer DBE valuese fragment ion at m/z 145.0277
(CoHsO,", DBE 7.5) indicates that its possible structuratams a benzene ring (DBE
4) and 2 other rings (DBE 2), one of the rings dadouble bond (DBE 1). This ion
suggests that it was formed by losing of OH molecule and generated a double bond
from the ion at m/z 177.0556 {s0; *, DBE 6.5). The DBE 6.5 of gHsO3 *
supports the hypothesis that compound 22 has a&hening (DBE 4) and other 2 rings
(DBE 2). These fragments indicated that the com@dwas a benzene ring connected to
a ring from a methylenedioxy group and a ring tha a hydroxy group. In contrast,
fragmentation of the ion at/z 312.1249 in the negative mode principally yielomts at
m/z 178.0492 (QHgNO;3;) and m/z 135.0443 (GH;O;). The formula GQHgNOs3~
indicated that compound 22 was a tetrahydroisodjamocompound. Therefore,
compound 22 was tentatively identified as a tetdabigoquinoline compound with a
hydroxy group at C-3. The hydroxy group was consideo be at the C-3 position,
because the possibility of the formation of ionsn&t 177.0556/Wz 145.0277, andvz
117.0322 is lower if it was at any other positibhe fragmentation pathway is proposed

in Scheme 7 Although the position of the methoxy group in gieenyl ring could not be
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determined, compound 22 was considered to be d natteal product.

(A)

o oH H .-
<om£jo, — QM QO o

+

314.13 (22) 177.05 145.02 117.03

(8) ; o i
QU 5 SO0 —— <
O_’

gj/ 178.04 \ 135.04

312.12 —_
- 2
s U < I
o 5 0 - 0 N
I:C( 0 . 190.05
<0 N < I)i 160.03

gjo- 0

148.05

297.10

Scheme 7 Proposed fragmentation pathways of compaod 22. (A) Positive mode;
(B) Negative mode.

Among the 32 compounds characterized in this std@compounds, namely,
BER, PAL, JAT, thalifendine, tetrahydroberberine, etrahydropalmatine,
N,N-demethyllindcarpine, 8-oxoberberine, 8-oxopalmgti8oxotetrahydrothalifendine,
8-oxoisocorypalmine, and  8-oxotetrahydroberberine aveh  been isolated
previously>?’. The other 20 compounds have been reported fofirdtetime fromC.
fenestratum in this study. To our knowledge, compouridy 22, 23, and 26 are the
novel natural products tentatively identified inisthstudy. The structural
conformation of these compounds will be confirmgd\IMR spectroscopy in future
work. However, some compounds that have been mgak bepresent inC.
fenestratum, such as oxothaicanine (MW 385and p-sitosterol (MW 413), were not
found, although the standard sampl@-sftosterol could be detected at a retention tifne o

38.76 min under the experimental conditions useédismstudy.
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Figure 3.11 MS" data of peak No. 22. (A) M$of ion at m/z 314.1374 ((+)ESI); (B) MSof ion at 177.0556 ((+)ESI); (C) M%of ion atm/z 312.1249
(H)ESI); (D) MS® of ion at m/z 178.0492 ((-)ESI).
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3.4 Conclusions

In this study, the method for simultaneous charaetgon of quaternary alkaloids,
8-oxoprotoberberine alkaloids, and a steroid compgoin C. fenestratum by using
LC/IT-TOF MS was developed. A total of 32 compoundse detected, of which 20
compounds, including 4 novel natural products, weatentified or tentatively
identified for the first time fronC. fenestratum. This information may be useful for
further studies on the pharmacological activiti€she herb. The proposed method is
an accurate and rapid method for characterizingpuarcompounds i€. fenestratum.
8-oxoprotoberberines produced [M +*Hind [M + Na] ions in MS operated in the
positive-ion mode. The fragmentation pathways afx8protoberberines are different
from those of quaternary protoberberines and tgthaprotoberberines. In addition,
8-oxotetrahydroprotoberberines generated iminiums,iovhich were formed by the

cleavage of the protoberberine skeleton.
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CHAPTER 4

QUANTIFICATION OF MAJOR PROTOBERBERINE
ALKALOIDS AND A STEROID IN C. FENESTRATUM

4.1 Introduction

Several studies have investigated on the quaatidic of principle compound iG.
fenestratum, BER, using TLC and liquid chromatografhy® The BER contents were
reported from 1.0-3.5% of dry mateffaf® P. Rojsangat al. studied berberine content
in ten samples of dried stems purchased from eifitetraditional drugstores from
various parts of Thailand using TLC-densitom&nMaceration with 80% ethanol,
yields of the crude extract were in the range &7916.38% dry wt while berberine
contents in the dried powder and in the crude ektrere in the ranges of 1.71-2.89%
wt./wt. and 11.84-18.45% dry wt., respectively. Heoer, no simultaneous
guantification of other multiple compounds togetingth berberine has been reported.
In addition, the compounds in each part of the tpéand the effect of plant size on the
amount of the compounds have not been studied.

The objective of this study is to investigate thajan compounds in each part of
the plant, the variation of compoundsGnfenestratum collected from different six sites

in Laos, the effect of plant size, and compare arhotimajor compounds with those of
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other protoberberines containing medicinal plantehs as Coptis japonica and

phellodendron amurense which widely used in Japanese and Chinese heredicmes.

4.2 Experimental

4.2.1 Materials
BER, PAL, JAT, EtOH, MeOH (LC/MS-grade), and formacid (HPLC grade)

were purchased from Wako Pure Chemical Industtits, Japan. Stock solutions of
BER (150 mg/L), PAL (42 mg/L), and JAT (110 mg/Leke prepared in MeOH. All of
the solutions were stored at 4°C. Standard solsitware prepared by diluting each
stock solution in MeOH to a concentration of 1A&) mg/L (BER), 0.33 to 5.25 mg/L
(PAL), and 0.69 to 11 mg/L (JAT). Ultrapure wateoguced by the Milli-Q Advantage
vessel (Millipore, USA) was used in this study.

Six Batches ofC. fenestratum obtained from Vientiane province,Vientiane
municipality and Lunagphabang sa showrrable 2.1 (Chapter 2) were used in this
study. Dried C. japonica (Lot No. 230604) ané. amurense (Lot No. 001205003) were

purchased from a herbal medicine shop (Yatsume Kamprokyo, Japan.

4.2.2 Sample Preparation and Extraction

The plants were ground in a blender (Wonder bleidBr1; Osaka Chemical Co.
Ltd., Japan), and the powder was sieved using mé#h sieve to obtain a powder with
particle size less than 250 um. Extraction wasoperéd in a Soxhlet extraction vessel by
adding 0.5 g of plant powder to the extraction tiisrand extracting the powder using 100
ml methanol for 11 hours. The extracted liquid itisred using a 0.4%m membrane

filter, and the filtrate was used for LC/MS anadysi
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4.2.3 Analysis
The quantification of BER, PAL, and JAT was perfedn using an

LC/MS-2010EV apparatus (Shimadzu Corp., Japan).sEparation was carried out in
a ZORBAX Eclipse XDB column (3.pm, 2.1 x 150 mm) (Agilent Technology, Inc,
USA). The mobile phase, which consisted of a 0.b%nic acid aqueous solution (A)
and methanol (B), was delivered at a flow rate @f faL/min by using the following
gradient program: 20-32% (B) for 0—20 min, 32—7®) for 20-35 min, 70% (B) for
35-45 min, and 20% (B) for 45-55 min. The sampjeciiion volume was 1 pL, and the
column temperature was maintained at 40°C. The p¥ctsa were obtained by
scanning the samples in the range of 200—470 nthiten peaks were simultaneously
determined at 249 and 345 nm. The amounts of BBR, and PAL were calculated
from the peak area at 345 nm and 20-hydroxyecdys@secalculated from peak area at

249 nm using the calibration line.

4.3 Results and Discussion

4.3.1 Compounds in Each Part ofC. fenestratum

Figure 4.1 shows the total ion chromatogram of extract inhepart of C.
fenestratum. More than 20 peaks were obtained by total ioromiatogram of stem
extract. The molecular weight of each compound eegdirmed by a mass spectrometer.
The major compounds were BERVz, 336), PAL (Vz, 352), JAT (z 338), and
thalifendine Wz, 322), and the minor compounds included oxobemnkefivz, 352),
20-hydroxyecdysonen{z, 481), and compounds withwz of 324. Most of the
compounds are quaternary and tertiary protoberbetlkaloids as described in chapter
3. The correlation coefficient®f calibration line at 345 nm of each compound was

higher than 0.999.
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The amount of main compounds in each paf.denestratum was investigated by
Soxhlet extractionKigure 4.2). BER is main compound in root, stem and bark.vkesa
contained 20-hydroxyecdyson with the small amodrB©BR. However, berberine was
not observed from the root and stem of sample tohbé&. Thus, the sample in batch 6
may be other species rather ti@arfenestratum although it has similar sharp and color.

This result suggested that the collector shouldgtsntion on selection of the plant.
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1.50?
l.Zé

1.00]

Intensity (x10°)

0.75]
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O.ZEM

0.0G:
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Retention time (min)
Figure 4.1  TIC chromatogram of each part of C. fenestratum. (A) Stem; (B)
bark; (C) Leaves; (D) root; (E) root in batch 6.
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Figure 4.2  Amount of compounds in each part ofC. fenestratum. (Root A, Stem
A are from Batch 4; Stem B, Leaves B and Bark B ar&rom Batch 2).

4.3.2 Variation of Compounds from Different Sites

Figure 4.3 shows the TIC peak area from mass spectromet&stah of 43 peaks
were observed from 5 samples obtained from diftepéace of Laos as shown Trable
2.1 More than 30 compounds identical in each samglleated from different site. The
peak area of each peak from TIC chromatogram wasnsuized inFigure 4.4
Variation in the amount of major compounds was rtyeabserved. However, the
percentage of peak area of major compounds hav&asimend.Figure 4.5 shows the
variation of percentage of the peak to total pesaaBER consisted of 52—65 % of
total peak area, 10-15% for JAT, and 3-8 % for PAhe peak intensity of
pseudopalmatine and pseudojatrorrhizine were éifteamong the 5 samples. The
highest intensity and peak area of pseuodopalmatmé® pseudojatrorrhizine were
observed in batch 1, while psedojatrorrhine wastiposmdetected in batch 2 and batch

4.
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Figure 4.3 TIC chromatogram of C. fenetratum of each sample. (A) Batch 1;

(B) Batch 2; (C) Batch 3; (D) Batch 4; (E) Batch 5.
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4.3.3 Effect of Plant Size on Amount of the Compauls
Figure 4.6 shows the amount of BER (A), PAL, and JAT, oxoleeite and

20-hydroxyecdysone (B) in different size ©f fenestratum. The good correlation of
medicinal compounds and size of the plant were rebdefor BER and JAT. The
amount of BER and JAT were increased with the m®eein diameter df. fenestratm
with the correlation coefficient R0.83 and 0.74, respectively. Some correlation was
also observed for oxoberberine and 20-hydroxyeady&ut the correlations were
smaller than those of beberine and jatrrizhinesTiniding indicates that the sized of the
plant is an important parameter that controls tmeownt of compounds irC.
fenestratum and may be useful for the selection of the plangractical use. The amount
of PAL was increased from diameter of 15 to 30 nihowever, it was decreased
significantly in the sample with the diameter of @@ 68 mm. Considering this result,
PAL could be changed to other compounds. Howewer conversion of PAL to other
compounds is not found in literature.

Form this result, The plant size Gf fenestratum could be a factor to control the

variation amount of compounds from different saraple

60
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Figure 4.6 Amount of each compounds in differentize of C. fenestratum.
(A) BER; (B) PAL, JAT, 8-oxoberberine, and 20-Hydroacyecdysone.
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Figure 4.6 Continued).

4.3.4 Comparison of Compounds inC. fenestratum with other Protoberberine
Containing Medicinal Plants

Quantification of each compound was calculated fpmak area obtained by PDA
at 345 nmTable 4.1 shows the comparison of BER, PAL and JATCOnfenestratum
with those of other medicinal plants. The amounB&R and PAL inC. fenestratum
were smaller than those 1@. japonica and P. amurense. However, the amount of
8-oxoberberine irC. fenestratum is higher than those @. japonica andP. amurense.
C. japonica and P. amurense were cultivated in Japan, by cultivation or breed
improvementC. fenestratum may be achieved high amount of content &S.ifaponica.
In addition, there was some tendency of amount BRBPAL and JAT betwee@.
fenestratum and C. japonica. This suggested that.fenestratum could be a potential

medicinal plant that can be used@gaponica.

Table 4.1 Comparison of major compounds inC. fenestratum with those of other
medicinal plants

Plant name BER (mg/q) PAL (mg/g) JAT (mg/q) 8-Oxoberberimg/q)
C. fenestratum 46.80 +£0.38 1.23+0.01 4.81 +£0.03 0.72 £0.01
C. japonica 82.67+0.17 3.48%0.20 13.57+0.05 0.24+0.02
P. amurense 67.27 £0.31 6.36 £0.03 1.60 + 0.04 0.06 £ 0.00
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4.4 Conclusions

The amount of compounds @. fenestratum were investigated and compared to
those of other protoberberines containing mediciplaints. It was found that the
amounts of compounds from different area variethfo8 % to 5.0 % of dry-material.
However, there is no significant in the percentafgeach compound to the total amount
of compounds irC. fenestratum. The higher amount of BER, JAT were observed @ th
larger size ofC. fenestratum, which indicates that the sized of the plant iSraportant
parameter that controls the amount of compounds fenestratum and may be useful
for the selection of the plant in practical usee ®@mount of BER, PAL and JAT .
fenestratum were also compared with those@fjaponica andP. amurense. Amount of
BER, JAT and PAL were smaller than thoseCirjaponica andP. amurense. However,
the amount of oxoberberine @ fenestratum is higher than those i@. japonica andP.
amurense. There was some tendency of amount of BER, PAL d&@ betweenC.
fenestratum and C. japonica. This suggested th&. fenestratum could be a potential
medicinal plant that can be usedGgaponica.
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CHAPTER 5

MICROWAVE-ASSISTED EXTRACTION OF

PROTOBERBERINE ALKALOIDS FROM C. FENESTRATUM

5.1 Introduction

Microwave energy causes molecular motion by theratign of ions and
rotation of dipoles; therefore, microwave heatirepehds on the presence of polar
molecules or ionic species. Microwave energy hanhbedely used for heating food
materials, and recently, there has been an incrgasierest in using microwave as a
heat source for chemical synthe$fs for the extraction of pollutants from the
environment*®, and for the pyrolysis of woo&. MAE has been used for the
extraction of some bioactive compounds from natpratlucts, for example, for the
extraction of tea polyphenols and caffeine fromegreea leave®’, glycyrrhizic acid
from licorice root’®, and total triterpenoid saponins froBanoderma atrum "%, In
most cases, the extraction time and organic soleensumption with MAE was
lower than those with conventional extraction mdthddowever, only a few studies
have been performed on the extraction of alkaloising MAE>"% BER has been
extracted using MAE only under atmospheric preséuend the characteristics of
MAE are not fully understood.

The objective of this study is to develop method datracting protoberberine
alkaloids, BER, PAL, and JAT fro@. fenestratum by using MAE in both an open (at

atmospheric pressure) and a closed vessel (undaotied pressure and temperature).
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The solvent effects, extraction time, material aolyent ratio, and microwave output
power for the extraction of protoberberine alkasoith an open vessel were
investigated. The possibility of significant redugithe solvent amount or using water
as a solvent in order to develop a green proceb$A® by using a closed vessel were
also studied. The extraction yield obtained usiryEMvas compared to that obtained

using conventional extraction methods.

5.2 Experimental

5.2.1 Materials
C. fenestratum (Batch 4 was obtained from Vientiane Province, Laos, in May

2008 and dried at room temperature. The plant waisngl using a blender (Wonder
blender WB-1; Osaka Chemical Co. Ltd., Japan) &edmaterial was sieved using
32-mesh and 64-mesh sieves to obtain a powderanjiarticle size in the range of
500-1000um. This range of particle size was chosen to sitaulze particle size that
would be used in practice.

BER, PAL, JAT, EtOH, MeOH (LC/MS-grade), and fornacid (HPLC grade)
were purchased from Wako Pure Chemical Industtiees, Japan. Stock solutions of
BER (150 mg/L), PAL (42 mg/L), and JAT (110 mg/Lgke prepared in MeOH. All
solutions were stored at 4°C. Standard solution® \weepared by diluting each stock
solution in MeOH to a concentration of 10 to 150/im(BER), 0.33 to 5.25 mg/L
(PAL), and 0.69 to 11 mg/L (JAT). Ultrapure wateroguced by the Milli-Q
Advantage vessel (Millipore, USA) was used in stisdy.

5.2.2 Microwave-Assisted Extraction (MAE)
The microwave apparatus Mars-X (CEM Corp., U.S.As)shown irFigure 5.1

and Figure 5.2 was used for MAE. It can be operated with an ougower of up to
1600 W (2450 MHz). The temperature was measuretgushe fiber optic
temperature probe RTP-300 Plus, and pressure wasumel using the ESP-1500

Plus. The microwave apparatus automatically adjutite radiated power when the

87



Chapter 5 Microwave-assisted extraction of protoberberine alkaloids from C. fenestratum

actual temperature reached the set temperatureeXjeriments were performed in
both open and closed vessels.

Open-vessel MAE was performed in a 250 mL roundeotflask connected to
a water-cooled reflux condenser at its top. Thenoyih conditions were determined
using different solvent concentrations of MeOH &t®H in water at 60°C and the
boiling point, at a microwave output power rangfngm 50 W to 800 W, and with
the ratio of plant material to solvent of 1.00 dl-60 mL. To compare the extraction
time of MAE with that of extraction with an oil batthe extraction in two modes:
with and without pre-heating were performed. Exioac without pre-heating was
performed using directly radiated microwaves omohs containing plant material.
The temperature increased, but it was maintained0dC. For extraction with
pre-heating, the plant material was added to aesblpre-heated to 45°C, and then
exposed the sample to radiated microwaves unghgeérature of 60°C was reached
after 2 min, following which the temperature wastcolled at 60°C. The extraction
liquid was cooled for 4 min before filtration.

Closed-vessel MAE was performed in a Teflon-madeeB€hem vessel (CEM
Corp., U.S.A)) with a capacity of 100 mL, which tboperate under a pressure of up
to 1.38 MPa (200 PSI). The extraction was performsithg two vessels: one as a
control and the other as test. Due to safety cenaiobns, the output power was set at
300 W. The temperature and pressure in the couasdel were measured. The
fenestratum material (1.00 g) was extracted in 40 mL of sotv@ime extraction vessel

was cooled for 20 min before filtration.
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Figure 5.1 Structure of the microwave apparatus
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Figure 5.2 Photos of MAE in Open and Closed MAE
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5.2.3 Conventional Extraction Methods
Soxhlet extraction was performed using the Sox&gtaratus by adding 1.00 g

of plant powder to the extraction thimble and estiray with 100 mL MeOH for 8 h
and 24 h.

Thermal extraction was carried out using the salaskfin an oil bath with a
magnetic stirrer and the fiber optic temperaturebprused in MAE Rigure 5.3).
Extraction was performed in two modes, as in treeaaf MAE. In the experiment
with pre-heating, a flask containing 40 mL of tledvent was pre-heated in an oil bath
set at 80°C. The plant powder (1.00 g) was addethé¢oheated solvent when the
temperature reached 45°C, and the flask was pliaxctdte oil bath. The temperature
in the flask increased and reached 60°C in 2 mie flask was moved up and down
to maintain the temperature at 60°C. Plant mat¢ti&l0 g) was added to the solvent
in the flask, and the flask was placed in the aithbset at 60°C for the experiment
without pre-heating.

Extraction by sulfuric acid aqueous solution wadgrened using 1.00 g of the
powder mixed with 40 mL of a 0.2% sulfuric acid aqus solution in a 100-mL flask.
The solution was stirred at 100 rpm and incubated@n temperature for 10 min to
24 h. After filtration, the pH of the solution wadjusted from 1.40-1.60 to 5.50-5.70
using a 25% ammonia solution.

All the extracted samples were filtered througtefilpaper No.101 (Toyo Roshi
Kaisha, Japan). The filtrate was diluted five tinte$1eOH, and then filtered using a
0.45um membrane filter (Toyo Roshi Kaisha, Japan) fguil chromatography mass

spectrometry (LC/MS) analysis.

5.2.4 Analysis
The quantification of BER, PAL, and JAT was perfedn using an

LC/MS-2010EV apparatus (Shimadzu Corp., Japan). SBparation was carried out
in a ZORBAX Eclipse XDB column (3.pm, 2.1 x 150 mm) (Agilent Technologies,
Inc., U.S.A.). The mobile phase, which consistedao®.1% formic acid aqueous

solution (A) and methanol (B), was delivered ataavfrate of 0.2 mL/min by using
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the following gradient conditions: 20-32% (B) forZD min, 32—70% (B) for 20-35
min, 70% (B) for 35-45 min, and 20% (B) for 45-5%mThe sample injection
volume was 1 pL, and the column temperature wasitaiaed at 40°C. The UV
spectra were obtained by scanning the sampleseimatiige of 200-470 nm, and the
peaks were simultaneously determined at 345 nm.arheunts of BER, JAT, and

PAL were calculated from the peak area at 345 nmdryg the calibration line.

Figure 5.3 Photo of extraction using oil bath.

5.3 Results and Discussion

5.3.1 Extraction of Protoberberine Alkaloids by On-vessel MAE
The nature of the solvent is important to be cargd in MAE. As with the

other techniques, the solvent should efficientlyulsiize the analytes of interest
without significantly extracting the matrix matdria In addition, the

microwave-absorbing properties of the solvent drgreat importance as sufficient
heating is required. The ability of a specific dabse to convert electromagnetic

energy into heat is determined by the loss tandeni, (tary = ¢"/¢’, whereg"is the
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dielectric loss, indicative of efficiency when dienagnetic radiation is converted
into heat, and'is the dielectric constant describing the polarildgiof molecules in
an electric field). In general, solvents can bessifeed as high microwave-absorbing
(tary > 0.5), medium microwave-absorbing @#an= 0.1-0.5), and low
microwave-absorbing (tar 0.1)°%". EtOH (tas, 0.941), MeOH (tafy 0.659), water
(tary, 0.123), and alcoholic aqueous solutions were eass the solvents in this
study because protoberberine alkaloids are relgtpaar organic compounds.

Figure 5.4 shows the BER extraction yield after changingréte of solvent to
water. Microwaves were radiated at 300 W for 15 foinextraction at boiling point.
The temperature reached the boiling point in 3 fomsolvents that contained more
than 40% of EtOH or MeOH. Water, 20% EtOH, and 2080H required 3.5-4.0
min to reach the boiling point. If pure solvente aised, MeOH is superior to EtOH
and water due to the high dissociation of BER inQWe However, the extraction
yields obtained using EtOH aqueous solutions wegken than those obtained using
MeOH aqueous solutions. This could be because dhiimdp point of EtOH aqueous
solutions (79-90°C) is higher than that of MeOH emus solutions (66—90°C).
Moreover, the use of 60% EtOH can achieve an extragield higher than that of
MeOH. Considering the pharmaceutical toxicity of @, 60% EtOH is a suitable
solvent that can also reduce the amount of EtOHd émethe extraction process. The
extraction yield using EtOH aqueous solution atG®as lower than the extraction
yield at boiling point. This result indicated thathigher extraction yield can be

achieved by increasing the extraction temperature.
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Figure 5.4 Effect of the solvent ratio on the extraction yieldof BER.

Figure 5.5 shows the effect of the ratio of plant materialstdvent volume on
the extraction yield at 300 W for 15 min. The egtian yield by MAE increased as
the amount of solvent increased from 10 to 40 ndwéwver, no difference in the yield
was observed for solvent amounts greater than 40Thus, 40 mL of 60% EtOH

was considered to be the optimum solvent volume.
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Figure 5.5 Effect of the ratio of plant material b solvent volume on the
extraction yield of BER
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The effect of the microwave output power on theraotton yield using 60%
EtOH for 15 min is shown irfrigure 5.6 The extraction yield increased when an
output power of 50 W to 200 W was applied. Theeased yield in this output power
range was considered to be a result of the incrisatEmperature. The temperature
was increased by only 4°C from 23°C to 27°C fo8@nd by only 15°C from 23°C
to 38°C for 100 W. However, no significant diffecenwas observed for microwave
power greater than 200 W. Considering the time irequfor the extraction, a
microwave power of 300 W was chosen as optimuntHerextraction. It took 4 min

to reach the boiling point when 200 W was appheldereas it took only 2 min at 300

W.
30
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2> 15 ¢
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Figure 5.6 Effect of microwave output power on the extractioryield

Figure 5.7 shows the effect of the extraction time on opesseé MAE
compared to those extractions using oil bath ar&®Osulfuric acid. The BER
extraction yield with MAE at 60°C was 20.23 mg/g-dnaterial in 5 min and it
reached 23.10 mg/g-dry material in 15 min. Theaxtion yield by MAE was higher
than that of extraction by oil bath, and extraction 0.2% sulfuric acid agueous

solution. The extraction of PAL and JAT was obsdri@ have the same tendency as

94



Chapter 5 Microwave-assisted extraction of protoberberine alkaloids from C. fenestratum

that of BER (data not shown). However, when conmmpMAE to extraction with
pre-heating in an oil bath, the former gave theesariraction yield as the latter. This
suggested that there was no significant differendbe BER extraction yield fror@.
fenestratum between open-vessel MAE and an oil bathen the temperature was
controlled at 60°C, although a specific effect atmwaves on plant material has
been found in a previous repGrtThis effect was observed when the plant contained
water. Microwaves were believed to interact seletyi with the free water molecules
present in the glands and vascular vessels, ledadingpid heating and temperature

increase, followed by rupture of the wall and rekeaf essential oils into the solvent.
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s & . . i :
55 10 k A Oil bath with pre-heating
£ O MAE
5 | A Oil bath
0 0.2% Sulfuric acid
O 1 1 1 1 1 1
0 30 60 90 120 150 180 210

Extraction time [min
Figure 5.7 Effect of the extraction time on extraction yield

5.3.2 Extraction of Protoberberine Alkaloids by Cbsed-vessel MAE
The solutions of 60% EtOH, 20% EtOH, 10% EtOH, OM3NaCl, and water

were used to investigate the extraction of protobene alkaloids in a closed vessel.
The use of water as a solvent and EtOH as an wddibuld reduce the amount of
organic solvent, and water can be used as a gredrens for extracting

protoberberine alkaloids. A solution of 0.03 M Na®@hs chosen for this study
because of its high microwave-absorbing ability atsd potential to reduce the

extraction time. Temperature was set accordinghé following conditions: 25 to
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100°C for 0—4 min, 100°C to the desired temperafL@®, 120, 140, 160, and 170°C)
for 4-11 min, and maintaining the temperature fomi#h. The ability to convert
microwave energy to heat is decreased when theete@type increases; therefore, it is
more difficult to reach a temperature above 170°th water. A temperature of
170°C was reached in 13 min by microwave radiaio800 W .Figure 5.8 shows the
temperature as the radiation tinkégure 5.9 shows the photos of plant material after
extraction. The color of plant material changednfrgellow to dark-gray when
increasing temperature from 100°C to 170°C. Thiseobation was significant when
using water, but not observed when using 60% EtEglre 5.10shows the photos
of the extracted liquid by each solvent. The liqaitanged from light yellow to

dark-yellow when increasing the temperature.

180
160 | (A)
140
£ 120 |
S 100}
©
o 80
E’ ——100°C
S 60 —s—120°C
40 ——140°C
/ ——160°C
20 [ ——170°C
0
0 2 4 6 8 10 12 14 16

Radiation time (min)

Figure 5.8 Temperature behavior using different solvent. (A) 0MW3M NaCl;
(B) Pure water; (C) 10% EtOH; (D) 20% EtOH; (E) 60% EtOH.
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(A)

(B)

(©)

Figure 5.10 Photos of extracted liquid by each solvent at diffent temperature.
(A) 0.03 M NaCl agqueous solution; (B) water; (C) 1% EtOH; (D)
20% EtOH; (E) 60% EtOH.
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(D)
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Figure 5.10 Continued).
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5.3.2.1 Effect of the Solvent on the Extraction derberine by Closed-vessel MAE
Figure 5.11shows the extraction yield of BER, JAT, and PAlaiclosed vessel

at a temperature from 100 to 170°C using differsnivents. The BER extraction
yield increased with an increase in temperaturenfd®0 to 160°C. Extraction by
60% EtOH gave a superior extraction yield compadcedther conditions. The BER
extration yield obtained using 60% EtOH at 160°Gwee highest, with a maximum
extraction yield of 27.35 mg/g-dry material. Usiwgter as a solvent, the extraction
yield increased significantly from 13.30 mg/g-dryaterial at 100°C to 20.36
mg/g-dry material at 160°C. This result suggestdt the BER extraction yield by
using water can be increased by increasing tha@idn temperature. However, the
extraction yield decreased at 170°C, which inddaBER degradation at this
temperature. This result is in agreement with tfaly. Sakaiet al”.. This study
reports BER degradation over 160°C when extraddiB&R from the Amur cork tree
with steam. The addition of 10% and 20% ethanalilted in a greater extraction
yield than that of water at temperatures betweedP@Cand 140°C. However, no
significant difference was observed at 160°C. Txieaetion yield of JAT and PAL
showed the same tendency as that of BER; but, ijfee$t extraction yields of JAT
(2.36 mg/g-dry material) and PAL (0.73 mg/g-dry er&tl) were obtained at 170°C.
No degradation of JAT and PAL was observed foraetion at high temperatures,
except during extraction using water at 170°C. édthh 0.03 M NaCl is a higher
microwave-absorbing solvent than water, the extracfield of BER, JAT, and PAL
using 0.03 M NaCl were lower than those obtaineshgusvater. This could be
because protoberberine alkaloids are less solublMaCl solution than in water.
Table 5.1 shows the pH of solutions after cooling to roormperature. In the
extraction using water, there was a lower pH tlmat of the solvent using an additive.

Lower pH was observed at the increasing of exwadiemperature.

5.3.2.2 Effect of Extraction Time on the Extractio of Berberine Using Water
and 20% EtOH

Figure 5.12 shows the effect of the extraction time on extaactyield when
using water and 20% EtOH at 140°C and 160°C. Méghe extraction yields at
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160°C were higher than those at 140°C and the @idrayield increased with an
increase in the extraction time up to 20 min. Tighést extraction yield by water was
20.31 mg/g-dry material at 160°C and a total raaimatime of 15 min. However, the
BER yield by water at 160°C decreased for extractimes longer than 15 min,
which indicates BER degradation with increasedastion time at high temperatures.
Extraction by 20% EtOH gave the highest extractimid (21.95 mg/g-dry material)
at 160°C for a total radiation time of 20 min arid9% mg/g-dry material at 140°C for
a total radiation time of 30 min. The BER degraniatat 160°C for 30 min was
observed to be of the same level as that with wademwever, no decrease was
observed in the extraction yield by using 20% Et&@HL40°C for a total radiation
time from 11 to 30 min. Therefore, adding 20% Et@aild reduce or prevent BER
degradation at high temperatures (140°C). The etidraof BER using 20% EtOH at

160°C should not exceed 20 min, otherwise the diagi@n of BER occurs.
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Table 5.1 pH of each extraction solution

Temperature (°C) 100 120 140 160 170
0.03 M NaCl 548 5.25 5.11 4.71 457
Water 494 458 429 4.00 3.91
10% EtOH 5.51 5.12 4.86 445 432
20% EtOH 5.80 5.71 5.31 464 446
60% EtOH 6.56 6.52 6.28 5.64 5.56
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Figure 5.12 Effect of the extraction time on extration yield in a closed vessel

5.3.3 Effect of Temperature on Berberine Degradatio by MAE
No degradation was observed for open-vessel MARvéver, BER degradation

was observed at high temperatures, especially rapdeatures above 160°C for
extraction times more than 20 min in a closed Jesse

Figure 5.13shows the chromatogram of the extraction by MAEBgisvater as
the solvent at 170°C. BER degradation and a prodorcipound eluted at 16.65 min
were observed. The product compound showezl at 324, which indicated the

reduction of a C atom from BER. The peak area efrtew product could be used as
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an indicator of BER degradatioRigure 5.14shows the peak area of the by-product
compound at 16.65 min in each extraction conditibhe peak area of extraction
using water increased as the temperature incredsmd 120°C to 170°C.
Interestingly, with the addition of additives sueh NaCl and EtOH, the peak area of
the product compound was smaller than that of water

The differences in BER degradation between watel water with additive
could be due to the differences in the microwavesdting ability of each solvent.
Microwave could be absorbed by the plant matedaljsing specific heating and
generating higher temperatures in the plant maténen in the surrounding bulk
solution. Ethanol and NaCl aqueous solutions abadrgher amount of microwaves
than pure water. This characteristic of EtOH an€Naqueous solution could reduce
the quantity of electromagnetic waves directly absd by the plant material and
decrease the specific heating of the plant mateaalpared to water. An experiment
to determine the effect of plant material on thgrddation of BER at 180°C (data not
shown) using cellulose powder as a model of plaatenal was also conducted. With
a total radiation time of 17 min (the temperatueached 180°C after 15 min of
radiation), the degradation of BER with a 509.3 Im§20.37 mg/ 40 mL) initial
concentration in water was 3.96% for the experimgtitout cellulose and 28.2% for
the experiment with 1.00 g cellulose. This residbaupported the above hypothesis
that the specific heating of plant material by mwaves could induce BER

degradation at high temperatures.
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Figure 5.13 UV Chromatogram of extracted liquid olbained by closed-vessel
MAE using water at 170°C (at 345 nm).

250000
0 0.03 M NaC
B Water
200000 | (5 10% EtOH
< 20% EtOH
7 0,
© 150000 | 60% EtOH
X
@
]
0. 100000 |
50000
0 1 1 1
100 120 140
Temperature®C]

Figure 5.14 Peak area of compound retention at 1& min.
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5.3.4 Comparison of MAE with Conventional Extracton Methods
Figure 5.15 shows the comparison of the maximum extractiordyalcording

to each extraction method in this study. MAE inthah open and closed vessel using
60% EtOH at 160°C for 15 min gave a higher BERawtton (25.20 and 27.35 mg/qg)
than extractions by Soxhlet using methanol for(37 mg/g) and by 0.2% sulfuric
acid for 24 h (21.82 mg/g). Using water as a sdlvertreasing the BER extraction
yield from 12.85 mg/g (Oil bath at 100°C) to 20:8%/g was achieved by increasing
the temperature to 160°C by MAE in a closed veSd®s. extraction yield using water
was 84% of that of the 8 h Soxhlet extraction useOH and at the same level as
that of extraction by 0.2% sulfuric acid for 24 The increased extraction yield by
water at high temperatures may be because of thegehin electric permittivity
(dielectric constant and electric loss), which defgeon frequency and temperafire
According to the equation

( D =5321/T + 233.76— 0.9297T+ 0.001417T — 0.0000008292% where T is
absolute temperature in Kelvin degree) proposedigyof and Oshr{?, the dielectric
constant (representative of polarity) of water wiasreased from 80.2 at 2@ to
39.8 at 170 C (430~840 MHz). The electric constant decreases witheiasing
frequency; thus, the electric constants of wate24&0 MHz used in this study were
considered to be lower than the above values amd wlese to those of methanol
(7 =32.6) and ethanol { ~ = 24.3) at 20 C (2450 MHz)"®. This characteristic
allows water to act as an effective solvent for thdraction of protoberberine
alkaloids at high temperatures. MAE could signifitty shorten the extraction time
with a high extraction yield and reduce the amafrdolvent used for the extraction

of protoberberine alkaloids frof. fenestratum.
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Figure 5.15 Comparison of MAE with conventional ettaction methods for the
extraction of BER.

5.4 Conclusions

An effective method for extracting protoberberitieabids fromC. fenestratum
by MAE was successfully developed. Extraction usopimum conditions (60%
EtOH, material/solvent ratio 1.00 g:40 mL, microwasutput power 300 W) gave a
shorter time (15 min) with a higher BER extractypald compared to extractions by
Soxhlet using MeOH for 8 h and by 0.2% sulfuricda¢or 24 h. The highest
extraction yield was achieved at 160°C for BER &i@°C for JAT and PAL. Using
water as a solvent, extraction at 160°C for 15 total radiation time can increase the
extraction yield to the same level as that of etioa by 0.2% sulfuric acid for 24 h.
However, BER degradation at high temperatures seed above 160°C. Additives
such as EtOH or NaCl could reduce or prevent tlagrabation. MAE is more
effective than the conventional extraction methatith regard to the extraction time
and extraction vyield, which could reduce energy scomption. It is an

environmentally friendly process that can reduaeamount of organic solvent used

109



Chapter 5 Microwave-assisted extraction of protoberberine alkaloids from C. fenestratum

or could use water as a green solvent; it elims#te need for using a strong acid for

the extraction process.
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CHAPTER 6
APPLICATION OF EXTRACTION AND ANALYSIS METHOD
FOR SIMULTANEOUS CHARACTERIZATION OF

COMPOUNDS IN OTHER MEDICINAL PLANTS

6.1 Introduction

There are many medicinal plants in Laos that havebeen studied. Among
many medicinal plants in Laos, Kiderm is one of thedical plants that have been
used for treatment diabetes mellitus. A pharmacalitompany in Laos is trying to
develop products for diabetes. According to theeaesher in the pharmaceutical
company, it was observed the blood glucose leweélmmg when applying tea of this
plant to patients with type 2 diabetes. However #tientific name and the
compounds in Kiderm remain unknown.

One of the objectives of this study is to apply teveloped methods for the
extraction and analysis of compounds in Kiderm. Tgpecification of main
compound in Kiderm is performed by using liquid amatography hybrid ion trap
time-of-flight mass spectrometry (LC/MS-IT-TOF athdescribed in Charpter 3.

C. japonica and P. amurense have been widely used in Japanese and Chinese
herbal medicine. However, HPLC and LC/MS/MS anayskthese plants have been
restricted to the investigation of the major quadey protoberberine compounds such
as BER, PAL, JAT, coptisine, and epiberbefin® However, for the quality control
of these herbs, it is essential to develop a teglnifor accurate simultaneous

determination of both major and minor compounds $&cond objective in this study
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is to apply the developed simultaneous analysidatkto analyze the compounds in

C. japonica andP. amurense, and compare with those ©f fenestratum.

6.2 Experimental

6.2.1 Materials and Chemicals
Roots of Kiderm Figure 6.1) was purchased from the medicinal plant shop in

Natham village, Pakngum district, Vientiane proentaos. Chemicals used in this

study were described in Chapter 3 and Chapter 4.

6.2.2 Extraction
To investigate the effect of the solvent, dry rootsKiderm were ground and

sieved to obtain powder in the range of 500-106@ The powder 0.5 g was weight
to the flask and extracted in 100 mL of water, Me@#DH and 60% EtOH aqueous
solution in water bath at 60°C for 2 hour. The agted liquid was filtered with 0.45
m membrane filter. The filtrate was transferred iht6 mL vial for LC/MS analysis.
The area of each peak from chromatogram was comhpare

For the structural characterization of main computsia weight of Kiderm roots
500 g was extracted in hot MeOH. The extractedidiquas filtered using filter
No.101 ( Toyo Roshi, Japan). The filtrated liquidssevaporated using evaporator.
The extract residue 1.6 mg was dissolved in 16 nethamol (100 ppm). The filtrate
was transferred into 1.5 mL vial for LC/MS-IT-TORalysis.

For the simultaneous characterization of compoumd<C. japonica and P.
amurense, Sample ofC. japonica andP. amurense described in Chapter 4 were used
in this study and proceed in the same way with dfiat. fenestratum. A weight of
0.5g of each dried material was extracted in 100nmetthanol using Soxhlet extraction.
Extracted liquid was diluted 4 times fa@: japonica and 2 times folP. amurense in

methanol before LC/IT-TOF MS analysis.
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(A)

(B)

Figure 6.1 Photos of root (A) and leaves of Kiderm.

6.2.3 HPLC and LC/IT-TOF MS Analysis
HPLC and LC/IT-TOF MS analysis were performed ire tbame way as

described in Chapter 2 and Chapter 3. Howevennttzescan range was 100-1000 for

the investigation of compounds in Kiderm.

113



Chapter 6 Application of extraction and analysis method for
simultaneous characterization of compounds in other medicinal plants

6.3 Results and Discussion

6.3.1 Extraction of Compounds in Kiderm by thermalextraction and MAE
Figure 6.2 shows chromatogram of extraction using water iewhath for 2

hours.More than 16 peaks were observédyure 6.3 shows the peak area of each
compounds observed in Kiderm using each solventteWand 60% EtOH gave
higher extraction yield than the extractions byepteOH and EtOH. This suggested
that the compounds in Kiderm are hydrophilic. Ma@ak and other several PDA
peaks show the maximum UV absorption around 270-+280indicates that the
compounds could be flavonoid compounds in the grotiflavones, flavonols,
dihydrochalcones, catechins and flavan-3-ols. Plakhows major ions awv/z 740
and 745 in positive mode, amdz 721 in negative mode. The ionsmaiz 745 [M +
Na]" andnvz 721 [M — HJ indicate that the molecular weight of main compurie
722.

MAE in 15 min gave similar result to those of extran by water bath for 2
hours. The peak is similafFigure 6.4). This suggested that MAE can also be

applicable for extraction compounds in Kiderm.
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Figure 6.2 UV chromatogram of Kiderm by thermal extraction using water
(at 279 nm).
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Figure 6.3 Peak area of each compound in Kiderm by thermal exaction.
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Figure 6.4 Comparison of MAE and thermal extraction.
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6.3.2 LC/MS-IT-TOF analysis
Figure 6.5 shows the chromatogram obtained by LC/IT-TOF M&sMdata of

each peak were summarizedTiable 6.1 Figure 6.6 andFigure 6.7 shows the mass
fragments of the main peak obtained from positind aegative mode, respectively.
In negative moday/z at 721.1783 in MSwas observed as the main ion indicating the
deprotonated molecule [M- H]™. In positive mode, sodium adducted ion [M+Na]
at 745.1707 was observed. This result indicates thalecular weigh of the
compound is 722.18. Fragmentation of ionnaz 721.1783 gave ion at 541.1340
which was 180.0443 lower than the precursor iorl (283). The loss of 180 da from
a molecular could be due to the loss of glucositiei{(,Os). However, calculation of
CeH120s gave exact mass at 180.0634 which shows 106 pphehtpan 180.0443.
This result suggested the low possibility that thelecule has glucoside. Instead,
CyHgO, (exact mass 180.0423) was proposed as poterdiginfnt which loss from
the molecular structure. This lost fragment cowtdchffeic acid. lon at m/z 361.0883
also indicated the cleavage of this fragment frobenrholecule. The strong intensity of
ion at m/z 299.0861 suggested the skeleton strucitithe compounds. From this
result, the main compound in Kiderm was considd¢mette a flavonoid compound
with two molecules of caffeic acid. Compounds 5186, and 15 could have similar
basic structure, since they produced similar fragmmns {[able 6.1). The
compounds could be similar to flavonoids that wegported to have efficacy in
lowering blood glucose, and aldose reductase ittipiactivity’’ > However, the
accurate position of functional group of the flas@s can not be determined by
spectrometry. Thus, the accurate structure shaalcbhbfirmed by NMR spectroscopy

in further work.
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Figure 6.5 Chromatogram of extract of Kiderm using LC/IT-TOF M S.
(A) at 254 nm; (B) TIC in positive ESI; (C) TIC in negative ESI.
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Table 6.1 Mass data of some compounds in Kiderm
’F\](ca)ak Rt MS'miz  MS?miz / MS® miz (% base peak)
1 2.82 359.0993 197.0442(100), 179.0345(31), 135.0447(9)
2 5.90 443.1904 397.1098
3 8.23 373.1143 193.0473(100), 149.0583(37) /149.0628(100)
4 11.35 403.1241 357.1189(100), 195.0698(60), 179.0561(45)
5 1516  541.1352 361.0889(8), 317.1048(14), 299.0899(63), 281XB)9273.1132(38), 237.0930(13), 197.0452(30), 179.0375(17)
6 16.41 541.1342 361.0918(43.54), 343.0765(16), 317.1041(25)9A88), 273.1116(100), 255.0968(10), 197.0476(16), 179.0361(7)
7 17.94  403.1249 371.0987(100), 223.0629(71), 179.0554(43)
8 24,39 525.1380 361.0883(62), 343.0863(13), 317.0969(13), 2B31111)
9 26.59 555.1487 375.1068(54), 357.0991(19), 331.1204(100), BEE6299.0861(7), 197.0430(9)
10 27.32  389.0853 275.0909/219.0646
11 28.58 721.1783 541.1340/361.0936(12), 343.0863(7.58), 31716),1999.0918 (83), 281.0817(18), 273.1111(35),
255.0982(7), 237.0908(19), 197.0441(35), 179.0347(15)
12 -
13 29.34 719.1644 539.1148(13), 521.1066(42), 495.1286(8), 35958)6341.0661(58), 323.0589(15), 297.0767(10), 279.0668(13)
14 29.84 717.1436 519.0918(100), 321.0360(14) / 339.0492(1714&2H(100), 279.0278(9)
15 31.16 705.1811 541.1351/361.0884(8), 343.0783(8), 317.1048@80914(100), 281.0835(31), 273.1119(68),
255.0969(13), 237.0923(16), 197.0447(51), 179.0357(26)
16 31.70 343.0823 161.0242/133.0286
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Figure 6.6 Mass spectrum of compound at 29.00 min in positivESI. (A) MS*;
(B) MS? of m/z at 745.1707; (C) MS of m/z at 525.1392.
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(A) MS*; (B) MS? of ion at m/z 721.1783; (C) M%of ion at m/z
541.1340.

120



Chapter 6 Application of extraction and analysis method for
simultaneous characterization of compounds in other medicinal plants

6.3.3 Comparison of Compounds irC. fenestratum with Those in C. japonica
and P. amurense.

Figure 6.8shows the total ion chromatogram of the extra¢t.gbponica andP.
amurense There were 11 compounds @ japonica (compounds 1, 3, 5, 8, 9, 11, 14,
16, 18, 19, and 32) arRl amurense (compounds 3, 5, 8, 9, 11, 14, 15, 16, 18, 19, and
32) that were identical to those i@. fenestratum. These compounds were the
tembetarine  derivative, = magnoflorine, = menisperinetetrahydropalmatine,
13-hydroxyberberine, demethyleneberberine, thaifes tetrahydroberberine, JAT,
BER, PAL, and 8-oxoberberine. All these compourgs;ept for the tembetarine
derivative, demethylenberberine, 13-hydroxyberkerimave been previously isolated
from C. japonica andP. amurense. 8-Oxoberberine was detected in bGthaponica
andP. amurense at a retention time of 41.19 min. Thus, the teghaican be applied
to characterize oxoprotoberberine compounds inrothedicinal plants or herbal
medicines. This evidence also suggests @hdenestratum can be potentially used as
alternative forC. japonica andP. amurense, although further studies on the biological

activities of other minor compounds may be required
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Figure 6.8 (+)ESI Total ion chromatogram of C. japonica and P. amurense (2ul
injected). (A) C. japonica; (B) P. amurense.

6.4 Conclusions

Compounds in Kiderm can be extracted using polarest such as water and
60% EtOH. Most of compounds are hydrophilic. Tham@mpound was proposed
to be the flavonoids compounds. At least 4 compsewalld be flavoinoid with two
molecules of caffeic acid. The glucose level lowgreffect of Kiderm could be due
to the effect of the compounds that similar witlogh of flavonoids that reported
previously. MAE gave similar result to those ofrextion by thermal but reduce the
extraction time.

There were 11 compounds @ japonica andP. amurense that were identical to
those inC. fenestratum. The method using LC/IT-TOF MS can also be appted
identify 8-oxoberberine in other medicinal plantscls as C. japonica and P.

amurense.
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This study suggests that LC/IT-TOF MS has a greatrgial in the simultaneous

analysis of secondary metabolites in medicinaltplas well as herbal medicines.
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CHAPTER 7

CONCLUSIONS

7.1 General Conclusions

The purpose of this study is to develop methodsforultaneous characterization
and for effective extraction of medicinal compounfism C. fenestratum. The
simultaneous characterization of compounds is based hyphenate liquid
chromatography and ion trap time-of-flight masscsmenetry (LC/IT-TOF MS). The
effective extraction of protoberberine alkaloidsnfrC. fenestratum were studied using
microwave-assisted extraction (MAE) technique.

The optimum condition for separation of the compsuim C. fenestratum was
investigated using liquid chromatography mass spewtry (LC/MS). The experiment
was performed on ZORBAX Eclipse XDB-C18 Columnngs20-70% of MeOH and
0.1% formic acid agueous solution as the mobilesph®ore than 20 peaks were found
and successfully separated in the stem extra@. dénestratum using 3 step gradient
condition of 20-32—-70% MeOH. BER, JAT, and PAL #re major compounds i@.
fenestratum. MeOH gave higher extraction yield than EtOH aratex in the extraction
using water bath and Soxhlet extraction vessel,eatichction by sulfuric acid at room
temperature.

The method for simultaneous characterization of teqnary alkaloids,
8-oxoprotoberberine alkaloids, and a steroid compgoin C. fenestratum by using
LC/IT-TOF MS was developed as described in chaptef total of 32 compounds

were found, of which 20compounds, including 4 novel natural products, were
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identified or tentatively identified for the firstime from C. fenestratum. The
information may be useful for further studies oe ffharmacological activities of the
herb. The proposed method is an accurate and nagildod for characterizing various
compounds irC. fenestratum. 8-oxoprotoberberines produced [M +'Hind [M + Na]
ions in MS operated in the positive-ion mode. The fragmemtatpathways of
8-oxoprotoberberines are different from those ofatgary protoberberines and
tetrahydroprotoberberines. In addition, 8-oxotetdabprotoberberines generated
iminium ions, which were formed by the cleavagéhef protoberberine skeleton.

In chapter 4, the quantification of major compoundsC. fenestratum were
investigated and compared to those of other prob&bmes contained medicinal plants.
Variation of compounds i€. fenestratum from different area were found. The amount
of BER and JAT was higher in larger size@ffenestratum, which indicates that the
plant size is an important parameter for deternonabf the amount of compounds in
the plant. The amount of BER, PAL and JAT(n fenestratum were also compared
with those ofC. japonica and P. amurense. Amount of BER, JAT and PAL were
smaller than those i@. japonica andP. amurense. There was some tendency of amount
of BER, PAL and JAT betwee@. fenestratum and C. japonica. This suggested that
C.fenestratum could be a potential medicinal plant that can $eduasC. japonica.

In chapter 5, the effective method for extractimgtpberberine alkaloids fror@.
fenestratum by MAE was investigated. Extraction using optimwonditions (60%
EtOH, material/solvent ratio 1.00 g:40 mL, microwasutput power 300 W) gave a
shorter time (15 min) with a higher BER extractigield compared to those of
extractions by Soxhlet using MeOH for 8 h and ugitZfo sulfuric acid for 24 h. The
highest extraction yield was achieved at 160°CHEBR and 170°C for JAT and PAL.

Using water as a solvent, extraction at 160°C férmiin total radiation time can
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increase the extraction yield to the same levéhasof extraction by 0.2% sulfuric acid
for 24 h. However, BER degradation at high tempeest is observed above 160°C.
Additives such as EtOH or NaCl could reduce or pn¢this degradation. MAE is more
effective than the conventional extraction methadth regard to extraction time and
extraction yield, which could reduce energy constiomp It is an environmentally
friendly process that can reduce the amount ofrecgsolvent used or could use water
as a green solvent; it eliminates the need forgusirstrong acid for the extraction
process.

In chapter 6, the application of the developed wdshin other medicinal plants
was investigated. Using LC/IT-TOF MS, several commis could be flavonoid
compounds with two molecules of caffeic acid. MARvg similar result to those of
extraction by thermal but reduce the extractioretiffor the comparison compounds in
C. fenestratum with other protoberberines containing medicinanpé, 11 compounds
in C. japonica andP. amurense were found to be identical to thoseGn fenestratum.
The method using LC/IT-TOF MS can also be applieddentify 8-oxoberberine in
other medicinal plants such &s japonica andP. amurense. This study suggests that
LC/IT-TOF MS has a great potential in the simuliaue analysis of secondary
metabolites in medicinal plants as well as herbadligines.

In conclude this research provide basic informafamthe further development of
herbal product relating t@. fenestratum. The simultaneous characterization method is
useful for quality control of herbal medicine andirgng better understanding of the
pharmacological of herbal medicines. The furthentgbution of this research were

summarize irFigure 7.1
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Providing information for identification of multipl e compounds
*Quality control
*Better understanding pharmacological effect

— Development &
Medicinal plants ‘ Manufacturing of ‘ Il;/loacrile?nd global
Herbal medicine,
Herbal products

~ N/

Cultivation
— : Create new
Providing information for industry in
effective extraction method developing countries
*Reduce solvent
*Acid free

Figure 7.1 Further contribution of this research

7.2 Recommendation for Further Study

This research provides basic research data fosithaltaneous identification and
guantification of the compounds @.fenestratum using LC/MS and LC/IT TOF MS;
and the methods for extraction protoberberine aldal using MAE. The compounds
found in this study are useful for the quality dohof the herbal medicine, and offer a
scientific base data for gaining a better undeditanof pharmacological effect of the
plants. However, the accurate chemical structures@feral compounds can not
determined by current approach using mass specinpme

MAE gave high extraction yield in a short time campto conventional extraction
method such as Soxhlet extraction and extractiomgusulfuric acid. It was also found

that MAE using water at 160°C can achieved samel lef/extraction yield as that of
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using sulfuric acid. However, the degradation ahpounds was observed which could

reduce the target compounds. Thus, the author stugige following issue for further

study to maximize the value of this research fomtgbution in the development of
industry using medicinal plants in Laos as welirashe development of sciences and
technologies.

1) Purify and determine the chemical structure thesgatively identified in this study
by NMR spectroscopy.

2) Investigate for reducing the BER degradation in MMBen using water as a
solvent.

3) Investigate how to scale up the MAE to be applieablindustry level.

4) The finding of berberine degradation in MAE alsfetd an idea that it may be an
effective way for the chemical synthesis of benbeiderivatives.

5) It is interesting thaC. fenestratum contained various kinds of 8-oxoprotoberberine
alkaloids, while only oxoberberine is found @ japonica andP. amurense. The
further study for the enzyme i@. fenestratum could provide information for the
differences and valuable for the production of ®asi 8-oxoprotoberberine

alkaloids.
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