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In-Vitro Bioavailability Determination of Cimetidine Formulations 
ABSTRACT

The study aimed to compare the effectiveness, and bioavailability using the in-vitro dissolution method and assess other physicochemical properties of different brands of cimetidine
. Cimetidine is a model biopharmaceutics classification system (BCS) class-III medicine that is N-(amino sulfonyl)-3-[2 - [(diamine methylene) amino]-4-thiazolyl] methyl] thio] propanimidamide. It is a strong Histamine-2 (H2) receptor antagonist, used in the treatment of peptic ulcers.
Five (5) different brands of cimetidine
, labeled A – E, were purchased and used for the analysis. Physicochemical tests such as weight uniformity, hardness, disintegration, friability, and dissolution test were conducted following standard British pharmacopeia procedures. Samples A - E conformed to the weight uniformity standard with a mean % weight deviation of 0.37 – 1.39 %, while E had 11.52% based on the batch used. Samples B and A had the highest mean kgf (10.5 and 9.7), while sample E had the lowest kgf (4.4), hence liable to mechanical damage. All the samples used for the analysis had below 1.0% friability. All the samples passed the disintegration test with sample A having the longest disintegration time (4.44 minutes) and sample C having the shortest disintegration time (0.21 minutes). At 25.99 minutes, Sample A had the fastest disintegration rate. 
The method used in the analysis is accurate, precise, and cost-effective. The analysis does not require pretreatment of the drug and can compete with other existing methods in the routine quality control analysis of cimetidine in pharmaceutical formulation. 
Keywords: Cimetidine, Peptic Ulcer, Dissolution test, physicochemical analysis, Helicobacter pylori.
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1. INTRODUCTION
1.1. Peptic ulcer epidemiology, diagnosis and management

Peptic ulcers are a category of disorders that manifest as a rupture in the intestinal epithelium that becomes saturated in acid and pepsin. It is the most frequent digestive tract disorder, with a global prevalence of 80% in developing and 40% in industrialized countries [1]. In recent years, significant developments in pharmacological studies have led to innovative therapies with active chemicals, and control drug delivery methods for peptic ulcers. Peptic ulcer disease (PUD) is characterized by lesions in the inner lining of the gastrointestinal (GI) tract caused by acid-pepsin release in the stomach. It can cause damage to the lower esophagus, distal duodenum, or jejunum. [2]. PUD can be caused by a variety of factors, with Helicobacter pylori-associated and NSAID-associated accounting for the majority of cases [3]. Other causes include Zollinger Ellison's syndrome, gastric cancer, viral infections, vascular insufficiency, radiation therapy, Crohn's syndrome, and chemotherapy [4]. Cigarette smoking, aspirin use, and long-term steroid use all contribute to the development of PUD [5, 6]. Duodenal and stomach ulcers are both caused by hereditary factors [7]. More than half of every individual with duodenal ulcers showed elevated plasma pepsinogen I levels. Individuals with the blood group O and those unable to release antigens from the blood into their saliva are more likely to develop a duodenal ulcer [8]. EGD, Barium swallow, H. pylori test (urea breath test), endoscopic biopsy, stool antigen test, urine-based ELISA, and rapid urine test are examples of PUD examinations [9]. Management could include lifestyle modification, medication, or surgical procedures. Pantoprazole, clarithromycin, metronidazole, or amoxicillin are used for two weeks [10, 11, 12]. Antibiotics and proton-pump inhibitors (PPIs) like omeprazole act together to eliminate H. pylori [13,14]. Vagotomy or partial gastrectomy is a surgical possibility if a patient is unresponsive to the medicinal treatment [15]. Sucralfate works similarly to H2 receptor blockers [16]. While effective, baclofen, a GABAB receptor agonist, has the same issues of necessitating frequent doses as well as more adverse effects than other drugs [16].
1.2. Cimetidine and mechanism of action in peptic ulcer diseases 

The H2 antagonist class of medicines, such as cimetidine and ranitidine, are considered to be the safest treatments available for the treatment of ulcers [17]. Cimetidine is a powerful H2 receptor antagonist used to treat PUD [18,19]. The BCS classification provides simple guidelines for determining the rate-limiting elements in the GI absorption process [20]. 
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Figure 1: Chemical structure of Cimetidine

1.3. Pharmacokinetic of cimetidine 

Cimetidine (Figure 1) has an absolute bioavailability of 60 - 70% following oral administration. It is used in PUD, and gastroesophageal reflux disease (GERD) [21]. Cimetidine is metabolized by several isoforms of the hepatic cytochrome P450 system (CYP 1A2, 2C9, and 2D6), and also inhibits these enzymes, thereby resulting in significant drug-drug interactions when combined with agents metabolized by these enzymes (such as digoxin, warfarin, oral contraceptives, isoniazid, and phenytoin) [22]. Cimetidine is an uncolored crystal-like solid, with a melting point of 141-142°C, it is a monoacidic base; apparent pk, 7.09 at 25 °C, protonation takes place in the imidazole ring and dissolves in 11.4 g/liter in water at 37 °C giving a final pH of 9.3, its solubility is greatly increased on neutralization by HCL, about 20%, protein-bound and Pka of 6.80 - 6.93 [23]. Cimetidine HCL salt is comprised of four polymorphs, A, B, C (anhydrous), and D (monohydrate). The polymorphic form of cimetidine has been discovered to impact its physicochemical properties, bioavailability, and therapeutic efficacy [24]. As an H2-receptor antagonist, it prevents histamine from triggering the H2-receptors in stomach parietal cells, reducing the volume of stomach acid secretion in response to stimuli such as histamine, food, coffee, and insulin [24]. Drug bioavailability is dependent on the rate of dissolution and release into the biological system, hence the whole process relies on biochemical parameters such as stomach pH or enzymes available to degrade the dissolved drug, as illustrated in figure 2.

Figure 2. Mechanism Drug release from coated particles mediated by coat swelling or pore formation (1), osmotic pressure-driven (2), pH or enzymatic control (3), and coat erosion-mediated release, respectively [25].
1.4. Physicochemical techniques in pharmaceutical analysis 

The physicochemical analysis of pharmaceutical dosage forms is a primary procedure used in drug formulation manufacturing and routine regulatory assessment of medicines quality [26 - 30]. Since the introduction of the dissolution technique and its significant effect on bioavailability and clinical performance, information on the rate and extent of drug absorption in the body can be examined as well as the impacts of drug substance biological properties and formulation principles on a drug product's release qualities are easily quantified [31 - 34]. Despite the extensive use of dissolution tests by the pharmaceutical industry and regulatory authorities, the basics and applications of dissolution testing are not common to small-scale industries [35, 36]. Pharmaceutical chemists' primary priority has been the creation and manufacture of medicines with good bioavailability and pharmacokinetics [37, 38]. Various techniques have been used, one of which is the dissolution method. The primary foundation of this work is the creation and development of a dissolve technique targeted at managing or enhancing the requisite bioavailability levels of medicinal substances. Consumption also plays a significant effect.
1.5. Objective

The study aimed to examine the bioavailability of different commercial brands of cimetidine tablets to determine which one is effective, using some physicochemical properties and dissolution methods.
1.6. Research Question

What are the available different physicochemical techniques used in the qualitative analysis of cimetidine and related compounds? 

1.7. Research Hypothesis 

There are no commonly acceptable physicochemical techniques used in routine qualitative analysis of cimetidine and related compounds. 

2. METHOD
The study employed the standard European Pharmacopeia method for the physicochemical analysis of solid dosage forms and applied the same to cimetidine, a common antiulcer medication available in the Nigerian pharmaceutical market space [39]. All cimetidine brands used for the analysis were 200mg label claimed.  
2.1. Determination of uniformity of weight
10 tablets from each of the 5 brands were weighed individually with an analytical weighing balance. The average weights for each brand as well as the percentage deviation from the mean value were obtained.
2.2. Hardness test
The crushing strength was determined with a tablet hardness tester. 4 tablets were randomly selected from each brand and the pressure at which each tablet was crushed was recorded respectively.
2.3. Friability test
From each brand, 10 pills were weighed and abraded for 4 minutes using a Roche friabilator at 25 revolutions per minute (rpm). The pill was then weighed and compared to its initial weight to determine the % friability. Percentage The following formula is used to calculate friability:
 Friability (%) = (W1 – W2)/W1 x 100
W1 = initial weight of tablet
W2 =final weight of tablet 
2.4. Disintegration test
6 tablets from each brand were employed for testing in a freshly prepared medium, 0.1 N HCL at 37 ℃ using an educational science apparatus. The disintegration time was taken to be the time no particle remained on the basket of the system.

2.5. Dissolution test
The dissolution test was undertaken using USP apparatus 1(basket method) in 5 replicates for each brand. The dissolution medium was 1000ml 0.1 N HCL 
which was maintained at 37 ± 0.5 ℃, in all the experiments, 5ml of dissolution sample was withdrawn at 0, 5, 10, 15, 25, 30,35,40, 45, 50, 55, and 60 mins, and replaced with equal volume to maintain sink condition. Samples were filtered and assayed by ultraviolet spectrophotometry at 228nm
. The concentration of the sample was determined from a calibration curve obtained from pure samples of cimetidine.

3. RESULTS AND DISCUSSION 
Results obtained from the analytical procedure are presented in tables and charts. Previous studies have shown that in-vitro assays could be used to presume the fate of drugs after administration, especially their disintegrative ability, dissolution rate, absorption, as well as drug bioavailability [3, 32, 40]. Cimetidine is a well-known antiulcer agent (Figure 1) and is used in majority of the patients globally. The modest tablet dosage form accounts for more than 80-90% of all dosage forms administered to men.  The behavior of oral dosage form is mainly dependent on three major variables (1)   the physicochemical properties of the drug (2) the formulation of the dosage form (3) the anatomical/physiological conditions.  Weight variation (Table 1), friability (Table 3), and hardness (Table 2) testing shows good physicochemical parameters which, may also increase patient compliance.  
Sample E was observed to have the highest percentage weight deviation compared to other samples used in the analysis ranging from 12.97 % to 10.3% with a mean and standard deviation of 11.04 and 0.73, while the lowest percentage weight deviation was seen in sample A and Sample C (0.05%), with a mean and standard deviation of 0.37, 0.20 (A) and 1.39, 0.90 (C), respectively.
3.1. Uniformity of weight 

Table 1: Weight variation of different brands of Cimetidine

	Tablet Number
	% Weight Deviation 

(Sample Code)

	
	Sample

A (%)
	Sample

B (%)
	Sample

C (%)
	Sample

D (%)
	Sample

E (%)

	T1
	0.46
	0.18
	0.9
	0.41
	11.07

	T2
	0.28
	0.41
	1.82
	0.73
	10.36

	T3
	0.54
	1.12
	0.05
	1.46
	10.40

	T4
	0.67
	0.17
	2.06
	0.58
	10.77

	T5
	0.31
	0.47
	1.01
	0.95
	11.24

	T6
	0.10
	0.39
	0.43
	0.78
	10.74

	T7
	0.34
	1.99
	2.73
	0.77
	10.70

	T8
	0.31
	0.60
	2.10
	0.83
	10.65

	T9
	0.05
	0.71
	0.36
	0.74
	12.97

	T10
	0.68
	0.47
	2.41
	0.11
	11.52

	Mean ± SD
	0.37 ± 0.20
	0.65 ± 0.52
	1.39 ± 0.90
	0.74 ± 0.33
	11.0 ± 0.73


A tablet sample is regarded to comply with the norm if no more than two of the individual weights differ from the average mass by more than the percentage deviation, according to European Pharmacopeia. That is, no more than a 10% variation for uncoated and film-coated tablets weighing 80 mg or less, 7.5% for tablets ranging from 80 mg to 250 mg, and no more than 5.0% for tablets weighing more than 250 mg [39]. Because 200mg tablet strength was employed in the analysis, all samples A-D passed the weight uniformity examination (Table 1).
3.2. Hardness analysis
The hardness test is an important physiochemical analysis for solid dosage forms. Tablet hardness is used as both a product development criterion and a quality-control specification. Tablets should not be either firm or overly soft. An exceptionally hard tablet may indicate an increased bonding potential between active components and excipients, preventing appropriate tablet disintegration required for an accurate dose.  
Table 2. Hardness Test
	Sample

code
	Sample A
(kgf)
	Sample B
(kgf)
	Sample C
(kgf)
	Sample D
(kgf)
	Sample E
(kgf)

	T1
	9.0
	10.0
	3.5
	7.2
	5.9

	T2
	9.2
	13.0
	5.0
	7.9
	3.5

	T3
	7.9
	9.2
	4.0
	8.9
	3.0

	T4
	11.2
	9.2
	7.0
	9.2
	3.1

	T5
	8.0
	11.0
	8.1
	6.2
	6.0

	T6
	9.9
	11.0
	3.1
	6.0
	4.5

	T7
	11.0
	10.9
	3.1
	3.0
	5.9

	T8
	10.9
	10.9
	6.0
	7.9
	5.2

	T9
	10.0
	9.8
	8.2
	7.1
	3.1

	T10
	9.9
	9.9
	4.0
	8.1
	4.1

	Mean ± SD
	9.7 ± 1.1
	10.5 ± 1.1
	5.2 ± 1.9
	7.2 ± 1.7
	4.4 ± 1.2


Key: kgf – kilogram-force 
The breaking force of the tablet is known as the hardness. From the analysis, samples B and A had the highest mean kgf (10.5 and 9.7), while sample E had the lowest kgf (4.4) (Table 2). 
This shows that samples B and B will withstand mechanical stress, followed by samples D and C, while sample E is likely to be destroyed under movement from one point to another. This is also shown in the mean deviation of the kilogram-force of the tablets, with a percentage deviation from the mean of 0.87 (B), 0.94 (A), 1.07 (E), 1.26 (D), and 1.70 kgf (C), respectively, (Figure 2). The friability test is another physicochemical analysis that determines the strength and agility of solid dosage forms, especially tablets.
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Figure 2. Average tablet hardness deviation from the mean
3.3. Friability analysis 

Table 3: Friability test
	Friability test
	A
(Mean:10-Tab)
	B
(Mean:10-Tab)
	C
(Mean:10-Tab)
	D
(Mean:10-Tab)
	E
(Mean:10-Tab)

	Initial weight (g)
	6.340
	6.894
	6.289
	8.812
	6.138

	Final weight (g)
	6.290
	6.870
	6.278
	8.803
	6.102

	% friability
	0.788
	0.348
	0.174
	0.102
	0.586


Key: % - percentage, g - gram
Tablet friability is the physical condition that characterizes the tendency of tablets under mechanical and physical stress to break into smaller pieces or to detach a percentage of powder or powder loss from the tablet's exterior surface. For most products, a maximum weight loss (obtained from a single test or the mean of three tests) of no more than 1.0% is regarded as acceptable by USP, BP, and EP [39, 40, 41]. The friability of all cimetidine samples utilized in the analysis was less than 1.0% (Table 3).
3.4. Disintegration analysis 
In addition, the disintegration test determines whether tablets disintegrate within the specified period when placed in a liquid media under experimental conditions. When no residue remains on the screen, or if there is residue, it consists of a soft mass with no palpably firm, un-moistened core or only pieces of coating (tablets) remain on the screen, disintegration is regarded to have occurred.  
Table 4: Disintegration test
	Tablet

Number
	Sample A
(Mins)
	Sample B
(Mins)
	Sample C
(Mins)
	Sample D
(Mins)
	Sample E
(Mins)

	T1
	5.03
	0.58
	0.10
	3.04
	3.46

	T2
	5.21
	1.08
	0.16
	3.15
	3.50

	T3
	5.24
	1.10
	0.18
	3.28
	3.57

	T4
	5.32
	1.15
	0.24
	3.30
	3.60

	T5
	5.40
	1.19
	0.25
	3.50
	4.04

	T6
	6.43
	1.27
	0.30
	5.15
	4.14

	Mean ± SD
	5.44 ± 0.46
	1.06 ± 0.22
	0.21 ± 0.07
	3.57 ± 0.72
	3.72 ± 0.27


Film-coated tablets are expected to disintegrate within 30 minutes at 37 ± 2 ℃, coated within 60 minutes, while gastro-resistant tablets are expected to disintegrate after 2 – 3 hours [42, 43, 44]. All the samples used in the analysis passed the disintegration test, as all disintegrated within 30 minutes, with sample A having the highest disintegration time (4.44 minutes), and sample C having, the lowest disintegration time (0.21 minutes) (Table 4).
3.5. Dissolution analysis 

Table 5: Dissolution test
	Time 

(Mins)
	% Drug release

	
	A
	B
	C
	D
	E

	0.00
	0
	0
	0
	0
	0

	5.00
	3.21
	4.33
	1.83
	2.64
	2.39

	10.00
	5.68
	8.50
	4.25
	5.62
	4.72

	15.00
	8.15
	12.87
	6.88
	7.75
	6.15

	20.00
	9.66
	14.77
	9.50
	8.82
	9.20

	25.00
	11.94
	16.67
	11.92
	11.17
	11.53

	30.00
	13.46
	18.19
	14.75
	14.37
	14.04

	35.00
	14.98
	21.04
	16.97
	15.86
	16.73

	40.00
	17.07
	23.12
	18.38
	17.35
	17.80

	45.00
	20.87
	24.64
	20.20
	18.63
	20.31

	50.00
	23.15
	25.78
	21.61
	22.04
	22.47

	55.00
	24.47
	27.11
	23.42
	25.03
	24.98

	60.00
	25.99
	27.87
	27.06
	28.02
	25.87


A dissolution test is conducted usually at a pH of between 6.5 and 7.5 at 37°C ± 2 °C simulating the human body's stomach, to ascertain how the body handles the dosage form. This is done mostly to ensure the binders, coating agents, etc., do not affect drug release. According to BP, 75% of the drug label claims should dissolve within 45 minutes following oral administration for film-coated and coated tablets. All the samples dissolved within the specified time, indicating their conformity to standards (Table 5). 
This well interpreted in a graphical illustration (time against drug release), showed the increase in drug release according to the counting of time (Figure 3).

Figure 3: A plot of Time vs drug release (%) for Sample A, B, C, D, and E
Rapidly dissolving tablets of cimetidine like samples A and E (25.99 and 25.87 minutes, respectively) suggests that the drug has effective physical parameters and gives fast disintegration affecting the tablet release profile which shows good and effective compliance. Then increase in the cimetidine dissolution gives some information on the expected improved bioavailability and effectiveness of the product. 
4. CONCLUSION 
All the samples pass the physiochemical analysis test.  The proposed method is simple, sensitive, accurate, precise, and economical. This method can be adopted for the routine quality control of cimetidine in tablet formulation and these in vitro studies can be efficiently used to evaluate the quality of commercial tablets. The analysis does not require any pretreatment of the drug and can compete with other existing methods in the routine quality control analysis of cimetidine in pharmaceutical formulation. The work determined the quality parameter of 5 brand cimetidine 200 mg tablets with weight variation, friability, disintegration, and dissolution. 
5. RECOMMENDATION
More robust analysis with a large number of samples and funding opportunities be provided to researchers to conduct an in-depth investigation on proper medicines used by patients, especially the over-the-counter medicines to safeguard the health of the end user.    
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�Write the dosage form also. 


�Write the dosage form


�In USP it is 0.01 N HCl


�In USP it is 218 nm


�In to reanalysis the dissolution by following USP method. As per earlier dissolution method section pH, Wavelength are not matching. Also results needs to be presented by including Minimum, Maximum, Average and %RSD value.


�% Drug release is very poor which is below 30% for all the formulations. None of this formulation meet the general Solid oral dosage form criteria. 


Additionally, as USP method is followed the specification should also match the USP criteria which is NLT 80% (Q) of the labeled amount of cimetidine. Complete revision is required.
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