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ABSTRACT

Background: Cyclobenzaprine HCI is a muscle relaxant, and Paracetamol is a pain relief
drug. There are many indications for the co-administration of both medications. The aim of
this project was to formulate and evaluate the stability of a novel tablet containing
Cyclobenzaprine HCI and Paracetamol together. Moreover, a new fully validated and
stability indicating HPLC method was developed to test the stability of the obtained

product.

Method: The Cyclobenzaprine HCI and Paracetamol novel tablet formula was optimized
and selected according to several critical quality attributes (CQAS), including assay,
content uniformity, dissolution, and degradation profiles. Method development it’s
validation included linearity and range, accuracy and recovery, precision, specificity and
stress conditions. Moreover, tablet stability was evaluated after 3 and 6 months under
different storage conditions. A pilot study was conducted among doctors and patients to
evaluate their opinions and acceptance of this combination.

Results: Successfully formulated tablets, including 5 mg Cyclobenzaprine and 500 mg
Paracetamol, were uniform in weight, with an average tablet weight of 650 mg. All product
quality parameters were within specifications, including those for critical and non-critical
quality attributes. A fully validated and stability-indicating method was established for
assay and dissolution testing. The developed method exhibited high linearity with an R2 of
more than 0.98 precision with a relative standard deviation of less than 2% and an accuracy
result of between 98.0 and 102% for Cyclobenzaprine HCI and Paracetamol. The prepared
Cyclobenzaprine HCI and Paracetamol tablets showed excellent stability over 6 months.
The findings of the pilot field study provided insight into the acceptance of the
combination of both drugs by doctors and patients.
X1



Conclusion: Cyclobenzaprine HCI and Paracetamol tablets were successfully formulated
and showed an acceptable stability profile. The developed and validated HPLC method
was suitable for the characterization and assessment of the formulated tablets. The novel
combination is likely to be accepted by doctors and patients.

Key words: Cyclobenzaprine, Paracetamol, Formulation, Validation, Tablets.
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Chapter One

Introduction and Theoretical Background

1. Introduction
1.1 Pharmaceutical dosage forms

Pharmaceutical dosage forms are drug products composed of a single or a combination
of Pharmaceutical Active Ingredient/s (APIs) and a group of inactive ingredients
(excipients) available in the pharmaceutical market to serve dosing, administration and

delivery according to patients’ needs (1, 2).

All steps regarding formulation, design, processing, evaluation, and achieving high
target finished product quality (chemically, physically, biologically and route of

administration) are important (3).

Pharmaceutical dosage forms can be classified according to their route of administration
such as: parenteral, mucosal, inhalation, topical/dermal and gastrointestinal or according
to their pharmaceutical dosage form such as: aerosols, capsules, creams, foams, gels,
ointments, tablets, suppositories, lozenges, suspensions, injections and sprays...etc, or
according to their release pattern such as: immediate release and modified release which

may include: delayed release or sustained release, ..etc. (4-7)

1.2 Oral tablets

Tablets are the most frequent and favorable route of administration of solid dosage
forms; which offer the patients drug stability and dosing reproducibility. Some tablets
are swallowed whole as it is; others can be chewed before swallowing, some are
dispersed or dissolved in water before administration, while some allows liberation of
active substance by retaining it in the mouth (8). Tablets are single dose compose of one
or more of active materials, obtained by using a suitable manufacturing technique to
compress a uniform volume of particles with excipients; that act as binders, diluents,
lubricants, fillers, disintegrating agents, glidants, behavior modifiers, coloring agents...
etc. Tablets can be produced in different sizes and shapes. Classified into immediate

release and modified release if a change in release rate is made (4).



Several techniques combining art and science can be used in order to produce tablets
that have specific odor, taste, shape, release pattern and function (1, 8, 9). Tablets can
be categorized into: (coated tablets, uncoated tablets, gastro-resistant tablets, soluble
tablets, modified release tablets, effervescent tablets, dispersible tablets, oral dispersed

tablets, oral lyophilisates and chewable tablets) (1).

In addition to the APIs, tablets contain excipients. Excipients are needed to bulk the
actives, to help in compression or to modify the biopharmaceutical properties of the
tablet. Examples to add bulk fillers are used, granule and compact. Formation needs
binders to allow tablet to break down in the body fluid, disintegrants are used for
dissolution particularly for hydrophobic API, wetting agents are need to reduce the
friction between powder and dies, lubricants are used, anti-adherents prevent sticking
between powder material and surfaces of the compression tooling, for good powder
flowability glidants and fillers are needed which can modify the API release from the
tablet. All these excipients can work to affect properties of the final tablet and

compression. (10)

1.3 Pre-formulation and formulation

Pre-formulation is considered as the first step to be followed for sensible dosage forms
development; by which total investigation of the drug substance properties (Physical,
Chemical) and its compatibility with excipients is made (11). Pre-formulation aims
mainly to give well prospective of stable dosage forms with good bioavailability that
can be also manufactured in large scale. To make a successive pre-formulation program,
corporation of experts of different disciplines is needed. The pre-formulation program
starts with the assessment of the organoleptic properties of the new drug (odor, color &
taste), purity of the drug substance, chemical and physical properties of the drug
substance which is affected by the particle size distribution, particles shape, solubility,
dissolution and determining the parameters that will affect absorption of the drug

substance, polymorphism etc. (11).

Formulation based on Quality by Design (QbD) is a risk assessment-based approach
used to develop both brand and generic products. This approach depends mainly on
defining the quality target product profile (QTPP) according to drug substance

characteristics, reference listed drug (RLD) properties and label, in addition to the
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patients targeted by this developed product. QTPP can be achieved by defining the
critical quality attributes (CQA) based on the safety and efficacy of the product
delivered to the patients (12).

Employing QbD approach parameters in any proposed formulation may help in
establishing a quality control strategy of manufacturing parameters and changes, which
produce\s a product with high quality monitored during its lifecycle based on risk

assessment (12).

1.4 Quality control of tablets

Formulated tablets should be evaluated to guarantee an effective dosage form within the
accepted requirements. Evaluation is typically done via several physical and chemical
testing (13, 14), which include but not limited to,description, identification, assay of
active ingredient, uniformity of dosage units, hardness, friability, dissolution, and

disintegration.

1.5 Stability testing

Stability means the extent or the level to which the drug product or drug substance
remains within approved specifications throughout its storage period (15). The main
aim of stability testing is to give obvious evidence of drug substance or a drug product
behavior under the influence of several environmental factors with time and how it may

impact its quality of the pharmaceutical formulation.

Stability testing is considered as a mandatory requirement for pharmaceutical dosage
forms as it helps in avoiding any ingredient or condition that causes chemical
decomposition and/or physical or microbiological deterioration of the drug products or
materials. Stability testing includes determination of the content of active ingredient,
degradation products, physical properties and appearance, in addition to other properties
such as (moisture content, hardness, friability, dissolution, and disintegration).
According to these parameters, stability is classified into five types: (chemical, physical,
microbiological, therapeutic and toxicological). The main environmental parameters
that influence the drug stability are exposure to adverse temperature, excessive

humidity, light, oxygen etc. (15).



Stability is considered as an important evidence of the drug product or a certain formula
quality variation under different environmental factors (as temperature and humidity)
with time and it is an important tool in establishing the shelf life or retesting period of

the drug product and its most appropriate storage conditions (14).

Testing conditions are selected according to the climatic zone for each country. But the

general case is listed in Table (No.1).
Stability general storage conditions were attached in Appendix A table 1.

1.6 Validation

Analytical method is a description of the detailed steps of how to perform tests for
evaluating the drug product quality (13, 16). Validation of analytical method is intended
to prove that it is suitable for the intended purpose. It includes full assessment of the
sample, reagents, apparatus, standards, analytical conditions, preparation, changing

analyst, and even the time of preparation (17).

Validation parameters including: Specificity /Selectivity, Accuracy, Precision,

Linearity, Range, Robustness and Stress Conditions (17).

e Accuracy: is the measure of closeness of measured value to the true value at a

prescribed condition.

e Precision: is the measure of closeness of a series of measurements at prescribed
conditions. It is measured in three levels (repeatability which expresses precision at
the same operating conditions during short time, reproducibility which means
precision between laboratories, and intermediate precision which means precision

within laboratory variations as different analysts and days).

e Linearity: it is the ability of method to give direct proportional response to

concentration, which expressed by using linearity regression Coefficient (R?).

e Range: is the interval between upper and lower limits of concentrations or amounts
of the sample analyte which achieves suitable levels of accuracy, precision, and

linearity within these limits.



e Robustness: it is the ability of method to be unaffected by small and deliberate

changes of conditions and parameters under normal conditions(17).

e Selectivity and Specificity: it is the measure of procedures ability to assess the
effect of components on the analyte, these components might be impurities,
degrades, or matrix. It is determined by chromatographing the matrix and solvents

rather than the analyte.

e Limit of Quantitation (LOQ): It is the lowest amount of analyte in a sample that can
be determined with acceptable Precision and Accuracy under the stated

experimental conditions.

e Limit of Detection (LOD): It is the lowest amount of analyte in a sample that can be
detected with confidence and distinguished from noise/baseline, but not necessarily

quantitated, under the stated experimental conditions (16, 17).

e Stress testing of the drug substance helps in potential degradation products
identification, that helps in establishing the degradation pathway. It is also used as a
tool for indicating power of the used analytical procedures(18). Stress testing
includes effect of high temperatures above that of the accelerated conditions,
humidity, oxidation, photolysis and evaluation of hydrolysis over a wide pH range

(acidic and basic) conditions (19).

Any change in the analytical procedure, drug substance synthesis and composition of
finished product; needs revalidation. However it depends on the change degree and its
nature (13, 20).

1.7 Muscle relaxants & Analgesic

Low back pain is associated with considerable suffering and disability linked to a range
of symptoms, including tingling or burning, dull ache, sharp pain, and weakness in the
legs or feet. Back pain is among the most common reasons patients visit their primary

care physicians. A plethora of effective treatment options are available. (21)



These range from pharmacologic measures (eg, analgesics, anti-inflammatory
medications, muscle relaxants and steroid injections) to non-pharmacologic approaches
(eg, bed rest, massage therapy, exercise, application of heat or ice, acupuncture and

spinal manipulation). (21, 22)

Analgesics such as Acetaminophen and non-steroidal anti-inflammatory drugs
(NSAIDs) have often been used as first-line agents for controlling the symptoms of low
back pain which should be taken at the maximum anti-inflammatory dose (ie, ibuprofen
600-800 mg TID, for more than two weeks). Cyclooxygenase (COX)-2 selective
inhibitors do not offer analgesic benefit over traditional NSAIDs and are indicated only

for patients at risk for gastrointestinal bleeding. (21)

Although analgesic pain management may be the treatment of first choice, relief from
low back pain may also require alleviation of muscle spasm with oral muscle relaxants.
Muscle relaxants as (Carisoprodol, orphenadrin, cyclobenzaprine hydrochloride, and
metaxalone) can be used as monotherapy or in combination with analgesics for patients

with low back pain.(21)

Paracetamol and Orphenadrine combination as a muscle relaxant combined with
analgesic drug available as oral tablet under the trade name (Relaxone tablet, Beit jala
pharmaceutical) is used to relieve pain and stiffness caused by muscle strains and
sprains. In fact it is indicated for the relief of severe skeletal muscle spasms associated
with painful conditions such as low back pain, sprains and strains.

Skeletal muscle relaxants are a heterogeneous group of medications commonly used to
treat two different types of underlying conditions: spasticity from upper motor neuron
syndromes and muscular pain or spasms from peripheral musculoskeletal conditions
(23).

Common musculoskeletal conditions causing tenderness and muscle spasms include
fibromyalgia, tension headaches, myofascial pain syndrome, and mechanical low back
or neck pain. If muscle spasm is present in these conditions, it is related to local factors
involving affected muscle groups. These conditions are commonly encountered in

clinical practice and can cause significant disability and pain in some patients. Skeletal



muscle relaxants are one of several classes of medications frequently used to treat these
conditions (23).

Benzodiazepines like tetrazepam are used as anxiolytics, hypnotics, sedatives
anticonvulsants or skeletal muscle relaxants. Generally there is no evidence that any one
benzodiazepine is more effective than another if enough dosage is taken; as a result,
pharmacokinetic differences between the drugs may be important considerations in

prescription choice.(24)

Non-benzodiazepines include a variety of drugs like Cyclobenzaprine that can act at the

brain stem or spinal cord level.(24)

Cyclobenzaprine hydrochloride has been recommended as an adjunct to rest and
physiotherapy for the relief of muscle spasm associated with acute, painful
musculoskeletal conditions. At therapeutic doses, the compound does not affect central
nervous system (CNS) function. As a result, it depresses motor neuron hyperactivity
without significant ataxia and is ineffective in muscle spasm caused by CNS disease
(23).

Cyclobenzaprine is in a class of medications called skeletal muscle relaxants. It works
by acting in the brain and nervous system to allow the muscles to relax.
Cyclobenzaprine is used for short time together with rest and physical therapy to

treat skeletal muscle conditions such as pain or injury (25).

Chemically defined as N, N- dimethy I- 3- (2- tricycle [9.4.0.03,8] pentadeca-
1(15),3,5,7,9,11,13-heptaenylidene) propan-1-amine (26).

Cyclobenzaprine is a centrally acting skeletal muscle relaxant with antidepressant
activity. The exact mechanism of action of cyclobenzaprine has not been fully
determined, but this drug seems to primarily act at the brain stem to reduce tonic
somatic motor activity, influencing both gamma and alpha motor neurons leading to a

reduction in muscle spasms (26).

Cyclobenzaprine blocks tonic a-motoneuronal excitation produced by serotonergic
descending neurons. The blockade of 5-HT 2 receptors to be the major action of

cyclobenzaprine as muscle relaxant. (27)


https://www.drugs.com/cg/muscle-strain.html

The oral bioavailability of cyclobenzaprine has been estimated to be between 0.33 and
0.55. maximum concentration (Cpax) is between 5-35 ng/mL and is achieved after 4-
hours maximum time (Tmax). AUC over an 8-hours dosing interval was reported to be
approximately 177 mg.hr/mL. Orally administered Cyclobenzaprine HCI is well
absorbed. Cyclobenzaprine HCI undergoes enterohepatic circulation, and appears to be
metabolized by both oxidative and conjugative pathways during its first pass through
the gastro intestinal (Gl) tract and/or liver. Mean oral bioavailability of the drug is
estimated to range from 33-55% (26).

The common Cyclobenzaprine HCI oral tablet side effects may include: drowsiness,

tiredness, headache, dizziness, dry mouth, upset stomach, nausea, constipation (28).
The following figure show the chemical structure of Cyclobenzaprine HCI:

Figure 1
Cyclobenzaprine HCI (A) & Acetomenophine (B) chemical structures

O
HO

Acetaminophen (Paracetamol) is the most commonly used analgesic worldwide and is
recommended as first-line therapy in pain conditions by the World Health Organization
(WHO).

It is also used for its antipyretic effects, helping to reduce fever. This drug was initially
approved by the United States food and drug administration (U.S. FDA) in 1951 and is

available in a variety of forms including syrup form, regular tablets, effervescent tablets,
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https://www.sciencedirect.com/topics/medicine-and-dentistry/paracetamol

injection, suppository, and other forms. Acetaminophen is often found combined with
other drugs in more than 600 over the counter over the counter (OTC) allergy
medications, cold medications, sleep medications, pain relievers, and other products
(26).

Chemically defined as N-(4-hydroxyphenyl) acetamide & molecular formula is
C8HINO2 (26).

Acetaminophen is mainly metabolized in the liver by first-order kinetics, about 80-85%
of the acetaminophen in the body undergoes conjugation principally with glucuronic
acid and to a lesser extent with sulfuric acid. Overdoses of acetaminophen can lead to
hepatic necrosis due to the depletion of glutathione and of binding of high levels of

reactive metabolite (NAPQI) to important parts of liver cells (25, 26).

Acetaminophen has 88% oral bioavailability and reaches its highest plasma
concentration 90 minutes after ingestion. Peak blood levels of free acetaminophen are
not reached until 3 hours after rectal administration of the suppository form of
acetaminophen and the peak blood concentration is approximately 50% of the observed
concentration after the ingestion of an equivalent oral dose (10-20 mcg/mL) and it is
rapidly and almost completely absorbed from the Gl tract following oral administration
(26).

The following figure shows the chemical structure of Paracetamol:

1.8 Significance of the study

The main aim for any formulated drug is patient. The idea was to design a tablet that
contains two active ingredients in the same tablet core instead of taking two tablets
separately; this may be easier for the patient and improve compliance with treatment.
Paracetamol and Orphenadrine Citrate is the only formulation on the market that
contains both paracetamol and a muscle relaxant. The combined is used to improve
patients compliant especially the elderly patients & pregnant women as a safe drug for
them and which is good as to have a rapid result from the drug as analgesic then as
muscle relaxant and patient & companies will save money when they found these drug.

The suggested formulation in this study includes paracetamol and cyclobenzaprine HCI.


https://www.sciencedirect.com/topics/medicine-and-dentistry/paracetamol
https://pubchem.ncbi.nlm.nih.gov/compound/glucuronic%20acid
https://pubchem.ncbi.nlm.nih.gov/compound/glucuronic%20acid
https://pubchem.ncbi.nlm.nih.gov/compound/sulfuric%20acid

Because this formulation was not available in our marker, we needed to develop and

validate an analytical method

1.9 Objectives of the study

The aim of this project is to formulate and evaluate novel combination of

Cyclobenzaprine HCI and Paracetamol (oral tablet).
Specific objectives
1. Formulation and examination of the mixed powder compressed tablet drug.

2. Development and validation of analytical method to be used for testing the active

ingredient in the product (Assay).

3. Full assessment of the finished product characterization and specifications for all

physical and chemical parameters.

4. A pilot study questionnaire to collect doctors’ and patients’ perspectives regarding

combining Paracetamol and Cyclobenzaprine HCI into a single tablet.

10



Chapter Two
Method

2. Materials & Method
2.1 Materials and reagents

pharma grade Cyclobenzaprine HCI raw material (Vasudha manufacturer, India) was
provided by Pharmacare PLC (Ramallah, Palestine) and Paracetamol (merck
manufacturer, Germany) from the An-najah University laboratories. Cyclobenzaprine
HCI (Xaprine 5 or 10 mg) and Paracetamol (Panadol 500 or 1000 mg) products found in
the Palestinian pharmaceutical market were used. Solvents such as Acetonitrile, Water
and Methanol (were provided from the university and Dana Pharm, provided from
Honeywell (USA, HPLC grade). Other reagents and chemicals used in this study;
sodium starch glyconate, magnesium stearate and Avicel 101 were from Pharmacare
PLC. Ammonium acetate (sigma Aldrich manufacturer), sodium hydroxide (Gadot
manufacturer) and acetic acid (Gadot manufacturer) were provided from the university

and Dana Pharmaceutical Company.
2.2 Instruments
High-performance liquid chromatography

High-performance liquid chromatography (HPLC) is an instrument used to analyze
material using analytical method to distinguish, separate and quantify each ingredient in
a mixture. The system of HPLC used in this study is Hitachi Lachrom Elite HPLC, with
(2 - 4.6) mm internal diameter, columns for liquid chromatography (LC) and flow-rate
range of (0.00 -10.00) mL/min in 0.01 mL increments, column temperature in the range

of (20 — 60) °C was controlled using attached column heater.
Dissolution apparatus

Dissolution tests were performed to determine the rate and extent of drug release from
prepared drug formulations. Dissolution tester (Hsiang Tai machinery industry, Taiwan,
China) was used in all dissolution testing. Dissolution Apparatus 2 Paddle with six
vessels each of them filled with 900 ml of dissolution media was used. Paddle speed

was fixed to 50 rpm. The quantity of dissolved API(s) was determined using UV visible
11



spectroscopy (Shimadzu, Japan, UV 1280 spectrophotometer) which offers 190-1100

nm wavelength scanning.

2.3 Formulation development and optimization

The work plan includes the determining all physicochemical properties of
Cyclobenzaprine HCI and Paracetamol mixed powder tablets and performing all
required pre-formulation studies. Cyclobenzaprine HCI and Paracetamol mixed powder
tablets were formulated by using fixed dose of Cyclobenzaprine HCI 5 mg/tablet and
500 mg/tablet of Paracetamol. Pharmaceutical excipients were selected based critical
quality parameters and required final specifications of the oral tablets. Types and
quantities of excipients were determined based on their compatibility and typical used
levels for each with optimization. Tablets were produced using direct compression
technique. Physical properties, hardness, dimensions of tablets, appearance and

friability were tested for the obtained oral tablets.

2.4 Establishing stability indicating method

Stability indicating method relied on assay test of Cyclobenzaprine HCI and
Paracetamol drug substance using stress conditions for drug degradation as listed in
ICH and USP.

The degradation of tablet was demonstrated using: Acid Degradation (1M HCI), Base
Degradation (1M NaOH) & Oxidation (3% H,0) (16)

2.5 Method
2.5.1 Preformulation

Prior to processing, powder properties were determined by measuring the powder inter-

particulate interactions (14).
Bulk Density

Mass of powder taken (m) and volume of untapped powder (Vi) were measured to

calculate: Bulk density = m/Vi
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Tapped Density

Mass of powder (m) Tapped volume (Vt) were measured to calculate:
Tap density = m/Vt

Compressibility Index

L d — p bulk
Compressibility Index = (10.3 % (ﬁ appe pou ))

p tapped

Hausner Ratio

tapped) (0504
(pappe)_( ):1457

Hausner Ratio = ik =036
The flow ability scale of the powder with Hausner ratio were attached in appendix A

table 2.

Water Content/LOD Determination

Water content/LOD of the API and each excipient used in the formulation was tested
according to its testing procedure in the pharmacopeias (11); as illustrated in Table (3)
in appendix A.

Excipients and APls Compatibility

A high-quality, safe, and effective drug product is the main target of any formulation.
Not only during manufacturing, but also after long-term use; to ensure this before
beginning the formulation, a compatibility study between API and excipients is
recommended, which is considered a limiting step in any successful formulation and
ensures that no impact of any used excipient on the API characteristics and properties,
because any change in appearance, quantitative parameters, physical and chemical
properties gives evidence of a lack of opacity. This, in turn, leads to risk and a direct
impact on the product's quality and safety.

Intended used excipients were mixed with API in optimized quantities (as listed in
Table 4 Appendix A) and stored at 40°C and 75% RH for 30 days, and then every

portion was analyzed for appearance, flowability and assay (using Assay Method).
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2.5.2 Preparation of the formulation (Optimized Formula)

After thoroughly testing the compatibility, physical and chemical properties, function,
and test/odor characteristics of each component of the formulation, we evaluated

mixtures. Many formulation trials were initiated to reach the best one.

2.6 Pharmaceutical Quality Control

The prepared tablets were visually inspected for general appearance such as shape,
color, or any other physical defect. In addition, to assure pharmaceutical quality of the
tablets other pharmacopeial quality control tests were performed including friability of
tablets, hardness of the tablet, weight uniformity, assay, disintegration time and

dissolution.

I. Assay

Assay of tablet product was assessed according to USP monographs. In-house method
trial done at the university and Dana Pharm Company for drug analysis was employed

in this research under their permission.

T Mobile phase composition, mobile phase gradient, wavelength, column and flow rate
were the parameters that were optimized to reach the following final method of

analysis.
The final used test method

Mobile phase: a mixture of 650 ml of buffer (11.4 g/L ammonium acetate in water with
pH adjustment to 7.2 using ammonium hydroxide) and 350 ml methanol then it was

filtered through 0.45 micro membrane filtered.
Diluent: same as mobile phase.
Standard preparation:

Standard solution 1: an accurate weight quantity in 100 ml volumetric flask (VF) of 500

mg Cyclobenzaprine HCI WS was dissolved with diluent to 100 ml.

Standard solution 2: an accurate weight quantity in 100 ml VF of 50 mg
Cyclobenzaprine HCI WS was dissolved with diluent to 100 ml.
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Standard solution: dilute 1 ml of standard solution 1 and 10 ml of standard solution 2 in
100 ml with diluent to obtain a concentration of 0.005 mg/ml of Cyclobenzaprine HCI

and 0.5 mg/ml of paracetamol, stir and filtrate with 0.45 pm syringe filter.

Sample preparation: transfer not less than 10 tablet to a suitable mortar to crush into a
powder, transfer accurately amount of powder equivalent to weight of one tablet to 100
ml VF and dilute to 100 ml with diluent, stir for 10 min to dissolve to prepare sample
stock solution. Dilute 10 ml of sample stock solution to 100 ml with diluent to obtain a
concentration of 0.005 mg/ml of Cyclobenzaprine HCI and 0.5 mg/ml of paracetamol,

stir and filtrate with 0.45 pum syringe filter.
Chromatographic system:

Column: C8 (Octyl) HPLC Column 25cm x 4.6mm 5um, L7, Column temperature:
30°C, Detector wavelength: 226 nm, Flow rate: 1 ml/min, Injection volume: 15 pL.

The percentage of the Cyclobenzaprine HCI & Paracetamol content in the tablet

compared to the standard was measured using the following equation:
%Asssy = ("ri" "rs")*("C" /"Cs" )* STD Potency *100

Where:

r. sample solution Peak area response.

rs: standard solution peak area response.

Cs: standard solution concentration (mg/ml).

Ct: sample solution concentration (mg/ml)

Il. Weight uniformity test

To evaluate the weight uniformity of tablets, 20 tablets were randomly picked out and
weighed individually using an analytical weighing balance. The average weights for
each product and the percentage relative standard deviation were calculated according

to USP test of weight uniformity.
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I11. Hardness and friability

To assess the crushing strength of tablet products the hardness test performed, 10
formulated tablets were randomly selected to measure the hardness using the hardness

tester.

IV. Disintegration

To assess the disintegration time of tablet, 6 tablets were placed in a disintegrator which
consists of a basket with 6 tubes. The basket loaded with the tablets was immersed in a
bath of water and the temperature was 37°C. The disintegration time of the tablets was
noted when it completely disappeared (disintegrated) and no stacked particles were left

on the mesh of the basket of the disintegrator.

V. Dissolution

The dissolution of tablet products calculated by preparing a standard solution which was
used to establish the different products dissolution profile, 0.0055 mg/ml of
cyclobenzaprine and 0.55 mg/ml of paracetamol were prepared in dissolution medium
acetate medium (acetate buffer, pH 4.5 per one litter dissolve 5.9 g of sodium acetate
and 7.4 ml of Acetic acid and pH adjust with sodium hydroxide). To prepare the sample
solution, six tablets were tested using USP Dissolution Apparatus 2 Paddle, 900 ml of
dissolution medium was added to each vessel and the temperature was maintained at 37
+ 0.5 °C. One tablet was placed in each of the dissolution vessels with a paddle stirrer at
50 rpm. At the end of 30 minutes, sample aliquots (5 ml) were withdrawn from a zone,
filtered using a 0.45 um filter syringe. The filtered sample was tested in comparison
with standard by ultra violet (UV) spectroscopy at wavelengths of 290 nm and 250 nm

for Cyclobenzaprine HCI and Paracetamol, respectively.
The percentage of the content in the pharmaceutical products compared to the standard
was calculated using the following equation:
% Recovery = ( A1/As)*(C1/Cs)* STD Potency (%)
As: Sample solution absorption.
As: Standard solution absorption

Cs: Standard solution concentration (mg/ml).
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C+: Sample solution concentration (mg/ml).
2.7 Validation of Assay

The following validation tests were performed (16), the results were compared with the
requirements of the Palestinian Ministry of Health according to Word Health

Organization.

I. Linearity and Range

Mobile phase: a mixture of 700 ml of buffer (11.4 g/L ammonium acetate in water with
pH adjustment to 7.2 with ammonium hydroxide) and 350 ml methanol then it was

filtered through 0.45 micro membrane filter.
Diluent: Same as Mobile phase.

Paracetamol standard stock solution of 5 mg/ml and Cyclobenzaprine HCI standard
stock solution of 0.05 mg/ml were used for preparation of subsequent aliquots; aliquots
of 0.2, 0.225, 0.25, 0.275, 0.3, 0.4, 0.45, 0.5, 0.55 and 0.6 mg/mL concentrations were
prepared by serial dilution for Paracetamol and aliquots of 0.002, 0.00225, 0.0025,
0.00275, 0.003, 0.004, 0.0045, 0.005, 0.0055 and 0.006 mg/mL concentrations were
prepared by serial dilution for Cyclobenzaprine HCI. The solution of 2 mL was loaded
in autosampler tray and 15 uL was being injected into column. All measurements were
repeated three times for each concentration. The calibration curves of the area under

curve versus concentration were recorded.
Acceptance criteria: R? is NLT 0.98.

I1. Precision

Standard solution (conc. 0.5 mg/ml Paracetamol & 0.005 mg/ml Cyclobenzaprine HCI)

was injected into the chromatogram six times; RSD was calculated.

Acceptance criteria: (RSD should be NMT 2.0 %).
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I11. Accuracy and Recovery

Sample Solution: 3 aliquots were prepared from each concentration as following:

116 mg placebo were mixed with 400 mg paracetamol & 4 mg Cyclobenzaprine HCI
dissolved in 100 ml diluents; sonicated for 5 min; cooled to room temp. Then volume
completed to 100 ml with diluents, 10 ml of obtained solution was diluted to 100 ml

with diluents (conc. 0.4 mg/ml paracetamol & 0.004 mg/ml Cyclobenzaprine HCI).

145 mg placebo were mixed with 500 mg paracetamol & 5 mg Cyclobenzaprine HCI
dissolved in 100 ml diluents; sonicated for 5 min; cooled to room temp. Then volume
completed to 100 ml with diluents, 10 ml of obtained solution was diluted to 100 ml

with diluents (conc. 0.5 mg/ml paracetamol & 0.005 mg/ml Cyclobenzaprine HCI).

174 mg placebo were mixed with 600 mg paracetamol & 6 mg Cyclobenzaprine HCI
dissolved in 100 ml diluents; sonicated for 5 min; cooled to room temp. Then volume
completed to 100 ml with diluents, 10 ml of obtained solution was diluted to 100 ml

with diluents (conc. 0.6 mg/ml paracetamol & 0.006 mg/ml Cyclobenzaprine HCI).

Procedure: 15 pl of each prepared sample and standard solution were injected into the
chromatogram, % Recovery was calculated for each injected sample.

Acceptance criteria: * 2.0 %.

V. Specificity

40 ml of diluent added to 145 mg placebo; sonicated for 5 min and cooled to room
temperature, then volume completed to 100ml with diluent; 10 ml of obtained solution
was diluted to 100 ml with diluent. 15 pl were injected, in the chromatogram obtained it
should show no signals at the retention time of paracetamol and Cyclobenzaprine HCI

peaks.

V. Stability Indicating Method (Stress Conditions)

Base Degradation (NaOH): 5.0 ml of SSS1, 5.0 ml of SSS2 & 5.0 ml of 1M NaOH
solution were diluted to 50 ml with diluents. (Conc. 0.55 mg/ml paracetamol & 0.0055

mg/ ml Cyclobenzaprine HCI).
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Acid Degradation (HCI): 5.0 ml of SSS1, 5.0 ml of SSS2 & 5.0 ml of 1M NaCl
solution were diluted to 50 ml with diluents. (Conc. 0.55 mg/ml paracetamol & 0.0055
mg/ ml Cyclobenzaprine HCI).

Oxidation (H,0,) Degradation: 5.0 ml of SSS1, 5.0 ml of SSS2 & 5.0 ml of 3% H,0,
solution were diluted to 50 ml with diluents. (Conc. 0.55 mg/ml paracetamol & 0.0055
mg/ ml Cyclobenzaprine HCI).

2.8 Stability of tabletx

In this study, samples of mixed powder Cyclobenzaprine HCI & Paracetamol Tablets
were paced in a high density polyethylene HDPE bottles covered with child proof caps,
and stored at two different conditions at 25°C/60% RH & 40°C/75% RH. Testing
Frequency: samples analyzed at different time intervals (Zero-time, 3 Month & 6"
month) in order to evaluate the changeover the time of the formula and its proper

storage conditions.
2.9 A pilot field study

2.9.1 Study design and setting

This study was a cross-sectional questionnaire-based to evaluate doctors’ and patients’
perspectives regarding the use of Paracetamol and Cyclobenzaprine HCI. It was
conducted between March 2021 and December 2021.

The population was doctors who may prescribe Cyclobenzaprine for patients in Nablus

city. Convenience sampling was used to recruit participants.

2.9.2 Inclusion and exclusion criteria

The inclusion criteria were as follows for doctors: males and females, with specialties
that may prescribe Paracetamol and Cyclobenzaprine as orthopedic doctors
neurosurgeons and neurologists. The inclusion criteria for patients were male or female

patients who were prescribed Cyclobenzaprine for any type of pain.
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2.9.3 Data collection and management

Data Collection Forms (Appendix B) were used to gather information. The form for
doctors was in English and it included some sociodemographic data as gender, age,
specialty, years of experience and working place, then they were asked about the
frequency of prescribing these two medications and if they support combining them in a
same tablet. For patients, the form was in Arabic and it included some
sociodemographic data also as gender, age, education, living place, chronic disease, in
addition to questions regarding the use of Paracetamol and Cyclobenzaprine.

Initially the doctor prescribed Cyclobenzaprine HCI tablet as a muscle relaxant for the
patient and asked him/her to use it for the first 3 days and record efficacy and any side
effects then the doctor added Paracetamol tablet and tried to notice the differences
before and after taking Paracetamol tablet. The doctor then completed the questionnaire

for the patient.

2.9.4 Ethical approval

All aspects of the study protocol, including access to patients’ clinical information, were
authorized by the Institutional Review Boards (IRBs) (Appendix C) before the initiation
of this study. In addition, a verbal consent form was obtained from each patient
(Appendix C).

2.9.5 Statistical analysis

The Statistical Package for Social Sciences program version 21 (SPSS) and Excel sheets
were used to enter and analyze data. Data was expressed as mean + SD for continuous

variables and as frequencies (percentages) for categorical variables.
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Chapter Three

Results

3. Results

Solid dosage forms are the preferable ones among other pharmaceutical forms due to its
stability, reproducibility, handling, and dosing. Successful formulation and evaluation
of Cyclobenzaprine/paracetamol tablet will provide a new pharmaceutical combination
with lower cost, which may improve the patient compliance by reducing the tablets

needed to be taken and thus improve patient's compliance to prescribed therapeutics.
3.1 Preformulation Testing

3.1.1 Compatibility & flow properties

For cyclobenzaprine bulk density was 0.48 g/ml, tapped density was 0.57 g/ml with
compressibility index of 15.8 and Hausner Ratioof 1.17 and for Paracetamol bulk
density was 0.43 g/ml, tapped density was 0.51 g/ml with compressibility index of 15.7
and Hausner Ratio of 1.18 as index for flowability and compressibility of the

formulated tablet.

The powders results show good flowability properties with good compressibility index
(112).

3.1.2 Water Content/LOD Determination

Xli?; éxcipients Water content (WC)/loss on drying (LOD) Results
Material Test Limit Result
Cyclobenzaprine HCI LOD *NMT 5.0 % 0.9 %
Paracetamol LOD NMT 5.0 % 2.1%
Auvicel 101 LOD NMT 7.0 % 4.8 %
Magnesium stearate LOD NMT 6.0 % 2.7%
Sodium starch glucolate LOD NMT 10% 6.7 %

*NMT: not more than

LOD/W.C for each excipient should be within specifications, because out of range
LOD/W.C results in stability problems and thus degradation of product. As illustrated in
the table above all results are within specifications.
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3.1.3 Excipients and APIs Compatibility

Table 2

Compatibility Testing Results.

No (API: Excipient) Appearance Assay (API)
after month

1 Paracetamol: Avicel 101 White powder 99.5%

2 Paracetamol: magnesium stearate White powder 99.7 %

3 Paracetamol: sodium starch glycolate White powder 99.2 %

4 Paracetamol: Cyclobenzaprine HCI White powder 100.5%, 99.4%

5 Cyclobenzaprine HCI: Avicel 101 White powder 100.0 %

6 Cyclobenzaprine HCI: magnesium stearate ~ White powder 99.5%

7 Cyclobenzaprine HCI:  sodium starch White powder 100.7%

glycolate

As obtained in the results above; no change in appearance of each mixture was observed
after a month. In addition; no significant change in APl Assay observed, which means
that no impact of any used excipient on the quantitative and qualitative results of the
APl and more importantly the combing the two APIs is not expected to induce

significant degradation of each.

3.2 Preparation of the formulation (Optimized Formula)

the optimized formula of the tablets was obtained as illustrated in Table 7. The powders

were mixed using direct mixing and compressing method.

All excipient was weighted and mixed well together, Paracetamol was added and mixed
for 15 min then cyclobenzaprine was added and all powders mixed together for other 15
min to ensure that the powders distributed well. Small amount of powder was taken for
analysis and the other added to the hopper (inlet) of the compression machine and

compressed to obtain a tablet with required specifications.
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Table 3

Tablets Optimized Formula.

No. Material Function Quantity (% wiw)
(mg/tablet)
l. Paracetamol Active 500 76.9
. Cyclobenzaprine HCI Active 5 0.769
. Avicel 101 Binder 110 16.9
V. sodium starch glycolate Disintegrant 10 1.54
V. magnesium stearate Lubricant 5 0.769

Total Wt. of Tablet= 650 mg

3.3 Evaluation of Compressed Tablets
Description of Tablets

The obtained tablets were oval convex tablet, white coloured free from spots, cleavage,

cracking, and sticking.

Accordingly the dimensions of Tablet, uniform dimensions (length and thickness) of
tablets obtained after compression (Table 7), are evidence of good processing and good
blend properties prior to compression including the optimized quantities of excipients
used. (RSD between readings < 2.0 %).

Table 4
Tablets parameters (length, thickness & hardness).
Parameter
Tablet No. Length (mm) Thickness (mm) Hardness (Newton N)
1 1.58 0.75 82
2 1.58 0.75 76
3 1.60 0.74 88
4 1.59 0.75 79
5 1.58 0.76 75
6 1.57 0.76 79
7 1.59 0.75 85
8 1.58 0.75 81
9 1.58 0.74 77
10 1.59 0.74 86
Average 1.58 cm 0.75cm 82N
Specification 1.58 cm +0.3 mm 0.75cm £0.3 mm Not less than (NLT) 60
N
SD 0.016364 0.021499 -
RSD 0.15 % 0.5 % -
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Friability and Disintegration Time

Balance achieved between the three parameters (Disintegration Time & Friability) was
acceptable for such dosage form leading to uncoated tablets that should be hard enough
to be handled, disintegrate easily and meet friability criteria as shown in tables 8, 9 and
10.

Friability of tablets:

The weight of tablets before test = 10 gm
The weight after test = 9.982 gm
The friability % = 0.18% which is in an acceptable limit (NMT 1.0%)

Disintegration of the tablet:

The disintegration results for 6 tablets were between 40 & 78 seconds with an average
of 57 seconds which is in acceptable limit (NMT 15 min)

Weight and Uniformity of Weight

All tablets were uniform in weight with no deviation from the target weight by more
than 5.0 %. This uniformity of weight also achieved by right selection of excipients

quantities and processing method (Table 11).

Table 5
Weight Variation Results.

Tablet No. Weight (mg) Tablet No. Weight (mg)
1 658 11 659
2 637 12 647
3 662 13 662
4 652 14 654
5 645 15 637
6 669 16 645
7 637 17 660
8 651 18 650
9 659 19 658
10 670 20 642
Average weight = 652.7 mg

SD=15

Minimum Wt. 617.5 mg

Maximum Wt. 682.5 mg

Acceptance Limit 650.0 mg = 5.0 %
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Dissolution/in vitro test

Dissolution results were within acceptance limits, with low CV. This also a good
indicator of uniform distribution of APIs within the blend before and during
compression as well as good formulation that passed one of the critical quality attributes

tests.

Absorbance of Standard:

Paracetamol Solution at 250 nm = 2.96
Cyclobenzaprine HCI at 290 nm = 3.1

Panadol tablet dissolution results:

The mean of dissolution = 98.9%, the lower value was 97.5% and higher value was
101.0%, which are within acceptable limit (NLT 70% Q)

Xaprine tablet dissolution results:

The mean of dissolution = 94.5%, the lower value was 92.5% and higher value was
96.0%, which are within acceptable limit (NLT 70% Q).

Formulated combined Paracetamol & Cyclobenzaprine HCI tablet dissolution
results:

For Paracetamol: The mean of dissolution = 101.5%, the lower value was 100.3% and

higher value was 103.0%, which are within acceptable limit (NLT 70% Q).

For Cyclobenzaprine: The mean of dissolution = 88.2%, the lower value was 97.1%
and higher value was 89.7%, which are within acceptable limit (NLT 70% Q).
Assay

Percent (%) content of the API in the portion of powdered tablets taken for analyzing
assay was high and within acceptance limit, with RSD less than 2.0 % between tested
samples. The chromatographic trials and results were attached in appendix D.
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Table 6
Assay Results.

Average paracetamol
standard solution

59922718

Sample (1)

Sample (2)

Sample (3)

Average Assay
Acceptance Limit
Average Cyclobenzaprine
HCI standard solution
Sample (1)

Sample (2)

Sample (3)

Average Assay
Acceptance Limit

%Assay= (61190065/59922718)x100= 102.1%
%Assay= (60291303/59922718)x100= 100.6%
%Assay= (60621468/59922718)x100= 101.2%
101.3 %

90.0 %-110.0 %

1919711

%Assay= (1885712/1919711)x100= 98.2%
%Assay= (1918083/1919711)x100= 99.9%
%Assay= (1976150/1919711)x100= 101.9%
100.0%

90.0%-110.0 %

3.4 Validation/Verification Results

Any used analytical procedure for any test; should be validated /verified in order to
assure that used procedure can achieve the desired purpose. This assessment can be

judged according to several parameters to assure that the method is linear in the range

used with high recovery and precision, good robustness and selectivity.

Assay Validation

Tables 14-17 and Figures 1 and 2 show validation results, which were all within the

accepted range and the chromatographic results, were attached in appendix D.
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I. Linearity and Range

Table 7

Assay Linearity Results for Paracetamol & Cyclobenzaprine HCI

Pracetamol Conc. Avg. Area of Cyclobenzaprine Avg. Area of

(mg/ml) Paracetamol Conc. (mg/ml) Cyclobenzaprine
0.2 25307491 0.002 784484
0.225 29478402 0.00225 893564

0.25 32663902 0.0025 1005309
0.275 34320554 0.00275 1050000

0.3 38623912 0.003 1170930

0.4 50934697 0.004 1539160
0.45 56421714 0.0045 1724130

0.5 62659004 0.005 1983586
0.55 69021202 0.0055 2157754

0.6 74102473 0.006 2316641

R? 0.999 R? 0.9983
Y-intercept 2*10° Y-intercept 12985

Slope 1*10° Slope 4*10°
Acceptance Limit R?NLT 0.98 Acceptance Limit ~ R*NLT 0.98
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Figure 2

Linearity of Assay for paracetamol.
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Figure 3

Linearity of Assay for Cyclobenzaprine HCI.
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As the above results illustrate; method of analyzing Assay is linear in the range of 0.2
mg/ml to 0.6 mg/ml conc. for paracetamol and 0.002 mg/ml to 0.006 mg/ml for

Cyclobenzaprine HCI.
I1. Precision

Table 8

Assay Precision Results.

Sample No. Area of paracetamol (A.U) Area of Cyclobenzaprine HCI
(A.U)
1 62385309 1959491
2 62621729 1943405
3 62687558 1944042
4 62481827 1952605
5 62668664 1948029
6 62739815 1943715
Mean 62597484 1948548
SD 135956.3 6427.912
RSD 0.21% 0.33%
Acceptance RSD should not exceed 2.0 %
Limit

As illustrated above; RSD between readings was 0.5 % < 2.0 %; which means that assay

method is precise.
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I11. Accuracy and Recovery

Table 9

Assay Accuracy/Recovery Results for paracetamol.

Conc. Sample  Area of Area of % Recovery % Recovery
(mg/ml)  No. Paracetamol  Cyclobenzaprin  Paracetamol  Cyclobenzaprine
(A.V) e HCI (A.U) HCI

0.4 1 51094168 1503625 100.4 100.7

0.4 2 50853868 1493975 100.0 100.0

0.4 3 508976360 1494641 1000.5 100.1

0.5 1 62866862 1962391 100.3 100.9

0.5 2 62866862 1949041 100.3 100.3

0.5 3 62725970 1946778 100.1 100.1

0.6 1 73921612 2306714 99.7 100.8

0.6 2 73902022 2292841 99.6 100.2

0.6 3 73981606 2306714 99.8 100.8

Acceptance Limit: Recovery should not exceed + 2.0 %

Recovery was within acceptance limit (2 %) for every 3 samples analyzed at different

concentrations from (80% to 120 % of target concentration).
IV. Selectivity: no absorbance found for the placebo sample.
V. Stability under stress conditions

Stress conditions are necessary to develop a stability indicating method that illustrates
all potential degradation products at different stressed conditions; without interfering
with the API. This also helps in determining the suitable conditions for storage. The
method shows a degradation result in the APIs when expressed under acidic, basic and

oxidation condition.

3.5 Stability Study Results

Stability of formulated mixed powder tablets was studied after 3 and 6 months at
different storage conditions (25 °C, 60 % RH) and at (40°C, 75% RH). Stability results
are listed in Table 18. As obtained from the results, the product was stable at the two
different conditions; with slight changes at 40° Cover the time period; however, all

results were within acceptable limits.
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Table 10

The result of stability listed in the following table

Test for tablet 3Month result 6™ Month result

Specification

25C/60%RH  40C/75%RH  25C/60%RH  40C/75%RH
Length 158 cm £ 0.3 1.57mm 1.58 mm 1.59 mm 1.57 mm
mm
Thickness 0.75 cm = 0.3 0.76 mm 0.78 0.75 mm 0.74 mm
mm
Hardness NLT 60 N 81 78 84 80
Friability NMT 1.0% 0.13% 0.16% 0.15% 0.18%
Disintegration NMT 15 min 1 min 52 sec 55 sec 57 sec
Average weight 650.0 mg £5.0% 658.1 mg 656.1 mg 654.7 mg 654.0 mg
Dissolution
Paracetamol NLT 70%Q 99.1% 98.5% N.A N.A
Cyclobenzaprine NLT 70%Q 90.7% 88.7% N.A N.A
HCI
Assay
Paracetamol 90.0%-110.0% 99.5% 99.3% 99.8% 98.5%
Cyclobenzaprine 90.0%-110.0% 98.8% 98.1% 97.7% 98.0%

HCI
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3.6 The pilot observation clinical study

This part included two questionnaires:

The doctor's questionnaires were answered by fifty doctors through a face-to-face
interview (Figure 5). Around 50% of them were between 50 and 60 years old, 14.6%
less than 30 years and 35.4% between 30 and 40 years, 64.6% were males. 18.8% had
more than 20 years of experience, 12.5% had 10 to 20 years of experience, 18.8% had
5-10 years of experience and 50% had less than 5 years of experience. Regarding their
working places, 52.1% of doctors worked in governmental hospitals, 29.2% worked in
private hospitals, 10.4% worked in private clinics, and 8.3% worked in other places.
Their prescribing of Paracetamol was very common as 79.2% of them said that they
prescribe it daily, while for cyclobenzaprine, the frequency of prescribing was divided
as yearly, monthly, weekly, and daily (14.6%, 25.0%, 41.7%, and 18.8% respectively).
Almost all doctors (93.8%) supported the idea of combining the two medications in one
tablet and said it could be a tablet in tablet, mixed powder tablet, or two-layer tablet
(29.2%, 39.6%, and 31.3%, respectively).

The patient questionnaires were answered by thirty patients (Figure 6). The percentage
of male patients was 57.1%, 92.9% were married, 50% were between 40 and 60 years
old, 35.7% were less than 40 years old, and 14.3% were more than 60 years old, 32.1%
had a university degree and 35.7% had only a high school, 39.3% had a monthly income
of between 3000 and 5000 NIS, while for 36.7% it was between 1000 and 3000 NIS,
10.7% of the patients had no health insurance, 46.4 had private health insurance and
42.9% had government health insurance, 64.3% had no chronic diseases while 14.3%
had diabetes and 10.7% had hypertension. Most of them evaluated their health status as
excellent (71.4%). The reasons for visiting the doctor were back pain, neck pain, or
others, with a percentage of 67.9%, 25.0%, and 7.1%, respectively. All were prescribed
the trade name of Cyclobenzaprine HCI drug (Xaprine)® with a 5mg concentration.
Only 10.7% of patients used Xaprine before this time. 14.3% of patients suffered from
Xaprine side effects, which were tiredness, headache, dizziness, drowsiness,
constipation, and dry mouth. All patients said that their symptoms improved when

Paracetamol was added to Cyclobenzaprine.
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The following figure (5,6) show the result:

Figure 4

Doctors’ questionnaire results (N =50)

Age

W 50-60
m <30
30-40

Gender

H Male ® Female




Years of experience

m>20 H<5

W 5-10. m10-20.

Working place

M Privet hospetal

B Gover. Hospital

i privit clinic

H Other
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Paraetamol prescibtion frequincy

B Weekly  ® Daily

Cyclobenzoprine prescrition frequancy

H Yearly

B Weekly
i Daily

B Monthly
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The ideae is useful

H Yes

m No

Best formulation idea

H Tablet in tablet
H Mixed powder

u Two layer
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Figure 5

Patients’ questionnaire results (N=30)

Gender

B Male ®Female

Marital status

H Married

H Single




Age

H <40
W <60
m>60
Education level
B High school B University
i Primary H Higher than




Income level

H 1000-3000
m 3000-5000
m <5000

Health insurance

B Govermental M Private u No




Suffers from diseases

B Hypertension M Diabetes

i No diseases H Othor

Health status

M Excellent H Very good

u Good
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Reason for visiting Dr.

B Pack pain B Neck pain

 Othor

Drug trade name

B Xaprine
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Cyclobenzaprine Conc.

E5mg

Have you used Xaprine before this time?

M Yes

m No
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Chapter Four

Discussion and Conclusion

4. Discussion and conclusion

The effectiveness of Cyclobenzaprine is improved with paracetamol when they are
taken together. Using a muscle relaxant and an analgesic is common for some types of
muscle pain (28) . So a formulation of Cyclobenzaprine HCI and Paracetamol combined
powder tablet was done to achieve an effective drug and reach consumer's requirements.
Using both active ingredients in one tablet instead of using two separated tablets is

easier for patients and may improve patient compliance.

According to the results of the active pharmaceutical drug powder properties, bulk
density, tapped density, compressibility index and Hausner ratio calculation were
evaluated and the powder has good flowability properties with good compressibility
(12).

Active ingredients and excipients were within water content and loss of drying
specification which have a good compatibility (14). The formulated tablet has

disintegration time lower than 2 min.

The direct compressed formulated tablet contained magnesium stearate as lubricant,
sodium starch glycoside as disintegrant, avicel 101 as binder and Paracetamol 500mg
and Cyclobenzaprine HCI 5mg as active ingredients.

The formulated tablet is physically tested for colour, shape, length, thickness, hardness,
weight, friability and disintegration. It was white in colour oval convex shaped
compressed tablet that has a length of 1.58 cm + 0.3 mm and 0.75 cm £ 0.3 mm in
thickness, with an average of 82 N hardness and 652.7 mg weight, and acceptance result
for friability and disintegration time test.

The formulated tablet has a dissolution of NLT 70% Q and assay within the limit of
90%-110%. And all these tests’ results were within the accepted and recommended

ranges (14).
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All tests under assay validation were within accepted limit also (16).This means that the
method is linear with R? more than 0.98, accurate with less than 2% recovery precise
with %RSD less than 2%, and selective with no peak interference which means that it
will give a good result on any HPLC by any expert analyst at a different concentration
and time (16).

The formulated tablet was chemically and physically stable for 6 months at different
storage zones (25 °C, 60 % RH) and at (40°C, 75% RH) (14).

Regarding the questionnaires, they showed an acceptance for the combination of both
drugs by the doctors and patients, the doctors told that they prescribe both medications
together for muscle pain and almost all of them supported having the two active
ingredients in one tablet. The patients were using the 5 mg dose of the cyclobenzaprine
and all of them told that the efficacy of treatment improved when paracetamol was

added which means that they also support having both medications together.

4.1 Conclusion

Cyclobenzaprine HCI and Paracetamol mixed powder tablets were successfully
formulated and showed an acceptable stability profile. The developed and validated
HPLC method was suitable for the characterization and assessment of the formulated
tablets and can be used for convenient forms analysis especially for those tests not listed

in the pharmacopeias.

The formulated mixed powder compressed tablet can be manufactured in
pharmaceutical companies with a stable formula physically and chemically and
validated test method.

The future work may concentrate on changing the type of formulated tablet as many
layer tablet, tablet in tablet or other types, or may try to work on adding other active
ingredients to have more effective tablets, in addition to having different strength of
both medications, such as adding caffeine which may potentiate the analgesic effect of
paracetamol and at the same time lessen the sedative side effect of cyclobenzaprine.
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List of Abbreviations

Abbreviation Meaning

APIs Active ingredients

°C Celsius grade

CNS Central nervous system
Cv Corrective value

CQA Critical quality attributes
Gl Gastro intestinal

g Gram

HDPE High density poly ethylene
HPLC High performance liquid chromatography
hr Hour

LC Liquid chromatography
Crmax Maximum concentration
Trax Maximum time

pL Micro liter

pum Micro meter

Mg Microgram

mg Milligram

ml Milliliter

mm Millimeter

min Minutes

ng Nano gram

nm Nanometer

N Newton

NLT Not less than

NMT Not more than

oTC Over the counter

QbD Quality by design

QTPP Quality target product profile
RLD Reference listed drug
RH Relative humidity
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RSD

rpm

Sec

uv

U.S. FDA
VF

WHO

Relative standard deviation

Revolution per minutes

Second

Ultra violet

United states food and drug administration
Volumetric flask

World health organization
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Table A.1

Appendices
Appendix A

Tables of Study

General stability storage conditions

Minimum  Period

of

Study Term Storage Condition o
Study at Submission
25°C+ 2°C/60% RH+ 5% RH
Long term or- 12 Months
30°C+ 2°C/65% RH+ 5% RH
30°C+ 2°C/65% RH+ 5% RH 6 Months
Intermediate
Accelerated 45°C+ 2°C/75% RH+ 5% RH 6 Months

Table A.2
Scale of Flowability

Compressibility Index

Powder Flow Properties

Hausner Ratio

<10 Excellent 1.00-1.11
11-15 Good 1.12-1.18
16-20 Fair 1.19-1.25
21-25 Passable 1.26-1.34
26-31 Poor 1.35-1.45
32-37 Very Poor 1.46-1.59
>38 Very. Very Poor >1.60
Table A.3
API1& Excipients Water content (WC)/loss on drying (LOD)
Material Test Limit
Cyclobenzaprine HCI LOD *NMT 5.0 %
Paracetamol LOD NMT 5.0 %
Avicel 101 LOD NMT 7.0 %
Magnesium stearate LOD NMT 6.0 %
Sodium starch glucolate LOD NMT 10%

*NMT: Not more than.

50



Table A4

(API: Excipients) Ratios for Compatibility Test.

No. (API: Excipient) Ratio
1 Paracetamol: Avicel 101 (2:1)
2 Paracetamol: magnesium stearate (2:1)
3 Paracetamol: sodium starch glycolate (1:1)
4 Paracetamol: Cyclobenzaprine HCI (1:1)
5 Cyclobenzaprine HCI: Avicel 101 (1:1)
6 Cyclobenzaprine HCI: magnesium stearate (1:1)
7 Cyclobenzaprine HCI: sodium starch glycolate (2:1)
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Appendix B

Data collection form
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Data Collection Form
Dear doctor, could you please give us a few minutes to fill this questionnaire.
We are carrying out this questionnaire as a part of master thesis to study a muscle relaxant drug
(Cyclobenzaprine HCI) in term of uses and whether it is used with Paracetamol, how often they
are both prescribed together and to collect opinions about development of a new formulation
that contains both drugs in one tablet to meet patient compliance.

Sociodemographic data

Gender

® Male

® Female
Age

® <30 vyears

® 30-40 years
® 50-60 years
® >60 years

Place of work

® Governmental hospital

® Private hospital
®  Governmental healthcare center
®  Private clinic

®  Others:

Specialty:

® Orthopedics doctor, if you have subspecialty, please identify

®  Surgical, if you have subspecialty, please identify

® Nerve doctor, if you have subspecialty, please identify

®  Others:

Years of experience”
® <5years
® 5-10 years
® 10-20 years

® >20years
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Paracetamol is a commonly used analgesic. How often do you prescribe paracetamol
(acetaminophen)?

® Daily

®  Weekly
® Monthly
® Yearly

Cyclobenzoprine is a muscle relaxant. How often do you prescribe Cyclobenzoprine?
® Daily
®  Weekly
® Monthly
® Yearly

Do you need sometimes to prescribe Paracetamol with Cyclobenzoprine?
® Yes
® No

If yes, In what cases both drugs may be prescribed togather for the same patient?

In your opinion Is it a useful idea to develop Cyclobenzaprine HCI and paracetamol in a
combination as a one tablet drug?

®  VYes

® No

If yes, what do you think the best formulation type is:
® Mixed powder tablet.
®  Two layer tablet.

®  Tablet within tablet.

Other notes:

We thank you for your cooperation
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Appendix C

IRB approval
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Trials
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Validation chromatograms:
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Dana Pharmaceuticals
R&D Department

Sample Name: Paracetamol & Cyclobenzoprine linearity 0.225 & 0.00225Smg per ml

Injection Volume: 15 u
File Name: C:\EZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\OO4Paracectamol &

Cyclobenzoprine linearity 0.225 & 0.0022Smg per ml

Analys Date: 1/18/2022 2:45:42 PM
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UV Results

Pk # Name R i Time Arca Height
3 2.949 26529447 3338425
- BEETO 202820 66361
Totals

l 30432267 3404786

Computer name: ADMIN-XRK203Y VY
Build 3.1.4.2412 Version 3.1.
Page 1 of 1
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Dana Pharmaceuticals
R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine linearity 0.25 & 0.002Smg per ml

1s

Injection Volume:
File Name: C:\EZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\007Paracetamol &

y ity
Analysis Date: 1/18/2022 3:25:27 PM
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0.25 & 0.0025mg per ml
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ToEtals |
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Computer name: ADMIN-XRIK203¥Y VY
a

B
Page 1 of

ild 3.1.4.2412 Version 3.1.

IDana Pharmmaceuticals

R&D Department

Sample Name: Paracetamol & Cyclobenzoprine linearity 0.275 & 0.00275Smg per ml

Injection Volume: 15 u
File Name: C:\EZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\011Paracetamol &

Cy ine Li ity 0.275 & 0.00275mg per mil
Analysis Date: 1/18/2022 4:18:35 PM
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Computer name: ADMIN-XRIK203¥Y VY
1.4

Build 3.1.4.2412 Version 3.
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Dana Pharmaceuticals

R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine linearity 0.3 & 0.003 mg per ml

Injection Volume: 1S5S u
File Nam

Cyclobenzoprine linearity 0.3 & 0.003 mg per ml

Analysis Date: 1/18/2022 S5:11:31 PM
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Computer name: ADMIN-XRIK203YVY
Build 3.1.4.2412 Version 3.1.4
Page 1 of 1

IDana Pharmmaceuticals

R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine linearity 0.4 & 0.004mg per ml

Injection Volume: 15 u

File Name: C:\EZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\Ol6Paracetamol &
1

<y e ity
Analysis Date: 1/18/2022 5:24:53 PM

0.4 & 0.004mg per ml
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Totals
52 2 5641891

Computer name: ADMIN-XRIKZ03Y VY
Build 3.1.4.2412 Version 3.1.4

Page 1 of
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Dana Pharmmaceuticals

R&ID Department

Sample Name: Paracetamol & Cyclobenzoprine linearity 0.45 & 0.0045 mg per ml

1

Injection Volume: S u
Flle Name: C: \ELChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\O19FParacetamol &

45 & 0.0045 mg per ml

o.
Analyais Date: 1/18/2022 6 04:53 PV
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UV Results

Pk # Name Retention Time Area Height
b RN I S6554141 6225831
2 7-.3180 1724920 125727
Totals I

58279061 6351558

Computer name: ADMIN-XRIKZ203¥Y VY
Build 3.1.4.2412 Version 3.1.4

Page 1 of

Dana Pharmaceuticals

R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine linearity 0.5 & 0.005mg per ml

Injection Volume: 15 u

Flle Name: C: \EZChrom Ellte\F‘n(erprlse\Projccta\Rnghnd Lubbadebh\Data\OZ4Paracetamol &

0.5 & 0.00Smg per ml

An.‘llysis Date: 1/18/2022 ‘7
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Pk # Name Retention Time Area Height
2 =2.%9a0 62727920 6913946
2 7.277 1988457 142305
Totala
[ 64716377 7056251

Computer name: ADMIN-XRKZ203Y VY
Build 3.1.4.2412 Version 3.1.4

Page 1 of 1
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Dana Pharmaceuticals
R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine linearity 0.55 & 0.005SSmg per mlil
Injection Volume: 15 u

File Name: C:\EZChrom Ellte\Enlerprlse\Projegts\Rnghnd Lubbadeh\Data\026Paracetamol &
<y 0.55 & O per mi

Analysis Date: 1/18/2022 7:37:53 PM
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X = - PE3 69014188 7430914
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Totals
I I 71174690 7586464 ]

Computer name: ADMIN-XRKZ203Y VY
Build 3.1.4.2412 Version 3.1.4
Page 1 of

IDana Pharmaceuticals
R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine linearity 0.6 & 0.006mg per ml
Injection Volume: 1S u

File Name: C: \DZChrom Elite\Enterprisc\Projects\Raghad Lubbadeh\Data\OZ8Paracetamol &
ity 0.6 & 0.006mg per ml

Annlyslu Date: 1/18/2022 B:04:17 PM
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Totala ]

76674894 BOBG6790

Computer name: ADMIN-JRIC203Y VY
Build 3.1.4.2412 Versio
Page 1 o
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Dana Pharmaceuticals

R&D Department

m
Injection Volume: 15 u

Sample Name: Paracetamol & Cyclobenzoprine accuracy samp 0.4 & 0.004mg per
1

File Name: C:\EZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\O37Paracetamol &
Cyclobenzoprine accuracy samp 0.4 & 0.004mgz per ml
Analysis Date: 1/18/2022 10:04:01 PM
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Totals l
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Computer name: ADMIN-XRIKZ03Y VY
Build 3.1.4.2412 Version 3.1.4
Page 1 of 1

IDana Pharmmaceuticals

R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine accuracy samp 0.5 & 0.005Smg per

ml
Injection Volume: 15 u

File Name: C:\EZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\O4SParacetamol &
i = O per ml

Ty >
Amnalysis Date: 1/18/2022 11:50:20 PM
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Pl # Name Retention Time Area Height
T =.5a0 62866862 6915720
= 7-173 1949041 141125
Totals

64815903 7056845

Computer name: ADMIN-XRIKZ03Y VY
Build 3.1.4.2412 Version 3.1.4
Page 1 of 1
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Dana Pharmaceuticals
R&D Department

Sample Name: Paracetamol & Cyclobenzoprine accuracy samp 0.6 & 0.006mg per
ml

Injection Volume: 15 u
File Name: C:\EZC Elite\ Drise\Projects\Raghad Lubb D> st a 1 &
Cyclobenzoprine accuracy 0.6 & 0 pe
Analysis Date: 1/19/2022 12:56:50 AM
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Minutan
UV Results
Pk # Name Retention T'ime Arcea Height
Ex =53 73921612 7998726
= 7.173 2306714 167330
Totals [
I 76228326 8166056

Computer name: ADMIN-XRIK203Y VY
Build 3.1.4.2412 Version 3.1.4 =)
Page 1 of 1

Dana Pharmaceuticals
R&D Department

Sample Name: Paracetamol & Cyclobenzoprine acid stress condition zero time

Injection Volume: 15 u

F‘ile Name- C: \FZChrom FIIte\Enterprlse\[‘ro]ects\Rughnd Lubbadeh\Data\OSSFParacetamol &
i ero t

2 4
Annlyuis Date: 1/19/2022 0:41:18 AM
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ToEATS
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Computer name: ADMIN-XRIKZ203YVY
Build 3.1.4.2412 Version 3.1.4
Page 1 of 1 (2>
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Dana Pharmaceuticals
R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine base stress condition zero time
Injection Volume: 15 u

File Name: C:\EZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\OS9FParacetamol &
Cyclobenzop e base stress condition zero time

Analysis Date: 1/19/2022 9:5S2:34 AM
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UV Results
Pk # Name Retention Time Area Height
a T e o 60286427 6377155
Totala l l
‘ 60286427 6377155

Computer name: ADMIN-XRKZ203Y VY
Build 3.1.4.2412 Version 3.1.4
Page 1 of 1 (3)

IDana Pharmaceuticals
REID Department

Sample Name: Paracetamol & Cyclobenzoprine Oxid stress condition zero time
Injection Volume: 15 u

File Name: C:\EZChrom Elite\ T Proj Raghad Lubbadeh\Data\O6OParacetamol &
y i Oxid condition zero time

Analysis Date: 1/19/2022 10:03:51 A™M
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ToEaLs
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puter name: ADMIN-XRIK203Y VY
Build 3.1.4.2412 Version 3.1.4
Fage 1 of 1 (4)
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IDamna Pharmaceuticals
R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine acid stress condition 1 h

Injection Volume: 15 u

File Name: C:\EZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\O61 Paracetamol &
Cyclobenzoprine acid stress condition 1 h

Analysis Date: 1/19/2022 10:15:07 AM
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Pk # Name Retention Time Area Height
ES =.9573 60850181 6612556

I T I l I 60850181 l 6612556 l

mputer name: ADMIN-XIKKZI)SYVY
Bulld 3.1.4.2412 Version 3.1..
Fage 1 of 1 (5)

Dana Pharmaceuticals
R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine base stress condition 1 h

Injection Volume: 15 u

File Name: CAEZChrom Elite\Enterprisc\Projects\Raghad Lubbadeh\Data\062Parncotamol <&
condition 1 h

Annlysls Deie: 171572025 10, 26:29 AM

1800 e

1000 1000

UV Results

Pk # Name R i Time Area Height
T Z. P80 62190179 6438438
I Totala I
62190179 GA3BA3R '

Camputer name: ADMIN-XRIC2Z03YVY
Build 3.1.4.2412 Version 3.
Page 1 of 1 (6)
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Dana Pharmaceuticals
R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine Oxid stress condition 1 h

Injection Volume: 15 u

Efle Namiss © \EZChrom Eute\Enterpr:se\Pro,euu\R-gh-a Lubbadeh\Data\0O63Paracetamol &
Y O x| iom 1

e o
Analysis Dat(.' 1119/2022 10:37:48 A™M
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Somputsr name: ADMIN-XRICIOSY VY
Build 3.1.4.2412 Version 3.
Page 1 of 1 (7>

Dana Pharmmaceuticals

R&ID Department

Sample Name: Paracetamol & Cyclobenzoprine acid
Injection Volume: 15 u

File Name: C:\EZChrom Elite\E
Cyclobenzoprine acid stress condition 2 h
Analysis Date: 1/19/2022 10:49:03 AM

Projects\IR

stress condition 2 h

Lubbadeh\Data\O64FParacetamol &
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z 2
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UV Results

Pk # Name Area Height
s =2.970 60605836 6581421
Totals

[ | | 60605836 ess1421 |

Computer name: ADMIN-XRK203YVY
Build 3.1.4.2412 Version 3.1.4
Page 1 of 1 (8)
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Dana Pharmaceuticals
R&D Department

Sample Name: Paracetamol & Cyclobenzoprine base stress condition 2 h

Injection Volume: 1S5S u

KFile Name: C:\EZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\065SParacetamol &

Ty

condition 2 h

basc
Analysis Date: 1/19/2022 11:00:25 A™M
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UV Results

Pk # Name Retention Time Area Height
T =.570 62004130 6460231

I Totala

62004130

6460231

Computer name: ADMIN-XRIK203Y VY

Bulld 3.1.4.2412 Version 3.1.4
Fage 1 of 1 (9)

IDana Pharmmaceuticals

R&ED Department

Sample Name: Paracetamol & Cyclobenzoprine Oxid stress condition 2 h

Injection Volume: 15 u

File Name: C:\EZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\066Paracetamol &
Cyclobenzoprine Oxid stress condition 2 h
Analysis Date: 1/19/2022 11:11:49 AM
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Computer name: A
Build 3.1.4.2412 Ver
Page 1 of 1 (10)

AIN-XRIK203Y VY
on 3.1.4
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Dana Pharmaceuticals
R&D Department

Sample Name: blank

Injection Volume: 15 u

File Name: C:\EZC Elite\ prise\Projects\Raghad Lubbadeh\Data\031blank
Analysis Date: 1/18/2022 8:44:12 PM
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Computer name: ADMIN-XRIKZ03¥Y VY
Build 3.1.4.2412 Version 3.1.4
Page 1 of 1
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Dana Pharmaceuticals
R&D Department

~N : Cyclob prine and Paracetamol std
Injection Volume: 15 u
3

and Paracetamol std
Analysis Date: 1/30/2022 11:05:13 AM
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UV Results
Pk # Name R Time Arca Height
o BB, 35163945 4031514
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ToEATE
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Computer name: ADMIN-XRK2Z03YVY
Bulld 3.1.4.2412 Version 3.
Fage 1 of 1 (2)
Dana Pharmaceuticals
R&ED Department
Sample Name: Paracyclo sample 25 C
Injection Volume: 1S u
File Name: CAEZChrom Elite\Enterprise\Projects\Raghad Lubbadeh\Data\010Paracyclo
sample 25 C
Analysis Date: 1/30/2022 11:50:12 AM
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z 2
00 400
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L : 1o
UV Results
Pk # Name JE3 ion Time Area Height
& e e 35216156 4015840
= 7.160 996236 71439
Totals 3 I l
l l 36212392 4087279

> puter name: ADMIN-XRIK203Y VY
Build 3.1.4.2412 Version 3.1.4
Page 1 of 1 (2)
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IDana Pharmaceuticals

R&D Department

Vit K3

Sa
Injection Volume: 15 u

le Name: C:AEZChrom Elite\Enterp
Lubbadeb\Data\017Cyclobenzaprine s
Analysis Date: 02/05/2022
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Computer
i Version 3.

Dana Pharmmaceuticals

R&D Department

35950076 AOGBB72

Vit K3
iple Name: Paracyclo sample 40
ection Volume 15 u
e Name: ON\EZChrom Elite\Enterpricc\Projects\Ianahind Lubbadeh\Data\O1SParacyclo

sample 40 O
Iysis Date: 02/05/2022
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Dana Phiarmaccuticals
R&D Department

Vit K3

coetalzachad Lubbadeb\Data\O11 Paracyclo

.
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J \ f 400
= e — S o
S - N i N ]
v
Pk #_  Name = __Retention Time Height
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= 187 987399 T7O897
. =
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