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ABSTRACT
This research deals with the quantitative analysis of selected brands of paracetamol tablets and syrups. Five brands of paracetamol tablets and five syrups were analyzed for their percentage content of acetaminophen (active pharmaceutical product), using a UV/Vis Spectrophotometer and the results obtained from the spectrophotometric analysis were compared with the British Pharmacopeia’s (B.P.) permissible range of percentage content (95%-105%). The result for the tablets shows that sample B, C, and E have all passed the test and are within the percentage range of the British Pharmacopoeia (B.P.), while sample A and D are below the required specifications, hence cannot perform the required therapeutic action. The result for the syrups shows that sample V, Y, and Z are within the specified percentage range of the British Pharmacopoeia (B.P.), while sample X and W failed the percentage test. Sample X is below the required specifications and as a result will not perform the desired therapeutic action. Sample W is above the required specification which may lead to overdosing.
34

CHAPTER ONE
1.0 INTRODUCTION
An analgesic is any medication that selectively relieves pain without blocking the conduction of nerve impulses, significantly altering sensory perception, or affecting consciousness. Antipyretics are medicinal preparations that are used to treat fever. They lower body temperature (Buschmann et al., 2001). 
Paracetamol, also known as Acetaminophen is in a class of medications called analgesics (pain relievers) and antipyretics (fever reducers), is a medication used to treat fever and mild to moderate pain (Saragiotto et al., 2019). The words Acetaminophen and Paracetamol both come from the names of the chemicals used in the compound N-acetyl-para-aminophenol and para-acetyl-amino-phenol. At a standard dose, acetaminophen only slightly decreases body temperature (Chiumello et al., 2017). Acetaminophen may relieve pain in acute mild migraine but only slightly in episodic tension headache (Stephens, 2016). Paracetamol is effective for post-surgical pain, but it is superior to ibuprofen (Bailey et al., 2013). The recommended maximum daily dose for an adult is three to four grams (Machado et al., 2015). Higher doses may lead to toxicity, including liver failure (Leopoldino et al., 2019). Paracetamol is available in oral, suppository and intravenous forms (Nam, 2019). In the year 1977, paracetamol was put on the list of essential medicines of the World Health Organization WHO (World Health Organization, 2019).
1.1 HISTORY OF ACETAMINOPHEN
[bookmark: _GoBack][image: C:\Users\Mallam\Pictures\Screenshot_20220126-181836.png]Acetaminophen is one of the most popular and most commonly used analgesic and antipyretic drug around the world. This mild pain reliever has a history that dates back to 1886. Acetanilide was the first aniline derivative serendipitously found to possess analgesic and antipyretic properties, and was quickly introduced into medical practice under the name Antifebrin by Cahn and Hepp in 1886 (Roy, 2011). The pain killing properties of this synthetic organic compound acetanilide were impressive but it was abandoned due to its high toxic effects. For example, it was known to interfere with the function of the oxygen-carrying pigment in the haemoglobin which causes cyanosis in human body. This prompted the search for a less toxic aniline derivative (Bertolini et al., 2006). In 1877 Harmon Northrop Morse synthesized paracetamol at Johns Hopkins University via the reduction of p-nitrophenol with tin in glacial acetic acid, but it was not until 1887 that clinical pharmacologist Joseph Von Mering tried paracetamol on humans
(Bertolini et al., 2006). In 1893, Von Mering published a paper reporting on the clinical results of paracetamol with phenacetin, another aniline derivative. Von Mering claimed that, unlike phenacetin, paracetamol had a slight tendency to produce methemoglobina. Paracetamol was then quickly discarded in favor of phenacetin. Von Mering’s claims remained essentially unchallenged for half a century, until two teams of researchers from United States analyzed the metabolism of acetanilide and phenacetin (Sneader, 2005). This led to a rediscovery of paracetamol (Bertolini et al., 2006).
Paracetamol was first marketed in the United States in 1950 under the name Triagesic, a combination of paracetamol, aspirin and caffeine (Silverman et al., 1992). Reports in 1951 of three users stricken with blood disease agranulocytosis led to its removal from the market place, and it took several years until it became clear that the disease was unconnected (Dogrul et al.,2012). In the United Kingdom, marketing of paracetamol began in 1956 by Stewrling-Winthrop Co. as Panadol, available only on prescription, and promoted as preferable to aspirin since it was safe for children and people with ulcers (Landau et al., 1999). In 1963, paracetamol was added to the British Pharmacopoeia, and has gained popularity since then as an analgesic agent with few side-effects and little interaction with other pharmaceutical agents (Silverman et al., 1992). In England and Wales, about 30,000 people per year go to hospital after taking too much paracetamol (called paracetamol poisoning), and about 150 die of the poisoning. Paracetamol is the main reason for acute liver cases. About half of the cases are because of an unintentional overdose (Morgan et al., 2007). 
In January 2011, The FDA asked manufacturers of prescription combination products containing paracetamol to limit its amount to no more than 325 mg per tablet or capsule and began requiring manufacturers to update the labels of all prescription combination of paracetamol products to warn of the potential risk of severe liver damage (Perrone, 2011). Manufacturers had three years to limit the amount of paracetamol in their prescription drug products to 325mg per dosage unit (Harris, 2011). In November 2011, the Medicines and Healthcare Products Regulatory Agency revised United Kingdom dosing of liquid paracetamol for children (Headley & Northstone, 2011). During the COVID-19 pandemic it was considered by some in the scientific community that it was an effective analgesic medication to treat symptoms of COVID-19, but this was found to be unsubstantiated (Rinott et al., 2020).
1.1.2 STRUCTURE OF PARACETAMOL
Paracetamol contains three functional groups: the hydroxyl group (OH), the amide group (HN-CO-R), and the aromatic group (benzene ring).
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ACETAMINOPHEN


1.1.3 SYNTHESIS OF PARACETAMOL
Paracetamol is one of the most commonly used analgesic and antipyretic agent in the world, and is manufactured in large quantities. The starting materials for commercial manufacture of paracetamol is phenol, which is nitrated to give a mixture of ortho and para-nitrotoluene. The o-isomer is removed by steam distillation, and the p-nitro group reduced to a p-amino group. This is then acetylated to give paracetamol (Reuben & Wittkoff, 1989).

[image: ]


1.2 PROBLEM STATEMENT
Paracetamol is considered safe for use. The drug is easily available without prescription. People often take too much paracetamol because they don’t know how much they should take or because the recommended dose may not work for some individuals. Very often, person’s liver can be hurt if they take too much paracetamol.
1.3 JUSTIFICATION OF RESEARCH
This work will ascertain the level of compliance with official standards of locally produced paracetamol drugs marketed in Nigeria.
1.4 AIM AND OBJECTIVES
1.4.1 AIM
This research work is carried out with the aim to evaluate the percentage quality of acetaminophen.
1.4.2 OBJECTIVES
· To obtain paracetamol tablets and syrups marketed in Nigeria.
· To carry out laboratory analysis to ascertain the actual content of acetaminophen in different samples of paracetamol.
· To compare the results with the standard.








CHAPTER TWO
2.0 LITERATURE REVIEW
Paracetamol called acetaminophen or 4-acetamidophenol, is a common pain reliever and fever reduction medicine. Its chemical name is N-acetyl-p-aminophenol with a chemical formula C8H9NO2 (Mangus & Miller, 2005). It is available as a generic medication with trade names including Tylenol and panadol, among others (Tobias & Hochhauser, 2014). Paracetamol is accessible as a tablet, drops, capsules, injection, and syrups (Sweetman, 2009).
Reports have shown that various substandard drugs are available in markets worldwide (Odeniyi et al., 2003).  Treatment failure and drug resistance are frequently reported in developing countries, largely as a result of the prevalence of substandard or counterfeit drugs particularly in African and Asian countries (Caudron et al., 2008). In a random quality testing conducted in Nigeria, 48% of the samples of different categories of drug products were found to be outside the British Pharmacopoeia (BP) specifications for drug assay and about 40% of these products were manufactured in India (Taylor et al., 2001). Another study also reported that most of the bulk active ingredients produced by China and India are used in the manufacture of counterfeit pharmaceuticals worldwide (Charatan, 2001). Hence, the WHO has suggested a rapid alert system for the relevant authorities in Asian countries to combat the global threat (Parry, 2005).
In Nigeria, the prevalence of substandard and counterfeit drugs in the market has resulted in the belief that innovator pharmaceutical products are more effective, being in most cases, imported and relatively expensive (Odeniyi et al., 2003). However, a large percentage of the population lack the purchasing power to afford these branded products. As a result generic drugs, many of which are manufactured in Asia, have offered opportunities for significant cost savings over innovator drug products. Inadequate surveillance and monitoring, as well as lack of adequate information to the public have contributed to the flourishing market of these substandard drug products. In Nigeria, the National Agency for Food and Drug Administration and Control (NAFDAC), an agency of the Federal Ministry of Health, was established to regulate and control the manufacture, importation, exportation, distribution, advertisement, sale and use of drugs. An important land mark in the renewed fight against substandard pharmaceuticals by NAFDAC was the prohibition of the importation of some genericsincluding paracetamol tablets and syrups (NAFDAC, 2007). This restriction has proved to be effective in encouraging pharmaceutical companies in the country to embark on local production of these drug products. The generic manufacturers do not incur the cost of drug discovery, bear the burden of proving the safety and efficacy of the drugs through clinical trials and may also receive the benefit of the previous marketing efforts of the innovator company. Thus the prices of generic products are significantly lower than those of innovator brands (Dimasa et al., 2003). However, generic drug products must satisfy the same standards of quality, efficacy and safety as those applicable to the innovator products (Odeniyi et al., 2003).  
Ifeoma and Kingsley (2018) conducted a similar research on eleven brands of paracetamol tablets using UV-Vis spectrophotometer. And the percentage acetaminophen content obtained from the samples was: 
Sample 1 has a content of 92.47%, sample 2 has a content of 87.86%, sample 3 has a content of 101.40%, sample 4 has a content of 97.81%, sample 5 has a content of 87.06%, sample 6 has a content of 93.80%, sample 7 has a content of 106.04%, sample 8 has a content of 104.71%, sample 9 has a content of 98.06%, sample 10 has a content of 85.48%, and sample 11 has a content of 99.20%. The absorbance for the samples is 0.2468, 0.2350, 0.2675, 0.2648, 0.2319, 0.2480, 0.2875, 0.2771, 0.2650, 0.2288, and 0.2686 respectively. They concluded that the percentage of acetaminophen in the samples 3, 4, 8, 9 and 11 are within the required specification are in accordance with that of the British Pharmacopoeia (B.P.) while the percentage of acetaminophen in the samples 1, 2, 5, 6, and 10 are below the required limit. Sample 7 is above the required specification.
Kumar et al., (2014), conducted a similar analysis on seven different brands of paracetamol 500mg tablets by using ultraviolent (UV) spectrophotometric and high performance liquid chromatographic (HPLC) methods. The results obtained using ultraviolent (UV) method is given as follows:
Sample A has a content of 568.6mg (86.94%), sample B has a content of 587.78mg (103.31%). sample C has a content of 605.59mg (107.52%), sample D has a content of 636.19mg (99.55%), sample E has a content of 579.09mg(79.64%), sample F has a content of 621.58mg (95.35%), and sample G has a content of 672.3mg (100%).Results obtained by using high performance liquid chromatography (HPLC) method are as follows:
Sample A has a content of 568.6mg (100.61%), sample B has a content of 587.78mg (97.96%), sample C has a content of 605.59mg (103.27%), sample D has a content of 636.19mg (100.23%), sample E has a content of 579.09 (101.69%), sample F has content of 621.58mg( 106.98%), and sample G has a content of 672.3mg (99.76%). They conclude that all the brands A, B, C, D, E, F, G are within limit laid down by Indian pharmacopeia (I.P.) as sample C. D, G passed in both methods, where B in ultraviolent (UV) method and A, E, F in high performance liquid chromatographic (HPLC) method.
Haruna Baba et al., (2013) has also performed a research on spectrophotometric determination of four different brands of paracetamol syrup using 2,4,6-trimethoxybenzaldehyde as a coupling agent. The samples were analyzed at 40 µg/mL and 60 µg/mL. The results obtained were: at 40µg/mL, sample A has a percentage composition of 97.50%, sample B has a composition of 55.00%, and sample C has a composition of 102.50%, and sample D has a percentage composition of 97.50%. The result obtained at 60µg/mL are: sample A has a percentage composition of 96.67%, sample B has a percentage composition 53.30%, sample C has a percentage composition of 103.30%, and sample D has a percentage composition of 98.30%. They concluded that all the samples used for the assay with the exception of sample B met the British pharmacopoeia specification of the percentage content.
Hafsat et al., (2020) carried out a similar analysis on physicochemical parameters and microbial quality on 10 brands of paracetamol tablets (500mg) which were labeled A-j. They concluded that all the brands of paracetamol analyzed passed the official requirements for microbiological quality (BP 2012). The assay result also shows that the percentage content of paracetamol in all the brands analyzed ranges from 90.0-110% as per USP 2007 specification. For the physical parameter tests, 8 out of 10 samples passed the tests according to BP 2012.
2.1 SIDE EFFECTS OF PARACETAMOL
Some of the side effects of paracetamol are:
· Nausea
·  Abdominal pain
· Liver failure
· Cloudy urine
· Jaundice (Yellowing of eye or skin)
· Loss of appetite
(Conaghan et al., 2019)
Several official and non-official methods for the determination and quantitation of paracetamol formulation have been described. These include ultraviolent-visible spectroscopy, high performance liquid chromatography (HPLC) and thin layer chromatography (Buddha & Raja, 2009).











CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 MATERIALS
TABLE 3.1 Equipment and Instruments
	
S/N
	
APPARATUS
	
TYPE
	
MODEL
	
MANUFACTURER

	
1
	
Beaker
	
Glass
	
Borosilicate Glass
	
Interlabs

	
2
	
Mortar& Pestle
	
Ceramic
	

	
Whatman

	
3
	
Filter Paper
	

	
	
Interlabs

	
4
	
Funnel
	
Glass
	
Borosilicate Glass
	
Interlabs


	
5
	
Measuring Cylinder

	
Glass
	
Borosilicate Glass
	
Interlabs

	
6
	
Volumetric Flask
	
Glass
	
Schott Duran
	
West Germany

	
7
	
Pipette
	
Glass
	
Silber Brand
	
West Germany

	
8
	
Spatula
	
Metal
	
	
Interlabs

	
9
	
Stirring Rod
	
Glass

	
Borosilicate Glass
	
Interlabs

	
10
	
UV-Vis Spectrophotometer
	
	
Uvmini-1240
	
Shimadzu

	
11
	
Electronic Balance
	

	
WT2203GH
	
Life assistance scientific co.uk.




TABLE 3.2 REAGENT
	
S/N
	
CHEMICAL
	
CHEMICAL
FORMULAE
	
% ASSAY
	
MANUFACTURER

	
1
	
Sodium Hydroxide
	
NaOH
	
99
	
LOBA CHEMIE PVT. LTD.




3.2 METHODOLOGY
For the assay of paracetamol in its tablet and syrup formulation, a unique, secure, and sensitive technique of spectrophotometric quantification in the UV-region has been established. The UV Visible spectrophotometric approach was used for the purpose of this study.
3.3 SAMPLE COLLECTION
The samples of paracetamol tabletsand syrups were obtained from various pharmacies within Minna in Niger state and Sokoto metropolis.The samples were obtained together with their packs and receipts.
Four samples of paracetamol tablets (Bonadol, Emzor, Josedol, and Agemol) and three samples of paracetamol syrup (Emzor, Leejay, TL) were obtained in Minna, and one more sample of tablet (M & B) and two for syrup (Jesil, M & B) were obtained in Sokoto metropolis.
The standard paracetamol sample was obtained from Dana Pharmaceuticals, Minna, Niger State, Nigeria.






TABLE 3.3 PRELIMINARY INFORMATIONS OF THE TABLET SAMPLES
	
S/N
	
BRAND NAME
	
SAMPLE CODE
	
mg/TABLET
	
BATCHNUMBER
	
NAFDACREG. NUMBER

	
1
	
Agemol
	
A
	
500mg
	
AMT/22/009
	
B4-4945

	
2
	
Bonadol
	
B
	
500mg
	
21301
	
04-0495

	
3
	
Emzor
	
C
	
500mg
	
39998
	
04-0411

	
4
	
Josedol
	
D
	
500mg
	
010
	
A4-5354

	
5
	
M & B
	
E
	
500mg
	
A221926
	
04-0633




TABLE 3.4 PRELIMINARY INFORMATIONS OF THE SYRUP SAMPLES
	
S/N
	
BRAND NAME
	
SAMPLE CODE
	
mg/5ml
OF SYRUP
	
BATCH NUMBER
	
NAFDAC REG. NUMBER

	
1
	
Emzor
	
V
	
125mg
	
L855B
	
04-0289

	
2
	
Jesil
	
W
	
125mg
	
PS2212
	
A4-7990

	
3
	
Leyjay
	
X
	
125mg
	
LP2205
	
A11-0274

	
4
	
M & B
	
Y
	
125mg
	
A221621
	
04-0247

	
5
	
TL
	
Z
	
125mg
	
PMS62
	
04-3414





3.4 PRACTICAL PROCEDURE:
3.4.1 PREPARATION OF REAGENT (0.1M NaOH SOLUTION)
Accurately 0.4g of NaOH salt was weighed, and diluted with distilled water and make up to the mark in 1cm3 volumetric flask.

3.4.2 PROCEDURE FOR PREPARATION OF PARACETAMOL TABLETS
From each sample, two tablets was crushed into fine powder using a clean mortar and pestle.
For each sample 0.05g (50mg) of paracetamol-containing powder was precisely weighed before being added to several 100ml volumetric flasks. 
A pen and masking tape was used to label each of the five samples.
To dissolve the drug molecule, 50ml of 0.1 M NaOH and 50ml of distilled water was added to each volumetric flask and mixed with a stirrer for a short period of time. After dissolving the drug molecule, the solution was filtered using a filter paper.
From the filtered solution, 10ml was taken and transfered into a 100ml volumetric flask and distilled water was added to make up the volume.
From the resulting solution, 10ml was taken and transferred into a 100ml volumetric flask and 10ml of 0.1M of NaOH was added, distilled water was added to make up the volume.
The UV Spectrophotometer was put at zero by running a baseline (between 200-400nm) using 0.1M NaOH solution as blank. 
The absorbance of each sample was determined at 257nm, by putting small amount of the sample into a cuvette, and the cuvette was put into the machine.

3.4.4 PROCEDURE FOR PREPARATION OF PARACETAMOL SYRUPS
From each sample, accurately measured 6ml of syrup was accurately messured and was added to 50ml of NaOH and was diluted with 100ml of distilled water. 
The solution was shaken continuously for 15min in a 250ml volumetric flask. From the solution, 10ml was measured out and transferred into a 100ml volumetricflaskand make up to 100ml with distilled water. 10ml of the resulting solution was added to 10ml of 0.1M NaOH in 100ml beaker and made up to 100cm3 with water. 
The absorbance of the resulting solution was determined at 257nm using uv-vis Spectrophotometer.

3.4.3 PREPARATION OF STANDARD SOLUTION
Accurately weighed 0.1g (100mg) of the standard paracetamol was added into 100ml volumetric flask.
To dissolve the drug molecule, 50ml of 0.1 M NaOH and 50ml of distilled water was added to the volumetric flask and mixed with a stirrer for a short period of time. After dissolving the drug molecule, the solution was filtered using a filter paper.
From the filtered solution, 10ml was taken and transfered into a 100ml volumetric flask and distilled water was added to make up the volume.
From the resulting solution, 10ml was taken and transferred into a 100ml volumetric flask and 10ml of 0.1M of NaOH was added, distilled water was added to make up the volume.
The absorbance of the sample was determined at 257nm, by putting small amount of the sample into a cuvette, and the cuvette was put into the machine.




Percentage (%) content and actual content (mg) determination
The percentage content of acetaminophen in the paracetamol brands was determined by comparing the absorbance of the test sample with that of the standard sample.

% Content   =        AT            X    100
                              AS

Where;   AT =   Absorbance of the tested sample
              As   =   Absorbance of the standard sample


To calculate the actual content (mg) of acetaminophen in paracetamol;

Content (mg)  =   % content      X     Label claim (mg)
                                 100










CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
4.1 RESULTS
All the brands of paracetamol tablets and syrups were within their shelf life at the time of the study. All the brands were manufactured in Nigeria and registered by National Agency for Food and Drug Administration and Control (NAFDAC). The results obtained are tabulated below:

TABLE 4.1 Results of the Spectrophotometric Analysis of Paracetamol Tablets
	
S/N
	
Sample
	
Absorbance
	
% Content of Acetaminophen
	
Content (mg) of Acetaminophen
	
Label Claim

	
1
	
A
	
0.597
	
85.89%
	
429.5 mg
	
500 mg

	
2
	
B
	
0.686
	
98.7%
	
493.5 mg
	
500 mg

	
3
	
C
	
0.729
	
104.94%
	
524.7 mg
	
500 mg

	
4
	
D
	
0.518
	
74.48%
	
372.4 mg
	
500 mg

	
5
	
E
	
0.680
	
97.89%
	
489.45 mg
	
500 mg






TABLE 4.1 Results of the Spectrophotometric Analysis of Paracetamol Syrups
	
S/N
	
Sample
	
Absorbance
	
% Content of Acetaminophen
	
Content (mg) of Acetaminophen
	
Label Claim
(125mg/5ml)

	
1
	
V
	
0.680
	
97.84%
	
122.3 mg
	
125 mg

	
2
	
W
	
0.505
	
72.66%
	
90.83 mg
	
125 mg

	
3
	
X
	
0.804
	
115.68%
	
144.6 mg
	
125 mg

	
4
	
Y
	
0.662
	
95.29%
	
119.12 mg
	
125 mg

	
5
	
Z
	
0.669
	
96.2%
	
120.26 mg
	
125 mg











4.2 DISCUSSION
According to British Pharmacopoeia (2022), a paracetamol tablet should contain not less than 95% and not more than 105% of paracetamol .  All the paracetamol tablets have a label claim of 500mg per tablet (sample A-E), while that of the syrups have a label claim of 125mg/5ml (sample V-Z).
Sample A:
The percentage of acetaminophen in sample A was 85.89% (429.5mg) which is below the required limit of the British pharmacopoeia (B.P.) and as a result, will not perform the desired therapeutic action on the patient (British Pharmacopoeia, 2022).
Sample B:
The percentage of acetaminophen in sample B was 98.7% (493.5mg) which is within the required specification of the British pharmacopoeia (B.P.) and as a result, will perform the desired therapeutic effect on the patient (British Pharmacopoeia, 2022).
Sample C:
The percentage of acetaminophen in sample C was 104.99% (524.94mg) which is within the required specification of the British pharmacopoeia (B.P.) and as a result, will perform the desired therapeutic effect on the patient (British Pharmacopoeia, 2022).
Sample D:
The percentage of acetaminophen in sample D was 74.48% (372.4mg) which is below the required limit of the British pharmacopoeia (B.P.) and as a result, will not perform the desired therapeutic action on the patient (British Pharmacopoeia, 2022).
Sample E:
The percentage of acetaminophen in sample E was 97.89% (489.45mg) which is within the required specification of the British pharmacopoeia (B.P.) and as a result, will perform the desired therapeutic action required (British Pharmacopoeia, 2022).
Sample V:
The percentage of acetaminophen in sample V was 97.84% (122.3mg) which is within the required specification of the British pharmacopoeia (B.P.) and as a result, will perform the desired therapeutic effect on the patient (British Pharmacopoeia, 2022).
Sample W:
The percentage of acetaminophen in sample W was 72.66% (90.83mg) which is below the required limit of the British pharmacopoeia (B.P.) and as a result, will not perform the desired therapeutic action required (British Pharmacopoeia, 2022).
Sample X:
The percentage of acetaminophen in sample X was 115.68% (144.6mg) which is above the required specification of the British pharmacopoeia (B.P.) and as a result, if consumed lead to overdosing which is detrimental to the health (British Pharmacopoeia, 2022).
Sample Y:
The percentage of acetaminophen in sample Y was 95.25% (119.06mg) which is within the required specification of the British pharmacopoeia (B.P.) and as a result, will perform the desired therapeutic effect on required (British Pharmacopoeia, 2022).
Sample Z:
The percentage of acetaminophen in sample Z was 96.25% (120.32mg) which is within the required specification of the British pharmacopoeia (B.P.) and as a result, will perform the desired therapeutic effect on the patient (British Pharmacopoeia, 2022).




CHAPTER FIVE
5.0 CONCLUSION AND RECOMMENDATIONS
5.1 CONCLUSION
Paracetamol is a popular drug that is widely used and well established analgesic drug. When the active component deviates from the recommended dosage, paracetamol may be linked to several complications. Therefore, a quality assessment of paracetamol used and marketed in Nigeria is vital. 
The assay result shows that the percentage content of acetaminophen in  samples B, D, E, V, Y, and Z fell within the range (95%-105%) of the British Pharmacopoeia (B.P.), while sample C, D, W and X were not within the specification of the British Pharmacopoeia (B.P.). 
When the results of the analysed samples in terms of their actual content (mg), all the samples of the tablet and syrup were below the amounts indicated with the exception of sample X which was greater than the indicated amount, and none was exactly as the label claim.
It was observed that all ten brands examined had NAFDAC registration numbers, a symbol indicating that the drugs were given the all-clear for usage in Nigeria. 
There have been reports of even registration numbers being faked, so the presence of a registration number on a product in Nigeria may not be a complete guarantee of its overall quality until evaluation and testing against quality standard is conducted.





5.2 RECOMMENDATIONS
For Government:
1. The federal government needs clearly defined drug laws that must be executed by force by every administration that takes office and by every branch of the legal system, including the court, which handles cases of offenders impartially and without fear or favor. Because it is disheartening that despite the Agency's best efforts, the cases against the criminals are either delayed or rejected by the courts.
2. The government should strengthen NAFDAC by providing sufficient personnel, tools, and materials for enforcement activities, as well as funding for the construction of well-equipped quality assurance laboratories in every state of the nation, as these measures will lessen staff workload and boost productivity.
3. There should be a planned program administered by Pharmacists Society of Nigeria (PSN) to enhance the services of smaller drug stores and medication vendors by educating them on fundamental pharmacy ethics.

For National Association of Food and Drug Administration and Control (NAFDAC) 
1. Establishing a reliable medication distribution network with a license for simple monitoring. (From the producer through the distributor to the pharmacy to the customer). With sufficient government backing and the establishment of a new division, which oversees the distribution of medicines like the UK MHRA does.
2. Public enlightenment to reach petty drug dealers entering moving transit buses because they believe they can easily make a quick transaction without being discovered by the police. We can do this by meeting with the transportation unions and warning them that if they permit such behavior in their buses, they too will face consequences.
3. Every state where NAFDAC is located in the nation should have its own small laboratory for quick analysis; this would ease the burden on personnel who must travel great distances with heavy loads of goods for registration.
4. The necessity for NAFDAC to create better public awareness campaigns arises from the fact that drug counterfeiters have become increasingly sophisticated in their operations, making it more challenging to tell real drugs from fake.
5. Drug businesses should be the subject of prearranged routine inspection inspections. This is due to the fact that five years is too lengthy to think that a business has maintained the strong manufacturing practices that were discovered during the initial examination prior to registration.
6. Creating a positive work atmosphere for employees will boost efficiency and production.

For Manufacturers and Drug dealers:
1. Should only sell their goods to authorized businesses and individuals, since doing so will improve the circulation of controlled substances.
2. Follow all prescribed guidelines set out by the World Health Organization (WHO) and the drug regulatory organizations of the country of manufacturing and the nation of export.
3. To prevent their goods from being counterfeit, manufacturers should have a method to closely monitor their products in the legitimate medicine supply chain.
4. Genuine producers must mark their goods in order to facilitate simple identification by include essential product details and designs.

For Pharmacists society of Nigeria (PSN):
1. Should not permit the operation of any drug premises that are not PSN registered and supervised.
2. Confirm that NAFDAC has registered any and all locations where pharmaceuticals are sold.
3. Should partner with international pharmacy councils to acquire fresh approaches to bogus drug detection
For Consumers/buyers:
1. By raising ongoing public awareness, people should only buy medications from PSN-registered suppliers and from NAFDAC-registered products.
2. Always carefully check your purchases, pay attention to label and packaging quality, and make sure the medicine has leaflets and a NAFDAC registration number before using it.
3. Any medicine whose quality is in doubt or any medicinal product that causes an unpleasant response should be reported right away by the consumer.
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APPENDICES
APPENDIX 1
Sample A

Absorbance   =0.597

% Content    =     0.597      X    100
                            0.695
                     =    85.89%

Content (mg) =       85.89      X     500 mg
                                 100
                      =   429.5 mg

APPENDIX 2
Sample B
Absorbance   =   0.686

% Content    =     0.686       X    100
                            0.695
                     =     98.7%

Content (mg)   =        98.7         X     500 mg
                                  100
                        =    493.5 mg
APPENDIX 3
Sample C

Absorbance   =   0.729

% Content =         0.729    X    100
                             0.695
                  =       104.94%

Content (mg)   =      104.94      X     500 mg
                                 100
                        =    524.7 mg

APPENDIX 4
Sample D

Absorbance   =     0.158

% Content   =      0.518    X    100
                            0.695
                    =    74.48%

Content (mg)   =      74.48       X     500 mg
                                 100
                        =    372.4 mg
APPENDIX 5
Sample E

Absorbance   =    0.680

% Content   =        0.680    X    100
                              0.695
                    =      97.89%

Content (mg)   =       97.89      X     500 mg
                                 100
                        =    489.45 mg

APPENDIX 6
Sample V

Absorbance   =    0.68

% Content   =         0.68     X    100
                              0.695
                    =     97.84%

Content (mg)   =       97.84       X    125 mg
                                 100
                        =     122.3 mg
APPENDIX 7
Sample W

Absorbance   =    0.505

% Content   =      0.505    X    100
                            0.695
                    =      72.66%

Content (mg)   =        72.66        X     125 mg
                                   100
                        =     90.83 mg

APPENDIX 8
Sample X

Absorbance    =    0.804

% Content   =      0.804    X    100
                            0.695
                    =      115.68%

Content (mg)   =      115.68     X     125 mg
                                 100
                        =     144.6 mg
APPENDIX 9
Sample Y

Absorbance    =    0.662

% Content   =      0.662     X    100
                            0.695
                    =      95.29%

Content (mg)   =      95.29        X    125 mg
                                 100
                        =    119.12 mg

APPENDIX 10
Sample Z

Absorbance    =    0.669

% Content   =      0.669    X    100
                            0.695
                    =      96.2%

Content (mg)   =        96.2        X   125 mg
                                 100
                       =     120.26 mg
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