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ABSTRACT 
Pharmaceutical dosage forms play a crucial role in delivering medications effectively to the body, 

ensuring their therapeutic benefits while promoting patient adherence. The formulation and design of 

these dosage forms are determined by factors such as the drug's physicochemical properties, desired 

release profile, route of administration, and the needs of the patient. These forms come in various types, 

including solid forms (tablets, capsules), liquids (syrups, injections), semi-solids (creams, gels), and 

advanced systems like controlled-release formulations.Selecting the appropriate dosage form is essential 

for achieving the desired therapeutic effects, enhancing drug bioavailability, reducing side effects, and 

improving patient compliance. The development of new pharmaceutical dosage forms has led to 

innovations such as extended-release formulations, transdermal systems, and drug delivery platforms 

utilizing nanotechnology, all of which enable more efficient, targeted treatments.The ultimate goal of any 

dosage form is to deliver the drug in the correct amount, at the right time, and in a way that maximizes its 

effectiveness, safety, and convenience for the patient. Ongoing advancements in pharmaceutical science 

continue to improve drug delivery systems, opening up new possibilities for better patient outcomes and 

more personalized therapies. 
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INTRODUCTION 

 Basic Common Pharmaceutical dosage 

forms:[1] 

1. Solid Dosage Forms: 
• Tablets: These are compacted solid forms that 

are typically taken orally. Tablets come in 

various sizes and shapes and may have coatings 

that aid in swallowing or help control how the 

medication is released. 

• Capsules: Gelatin-based shells containing 

powdered, granulated, or liquid medications. 

Capsules may be designed to provide controlled 

or delayed release of the active ingredient. 

• Powders: These are dry forms of medication 

that can be ingested orally after being mixed 

with a liquid or used topically. 

• Granules: Small, dry particles of medication 

often used in preparations that are to be taken 

orally. 

• Lozenges/Troches: These are solid preparations 

that dissolve gradually in the mouth, often used 

for local effects such as soothing throat irritation. 

2. Liquid Dosage Forms: 
• Solutions: Clear liquids where the active 

ingredient is dissolved completely in the solvent. 

• Suspensions: These are liquids containing small 

particles of the active ingredient that are 

suspended but not dissolved in the solution. 

• Emulsions: A mixture of two immiscible liquids 

(such as oil and water), with the medication 

dissolved in one of the phases. 

• Syrups: Concentrated, sugar-based solutions 

containing medicinal substances, commonly 

used for treating conditions like coughs. 

• Elixirs: Alcohol-based liquids that may include 

medicinal ingredients and flavoring agents, often 

used for oral consumption. 

3. Semisolid Dosage Forms: 
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• Ointments: Thick, greasy preparations for 

external use, often for treating skin conditions or 

applied to mucous membranes. 

• Creams: Similar to ointments but lighter, less 

greasy, and easier to spread. Used for topical 

application. 

• Gels: Semi-solid substances that are usually used 

for topical or vaginal use. They have a jelly-like 

consistency. 

• Pastes: Similar to ointments but with a higher 

solid content, making them thicker and more 

adherent to the skin. 

• Suppositories: Solid or semi-solid forms 

designed to be inserted into body cavities such as 

the rectum, vagina, or urethra, where they 

dissolve or melt to release the drug. 

4. Inhalation Dosage Forms: 
• Aerosols: These are pressurized containers that 

release a fine mist of medication for inhalation, 

typically used for treating respiratory conditions 

like asthma. 

• Nebulizers: Devices that convert liquid 

medication into a fine mist to be inhaled, 

frequently used in hospital settings or for 

patients with respiratory issues. 

5. Parenteral Dosage Forms: 

• Injectables: Medications administered directly 

into the bloodstream or other tissues via syringe. 

This can include intravenous (IV), intramuscular 

(IM), or subcutaneous (SC) injections. 

• Infusions: Large volumes of fluid or medication 

administered intravenously over an extended 

period. 

• Implants: Solid or semi-solid dosage forms 

placed under the skin, allowing the drug to be 

released over time. 

6. Transdermal Dosage Forms: 
• Patches: Adhesive patches that allow 

medication to be absorbed through the skin, 

providing controlled release over an extended 

period (e.g., nicotine patches). 

• Topical Applications: Creams, lotions, or gels 

applied directly to the skin for localized 

treatment. 

Solid Dosage Forms in Pharmaceuticals 
Solid dosage forms are one of the most common 

and preferred methods for administering drugs. 

They are widely used due to their convenience, 

ease of storage, precise dosing, and stability. 

These forms are typically solid at room 

temperature and are often taken orally, though 

some may also be used topically or for other 

applications. [2] 

1. Tablets 
Tablets are the most popular form of oral 

medication. They consist of the active 

pharmaceutical ingredient (API) combined with 

excipients such as binders, fillers, lubricants, and 

disintegrants. Tablets are designed to deliver 

medication in a controlled and effective manner. 

Types of Tablets: 

• Compressed Tablets: The most commonly used 

form, made by compressing the ingredients into 

a solid shape. They may be plain or coated. 

• Coated Tablets: These tablets have a protective 

layer that may help mask taste, improve 

swallowing, or control the drug's release. 

o Film-Coated Tablets: A thin, smooth film 

covers the tablet to facilitate swallowing and 

mask undesirable tastes. 

o Enteric-Coated Tablets: These have a special 

coating that resists dissolution in the stomach but 

dissolves in the small intestine, ideal for drugs 

that may irritate the stomach or need absorption 

in the intestines. 

• Effervescent Tablets: These tablets dissolve in 

water, releasing carbon dioxide to aid in faster 

dissolution. They are often used for drugs like 

antacids. 

• Chewable Tablets: Designed to be chewed, 

these tablets are often used for pediatric patients 

or others who have trouble swallowing pills. 

Advantages: 

• Precise Dosage: Each tablet contains a specific 

amount of the active ingredient. 

• Long Shelf Life: Tablets typically have a longer 

stability than liquid forms. 

• Convenient: They are easy to carry, require no 

special tools, and are easy to administer. 

• Controlled Release: Tablets can be formulated 

for extended or controlled release to ensure a 

consistent therapeutic effect.[3] 

Disadvantages: 

• Difficulty in Swallowing: Larger tablets can be 

difficult for some individuals, especially children 

or the elderly. 

• Bioavailability Issues: Some tablets may face 

solubility challenges, potentially affecting 

absorption in the body. 

2. Capsules 
Capsules are another commonly used solid 

dosage form. They consist of a shell (usually 
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gelatin, or sometimes a plant-based alternative) 

that contains powdered drugs, granules, or 

liquids. The shell dissolves after ingestion, 

releasing the active ingredients. 

Types of Capsules: 
• Hard Gelatin Capsules: Made up of two pieces 

that contain dry powder or granules, often used 

for solid drugs or for taste masking. 

• Soft Gelatin Capsules: Used for liquid 

formulations or oils, these capsules are sealed 

and easy to swallow. 

• Modified-Release Capsules: Designed to 

release the drug over time, maintaining 

therapeutic levels of the medication in the 

bloodstream for a longer period. 

Advantages: 

• Ease of Swallowing: Capsules are often easier 

to swallow than large tablets. 

• Versatile: Capsules can contain powders, 

liquids, or granules, making them suitable for a 

variety of formulations. 

• Taste Masking: Capsules can help mask the 

unpleasant taste of certain drugs, improving 

patient compliance. 

Disadvantages: 
• Inconsistent Release: Without modified-release 

mechanisms, capsules can exhibit variability in 

how quickly or slowly they release the drug. 

• Size Issues: Larger capsules may still pose a 

swallowing challenge for some patients. 

• Storage Sensitivity: Soft gelatin capsules can be 

sensitive to moisture and temperature, potentially 

affecting their stability.[4] 

3. Powders 

Powders are solid dosage forms consisting of 

finely divided particles of active pharmaceutical 

ingredients, typically mixed with excipients. 

These can be administered orally or applied 

topically. 

Types of Powders: 

• For Oral Suspension: Powders intended to be 

reconstituted with water or another liquid before 

consumption. This allows the patient to take the 

drug in liquid form. 

• For Topical Use: Powders applied to the skin, 

such as antifungal or antibacterial treatments. 

• For Inhalation: Fine powders designed for use 

in inhalers, such as inhalable corticosteroids.[5] 

Advantages: 
• Versatile: Powders can be used in different 

ways, such as mixed with liquids for oral 

consumption or applied directly to the skin. 

• Customizable Dosing: Powders can be easily 

measured to meet specific dosing requirements. 

Disadvantages: 
• Inconvenience: Powders often require mixing 

with liquids before administration, which may be 

less convenient than ready-to-use tablets or 

capsules. 

• Stability Concerns: Powders are susceptible to 

moisture and can degrade if not stored 

properly.[6] 

4. Granules 
Granules are small particles of a drug that are 

often made by combining powders into larger, 

more manageable aggregates. They are typically 

used in certain oral dosage forms, such as 

effervescent tablets or modified-release tablets. 

Advantages: 
• Easier to Swallow: Larger granules are typically 

easier to swallow than fine powders. 

• Consistent Release: Granules provide more 

consistent drug release compared to very fine 

powders, especially in formulations that require 

controlled release.[7] 

Disadvantages: 

• Complex Manufacturing: Granules are more 

time-consuming and complex to produce than 

simpler powder formulations. 

• Bulkiness: Granules may take up more space 

than powders, which may not be ideal for some 

formulations. 

5. Lozenges/Troches 
Lozenges are solid dosage forms designed to 

dissolve slowly in the mouth, offering relief for 

conditions like sore throats or oral infections. 

Troches are similar but are typically larger and 

dissolve more slowly. 

Advantages: 
• Localized Effect: Lozenges provide relief 

directly where it’s needed in the mouth or throat. 

• Convenient: Lozenges are portable and easy to 

use without requiring water or additional 

tools.[8] 

Disadvantages: 
• Delayed Onset: Because lozenges dissolve 

slowly, the effects may take longer to be felt 

compared to other forms of medication. 
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• Limited Application: Lozenges are primarily 

used for local effects, meaning they are not 

suitable for systemic treatment. 

Liquid dosage forms are an important class of 

drug delivery systems with numerous advantages 

such as ease of administration, rapid absorption, 

and flexible dosing. They are especially 

beneficial for patients who find it difficult to 

swallow solid forms, such as tablets or capsules, 

and for medications requiring quick absorption. 

Liquid formulations can be administered orally, 

topically, or through injections, depending on 

their purpose.  

1. Solutions 

A solution is a homogeneous mixture in which 

the active pharmaceutical ingredient (API) is 

fully dissolved in a solvent, such as water or 

alcohol. Solutions are commonly used when the 

drug is highly soluble or when rapid absorption 

is required.[9] 

Types of Solutions: 
• Oral Solutions: These are liquid preparations 

for oral administration, providing a precise and 

adjustable dose of medication. 

• Topical Solutions: Applied directly to the skin 

or mucous membranes for local therapeutic 

effects (e.g., antiseptic solutions). 

• Injectable Solutions: Sterile solutions designed 

for intravenous (IV), intramuscular (IM), or 

subcutaneous (SC) injection. 

• Eye Drops (Ophthalmic Solutions): Sterile 

solutions used to treat eye conditions. 

• Ear Drops (Otic Solutions): Used to treat ear 

infections or relieve pain. 

Advantages of Solutions: 
• Rapid Absorption: Drugs in solution form are 

absorbed faster than solid dosage forms due to 

their dissolved state. 

• Accurate Dosing: Liquid forms allow for easy 

and precise dosing, which is useful for pediatric 

or geriatric patients. 

• Ease of Administration: Solutions are suitable 

for patients with difficulty swallowing tablets or 

capsules. 

Disadvantages: 
• Stability Concerns: Water-based solutions can 

be vulnerable to microbial contamination and 

may have a shorter shelf life. 

• Taste Issues: Liquid medications may have an 

unpleasant taste, posing challenges in pediatric 

or geriatric populations. 

• Dosage Accuracy: Measuring liquid doses 

requires special tools, like syringes or droppers, 

to ensure accuracy.[10] 

2. Suspensions 

Suspensions are liquid formulations where solid 

particles of the API are dispersed throughout a 

liquid but not dissolved. These particles are 

typically stabilized by agents that prevent 

settling. 

Types of Suspensions: 

• Oral Suspensions: Used for poorly soluble 

drugs that need to be delivered in a liquid form. 

• Topical Suspensions: Applied to the skin or 

mucous membranes, often for anti-inflammatory 

or antimicrobial effects. 

• Injectable Suspensions: Used when a drug 

cannot be formulated in solution form and is 

designed for slow release. 

Advantages of Suspensions: 
• Improved Bioavailability: Suspensions can 

enhance the bioavailability of drugs that are 

poorly soluble in water. 

• Flexible Dosing: Suspensions allow for more 

flexible dosing, which is useful in pediatric or 

titration therapies. 

• Prolonged Action: Suspended particles can be 

designed for sustained or controlled release.[11] 

Disadvantages: 

• Particle Settling: Solid particles may settle, 

requiring shaking before use to ensure 

uniformity, which can complicate accurate 

dosing. 

• Stability Issues: Suspensions are more prone to 

instability than solutions, requiring preservatives 

to prevent microbial growth. 

• Viscosity: Some suspensions may be thick, 

which could complicate administration. 

3. Emulsions 

Emulsions are mixtures of two immiscible 

liquids (usually oil and water), where one liquid 

is dispersed as droplets within the other. 

Stabilizers such as surfactants are used to 

maintain the stability of the emulsion. 

Types of Emulsions: 

• Oil-in-Water Emulsions (O/W): In these 

emulsions, oil droplets are dispersed in the water 

phase. Commonly used in oral formulations, 

creams, and lotions. 

• Water-in-Oil Emulsions (W/O): In these 

emulsions, water droplets are dispersed in the oil 
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phase, typically used in ointments or for more 

hydrating topical applications. 

Advantages of Emulsions: 
• Improved Drug Delivery: Emulsions can 

enhance the solubility and absorption of 

lipophilic (fat-soluble) drugs in a water-based 

environment. 

• Controlled Release: Emulsions can be 

formulated to release drugs at a controlled rate, 

suitable for prolonged action. 

• Topical Benefits: Emulsions are widely used in 

topical formulations as they hydrate and soothe 

the skin while delivering the active drug.[12] 

Disadvantages: 

• Instability: Emulsions can separate over time, 

necessitating proper stabilization. 

• Shaking Requirement: Emulsions may need to 

be shaken before use to ensure uniformity of the 

formulation. 

• Complex Manufacturing: Preparing a stable 

emulsion requires careful selection of the 

emulsifier and formulation techniques. 

4. Syrups 
Syrups are concentrated aqueous solutions of 

sugar or other sweeteners that contain dissolved 

medicinal substances. They are primarily used 

for oral administration, often in pediatric or 

geriatric patients who have difficulty swallowing 

pills. 

Types of Syrups: 

• Medicated Syrups: Contain active 

pharmaceutical ingredients and are used to treat 

conditions like coughs, colds, or digestive issues. 

• Non-Medicated Syrups: Used as a base for 

other oral formulations, or for preparing 

medicinal syrups. 

• Cough Syrups: Specifically formulated to treat 

cough symptoms, often containing expectorants 

or cough suppressants. 

Advantages of Syrups: 

• Easy Administration: Syrups are easier to 

swallow than tablets or capsules, making them 

ideal for young children and elderly patients. 

• Enhanced Taste: The sweetness of syrups 

masks the unpleasant taste of many medications, 

improving patient compliance. 

• Quick Absorption: Syrups are absorbed faster 

than solid forms due to their liquid nature. 

Disadvantages: 
• High Sugar Content: Syrups often contain 

significant amounts of sugar, which can be 

problematic for diabetic patients. 

• Short Shelf Life: Syrups are prone to microbial 

contamination and require proper sealing and 

preservatives. 

• Viscosity: Syrups can be thick and sticky, which 

may cause difficulty in swallowing for some 

patients.[13] 

5. Elixirs 
Elixirs are clear, sweetened alcoholic or 

hydroalcoholic solutions containing active 

pharmaceutical ingredients. They are primarily 

used for oral administration and are especially 

useful when both alcohol-soluble and water-

soluble compounds need to be dissolved. 

Types of Elixirs: 

• Medicated Elixirs: Contain dissolved drugs and 

are often used for conditions like pain, cough, or 

other therapeutic purposes. 

• Non-Medicated Elixirs: Typically used as 

vehicles for other drug formulations or to mask 

the taste of certain medications. 

Advantages of Elixirs: 
• Versatility in Solubility: Elixirs can dissolve 

both water-soluble and alcohol-soluble 

compounds, providing flexibility for a wide 

range of drugs. 

• Taste Masking: The alcohol and sweeteners 

help mask the bitter taste of many medications, 

improving patient compliance. 

• Longer Shelf Life: Elixirs often have better 

stability than syrups, especially for moisture-

sensitive drugs. 

Disadvantages: 

• Alcohol Content: The presence of alcohol can 

be a concern for certain patients, including 

children, the elderly, and those with alcohol 

sensitivities. 

• Taste Issues: While the alcohol content helps 

mask bitterness, it may still impart an 

undesirable taste to some patients.[14] 

Semi-solid dosage forms are a key category in 

pharmaceutical formulations, utilized for both 

topical and internal applications. These forms 

allow for the delivery of medications directly to 

the site of action, ensuring localized or systemic 

effects. They are more flexible in their uses than 

solid dosage forms and are particularly 
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advantageous when direct contact with a targeted 

area is needed.  

1. Ointments 
Ointments are thick, semi-solid preparations that 

are typically applied to the skin or mucous 

membranes. They are designed to treat skin 

conditions, infections, or localized pain by 

delivering an active pharmaceutical ingredient 

(API) directly to the site of action. Ointments 

can be composed of oil-based or water-

containing bases, with added excipients to 

enhance stability or drug absorption. 

Types of Ointments: 
• Hydrophobic Ointments: Often oil-based (e.g., 

petrolatum or lanolin), these ointments provide 

emollient and protective benefits for the skin. 

• Water-Containing Ointments: These ointments 

are more easily absorbed and are formulated 

with water, which provides hydration. 

• Medicated Ointments: These contain active 

ingredients to treat specific conditions like 

eczema, dermatitis, or fungal infections.[15] 

Advantages: 
• Prolonged Action: Ointments form an occlusive 

barrier on the skin, trapping moisture and 

providing prolonged drug activity at the site. 

• Ideal for Dry Skin: The oily base is beneficial 

for treating dry, cracked, or irritated skin. 

• Local Effects: Delivering medications directly 

to the skin or mucous membranes reduces the 

risk of systemic side effects.[16] 

Disadvantages: 

• Greasy Texture: The greasy feel may be 

uncomfortable for some patients. 

• Difficult to Spread: The thick consistency can 

make application over large areas more 

challenging. 

• Not Ideal for Hairy Areas: Ointments are hard 

to apply to hairy regions like the scalp. 

2. Creams 

Creams are emulsions containing both oil and 

water phases, designed for topical application. 

They are lighter and less greasy than ointments, 

making them suitable for larger areas of skin. 

Creams are widely used for moisturizing, 

soothing, and treating conditions like rashes and 

dry skin. 

Types of Creams: 

• Oil-in-Water Creams: Oil droplets are 

dispersed in water, making these creams less 

greasy and more readily absorbed by the skin. 

• Water-in-Oil Creams: Water droplets are 

dispersed in the oil phase, offering a more 

occlusive, moisturizing effect for dry skin. 

• Medicated Creams: These creams contain 

active ingredients aimed at treating conditions 

such as skin infections or inflammation.[17] 

Advantages: 
• Non-Greasy: Creams are easier to apply and 

feel lighter than ointments. 

• Faster Absorption: Water-based creams absorb 

quickly and leave less residue on the skin. 

• Versatility: Creams can serve multiple 

functions, from moisturizing to delivering 

medications. 

Disadvantages: 
• Frequent Reapplication: Creams may need to 

be reapplied more often due to quicker 

absorption and shorter-lasting effects. 

• Microbial Contamination: Water-based creams 

are more prone to contamination and require 

preservatives for stability.[18] 

3. Gels 

Gels are semi-solid systems with a high water or 

alcohol content, thickened with gelling agents. 

These are used for both topical and vaginal 

applications and are known for their smooth 

texture, quick absorption, and transparency. Gels 

are particularly useful for conditions requiring 

fast absorption and a cooling or soothing effect. 

Types of Gels: 

• Hydrogel: Water-based gels used for wound 

care or drug delivery in various topical 

treatments. 

• Alcohol Gels: Commonly used in applications 

like hand sanitizers, these gels use alcohol as the 

primary solvent. 

• Medicated Gels: Contain active ingredients 

aimed at treating skin conditions like acne or 

inflammation. 

Advantages: 

• Rapid Absorption: Gels are absorbed quickly 

and leave no greasy residue. 

• Aesthetic Appeal: Their transparency makes 

gels especially suitable for facial applications. 

• Cooling Effect: Gels provide a soothing 

sensation, which is helpful for burns or irritated 

skin.[19] 

Disadvantages: 

• Drying Effect: Alcohol-based gels can dry out 

the skin, making them unsuitable for patients 

with sensitive or dry skin. 
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• Irritation Risk: Certain gelling agents may 

cause irritation in some individuals, especially 

those with sensitive skin. 

• Less Protective: Gels do not create as strong a 

barrier as ointments or creams, which can limit 

their effectiveness for certain conditions. 

4. Pastes 
Pastes are similar to ointments but have a higher 

concentration of solid materials, making them 

thicker and more viscous. They are especially 

effective for conditions requiring protective or 

absorptive effects and are commonly used for 

dermatological issues. 

Types of Pastes: 

• Zinc Oxide Paste: Known for its protective 

properties, often used in treating rashes, 

particularly diaper rash. 

• Calamine Paste: Provides relief for itching and 

skin irritation, often used in response to poison 

ivy or insect bites.[20] 

Advantages: 
• Highly Protective: The thicker consistency 

forms a protective barrier on the skin, ideal for 

treating conditions like diaper rash. 

• Absorptive: Pastes can absorb excess moisture, 

which is useful for conditions such as oozing 

wounds. 

• Long-Lasting: Due to their viscosity, pastes 

provide prolonged therapeutic effects, reducing 

the need for frequent reapplication. 

Disadvantages: 
• Difficult to Spread: The thick consistency can 

make it challenging to apply over large areas of 

skin. 

• Greasy Residue: Similar to ointments, pastes 

can leave an undesirable greasy feeling. 

• Hard to Apply to Hairy Areas: The paste’s 

thickness makes it difficult to use on areas with 

significant hair. 

5. Suppositories 

Suppositories are solid or semi-solid dosage 

forms inserted into body cavities such as the 

rectum, vagina, or urethra. They are designed to 

melt, dissolve, or disintegrate to release the drug 

locally or systemically after insertion.[21] 

Types of Suppositories: 

• Rectal Suppositories: Used for local treatment 

(e.g., hemorrhoids) or for systemic absorption 

when oral administration is not feasible. 

• Vaginal Suppositories: Primarily used for 

gynecological treatments such as infections or 

hormone therapy. 

• Urethral Suppositories: Designed for treating 

conditions within the urethra or for systemic 

drug delivery. 

Advantages: 
• Bypass the GI Tract: Suppositories are ideal 

when oral medication is not an option, such as 

for patients experiencing nausea, vomiting, or 

difficulty swallowing. 

• Localized Action: Effective for treating 

conditions in the rectum, vagina, or urethra 

without affecting the entire body. 

• Rapid Absorption: Suppositories can lead to 

quicker absorption and faster onset of action 

compared to oral medications. 

Disadvantages: 

• Invasive Administration: Some patients may 

find the insertion of suppositories uncomfortable 

or unpleasant. 

• Temperature Sensitivity: Suppositories can be 

sensitive to temperature changes and may melt if 

not stored properly. 

• Limited Use: Suppositories are typically used 

for specific conditions, which limits their general 

applicability.[22] 

 

Inhalant dosage forms are essential in modern 

pharmacology, particularly for treating 

respiratory diseases such as asthma, chronic 

obstructive pulmonary disease (COPD), and 

other pulmonary conditions. These dosage forms 

deliver drugs directly to the lungs, allowing for 

rapid absorption and localized drug action, often 

with minimal systemic side effects.  

Types of Inhalant Dosage Forms 
1. Metered Dose Inhalers (MDIs) Metered Dose 

Inhalers (MDIs) are one of the most widely used 

devices for inhaling medication in a controlled, 

aerosolized form. The medication, propellant, 

and excipients are contained in a pressurized 

canister, and the dose is dispensed when the 

canister is activated. 

o Components: The MDI consists of a pressurized 

canister containing the active pharmaceutical 

ingredient (API), a propellant (e.g., 

Hydrofluoroalkane – HFA), and excipients that 

help in the formulation stability. 

o Common Medications: Bronchodilators (e.g., 

albuterol), corticosteroids (e.g., fluticasone), and 



International Journal of Scientific Research and Engineering Development-– Volume 8 Issue 1, Jan-Feb 2025 

              Available at www.ijsred.com                                 

ISSN : 2581-7175                                 ©IJSRED: All Rights are Reserved                                              Page 665 

 

combination therapies (e.g., 

budesonide/formoterol). 

Advantages: 
o Precision and Portability: MDIs are compact 

and easy to use, delivering a precise dose of 

medication with each puff. 

o Rapid Onset: Drugs are delivered directly to the 

lungs, providing fast action, which is especially 

useful in emergency situations like asthma 

attacks. 

o Localized Action: MDIs minimize systemic side 

effects by acting locally on the lungs.[23] 

Disadvantages: 
o Coordination Needed: Effective use requires 

coordination between pressing the inhaler and 

inhaling, which may be challenging for children 

or elderly patients. 

o Device Maintenance: MDIs require regular 

cleaning and priming to ensure proper function 

and accurate dosing. 

2. Dry Powder Inhalers (DPIs) Dry Powder 

Inhalers (DPIs) deliver medication in a dry 

powder form and are breath-actuated, requiring 

the patient to inhale forcefully to disperse the 

powder into the lungs. 

o Components: The formulation consists of the 

active ingredient and excipients like lactose, 

which aid in powder flow and dispersion. 

o Common Medications: Maintenance therapies 

(e.g., inhaled corticosteroids) and 

bronchodilators (e.g., salmeterol, tiotropium). 

Advantages: 

o No Propellant: DPIs do not rely on propellants, 

which may appeal to those concerned about the 

environmental impact. 

o Ease of Use: DPIs generally require less 

coordination than MDIs, as they are activated by 

inhalation.[24] 

o Compact: These devices are lightweight and 

portable, making them convenient for patients. 

Disadvantages: 
o Requires Strong Inhalation: DPIs need a 

strong breath to properly disperse the powder, 

which can be difficult for patients with 

compromised lung function. 

o Less Precise Dosing: DPIs may not provide as 

consistent dosing as MDIs, particularly in 

patients who do not inhale deeply enough.[25] 

3. Nebulizers Nebulizers are devices that convert 

liquid medication into a fine mist or aerosol, 

which is inhaled through a mouthpiece or mask. 

Nebulizers are often used in hospital settings but 

can also be used at home for conditions like 

severe asthma or COPD. 

o Components: Nebulizers use compressed air, 

ultrasonic waves, or a mesh system to convert 

liquid medications into an aerosol. 

o Common Medications: Bronchodilators (e.g., 

albuterol), corticosteroids (e.g., budesonide), and 

antibiotics (e.g., tobramycin). 

Advantages: 

o No Coordination Required: Nebulizers are 

simple to use, requiring no complex inhalation 

techniques, which makes them ideal for infants, 

elderly, or severely ill patients. 

o Continuous Drug Delivery: Nebulizers provide 

a steady stream of medication over a longer 

period, which can be more effective for certain 

drugs. 

o Higher Dose Capabilities: Nebulizers can 

deliver higher doses of medication, which is 

useful for patients who require intense 

treatment.[26] 

Disadvantages: 
o Longer Treatment Time: Nebulizer treatments 

typically take 5-15 minutes, which can be 

inconvenient, especially during acute 

exacerbations. 

o Device Bulk: Nebulizers are bulkier and less 

portable compared to MDIs and DPIs. 

o Maintenance: These devices need regular 

cleaning to prevent contamination and ensure 

proper function. 

4. Soft Mist Inhalers (SMIs) Soft Mist Inhalers 

are newer devices that produce a slow-moving, 

fine mist of medication, making it easier for 

patients to inhale the medication effectively. 

SMIs are breath-actuated, so they do not require 

manual pressing. 

o Components: SMIs use mechanical propellants 

and aerosolization chambers to create a slow-

moving mist. These devices are usually pre-filled 

with medication in a cartridge. 

o Common Medications: Bronchodilators (e.g., 

tiotropium, olodaterol) and combination 

therapies.[27] 

Advantages: 

o Slow-Moving Mist: The slow pace of the mist 

makes it easier for patients to inhale the full 

dose. 
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o Breath-Actuated: SMIs are activated by 

inhalation, reducing the need for manual 

coordination. 

o Environmentally Friendly: Unlike MDIs, SMIs 

do not use environmentally harmful propellants 

like HFA. 

Disadvantages: 
o Cost: SMIs tend to be more expensive than 

MDIs and DPIs, which can limit accessibility. 

o Device Size: While smaller than nebulizers, 

SMIs are still larger than MDIs, requiring careful 

handling.[28] 

Advantages of Inhalant Dosage Forms 
1. Rapid Onset of Action: Because inhalants 

deliver medication directly to the lungs, they 

allow for rapid absorption into the bloodstream, 

resulting in quick therapeutic effects. This is 

particularly beneficial in acute conditions like 

asthma attacks or COPD exacerbations. 

2. Targeted Delivery: Inhaled medications are 

delivered directly to the lungs, ensuring high 

local concentrations of the drug at the site of 

action. This localized delivery helps avoid 

systemic side effects, making inhalants ideal for 

treating respiratory diseases. 

3. Reduced Systemic Side Effects: By targeting 

the lungs, inhalants minimize the potential for 

systemic side effects commonly seen with oral or 

intravenous routes of administration.[29] 

4. Convenient for Chronic Conditions: Inhalers 

offer a non-invasive, convenient method for 

long-term management of chronic respiratory 

diseases like asthma and COPD. Regular use of 

inhaled medications can improve patient 

adherence and disease control. 

Challenges of Inhalant Dosage Forms 

1. Inhalation Technique: Correct inhalation 

technique is critical for effective drug delivery, 

particularly for MDIs and DPIs. Improper 

technique can result in insufficient drug 

deposition in the lungs, reducing therapeutic 

efficacy. This is a common challenge in pediatric 

and geriatric populations or patients with poor 

coordination. 

2. Device-Related Issues: Each inhalation device 

requires careful maintenance and cleaning to 

ensure proper function and prevent 

contamination. Failure to properly care for the 

device may lead to incorrect dosing or device 

malfunction. 

3. Cost: Advanced inhalation devices, such as 

nebulizers and soft mist inhalers, are often more 

expensive than traditional MDIs and DPIs. This 

cost barrier can limit access for patients 

requiring long-term treatment. 

4. Limited Drug Compatibility: Not all 

medications are suitable for inhalation. The drug 

must be able to aerosolize effectively and be 

absorbed by the lungs, which limits the number 

of drugs available in inhalant forms. Formulation 

challenges also exist for certain drug types.[30] 

Parenteral dosage forms are pharmaceutical 

products that are administered via routes other 

than the oral route, such as through injections or 

infusions directly into tissues or the bloodstream. 

These methods bypass the gastrointestinal (GI) 

tract, offering quick and controlled drug 

delivery. Parenteral dosage forms are particularly 

useful for drugs requiring rapid onset, those that 

are poorly absorbed orally, or drugs that cannot 

be taken by mouth. 

1. Types of Parenteral Dosage Forms 

Parenteral drugs are available in various forms 

based on their delivery method and intended use: 

• Injectable Solutions: Sterile liquid preparations 

of drugs administered using a syringe or infusion 

system. Common examples are saline, 

antibiotics, and insulin. 

• Suspensions: These are liquid formulations 

where the drug is dispersed but not dissolved. 

Often used for long-acting medications or drugs 

unstable in solution. 

• Emulsions: A system where oil droplets are 

dispersed in water or vice versa, typically used 

for lipid-based drugs. 

• Lyophilized (Freeze-Dried) Preparations: 

These drugs are initially freeze-dried and require 

reconstitution with a solvent (such as water or 

saline) before administration. Common for 

biologics, proteins, and vaccines. 

• Implants and Infusion Systems: Devices 

designed to release medication gradually, 

typically administered subcutaneously or 

intramuscularly. Examples include hormone 

implants or pain medication infusion pumps. 

• Aerosols: Although less common, some 

medications are designed for inhalation through 

parenteral routes (e.g., inhaled insulin).[31] 

2. Common Administration Routes 
Different parenteral administration routes offer 

varying speeds of action and absorption: 
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• Intravenous (IV): Direct injection into the vein, 

allowing immediate drug delivery into the 

bloodstream. Common for emergency 

medications, anesthesia, and cancer treatments. 

• Intramuscular (IM): Injection into the muscle 

tissue, resulting in slower absorption than IV but 

still rapid onset. Frequently used for vaccines 

and certain antibiotics. 

• Subcutaneous (SC or SubQ): Administered 

into the fatty tissue just beneath the skin, 

allowing slower absorption. Commonly used for 

insulin and biologic therapies. 

• Intradermal (ID): Injection just below the 

skin's surface, mainly used for allergy tests and 

some vaccines. 

• Intra-articular: Direct injection into a joint, 

typically for pain relief and inflammatory 

conditions like arthritis. 

• Intraosseous: Injection into bone marrow, 

typically used in emergency situations when 

intravenous access is not possible. 

3. Key Considerations in Parenteral 

Formulation 
Several factors must be considered in the 

development of parenteral dosage forms: 

• Sterility: Ensuring that the product is free from 

microbial contamination is crucial to prevent 

infections. 

• pH and Osmolarity: The formulation must 

match the pH and osmolarity of body fluids to 

avoid tissue damage or discomfort.[32] 

• Stability: Parenteral formulations must remain 

stable in both their chemical and physical 

properties during their shelf life. 

• Excipients: Stabilizers, preservatives, and 

solubilizers may be added to ensure the drug's 

stability and effectiveness. 

• Viscosity: Some injectable solutions, especially 

biologics, can be viscous, requiring special 

syringes or needles. 

• Compatibility: The formulation must be 

compatible with other medications, especially 

when administered concurrently via the same 

route (e.g., IV infusions). 

4. Advantages of Parenteral Dosage Forms 
Parenteral routes offer several advantages: 

• Rapid Onset of Action: Direct absorption into 

the bloodstream or tissues allows for quick 

therapeutic effects. 

• Precise Control: Parenteral administration 

ensures precise drug dosing, crucial for 

medications with a narrow therapeutic range, 

such as chemotherapy drugs or 

anticoagulants.[33] 

• Bypassing the GI Tract: Useful for drugs that 

are poorly absorbed or degraded by the stomach 

or intestines. 

• Emergency Situations: In critical care, 

parenteral routes allow for the fast delivery of 

life-saving drugs. 

5. Challenges and Considerations 

Despite their benefits, there are some challenges 

associated with parenteral drugs: 

• Patient Comfort: Injections can be 

uncomfortable, especially for long-term or 

frequent treatments such as insulin or biologics. 

• Infection Risk: Due to the risk of contamination 

with needles and syringes, strict sterile 

techniques are necessary. 

• Needle Size and Injection Site: The correct 

needle size and injection site are crucial to 

ensure the medication is delivered safely and 

effectively. 

• Cost: Parenteral formulations tend to be more 

expensive because of their complex 

manufacturing and packaging requirements.[34] 

6. Manufacturing and Packaging 

Considerations 
Manufacturing and packaging parenteral 

products require careful attention to detail: 

• Aseptic Processing: Ensuring the product is 

prepared under sterile conditions is essential for 

patient safety. 

• Packaging: Parenteral drugs are typically 

packaged in vials, ampoules, pre-filled syringes, 

or infusion bags. Packaging must maintain the 

drug's sterility and integrity. 

• Storage: Proper storage conditions, including 

temperature control, are critical to maintaining 

the stability of parenteral products, particularly 

biologics and vaccines. 

7. Regulatory Aspects 
Parenteral drugs are subject to stringent 

regulations to ensure their safety and efficacy: 

• Regulatory Bodies: Parenteral drugs must 

comply with regulatory requirements, such as 

Good Manufacturing Practices (GMP), and 

undergo testing for sterility, endotoxins, and 

other safety measures. 

• Labeling: Clear, accurate labeling is essential 

for correct drug administration, including route, 
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dosage, and any necessary reconstitution 

instructions. 

Transdermal Dosage Forms are a class of 

pharmaceutical products designed for delivering 

drugs through the skin into the bloodstream. This 

method offers a non-invasive route that bypasses 

the digestive system, allowing for the controlled 

and sustained release of the active ingredient 

over an extended period. One of the main 

advantages of transdermal systems is the 

continuous absorption of the drug, which 

enhances patient compliance and reduces the 

need for frequent administration.[35] 

1. Types of Transdermal Dosage Forms 

Transdermal systems are available in several 

forms, each providing unique advantages in 

terms of drug release, application, and 

compatibility with the drug. 

• Transdermal Patches: These are the most 

widely used transdermal systems. They typically 

consist of a drug reservoir or matrix, an adhesive 

layer, and a backing layer to protect the 

formulation and aid drug diffusion through the 

skin. Common examples include nicotine 

patches, fentanyl patches, and hormone patches. 

• Topical Gels and Creams: These formulations 

contain active ingredients dissolved in a gel or 

cream base and are applied to the skin. They 

enhance skin permeability, offering either 

localized or systemic effects. 

• Ointments: Similar to gels and creams, 

ointments are semi-solid preparations with the 

active drug in a greasy base. While less common 

for systemic drug delivery, they are useful for 

targeted topical treatment.[36] 

• Sprays and Liquids: These transdermal systems 

are liquid formulations applied directly to the 

skin. They often require special formulation 

techniques, such as penetration enhancers, to 

improve absorption. 

• Iontophoresis and Electroporation Systems: 
These specialized transdermal delivery systems 

use electrical currents to drive drug molecules 

through the skin, often used for biologics or 

large molecules that are difficult to deliver via 

traditional methods. 

2. Mechanism of Action 
Transdermal drug delivery relies on the drug’s 

ability to penetrate the skin, which acts as a 

barrier to protect the body. To cross the skin, 

drugs need to be either small, lipophilic, or 

utilize enhancers or carriers that facilitate 

penetration.The outermost layer of the skin, 

known as the stratum corneum, serves as the 

main barrier. Transdermal systems are designed 

to overcome this by: 

• Diffusion: The drug moves from a higher 

concentration (in the patch or topical form) to a 

lower concentration (into the bloodstream or 

deeper layers of the skin). 

• Penetration Enhancers: These are chemicals 

added to the formulation that temporarily disrupt 

the stratum corneum, making it easier for the 

drug to penetrate. Examples include ethanol, 

propylene glycol, and surfactants. 

• Occlusion: By creating a closed environment (as 

in the case of patches), moisture is trapped, 

which can increase skin permeability.[37] 

3. Advantages of Transdermal Dosage Forms 

Transdermal systems have several key benefits 

over traditional dosage forms like oral tablets or 

injections: 

• Continuous and Controlled Release: 

Transdermal systems provide sustained drug 

release over time, ensuring a steady 

concentration of the drug in the bloodstream. 

This avoids the peak-and-trough fluctuations that 

can occur with oral medications. 

• Bypassing the GI Tract: Transdermal delivery 

avoids the first-pass metabolism in the liver, 

which can degrade drugs when taken orally. 

• Improved Patient Compliance: Patches that 

last for days or weeks reduce the need for 

frequent doses, improving adherence to 

prescribed regimens. 

• Non-invasive and Pain-Free: Transdermal 

forms are painless and easy to use, offering an 

alternative for patients who prefer not to use 

injections or intravenous medications. 

• Reduced Side Effects: The steady, controlled 

release of the drug reduces the likelihood of side 

effects associated with fluctuating drug levels, 

such as nausea or dizziness.[38] 

4. Challenges of Transdermal Dosage Forms 
While transdermal systems offer significant 

advantages, they also present some challenges: 

• Limited Drug Selection: Not all drugs are 

suitable for transdermal delivery. Drugs that are 

too large, too hydrophilic (water-soluble), or 

unable to penetrate the skin barrier may not be 

effective in transdermal systems. 
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• Skin Sensitivity: Some patients may experience 

skin irritation or allergic reactions to the 

adhesives or other components in the 

formulations. Prolonged use of patches can also 

lead to skin redness or discomfort at the 

application site. 

• Slow Onset of Action: Transdermal systems 

typically provide a slower onset of action 

compared to intravenous or oral formulations, 

which may not be suitable for drugs that require 

a rapid therapeutic effect.[39] 

• Limited Drug Loading Capacity: Patches often 

have a restricted capacity to hold large amounts 

of drug, which may limit the doses that can be 

effectively administered. 

• Application Site Variability: Absorption can 

vary based on where the patch or topical 

formulation is applied. Areas of the skin with 

higher blood flow (e.g., chest) absorb drugs more 

readily than areas with less circulation (e.g., 

legs). 

5. Factors Affecting Transdermal Absorption 

Several factors influence the efficiency of 

transdermal drug delivery: 

• Molecular Size and Lipophilicity: Small, 

lipophilic (fat-soluble) molecules are more likely 

to penetrate the skin barrier, while larger and 

hydrophilic molecules may have difficulty being 

absorbed.[40] 

• Skin Condition: Skin that is hydrated, damaged, 

or inflamed generally enhances drug absorption, 

while dry or thickened skin can impede it. 

• Formulation Components: The use of 

penetration enhancers, the composition of the 

vehicle, and the type of adhesive in patches can 

all impact drug penetration. 

• Temperature and Humidity: Warm, moist skin 

(for example, after a shower) tends to absorb 

drugs more readily than dry, cooler skin. 

• Duration of Contact: The longer the patch or 

topical product remains on the skin, the more 

drug will be absorbed.[41] 

6. Common Transdermal Drug Products 
Transdermal delivery systems are used for 

various medications, including: 

• Hormone Therapy: Estradiol (used for 

menopausal symptoms) and testosterone (used in 

hormone replacement therapy) are commonly 

delivered through transdermal patches. 

• Pain Management: Fentanyl and lidocaine 

patches are used for chronic pain 

management.[42] 

• Nicotine Cessation: Nicotine patches help 

individuals quit smoking by providing a steady 

release of nicotine. 

• Nausea and Motion Sickness: Scopolamine 

patches are used to prevent nausea caused by 

motion sickness or following surgery. 

• Cardiovascular Conditions: Nitroglycerin 

patches are used to treat angina, and clonidine 

patches are used to manage hypertension. 

7. Regulatory and Safety Considerations 
Transdermal dosage forms must meet rigorous 

regulatory requirements to ensure their safety 

and efficacy: 

• Sterility and Stability Testing: While not all 

transdermal formulations are sterile (such as 

topical creams), testing for stability is crucial to 

ensure that the drug remains effective over its 

intended use period. 

• Patch Design and Performance Testing: 

Regulatory bodies require thorough testing to 

assess the drug release profile, skin irritation 

potential, and adhesive properties, ensuring that 

the patch functions effectively without causing 

harm.[43] 

Techniques Involved in Manufacturing 

Dosage Forms 

1. Solid Dosage Forms (Tablets, Capsules) 

a. Tablet Manufacturing Techniques 

• Direct Compression: This method is simple and 

cost-efficient. In direct compression, powdered 

ingredients are pressed directly into tablet form, 

without requiring extra steps such as granulation. 

It's ideal for materials that have good flow 

characteristics and aren’t prone to degradation 

under compression. 

• Wet Granulation: Wet granulation involves 

blending the active pharmaceutical ingredient 

(API) with excipients, followed by adding a 

liquid binder to form granules. These granules 

are then dried before being compressed into 

tablets. This technique is preferred when 

improved flowability, compressibility, and 

uniformity of drug content are required.[44] 

• Dry Granulation (Slugging/Roll Compaction): 
In this method, the powder is compacted into 

large "slugs" or processed using roll compactors 

to form ribbons, which are then reduced to 

granules. Dry granulation is particularly useful 
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for heat-sensitive drugs or when avoiding 

moisture is necessary. 

• Effervescent Tablets: These tablets are 

designed to dissolve in water, releasing carbon 

dioxide and creating a fizzy solution. 

Effervescent tablets are typically made by 

combining acids (like citric acid) with 

bicarbonate salts. 

b. Capsule Manufacturing 

• Soft Gelatin Capsules: Soft gelatin capsules 

encase a liquid or semi-solid form of the drug 

inside a gelatin shell, made from gelatin, 

glycerin, and water. The process includes 

preparing the shell and then filling it with the 

drug. 

• Hard Gelatin Capsules: These capsules consist 

of two parts made of gelatin and are filled with 

either powder or granules. Automatic filling 

machines are used for efficient and precise 

filling of these capsules. 

• Capsule Filling Techniques: Depending on the 

characteristics of the drug, capsules can be filled 

with powders, granules, liquids, or pellets. 

Different techniques are employed to ensure 

proper dosing and stability.[45] 

2. Liquid Dosage Forms (Syrups, Suspensions, 

Injectables) 
a. Liquid Formulation Techniques 

• Mixing & Homogenization: During the 

formulation of syrups or suspensions, mixing 

ensures uniform distribution of ingredients. 

Homogenization is applied to break up particle 

clusters, ensuring smoothness and consistency in 

the final product. 

• Solvent Evaporation (For Concentrated 
Solutions): For highly concentrated solutions, 

solvent evaporation is used. This involves 

careful temperature control to prevent the 

degradation of sensitive substances during the 

process. 

b. Parenteral Manufacturing (Injectables) 

• Aseptic Processing: This critical step involves 

maintaining sterility throughout production to 

prevent contamination of injectable drugs. 

Techniques like sterile filtration, terminal 

sterilization, and aseptic filling ensure that the 

product remains free of microbial 

contamination.[46] 

• Lyophilization (Freeze-Drying): This process 

is applied to injectables that are unstable in their 

liquid form. The drug is first frozen, and then 

moisture is removed under vacuum, preserving 

the structure of the active ingredient while 

creating a stable, dry product. 

3. Semi-Solid Dosage Forms (Creams, 

Ointments, Gels) 
a. Manufacturing Techniques 

• Fusion Method: The fusion method involves 

heating the base ingredients to a liquid state and 

then adding the active ingredients. After 

thorough mixing, the preparation is cooled and 

homogenized to form a consistent semi-solid. 

• Cold Process: For certain gels and semi-solid 

products, a cold process is used where the active 

ingredient is dispersed into a cold base without 

heating.[47] 

• Emulsification: For formulations like creams or 

lotions, emulsification is essential. Here, active 

ingredients are blended into an oil or water base 

with the help of an emulsifying agent to form a 

stable mixture of immiscible phases. 

4. Controlled Release Dosage Forms 
Controlled-release dosage forms are designed to 

release the drug over an extended period, 

improving therapeutic efficacy and enhancing 

patient compliance. Some techniques include: 

• Matrix Systems: The drug is embedded in a 

polymer matrix that controls its release as the 

polymer slowly degrades or swells, providing a 

gradual release. 

• Coating Systems: The drug particles are coated 

with a layer that can either control release over 

time or delay it until the drug reaches a specific 

part of the gastrointestinal tract (enteric 

coatings).[48] 

• Osmotic Pump Systems: These advanced 

systems use osmotic pressure to control the 

release rate of the drug. An osmotic pump 

mechanism ensures a steady and predictable drug 

release. 

5. Coating and Tablet Polishing 

Coating is done not only to enhance the 

appearance of the dosage form but also to protect 

it from environmental factors like moisture or 

light and to control its release profile. 

• Film Coating: Tablets are sprayed with a thin 

polymer film that can serve functional purposes, 

such as extended-release properties, or simply 

improve aesthetics. 

• Sugar Coating: This older method involves 

applying a sugar layer to tablets, which makes 
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them easier to swallow and improves their visual 

appeal. 

• Tablet Polishing: After coating, tablets may 

undergo polishing to provide a glossy finish and 

smooth surface, improving both appearance and 

usability.[49] 

6. Packaging and Labeling 
Once the dosage forms are manufactured, they 

are packaged in suitable containers that preserve 

their stability and protect them from 

contamination. Packaging choices include blister 

packs, bottles, or vials, and for injectable forms, 

the containers must be sterile and tamper-

evident. Labeling is also a crucial step to ensure 

proper usage and compliance. 

Challenges and Quality Control 

Manufacturing dosage forms requires stringent 

quality control procedures to ensure the safety, 

efficacy, and consistency of the products. Key 

aspects of quality control include: 

• Content Uniformity: Ensuring that the active 

ingredient is evenly distributed in each dosage 

unit. 

• Stability Testing: Ensuring the drug maintains 

its effectiveness and safety over time under 

various conditions such as temperature and 

humidity. 

• In Vitro Testing: Especially for controlled-

release products, in vitro dissolution tests are 

conducted to predict the behavior of the drug in 

the body. 

To ensure all regulatory standards are met for 

safety, quality, and efficacy, Good 

Manufacturing Practices (GMP) must be 

followed throughout the manufacturing process. 

Quality control in pharmaceutical manufacturing 

ensures that dosage forms (such as tablets, 

capsules, injectables, and creams) meet 

established specifications for safety, efficacy, 

and consistency. QC involves rigorous testing 

and monitoring at various stages of production 

and packaging to guarantee that the final product 

meets regulatory standards and performs as 

intended.[50] 

1. Raw Material Testing 
Before production starts, all raw materials—such 

as active pharmaceutical ingredients (APIs), 

excipients, and packaging materials—undergo 

comprehensive testing to ensure they are of high 

quality, purity, and suitable for use in 

formulations. 

Key Tests: 
• Identity Testing: Confirming the identity of raw 

materials using methods like infrared (IR) 

spectroscopy, chromatography, or chemical 

reactions. 

• Purity Testing: Ensuring that raw materials are 

free from impurities or contaminants that could 

affect the final product. 

• Assay: Quantifying the concentration of active 

ingredients or excipients to ensure they meet the 

required formulation specifications. 

• Microbial Testing: Testing for microbial 

contamination through sterility testing or 

microbial limit tests. 

• Physical Properties Testing: Measuring 

characteristics like particle size, flowability, 

moisture content, and bulk density to evaluate 

their suitability for the manufacturing 

process.[51] 

2. In-Process Quality Control 

During the manufacturing process, in-process 

QC checks are performed to monitor the 

consistency and quality of the product at 

different stages, from granulation to 

compression. 

Key Aspects: 

• Uniformity of Blend: Ensuring that the active 

ingredient is evenly distributed throughout the 

batch. This is tested by sampling and performing 

uniformity of content checks. 

• Granulation and Blending: Testing the 

consistency of granules formed during wet or dry 

granulation. This includes assessing uniformity, 

moisture levels, and particle size distribution. 

• Tablet Hardness and Friability: Checking the 

mechanical strength of tablets to ensure they 

withstand physical stress. Hardness testers 

measure the force needed to break a tablet, while 

friability tests check for weight loss during 

handling. 

• Weight Variation: Ensuring that the weight of 

individual tablets or capsules falls within an 

acceptable range, based on a sample of the batch. 

• Dissolution Testing: This test is crucial for 

controlled-release or extended-release 

formulations. It assesses how well the active 

ingredient is released in a simulated 

gastrointestinal environment.[52] 

• Content Uniformity: Ensuring the API is evenly 

distributed in each dosage unit, typically checked 
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through content uniformity testing across tablets 

or capsules. 

3. Finished Product Testing 
After manufacturing, finished products undergo 

additional testing to confirm that they meet the 

necessary quality standards before being released 

for distribution. 

Key Tests: 

• Appearance and Visual Inspection: Checking 

for defects such as cracks, discoloration, or 

irregular coatings on tablets and capsules. 

Injectable products are inspected for particulates, 

cloudiness, or discoloration. 

• Potency and Assay Testing: Ensuring that the 

API content matches the labeled strength and 

concentration, typically through methods like 

High-Performance Liquid Chromatography 

(HPLC). 

• Disintegration Test: Testing the time required 

for tablets or capsules to break down into smaller 

particles for absorption. This is particularly 

important for immediate-release 

formulations.[53] 

• Stability Testing: Monitoring how the drug 

degrades over time under various storage 

conditions (e.g., temperature, light, humidity) to 

determine the product’s shelf life. 

• Microbial Testing: Ensuring the product is free 

from harmful microbial contamination, 

especially important for injectable dosage forms. 

Sterility tests are conducted for parenteral 

products. 

• Packaging Integrity Tests: Ensuring that 

packaging protects the product from external 

factors like moisture and air. This involves leak 

testing for blister packs, vials, and bottles. 

4. Packaging and Labeling Control 
Packaging plays a crucial role in maintaining the 

quality of pharmaceutical products. QC ensures 

that packaging materials protect the product and 

that labels contain accurate, compliant 

information. 

Key Aspects: 
• Container Integrity Testing: Ensuring that 

bottles, vials, or blister packs are properly sealed 

and protect the product from contamination. This 

may include vacuum decay testing or dye 

penetration testing.[54] 

• Label Accuracy: Verifying that labels include 

all necessary information, such as drug name, 

strength, batch number, expiration date, storage 

conditions, and dosage instructions. The label 

must also comply with regulatory guidelines. 

• Child-Resistant Packaging: Certain drugs 

require child-resistant packaging, which is tested 

to meet international standards like those set by 

the U.S. Consumer Product Safety Commission. 

• Tamper-Evident Packaging: Ensuring 

packaging includes features that allow users to 

detect if the product has been tampered with, 

such as shrink wraps or induction seals. 

5. Stability Studies 
Stability testing is critical to ensure that a drug 

maintains its quality, strength, and safety 

throughout its shelf life under different storage 

conditions. 

Key Considerations: 

• Accelerated Stability Testing: This involves 

storing products under high temperature and 

humidity to simulate aging and predict shelf life. 

• Real-Time Stability Testing: Testing the 

product under normal storage conditions to 

monitor its stability over its actual shelf life. 

• Stability-Indicating Methods: These methods 

identify degradation products and ensure that the 

API remains chemically stable over time. This 

helps prevent the formation of harmful by-

products.[55] 

6. Validation of Manufacturing Processes 

Validation ensures that manufacturing processes 

consistently produce high-quality products, 

particularly important for sensitive dosage forms 

like injectables and controlled-release 

formulations. 

Key Aspects: 

• Process Validation: Ensuring that the entire 

manufacturing process, from raw material 

handling to final packaging, consistently 

produces products of the required quality. This 

includes Installation Qualification (IQ), 

Operational Qualification (OQ), and 

Performance Qualification (PQ). 

• Cleaning Validation: Ensuring that equipment 

is properly cleaned between batches to prevent 

contamination, particularly for potent or 

hazardous drugs. 

• Method Validation: Analytical testing methods 

(e.g., HPLC, UV spectroscopy) must be 

validated to ensure they produce reliable and 

accurate results. 

7. Regulatory Compliance and 

Documentation 
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Ensuring that all products meet regulatory 

standards set by authorities like the FDA, EMA, 

or WHO is a critical aspect of quality control. 

Key Aspects: 

• Good Manufacturing Practices (GMP): 

Pharmaceutical manufacturers must comply with 

GMP guidelines, which establish the minimum 

standards for facilities, equipment, personnel, 

and processes. 

• Batch Records and Documentation: Detailed 

documentation is required for each 

manufacturing batch, including records for raw 

material sourcing, processing, in-process checks, 

and final product testing.[56] 

• Audit and Inspections: Regulatory agencies 

conduct regular audits to ensure compliance with 

GMP and verify that manufacturing practices are 

up to standard. 

8. Risk Management and Continuous 

Improvement 

Quality control also involves identifying 

potential risks and optimizing processes to 

ensure continuous product quality. 

Key Strategies: 

• Risk Assessment: Techniques like Failure Mode 

and Effect Analysis (FMEA) and Hazard 

Analysis and Critical Control Points (HACCP) 

are used to identify and mitigate risks. 

• Continuous Improvement: Manufacturers 

implement continuous improvement strategies 

using tools like Six Sigma and root cause 

analysis to optimize manufacturing processes 

and reduce defects 

Pharmaceutical dosage forms used in various 

traditional medicine systems: Ayurveda, 

Homeopathy, Siddha, Unani, and Naturopathy. 

These dosage forms reflect the unique principles 

and practices of each system, which often rely on 

natural substances and holistic healing methods. 

1. Ayurvedic Dosage Forms 

Ayurveda, the traditional system of medicine 

from India, uses natural substances like herbs, 

minerals, and animal products. Its dosage forms 

are designed to balance the body’s three doshas 

(Vata, Pitta, and Kapha). 

Common Ayurvedic Dosage Forms: 

• Churna (Powder): A blend of herbs, roots, or 

fruits ground into a fine powder. Churnas are 

typically taken orally, mixed with water, honey, 

or ghee, and may aid digestion or treat various 

imbalances. 

• Vati (Tablets): Tablets made by compressing 

powdered herbs, often combined with binders 

like honey or jaggery. These are taken with 

water for various therapeutic purposes. 

• Kwath (Decoctions): A liquid preparation made 

by boiling herbs in water. After straining, the 

liquid is consumed to address specific health 

concerns. 

• Rasa (Mercurial Preparations): Highly potent 

preparations combining herbs with metals (e.g., 

mercury). These are used under strict supervision 

due to their powerful effects. 

• Asava & Arishta (Fermented Liquids): 

Alcoholic preparations made by fermenting 

herbs or fruits in water. These liquids are 

believed to promote digestion and detoxify the 

body. 

• Ghrita (Ghee-based Formulations): Medicinal 

ghee infused with herbs, used both internally for 

its healing properties and externally for 

applications like skin or joint treatments. 

• Taila (Oils): Infused oils used for therapeutic 

massage, external treatments (e.g., for joint 

pain), or oral consumption for internal healing. 

• Bala (Pastilles/Lozenges): Herbal-based 

chewable or dissolvable tablets, often used for 

throat issues or digestive imbalances.[57] 

2. Homeopathic Dosage Forms 

Homeopathy is based on the concept of "like 

cures like" and uses highly diluted substances to 

stimulate the body’s healing response. These 

substances are usually diluted through a process 

of succussion (vigorous shaking) and are given 

in very small doses. 

Common Homeopathic Dosage Forms: 
• Pills/Globules: Small sugar pellets infused with 

diluted homeopathic remedies. They are placed 

under the tongue and dissolved. 

• Liquid Dilutions (Tinctures): Prepared by 

dissolving substances in alcohol or water and 

then diluting them to extremely low 

concentrations. These are typically taken in 

drops. 

• Tablets: Solid dosage forms, similar to pills, 

made from lactose or sucrose and impregnated 

with diluted homeopathic remedies. 

• Ointments: Creams or topical ointments made 

from homeopathic remedies mixed with a base 

like oils or waxes. These are used for conditions 

like skin irritations. 
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• Powders: Homeopathic medicines may be 

available in powdered form for internal or 

external use. 

• Liquids for External Use: Some homeopathic 

remedies come in liquid form for topical use, 

such as lotions for skin conditions.[58] 

3. Siddha Dosage Forms 
Siddha medicine, practiced predominantly in 

Southern India, focuses on balancing the five 

elements of the body to maintain health. It 

incorporates herbs, minerals, and sometimes 

metals. 

Common Siddha Dosage Forms: 
• Churna (Powder): A finely ground mix of 

herbs, minerals, and sometimes metals, typically 

taken with water or milk. 

• Kashayam (Decoctions): Herbs boiled in water 

to create a concentrated liquid that is filtered and 

consumed for medicinal purposes. 

• Tablets: Solid forms created by compressing 

powdered herbs, sometimes mixed with binders 

like ghee or honey. These tablets are consumed 

with water. 

• Lehyam (Pastes): Pastes made from crushed 

herbs mixed with honey, ghee, or jaggery. 

Lehyams are taken orally and are often used for 

digestive or respiratory issues. 

• Siddha Oils: Infused oils made by combining 

herbs with base oils like sesame. These oils are 

used for therapeutic massage, pain relief, and 

external treatments. 

• Tinctures and Extracts: Concentrated liquid 

extracts of herbs, often used in Siddha medicine, 

similar to Ayurvedic asavas and arishtas. 

• Vitamins and Minerals: In some cases, Siddha 

medicine uses highly refined metals and minerals 

(in a safe, therapeutic form) for certain health 

treatments, similar to Rasa Shastra in 

Ayurveda.[59] 

4. Unani Dosage Forms 

Unani medicine, with roots in ancient Greece 

and the Arab world, is based on the balance of 

bodily fluids (humors). It utilizes a variety of 

plant, animal, and mineral-based substances. 

Common Unani Dosage Forms: 
• Tinctures and Extracts: Herbal extracts made 

by dissolving active compounds in alcohol or 

water. These are commonly used for a wide 

range of health conditions. 

• Tablets and Pills: Compressed herbal, mineral, 

and animal-based powders into solid tablet or 

pill forms for easy consumption. 

• Syrups and Elixirs: Syrups are made by 

dissolving herbal extracts in sugar or honey 

solutions, often used to treat coughs, digestive 

problems, or infections. 

• Powders: Herbal powders that can be mixed 

with water, milk, or honey for oral consumption. 

• Oils and Balms: Infused oils or balms for 

topical treatments, such as joint pain relief or 

skin care. 

• Lotions and Creams: Creams and lotions 

prepared by mixing herbal extracts with a base 

for the treatment of skin conditions. 

• Gels: Similar to creams, gels are used for topical 

treatment of muscle and joint pain. 

5. Naturopathy Dosage Forms 

Naturopathy focuses on using natural remedies 

and lifestyle changes to promote healing. It 

involves plant-based therapies, along with 

practices like fasting and hydrotherapy. 

Common Naturopathic Dosage Forms: 
• Herbal Teas: Made by infusing dried herbs in 

hot water. These teas are used for therapeutic 

purposes, such as aiding digestion, promoting 

relaxation, or detoxifying the body. 

• Tinctures and Extracts: Concentrated herbal 

extracts dissolved in alcohol, vinegar, or 

glycerin. These are usually taken in small doses 

to address various health issues. 

• Capsules: Encapsulated forms of powdered 

herbs, extracts, or essential oils in either gelatin 

or vegetarian capsules for easy ingestion. 

• Oils and Essential Oils: Essential oils are used 

for their therapeutic effects in aromatherapy. 

They may be applied topically, diffused, or taken 

in small amounts. 

• Pastes and Poultices: Made from crushed herbs 

or clay, these are applied directly to the skin to 

treat wounds, inflammation, or other conditions. 

• Compresses: Herbal infusions applied to the 

body (either heated or cooled) for pain relief, 

inflammation, or muscle tension. 

• Suppositories: Although less common, herbal 

suppositories are sometimes used in naturopathy 

to deliver remedies for digestive or reproductive 

health issues.[60] 

Major Pharmaceutical Companies Worldwide 
1. Pfizer Inc. (USA) 
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o Specializations: Vaccines, oncology, 

immunology, cardiology, rare diseases. 

o Notable for its COVID-19 vaccine (Comirnaty) 

developed with BioNTech. 

2. Johnson & Johnson (USA) 

o Specializations: Oncology, immunology, 

neuroscience, cardiovascular diseases, infectious 

diseases. 

o Diversified in pharmaceuticals, medical devices, 

and consumer health. 

3. Roche Holding AG (Switzerland) 

o Specializations: Oncology, immunology, 

virology, diagnostics, personalized healthcare. 

o Leading in biotechnology and diagnostic 

systems. 

4. Novartis AG (Switzerland) 

o Specializations: Oncology, ophthalmology, 

immunology, dermatology, cardiology. 

o Offers innovative medicines, generics, and eye 

care products. 

5. Merck & Co., Inc. (USA) (MSD outside the 

U.S. and Canada) 

o Specializations: Oncology, vaccines, diabetes, 

immunology, infectious diseases. 

6. Sanofi (France) 

o Specializations: Vaccines, diabetes, oncology, 

rare diseases. 

o Focuses on human vaccines and innovative 

treatments for rare conditions. 

7. AbbVie Inc. (USA) 

o Specializations: Immunology, oncology, 

neuroscience, eye care. 

o Known for specialty pharmaceuticals and 

biologics. 

8. GlaxoSmithKline (GSK) (UK) 

o Specializations: Respiratory diseases, vaccines, 

oncology, consumer health products. 

o A global leader in healthcare with strong vaccine 

and respiratory portfolios. 

9. AstraZeneca (UK/Sweden) 

o Specializations: Oncology, respiratory, 

cardiovascular, immunology. 

o Notable for its involvement in the development 

of COVID-19 vaccines. 

10. Eli Lilly and Company (USA) 

o Specializations: Diabetes, oncology, 

immunology, neuroscience. 

o A leader in diabetes treatment and cancer 

therapies. 

11. Bristol-Myers Squibb (USA) 

o Specializations: Oncology, immunology, 

cardiovascular diseases, hematology. 

12. Bayer AG (Germany) 

o Specializations: Oncology, cardiology, 

ophthalmology, women’s health. 

o A diversified life sciences company also active 

in agriculture. 

13. Gilead Sciences (USA) 

o Specializations: HIV, liver diseases, oncology, 

virology. 

o Known for antiviral drugs, particularly in HIV 

and hepatitis treatments. 

14. Takeda Pharmaceutical Company (Japan) 

o Specializations: Oncology, immunology, rare 

diseases, gastrointestinal treatments. 

o Focuses on rare diseases and immunology. 

15. Teva Pharmaceutical Industries (Israel) 

o Specializations: Neurology, oncology, 

respiratory, generic medicines. 

o A global leader in generics and specialty 

medications. 

16. Amgen Inc. (USA) 

o Specializations: Oncology, cardiovascular, 

immunology. 

o Focused on biotechnology and developing novel 

biologic therapies. 

17. Novavax (USA) 

o Specializations: Vaccines, infectious diseases. 

o Known for its COVID-19 vaccine development. 

18. Mylan (now part of Viatris) (USA) 

o Specializations: Generic medicines, over-the-

counter drugs, biosimilars. 

19. Sandoz (part of Novartis) (Switzerland) 

o Specializations: Generics, biosimilars, injectable 

drugs. 

20. Hikma Pharmaceuticals (Jordan) 

o Specializations: Oncology, injectables, generics. 

21. Indivior (UK) 

o Specializations: Addiction treatments, mental 

health, opioid dependence. 

22. Baxter International Inc. (USA) 

o Specializations: Renal care, oncology, 

immunotherapy, surgical care. 

o Focuses on medical devices, pharmaceuticals, 

and biotechnology. 

23. Mallinckrodt Pharmaceuticals (USA) 

o Specializations: Pain management, autoimmune 

disorders, specialty treatments. 

24. Lonza Group (Switzerland) 

o Specializations: Biologics manufacturing, cell 

and gene therapy. 
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25. F. Hoffmann-La Roche AG (Switzerland) 

o Specializations: Diagnostics, oncology, 

immunology, infectious diseases. 

o A leader in biotechnology and personalized 

medicine. 

 

CONCLUSION  
Pharmaceutical dosage forms are essential for 

delivering drugs effectively to the body. Their 

design ensures that medications are administered 

in a way that optimizes therapeutic 

[61]outcomes, safety, and patient adherence. 

These dosage forms come in various types, 

including solid forms like tablets and capsules, 

liquid forms such as syrups and injections, semi-

solid forms like creams and ointments, and 

specialized systems like controlled-release and 

transdermal patches.The development of a 

dosage form is influenced by several factors, 

such as the drug’s chemical characteristics, the 

desired release profile, the chosen route of 

administration, and specific patient factors like 

age or health condition. Selecting the appropriate 

dosage form can improve drug stability, increase 

bioavailability, minimize adverse effects, and 

ensure controlled drug release. 

 

Future Directions for Pharmaceutical Dosage 

Forms: 
The future of pharmaceutical dosage forms looks 

promising, with significant advances and 

emerging trends: 

1. Personalized Medicine: 

Advances in genomics and biotechnology are 

leading to the development of customized dosage 

forms that cater to individual genetic profiles, 

health conditions, and specific therapeutic needs. 

2. Nanotechnology: 

Nanomedicine is revolutionizing drug delivery 

by enabling the precise targeting of drugs to 

specific cells or tissues. This will significantly 

enhance the efficacy of treatments, especially for 

complex diseases like cancer, while minimizing 

side effects. 

3. Smart Drug Delivery Systems: 

The integration of intelligent technologies, such 

as stimulus-responsive drug release systems, will 

allow drugs to be released based on specific 

environmental triggers (like pH or temperature), 

leading to more controlled and effective 

treatment regimens.[62] 

4. Sustained-Release and Long-Acting 
Formulations: 

Continued development in sustained-release 

formulations, including long-acting injectables 

and implantable devices, will help reduce the 

frequency of drug administration, enhancing 

patient convenience and adherence, especially in 

the treatment of chronic conditions. 

5. Biologics and Biosimilars: 

As biologic therapies, including monoclonal 

antibodies and gene therapies, become more 

prevalent, there will be an increasing need for 

specialized dosage forms (e.g., injectables, 

implants) that facilitate the administration of 

large and complex biomolecules. 

6. 3D Printing in Pharmaceutics: 

The emergence of 3D printing technology holds 

great potential in creating patient-specific dosage 

forms. This innovation allows for customized 

drug combinations and tailored release profiles, 

ensuring more effective treatments. 

7. Regenerative Medicine and Drug Delivery: 

The integration of regenerative medicine with 

pharmaceutical dosage forms, such as stem cell 

therapy or tissue engineering, could open new 

possibilities for healing and drug delivery, 

particularly in areas like wound care and organ 

regeneration. 

In  the future  pharmaceutical dosage forms will 

continue to be shaped by advancements in 

technology, biology, and patient-focused 

approaches. These innovations will enhance the 

effectiveness, safety, and convenience of drug 

delivery systems, ultimately leading to improved 

therapeutic outcomes and better overall 

healthcare.[63] 
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