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Abstract. Antibiotics represent one of the most significant therapeutic 

advances in modern medicine, revolutionizing the treatment of bacterial infections. 

This thesis examines the fundamental concepts of antibiotics, explores various 

pharmaceutical dosage forms used for antibiotic delivery, and discusses 

comprehensive quality assessment methods. 

Introduction. Antibiotics are antimicrobial agents that inhibit the growth of or 

destroy bacteria. Since the discovery of penicillin by Alexander Fleming in 1928, 

antibiotics have transformed medical practice and saved countless lives. The 

therapeutic success of antibiotics depends not only on their inherent antimicrobial 

activity but also on their formulation into appropriate dosage forms that ensure 

optimal drug delivery, stability, and patient acceptance. 

Classification and mechanisms of antibiotics 

Classification systems 

Antibiotics can be classified based on several criteria: 

Chemical structure: 

 β-lactams (penicillins, cephalosporins, carbapenems, monobactams) 

 Aminoglycosides (streptomycin, gentamicin, amikacin) 

 Macrolides (erythromycin, azithromycin, clarithromycin) 

 Tetracyclines (tetracycline, doxycycline, minocycline) 

 Quinolones/Fluoroquinolones (ciprofloxacin, levofloxacin) 

 Glycopeptides (vancomycin, teicoplanin) 

 Sulfonamides and trimethoprim 

Mechanism of action: 

 Cell wall synthesis inhibitors 

 Protein synthesis inhibitors 

 DNA/RNA synthesis inhibitors 

 Cell membrane disruptors 

 Metabolic pathway inhibitors 

Spectrum of activity: 

 Narrow-spectrum antibiotics 
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 Broad-spectrum antibiotics 

 Extended-spectrum antibiotics 

Mechanisms of antimicrobial action 

Cell wall synthesis inhibition: β-lactam antibiotics interfere with peptidoglycan 

synthesis by binding to penicillin-binding proteins (PBPs), leading to cell lysis. 

Protein synthesis inhibition: Aminoglycosides and chloramphenicol bind to 

ribosomal subunits, preventing protein translation. 

Nucleic acid synthesis interference: Quinolones inhibit DNA gyrase and 

topoisomerase IV, preventing DNA replication and transcription. 

Cell membrane disruption: Polymyxins interact with lipopolysaccharides in 

bacterial cell membranes, causing membrane permeabilization. 

Quality assessment methods 

Physicochemical testing 

Identity testing: 

 Infrared spectroscopy (IR) 

 High-performance liquid chromatography (HPLC) 

 Mass spectrometry (MS) 

 Nuclear magnetic resonance (NMR) 

Assay methods: 

 HPLC for quantitative analysis 

 Microbiological assays for potency determination 

 UV spectrophotometry for simple formulations 

 Capillary electrophoresis for separation 

Impurity profiling: 

 Related substances determination 

 Degradation product identification 

 Residual solvent analysis 

 Heavy metals testing 

Physical characterization: 

 Particle size distribution 

 Surface area measurement 

 Polymorphic form identification 

 Thermal analysis (DSC, TGA) 

Dosage form-specific testing 

Tablets: 

 Hardness and friability testing 
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 Disintegration time determination 

 Dissolution profile evaluation 

 Content uniformity assessment 

Capsules: 

 Capsule shell integrity 

 Fill weight variation 

 Disintegration testing 

 Moisture content determination 

Liquid formulations: 

 pH measurement and buffering capacity 

 Viscosity determination 

 Osmolality testing 

 Preservative efficacy testing 

Sterile products: 

 Sterility testing 

 Bacterial endotoxin testing 

 Particulate matter analysis 

 Container closure integrity 

Microbiological testing 

Antimicrobial potency: 

 Cylinder plate method 

 Turbidimetric assay 

 Agar diffusion method 

 Modern automated systems 

Bioassay standardization: 

 Reference standard preparation 

 Test organism selection and maintenance 

 Assay validation parameters 

 Statistical analysis methods 

Minimum inhibitory concentration (MIC): 

 Broth dilution methods 

 Agar dilution techniques 

 E-test methodology 

 Automated susceptibility testing 

Stability testing 

Accelerated stability studies: 
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 ICH guidelines compliance 

 Temperature and humidity conditions 

 Photostability testing 

 Stress testing protocols 

Real-time stability studies: 

 Long-term storage conditions 

 Intermediate storage studies 

 Shelf-life determination 

 Degradation kinetics analysis 

Forced degradation studies: 

 Acid/base hydrolysis 

 Oxidative degradation 

 Thermal degradation 

 Photolytic degradation 

Future perspectives and challenges 

Novel antibiotic development 

New mechanisms of action: 

 Alternative target identification 

 Natural product screening 

 Synthetic biology approaches 

 Combination therapy strategies 

Drug delivery innovations: 

 Nanoparticle formulations 

 Targeted delivery systems 

 Sustained-release technologies 

 Personalized medicine approaches 

Advanced manufacturing 

Continuous manufacturing: 

 Process efficiency improvements 

 Quality consistency enhancement 

 Regulatory acceptance 

 Technology transfer considerations 

3D Printing technology: 

 Personalized dosage forms 

 Complex release profiles 

 On-demand manufacturing 
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 Regulatory framework development 

Digital quality systems 

Data integrity: 

 Electronic record management 

 Audit trail requirements 

 Data governance frameworks 

 Cybersecurity considerations 

Artificial intelligence applications: 

 Predictive quality analytics 

 Process optimization 

 Risk assessment automation 

 Regulatory submission support 

Conclusion. The development and quality assessment of antibiotic dosage 

forms represent critical aspects of pharmaceutical science that directly impact 

patient outcomes and public health. The complexity of antibiotic formulations 

requires comprehensive understanding of drug properties, formulation principles, 

and quality control methodologies. 

Modern quality assessment approaches emphasize the integration of traditional 

analytical methods with advanced technologies and quality by design principles. The 

evolution toward continuous manufacturing, real-time monitoring, and personalized 

medicine presents both opportunities and challenges for antibiotic development. 
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