
Kumar VK, Zoo Eco Pha Adv, Vol.1, Iss.1, September-December, 2025: 10-11 

Zoology, Ecology and Pharma Advances                                                                                                                                                      [10] 
 

 

Biological Barriers and Their Impact on Pharmaceutical Drug Delivery Systems: An 

Integrative Review 

 
K.Vinod Kumar 

 

Professor, Department of Pharmaceutics, St.Ann’s College of Pharmacy, Chirala 

 
Article History: Received: 14 Oct 2025, Revised: 11 Dec 2025, Accepted: 22 Dec 2025 

*Corresponding author  

Dr. K. Vinod Kumar 

Abstract  

The successful translation of pharmaceutical formulations into effective therapies is highly dependent on their 

interaction with biological systems. Biological barriers such as cellular membranes, enzymatic environments, mucus 

layers, and physiological clearance mechanisms significantly influence drug absorption, distribution, metabolism, and 

excretion. This review integrates concepts from biology and pharmaceutics to examine how biological barriers affect 

drug delivery and how modern pharmaceutical strategies are designed to overcome these challenges. Special emphasis 

is placed on membrane transport, cellular uptake pathways, biological degradation, and the role of advanced drug 

delivery systems including nanoparticles, biologics, and targeted carriers. Understanding these biological–

pharmaceutical interactions is essential for the rational design of safer and more effective therapeutic systems. 
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INTRODUCTION 

Pharmaceutics and biology are inherently 

interconnected disciplines, as drug performance is 

ultimately governed by biological processes. While 

pharmaceutics focuses on dosage form design and drug 

stability, biology determines how drugs interact with 

tissues, cells, and molecular targets. Many promising 

pharmaceutical agents fail during development due to 

inadequate biological compatibility or inability to cross 

biological barriers [1]. Therefore, integrating biological 

principles into pharmaceutical formulation design is 

critical for improving therapeutic outcomes. 

 

BIOLOGICAL BARRIERS RELEVANT TO 

DRUG DELIVERY 

1. Cellular Membranes 

Cell membranes are selectively permeable lipid bilayers 

that regulate molecular transport. Drug molecules 

must cross these membranes via passive diffusion, 

facilitated transport, or active transport mechanisms 

[2]. Lipophilicity, molecular size, and ionization state 

are key determinants of membrane permeability, 

directly influencing oral and transdermal drug delivery 

[3]. 

2. Gastrointestinal and Mucosal Barriers 

Orally administered drugs encounter harsh biological 

conditions including acidic pH, digestive enzymes, and 

mucus layers. The mucus gel acts as a physical and 

biochemical barrier, limiting the diffusion of 

macromolecules and nanoparticles [4]. Biological  

 

variability in enzyme expression further complicates 

drug absorption. 

3. Blood–Brain Barrier 

The blood–brain barrier (BBB) is a specialized 

biological interface formed by endothelial cells with 

tight junctions. It protects neural tissue but restricts 

drug entry, presenting a major challenge in treating 

central nervous system disorders [5]. 

 

BIOLOGICAL PROCESSES AFFECTING 

PHARMACEUTICAL PERFORMANCE 

1. Enzymatic Degradation 

Enzymes present in plasma, liver, and tissues can 

rapidly degrade drugs, particularly peptides and 

proteins. This biological instability necessitates 

pharmaceutical strategies such as prodrug design or 

protective carrier systems [6]. 

2. Cellular Uptake and Endocytosis 

Biological uptake mechanisms such as clathrin-mediated 

and caveolae-mediated endocytosis play a crucial role 

in the internalization of particulate drug delivery 

systems [7]. Understanding these pathways allows for 

improved targeting and intracellular drug release. 

3. Immune System Interactions 

The immune system can recognize pharmaceutical 

carriers as foreign entities, leading to clearance or 

inflammatory responses. Biological recognition by 

macrophages significantly affects the circulation time of 

drug delivery systems [8]. 

 

Zoology, Ecology and Pharma Advances 
Content Available at www.uniquepubinternational.com/journals 

(An International online peer reviewed Journal)  ISSN (O): 3139-2075  

   Review  Article 

http://www.uniquepubinternational.com/journals


Kumar VK, Zoo Eco Pha Adv, Vol.1, Iss.1, September-December, 2025: 10-11 

Zoology, Ecology and Pharma Advances                                                                                                                                                      [11] 
 

PHARMACEUTICAL STRATEGIES TO 

OVERCOME BIOLOGICAL BARRIERS 

1. Nanotechnology-Based Drug Delivery 

Nanoparticles are engineered to exploit biological 

transport mechanisms, enhance solubility, and protect 

drugs from degradation. Surface modification with 

biological ligands improves tissue specificity and cellular 

uptake [9]. 

2. Biologics and Biomimetic Systems 

Biologics such as monoclonal antibodies and RNA-

based therapeutics rely heavily on biological 

compatibility. Biomimetic carriers, including liposomes 

and cell-membrane-coated nanoparticles, are designed 

to evade immune detection [10]. 

3. Targeted and Controlled Release Systems 

Targeted delivery systems utilize biological markers 

such as receptors or enzymes to achieve site-specific 

drug release, minimizing systemic toxicity and 

improving therapeutic efficiency [11]. 

 

FUTURE PERSPECTIVES 

Advances in molecular biology, bioinformatics, and 

pharmaceutical engineering are driving the 

development of personalized drug delivery systems. 

Integrating biological data with pharmaceutics will 

enable precision medicine approaches that account for 

genetic, enzymatic, and cellular variability [12]. 

 

CONCLUSION 

The intersection of biology and pharmaceutics is 

central to modern drug development. Biological 

barriers and processes significantly influence 

pharmaceutical performance, necessitating 

interdisciplinary approaches in formulation design. A 

deeper understanding of biological systems will 

continue to shape innovative pharmaceutical 

technologies, improving drug efficacy and patient 

outcomes. 
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