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ABSTRACT

The preparation containing methyl salicylate in an ointment dosage form, is available
from various manufacturers throughout the world for the treatment of muscular pain.
The limitations of the active ingredients had restricted the use of the ointment only for
muscular pain. A new combination of methyl salicylate is proposed with other four
active pharmaceutical ingredients (API), formulated as an ointment, that is envisaged
to give wholesome benefits to the patients as it contained contemporary APISs,
combined with natural products. The APIs were methyl salicylates (MS), camphor and
menthol, whereas the natural products were eucalyptus oil (EO) and peppermint oil
(PO). Peppermint oil contains menthol as one of the components. A proper scale-up of
an ointment is very essential due to high variability of characteristics of semisolid
formulation from lab scale as compared to production scale. It was also reported that
due to the complex nature of the bases present in the combination of some APIs,
product stability may suffer. Hence the objectives of this study were to formulate and
characterize the analgesic ointment containing five APIs and identifying its critical
quality attributes (CQA), to scale-up the formula from lab size to a pilot size, to
develop and validate quantitative analytical method quantifying the presence of the
APIs from the dosage form, to identify and optimize critical processing parameters
(CPP) for the scale-up batches and finally to conduct the accelerated and real-time
stability studies for the scale-up batches. Briefly, the lab scale was formulated from
100g to 5kg batch size, consisting of 25% w/w MS, 5% camphor, 5% menthol, 5%
EO and 5% PO, by using the overhead stirrer (100 rpm and 15 mins of mixing time).
Different formulations were tested by varying the ratio between the two types of
ointment bases, namely, petroleum jelly (PJ) and beeswax (BW). It was found that this
lab scale gave the pH between 4.83 to 4.93, the hardness between 31.33 to 35.00g, the
viscosity between 558 to 2803 mPa.s and the spreadability from 75 to 1947 mPa.s.
The ointment exhibited pseudoplastic behaviour with yield stress and was found to be
thixotropic. Three formulations consisted of ratios PJ: BW 10:90 (FI), 30:70 (FII) and
50:50 (FII) were selected to be scaled-up and characterized. The scaled-up was
conducted using a vacuum homogenous mixer and automatic tube filling machine for
35kg batch size. It was identified at this stage that the CPPs of vacuum homogeneous
mixer were temperature of mixing and cooling, speed of the agitator and the time of
mixing. While, CPPs of automatic tube filling machine were dosage and speed.
Critical quality attributes (CQA) were identified as physical characteristic, minimum
fill, content based on assay and microbial limit test. The formulations FI to FII1 were
characterized and exhibited pH range from 4.75 to 4.95, viscosity of 735 to 1670
mPa.s and spreadability of 735 to 1670 mPa.s. The ointment exhibited pseudoplastic
behaviour with yield stress and found to be thixotropic. By using gas chromatography
coupled with flame iodide detector (GC-FID), analytical method was developed and
validated using the scale-up batches and all parameters namely specificity, limit of
quantification (LOQ), linearity and range, precision and recovery, and intermediate
precision fulfil the specification. After storage up to 6 months, the percentage content
of MS, camphor, menthol, EO and PO were 24.6 to 25.9% w/w, 4.6 to 4.8% wi/w, 6.8
to 7.5% w/w, 4.95 to 5.2% w/w and 6.85 to 7.1% w/w respectively. Hence, we
conclude that a stable ointment consisted of five APIs had been successfully
formulated and scaled-up. The predicted shelf life was 2.1 years.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Pain is a condition that is experienced by human in any stage of life that gives stress to
the sensory and an uncomfortable feeling to the body with possible tissue harm. It is
not only a sensation, but it is an indication of a disease. According to the World
Health Organization (WHO), it is an unpleasant sensory and emotional experience.
The pain can be a warning signal, when the body has been damaged. In the lives of
human, it plays an important role. The pain serves to protect us from harm and to alert
us to diseases or conditions. Even though not all pains need treatment, the pains need
to be attended to, in order to treat the actual diseases. Therefore, the management of
pain is important to give relieve to the patient.

The pain can be managed by some medication as well as some supportive
therapy. These medications can be a modern or a traditional one. The established
medication or analgesics include ibuprofen and acetaminophen. The traditional
management of pain include application of herbal medicines containing extracts,
derived from parts of the plants or other plant materials as active ingredients. The
supportive therapies include meditation, heat and cold therapy, massage, and
relaxation technique. In addition, topical analgesic is one of the most common ways to
get immediate relief from pain. There are a variety of topically available active
pharmaceutical ingredients (API) which are formulated as ointment, cream, or spray.
They include diclofenac sodium, menthol. and methyl salicylate.

According to Medical Dictionary for the Health Professions and Nursing

(2012), the topical analgesic is a compound that can produce analgesia which acts as



pain-relieving drug without causing unconsciousness. One of the characteristics of
these topical analgesics is responding to reduction of painful stimulation. Camphor,
menthol, methyl salicylate, eucalyptus oil, and peppermint oil are some popularly
known and well-established APIs for topical ointment.

The formulation of an ointment varies greatly from lab scale to large scale
because of the possible variation process parameter due to the difference in the
equipment. During the initial study, lab scale formula was applied to identify the
critical quality attributes (CQAs) and during the initial scale-up, critical processing
parameters (CPP) were identified. These two factors were essential to ensure

appropriate manufacturing scale to be developed and to fulfil regulatory requirement.

1.2 PROBLEM STATEMENT

Methyl salicylates (MS), camphor, menthol, eucalyptus oil (EO) and peppermint oil
(PO) are commonly used ingredients in analgesic ointment. These ointments are used
separately or combined as two to three ingredients of an ointment. However, till date,
to the best of our knowledge, there is no such ointment that combines all these five
ingredients together in one dosage form. There are high variability of characteristics
of semisolid formulation prepared from lab scale to large scale. Proper scale-up of
ointment is very essential in this respect. But there is not much work published on the
scale-up considerations of ointment although it is a very common dosage form,
perhaps owing to the trade secret. Combination of ingredients might lead to the
difficulty in finding suitable formulation to ensure product stability, especially for
semisolids due to the complex nature of the bases used. Therefore, imparting stability
to the ointment containing large number of APIs is one of the major associated

problems.



1.3 RESEARCH OBJECTIVES

The main aim of the research was to formulate and scale up an analgesic ointment
containing camphor, menthol, methyl salicylate, eucalyptus oil and peppermint oil to
produce it at commercial scale. To achieve this, the research was targeted to the
fulfilment of the following objectives:
1- To formulate five APIs combination and characterize the ointment by
identifying its CQA.
2- To scale up the ointment while identifying its CPP.
3- To develop and validate the analytical method to quantitatively analyse the
five APIs using Gas Chromatography-Flame lonisation Detector (GC-
FID).
4- To carry out the stability study of the developed and scaled-up ointment

according to the ICH guidelines (ICH Q1A to ICH Q1F).



CHAPTER TWO
LITERATURE REVIEW

2.1 PAIN

2.1.1 Definition of Pain

Pain often refers to unpleasantness and discomfort or any negative emotion and
negative effect of a sensory experience. It can range from mild to extreme level. Pain
can probably be resulting from an actual tissue damage to body or can occur even in
the absence of any physical harm. Pain can be influenced by a various source
variability that comes from nurture (environment) and nature (genes). Environmental
factors include psychological and personality related factors such as previous pain
experience, emotionality, anxiety, and fear. Molecular genetic of pain includes the
identified genetic risk factors contributing to the pain in human (Atlas & Wager, 2012;

Belfer, 2013; National Institutes of Health [NIH], 2011).

2.1.2 Types of pain

One of the common classifications of pain is based on duration. It can distinguish pain
into categories called acute and chronic pains. Acute pain lasts for a short time. The
time frame is less than three months and maybe as brief as seconds (Radnovich et al.,
2014). These include post-operative pain which requires only short-term care. Chronic
pain, in contrast, lasts beyond the healing of an injury and can continue for a period of
more than three months. It lasts longer due to the nature and symptoms of disease that
requires multi-therapeutic activities and long term care management (Koneti & Jones,

2013; Radnovich et al., 2014; Swieboda, Filip, Prystupa, & Drozd, 2013).



2.1.3 Management of pain

Pain needs to be controlled as it can affect the quality of life. If pain is not treated, it
can affect the individual’s sleep and decrease appetite. The comprehensive pain
managements generally include pharmacologic intervention and non-pharmacologic
intervention. Pharmacologic intervention is also known as pharmacologic therapy
which is a type of medical care that involves medication either alone or in
combination with other types of therapy. There is an alternative way to control pain
without the use of medicines, which is known as non-pharmacologic therapy or non-
pharmacologic intervention. This may include changes in life-style such as diet,
exercise and control of smoking and alcohol consumption.

Pharmacologic therapies involve several classes of drug. The three categories
that treat pain are acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDs),
and opioids. For neurological pain, pharmacological intervention includes
anticonvulsant and gabapentin as recommended by WHO (Keskinbora, Pekel, &
Aydinli, 2007). But for severe neuropathic pain, local anaesthetics such as transdermal
lignocaine and oral lignocaine analogue, Mexiletine is given to relieve the pain
(Clancy, 2012). In addition, adjuvants may also be prescribed, those include muscle
relaxants and anticonvulsants (Nalamachu, 2013). Breast cancer patients receiving
chemotherapy usually have problems with cognitive alterations. These patients receive
pharmacologic interventions including psychostimulants, epoetin alfa, and ginkgo
biloba (Chan, McCarthy, Devenish, Sullivan, & Chan, 2015).

Generally, the non-pharmacological treatment that is used to control the pain
includes application of heat, ice, massage, and physical therapies. In addition, aroma
therapy, guided imagery, laughter, music, self-hypnosis, and acupuncture are

commonly used. The types of non-pharmacological treatment methods, used to relieve



