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ABSTRACT

Moringa oleifera is a multi-purpose plant native to Africa and Asia. Many
studies have shown the medicinal value of its edible leaves, pods and seeds in treating
inflammation and various diseases. The leaf is the most investigated part of this plant
for its rich secondary metabolites, vitamins and minerals and has been incorporated in
various herbal-based products. Herbal-based formulation to treat the inflammation is
popular in the market. However, the effectiveness of anti-inflammatory and
antioxidant of M. oleifera leaves extract-based formulation with capsaicin and menthol
has not been determined. Hence, this study was focused on determining the anti-
inflammatory and antioxidant potential of M. oleifera leaves extract-based formulation
with a combination of capsaicin and menthol. In this study, methanolic extract of oven-
dried M. oleifera leaves (OME) produced the highest yield (38.49 £ 0.24%), total
phenolic content (3.2182 + 0.1144 mg GAE/g) and total flavonoid content (2.2017 +
0.1168 mg QCE/g) with promising ferric reducing antioxidant power (FRAP) (5.8456
+ 0.2446 mM Fe?*) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging (88.90 +
0.38%) activities compared to fresh leaves and ethanolic extracts. Hence, the OME of
M. oleifera leaves was chosen as the main ingredient in the cream formulation. Four
formulations were made with different concentrations of capsaicin (0.03, 0.075, 0.1
and 0.2%) and menthol (2.8, 2.9, 2.925 and 2.97%). F1 which had the highest capsaicin
concentration showed the strongest antioxidant capacities among all the formulations.
ECso of F1 in FRAP and DPPH assays were 49.85 + 0.17 mg/mL and 6.84 + 0.08
mg/mL, respectively. Also, F1 had the most promising proteinase (ICso = 2.16 £
0.03%) and lipoxygenase inhibition activities. The results indicated that the
combination of M. oleifera, capsaicin and menthol in F1 formulation was a more
promising anti-inflammatory and antioxidant compared to herbal-based formulation
alone due to the synergic effect of the mixture. HPLC analysis of capsaicin and GC
determination of menthol gave retention times at around 4.7 and 5.6 minutes,
respectively, by referring to the standard. In conclusion, the combination of OME of
M. oleifera leaves with capsaicin and menthol has the potential to be used as a
medicinal formulation to relieve inflammation conditions.



ABSTRAK

Moringa oleifera merupakan tumbuhan pelbagai guna yang berasal dari Afrika
dan Asia. Banyak kajian menunjukkan nilai perubatan bahagian tumbuhan ini seperti
daun, buah dan benih dalam merawat keradangan dan pelbagai penyakit. Daun
tumbuhan ini mendapat perhatian dalam banyak kajian disebabkan kaya dengan
metabolit sekunder, vitamin dan galian dan telah digunakan dalam pelbagai produk
berasaskan herbal. Formulasi yang berasaskan herba untuk marawat keradangan amat
popular di pasaran. Namun, keberkesanan anti-radang dan antioksidan krim formulasi
yang dibuat daripada ekstrak daun M. oleifera masih belum ditentukan. Oleh itu, kajian
ini memfokuskan potensi anti-keradangan dan anti-oksidan formulasi krim yang
dibuat daripada ekstrak daun M. oleifera bersama dengan kapsaicin dan mentol. Dalam
kajian ini, daun M. oleifera yang dikeringkan dengan ketuhar dan diekstrak dengan
methanol (OME) memberikan hasil (38.49 + 0.24%), jumlah kandungan fenolik
(3.2182 £ 0.1144 mg GAE/g) dan jumlah kandungan flavonoid (2.2017 + 0.1168 mg
QCE/g) tertinggi dengan aktiviti kuasa antioksidan penurunan ion ferik (FRAP)
(5.8456 + 0.2446 mM Fe?*) dan perencatan radikal bebas 2,2-difenill-1-pikrilhidrazill
(DPPH) (88.90 + 0.38%) yang amat memuaskan. Lantaran itu, OME daun M. oleifera
telah dipilih sebagai kandungan utama krim formulasi. Empat jenis formulasi
disediakan dengan perbezaan dalam jumlah kandungan kapsaicin (0.03, 0.075, 0.1 dan
0.2%) dan mentol (2.8, 2.9, 2.925 dan 2.97%). F1 yang mempunyai kandungan
kapsaicin tertinggi memberikan aktiviti antioksidan terkuat antara semua formulasi
yang disediakan. ECso bagi FRAP dan DPPH adalah 49.85 + 0.17 mg/mL dan 6.84 +
0.08 mg/mL. F1 juga menunjukkan aktiviti perencatan protinase (ICso=2.16 + 0.03%)
dan lipoksigenase yang amat memuaskan. Hasil menunjukkan bahawa kombinasi M.
oleifera, kapsaicin dan mentol dalam formulasi F1 mempunyai aktiviti anti-
keradangan dan antioksidan yang amat memuaskan berbanding dengan formulasi yang
berasaskan herba sahaja disebabkan kesan sinergi komponen di dalam campuran.
Kapsaicin dan mentol yang dianalisa dengan menggunakan HPLC dan GC masing-
masing menunjukkan masa rentesi pada 4.7 dan 5.6 minit. Kesimpulannya, kombinasi
OME daun M. oleifera dengan kapsaicin dan mentol berpotensi untuk digunakan
sebagai formulasi ubatan untuk melegakan keradangan.
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CHAPTER 1

INTRODUCTION

1.1 Background

Inflammation is a complex biological defence response of vascular tissues to
harmful stimuli which cause tissue injury and pain. Physical trauma, stress, microbial
agent and noxious chemicals are the factors that trigger the inflammatory response. It
always associates with the increase of vascular permeability, membrane alteration and
increase of protein denaturation (Gunathilake et al., 2018). Acute inflammation is an
initial response of the body where the interaction between cellular and molecular
efficiently minimizes impending infection. An uncontrolled acute inflammatory
response will contribute to chronic inflammatory diseases. (Chen et al., 2018;
Gunathilake et al., 2018). There are various kind of drugs in the market for relieving
and suppressing inflammatory crisis. Steroids, non-steroid anti-inflammatory drugs
and immunosuppressant are the most common practice examples of therapy which are
associated with adverse side effect (Ghasemian and Owlia, 2015). Therefore, herbal-
based drugs are gradually promoted in the anti-inflammatory therapy. Alternative,
complementary and traditional medicines are the central source of herbal medication
guidance. The anti-inflammatory effect of the medicine herb is the outcome of plenty
of metabolites combination and might also be due to their synergistic effect

(Ghasemian, Owlia and Owlia, 2016).

Moringa oleifera, sole genus under the family of Moringacea, a native plant
from Africa and Asia. M. oleifera has been characterized by 13 species from
dicotyledonous tropical and subtropical climates. It is commonly known as the
drumstick tree or multi-purpose tree which is popularly used in culinary and herbal
medicine products. M. oleifera is grown for its edible leaves, nutritious pods and
flowers that can be processed as medicine, food, cosmetic or forage for livestock
(Vergara-Jimenez et al., 2017). It has been utilized for the treatment of different illness

such as malaria, diabetes and hypertension in the domestic system of medicine



(Suryadevara et al., 2018; Vergara-Jimenez et al., 2017). M. oleifera leaves are the
most investigated parts of the plant as it contains a rich concentration of multi-vitamins,
flavonoids, carotenoids, alkaloids, polyphenols, tannins, phenolic acid and saponins.
A variety of studies, in vitro and in vivo, have confirmed on its medicinal uses, for
example, anti-inflammatory, antimicrobial, antioxidant, anticancer and antidiabetic
(Natsir et al., 2019; Ali et al., 2018; Natarajan et al., 2018; Vergara-Jimenez et al.,
2017; Saini et al., 2016). The extract of M. oleifera leaves is being known to have the
potential to inhibit human macrophage cytokine production (interleukin-6 [IL-6] and
tumour necrosis factor-alpha [TNF-a]). Phytochemicals in M. oleifera leaves such as
isothiocyanates and quercetin involve in the reduction of the inflammatory process by
inhibiting the release and action of inflammatory markers (Kooltheat et al., 2014;
Waterman et al., 2014; Das et al., 2012). M. oleifera leaves extract can induce the
production of serum immunoglobulins and neutrophils through both cellular and

humoral immune response (Sudha et al., 2010; Gupta et al., 2010).

In recent years, a new trend of the cosmetic market reveals innovative
formulation based on multifunctional ingredients (Niziot-Lukaszewska et al., 2018).
The plant-based cream formulation for topical application is made available
(Pashmforosh et al., 2018; Suryadevara et al., 2018). Cream formulations are mostly
preferred as its transdermal delivery advantage in the drug administration. It expresses
and attractive alternative to oral delivery of the drug by reducing the risk of systemic
side effects from oral therapy. Cream formulations can minimize the plasma
concentration and providing sustained release of drug at the topical site. Besides,
transdermal drug delivery helps to avoid the disturbance associated with the absorption
of the drug from the gastrointestinal tract (Leppert et al., 2018; Manimaran et al., 2014;
Prajapeti et al., 2011; Prausnitz and Langer, 2008). In the field of topical application,
capsaicin and menthol always play an important role. Capsaicin is the active
compound of chilli pepper extract with analgesic properties and will evokes burning
sensations which change cold perception in our skin. Menthol has been applied as non-
opioid pain reliver since ancient times which can provide cooling sensation and reduce
heat pain (Pergolizzi et al., 2018; Anderson et al., 2014). Based on the study from
Anderson ef al. (2014), the nociceptive behaviours occur when capsaicin and menthol

were applied alone but the response had been reduced with the application of both



compounds. In order to have more understanding of the efficacy of herbal-based
cream formulation on anti-inflammatory response, this study was carried out to
produce and analyse the cream formulation with M. oleifera-based and the

combination of optimized concentration of capsaicin and menthol.

1.2 Problem Statement

Steroidal and non-steroidal anti-inflammatory drugs (NSAIDs) are ordinarily
implemented in relieving inflammation conditions. These agents required a long-term
administration for the management of chronic inflammatory conditions (Mittal et al.,
2017). However, they possess a variety of adverse side effects, for example, gastric
ulcers due to gastric irritation, generation of reactive oxygen species causing
inflammation, ageing cancer and coronary heart disease (Gunathilake et al., 2018).
Ideally drugs would be those that could strengthen the remedial effects of
inflammation, at the same time control its harmful and destructive complications
(Mittal ef al., 2017). Hence, the interest on natural compounds extracted from the
medicinal herbs with anti-inflammatory activity has considerably increased in recent
years as they are authenticated as an alternative against chemical-based medicines
(Tamrat et al., 2017; Ghasemian et al., 2016; Karthikeyan et al., 2016). Medicinal
plants are rich sources of phytochemical constituents which have therapeutically
important in disease treatment. These compounds can serve as a template for the
synthesis of novel anti-inflammatory drugs with minimal toxicity and greater

therapeutic value (Suryadevara ef al., 2018).

Since the inflammatory response is always associated with pain, ingredients
for pain relief should also be included in the formulation of cream. Capsaicin and
menthol are the most common pain reliever being added in the topical cream
formulation. Capsaicin has been medicinally used for centuries due to its
pharmacological properties such as anti-inflammatory, analgesic and anti-oxidant.
(Zhang et al., 2019; Basith et al., 2016). Capsaicin-containing creams have been
implemented in medical fields for decades to relieve chronic neuropathic pain

disorders. The appropriate concentration of capsaicin has been proved to be potent in



the treatment of myofascial pain syndrome, arthritis-related disorders, muscle strain
and other pain disorders (Romero ef al., 2019; Basith et al., 2016). Menthol is a topical
non-opioid pain reliever which exhibits an anaesthetic effect and enhances the skin
penetration of analgesics agents when applied topically (Pergolizzi et al., 2018; Lai et
al., 2017). It may produce cold allodynia at high concentrations which will increase
the sensitivity to normal non-painful cool temperatures (Pergollizzi et al., 2017).
Capsaicin diminishes heat pain thresholds while menthol increase cold pain thresholds
when they are applied alone. There was a study reported the combination of capsaicin
and menthol can reduce certain nociceptive behaviours (Anderson et al., 2014). The
concentration of each ingredient plays a vital role when comes into a formulation of
anti-inflammatory cream. However, the suitable concentration of capsaicin and
menthol in enhancing the anti-inflammatory capacity of M. oleifera leaves extract are
also remain unknown. The efficacy of the formulation in reducing the inflammatory
condition is very much unascertained, leaving a knowledge gap to be addressed. It is
possible that the anti-inflammatory efficacy of M. oleifera leaves extract being weaken
or enhanced by the capsaicin and menthol in the formulation, Therefore, it is
tremendously significant to analyze the effectiveness of the formulation with this three

combination on the anti-inflammatory response.

1.3 Research Objectives

The objectives of the research are:

(a)!  To determine the phenolic content and antioxidant activities of M. oleifera

leaves extract prepared by different extraction method.

(b)!  To optimize the concentration of capsaicin and menthol in combination with

M. oleifera leaves extract in the cream formulation.

(c)!  To analyse the anti-oxidant and anti-inflammatory activities of the cream

formulation.



(d)!  To analyse the compounds in the cream formulation through HPLC and GC
method.

14 Significance of Research

Most commercially available analgesic and anti-inflammatory cream
formulations will have capsaicin or menthol in their composition. Phytochemicals in
M. oleifera leaves also have significant pharmacological properties in anti-
inflammatory and anti-oxidant activities. It would be interesting to find out the
combination of this herb with capsaicin and menthol in the treatment of inflammation
condition. The development of cream formulations from M. oleifera leaves with a
combination of capsaicin and menthol in this study provide great potential as
commercial medical formulations to serve as drugs in the treatment of diseases
associated with oxidative damage associated with free radicals as well as any

inflammation needs.

1.5 Scope of Work

Firstly, one batch of the M. oleifera leaves was oven-dried and pulverized by
using a blender. The other batch of leaves was made into powder with liquid nitrogen
grinding. Methanol and ethanol were used as extraction solvent. The extracts were
tested on total phenolic content (TPC), total flavonoid content (TFC), ferric reducing
ability of plasma (FRAP) assay and DPPH (1,1-diphenyl-2-picrylhydrazyl)
scavenging assay. The M. oleifera leaves that was processed with oven-dried and
methanol had the highest yield of phenolic content and antioxidant activities. It was
selected as the main ingredient of the cream formulation and combined with active
ingredients (capsaicin and menthol). Four different modified formulations were tested
on anti-inflammatory and antioxidant activities. The formulation with the most

promising activities had been chosen for the HPLC and GC determination.
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