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ABSTRACT 

Biologics and large molecule therapeutics, including monoclonal antibodies 

(mAbs), peptides, and other protein-based drugs, have revolutionized modern 

medicine due to their high specificity and efficacy in treating complex diseases 

such as cancer, autoimmune disorders, and infectious diseases. Unlike small 

molecules, biologics pose significant formulation and delivery challenges due 

to their inherent instability, high molecular weight, and sensitivity to 

environmental conditions. Injectable formulations remain the primary route of 

administration, requiring careful design to maintain structural integrity, 

therapeutic potency, and patient compliance. This review provides an in-depth 

analysis of biologics and large molecule therapeutics, focusing on injectable 

formulations, stability considerations, delivery strategies, and regulatory 

aspects. Advances in formulation technologies, including stabilization with 

excipients, lyophilization, controlled-release systems, and novel delivery 

devices, are discussed. Future perspectives emphasize the development of 

patient-friendly administration methods and innovations in large molecule 

drug design. 

 

KEYWORDS: Biologics, Monoclonal antibodies, Peptides, Injectable 

formulations, large molecule therapeutics, Stability, Drug delivery, 

Lyophilization 

 



    
 

 

14 Page 13-27 © MANTECH PUBLICATIONS 2026. All Rights Reserved 

 

International Journal of Drug Formulation, Development & Research 

Volume 4, Issue 1, January-April 2026  

 

 
INTRODUCTION 

Biologics are therapeutic products derived from living organisms or their components, 

including proteins, peptides, nucleic acids, and antibodies. Unlike traditional small molecule 

drugs, which are chemically synthesized and typically <1 kDa, biologics are large, complex 

molecules often exceeding 5 kDa, with intricate tertiary and quaternary structures critical for 

their activity. 

 

The rise of biologics over the past two decades has been driven by their superior specificity, 

reduced off-target effects, and efficacy in treating previously untreatable conditions. Among 

biologics, monoclonal antibodies (mAbs) have become the cornerstone of targeted therapy 

for cancers, autoimmune diseases, and inflammatory conditions. Similarly, peptide-based 

therapeutics, such as insulin analogs and glucagon-like peptide-1 (GLP-1) agonists, have 

transformed metabolic disorder management. 

 

However, the therapeutic potential of biologics is closely tied to their formulation and 

delivery. Large molecules are prone to degradation via aggregation, denaturation, enzymatic 

hydrolysis, and chemical modifications. Therefore, formulation scientists face unique 

challenges in developing stable, safe, and efficacious injectable products. This paper reviews 

the current state of biologics and large molecule formulations, highlighting strategies to 

overcome stability and delivery hurdles. 

 

CLASSIFICATION OF BIOLOGICS 

Biologics encompass a wide variety of therapeutic molecules derived from living organisms, 

each with unique structural features, mechanisms of action, and clinical applications. Proper 

classification is essential for understanding their pharmacology, formulation requirements, 

and regulatory considerations. Broadly, biologics can be categorized based on molecular 

type, size, and therapeutic function. 

 

1. Monoclonal Antibodies (mAbs) 

Monoclonal antibodies are highly specific immunoglobulins designed to recognize and bind 

to a single epitope on an antigen. They are produced using hybridoma technology, 

recombinant DNA techniques, or phage display. 
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Key Features: 

 Molecular weight: ~145 kDa 

 Structure: Y-shaped proteins composed of two heavy and two light chains linked by 

disulfide bonds 

 

Mechanism of action: 

 Neutralization of target antigens (e.g., toxins or cytokines) 

 Receptor blockade (e.g., HER2 inhibitors in cancer therapy) 

 Immune effector functions via Fc region (e.g., ADCC, complement activation) 

 

Clinical Applications: 

 Oncology: Trastuzumab (HER2-positive breast cancer) 

 Autoimmune diseases: Adalimumab (TNF-α inhibitor) 

 Infectious diseases: Palivizumab (RSV prophylaxis) 

 

Formulation Considerations: 

 Require sterile, low-temperature injectable formulations 

 Sensitive to aggregation and denaturation, especially under high-concentration SC 

administration 

 

2. Peptides 

Peptides are short chains of amino acids (typically <50 residues) that act as signaling 

molecules or therapeutics. They are generally smaller than full proteins but larger than small 

molecules. 

 

Key Features: 

 Molecular weight: 1–5 kDa 

 Mechanism of action: Mimic endogenous hormones, neurotransmitters, or cytokines to 

modulate physiological pathways 

 Advantages: High specificity, reduced off-target effects 

 

Examples and Applications: 

 Insulin and insulin analogs: Diabetes management 
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 GLP-1 analogs (e.g., liraglutide): Type 2 diabetes, obesity 

 Calcitonin: Osteoporosis 

 

Formulation Challenges: 

 Susceptible to enzymatic degradation in the gastrointestinal tract 

 Usually administered via subcutaneous injection 

 Strategies like PEGylation or lipidation are used to enhance half-life and reduce dosing 

frequency 

 

3. Fusion Proteins 

Fusion proteins are engineered molecules combining functional domains from two or more 

proteins to achieve a desired therapeutic effect. They often merge a receptor-binding domain 

with an Fc region to extend half-life. 

 

Key Features: 

 Molecular weight: 75–150 kDa 

 Examples: 

 Etanercept: TNF receptor-Fc fusion for rheumatoid arthritis 

 Belatacept: CTLA-4-Ig fusion for transplant rejection prevention 

 Advantages: Enhanced stability and prolonged circulation half-life due to Fc domain 

 

Formulation Considerations: 

 Sensitive to pH, temperature, and shear stress 

 Typically formulated as sterile solutions or lyophilized powders 

 

4. Nucleic Acid-based Biologics 

These include DNA, RNA, or oligonucleotide therapeutics designed to modulate gene 

expression. Recent mRNA vaccines (e.g., COVID-19 vaccines) exemplify the clinical 

potential of this class. 

 

Key Features: 

 Molecular weight: Variable; generally 5–20 kDa for single-stranded nucleic acids 
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Mechanism of action: 

 mRNA: Encodes protein antigens for immune response induction 

 siRNA: Silences specific genes via RNA interference 

 Antisense oligonucleotides: Bind to mRNA to inhibit translation 

Clinical Applications: 

 Vaccines (mRNA-based COVID-19 vaccines) 

 Rare genetic disorders (e.g., spinal muscular atrophy therapies) 

 

Formulation Challenges: 

 Highly susceptible to enzymatic degradation (nucleases) 

 Require encapsulation in lipid nanoparticles for delivery 

 Must maintain stability at low temperatures for storage 

 

5. Other Emerging Biologics 

Beyond the classical categories, new biologic classes are emerging: 

 Cell-based therapies: CAR-T cells for cancer 

 Exosome-based therapeutics: Targeted delivery of nucleic acids or proteins 

 Antibody-drug conjugates (ADCs): Combine mAbs with cytotoxic drugs for targeted 

cancer therapy 

 

Table 1: Biologics can be broadly classified based on molecular structure and therapeutic 

function: 

Class Examples Molecular Weight Primary Indications 

Monoclonal 

Antibodies (mAbs) 

Rituximab, 

Trastuzumab, 

Adalimumab 

~145 kDa 
Cancer, autoimmune 

diseases 

Peptides 
Insulin, GLP-1 

analogs, Calcitonin 
1–5 kDa Diabetes, osteoporosis 

Fusion Proteins Etanercept, Belatacept 75–150 kDa 
Autoimmune diseases, 

transplant rejection 

Nucleic Acid-based 

Biologics 

siRNA, mRNA 

vaccines 

5–20 kDa (single-

stranded RNA/DNA) 

Infectious diseases, 

cancer therapy 
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CHALLENGES IN FORMULATING LARGE MOLECULES 

The development of biologics and large molecule therapeutics is significantly more complex 

than that of small molecule drugs. This complexity arises from their high molecular weight, 

intricate three-dimensional structure, and sensitivity to environmental conditions. Biologics 

are inherently unstable and prone to degradation through multiple pathways, which can 

compromise their efficacy and safety. Additionally, their delivery is challenging due to poor 

oral bioavailability, rapid clearance, and the need for parenteral administration. The following 

sections provide a detailed discussion of the major formulation challenges. 

 

1. Stability Issues 

Stability is the most critical concern for biologics because their therapeutic activity depends 

on maintaining their precise three-dimensional structure. Instability can result in loss of 

activity, increased immunogenicity, or reduced shelf life. 

 

a) Physical Instability 

Physical instability refers to structural changes that do not involve chemical modifications but 

can compromise drug efficacy. The main phenomena include: 

 Protein Aggregation: Proteins tend to aggregate under stress conditions such as 

agitation, heating, or freezing. Aggregates can precipitate, reduce bioavailability, and 

trigger immune responses. For example, monoclonal antibodies stored at high 

concentrations may form visible or subvisible aggregates during long-term storage. 

 Denaturation: Environmental stresses like temperature fluctuations, shear stress during 

pumping or mixing, and pH changes can unfold the native protein structure. Denatured 

proteins often lose biological activity and may expose hydrophobic residues that promote 

aggregation. 

 Precipitation: Insoluble protein complexes can form due to interactions with excipients, 

salts, or impurities. Precipitation not only reduces drug potency but also can block 

infusion lines in intravenous administration. 

 Freeze-Thaw Damage: Repeated freezing and thawing cycles can induce ice crystal 

formation, which physically damages the protein structure. Lyophilization (freeze-drying) 

is often used to mitigate this issue but requires careful optimization of cryoprotectants. 
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2. Chemical Instability 

Chemical degradation alters the covalent structure of proteins, potentially reducing efficacy 

or increasing immunogenicity. Common pathways include: 

 Deamidation: Conversion of asparagine residues to aspartic acid, altering charge and 

protein conformation. Deamidationis accelerated at higher pH and temperature. 

 Oxidation: Methionine, tryptophan, and cysteine residues are particularly susceptible to 

oxidation, which can impair binding activity or structural integrity. 

 Isomerization: Formation of isoaspartate residues can alter protein folding and reduce 

biological activity. 

 Hydrolysis: Peptide bond cleavage, either enzymatic or chemical, leads to protein 

fragmentation. This is especially relevant for therapeutic peptides. 

 

For instance, insulin analogs can undergo deamidation and oxidation during storage, 

requiring specific stabilizers such as antioxidants or pH buffers in the formulation. 

 

3. Immunogenicity 

Even minor structural changes, aggregation, or impurities in biologics can elicit an immune 

response, ranging from mild antibody formation to severe hypersensitivity reactions. Factors 

contributing to immunogenicity include: 

 Protein aggregates formed during manufacturing or storage 

 Host cell proteins or residual DNA from production 

 Chemical modifications like oxidation or deamidation 

 

The immunogenicity of biologics poses a significant regulatory concern, often requiring 

extensive preclinical and clinical immunogenicity testing. 

 

2. Delivery Challenges 

Unlike small molecules, large biologics cannot be efficiently delivered orally due to 

enzymatic degradation in the gastrointestinal tract and poor intestinal permeability. 

Therefore, injectable formulations dominate, but they present their own challenges. 

a) Low Bioavailability 

 Oral administration is generally unsuitable for peptides and proteins due to hydrolysis by 

digestive enzymes and acidic degradation in the stomach. 
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 Subcutaneous (SC) or intramuscular (IM) injections are preferred but typically achieve 

only 50–80% bioavailability, depending on molecular size and formulation. 

 Example: Therapeutic peptides like GLP-1 analogs require SC injection to achieve 

therapeutic plasma levels. 

 

b) Short Half-life 

 Many biologics are rapidly cleared from circulation via renal filtration, proteolysis, or 

receptor-mediated uptake. 

 Strategies such as PEGylation, Fc-fusion, or albumin binding are employed to extend 

plasma half-life. 

 Example: PEGylated interferon-alpha exhibits extended half-life compared to native 

interferon-alpha. 

 

c) Injection Site Reactions 

 Subcutaneous and intramuscular injections can cause pain, redness, swelling, or 

induration at the injection site. 

 Viscosity, pH, excipients, and injection volume influence local tolerability. 

 Example: High-concentration mAb formulations often require viscosity optimization and 

specialized delivery devices (e.g., auto-injectors) to reduce patient discomfort. 

 

d) Volume and Concentration Limitations 

 Subcutaneous administration is limited by injection volume (~1–2 mL). 

 High-concentration formulations are required to deliver therapeutic doses within this 

volume, but high protein concentrations can increase viscosity and aggregation risk. 

 

e) Cold Chain Requirements 

 Most biologics are temperature-sensitive and require storage at 2–8°C or even lower for 

stability. 

 Interruptions in the cold chain during transportation or handling can result in irreversible 

degradation. 

 

INJECTABLE FORMULATIONS 

Due to their large size, structural complexity, and susceptibility to enzymatic degradation, 
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 biologics and peptides cannot be reliably delivered orally. Injectable routes remain the gold 

standard for ensuring systemic bioavailability, therapeutic efficacy, and precise dosing. The 

choice of injection route depends on the molecular properties, intended use, 

pharmacokinetics, and patient convenience. 

 

1. Intravenous (IV) Administration 

Intravenous administration delivers biologics directly into the bloodstream, ensuring 

complete bioavailability and rapid onset of action. 

 

Key Features: 

 Immediate systemic delivery: IV infusion bypasses absorption barriers, achieving 100% 

bioavailability. 

 Dose control: Infusion rates can be precisely adjusted to maintain therapeutic plasma 

levels, which is crucial in oncology and critical care. 

 Formulation requirements: IV formulations must be sterile, pyrogen-free, and isotonic. 

Excipients such as buffers, sugars, and surfactants are often used to maintain stability 

during infusion. 

 

Clinical Applications: 

 Monoclonal antibodies for cancer therapy (e.g., Rituximab, Trastuzumab) 

 Cytokine therapies (e.g., Interleukin-2) 

 Emergency treatments requiring rapid action 

 

Challenges: 

 Infusion-related reactions: Rapid infusion can trigger hypersensitivity, cytokine release 

syndrome, or anaphylaxis. Slow, controlled infusion rates are often required. 

 Hospital setting requirement: IV administration often requires trained healthcare 

personnel, limiting patient convenience. 

 

Example: 

Rituximab is administered IV over 4–6 hours initially, with premedication to prevent 

infusion-related reactions. 
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2. Subcutaneous (SC) Administration 

Subcutaneous administration is preferred for chronic therapies due to convenience, potential 

for self-administration, and reduced healthcare burden. 

 

Key Features: 

 Injection site: Deposited into the fatty tissue beneath the skin, from which biologics are 

absorbed via lymphatic and capillary uptake. 

 Bioavailability: Typically ranges from 50–80%, depending on molecular weight, 

formulation viscosity, and excipients. Larger molecules (>20 kDa) primarily rely on 

lymphatic transport, which is slower than capillary absorption. 

 Patient compliance: SC injection enables at-home administration, improving adherence 

for chronic conditions like rheumatoid arthritis or diabetes. 

 

Formulation Considerations: 

 High-concentration formulations (up to 200 mg/mL) are often required to deliver 

therapeutic doses within small injection volumes (≤2 mL). 

 Viscosity management is critical; high protein concentrations can increase solution 

viscosity, causing injection discomfort or device clogging. 

 Excipients such as sugars (trehalose, sucrose), surfactants (polysorbates), and buffers 

help maintain stability and reduce aggregation during storage and injection. 

 

Clinical Applications: 

 Monoclonal antibodies for autoimmune diseases (e.g., Adalimumab, Etanercept) 

 Peptides such as insulin and GLP-1 analogs for metabolic disorders 

 

Challenges: 

 Local injection site reactions: redness, swelling, or mild pain 

 Variable absorption depending on tissue perfusion, injection technique, and formulation 

properties 

 

Example:  

Adalimumabis formulated at 100 mg/mL for SC injection and delivered via prefilled syringe 

or auto-injector to improve patient convenience and adherence. 
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3. Intramuscular (IM) and Other Routes 

Intramuscular administration deposits the biologic into skeletal muscle, from which it is 

absorbed into the circulation. 

Key Features: 

 Faster absorption than SC injections due to higher blood perfusion in muscles. 

 Allows moderate injection volumes (~3–5 mL) compared to SC injections. 

 

Clinical Applications: 

 Vaccines, such as influenza or hepatitis vaccines 

 Hormonal peptides (e.g., long-acting GnRH analogs) 

 

Limitations: 

 Injection site pain and local tissue irritation 

 Less commonly used for high-molecular-weight biologics due to limited absorption and 

patient discomfort 

 

4. Emerging Injectable Routes: 

 Intradermal injections: Targeting immune-rich skin layers for vaccines and 

immunotherapies 

 Microneedle patches: Minimally invasive, pain-free delivery, particularly for peptides 

and vaccines 

 Inhalation or intranasal delivery: Explored for localized delivery or systemic 

absorption of smaller peptides (e.g., insulin inhalation) 

 

FORMULATION STRATEGIES 

1. Stabilization Approaches 

 Excipients: Sugars (trehalose, sucrose) prevent aggregation during freeze-drying. 

 Surfactants:Polysorbate 20/80 reduces surface adsorption and shear-

induceddenaturation. 

 Buffers: Maintain optimal pH to prevent chemical degradation. 

 

2. Lyophilization (Freeze-Drying) 

 Enhances long-term stability by removing water from protein solutions. 
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 Reconstitution before injection restores biologic activity. 

 

 

Figure 1: Typical Lyophilization Cycle for Biologics 

 

3. Controlled Release Systems 

 Hydrogels, microspheres, and nanoparticles enable sustained release and reduced 

injection frequency. 

 PEGylation (attachment of polyethylene glycol chains) prolongs circulation half-life. 

 

4. High-Concentration Formulations 

 Required for SC administration to minimize injection volume. 

 Challenge: High protein concentration increases viscosity and aggregation risk. 

 

MONOCLONAL ANTIBODY FORMULATIONS 

mAbs are the most widely used biologics. Key formulation considerations: 

 pH and ionic strength optimization to prevent aggregation. 

 Stability testing under mechanical stress, temperature, and light exposure. 

 High-concentration SC formulations to allow self-injection (e.g., adalimumab). 
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Table 2: Representative mAb Formulation Components 

Component Function Example 

Buffer pH stabilization Histidine, phosphate 

Sugar Cryoprotectant, stabilization Sucrose, trehalose 

Surfactant Prevent surface adsorption Polysorbate 20 

Salt Ionic strength control NaCl 

 

PEPTIDE FORMULATIONS 

Peptides such as insulin or GLP-1 analogs have unique challenges: 

 Susceptible to enzymatic degradation → need for SC injection. 

 Chemical modifications (e.g., acylation, PEGylation) improve half-life. 

 Formulation must balance solubility, stability, and injection pain. 

 

REGULATORY CONSIDERATIONS 

Biologics are subject to rigorous regulatory oversight due to complexity and immunogenic 

potential: 

 Quality by Design (QbD): Systematic approach to design robust formulations. 

 ICH Guidelines: ICH Q5C (stability testing), Q6B (specifications), and Q8–Q11 

(development and manufacturing). 

 Biosimilars: Regulatory frameworks require demonstration of similarity to reference 

biologics in quality, efficacy, and safety. 

 

RECENT ADVANCES 

1. Prefilled Syringes and Auto-Injectors: Improve patient compliance and reduce dosing 

errors. 

2. High-Throughput Screening: Optimizes formulation excipients for stability. 

3. Novel Delivery Platforms: Microneedles, implantable pumps, and sustained-release 

depots. 

4. Computational Modeling: Predicts protein aggregation and improves formulation 

design. 
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FUTURE PERSPECTIVES 

 Oral Biologics: Encapsulation and enzyme inhibitors may allow non-invasive 

administration. 

 Gene Therapy: Large molecules delivered via viral vectors or nanoparticles for long-

term expression. 

 Patient-Centric Formulations: Minimally painful, self-administered injections with 

reduced frequency. 

 Precision Biologics: Personalized antibodies and peptides tailored to genetic and disease 

profiles. 

 

CONCLUSION 

Biologics and large molecule therapeutics represent a transformative class of medicines, 

offering targeted and potent treatments for complex diseases. Injectable formulations remain 

the cornerstone of their delivery, requiring sophisticated strategies to address stability, 

immunogenicity, and patient compliance. Advances in excipient design, lyophilization, 

controlled-release technologies, and delivery devices have improved the feasibility of large 

molecule therapies. Continued research in formulation science, patient-friendly delivery 

systems, and novel biologic design will shape the future of therapeutic biologics, enabling 

safer, more effective, and widely accessible treatments. 
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