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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Doctor of Philosophy

EFFECTS OF ERYTHROXYLUM CUNEATUM (MIQ.) KURZ ON
CELLULAR AND SYNAPTIC ADAPTATION OF CHRONIC MORPHINE-
ADDICTED HUMAN NEUROBLASTOMA CELL LINE AT PROTEIN
LEVEL

By

NOOR AZUIN BINTI SULIMAN

March 2017

Chair: Mohamad Aris Bin Mohd Moklas, PhD
Faculty: Medicine and Health Sciences

Erythroxylum cuneatum (E. cuneatum) is a tropical flowering plant listed under
Erythroxylaceae family. E. cuneatum is widely distributed within Southeast Asia.
Uses of E. cuneatum in alternative medicines or remedies are limited. Indigenous
traditional healer claimed that the plant was used in treating drug withdrawal.
However, there is no scientific data to support the claim. Thus, the study was
designed to evaluate the potential of anti-withdrawal properties of alkaloid
extract of the plant on chronic morphine-addicted cell. An alkaloid extract of E.
cuneatum (designated as ECAIl) was extracted for all the tests. The human
neuroblastoma cell line, SK-N-SH, was used throughout the study. The effects
of ECAI on the chronic morphine-addicted cell were observed in two different
groups, the co- and pre-treatments of morphine. Throughout the study, ECAI
(0.1, 0.5, and 1.0 pg/mL) was compared to morphine and methadone. The
receptor involved for the effects of the plant was determined using antagonists.
The expressions of Cyclic adenosine 3', 5'-monophosphate (cAMP), intracellular
calcium ion ([Ca%*];), and a-synuclein were studied. At the beginning of the
study, withdrawal markers [a-synuclein and calmodulin] were observed,
followed by the receptor trafficking [Vesicle-associated membrane protein 2
(VAMP 2) and synaptotagmin 1], desensitisation or internalisation of the
receptor [G protein-coupled receptor kinases (GRK) 2, B-arrestin 1/2, and
clathrin], and  cellular  adaptation [mitogen-activated ~ protein
(MAP)/extracellular signal-regulated (ERK) kinase (MEK) 1/2, ERK 2, cAMP-



dependent protein kinase (PKA), and protein kinase C (PKC)] affected by the
ECAL Through the receptor affinity studies, ECAIl bound to p-opioid receptor,
similar to methadone and morphine. Present data showed that ECAI possesses
anti-withdrawal properties. ECAl was observed to enhance the receptor
trafficking and cause the internalisation of the receptor. The cellular and
synaptic adaptations modulated by ECAI were consistent throughout all study
and parallel with the effects of the methadone. The administration of ECAI at
the optimal doses was postulated to minimise the withdrawal, dependence, and
tolerance against morphine-addicted cell. The alkaloid extract of the plant has a
potential in opioid substitution therapy.
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Erythroxylum cuneatum (E. cuneatum) adalah tumbuhan berbunga tropika yang
disenaraikan di bawah keluarga Erythroxylaceae. E. cuneatum tumbuh secara
meluas di Asia Tenggara. Penggunaan E. cuneatum sebagai ubat-ubatan atau
rawatan alternatif adalah terhad. Terdapat dakwaan oleh pengamal perubatan
tradisional dikalangan orang asli mengenai penggunaan tumbuhan ini dalam
merawat ketagihan dadah. Walau bagaimanapun, tiada data saintifik untuk
menyokong dakwaan tersebut. Oleh itu, kajian ini bertujuan untuk mengkaji
kewujudan ciri-ciri anti-ketagihan dalam ekstrak alkaloid tumbuhan ke atas sel
yang terawat dengan morfin secara kronik. Ekstrak alkaloid E. cuneatum
(dinyatakan sebagai ECAI) telah diekstrak untuk semua ujian. Sel
neuroblastoma manusia, SK-N-SH, telah digunakan untuk kajian ini. Kesan
ECALI pada kronik morfin diperhatikan dalam dua kumpulan yang berbeza iaitu
rawatan bersama dan pra-rawatan morfin. Sepanjang kajian ini, ECAI (0.1, 0.5,
dan 1.0 pg/mL) dibandingkan dengan morfin dan metadon. Reseptor yang
terlibat bagi kesan tumbuhan itu telah ditentukan dengan menggunakan
antagonis. Ekspresi cyclic adenosine 3 ', 5'-monophosphate (cAMP), kalsium ion
intrasel ([Ca2 +];), dan a-synuclein telah dikaji. Di awal kajian, protein sebagai
indikasi penarikan (a-synuclein dan calmodulin) telah diperhatikan, diikuti
dengan kitaran reseptor [vesicle-associated membrane protein 2 (VAMP 2) dan
synaptotagmin 1], penyahpekaan atau internalisasi reseptor [G protein-coupled
receptor kinases (GRK) 2, [B-arrestin 1/2, dan clathrin], dan adaptasi sel
[mitogen-activated protein (MAP)/extracellular signal-regulated (ERK) kinase
(MEK) 1/2, ERK 2, cAMP-dependent protein kinase (PKA), dan protein kinase
C (PKC)] dipengaruhi oleh ECAIL Melalui kajian terhadap afiniti reseptor, ECAI
terikat untuk p-opioid reseptor, sama seperti metadon dan morfin. Data kajian
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menunjukkan bahawa ECAI mempunyai ciri-ciri anti-penyingkiran. ECAI
diperhatikan meningkatkan kitaran reseptor dan menyebabkan internalisasi
reseptor. Adaptasi sel dan sinaps oleh ECAI adalah konsisten dengan semua
kajian dan selari dengan kesan metadon. Penggunaan ECAI pada dos optimum
diandaikan dapat mengurangkan penyingkiran, kebergantungan, dan toleransi
terhadap morfin. Ekstrak alkaloid tumbuhan ini berpotensi sebagai pilihan
dalam terapi gentian pioid.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

Three classes of medication that responsible for misuse liability are prescription
opioids, stimulants, and the central nervous system (CNS) depressants. There
are the number of factors that contribute to such phenomenon which includes
great distribution of medications, aggressive marketing by pharmaceutical
companies, and easy accessibility to public users. These contributing factors

escalate the number of non-medical usage of opioid analgesic and overdose
deaths (Mack, 2013).

In 2013, more than 11 million people mistreated with heroin or prescription pain
reliever were recorded ("SAMHSA Releases Behavioral Health, United States,
2012", 2013). There is a long list of adverse effects of the opioid abuse. One of the
major problems of opioid abuse is the chronic pain experienced by more than
62% of opioid substitution therapy (OST) patients (Voon et al., 2015).
Meanwhile, 30.7% of general population grieved the pain (Johannes et al., 2010).
The chronic pain is observed from the exhibition of opioid-induced hyperalgesia
and super-sensitivity to pain (Williams et al., 2001).

Repeated intake of opioids causes the inhibition of production of endogenous
opioids such as endorphins and encephalins. The cellular adaptation is
responsible for the withdrawal, tolerance, and dependence signs. These
addictive symptoms in future will trigger the drug addicts to increase their
uptake of the drug to obtain desired effects. This subsequential event will lead
to overdose, a new problem of drug usage (Williams et al., 2001).

Opioids are effective for acute severe pain following trauma, extensive burns, or
surgery. They also are used for painful terminal diseases such as cancer
(Pasternak, 2011). Edlund et al. (2007) claimed that the rare addiction incident
occurred when opioid analgesics are used appropriately. At the same time,
Ballantyne and LaForge (2007) suggested that chronic opioid on chronic pain
patient has increased the addiction and opioid abuse. Thus, it is consistent with
Kalso et al. (2004) proclaimed the effective analgesia in chronic pain patient
treated with the acute opioid. To what extent is a prescription of painkillers to
create an epidemic abuse? The answer is not simple (Fields, 2011). Fields (2011)



suggested that more than 70% of the opioid abusers got the drug unlawfully
while less than 20% got the drugs through a prescription from a doctor. Some
users overdose or wind up dead from respiratory depression (Edlund et al.,
2007).

1.2 Problem statement

Opioids, such as morphine, heroin, and oxycodone, act as an agonist of the -
opioid receptor to produce analgesia effect. Though, drugs activating p-opioid
receptor are most commonly abused (Koob and Le Moal, 2005). Opioid addiction
becomes an epidemic problems. One death in every 19 minutes was recorded in
the United States only (Centers for Disease Control and Prevention (CDC), 2012).
Morphine, a recreational drug, is a pain-relieving medication prescribed among
practitioners. It causes addiction and even fatal withdrawal symptoms,
including stroke, heart attack, and severe pains (“Morphine Addiction and
Treatment- Future of Palm Beach”, 2016).

There are numbers of therapies or commercialised drugs that are used to treat
opioid addiction, withdrawal, tolerance, or overdoses such as buprenorphine,
methadone, and clonidine (Doyon et al., 2004). However, these drugs are
classified as opioid and widely known to cause abuse (Bailey et al., 2009).
Prescribed opioid addiction or morphine addiction patients in the US are
enrolled in methadone maintenance treatments programs (Rosenblum et al.,
2007).

Methadone is an opioid agonist that is effective for treating severe pain. It has
potential advantages against another opioid including low cost, high
bioavailability, long half-life, and lack of active metabolites. According to the
National Institutes of Health, the government of United States spent over $180
billion for illicit drug abuse just in 2008. The costs include the medical expenses
and unlawful activity, social welfare, secondary medical issues, and efficiency
losses. The misuse of methadone and opioid contributes to noticeable economic
burden to civilisation (Scavone et al., 2013). Furthermore, methadone
substitution as a treatment for opioid addiction has been criticised widely. It is
claimed that the methadone is not effective to restraint addiction (Bennett, 2011).

The focus of the management is to confront the negative impact of the abuse on
health and mortality while preserving the role of the opioid in managing pain.
The use of alternative medicines is one of the options to deal with opioid
misusage. The local Malaysian folks claim the use of Chinta Mula on treating
morphine craving. Chinta Mula or scientifically known as Erythroxylum
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cuneatum (EC) can be found in Southeast Asia, especially in Malaysia, Philippine,
and Indonesia (Chung, 2006). EC belongs to the family of Erythroxylaceae,
Erythroxylum spp. and contains cocaine as one of its psychoactive alkaloid that
proclaimed to influence the CNS (Plowman and Rivier, 1983).

1.3 Significance of the study

The output from this study will provide a new approach in regards to managing
the opioid misuse. Instead of using a drug to treat misuse of the drug, alternative
medicines such as plant will be a better approach. As compared to
commercialised drugs, alternative medicines are cheaper and comparatively
safer.

14 Hypothesis

Following the problem statements, the hypothesis of the study is that
Erythroxylum cuneatum (EC) is mimicking the effects of methadone against the
induction of morphine. EC is hypothesised to express anti-addiction properties;
anti-dependence, anti-tolerance, and anti-withdrawal, against chronic
morphine. EC is expected to minimise the addiction symptoms on the morphine-
treated cell line observed by increasing fusion machinery at the pre-synaptic
terminal internalising the involved receptor and influencing the cellular
adaptation processes.

1.5 Objectives of the study

General Objective

e To observe the anti-withdrawal properties of alkaloid extract of EC
(designated as ECAI) by comparing to methadone in morphine-induced
addicted cell line.

Specific Objectives

1. To determine the ideal dosage of ECAl on treating the morphine-treated
cell on different time duration.



To predict the involvement of receptor on withdrawal properties of
ECAL

To examine the role of ECAI in the fusion machinery at the pre-synaptic
terminal against chronic morphine.

To predict the effects of ECAl on desensitisation/internalisation of
receptor on the morphine-treated cell line.

To study the cellular adaptation induced by the prolonged morphine
and counteracting of ECAL
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