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[bookmark: _TOC_250038]ABSTRACT

Acetaminophen or paracetamol is an analgesic and anti-pyretic agent widely used for treatment of headaches, minor pains and in combination with other medications like cold remedies and opoid analgesics. Individuals with headaches and minor pains tend to use paracetamol with caffeine combinations than paracetamol alone in their treatment due to faster relief. However, the pharmacokinetic rationale for use is still unclear. The aim of this study was to determine the effect of caffeine on pharmacokinetics of paracetamol in Panadol Extra® tablets using healthy human volunteers. Three different batches of Panadol® and Panadol Extra® tablets sourced from retail outlets within Zaria were analysed qualitatively using in vitro analysis which include weight uniformity test, friability test, chemical assay, dissolution test, disintegration test and also for the pharmacokinetic studies.
Standard paracetamol powder was used for pilot study and to validate the modification of Glynn and Kendal method using spiked aqueous samples with known concentrations of paracetamol and a calibration curve was plotted.
Twelve (12) healthy volunteers of both sexes within the age of 20-29 years took part in the study. It was a single blind, cross over study with wash out period of two weeks. Each volunteer was administered 1g tablets of both test samples containing paracetamol orally with 200ml of water after fasting overnight and saliva was sampled at different time intervals up to six (6) hours. The samples were analyzed for presence of paracetamol using the Glynn and Kendal method modified by Shihana by taking their absorbances with a UV spectrophotometer at 430nm. The results were compared using the independent student‟s t- test between the samples. P value less than 0.05 was considered significant.
All the six batches of samples studied passed in vitro tests for paracetamol except for a sample of Panadol Extra® tablets that failed the friability test.
The pharmacokinetic parameters compared showed variable values. However consistently higher saliva paracetamol concentrations ranging from 22.20 to 25.20 µg/ml were seen with all samples of Panadol Extra® tablets which was statistically significant (p ≤ 0.05) compared to Panadol® tablets which ranged from 20.60 – 22.50 µg/ml. All the other values calculated did not show statistical significant difference when compared. This study has therefore shown that Panadol Extra® tablets and Panadol® tablets are chemically equivalent for the paracetamol component and possess varying values of pharmacokinetic parameters. This was indicated by the significantly higher saliva paracetamol levels for Panadol Extra® tablets as compared to Panadol® tablets and may be concluded that caffeine in Panadol Extra® tablets is responsible.
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1.0 [bookmark: _TOC_250032]INTRODUCTION

1.1 [bookmark: _TOC_250031]Background of Study

Paracetamol, or Acetaminophen, chemically named N-acetyl-p-aminophenol, is a widely used over the counter analgesic and antipyretic. Paracetamol exhibits weak anti- inflammatory activity and is not used for the treatment of inflammatory pain. It is a weak cyclooxygenase (COX) inhibitor thus not generally classified as a Non-Steroidal Anti- inflammatory drug (NSAID) (Ottani et al., 2006). It is commonly used for the relief of headaches and other minor aches and pains; and is a major ingredient in numerous cold and flu remedies. It is also used in combination with opioid analgesics in the management of more severe pain such as post-surgical pain and for providing palliative care in advanced and end terminal cancer patients (SIGN, 2008). It is better tolerated than aspirin in patients with high risk of excessive gastric acid secretion or patients with prolonged bleeding time. It is available without a prescription; in recent years it has increasingly become a common household drug (Maddison et al., 2002).


The onset of analgesia is approximately 11 minutes after its oral administration with a half-life of 1– 4 hours. The daily adult dose recommended for use is 1g (1000 mg) single dose and up to 4g (4,000 mg) per day (Karthikeyan et al., 2005).

Paracetamol is mostly available in tablet form, other formulations include capsule, liquid suspension, suppository, intravenous, and intramuscular form. In recommended doses, paracetamol is generally safe for children and infants, as well as for adults, although rare cases of acute liver injury have been linked to amounts lower than 2500 mg per day (Charles et al., 2009).

 (
10
)
Paracetamol may reduce post traumatic inflammatory response and may be preferable to acetylsalicylic acid in bilateral oral surgery. It is also the analgesic of choice in patients whom salicylates or NSAIDS are contraindicated such as asthmatics and those with history of peptic ulcer (Laurence et al, 2009). Paracetamol does not produce any abnormality indicative of an adverse reaction in therapeutic doses. The effective serum concentration of paracetamol attained for analgesia and antipyresis is 10- 20 microgram per ml after single dose of less than 2g taken orally (Gardiner, 2011).

1.2 [bookmark: _TOC_250030]Statement of Research Problem

Pain is a global problem, it is estimated that 1 in 5 people suffer from pain; another 1 in 10 adults are diagnosed with chronic pain each year (Goldberg and McGee, 2011). It affects all populations irrespective of age, sex, income, ethnicity, or geography. Those who experience pain can have acute, chronic, or intermittent pain, or a combination of the three. The four largest causes of pain are injuries and operations, cancer, osteo- and rheumatoid arthritis and spinal problems, making the etiology of pain a complex, transdisciplinary affair. Pain has a multiple, serious sequelae including but not limited to depression, inability to work, disrupted social relationships and suicidal thoughts. Of those living with chronic pain, the median time of exposure is 7 years (Goldberg and McGee, 2011).

Mild to moderate pain such as headaches and minor pains can be managed with drugs such as analgesics and antipyretics which are mostly acquired without any prescription. This has led to their wide use within all age groups. The increase in consumption of these drugs results in the presence of many products by various companies to meet the demand. Analgesics are either used alone or in combination with other drugs for faster relieve of pain. They are also used in cold and flu remedies and other drug formulations.

In the treatment of acute migraine, the combination of paracetamol and caffeine is superior to placebo, with 39% of people experiencing pain relief at 1 hour compared to 20% in the control group (Derry and Murray, 2013). The efficacy of paracetamol when used in combination with weak opioids (such as codiene) improved for approximately 50% of people but increased in the number experiencing side effects (Laurence et al., 2009) while the combination of paracetamol and strong opioids like morphine also improved analgesic effect (Murnion, 2010).The combination of paracetamol with caffeine is superior to paracetamol alone for the treatment of common pain conditions including dental pain, postpartum pain, and headaches (Derry and Murray, 2013).

However, the preference of the use of these combinations by the community is very overwhelming despite the risks of spontaneous abortion, restlessness and sleeplessness associated with these drugs (MHRA UKPAR, 2010). Reports of adverse drugs reactions have also been documented by the National Agency for Food and Drug Administration and Control (NAFDAC) Pharmacovigilance Centre (2014) for the consumption of a single dose combination of Paracetamol 500mg and Caffeine 65mg tablets. They presented with symptoms of anxiety, restlessness, insomnia and threatened abortion.


1.3 [bookmark: _TOC_250029]Justification of Study

Paracetamol is used extensively alone or in combination with caffeine for the treatment of headaches and minor pain or pain associated with other diseases in Nigeria (Charles et al., 2005). The increase in its misuse within the community by all age group is alarming.
Excessive and long term use of paracetamol and its combinations results in the potential damage of the liver, nervousness, restlessness and deferral of fatigue (Khashab et al.,

2007). Big manufacturing companies who have made name for their products and have been unable to take effective action against widespread of drug imitation because of their inability to trace the sources (Akunyili, 2005), this have led to huge economic loss.


1.4 [bookmark: _TOC_250028]Aim and Objectives

1.4.1 Aim

The aim of this study was to determine the effect of caffeine on pharmacokinetics of paracetamol in Panadol Extra® tablets using healthy human volunteers.


1.4.2 Objectives

The objectives of the study were to:

1. Determine the quality of the samples parameters according to British Pharmacopoiea (2009) Standard.
2. Determine the effect of caffeine on pharmacokinetics of paracetamol in Panadol Extra® tablets using healthy human volunteers.

1.5 [bookmark: _TOC_250027]Research Hypothesis


Paracetamol component in Panadol® and Panadol Extra® tablets are chemically equivalent and caffeine does not affect the pharmacokinetics of paracetamol in Panadol Extra®

[bookmark: _TOC_250026]CHAPTER TWO


2.0 [bookmark: _TOC_250025]LITERATURE REVIEW

2.1 [bookmark: _TOC_250024]History and Chemistry of Paracetamol

Antipyretic agents were used in ancient and medieval times as compounds contained in white willow bark from the family of chemicals known as Salicins, which led to the development of aspirin and compounds contained in cinchona bark. A lot of efforts to refine and isolate salicin and salicylic acid took place throughout the 19th century, and this was accomplished by Bayer chemist Felix Hoffmann (French chemist Charles Frédéric Gerhardt 40 years earlier worked on it, but abandoned the work when he thought it was impractical) until the cinchona tree became scarce in the 1880s, and alternatives were sought (Lester et al., 1947). Two alternative antipyretic agents were later developed in the 1880s known as acetanilide in 1886 and phenacetin in 1887 (Lester et al., 1947).
Brodie and Axelrod in 1949 linked the use of acetanilide with methemoglobinemia, showed that the analgesic effect of acetanilide was due to its active metabolite paracetamol and so they advocated the use of paracetamol, since it did not have the toxic effects of acetanilide (Brodie and Axelrod, 1949).
Paracetamol was first synthesized in 1873 by Harmon Northrop Morse through the reduction of p-nitrophenol with tin in glacial acetic acid. It was not used medically for two decades until in 1893 when it was discovered in the urine of individuals who had taken Phenacetin, and was concentrated into a white, crystalline compound with a bitter taste (Morse, 1878). In 1899, Paracetamol was found to be a metabolite of acetanilide but the discovery was not built on and ignored (Lester et al,. 1947).
Paracetamol was first sold in the United States in 1955 under the brand name Tylenol®

while in 1956; 500 mg tablets of paracetamol were sold in the United Kingdom under the trade name Panadol®, produced by Frederick Stearns & Co, a subsidiary of Sterling Drug Inc.
Panadol® was originally available only by prescription, for the relief of pain and fever. It was advertised as being "gentle to the stomach," since all other analgesic agents at the time contained aspirin that was a stomach irritant. The children's formulation named Panadol Elixir® was later released in June 1958 (Milton et al., 1992).
In 1963, paracetamol was added to the British Pharmacopoeia, and has since gained popularity as an analgesic agent with few side-effects and with little interaction with other pharmaceutical agents (Milton et al., 1992).


2.1.1 [bookmark: _TOC_250023]Structure and reactivity of paracetamol


[image: ]

Figure 2.1	Structure of Paracetamol


The chemical name of Paracetamol is N-(4-hydroxyphenyl)acetamide or N-(4- hydroxyphenyl)ethanamide, with a structural formula of C8H9NO2 and a molar mass of
151.169 g/mol. It has a melting point of 169° C	and	density	of	1.26	g/cm³.

Paracetamol is soluble in water sparingly, freely soluble in alcohol and slightly soluble in dichloromethane.

The structure of Paracetamol has a benzene ring core, substituted by one hydroxyl group and the nitrogen atom of an amide group in the para (1,4) pattern (Bales et al., 1985). The amide group is acetamide and the antipyretic activity of the compound resides in the aminobenzene structure. It is an extensively conjugated system, as the lone pair on the hydroxyl oxygen, the benzene pi cloud, the nitrogen lone pair, the p orbital on the carbonyl carbon, and the lone pair on the carbonyl oxygen are all conjugated.
The presence of the two activating groups also makes the benzene ring highly reactive towards electrophilic aromatic substitution. As the substituents are ortho, para-directing and para with respect to each other, all positions on the ring are more or less equally activated. The conjugation also greatly reduces the basicity of the oxygens and the nitrogen, while making the hydroxyl acidic through delocalisation of charge developed on the phenoxide anion (Bales et al., 1985).


2.1.2 Synthesis of paracetamol


In the laboratory, paracetamol can easily be prepared by nitrating phenol with sodium nitrate separating the desired para- nitrophenol from the ortho- byproduct, and reducing the nitro group with sodium borohydride. The 4-aminophenol produced is then acetylated with acetic anhydride according to Köfalvi (2008). In this reaction, phenol is a strong activating agent, thus the reaction requires only mild conditions. The industrial process is analogous, but hydrogenation is used instead of the sodium borohydride reduction (Ottani, et al., 2006).

[image: ]


Figure 2.2      Synthesis of Paracetamol by nitration


Hoechst-Celanese used a simpler process that involves direct acylation of phenol with acetic anhydride catalyzed by Hydrogen Flouride (HF), with conversion of the ketone to a ketoxime with hydroxylamine, followed by the acid-catalyzed Beckmann rearrangement resulting to the amide (Harvison et al., 1986; Hogestatt et al., 2005).
[image: ]


Figure 2.3	Synthesis of paracetamol by Acylation

[bookmark: _TOC_250022]2.2 Overview of Pharmacokinetics

Pharmacokinetics involves the processes associated with the absorption, distribution, metabolism and elimination of a drug from the body or systemic circulation i.e quantitating drug and/or its metabolites level in body fluids, tissues and excreta at any point in time from the moment of administration until elimination from the body is complete (Kaplan and Jack, 1980). The primary standard of pharmacokinetic study is based on the data obtained after intravenous administration which goes directly into the blood stream. The parameters obtained are not affected by all the rate limiting and metabolic factors associated with drug absorption from other routes.
Pharmacokinetics describes a biological event in mathematical terms, by developing mathematical models to represent the body as a system of compartments, even though these compartments often have no apparent physiologic or anatomic reality. The one- compartment model simply depicts the body as a single homogenous unit. This model is particularly useful for the pharmacokinetic analysis of blood, plasma or serum concentration, salivary and urinary excretion data for drugs which rapidly distribute between plasma and other body fluids and tissues upon entry into systemic circulation.
Assuming the human body behaves like a one-compartment model does not necessary mean that the drug concentrations in all body tissues at any given time are the same. However, a one-compartment model does assume that any changes that occur in the plasma quantitatively reflect changes occurring in tissue drug levels. Another criterion for using a one-compartment model is that drug elimination occurs from the body in a first order fashion meaning that the rate of elimination of drug from the body is proportional to the amount of drug in the body at any time. The proportionality constant

relating the rate and amount is the first order elimination rate constant which has unit of reciprocal of time (min-1, hr-1 (Gibaldi and Perrier, 1975b).
The half-life is one of the most useful pharmacokinetic parameters obtained following the administration of a drug. The half-life of a drug is simply the time required for the amount of drug in the blood stream to reduce by fifty percent (Wagner, 1980; Gibaldi and Perrier, 1975b). This parameter is calculated by dividing 0.693 by the calculated slope of each exponential Phase of multiphasic blood/saliva level curve.
Another important parameter in use frequently is Area under the Curve of blood/saliva level against time. The method of calculating this parameter has been discussed by several authors (Wegner, 1967; Gibalbdi and Perrier, 1975c). Many authors have used area analysis to develop a pharmacokinetic pathway and to obtain the rate constants associated with the proposed pharmacokinetic model.
The total clearance of the drug is the sum of individual clearances of the drug by various organs and tissues. The volume of distribution (Vd) of a drug is inversely proportional to blood level that is, the larger the volume of distribution the more extensively the drug will be distributed from the blood into the tissues organs, and binding sites in the body. The volume of distribution can be calculated by various ways depending on the pharmacokinetic profile of the drug (Gibaldi and Perrier, 1975b)
Clinical implications of drug bioavailability changes that result either from a pathological condition, drug interaction, product substitution or any other factor, can be appropriately divided into three major groups: those that have definitely caused changes in clinical response, those which have not been shown to cause clinical changes but are highly likely to, and those that could bring about clinical changes in extreme situations.

i. Bioavailability changes that have caused altered clinical response: the instances where marked clinical changes have been associated with impaired drug bioavailability are due either to product substitution or formulation changes. Theses have been described for phenytoin (Eadie et al., 1968), indomethacin (katz et al., 1968), tolbutamide (Carter, 1963), digoxin (Lindenbaum et al., 1961) and dicoumarol (Lozinski, 1960).
ii. Bioavailability changes which are likely to have clinical effects: if a drug meets any of the criteria mentioned (i), it is likely that a change in drug bioavailability will have a great clinical effect. They include cardiac glycosides, anticoagulants, antihypertensive agents, anticonvulsants and inorganic ions such as lithium (Santos, 1986). However in many cases, the level of these compounds in the body greatly exceeds the minimum required for activity and small changes in bioavailability are unlikely to be of clinical significance.
iii. Bioavailability changes that may have clinical effect: a clinical change will occur for all drugs provided the change in bioavailability is sufficiently large. A drug like aspirin which has a wide therapeutic index will produce no effect if it is not absorbed from a particular formulation (Morrison and Campbell, 1960). This bioavailability change is significant. The clinical effect may be altered by changes in either the rate or extent of drug absorption. Changes in absorption rate are more important for drugs with short biological and pharmacological duration, but effects tend to be attenuated with repeated dosing.

2.2 .1 Pharmacokinetics of paracetamol

2.2.1.1 Absorbtion of paracetamol

It is rapidly and almost completely absorbed from the gastro-intestinal tract after oral administration. It is distributed relatively uniformly throughout most body fluids and exhibits variable protein binding. Its concentration in the plasma reaches peak in about thirty minutes to one hour and the therapeutic half-life is approximately three hours (Flower et al., 1985). It is absorbed from the stomach and intestine (Jaffe et al., 1971). Excretion is almost exclusively renal, in the form of conjugated metabolites (Mitchell et al., 1974).
It has been generally recognised that administration of a drug before or after a meal may alter the absorption. Meals have been reported to retard the absorption (Jaffe et al., 1971). A certain specific dietary component can significantly alter the absorption pattern of an orally administered paracetamol. A high fat diet or protein content before drug administration did not delay the absorption of paracetamol significantly; but a high carbohydrate meal with large amount of pectin reduced the absorption by 60-76% in the first one and half hrs compared with fasting state (Jaffe et al., 1971).
Chiou (1975) reported that food could significantly reduce the absorption rate and peak blood levels of paracetamol in humans but it had no significant effect on total bioavailability.


2.2.1.2 Distribution and elimination of paracetamol

It is relatively uniformly distributed throughout most body fluids (Flower et al., 1985). Elimination of paracetamol is largely found as glucoronide and sulphate conjugates while less than 50% is excreted in the urine (Mitchell et al., 1974). Paracetamol in urine

comes primary as acetaminophen glucoronide and is the largest fraction in humans; however, children have less capacity for glucoronidation than adults (Miller and Fischer, 1974).


2.2.1.3 Metabolism of paracetamol

Paracetamol is metabolised primarily in the liver, into non-toxic products via three metabolic pathways as follows:

i. Glucuronidation: this accounts for about 40% to two-thirds of the metabolism of paracetamol.
ii. Sulfate conjugation: this may account for about 20–40% of the metabolism of paracetamol (Hendrickson et al., 2006)
iii. N-hydroxylation and rearrangement, then GSH conjugation: this accounts for less than 15% of paracetamol metabolism. The hepatic cytochrome P450 enzyme system metabolizes paracetamol, forming a minor but significant alkylating metabolite known as NAPQI (N-acetyl-p-benzo-quinone imine) or N-acetylimidoquinone (Hendrickson et al., 2006). This by-product irreversibly conjugates with the sulfhydryl groups of glutathione (Borne, 1995).

The pathways yield final products that are inactive, non-toxic, thus eventually excreted by the kidneys. The third pathway however, gives a toxic intermediate product NAPQI thus is primarily responsible for the toxic effects of paracetamol and constitutes an example of toxication.

[image: ]






Figure 2.4	Chemical pathway of metabolism and excretion of paracetamol.

2.2.2	Pharmacodynamics of paracetamol

The antipyretic activity of paracetamol is thought to be mediated by central prostaglandin synthetase inhibition. This may also play a role in the analgesic effect though the precise mechanism remains unclear. Paracetamol does not have an anti- inflammatory effect and unlike NSAIDs, does not inhibit peripheral prostaglandin synthetase (Ottani et al., 2006). This lack of peripheral prostaglandin inhibition confers important pharmacological properties such as the maintenance of the protective prostaglandins within the gastrointestinal tract. Therefore, it is suitable for patients with a history of liver disease or on concomitant medication where peripheral prostaglandin inhibition would not be desired (such as those with a history of GI bleeding or the elderly) (Garcia et al., 2000).


2.3 [bookmark: _TOC_250021]Panadol Extra® Tablets

Panadol Extra® (Paracetamol/ Caffeine, 500 mg / 30 mg) Tablets

This was first introduced into the drug market as this combination over two decades ago. The tablets contain two active ingredients, paracetamol and caffeine, this combination has been widely available for many years. Caffeine is a methylxanthine, it is used in combinations with paracetamol and acts to help the effectiveness of paracetamol with its actual mechanism of action unknown (MHRA UKPAR, 2010).
This combination is a mild to moderate analgesic and antipyretic. The tablets are recommended for the treatment of most painful and febrile conditions such as, headache, including migraine, backache, toothache, pain of osteoarthritis, and dysmenorrhoea, and for relieving the fever, aches and pains of colds and flu, and sore throat.

The maximum recommended dose of the combination product is two tablets every 4-6 hours, up to a maximum of 8 tablets in 24hours.


2.3.1 Structure and reactivity of caffeine
[image: ]

Figure 2.5       Structure of caffeine


The chemical name of caffeine is 1, 3, 7-trimethyl-1, 3-dihydro-1H-purine-2,5-dione, or 1, 3, 7-trimethylxanthine. It has a molecular formula of C8H10N4O2, and molecular weight of 194.2. It is a white or almost white, crystalline powder. It is sparingly soluble in water, freely soluble in boiling water, and slightly soluble in ethanol.


2.3.2 Pharmacokinetics of caffeine in panadol extra® tablets

It is rapidly absorbed from the gastrointestinal tract and is widely distributed throughout the body. It is almost completely metabolized in the liver by oxidation and demethylation to various xanthine derivatives and is excreted in the urine. The mean plasma half-life is about 4.9 hours.

2.3.3 Pharmacodynamics of Caffeine

Caffeine is a methylxanthine with a mild stimulant effect. The specific mechanism by which it acts as an analgesic adjuvant remains unclear but may be mediated via adenosine antagonism (adenosine; one of the kinins released in association with pain), inhibition of COX-2 synthesis or by affecting the emotional response to pain (Hinz, et al., 2008). The efficacy of the combination is superior compared to the single actives and placebo; it confirms that caffeine acts as an analgesic adjuvant which enhances the efficacy of paracetamol (MHRA UKPAR, 2010).


2.3.4 Interaction

2.3.4.1 Interactions with other medicinal products: The rate of absorption of paracetamol may be increased by metoclopramide or domperidone and absorption reduced by colestyramine. Anticoagulants like warfarin and other coumarins may enhance their effect by increasing risk of bleeding with regular use but occasional doses do not have significant effect (MHRA UKPAR 2010).


2.3.5 Pregnancy and Lactation

Paracetamol/caffeine combination is not recommended for use during pregnancy as a result of its possible increased risk of spontaneous abortion associated with the consumption of caffeine. Caffeine in breast milk may potentially have a stimulating effect in breast fed infants but significant toxicity has not been observed (MHRA UKPAR, 2010).

2.3.6 Side effects of paracetamol/ caffeine combination

When the recommended paracetamol/caffeine dosing regimen is combined with caffeine in diet, the resulting higher dose of caffeine may increase the potential for caffeine- related adverse effects such as insomnia, restlessness, anxiety, irritability, headaches, gastrointestinal disturbances and palpitations (Larson et al., 2005).


2.3.7 Toxicity and overdose of panadol extra® tablets

Symptoms of paracetamol over dosage seen in the first 24 hours are pallor, nausea, vomiting, anorexia and abdominal pain. Liver damage may become apparent 12 to 48 hours after ingestion (Larson et al., 2005). Abnormalities of glucose metabolism and metabolic acidosis may occur. In severe poisoning, hepatic failure may progress to encephalopathy, haemorrhage, hypoglycaemia, cerebral oedema, and death. Acute renal failure with acute tubular necrosis, strongly suggested by loin pain, haematuria and proteinuria, may develop even in the absence of severe liver damage. Cardiac arrhythmias and pancreatitis have been reported (MHRA UKPAR, 2010).


2.3.7.1 Management of paracetamol overdose

Immediate treatment is essential in the management of paracetamol overdose. Despite a lack of significant early symptoms, patients should be referred to hospital urgently for immediate medical attention. Symptoms may be limited to nausea or vomiting and may not reflect the severity of overdose or the risk of organ damage. Treatment is aimed at removing the paracetamol from the body and replacing glutathione (Ryder and Beckingham, 2001).

Treatment with activated charcoal should be considered if the overdose has been taken within 1hour. Plasma paracetamol concentration should be measured at 4 hours or later after ingestion (earlier concentrations are unreliable). Treatment with N-acetylcysteine may be used up to 24 hours after ingestion of paracetamol; however, the maximum protective effect is obtained up to 8 hours post-ingestion. The effectiveness of the antidote declines sharply after this time. If required the patient should be given intravenous N-acetylcysteine, in line with the established dosage schedule. If vomiting is not a problem, oral methionine may be a suitable alternative for remote areas, outside hospital (MHRA UKPAR 2010).


2.3.7.2 Management of caffeine overdose

Symptoms of caffeine overdose include epigastric pain, vomiting, diuresis, tachycardia or cardiac arrhythmia, or CNS stimulation (insomnia, restlessness, excitement, agitation, jitteriness, tremors and convulsions). It must be noted that for clinically significant symptoms of caffeine overdose to occur with this product, the amount ingested would be associated with serious paracetamol-related liver toxicity.
Patients should receive general supportive care (e.g hydration and maintenance of vital signs). The administration of activated charcoal may be beneficial when performed within one hour of the overdose, but can be considered for up to four hours after the overdose. The CNS effects of overdose may be treated with intravenous sedatives.


2.4 [bookmark: _TOC_250020]Assay Methods of Paracetamol

There are several methods for the quantitative determination of paracetamol in pharmaceutical preparations most of which are colorimetric and spectrophometric

assays. The type and design of assay procedure employed vary according to the concentration and medium of analysis. The earliest colorimetric assay of paracetamol in plasma was proposed by Brodie and Axelrod (1949). Paracetamol is hydrolysed by acid to form p –aminophenol then it is diazotized and coupled to alpha-naphthol; the azo dye is measured by a spectrophotometer, however this method is non- specific and time consuming (Wallace et al,. 1973). Other assay procedures utilize the reaction of p- aminophenol with sodium nitrate (NaNO3-HCl) to form the coloured 2-nitro-p- aminophenol (Glynn and Kendal, 1975; Chambers and Jones, 1976) and with Vanillin to a stable imine with an absorbance maximum at 395nm (Plankogiannis and Saad, 1978). These procedures resulted in good selectivity for paracetamol and found no interference from the sulphate and glucoronide conjugate of paracetamol.



2.4.1 In Vitro bioavailability test of paracetamol

The pharmacokinetics of a drug product is very important in the formulation of solid dosages to ensure that a given dose of active ingredient is released at its site of action in amounts adequate to produce the desired effect after administration. Examples include disintegration tests, hardness test and dissolution test.
2.4.1.1 Dissolution test

The dissolution rate test provides a step for evaluation of physiological availability since the solid dosages have to be dissolved before absorption but it does not measure the safety or the effectiveness of the solid dosage form.
The physical characteristics and composition of a drug can have effect on the rate of disintegration, deaggregation and dissolution of the drug which in turn affect rate of

absorption and resultant blood levels of the drug. Drugs administered as solid dosage forms are often slowly absorbed because of their dissolution properties which are a rate limiting step for absorption. Thus anything that affects dissolution can affect the overall bioavailability of the drug.
Dissolution rate test is used as a means of quality assurance of a good pharmaceutical dosage form. It is used to confirm that a product is uniform from batch to batch and within the same batch during in- process quality control. The characteristics of the pure drug or the effect of excipients, the method of processing and manufacturing variables can be assessed using dissolution rate test. Others are optimization of therapeutic effectiveness during product development and stability assessment, assessment of
„bioequivalence‟, that is production of the same biological availability from discrete batches of products from one or different manufacturers and prediction of in-vivo availability, i.e. bioavailability.
The dissolution rate depends on the surface area of the solid, and in turn depends on the particle size. It also depends on the energy and energy states within the crystals of the drug. Noyes and Whitney in 1897 put into an equation the factors that affect dissolution rate as follows:
ds/dt =ks (cs-ct)

s is the surface area of the particles,

k is a constant specific to a substance and incorporates energy and entropy factors, cs is the concentration at saturation, and
ct is the concentration at time t.

K varies from drug to drug where some drugs have slow dissolution rate, some drugs may exist in more than one crystal form.
The rate of dissolution of an active drug ingredient can be altered by improper choice of ingredients and other formulation factors. This could be due to the effect of compaction during tableting, hydrophobicity by tablet lubricants and adsorption of air particles.
A solid drug when administered has to be dispersed into a solution. This solution surrounds the surface of the solid and moving where the particle moves. The rate at which the drug goes into solution can be explained by Fick‟s law of diffusion. The drug moves from area of higher concentration to area of lower concentration.
Rate of diffusion =DA/L (C1-C2)

According to Fick‟s law the rate of solution is directly proportional to the area of solid (Acm2), and inversely proportional to the L length of the path through which the dissolved solute must diffuse.
D is a constant called diffusion coefficient in cm2/sec. C1 is the saturation concentration;
C2 is the dissolution medium (lower concentration than C1). Factors that affect Dissolution Rate
The rate of dissolution of a solid dosage form can be affected by its particle size, solubility, chemical form, surface area and disintegration rate. The dissolution rate apparatus should be standardized in such a way as to simulate in vivo dissolution processes. The British Pharmacopoeia requires the stimer shaft eccentricity to be an imperceptible wobble; the sampling position should be half way between the basket and

the wall and half way up the basket while the speed of the drive motor should be kept constant. The use of deaerated dissolution medium is specified (B.P 2009). Aerated medium contains air bubbles which can form on the surface of the basket mesh thereby altering the flow of the medium from the basket. Samples should be filtered to remove solid particles which will give false spectrophotometric readings. The temperature of the dissolution medium is important and it is the only in vivo parameter that can be reproduced with ease in the laboratory since the dissolution strongly depends on the temperature of the medium.
2.4.1.2 Disintegration rate tests

This test is performed as per the pharmacopoeia standards. Disintegration is a measure of the quality of the oral dosage form like tablets and capsules. Each of the pharmacopoeia like the USP, BP, IP etc have their own set of standards and specification. The British Pharmacopoeia was the first, in 1945, to adopt an official disintegration test. It was in the year 1970 that the first dissolution apparatus, the rotating basket was designed and adopted in the USA (Wagner, 1971).
The disintegration test prescribed in the individual monograph of a product is to be followed. If the monograph does not specify any specific test, the general test for the specific dosage form may be employed. Some of the types of dosage forms and their disintegration tests are:
Uncoated tablets: Tested using distilled water as medium at 37±2 ºC at 29-32 cycles per minute; test is completed after 15 minutes. It is acceptable when there is no palpable core at the end of the cycle (for at least 5 tablets or capsules) and if the mass does not stick to the immersion disc.

Coated tablets: The same test procedure is adapted as in uncoated tablets but the time of operation is 30 minutes.
Enteric coated/ Gastric resistant tablets: The test is carried out first in distilled water at room temperature for 5 min as per USP and without distilled water for BP and IP, then it is tested in 0.1 M HCL for up to 2 hours as per BP or Stimulated gastric fluid 1 hour as per USP followed by Phosphate buffer, pH 6.8 (1 hour for BP) or Stimulated intestinal fluid without enzymes (1 hour as in USP).
Chewable tablets: this is exempted from disintegration test (BP and IP), 4 hours (USP). These are a few examples for illustration. The disintegration tests for capsules, both hard and soft gelatin capsules are also performed in a similar manner. The USP also provides disintegration tests for suppositories, pessaries etc.
Advantages of Disintegration test: Disintegration test is a simple test which helps in the preformulation stage to the formulator, It helps in the optimisation of manufacturing variables, such as compressional force and dwell time, this test is also a simple in- process control tool to ensure uniformity from batch to batch and among different tablets and it is also an important test in the quality control of tablets and hard gelatine capsules.
2.4.1.3 Friability tests

The ability of a solid dosage form to withstand mechanical abrasions and handling is determined by this test. It is expressed as percentage of friability. These abrasions could lead to capping, aberration or breakage of the tablets. Thus it is important to monitor the resistance of these tablets to decide their suitability for further distribution and handling (Jacob, 2011).

2.4.1.4 Content and weight uniformity test

These tests are performed on any solid dosage forms to ensure an individual receives in the dose an amount of that drug close to the label claim (Zaid et al., 2013 ; Vranic and Uzunovic, 2007). The B.P standards have provided limits for permissible variation in the amount of active ingredient of individual dose units. Its advantage is to assess the quality of a batch and helps to ensure that the strength of a product remains within the specified limits.



2.4.2 In Vivo bioavailability testing of paracetamol

Bioavailability has been defined as the rate and extent to which an active ingredient or therapeutic moiety is absorbed from a drug product into systemic circulation which is normally estimated by its concentration in body fluids, or pharmacological effect (Skelly, 1976). Based on this definition the absorption of a drug administered through the intravenous route is rapid and complete. However most drugs are administered orally due to convenience and stability and the bioavailablity becomes incomplete due to individual differences thus not precise (Blanchard and Sawchuk, 1979).
Bioequivalence or bioavailability studies are usually based on the measurement of the active drug moiety and or its metabolites in biological fluids as a function of time. In vivo testing in humans usually dictates that the biological fluid sampled is limited to blood, urine and saliva.
Drug is administered to volunteers who are usually in fasted state (approximately 12 hours), will not be permitted food after administration of drug till last sample is collected and have not taken the drug for at least two (2) weeks. Blood or saliva samples

are collected at a frequency sufficient to permit the estimation of peak concentration in the sampled body fluid and the total area under the concentration time curve. In many cases where oral dosage forms are compared, the sampling times after drug administration will be identical and concentration time curves may be obtained after administration.
The bioavailability parameters include: peak plasma concentration (Cmax), time to reach the peak plasma concentration (tmax) and area under the Concentration time curve (AUC). The Cmax and tmax are used to measure the rate of bioavailability of the drug while the AUC defines the extent of drug absorption. Therefore bioequivalent studies is used to determine if the tested drug is equivalent to the reference form or demonstrate that there is no statistically significant difference between two products at a particular sampling time or interval.
The „absolute‟ bioavailability of a drug is usually a comparism of the area under the plasma concentration – time curve (AUC) from oral and intravenous administration of the drug. For practical purposes intravenous administration is not often possible, as such the „relative‟ bioavailability is determined by comparing the AUC‟s of the test drug and a secondary reference standard such as an orally administered solution which has been accepted as a standard (Gilbaldi and Perrier, 1975c; Blanchard and Sawchuk, 1979).
In some circumstances it is quite difficult to determine the availability of a drug following the administration of a single dose. The plasma levels of certain drugs may be very low such that an assay method sensitive enough to measure these levels may not be available. Other drugs which have longer half- lives require that their plasma samples be obtained for a longer periods of time. It is thus sometimes desirable to determine the

availability based on steady state plasma drug levels following multiple dosing (Gilbaldi and Perrirer, 1975b).
For the determination of the (AUC) plasma concentration time curve, the most commonly employed methods for calculation are the “cut and weigh” method, employment of plane meter and application of trapezoidal rule (Gibaldi and Perrier, 1975c).
2.3.2.1 Factors affecting drug bioavailability

The most common route of administration of drugs is orally due to its convenience. The compressed tablet is widely used and mostly involved in drug bioavailability and bioequivalent problems. This is due to the reduction in surface area of the drug in the compressed form and the wide variety of drug forms, tabletting methodologies, excipients and coating used for the formulation.
Absorption may be affected not only by the different dosage forms but also by similar dosage forms from different manufacturers and different batches of a dosage form from a single manufacturer. The most common conventional oral dosage forms in their order of decreasing order of relative dissolution and absorption rates are: solutions, suspensions, capsules, tablets, coated tablets and sustained- release preparations.
Factors which can produce significant differences in bioavailability include formulation and manufacturing variables such as particle sizes, chemical form and the solubility of the drug; the type and quantity of excipients used, compaction pressure (Blanchard and Sawuck, 1979). The various formulation and dosage form related factors which have been extensively discussed by Poole (1979), and many writers in this field include: particle size, crystal form, salt, complex, pH and solubility. Other factors are excipients and adjuvants as well as manufacturing methods (Poole, 1979). According to Poole, he

proved that bioavailability of some drugs has been improved by particle size reduction, and how the particle size reduction in recent years has been achieved. This is by the preparation of microcrystalline molecular dispersions of poorly soluble drugs in solid matrices of water soluble carriers.
The crystal form in which a drug is presented for administration is an important factor influencing the bioavailability of drugs. The crystal form of a drug may change because the substance exhibits polymorphism. This has been reported to be relatively common being exhibited by at least one-third of all organic compounds. Apart from the polymorphic forms which these substances exist, they can also occur in non-crystalline or amorphous form. The energy required to remove a molecule of drug from the crystal which it is located is greater than that required to escape from an amorphous powder. Therefore the amorphous form of the compound is always more soluble than the corresponding crystal form and may exhibit corresponding different therapeutic properties (Poole, 1979). Example of a drug with this property is chloramphenicol.
Complex formation is a process which occurs when drugs interact reversibly with substances present in the body, with other drugs or with pharmacologically inactive components of the dosage form. Such a drug may differ in its physicochemical properties from the pure drug. For example its ability to pass through biological membranes will be hindered thus become pharmacologically inactive since dissolution prior to absorption fails to occur (Poole, 1979). The effect of complexation of a drug on absorption depends on the magnitude of the stability of the complex.
The components in a dosage form other than the active ingredient may influence absorption and subsequently bioavailability. These excipients may either facilitate or inhibit the absorption process. The importance of excipients in the determination of

final drug effect was demonstrated by the outbreak of phenytoin toxicity in Australia. The toxicity occurred when patients were previously maintained with „Dilantin‟ capsules in which calcium sulphate had been used as inert excipient were given capsules containing some quantity of active compound but with the calcium sulphate substituted for lactose as inert excipient. It is assumed that the inorganic ion had complexed with phenytoin reducing absorption.
Interaction between drugs and dosage forms may influence the bioavailability of a drug. Such interactions may be directly as in the chelation of tetracycline by polyvalent metal ions or indirectly as with the increased rate of acetaminophen (paracetamol) absorption due to the stimulating effect of metoclopromide on the stomach emptying rate. However propantheline reduced the rate of acetaminophen absorption by delaying the stomach emptying rate (Welling, 1980).
Influence of food and specific dietary components on drug absorption was extensively reviewed (Welling, 1977). It reflects the complex and unpredictable nature of drug-food interactions and the difficulty of establishing patterns to be used as guidelines for optimum drug therapy. The presence of food has been shown to decrease, delay, increase and often not to affect drug absorption. Observed effects have been influenced by the type of drug and dosage form, the nature and size of meal, fluid intake, the conditions of the subject and the time sequence between eating and drug administration.
Although the studies of drug bioavailability are routinely carried out in human volunteers, drugs are administered in practice to patients who may be suffering from various ailments. Diseases concerning the gastrointestinal tract, cardiovascular system and liver may alter the circulating drug or metabolite level after oral dosing. Surgical removal of parts of the gastrointestinal tract reduces the absorption of most compounds,

suggesting that patients that have undergone such procedures may need to be monitored carefully when taking drugs while absorption efficiency is critical.

CHAPTER THREE

3.0 [bookmark: _TOC_250019]MATERIALS AND METHOD

3.1 [bookmark: _TOC_250018]Materials


3.1.1 Study site

The Faculty is located opposite the University sick bay and adjacent to Faculty of Veterinary Medicine. It is one out of 12 faculties in the university. The Faculty comprises of five (5) Departments and five (5) tiers of classes with a population of 854 undergraduate students.
3.1.2 Human volunteers

Twelve (12) healthy adult volunteers between the ages of 20-29 years, seven (7) females and five (5) males participated in the study. They were undergraduate students of the Faculty of Pharmaceutical Sciences of Ahmadu Bello University, Zaria.
3.1.2.1 Recruitment of human volunteers

Prior to the study, the 400L and 500L undergraduate classes were briefed on the study, about 20 students showed interest in the exercise but after complete orientation on the design and protocol, they were subjected to the inclusion and exclusion criteria, we were able to get 12 volunteers that satisfied the inclusion criteria.

3.1.2.2 Inclusion criteria


Students who were able to satisfy the following criteria were enrolled:


i. Non smokers or non alcoholics

ii. Not taken Paracetamol or any drug with paracetamol for the preceeding two weeks
iii. Had no apparent liver disease

iv. Agreed to fast over night before the exercise begins; and throughout the period of sample collection

3.1.2.3 Exclusion criteria


Students were excluded from the study if they:


i. Smoke or drink alcohol

ii. Had taken paracetamol or any drug containing paracetamol in the preceeding two weeks
iii. Could not fast overnight


3.1.3 Drugs

Panadol® tablets (GlaxoSmithkline Ltd); Batch No. 093U, 084U, 067U. Panadol Extra® tablets (GlaxoSmithKline Ltd); Batch No. 196U, 134U, 004U.

3.1.4 Chemicals

[image: ]   15% Trichloroacetic Acid (C2HCl3O2, MW 163.39) (BDH Chemicals Ltd, Poole England)

[image: ]   15% Sulfamic Acid (NH2SO3H, MW 97.09) (BDH Chemicals Ltd, Poole England)

[image: ][image: ]   15% Sodium Hydroxide (NaOH, MW 40.0) Analar grade 6N Hydrochloric Acid (HCl, MW 36.46) Analar grade

[image: ]   15% Sodium Nitrite (NaNO2, MW 69.0),


[image: ][image: ]   Paracetamol Powder B.P; MD: 07/12; ED: 06/17; Batch Number: 1307102 Distilled water
3.1.5 Equipments and apparatus

Test tubes, Centrifuge tubes, Pipettes (1ml, 5 mls), volumetric flasks (10 ml, 50 mls, 100 mls, and 250 mls), measuring cylinder 10ml, Measuring Scoop, Spatula, Sample bottles, Wash bottles, Testtube holders, Weighing Balance (Gallenkamp), Water bath (Mc Donald Scientific International), UV Spectrophotometer (Hellious Zeta Thermo Scientific England), Centrifuge Gallenkamp (England), Flask Shaker Gallenkamp (England), Isotemp Oven Fisher Scientific (England), Freezer Haier Thermacool HF- 299, Friabilator Erweka (England)



[bookmark: _TOC_250017]3.2 Methods

3.2.1 In Vitro experiment


3.2.1.1 Chemical assay of paracetamol


Twenty (20) tablets were weighed from each batch sampled and the average weight determined. The tablets were powdered and a quantity of the powder equivalent to 0.15 g of paracetamol was weighed and dissolved into 50 ml of 0.1M NaOH solution in 200ml flat bottom flask and diluted with 100 ml of water. This was shaken for 15 minutes, and then sufficient water was added to produce 200 ml. The solution was filtered and 10ml of the filtrate was diluted to 100 ml with water. 10 ml was pipetted

from the resulting solution and   added to 10 ml of 0.1M NaOH, which was diluted to 100 ml with water and the absorbance of the resulting solution measured at 257nm using a UV spectrophotometer. The percentage content of paracetamol was calculated taking 715 as the value of A (1%, 1cm) at the maximum of 257 nm B.P, 2009) using the formula below:

Percent content of Paracetamol =	Absorbance	x Dilution factor


[Weight of drug in g x A]
Where


A (1%, 1cm) is the absorbance of a 1cm layer of a 1% w/v solution of the absorbing solute. It is also called the specific absorbance

3.2.1.2 Dissolution rate test


The USP basket method was used for the dissolution tests. The dissolution medium is a litre of 0.1M HCl, introduced into the vessel immersed in a water bath maintained at 37oC. For each test, one tablet was placed in the basket and allowed to rotate at a speed of 100 rev/min and a sample of 5ml dissolution medium was withdrawn at 1, 5, 10, 20, 40 and 60 minutes. These samples were withdrawn from half way between the basket wall and the wall of the vessel to ensure that the normal pattern of flow of dissolution medium was not disturbed. An equivalent volume of 5ml of the dissolution medium was replaced after each withdrawal. These samples of the dissolved drug was filtered and its absorbance taken at 257nm.

3.2.1.3 Disintegration tests


One tablet each was placed in all the tubes of the basket and a disc was added to each tube. The assembly was then suspended in a beaker containing distilled water and maintained at 37ºC using a thermometer and the machine allowed running till the tablets disintegrated. The average time taken to disintegrate was recorded for each tablet.

3.2.1.4 Friability tests


Twenty (20) tablets of each sample were weighed before transferring into a friability tester which was allowed to run at 25 revolutions per minute for 4 minutes. The tablets are then reweighed and recorded.

3.2.1.5 Weight uniformity test


Twenty (20) tablets of each formulation were weighed individually and the average weight and percentage mean deviation determined.

3.2.2 In Vivo experiments

3.2.2.1 Calibration curve

Paracetamol powder was used to prepare 1000 mg /L stock solution by dissolving1000mg powder in 1000ml of warm distilled water. The stock solution was used to prepare eight series of (25 mg/l – 500 mg/l) working standards, 25, 50, 100, 150,
200, 250, 300, 350, 450 mg/l. The blank saliva was added to a flask of distilled water,then 0.5ml blank saliva was added to each flask to simulate in vivo concentrations. All samples were treated as mentioned in the colorimetric assay method. The absorbance was measured at 430nm against reagent blank of water. Graph of absorbance versus concentration were plotted.

3.2.2.2 The validation experiments

The paracetamol assay validation studies in aqueous solution were carried out using the modified method to measure standard paracetamol concentrations 25, 50, 100, 150, 200, 250, 300 and 400 mg/l using a UV spectrophotometer. It was evaluated by assay of paracetamol standards, the absorbance were measured at 430nm against reagent blank of water. Graphs of absorbance versus concentration were plotted; the stability of the final coloured solutions was also assessed up to 10 min.
3.2.2.3 Protocol


Twelve (12) apparently healthy adult volunteers took part in the study. The protocol was explained to them and an informed consent was obtained.

The study was single blind, cross over study with a wash out period of two weeks between administrations. On the day of each test, a 2ml blank saliva sample was collected after stimulation with a rubber band at time 0 minute. Subsequently, stimulated salivary samples were collected into plain plastic containers at time 5, 10, 20, 30, 60, 120, 180, 240, 360 minutes after ingestion of 1g tablets of the study drug with water. All volunteers remained with no food or drink while samples were collected. Samples were stored in a refridgerator at -10ºC until analysed.

3.2.2.2 Analysis of saliva samples

The paracetamol assay method used in this study is based on the Glynn and Kendal (1975) colorimetric method with a few modifications by Shihana (2010) which came about in order to decrease the production of nitrous gas.

In the modified method, 0.5 ml of saliva was pipetted into a 15 ml centrifuge tube containing 1.0 ml of 15% trichloroacetic acid. After mixing, it was centrifuged for three minutes and the clear supernatant decanted into a 10 ml test tube containing 0.5 ml 6N hydrochloric acid. Nitrous acid was generated by adding 0.4 ml of sodium nitrite to the resulting solution. The contents were allowed to stand for two minutes, and then 1.0 ml of 15% sulphamic acid was added carefully to neutralize excess nitrous acid. Finally,
2.5 ml of 15% sodium hydroxide was added and the absorbance of each sample was measured at 430 nm, against a reagent blank of water.

[bookmark: _TOC_250016]3.3 Statistical Analysis

The results of the various studies were recorded as means ± SEM. The data were statistically analysed using Independent student‟s paired t test (IBM SPSS statistics 20) for all data except dissolution studies where analysis of variance (ANOVA) was used. Differences between sampled drugs of P ≤ 0.05 were considered to be statistically significant.

[bookmark: _TOC_250015]CHAPTER FOUR


4.0 [bookmark: _TOC_250014]RESULTS

4.1 [bookmark: _TOC_250013]Uniformity of weight test of Paracetamol tablets

The result of uniformity of weight test is shown in table 4.1. It shows that in the weight uniformity test the deviation from the mean was 1.5% for sample A1, 2.4% for A2, 1.1% for A3 and 1.7%, 1.4% and 1.7% for samples B1, B2 and B3 respectively.

Table 4.1: Weight Uniformity Test for Samples of Panadol® and Panadol Extra® Tablets



	Samples of Paracetamol
	Mean weight (g)± SEM
	% Mean deviation

	A1
	0.65 ±0.03
	1.5*

	A2
	0.62 ±0.03
	2.4*

	A3
	0.65 ±0.02
	1.1*

	B1
	0.65 ± 0.01
	1.7*

	B2
	0.65 ±0.02
	1.4*

	
B3
	
0.67 ±0.01
	
1.7*




Key: A1, A2 and A3 are samples of Panadol® tablets
B1, B2 and B3 are samples of Panadol Extra® tablets
* passed (B.P 2009 stated that not more than two of the individual weights for tablet of average weight 250mg or more deviates from average weight by more than 5% and none deviates by more than twice that percentage).

4.2 [bookmark: _TOC_250012]Friability Test

The percentage friability of Samples A1, A2 and A3 were found to be 0.17%, 0.42% and 0.43% respectively, while those of samples B1 and B2 had 0.74% and 0.33% respectively. However, Sample B3 had 5.83% which was greater than 1% and so had failed the test (Table 4.2)

Table 4.2: Friability Test for Samples of Panadol® tablets and Panadol Extra® Tablets



	Samples of Paracetamol
	% Friability

	A1
	0.17*

	
A2
	
0.42*

	
A3
	
0.43*

	B1
	0.74*

	B2
	0.33*

	
B3
	5.83**



Key: A1, A2 and A3 are samples of Panadol® tablets
B1, B2 and B3 are samples of Panadol Extra® tablets
*passed, **failed
(B.P 2009 states that the percentage friability of a tablet should not be greater than 1%)

4.3 [bookmark: _TOC_250011]Disintegration Test

Samples A1, A2 and A3 disintegrated in a mean time of 1.7 min, 1.2 min and 1.3 min respectively while samples B1, B2 and B3 disintegrated in a mean time of 1.3 min, 1.0 min and 0.5 min respectively. The B.P 2009 specification states that all tablets should disintegrate before 15 minutes (Table 4.3).

Table 4.3: Disintegration Test for Samples of Panadol® and Panadol Extra® tablets




	Sample of Paracetamol
	Average disintegration time (min)

	A1
	1.7*

	A2
	1.2*

	A3
	1.3*

	B1
	1.3*

	B2
	1.0*

	B3
	0.5*



Key: A1, A2 and A3 are samples of Panadol® tablets
B1, B2 and B3 are samples of Panadol Extra® tablet
*passed
(B.P 2009 states that all tablets should disintegrate before 15 minutes)

4.4 [bookmark: _TOC_250010]Dissolution Test (USP XIX)

The mean concentration of the samples in 0.1M HCl after 1hr for the tablets is as shown in the table 4.4. Samples A1, A2and A3 had 97.8%, 98.8% and 98.0% dissolution of active ingredient respectively while Samples B1, B2 and B3 had 99.4%, 99.2% and 99.6% respectively. The time for half of the drug to go into dissolution state was less than 5 minutes. It was observed that the entire samples dissolution rate increased rapidly in the first 10 minutes then remaining constant afterwards.

 (
dissolved
)Table 4.4: Dissolution Rate Studies of Samples of Panadol® and Panadol Extra® tablets in 0.1M HCl using USP rotating basket method measured at 257nm







 (
1
5
10
20
40
60
after 45
 
mins
A1
220±5.04
448±7.36
468±3.38
478±4.06
484±1.16
489±2.19
97.8
A2
208±5.04
450±7.36
466±3.38
470±4.06
482±1.16
494±2.19
98.8
A3
225±5.04
427±7.36
457±3.38
464±4.06
480±1.16
490±2.19
98.0
B1
300±5.77**
459±1.73
488±3.84
478±2.08
480±2.91
497±2.60
99.4
B2
280±5.77**
465±1.73
476±3.84
485±2.08
490±2.91
496±2.60
99.2
B3
290±5.77**
462±1.73
477±3.84
480±2.08
486±2.91
498±2.60
99.6
)Sample

Concentration (mg/L) / Time (min)	%

























Data was analysed using one way ANOVA and **p<0.01is significant
Key:	A1, A2 and A3 are samples of Panadol® tablets
B1, B2 and B3 are samples of Panadol Extra® tablets
(B.P 2009 states that for a tablet to pass dissolution test, the amount of active ingredient released after 45 min should not be less than 70%)

4.5 [bookmark: _TOC_250009]Chemical Assay Result of Panadol® and Panadol Extra® tablets

The assay of paracetamol content in each tablet revealed that, Samples A1, A2 and A3 had percentage active content of 101.37%, 102.16% and 99.95% respectively; while Samples B1, B2 and B3 had 97.07%, 100.78% and 101.17% respectively. All the samples analysed passed the test as the percentage content were within the B.P (2009) limits of 95% - 105%.

Table 4.5: Chemical Assay of Samples of Panadol® and Panadol Extra® Tablets

	Sample
	Content of paracetamol per tablet (mg)
	Percentage content (%)

	A1
	506.80
	101.37*

	A2
	510.80
	102.16*

	A3
	499.77
	99.95*

	B1
	485.33
	97.07*

	B2
	503.89
	100.78*

	B3
	506.38
	101.19*

	Standard
	502.77
	100.55*



Key: A1, A2 and A3 are samples of Panadol® tablets
B1, B2 and B3 are samples of Panadol Extra® tablet
*passed (B.P 2009 states that the percentage content of active ingredient should be within limits of 95-105%)

4.6 [bookmark: _TOC_250008]Calibration Curve of Standard Paracetamol Powder

The calibration curve of paracetamol in saliva was plotted using the absorbance from the UV spectrophotometer and is as shown in figure 4.1 with correlation coefficient of (r2 = 0.9926.); the figure shows the calibration plot for the standard paracetamol solution and correlation coefficient for the calibration curve.




[image: ]




Figure 4.1: Calibration Curve of Standard Paracetamol Powder using UV Spectrophotometer at 430nm

4.7 [bookmark: _TOC_250007]Validation Studies

The paracetamol assay validation studies in aqueous solution performed well up to a concentration of 400mg/L. The correlation coefficient variant and accuracy for the standards were 0.14%
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Figure 4.2: Validation studies of Standard Paracetamol Powder using UV Spectrophotometer at 430nm

4.8 In vivo studies

The colorimetric assay of paracetamol validation studies in aqueous solution were found to perform well up to a concentration of 400 mg/L (r2=0.9926). The administration of 1g samples with 200ml water to volunteers gave mean saliva concentrations indicated in appendix1 and 2. The mean peak saliva concentrations Cmax ranges from 20.60 - 25.20 µg/ml while the mean time taken (Tmax) to reach peak concentration was 0.33hr for all volunteers (table 4.6).
Mean saliva semi - log concentration time curves are shown in figures 4.3. The pharmacokinetic parameters obtained from the plots of the mean saliva concentration for all samples are shown in table 4.6. The average lag time calculated during exposure was three and half (3.5) minutes for Panadol Extra® tablets and four (4) minutes for Panadol® tablets. The pharmacokinetic parameters compared showed variable values. However consistently higher saliva paracetamol concentrations with mean 23.90 ± 0.40 µg/ml indicated with Panadol Extra® tablets which was statistically significant (p<0.05) compared to Panadol® tablets with mean of 21.60 ± 0.34 µg/ml.
Ke calculated ranged from 0.62 – 0.98 (µg/ml/hr) for all samples with mean of 0.95 ±

0.1 (µg/ml/hr) for Panadol® tablets and 0.71 ± 0.3 (µg/ml/hr) for Panadol Extra® tablets.

Ka calculated ranged from 6.89 – 15.47 (µg/ml/hr) for all samples with mean of 9.75 ±

0.68 for Panadol tablets and 10.61 ± 1.30 (µg/ml/hr).

Elimination half-life of Panadol Extra® tablets calculated was within the range of (0.89 - 1.18hr-1) with mean of 1.02 ± 0.04 hr-1 while Panadol® tablets ranged within (1.32- 1.41hr-1) with mean of 1.36 ± 0.02 hr-1.
The calculated volume of distribution ranged from 14010.77 – 27652.94 (mls) for all samples with mean of 20808.08 ± 1586.30 (mls) as indicated in table 4.6 for Panadol®

tablets and 16967.20 ± 1084.94 (mls) for Panadol Extra® tablets. The clearance calculated ranged from 10680.41 – 25213.95 (ml/hr) for all samples with mean of 19596.25 ± 1338.13 (ml/hr) for Panadol® tablets compared to mean value of 11989.12 ±
688.13 (ml/hr) indicated for Panadol Extra® tablets was statistically significant at p≤ 0.05.
The area under the concentration time curve AUC0-6hr calculated indicated a mean of 5497.00 ± 362.02 (µg/ml/hr) for Panadol® tablets and 5958.87 ± 243.30 (µg/ml/hr) indicated for Panadol Extra® tablets. All the other values calculated did not show significant difference when compared.

Table 4.6: Mean Saliva Paracetamol Concentration in Panadol® tablets and Panadol  Extra® tablets

	Time (Min)
	Panadol® tablets
	Panadol Extra® tablets

	5
	7.63 ± 0.75
	8.43 ± 0.72

	10
	11.32 ± 0.45
	12.45 ± 0.25

	15
	15.22 ± 0.24
	16.58 ± 0.33

	20
	21.6 ± 0.34
	23.90 ± 0.40

	30
	17.88 ± 0.26
	19.03 ± 0.18

	60
	15.38 ± 0.25
	16.35 ± 0.09

	90
	13.73 ± 0.17
	14.28 ± 0.23

	120
	11.72 ± 0.28
	12.22 ± 0.21

	180
	5.07 ± 0.04
	6.02 ± 0.32

	360
	2.32 ± 0.07
	2.97 ± 0.10


Values are expressed as mean ± SEM.
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Figure 4.3: Mean saliva concentration of paracetamol in Panadol® tablets and Panadol Extra® tablets
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Figure 4.4 Semi- log saliva paracetamol concentration time graph of Panadol® tablets and Panadol Extra® tablets

Table 4.7: Mean Pharmacokinetic Parameters for Samples of Paracetamol in Panadol® tablets and Panadol Extra® tablets



	Pharmacokinetic Parameters
	Panadol® tablets
	Panadol Extra® tablets

	Lag time (min)
	4.0±0.45
	3.5±0.22

	Cmax (µg/ml)
	21.60±0.34
	23.90±0.40*

	Tmax (hr)
	0.33±0.00
	0.33±0.00

	Ke (µg/ml/hr)
	0.95±0.10
	0.71±0.30

	Ka (µg/ml/hr)
	9.75±0.68
	10.61±0.13

	t1/2α (hr)
	14.06±0.98
	15.30±1.89

	t1/2β (hr)
	1.36±0.02
	1.02±0.04

	Vd(ml)
	20808.08±1586.30
	16967.20±1084.94

	Cl (ml/Hr)
	19596.25±1338.13
	11989.12±688.13*

	AUC0-6hr (µg/ml)
	5497.00±362.02
	5958.87±243.30

	AUC0-∞ (µg/ml)
	5498.50±362.02
	5961.02±243.30


Data was analysed using independent student paired t- test and * p<0.05, significant difference. Values are expressed as mean ± SEM.

[bookmark: _TOC_250006]CHAPTER FIVE


[bookmark: _TOC_250005]5.0 DISCUSSION

The in vitro weight uniformity test ensures that the formulation is of similar thickness (mass). The samples used for this study all passed the weight uniformity test. B.P (2009) stated that not more than two of the individual weights (for tablet of average weight of 250mg or more) deviates from the average weight by more than 5% and none deviates by more than twice that percentage. The significance of this test is to ascertain its quality and was cofirmed.
Tablet formulations are consistently subjected to mechanical stress from the point of production, through handling and transportation till it is consumed. The samples analysed passed the friability test except for sample B3 (Panadol Extra® tablets). This could be due to insufficient binder in the mixture and/or insufficient compression strength, as all samples of B3 were very soft. It correlated with values of disintegration test where it disintegrated in the least mean time of 30 seconds that is less than one minute. The aim of the test is to ensure that tablets will withstand the mechanical stress during handling; transportation and they will not break or lose significant weight to abrasions. The loss of any part of the tablet results in loss of active ingredient in the formulation.
The disintegration test is very crucial in a solid tablet formulation. The B.P 2009 specification states that all tablets should disintegrate before 15 minutes. All tablets sampled passed the disintegration test as they disintegrated before 15mins. The time of disintegration is a measure of the quality of a tablet, this is because, if the disintegration time is too long; it means that the tablet was highly compressed or excess amount of binder in the formulation and may not release the active ingredient at the right time

which may often affect the drug‟s bioavailability or it may imply several other reasons. Similarly if the disintegration time is not uniform in a set of samples being analysed, it indicates batch inconsistency and lack of batch uniformity.
The dissolution rate of a drug is used to identify a crucial effect in the bioavailability of the active ingredient (Jacob, 2011). The absorption of solid oral formulations depends on the release of the therapeutic moiety at a given time. The B.P 2009 specification states that for a tablet to pass dissolution test, the amount of active ingredient released after 45 min should not be less than 70%. The time for half of the sampled drugs to go into dissolution state was less than 5 minutes and over 80% was in dissolution after 45 minutes. The sample tablets passed the dissolution test thus they are bioequivalent for the paracetamol component.
From the dissolution studies results, samples of Panadol Extra® tablets (B1, B2 and B3) were observed to release over 50% of the active ingredient in the first minute compared to samples of Panadol® tablets (A1, A2 and A3) as seen in table 4.4. This correlates with the mean saliva concentrations that revealed higher mean peak saliva paracetamol levels in samples of Panadol Extra® and was statistically significant at P ≤ 0.05 compared to samples of Panadol® tablets.
The variation in dissolution rate of samples of paracetamol can be explained by many formulation factors. They include: amount and type of diluents (Marlowe and Shangraw, 2006), binder and disintegrant (Suren 2010). Method of incorporation of the ingredients, the compressional force and speed of compression are also factors leading to variations in the dissolution rates of tablets (Khan and Rhodes, 1992).
The samples analysed passed the chemical assay test as the percentage content all were within the limits of the B.P (95% - 105%). The presence and percentage content of

active ingredient in the samples used were determined quantitatively. This has shown that the samples actually contain the label claim of the active ingredient and they are chemically equivalent. The label claim of 500mg paracetamol in the samples confirmed will be expected to produce similar bioavailability following administration but this is not often achieved due to difference in subject physiological factors. The in vitro analysis carried out showed that the samples selected are of good quality and have been manufactured based on good manufacturing practices.
The semi – log mean saliva concentration time graphs plotted fitted into first order kinetics. This means the amount of drug in the body at any time is proportional to the elimination of the drug from the body at that time. The proportionality constant relating the rate and the amount in the body is the first order elimination rate constant (Gibaldi and Perrier, 1975). The pharmacokinetics of paracetamol have been investigated extensively (Thomas, 1993) and others, they have all shown varying inter individual differences in the plasma and saliva levels on the pharmacokinetics of paracetamol. All pharmacokinetic parameters derived compared well with already established values.
There were differences as well as similarities in the calculated individual pharmacokinetic parameter as in table 4.7. The tmax for all samples were 0.33hr. The lag time indicated faster onset of action for Panadol Extra® tablets than for Panadol® tablets.
The peak saliva paracetamol levels ranging from 22.20 – 25.20 (µg/ml) were recorded for all samples of Panadol Extra® tablets which was statistically significant at P ≤ 0.05 when compared with saliva paracetamol levels of samples of Panadol® tablets ranging from 20.60 – 22.50 (µg/ml) thus confirming greater bioavailability. In the calculated elimination half-life of Panadol Extra® tablets it was seen to be lower than the value of

Panadol® tablets. It was shorter than the time seen in the latter thus shows as it‟s absorbed faster into the systemic circulation, it is also eliminated faster. Other parameters slightly different within subjects are in agreement with the findings of Levy et al., 1965 and Albert et al., 1974 though not statistically significant. The differences observed in the individual parameters are due to individual variability (females may be in their Luteal or ovulatory phase of their menstrual cycle) or varying degree of the hepatic first-pass effect.
Caffeine is claimed to enhance the efficacy of paracetamol was confirmed with the high Cmax observed with the combination leading to greater bioavailability. However, peak plasma levels and extent of absorption are similar for paracetamol with caffeine and paracetamol alone (GSK, 2009). The extent to which caffeine improves the analgesic effect of paracetamol is uncertain and may not be clinically meaningful. Published trials have assessed the effect of combining caffeine with paracetamol compared with paracetamol alone (Ward et al., 1991)
Trials were generally of poor quality and had conflicting results: some showed a small benefit, most did not. For example, a trial of 320 young women found that a single dose of paracetamol with caffeine provided more relief in pain for primary dysmenorrhoea 2 hours after administration than paracetamol but it is unclear whether this is clinically meaningful (Ali Z et al., 2007).
Another example is the study of characterization of analgesia. The analgesic activities of paracetamol (100, 178, 316 and 562 mg kg−1), caffeine (10, 18, 32 and 56 mg kg−1) and combinations of these doses were tested on a pain-induced functional impairment model in the rat. Paracetamol alone induced a dose-dependent analgesic effect while caffeine alone did not exhibit any activity at the assayed doses. It is concluded that

caffeine is able to potentiate the analgesic effect of paracetamol by a pharmacodynamic mechanism, but this only occurs at certain dose combinations (Vinicio, et al., 2011).
The individual variations found from the calculated pharmacokinetic parameters could be from many factors such as drug absorption, pharmaceutical formulation and subject characteristics. The latter can result in great differences in the efficacy of a drug product. The rate of gastric emptying is one of the characteristics that influence drug absorption; this may affect even the bioavailability (Rawlings, 1979). It is an important rate limiting step in the absorption of paracetamol.

CHAPTER SIX

6.0 [bookmark: _TOC_250004]SUMMARY AND CONCLUSION

6.1 [bookmark: _TOC_250003]Summary

The samples of Panadol® and Panadol Extra® tablets used in this study have passed the official tests for identification and percentage content of active ingredient, weight uniformity/variation, disintegration and dissolution based on the B.P 2009 specifications. However, Panadol Extra® tablets sample (B3) failed friability test, though other test samples passed this test. These tests have shown that both sampled products are chemically equivalent in their paracetamol component and have been manufactured based on good manufacturing practice. However the pharmacokinetic parameters calculated indicated varying values and only the peak saliva concentration levels was statistically significant at p ≤ 0.05.



6.2 [bookmark: _TOC_250002]Conclusion

The study revealed that the drugs used were chemically equivalent and significantly higher saliva paracetamol levels recorded for Panadol Extra® tablets as compared to Panadol® tablets and may be concluded that caffeine in panadol Extra® is responsible.
6.3 [bookmark: _TOC_250001]Recommendation

Further studies should be carried out to compare pharmacokinetics of the combination of caffeine with paracetamol at varying doses since not all the pharmacokinetic parameters showed significant differences to affect the bioavailability and pharmacological activity.
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APPENDIX 1

Table 1: Mean saliva paracetamol concentration in healthy subjects after oral administration of 1g tablets.

	Subjects
	I
	II
	III
	IV
	V
	VI

	Samples
Time (min)
	A1
	B1
	A2
	B2
	A3
	B3

	5
	6.35
	7.20
	5.25
	6.45
	6.40
	6.90

	10
	10.20
	11.60
	10.00
	12.10
	10.90
	12.10

	15
	14.80
	17.40
	14.40
	15.50
	15.60
	15.70

	20
	20.80
	24.10
	20.60
	23.90
	21.20
	22.20

	30
	18.20
	18.60
	17.50
	18.40
	17.20
	19.30

	60
	15.60
	16.30
	16.20
	16.40
	15.70
	16.70

	90
	14.20
	13.80
	14.30
	14.10
	13.40
	13.50

	120
	12.80
	12.90
	12.10
	12.60
	11.70
	11.60

	360
	5.20
	7.10
	5.10
	6.20
	5.10
	6.20

	720
	2.10
	2.60
	2.20
	3.10
	2.50
	3.10



Key: A1, A2 and A3 are samples of Panadol® tablets
B1, B2 and B3 are samples of Panadol Extra® tablets
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Table 2: Mean saliva paracetamol concentration in healthy subjects after oral administration of 1g tablets (after wash out).

	Subjects
	I
	II
	III
	IV
	V
	VI

	Samples
Time (min)
	B1
	A1
	B2
	B1
	B3
	A3

	5
	9.90
	9.40
	10.30
	9.20
	9.80
	9.20

	10
	12.90
	12.10
	13.10
	12.60
	12.90
	12.10

	15
	16.80
	15.30
	17.40
	16.10
	16.70
	15.10

	20
	23.80
	22.50
	24.20
	22.20
	25.20
	22.30

	30
	19.20
	18.60
	19.60
	18.50
	18.10
	17.30

	60
	16.40
	14.40
	16.10
	15.40
	16.20
	15.00

	90
	14.90
	13.60
	14.60
	13.50
	14.40
	13.40

	120
	12.50
	11.70
	11.90
	11.10
	11.80
	10.90

	360
	5.20
	5.10
	5.10
	5.00
	5.60
	4.90

	720
	2.50
	2.40
	3.20
	2.20
	3.00
	2.50



Key: A1, A2 and A3 are samples of Panadol® tablets
B1, B2 and B3 are samples of Panadol Extra® tablets
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Table 3: Mean Pharmacokinetic Parameters for samples of Paracetamol in saliva of volunteers after administration of 1g Samples.

	Subjects
	I	II	III	IV	V	VI

	Samples
Pharmacokinetic Parameters
	AI
	BI
	A2
	B2
	A3
	B3

	Lag time (min)
	5.00±0.45
	4.00±0.22
	5.00±0.45
	4.00±0.22
	5.00±0.45
	4.00±0.22

	Cmax (µg/ml)
	20.80±0.18
	24.10±0.60
	20.60±0.18
	23.90±0.60
	21.20±0.18
	22.20±0.60

	Tmax (hr)
	0.33±0.00
	0.33±0.00
	0.33±0.00
	0.33±0.00
	0.33±0.00
	0.33±0.00

	Ke (µg/ml/hr)
	0.98±0.01
	0.62±0.04
	0.97±0.01
	0.76±0.04
	0.95±0.01
	0.68±0.04

	Ka (µg/ml/hr)
	10.80±0.78
	13.18±2.36
	11.21±0.78
	7.54±2.36
	8.71±0.78
	15.47±2.36

	t1/2α (hr)
	15.59±1.12
	19.02±3.40
	16.17±1.12
	10.88±3.40
	12.57±1.12
	22.32±3.40

	t1/2β (hr)
	1.41±0.01
	0.89±0.06
	1.40±0.01
	1.10±0.06
	1.36±0.01
	0.98±0.06

	Vd(ml)
	17422.00
	18654.11
	21834.41
	14010.77
	17776.23
	20866.04

	Cl (ml/Hr)
	17003.87
	11466.70
	21092.04
	10680.41
	16791.42
	14128.40

	AUC0-6hr (µg/ml)
	5308.75
	5976.25
	5127.25
	7124.00
	7276.00
	5616.00

	AUC0-∞ (µg/ml)
	5310.15
	5978.79
	5128.70
	7126.02
	7277.51
	5618.17


Data was analysed using independent student paired t- test and * p<0.05, significant difference. Values are expressed as mean ± SEM.
Key: A1, A2 and A3 are samples of Panadol® tablets
B1, B2 and B3 are samples of Panadol Extra® tablets
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Table 4: Mean Pharmacokinetic Parameters for samples of Paracetamol in saliva of volunteers after administration of 1g Samples (after washout)

	Subjects
	I	II	III	IV	V	VI

	Samples
Pharmacokinetic Parameters
	BI
	AI
	B2
	A2
	B3
	A3

	Lag time (min)
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Cmax (µg/ml)
	23.80±0.42
	22.50±0.88
	24.20±0.42
	22.20±0.88
	25.20±0.42
	22.30±0.88

	Tmax (hr)
	0.33±0.00
	0.33±0.00
	0.33±0.00
	0.33±0.00
	0.33±0.00
	0.33±0.00

	Ke (µg/ml/hr)
	0.73±0.05
	0.95±0.01
	0.66±0.05
	0.92±0.01
	0.82±0.05
	0.91±0.01

	Ka (µg/ml/hr)
	7.40±0.93
	6.89±1.22
	9.59±0.93
	10.93±1.22
	10.49±0.93
	9.95±1.22

	t1/2α (hr)
	10.62±1.34
	9.94±1.76
	13.83±1.34
	15.77±1.76
	15.13±1.34
	14.36±1.76

	t1/2β (hr)
	1.06±0.06
	1.36±0.01
	0.96±0.06
	1.33±0.01
	1.18±0.06
	1.32±0.01

	Vd(ml)
	14056.39
	18367.97
	17025.50
	21794.98
	17190.42
	27652.94

	Cl (ml/Hr)
	10311.16
	17348.55
	11279.41
	20127.67
	14068.64
	25213.95

	AUC0-6hr (µg/ml)
	5727.00
	5343.75
	5831.00
	4987.50
	5479.00
	4938.75

	AUC0-∞ (µg/ml)
	5729.07
	5345.23
	5833.23
	4989.08
	5480.83
	4940.33


Data was analysed using independent student paired t- test and * p<0.05, significant difference. Values are expressed as mean ± SEM.
Key: A1, A2 and A3 are samples of Panadol® tablets
B1, B2 and B3 are samples of Panadol Extra® tablets
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Semi – log saliva concentration time curve of Panadol® tablets
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[image: ]Semi – log saliva concentration time curve of Panadol® tablets (A2)
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[image: ]Semi – log saliva concentration time curve of Panadol® tablets (A3)
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Semi - log saliva concentration time curve of Panadol Extra® tablets (B1)
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[image: ]Semi – log saliva concentration time curve of Panadol Extra® tablets (B2)
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Semi – log saliva Paracetamol concentration time curve of Panadol Extra® tablets (B3)
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