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PHARMACEUTICAL DOSAGE FORMS AND ITS DELIVERY 

INTRODUCTION 

An agent that is used to diagnose, mitigate, treat, cure, or prevent disease in humans  

or other animals is known as a drug. Medicinal products intended for human or veterinary use, 

in their finished dosage form. Formulations designed for topical or local administration or for 

direct administration to the specific region to increase bioavailability and improve patient 

compliance. 

The formulations comprise microparticles or nanoparticles of drug molecules that may 

be formed from the drug alone or in combination with an excipient or polymeric carrier. The 

excipient or polymer may be used to affect the release rate and increase adhesion to the affected 

region. The particular formulation may be applied as a dried powder, liquid suspension or 

dispersion, topical ointment, cream, lotion, foam or suppository. 

Principles for designing dosage form 

Drugs are rarely administered as pure chemical substances, but almost always in the 

form of preparations or medicines. These can vary from relatively simple solutions to complex 

drug delivery systems through the use of appropriate additives or excipients in the 

formulations. The excipients perform diverse and specific pharmaceutical functions such as 

solubilizing, suspending, thickening, preserving, emulsifying, modifying dissolution, and 

improving compatibility and flavor to the dosage form. To maximize the therapeutic effect, 

dosage forms may be designed for administration through various routes. 

The primary objective for designing various dosage forms is to achieve a predictable 

therapeutic response to a drug product contained in a formulation that can be manufactured on 

a large scale with reproducible product quality. 

The following features are required to ensure the quality of the product:  

1. Physical and Chemical stability 

2. Uniformity of dose 

3. Suitable preservation against microbial contamination 

4. Accelerated stability studies 

5. Suitable packaging and labelling 

6. Acceptability to patients  

In addition, dosage forms should be unaffected by variations between patients. 

However, it is still challenging to implement that feature in real life. Recent developments are 

beginning to take notice of this requirement, nevertheless. Among them are medication 

delivery methods that depend on the specific metabolic patterns of particular patients and 

implants that, for instance, trigger a drug delivery mechanism when subjected to sound or 

magnetic fields applied from the outside. 
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Since it is now known that formulation parameters can affect the therapeutic 

effectiveness of pharmaceutical products having an equivalent dose of a pharmacological 

substance, more focus has been placed in recent years on removing variance in bioavailability 

features. 

Types of dosage forms 

 In general, medicines often come in various dosage forms: 

Liquid 

To facilitate administration or improve absorption, the liquid component of the 

medication is mixed with the active ingredient. A mixture, solution, or syrup are additional 

terms for liquids. Today, many common liquid dosage forms can be found without any coloring 

or sugar. 

Tablet 

All of the excipients are mixed with the active ingredient before being compacted into 

a solid round or oval shape. Tablet dosage forms come in various types. In that, it is acceptable 

to dissolve dispersible tablets in water. 

Capsules 

Inside a gelatin shell that breaks down gradually in the GIT exists the medication's 

ingredient that works. Gelatin may be of hard gelatin or soft gelatin. Capsules need to be 

swallowed whole so that the drug in the capsule is not absorbed until gastric acid breaks down 

the gelatin shell.  

Types of other dosage forms: 

Topical dosage forms 

The topical medicines are gel, lotion, creams and ointments, which are applied directly 

on the skin surface. They may be available in tubes or bottles depending on the type of dosage 

forms. 

Suppositories 

 All additional ingredients are mixed with the drug's active component before being 

formed into a bullet shape, in order to fit into the bottom ie., through the rectal or vagina. 

Suppositories shouldn't be swallowed.  

Drops 

These can be used during situations where the treatment needs to contact the affected 

area directly in order to be effective. They tend to treat the nose, ears, or eyes. 
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Inhalers  

The active ingredient of the medication is forced directly into the lungs. To take the 

medication properly in young children, a spacer device could be required because it might be 

challenging to use.  

Injections 

With respect to where and how they are injected, there are different kinds of injection. 

Subcutaneous injections are administered just below the skin's surface. the drugs that are 

Injected into a muscle are intramuscular injections. Injections are administered intrathecally 

into the spinal fluid. Injections into a vein are administered intravenously.  

Patches or implants 

 The drugs, such as nicotine patches help people to quit smoking and are absorbed via 

the skin. Contraceptive implants are also available. 

Buccal or sublingual tablets 

These tablets resemble regular tablets. However, they are not swallowed. Buccal 

medications are retained in the cheek to allow the active ingredients to be absorbed by the 

mouth lining. Sublingual tablets function similarly to oral pills but are stored beneath the 

tongue. Buccal and sublingual pills are meant to be used in very specific conditions. 

 Drug delivery refers to the approaches, formulations, production techniques, storage 

systems, and technologies used to transfer a pharmaceutical molecule to its targeted therapeutic 

site. 

The following are some drug administration systems: 

 • Parenteral drug administration 

 • Pulmonary drug administration 

 • Nasal drug administration 

 • Topical and transdermal drug administration 

 • Ocular drug administration 

 • Rectal and vaginal drug administration 

 • Modified release oral drug administration 

 • Novel drug administration  

 • Systems with magnetic modulation. 
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PARENTERAL DRUG DELIVERY  

According to the USP Parenteral drug delivery systems are defined as "formulations 

intended for parenteral administration via a primary layer of the body, such as primary 

protective skin or additional external boundary tissue, other than the gastrointestinal tract 

(GIT)." 

MICROBUBBLES AS TARGETED DRUG DELIVERY 

The most recent revolutionary methods for non-invasive therapeutic agent delivery are 

effective for molecular biology and gene therapy. In addition to their well-known usage in 

ultrasound diagnostic contrast agents, microbubbles have been found to be a successful method 

for the targeted delivery of medications and genes. Microbubbles have a diameter that is greater 

than a micrometer but less than one-tenth of a millimeter, which is the size of a red blood cell. 

It can fit via the body's capillaries and micro-vessels because of its tiny size. The microbubbles 

are unstable and exhibit a surface tension effect in an aqueous environment. Lipids, proteins, 

and polymers help to stabilize the gas core of microbubbles. 

Microbubbles are made up of a total particle volume that functions as a single chamber. 

By using different shell materials, such as lipid with a thickness of less than 3 nm, protein with 

a thickness of 15-20 nm, and polymer with a thickness of 100-200 nm, the shell of the 

microbubbles is able to separate the encapsulated gas from the surrounding aqueous medium. 

Lipid molecules are bound together by hydrophobic and Vander Waals interactions and protein 

molecules are cross-linked by covalent disulfide bonding to produce bulk-like 

material. Microbubbles are tiny gas bubbles in water that have a diameter of less than 50µ. It 

floats in the water for a considerable amount of time and is largely made of oxygen or air. 

Microbubbles lose their bubbles when the gas inside them dissolves in the water.  

The drug is incorporated into a microbubble by 

(1) binding the drug to the microbubble shell and  

(2) attaching the drug to the specific spot of the ligand.  

High-intensity ultrasound can rupture capillary blood vessels, resulting in the deposit 

of protein and genetic material into the tissue, and ultrasonic rupture of microvessels with a 

diameter of 7µm in ultrasound-mediated microbubbles. Ultrasound creates pores in the shell's 

membrane. A temporary break in the cell membrane caused by an ultrasound microbubble 

results in the fast translocation of plasmid DNA from the outside to the cytoplasm. The use of 

a low-intensity ultrasonic microbubble (0.6 W/cm2) resulted in improved medication delivery.   

Microbubbles are often given intravenously, which is a safer technique than using 

typical techniques such as magnetic resonance imaging and radiography. Microbubbles are 

employed in the medical field as diagnostic aids to scan the various organs of the body and 

they are currently being proposed to be utilized as a gene carrier, as well as for cancer 

treatments.  
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Fig 1. Various shell compositions of microbubbles 

A diameter of 0.5-10µm is used in biomedical applications so that it can pass through the 

capillary of the lung. 

Microbubble's Composition and Physicochemical Properties 

Protein acts as a stabilizer in the development of microbubbles 

Microbubbles are coated with albumin and other proteins. Amphipathic proteins are 

very surface-active in nature. The disulfide bridge between two thiol groups is present in the 

majority of proteins. 

Surfactant acts as a stabilizer in the development of microbubbles 

In the preparation of microbubbles, SPAN-40 and TWEEN-40 have been used as 

stabilizing agents. The SPAN/TWEEN solution was sonicated in the presence of air to produce 

stable microbubbles. 

Lipid acts as a stabilizer in the development of microbubbles 

During ultrasound and sonication procedures, lipid molecules bound together by weak 

physical forces form a microbubble shell with expansion and compression properties but no 

chain entanglement. As a result, lipid-coated microbubbles reduce the effect of resonance and 

reseal around the gas core during the fragmentation process. 

Polymer as a stabilizing factor in microbubble production 

The term "polymer microbubble" usually refers to a type of microbubble that is 

stabilized by a thick shell made up of cross-linked or entangled polymeric species. Polymer 

shells are hardly susceptible to expansion and compression. Polymer microbubbles released a 

gas core during insonification, which was unstable and quickly disintegrated. 

Types of Microbubbles 

1. Perfluorocarbon-filled microbubble: This is stable and may be utilized as a carrier in the 

vascular system as a blood pool. 
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2. Ultrasound microbubble: When applied to the skin, it ruptures for delivering the 

medication. It also has a higher therapeutic index. It is advantageous for medications with 

dangerous and harmful side effects. 

3. Albumin-encapsulated microbubble: This type of microbubble adheres to vessel walls. 

4. Phospholipid-coated microbubble: This type of microbubble has a strong affinity for 

chemotherapy drugs. 

           

 

 

 

 

 

 

 

 

Fig. 2. Perfluorocarbon filled microbubbles 

         Amphipathic lipids stabilize the outer surface. Targeting ligands have been integrated 

into the lipid head groups. The cationic lipid stabilizes the genetic material. According to 

electron microscopy investigations, the DNA is condensed into electron-dense granules within 

the nanoparticle's center. These particles have a diameter of 100-200 nm. Lipid shells have 

various advantages. When the air space is minimized, the hydrophobic acyl chain of the 

phospholipids encounters the phospholipids gas, while the hydrophilic head groups face the 

water. As a result, the monolayer will form around a freshly trained gas bubble. Below the 

phase transition temperature, saturated diacyl phospholipids exhibit relatively low surface 

tension. This is significant because surface tension at the curved interface causes place 

overpressure, forcing the gas core to dissolve.  The lipid monolayer allows the microbubbles to 

stabilize at low tension. Because of the attractive hydrophobic interaction between the tightly 

packed acyl chains and Vander Waals, lipid monolayers are very cohesive and have a solid-

like quality. These effects may be effective because, unlike proteins, the stability of 

microbubbles during sonication is not dependent on the production of superoxide to permit 

disulfide bridging. As a result, as recent advances have demonstrated, lipids are suited for a 

number of production processes other than sonication. 

         In the absence of ultrasound, plasmid transgene expression could be directed to the heart 

with greater precision than viral vectors, and this expression could be modulated through 

repeated treatments if the adenovirus was supplied with microbubbles using the same model. 

Even in the absence of ultrasound, albumin-coated microbubbles greatly increased transgene 

expression in mice skeletal muscle. 
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TRANSDERMAL DRUG DELIVERY SYSTEM 

         Transdermal drug delivery systems (TDDS) allow therapeutic amounts of 

pharmacological substances to pass through the skin and into the general circulation for 

systemic effects. Measurable blood levels of the drug, identifiable excretion of the drug, its 

metabolites in the urine, and clinical response of the patients to the therapy can all be used to 

demonstrate percutaneous drug absorption. The blood concentration needed to determine 

therapeutic efficacy with transdermal drug delivery can be assessed by comparing the patient's 

response to medication blood levels. It is suitable for transdermal drug delivery for the drug to 

move through the skin to the underlying blood supply without building up in the dermal layers. 

Structure of skin  

 Anatomically, human skin comprises of three layers:  

 The epidermis 

 The dermis  

 The subcutaneous fat layer.  

Human skin has numerous hair follicles, sweat glands, and sebaceous glands. 

 

Fig. 3. Structure of skin 

         The epidermis, the skin's outermost layer, is made up of stratified squamous epithelial 

cells. Keratinized, flattened remnants of these constantly dividing epidermal cells aggregate at 

the skin surface as a stratum corneum or horny layer (approximately 10-20µm thick). The horny 

layer is lamellar in structure, with keratinized cells overlaying one another, joined by 

intercellular bridges, and compacted into around 15 layers. The stratum corneum lipid-rich 

intercellular space is made up of lamellar matrices with alternating hydrophilic layers and 

lipophilic bilayers generated during the keratinization process. The stratum corneum is a robust 

but flexible cohesive membrane that is significantly more hygroscopic than other keratinous 
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materials such as hair or nails. The stratum corneum is a physical and chemical barrier that is 

very slightly permeable to water. It slows water loss from underlying tissues and reduces UV 

radiation penetration.  

         The dermis is a gel like structure composed of a fibrous protein matrix immersed in an 

amorphous, colloidal ground substance. The dermis contains blood arteries, lymphatics, and 

nerves. The dermis provides support to and interacts with the epidermis, allowing it to conform 

to underlying muscles and bones. 

        The dermis and epidermis are supported by the subcutaneous fat layer. Collagenous 

fibers from the dermis thread between fat cell accumulations, connecting the superficial skin 

layers to the subcutaneous layer. 

Drugs released from the dosage form to the targeted site 

Release of drug molecule 

Drugs are administered to the skin in liquid and semisolid forms to treat local diseases. 

The polarity of these products varies, and they include ointments, liquid and semisolid 

emulsions (creams), gels, and pastes. Except for paste, all other dosage forms contain a 

dissolved medicine that diffuses into the top layer of the skin from the dosage form. Pastes 

contain significant amounts of undissolved active substance, which is designed to protect the 

skin's surface and is thus not released from the dose form. 

Absorption 

 Most of the absorption of drugs takes place through the stratum corneum 0.1µm broad 

intercellular (paracellular) areas. While the stratum corneum cells have a larger surface area 

than the intercellular space, they are too densely packed with protein to provide a good medium 

for drug transport. By expanding the keratinocytes of the membrane and loosening the lipid 

lamellae between the cells, hydration of the stratum corneum considerably enhances 

medication absorption. Hair follicles, sebaceous glands, and eccrine glands stretch from the 

skin's surface to the subcutaneous tissue as skin appendages. The skin appendages comprise 

approximately 1% of the total skin surface, and their significance in drug transport is 

undetermined, but it appears likely that these structures contribute despite their tiny surface 

area due to their thinner stratum corneum layer. Their function may be limited to transporting 

ions, high molecular weight drugs, and hydrophilic drugs. It is expected that most drugs 

administered topically absorb between 0% and 15% systemically. 

Distribution 

          Drugs with viable epidermis or dermis targets diffuse through the stratum corneum and 

partition into the viable epidermis. Drugs generally travel through the viable epidermis via 

passive diffusion. Organic transporting polypeptide carriers and p-glycoprotein have been 

discovered in normal human keratinocytes. None of the transporters have been thoroughly 

described. Evidence suggests that p-glycoprotein possesses influx transporter activity in the 

skin, which is surprising considering the skin's barrier role. The dermis is made up of structural 

proteins like collagen and elastin that are floating in a watery gel of complex polysaccharides. 
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There are also scattered cells inside the dermal layer, such as fibroblasts, which make collagen 

and elastin, macrophages, and mast cells, which cause allergic and inflammatory reactions in 

sensory neurons. 

The Layer of the skin and drugs 

 Stratum corneum - protectants, emollients, keratolytics, sunscreens 

 Viable epidermis - Antibiotics, antifungals, antivirals, keratoplasty, depigmenting and 

pigmenting agents, retinoids, immunosuppressants 

 Dermis - Corticosteroids, antihistamines, local anesthetics, Immunosuppressants, drugs 

applied for systemic action 

 Skin appendages - Antibiotics, antifungals, anti-proliferative agents, antiperspirants 

SELECTION OF DRUG MOLECULE 

 The following stages must occur for a medicine administered to the skin to produce a 

response at a target in the dermis. The drug must be dissolved in the vehicle and then diffused 

through the skin, partitioning into the stratum corneum, diffusing through the stratum corneum, 

partitioning into the viable epidermis, diffusing through the viable epidermis, partitioning into 

the dermis, diffusing through the dermis. 

TECHNIQUES INVOLVED IN TDDS  
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NASAL DRUG DELIVERY  

          The nasal route is non-invasive, frequently utilized for local treatment, and can also be 

used for systemic therapy because the drug enters the systemic circulation directly. When 

compared to large molecules, the nasal route provides good absorption of tiny compounds, 

which can be enhanced with absorption promoters. Nasal administration of drugs has been 

employed as an alternate route for the systemic availability of pharmaceuticals that are 

normally administered intravenously. This is owing to the vast surface area, permeable 

endothelium membrane, high total blood flow, lack of first-pass metabolism, and ease of 

access. The nasal route is an alternative to parenteral therapy and can potentially be used for 

long-term treatment. 

         Proteins and peptides are excellent choices for intranasal administration of drugs since 

they are active at low dosages and have no minimal oral bioavailability. Nasal medication 

delivery techniques include nasal spray, nasal pumps, gels, microemulsions, suspensions, 

powders, and thermos-reversible mucoadhesive gels. 

        

Fig.4. Structure of nose 

Influencing Factors in Nasal Drug Absorption 

         Several factors influence the systemic bioavailability of medicines delivered via the nasal 

route. The parameters can have an impact on the physiochemical properties of the medications, 

the anatomical and physiological qualities of the nasal cavity, as well as the nature and 

characteristics of the selected nasal drug delivery system. The following are the factors that 

influence nasal medication absorption. 

1) Physiochemical properties of the drug 

 Molecular size  

 Lipophilic-hydrophilic balance 

 Enzymatic degradation in the nasal cavity 
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2) Nasal Effect  

Membrane permeability  

Environmental pH   

Mucociliary clearance  

Cold, rhinitis 

3) Delivery Effect  

Formulation (Concentration, pH, osmolarity)  

Delivery effects  

Drug distribution and deposition 

Viscosity29 

The mechanism involved in Nasal Absorption  

         The first step in absorption involves drugs absorbed from the nasal cavity to pass through 

the mucus layer. Mucin is the main protein in mucus; it has a tendency to attach to solutes, 

preventing diffusion. Furthermore, environmental changes (such as pH and temperature) can 

cause structural changes in the mucus layer. Many absorption methods have been identified 

previously, but only two have been widely used, such as: 

A) The first mechanism involves an aqueous transport route, also known as the 

paracellular route, but it is slow and inactive. Intranasal absorption and the molecular 

weight of water-soluble substances have an inverse log-log connection. Drugs with 

molecular weights larger than 1000 Daltons have low bioavailability. 

B) The second method, commonly known as the transcellular process, involves transport 

through a lipoidal channel. It is in charge of transporting lipophilic drugs that have a 

high dependency rate due to their lipophilicity. Drugs can also cross cell membranes by 

active transport via carrier-mediated processes or via tight junction opening. 

 

 

Fig.5. Mechanism of nasal absorption 

Formulation (Concentration, pH, Osmolarity) 

       The pH of the formulation and the nasal surface can both influence medication penetration. 

Because lysozyme can be found in nasal secretions and is responsible for eliminating some 

bacteria at acidic pH, the pH of the nasal formulation should be adjusted to 4.5-6.5 to avoid 

nose irritation. Lysozyme is inactivated in alkaline conditions, making the tissue susceptible to 
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microbial infection. In addition to minimizing difficulty, it results in efficient drug permeability 

and the prevention of bacterial growth.  

         Because of nasal mucosal damage, the concentration gradient plays an important part in 

drug absorption/permeation via the nasal membrane. In nasal perfusion examinations, nasal 

absorption of L-Tyrosine was demonstrated to increase with drug concentration. Another 

finding is that salicylic acid absorption decreases with concentration. This reduction is most 

likely related to persistent nasal mucosa damage. 

         The osmolarity of the dosage form influences nasal absorption; this was examined in rats 

using a model drug. The formulation's sodium chloride content influences nasal absorption. 

The highest absorption was attained with a concentration of 0.462 M sodium chloride; greater 

concentrations not only increase bioavailability but also cause damage to the nasal epithelium. 

Methods for Improving Nasal Absorption  

Various options for improving medication bioavailability in the nasal mucosa include: 

 Improving nasal residence duration  

 Increasing nasal absorption 

 Modifying drug structure to change physicochemical qualities. 

1. Inhibitors of nasal enzymes  

         Drug metabolism in the nose can be avoided by employing enzyme inhibitors. Enzyme 

inhibitors such as peptidases and proteases are commonly used in the creation of proteins and 

peptide molecules.32 Absorption enhancers such as salts and fusidic acid derivatives also block 

enzymes, increasing the absorption of drugs and bioavailability. 

2. Permeation enhancers  

          Permeation enhancers are primarily used to improve the absorption of active drugs. In 

general, absorption enhancers work by one of the following mechanisms: 

 Reduce mucus viscosity or elasticity;  

 Inhibit enzyme activity;  

 Reduce mucociliary clearance;  

 Release tight joints;  

 Solubilize or stabilize the medication. 

Nasal Drug Delivery System Dosage Forms 

A. Liquid Nasal Formulations 

 Instillation and shingle catheter 

 Compressed air nebulizers 

 Squeezed bottle 

 Metered-dose pump spray 

B. Powder Dosage Forms 

 Insufflators 
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 Dry powder inhaler: 

 Pressurized metered dose inhalers 

 Nasal Gels 

OCULAR DRUG DELIVERY SYSTEM 

It is the administration of medications to the eyes. Ophthalmic preparations are those 

that are used to treat illnesses of the eyes. Ophthalmic preparations, such as solutions, 

suspensions, and ointments, can be administered topically to the cornea or infused in the area 

between the eyeball and lower eyelid (the cul-de-sac or lower lid conjunctival sac). 

When drops of an aqueous solution are applied to the cornea, through which the drug 

must pass to reach the interior of the eye, the solution is immediately diluted with tears and 

washes away quickly through the lachrymal apparatus. 

As a result, eye drops do not stay in touch with the eye for long and must be supplied 

at regular intervals. Suspensions have the advantage of prolonged contact time in the eye, but 

they also have the disadvantage of irritability due to the particle size of the suspended medicine. 

ANATOMY OF EYE 

                               

Fig.6. Anatomy of eye and drug administration 

          Ocular medications can be administered through a variety of administration locations 

within the eyes. The anterior part of the eye can be delivered via topical and subconjunctival 

methods, or it can be injected intracamerally. Posterior segment delivery can be accomplished 

topically, systemically, and periocularly (i.e., through the subtenon), as well as intraocularly 

(i.e., intravitreal). The success of therapeutic drug distribution is determined by the delivery 

site, the tissue barrier, and the type of pharmacological agent used.   
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OCULAR DOSAGE FORMS:   

 

Nano micelles, microneedles, nanosuspensions, liposomes, microcatheters, intravitreal 

implants, solid corticosteroid implants, and encapsulated hydrogel delivery systems are some 

more novel ocular drug delivery methods. 

Physiological ocular barriers  

 

Routes for ocular drug delivery: 

          Topical administration is the most frequent method for ocular medication delivery, 

which comprises more than 95% of marketed ocular drugs. It is the non-invasive route, 

however, due to limited corneal penetration and a short residence duration, it has a low 
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bioavailability (<5%). Furthermore, tear drainage, blinking, and entering the systemic 

circulation via the nasolacrimal pathway limit bioavailability. 

Intracameral Injections 

        Antibiotics are administered directly into the anterior region of the eyeball or the vitreous 

cavity during intracameral injections. The use of intracameral injection for the treatment of 

glaucoma with hydrogel functionalized with vinyl sulfone and thiol groups was recently 

published.  

Intravitreal injections/Implants 

          Intravitreal injection is a method of delivering medicine into the vitreous, which is 

located near the retina at the back of the eye. A new technique for the treatment of glaucoma 

includes a single intravitreal injection of vitamin E/poly-lactic-co-glycolic acid microspheres 

containing glial cell line-derived neurotrophic factor, which has a 6-month release. After 

intravitreal injection of polymer-free dexamethasone dimer implants, similar effects were 

found. Intravitreal injection of a bio-degradable Rho kinase and protein kinase inhibitor for 

diabetic macular edema and neovascular age-related macular degeneration resulted in a 6-

month release.    

Juxtascleral injections 

          Juxtascleral injections are used to treat some posterior-part symptoms that cannot be 

treated with topical medications. It is used to treat cystoid macula edema, trauma, and diabetes 

complications. Juxtascleral injections of anecortave cortisone exhibited extended release in the 

choroid and retina for 6 months in a new approach to AMD treatment. Adeno-associated virus-

carrying trans-scleral microneedles for retinal gene therapy have been developed. 

Retrobulbar Injection 

          A needle is inserted through the eyelid and orbital fascia to deliver medication behind 

the globe into the retrobulbar space through the retrobulbar route. Amphotericin B retrobulbar 

injection outperformed intravenous injection in terms of antifungal effectiveness. A retrobulbar 

injection of chlorpromazine is used to treat uncomfortable blind eyes. To treat macular edema 

caused by retinal vein occlusion, a retrobulbar injection of triamcinolone is used. 

Sub-conjunctival injection 

          In cases of very low drug penetration into the anterior region of the eye after topical 

delivery, sub-conjunctival infection is routinely employed. Sub-conjunctival infection of 

human mesenchymal stromal cells in mice with graft versus host disease resulted in a 

significant reduction in corneal inflammation and squamous metaplasia. 

Irrigating solution 

          They are aseptically prepared solutions that do not contain preservatives. Surgeons use 

them as balanced salt to eliminate blood and cellular waste while maintaining the proper 

hydration volume of the eyes. For example, using ketorolac (0.3%w/v) and phenylephrine 

(1%w/v) in irrigation solutions can reduce cataract surgery duration and reduce pupil meiosis. 
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Iontophoresis  

          Iontophoresis is a method of delivering drugs into the posterior portion of the eye.  The 

technique makes use of a voltage gradient. The incorporation of micro-needle-based devices in 

novel systems increased the amount of formula delivered to the back of the eye when compared 

to suprachoroidal injection. The combination of iontophoretic administration and contact lens 

results in a duration that is 550-1300 times shorter than drug uptake into choroidal capillaries. 

Acyclovir prodrug permeability and bioavailability were increased by short-duration 

iontophoresis. Dexamethasone phosphate ocular iontophoresis was found to be more effective 

in treating non-infectious anterior uveitis. 

Characterization of Nanocarriers 
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VAGINAL ADMINISTRATION, INTRAUTERINE AND RECTAL METHODS OF 

DRUG DELIVERY SYSTEMS 

 Many therapies depend on the rectal route to achieve either local or systemic effects. 

Local action: 

 For the relief of localized discomfort and itching. Mostly because of the presence of 

hemorrhoids. Astringents, antiseptics, local anesthetics, vasoconstrictors, anti-inflammatory 

compounds, soothing and protecting agents, and some laxatives are all examples of locally 

active medications. 

Systemic action 

 Despite the limits noted above, all medications that are orally administered can be 

supplied through the route, and many are. Rectal administration is used for antiasthmatic, anti-

inflammatory, and analgesic drugs. Rectal preparations can also be used to make diagnostics. 

 Passive diffusion is the primary mode of absorption of drugs from the rectum. Because 

of inter-individual differences and rectum venous drainage. The bioavailability of medicines 

after rectal delivery is highly variable. Because of the tiny surface area of oral absorption, the 

rate and extent of drug absorption are often decreased. 

Advantages and limitations of rectal administration 

Advantages  

 Safe and painless means of administration and removal of the dosage form are 

usually possible 

 Drugs liable to degradation in the gastrointestinal tract can be administered 

 Hepatic first-pass elimination of high-clearance drug is partially avoided 

 Small and large doses can be administered 

 The duration of drug action can be controlled by using a suitable formulation 

 Drugs can be administered rectally in long-term care of elderly and terminally 

ill patients 

 It is a useful way to administer medication to children unwilling or unable to 

tolerate the drug orally. 

 Administration of rectal suppositories, tablets, or capsules is a simple procedure 

that can be undertaken by the patient and/or unskilled health care personnel. 

 It is useful for patients who are nauseous or vomiting 

Limitations 

 The patient's acceptability and compliance is poor. Especially for long–term 

therapy 

 Upward movement of the dosage form from the local site can increase first-pass 

metabolism 

 Suppositories can leak 

 Insertion of suppositories may be problematic 
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 Generally, drug absorption from suppositories is slow compared to oral or 

intravenous administration 

Vaginal delivery system 

 It is used for estrogen replacement therapy, which carries the risk of endometrial cancer 

when used alone. This danger is traditionally mitigated by progesterone medication for 14 to 

30 days, although it is associated with low oral bioavailability, lack of effectiveness, and high 

levels of metabolites. As a result, progesterone tablets, suppositories, and gel for vaginal 

administration have been developed. Vaginal delivery results in higher and sustained plasma 

levels, as well as a lower number of metabolites. Various vaginal estrogen and progesterone 

formulations are now available for use as contraception, hormone replacement therapy, and the 

in-vivo fertilization process. 

                         

Fig.7. Drug delivery through vaginal cavity 

Physiological factors affecting absorption from the rectum 

 Quantity of fluid available 

 Properties of rectal mucus 

 Contents of the rectum 

 Motility of the rectal wall 

Rectal and vaginal preparations 

Rectal capsules 

 Rectal capsules (shell suppositories) are solid, single-dose preparations that resemble 

capsules in many ways. They feature an oval elongated shape with a smooth exterior that can 

be lubricated. Systemic capsules are often filled with a solution or suspension of the drugs in 

vegetable oil or liquid paraffin. There is minimal experience with this dose form, however there 

seems to be no significant variations in bioavailability between rectal capsules and fatty 

suppositories. 
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Rectal tablets 

 Due to the limited amount of water in the rectum, tablets are not excellent dosage forms 

since they cannot dissolve quickly. Rectal pills that release CO2 after insertion can be used to 

induce defecation. 

Suppositories  

 As previously stated, suppositories are solid dosage forms that are designed to be 

inserted into bodily orifices where they melt, soften, or dissolve in order to deliver localized or 

systemic drug administration.  

                                                      

Fig.8. Suppositories 

 The suppository base melts, softens, or dissolves after being placed, delivering the 

drugs within it to the tissues of the region. Suppositories are ideal because of their safety, 

adaptability for long-term systemic and local medication delivery, and ease of administration. 

Progesterone and estrogen vaginal suppositories are commercially available. 

Vaginal rings 

 As steroidal contraceptives, vaginal rings containing different progesterone and 

estrogens are available. A drug reservoir is enclosed by a polymeric membrane in these rings. 

These are adaptable drug delivery devices that can be put into the vagina where the medicine 

is gently released and absorbed into the bloodstream. The most frequent is a silastic toroidal-

shaped ring about 21/4'' in diameter and the size of a diaphragm, designed for insertion into the 

vagina and placement around the cervix for around 21 days. 

                                                   

Fig.9. Vaginal ring 

 The device releases levonorgestrel (progesterone alone) at a concentration of 20µg/day 

in an almost zero-order release. These rings are simple to use and have the benefits of 

reversibility, self-insertion and removal, continuous drug administration at an effective dose 



21 
 

level, and improved patient compliance. This device, however, was linked to irregular bleeding. 

Another vaginal silastic silicone ring (Estring) was introduced in the United States in 1997 to 

treat postmenopausal women with urogenital aging symptoms. The ring produces a consistent 

release of estradiol (6.5-9.5 g/day) over a 3-month period and outperforms estradiol-containing 

pessaries and lotions. 

Vaginal inserts 

 Prostaglandins are delivered by means of vaginal implants. Prostaglandin E2 (PGE2) 

is a hormone that is used to prepare the cervix for induction of labor and second-trimester 

abortion. Prostaglandins have advantages such as a faster commencement of labor, a lower 

demand for oxytocin, and a shorter time for vaginal and cesarean delivery. These implants are 

made of polymeric hydrogel material, which absorbs fluid and swells without losing its 

physical form. Incorporated medicine is released in a regulated manner as it grows. A Dacron 

polyester net with a long ribbon end surrounds the insert as part of the retrieval mechanism. 

Another example is the Hycore-V, a hydrogel pessary designed to administer medication 

locally through the vagina, and the Hycore-R, a device used to administer medication 

continuously through the rectal cavity. When compared to oral administration, misoprostol (a 

prostaglandin E1 analog used to end second-trimester pregnancies) had three times better 

bioavailability when administered vaginally at a dose of 100 to 200 g every 12 hours. 

INTRAUTERINE DEVICE 

 A standard intrauterine device (IUD) is designed like a T and carries a drug, typically 

progesterone, in its vertical arm. It is a small plastic device that is inserted into the uterine 

cavity for prolonged intrauterine drug delivery and is typically used for contraception. Sperm 

cannot penetrate the thickened cervical mucus as a result of the progesterone release. 

Additionally, the uterine lining is altered, making it impossible for a fertilized egg to implant. 

The cervix is used to insert the IUD, which is then placed within the uterus. The IUD is 

frequently checked using a thin string that hangs down into the top section of the vagina. An 

embedded IUD may be indicated by a string that is shorter than usual. 

                        

Fig.10. Intrauterine device 
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Quality control of vaginal and rectal dosage forms 

 A variety of in-vitro and in-vivo tests are used to evaluate the quality, safety, and 

effectiveness of rectal and vaginal dosage forms. Organoleptic evaluation (color, odor, shape, 

and surface), release properties, melting and solubility, stability, pH, viscosity, spreading, bio-

adhesion, and mechanical strength are a few of these. Some of these are carried out during the 

development stage, while others are pharmacopoeial requirements. 

The following properties should be controlled 

 Appearance 

 Weight  

 Disintegration 

 Melting (dissolution) behaviour 

 Mechanical strength 

 Content of active ingredient 

 Drug release 
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