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PARENTERAL PRODUCTS 

INTRODUCTION 

Parenteral (Gk, para enteron, beside the intestine) dosage forms differ from all other drug dosage 

forms because they are injected directly into body tissue through the primary protective system of 

the human body, the skin, and mucous membranes. They must be exceptionally pure and free 

from physical, chemical, and biological contaminants. These requirements place a heavy 

responsibility on the pharmaceutical industry to practice current good manufacturing practices 

(cGMPs) in the manufacture of parenteral dosage forms and upon pharmacists and other health 

care professionals to practice good aseptic practices (GAPs) in dispensing them for administration 

to patients. Certain pharmaceutical agents, particularly peptides, proteins, and many 

chemotherapeutic agents, can only be given parenterally because they are inactivated in the 

gastrointestinal tract when given by mouth. Parenterally administered drugs are relatively 

unstable and generally high potent drugs that require strict control of their administration to the 

patient. Because of the advent of biotechnology, parenteral products have grown in number and 

usage around the world. 

Advantages  

 They also have essentially 100% bioavailability, and can be used for drugs that are poorly 

absorbed or ineffective when given orally.   

 Some medications, such as certain antipsychotics, can be administered as long-acting 

intramuscular injections.  

 IV infusions can be used to deliver continuous medication or fluids. 

 Other advantages include possibility of accurate dosing, minimized first pass effect and can be 

administered to unconscious patients, infants, elderly persons and patients who cannot take oral 

medications. 

Disadvantages  

 Injections include potential pain or discomfort for the patient, and the requirement of trained staff 

using aseptic techniques for administration.  

 As the drug is delivered to the site of action rapidly with IV injection, there is a risk of overdose if 

the dose has been calculated incorrectly, and there is an increased risk of side effects if the drug is 

administered too rapidly.  

 Similarly drug when administered through wrong route may produce fatal effect and withdrawal 
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of administered drug is not possible in parenteral route. 

Characteristics of parenteral dosage forms 

Parenteral products are unique from any other type of pharmaceuticaldosage forms for the 

following reasons: 

 All products must be sterile. 

 All products must be free from pyrogenic (endotoxin) contamination. 

 Injectable solutions must be free from visible particulate matter. 

 This includes reconstituted sterile powders. 

 Products should be isotonic although strictness of isotonicity depends on the route of 

administration. Products to be administered into the cerebro spinal fluid must be isotonic. 

Ophthalmic products, while not parenteral, also must be isotonic. Products to be administered by 

bolus injection by routes other than intravenous (IV) essentially should be isotonic or at least very 

close to isotonicity. IV infusions must be isotonic.  

 All products must be stable not only chemically and physically likeall other dosage forms, but 

also “stable” microbiologically, i.e., sterility, freedom from pyrogenic and visible particulate 

contamination must be maintained throughout the shelf life of the product. 

 Products must be compatible (if applicable) with IV diluents, delivery systems, and other drug 

products co-administered. 

 

Routes of parenteral administration 

Parenteral routes of administration mainly include three primary routes which are commonly 

employed: intramuscular, subcutaneous and intravenous. To a large extent these three routes 

satisfy the four main reasons for administering parenterals like, for therapy, for prevention, for 

diagnosis and for temporarily altering tissue function(s) in order to facilitate other forms of 

therapy. Under special circumstances, other routes are also employed for parenteral 

administration. 

Intravenous route  

Intravenous route of administration is the route of administration in which injections or infusions 

are administered directly into the vein. It is one of the most common parenteral routes employed 

in hospitals today for the purpose of administration of drugs, fluids and/or electrolytes. It is 

convenient for rapidly infusing large volume of fluids. The most commonindications for use of 

this route are: 
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 To guarantee distribution and delivery when hypotension or shock exists. 

 To achieve an immediate pharmacological response, especially in emergencies. 

 To restore rapidly fluid and electrolyte balance. 

 To avoid complications which might occur by administration through other routes. 

 To treat serious, life-threatening infections or conditions. 

 To provide continuous nutrition when patients are unable to be fed by mouth. 

There are chances of large number of complications occur using the intravenous routes. They are: 

 Chances of thrombosis with or without complicating infection at the site of injection orinfusion. 

 Injection of toxins, microorganisms, particulate matter, or air. 

 The occurrence of physical or chemical incompatibilities between agents prior to or at the time of 

injection. 

 Uncontrolled or excessive administration of fluids or drugs. 

 Extravasation of injections or infusions at the site of administration. 

Intramuscular route 

Intramuscular route of administration is the route of administration in which injections are 

injected directly into the body through a relaxed muscle. It is the most convenient route available 

for both the administrator and for the patient, especially for children. This route provides a means 

of sustained release of drugs formulated as aqueous or oily solutions or suspensions. This route is 

preferable when compared to subcutaneous routes when a rapid rate of absorption is required and 

over the intravenous route when the drug cannot be administered directly into the vascular 

compartment. Although this is an easy route of administration, precautions are taken to avoid the 

entry of injections to blood vessels, especially an artery, which might lead to an infusion of a 

toxic agent or toxic vehicle directly to an organ or tissue.  

Intradermal route 

Intradermal route is also known as intracutaneous route. The administration is called intradermal 

when the injection is given into the dermis which is located just beneath and adjacent to the 

epidermis. Various diagnostic agents, vaccines and antigens are administered through this route. 

The volume of injection administered through this route does not exceed 0.1ml. Absorption by 

intradermal route is very low. 

Intra-articular route 

The route through which infusion or injection is given into the synovial sacs of different 

accessible joints is known as intra-articular route. Corticosteroids, lidocaine and antibiotics are 
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mostly administered through this route for infections, inflammations, pain or other problems 

resulting from inflammatory diseases. Certain agents are administered in a single injection 

whereas some other agents like certain antibiotics are given via continuous infusion and bathing 

of the joint. But, there are chances of iatrogenic infection following this route of administration. 

The consequence of such injection may lead to destruction of joints. 

Subcutaneous route 

It is the route through which injection is given into the loose connective and adipose tissue 

beneath the dermis. Subcutaneous route is mainly preferred if the drug cannot be administered 

orally due to various reasons like inactivation of the drug by the GIT or lack of absorption or if 

the patient is unable to ingest medication(s) by mouth or if self-medication of parenterals is 

desired. Compared to the oral route, drug is more predictably and rapidly absorbed by this route 

but when compared with intramuscular route absorption and predictability is less for 

subcutaneous route. Subcutaneously administered medications are insulin, vaccines, narcotics etc. 

Hypodermoclysis is a special form of subcutaneous administration, namely, the infusion of large 

amounts of fluid into the subcutaneous tissues when intravenous sites are not available. 

Medications, highly acidic or alkaline, causing irritation, pain, inflammation and/or necrosis of 

tissues cannot be administered by subcutaneous route. 

Intraperitoneal route 

The route of administration in which the injection or infusion is given directly into the peritoneal 

cavity via a needle or in dwelling catheter or directly into an abdominal organ, such as the kidney, 

liver or bladder is known as intraperitoneal route. This route is mostly employed to treat local or 

wide spread intra-abdominal disease due to tumor or injection; to dialyze and remove different 

toxic substances from the body when various renal failur esprohibits removal; and to determine 

the potency, as well as the structure of various vascular or collecting systems. There are chances 

of infection and hemorrhage complications followed by intraperitoneal route of administration.  

Intra-arterial route 

Injection or infusion given into an artery which leads directly to the target organ is known as 

intra-arterial route of administration. This route is employed generally for the purpose of injecting 

radiopaque substances for roentgen graphic studies of the vascular supply of various organs or 

tissues. This route is generally used for organ specific chemotherapy. This route is found to be 

extremely hazardous; because products administered intra-arterially are not sufficiently diluted 

nor are they filtered by lungs, kidney or liver before contact with the peripheral tissue(s), vital 
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organs nourished by the artery. 

Intracardiac route 

Injections given directly into the chambers of heart is called intracardiac route of administration. 

When better routes of delivery are required this route is preferred. Under unusual circumstances 

and during certain emergency conditions, such as cardiac arrest, in which the drugs have to reach 

the myocardium rapidly, intracardiac injections may be used. Precautions should be taken to 

prevent heart muscle, coronary arteries, or conducting systems from damaging by the trauma of 

an injecting needle or by the drug injected. There are chances of hemorrhage into the myocardium 

or pericardium by this route. 

Intracisternal route 

Injections when given directly into the cisternal space surrounding the base of the brain is called 

intracisternal route of administration. This route is mainly used for diagnostic purpose. It is 

mostly used in case of elevated intracranial pressures and the risk of herniation of the brain exists, 

if fluid is removed from the lumbar sac. 

Intralesional route 

Injection given directly into or around a lesion, usually located in or on the skin or soft tissues, to 

achieve a therapeutic effect. This is effective in case of a potential local effect. It is useful in 

neutralizing various toxins, like tetanus. A similar therapeutic usefulness has been assured for 

rabies, with direct injections of antisera into and around the site of the bite. 

Intraocular route 

Injections given directly into the eye cavity are known as intraocular route of administration. Four 

types of intraocular injections are utilized. 

 Anterior chamber: Injections given directly into the anterior chamber of the eye. 

 Intravitreal: Injection given directly into the vitreous chamber of the eye. 

 Retrobulbar: Injection around the posterior segment of the globe. 

 Subconjunctival: Injection given beneath the conjunctive, so that the medication diffuses 

through the limbus and sclera into the eye. 

 

Intrapleural route 

Injection given into the pleural cavity is called as intrapleural route. If dwelling chest tube sare 

inserted surgically, this route may be used for irrigation purposes or for repeated injections of 

drugs. At certain conditions, if infections or malignancies involving the pleural cavity, 
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particularly if the disease process is impairing respiratory function, are treated by this route. 

Intrathecal route 

Injection or infusion given directly into the lumbar sac located at the caudal end of the spinal 

cord. This route is mostly used for the purpose of diagnostic than for the therapeutic purpose. The 

treatment frequently comprises of injecting or infusing a suitable chemotherapeutic agent into the 

lumbar sac and depending on the weight of the substance injected, tilting the patient to encourage 

distribution over the hemispheres.  

Intrauterine route 

Injection or infusion given through a needle inserted percutaneously into the pregnant uterus.It 

can also be used for delivering calcitonin and insulin. Usually after the sixteenth week of 

pregnancy, injections or infusions of certain substances like 20% saline, prostaglandin to induce 

labor in medical abortions or to deliver a still born fetus. 

Intraventricular route 

Injection or infusion given directly into the lateral ventricles of the brain is called intraventricular 

route of administration. This route is mostly used in cases of infections or malignancies involving 

the membranes and the cerebrospinal fluid surrounding the central nervous system. 

 

PREFORMULATION FACTORS AFFECTING PARENTERAL MEDICATIONS 

Preformulation is the study of physical and chemical properties of drug prior to formulation. The 

preformulation research is related to analytical and pharmaceutical investigations that both 

precede and support formulation development efforts for all dosage forms. These studies are 

performed under stressed conditions of temperature, humidity, light and oxygen so that the 

reactions are accelerated and potential reactions can be detected. There are various 

physicochemical properties which affect a drug substance. They are: 

Color 

Color is a property of inherent chemical structure of drug which indicates intensity or level of 

unsaturation. Color intensity depends on the extent of conjugated unsaturation, also the presence 

of chromophores such as –CO, -NO2 and –NH2. Certain saturated compounds also exhibit color 

due to minute traces of highly unsaturated, intensely colored impurities and / or degradation 

products. During highly stressed conditions of heat, light and oxygen, most of these compounds 

tend to produce color. Mostly, a significant color change becomes a limiting factor to the shelf 

life of a parenteral product even before a significant change in chemical stability is noted. 
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Odor 

The odor of a new drug substance is examined by cautiously smelling the headspace of the drug 

container which has been previously closed in order to allow concentration of volatiles. The 

presence and description of any odor is recorded. 

Molecular structure and weight 

Molecular structure and weight are the basic characteristics of the drug which must be 

determined. From the molecular structure, potential properties and reactivities of functional 

groups can be determined. 

Particle size and shape 

These characteristics are usually determined by microscopic evaluation by using a scanning 

electron microscope or an optical microscope with polarizing attachments. For the purpose of 

comparing with the future batches, the morphological characteristics of the drug substances 

should be recorded either by a sketch or, more accurately, by a photomicrograph as a permanent 

record. The crystalline and amorphous character of a drug can be determined by using a 

polarizing microscope. Polarized lights are refracted by crystalline materials and are thus visible 

when polarization attachments in the ocular and objectives are crossed at a 90˚ angle, whereas 

amorphous or glassy substances become invisible. 

Thermal Analytical profile 

Samples may have been exposed to changes in temperature environment during synthesis and 

isolation which may be exhibited as a thermal profile, when the sample is heated between ambient 

temperature and its melting point. The sample will neither absorb nor give off heat prior to its 

melting point, if no thermal history exists for the compound. The basic technique used to study 

this phenomenon is called differential thermal analysis (DTA). Melting or fusion, crystalline 

structure changes such as polymorphic transitions, boiling, sublimation and desolvation are 

certain examples of characteristic endothermic transitions that can be detected by this technique. 

Differential Scanning Calorimetry (DSC) is a similar process. Thermo gravimetric analysis 

(TGA) is also a thermal analytical method used to detect the existence and stability of solvated 

drug molecules. 

Melting point 

Thermodynamically, the melting point of a substance can be defined as the temperature at which 

the solid and liquid phases are in equilibrium. Melting point determination is a primary indication 
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of purity since the presence of relatively small amounts of impurity can be detected by a lowering 

and widening in the melting point range. 

          Hygroscopicity 

Hygroscopicity is the phenomenon of absorption of moisture by compounds under specific 

conditions of moisture and humidity. The physical and chemical properties of a drug substance 

can be adversely affected by high degree of hygroscopicity, making it pharmaceutically difficult 

or unsatisfactory to work with. These studies are conducted over arange of humidity conditions 

relevant to the general laboratory and manufacturing areas as well as uncontrolled storage 

environment. The study is carried out by taking accurately weighed samples of compound into 

tared containers and placed at different conditions of humidity for time periods up to 2 weeks. 

Any gain or loss in weight is measured at predetermined intervals until equilibrium is reached. If 

the drug is found to be very hygroscopic or determined to be unstable in the presence of moisture, 

the drug would have to be stored under dry conditions and worked with under low humidity. 

Compounds are grouped according to hygroscopicity classification as below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hygroscopicity Classification 

Class I – Non hygroscopic 

At relative humidities of below 90%, 

essentially no moisture increases occur. Also, 

the increase in moisture content after storage 

for 1 week above 90% relative humidity (RH) 

is less than 20%. 

Class II – Slightly hygroscopic 

At relative humidities below 80%, essentially 

no moisture increases occur. The increase in 

moisture content after storage of 1 week above 

80% RH is less than 40%. 

Class III – Moderately hygroscopic 

At relative humidities below 60%, moisture 

content does not increase above 5%. The 

increase in moisture content after storage for 

1 week above 80% RH is less than 50%. 

 

Class IV – Very hygroscopic 

At relative humidities as low as 40 to 50%, 

there are chances of moisture. The increase in 

moisture content after storage for 1 week above 

90% RH may exceed 30%. 
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    Figure 1: Compounds are grouped According to Hygroscopicity Classificatio 

Solubility 

For developing solutions that can be injected either intravenously or intramuscularly, solubility is 

of prime importance. In general, solubility is a function of chemical structure; salts of acids or 

bases represent the class of drugs having the best chance of attaining the degree of water 

solubility desired. According to the drug moiety the analytical method used for measuring 

solubility may vary. If unsaturated conjugation is present in the drug structure, enabling it to 

absorb visible or ultraviolet light, spectrophotometric analysis can be performed. Determination 

of solubility of compounds that do not absorb UV or visible light can be attempted by transferring 

filtered aliquot solutions on to previously tared weighing pans, evaporating the solvent, and 

drying to constant weight under low temperature conditions. 

 Optical activity 

Optical activity is the phenomenon of rotation of plane polarized light by a capable compound. If 

the compound rotates the beam of light to the right or clockwise by an angle α, the substance is 

said to be dextrorotatory and if the compound rotates the beam of light to the left or anti-

clockwise direction, the substance is said to be levorotatory. 

Ionization constant 

From the ionization constant, the pH dependent solubility of a compound can be determined. 

Potentiometric pH titration or pH –solubility analysis is used for determination of pka. The degree 

of ionization of an acid or base is determined by the ionization constant of the compound. 

Partition coefficient 

The partition coefficient P is a measure of lipophilicity of a compound. Partition coefficient can 

be measured by determining the equilibrium concentration of a drug in aqueous phase and oil 

phase held in contact with each other at a constant temperature. It can be expressed as 

P = [C oil]/[C water] 

 

FORMULATION OF PARENTERALS 

Excipients used in the parentral preparation must be nonpyrogenic, nontoxic, nonhaemolytic and 

nonirritating should be physically and chemically compatible with active ingredients must not 

interfere with the therapeutic effect of the active ingredient must maintain stability during 

sterilization and during the shelf life of the product, should be effective at low concentration and 

should be acceptable from a regulatory point of view. 
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Figure 2: Formulation of Parenterals 

Vehicles 

Vehicles are the liquid phase used in formulation of parenterals. They are of two types: 

 

 

 

 

 

 

 

Figure 3: Classification of Vehicles 

Aqueous vehicle 

Since most liquid injections are quite dilute, the component present in the highest proportion is 

the vehicle. The vehicle of greatest importance for parenteral products is water. Water of suitable 

quality for compounding and rinsing product contact surfaces may be prepared either by 

distillation or by reverse osmosis, to meet United States Pharmacopeia (USP) specifications for 

Classification of Vehicles 
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Water for Injection (WFI).  

a) Water for Injection (WFI), USP 

Water for injection is highly purified water which is subsequently sterilized and used as vehicle 

for the purpose of injectable preparation. The pH of water for injection is 5.0 to 7.0. The USP 

requirement is not more than 10 parts per million of total solids. Reverse osmosis or distillation is 

used for the preparation of WFI. It is stored in chemically resistant tank for less than 24 hours at 

room temperature or for longer period at specific temperature. It should not contain any added 

substances. It should meet USP pyrogen test. 

b) Bacteriostatic Water for Injection (BWFI) 

Bacteriostatic water for injection is used for making parenteral solutions which are prepared under 

aseptic conditions and not terminally sterilized. It may contain any bacteriostatic agents when 

contained in containers of 30 ml or less. It should meet USP sterility test. 

c) Sterile Water for Injection (SWFI), USP 

This is also known as sterile water for irrigation. It is used for washing wounds, surgical incisions 

or body tissues. Multiple dose containers not exceeding 30 ml are mostly used for this. It contains 

one or more suitable bacteriostatic agents. 

Water-miscible vehicles 

A number of solvents that are miscible with water have been used as a portion of the vehicle in 

the formulation of parenterals. These solvents are used primarily to solubilize certain drugs in an 

aqueous vehicle and to reduce hydrolysis. The most important solvents in this group are ethyl 

alcohol, liquid polyethylene glycol, and propylene glycol. Ethyl alcohol is used particularly in the 

preparation of solutions of cardiac glycosides and the glycols in solutions of barbiturates, certain 

alkaloids, and certain antibiotics. Such preparations usually are given intramuscularly. There are 

limitations with the amount of these co-solvents that can be administered because of toxicity 

concerns, greater potential for hemolysis, and potential for drug precipitation at the site of 

injection.  

Non-aqueous vehicles 

The most important group of non-aqueous vehicles is the fixed oils. The USP provides 

specifications for such vehicles, indicating that the fixed oilsmust be of vegetable origin so that 

they will be metabolized, will be liquid at room temperature, and will not become rancid readily. 

The USP also specifies limits for the free fatty acid content, iodine value, and saponification value 

(oil heated with alkali toproduce soap, i.e, alcohol plus acid salt). The oils most commonly used 
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are corn oil, cottonseed oil, peanut oil, and sesame oil. Fixed oils are used particularly as vehicles 

for certain hormone (eg, progesterone, testosterone, deoxycorticicosterone) and vitamin (eg, 

vitamin K, vitamin E) preparations. The label must state the name of the vehicle so that the user 

may beware incase of known sensitivity or other reactions to it. 

Solutes 

Care must be taken in selecting active pharmaceutical ingredients and excipients to ensure that 

their quality is suitable for parenteral administration. A low microbial level will enhance the 

effectiveness of either the aseptic or terminal sterilization process used for the drug product. 

Likewise, nonpyrogenic ingredients enhance the nonpyrogenicity of the finished injectable 

product. It is now a common GMP procedure to establish microbial and endotoxin limits on 

active pharmaceutical ingredients and most excipients. Chemical impurities should be virtually 

non existent in active pharmaceutical ingredients for parenterals, because impurities are not likely 

to be removed by the processing of the product. Depending on the chemical involved, even trace 

residues may be harmful to the patient or cause stability problems in the product. Therefore, 

manufacturers should use the best grade of chemicals obtainable and use its analytical profile to 

determine that each lot of chemical used in the formulation meets the required specifications. 

Reputable chemical manufacturers accept the stringent quality requirements for parenteral 

products and, accordingly, apply good manufacturing practices to their chemical manufacturing. 

Examples of critical bulk manufacturing precautions include: 

 Using dedicated equipment or properly validated cleaning to prevent cross-contamination and 

transfer of impurities. 

 Using WFI for rinsing equipment. 

 Using closed systems wherever possible for bulk manufacturingsteps not followed by further 

purification. 

 Adhering to specified endotoxin and bioburden testing limits forthe substance. 

Buffers  

Buffers are used primarily to stabilize a solution against chemical degradation or, especially for 

proteins, physical degradation (i.e, aggregation and precipitation) that might occur if the pH 

changes appreciably. Buffer systems employed should normally have as low a buffering capacity 

as feasible so as not to disturb significantly the body‟s buffering systems when injected. In 

addition, the buffer type and concentration on the activity of the active ingredient must be 

evaluated carefully. Buffer components are known to catalyze degradation of drugs. The acid salts 
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most frequently employed as buffers are citrates, acetates, and phosphates. 

Antimicrobial agents 

The USP states that antimicrobial agents in bacteriostatic or fungistatic concentrations must be 

added to preparations contained in multiple-dose containers. They must be present in adequate 

concentration at the time of use to prevent the multiplication of microorganisms inadvertently 

introduced into the preparation while withdrawing a portion of the contents with a hypodermic 

needle and syringe. The USP provides a test for antimicrobial preservative effectiveness to 

determine that an antimicrobial substance or combination adequately inhibits the growth of 

microorganisms in a parenteral product. Because antimicrobials may have inherent toxicity for the 

patient, the USP prescribes maximum volume and concentration limits for those that are used 

commonly in parenteral products (eg, phenylmercuric nitrate and thimerosal 0.01%, 

benzethonium chloride and benzalkonium chloride 0.01%, phenol or cresol 0.5%, and 

chlorobutanol 0.5%). The above limit rarely is used for phenylmercuric nitrate, most frequently 

employed in a concentration of 0.002%. Methyl p-hydroxybenzoate 0.18% and propyl p-

hydroxybenzoate 0.02% in combination, and benzyl alcohol 2% also are used frequently. Benzyl 

alcohol, phenol, and the parabens are the most widely used antimicrobial preservative agents used 

in injectable products. While the mercurials are still allowed to be used in older products, they are 

not used for new products because of concerns regarding mercury toxicity. In oleaginous 

preparations, no antibacterial agent commonly employed appears to be effective. However, it has 

been reported that hexylresorcinol 0.5% and phenylmercuric benzoate 0.1% are moderately 

bactericidal. A few therapeutic compounds have been shown to have antibacterial activity, thus 

obviating the need for added agents. Antimicrobial agents must be studied with respect to 

compatibility with all other components of the formula. In addition, their activity must be 

evaluated in the total formula. It is not uncommon to find that a particular agent will be effective 

in one formulation but ineffective in another. This may be due to the effect of various components 

of the formula on the biological activity or availability of the compound; for example, the binding 

and inactivation of esters of p-hydroxybenzoic acid by macromolecules such as polysorbate 80 or 

the reduction of phenylmercuric nitrate by sulfide residues in rubber closures. A physical reaction 

encountered is that bacteriostatic agents sometimes are removed from solution by rubber closures. 

Protein pharmaceuticals, because of their cost and/or frequency of use, are preferred to be 

available as multiple dose formulations (eg, human insulin, human growth hormone, interferons, 

and vaccines). However, several proteins are reactive with antimicrobial preservative agents (eg, 
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tissue plasminogen activator, sargramostim, and interleukins) and, therefore, are only available as 

single dosage form units single-dose containers and pharmacy bulk packs that do not contain 

antimicrobial agents are expected to be used promptly after opening or to be discarded. Large-

volume, single-dose containers may not contain an added antimicrobial preservative. Therefore, 

special care must be exercised in storing such products after the containers have been opened to 

prepare an admixture, particularly those that can support the growth of microorganisms, such as 

total parenteral nutrition (TPN) solutions and emulsions. It should be noted that while 

refrigeration slows the growth of most microorganisms, it does not prevent their growth. 

Tonicity agents  

Tonicity agents are used in many parenteral and ophthalmic products to adjust the tonicity of the 

solution. While it is the goal for every injectable product to be isotonic with physiologic fluids, 

this is not an essential requirement for small volume injectables that are administered 

intravenously. However, products administered by all other routes, especially into the eye or 

spinal fluid, must be isotonic. Injections into the subcutaneous tissue and muscles also should be 

isotonic to minimize pain and tissue irritation. The agents most commonly used are electrolytes 

and mono or disaccharides. 

Reducing agents 

These substances have lower redox potentials than the API and the excipients that they are 

intended to protect. Therefore, they get themselves oxidized. They also operate by reacting with 

free radicals. 

Cryoprotectants and lyoprotectants  

Additives that serve to protect biopharmaceuticals from adverse effects due to freezing and/or 

drying of the product during freeze dry processing. Sugars (non-reducing) such as sucrose or 

trehalose, amino acids such as glycine or lysine, polymers such as liquid polyethylene glycol or 

dextran, and polyols such as mannitol or sorbitol all are possible cryo- or lyoprotectants. Several 

theories exist to explain why these additives work to protect proteins against freezing and/or 

drying effects. Excipients thatare preferentially excluded from the surface of the protein are 

thebest cryoprotectants and excipients that remain amorphous during and after freeze-drying serve 

best as lyoprotectants. 

Suspending agents 

They are excipients which are added to the formulation in order to improve the stability of the 

formulation by preventing the sedimentation of the particles. They are mostly used in injectable 
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suspensions. Gelatin and PVP are some examples. 

Chelating agents 

They are substances which act on metals which catalyze degradation and inactivate them. 

Example is EDTA, disodium edetate, tetra sodium edetate etc. 

Emulsifying agents 

Emulsifying agents are added to injectable emulsions in order to increase the stability of the 

formulation. They are used to prevent separation of two phases. Examples of emulsifying agents 

are soap, SLS etc 

Antioxidants  

Antioxidants are required frequently to preserve products because of the ease with which many 

drugs are oxidized. Sodium bisulfite and other sulfurous acid salts are used most frequently. 

Ascorbic acid and its salts also are good antioxidants. The sodium salt of 

ethylenediaminetetraacetic acid (EDTA) has been found to enhance the activity of antioxidants in 

some cases, apparently by chelating metallic ions that would otherwise catalyze the oxidation 

reaction. Displacing the air (oxygen) in and above the solution by purging with an inert gas, such 

as nitrogen, also can be used as a means to control oxidation of a sensitive drug. Process control is 

required for assurance that every container is deaerated adequately and uniformly. However, 

conventional processes for removing oxygen from liquids and containers do not absolutely 

remove all oxygen. The only approach for completely removing oxygen is to employ isolator 

technology where the entire atmosphere can be recirculating nitrogen or another non-oxygen gas. 

Co-solvents 

Co-solvents are solvents which are added in smaller quantity to the formulation to enhance the 

solvent power of the primary solvent. Examples of co-solvents are ethanol, PEG, glycerin etc. 

TYPES OF PARENTERALS 

Dry powders for injections 

Dry powders for injections are the dosage forms which get converted into solutions orsuspensions 

due to the process of reconstitution during administration. Here, drug is filled into reconstituted 

vials directly. For example: Cefuroxime injection. 

Liquid injectable systems 

They are dosage forms containing liquid injectables for administration. Liquid injections can be 

directly administered with or without dilution according to the need. For example: Bupivacaine 

Hydrochloride Injection. 
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Lyophilized powders for injections 

Lyophilized powders for injections are the dosage forms which also get converted into solutions 

or suspensions after reconstitution during administration. For example: Ceftriaxone Injection. 

Colloidal solution 

They are normal solution of sodium chloride at 0.9% w/v concentration, which is close to the 

concentration in blood. A colloidal solution is a homogeneous solution in which the particles are 

found to be dispersed in a liquid phase. For example: Iron dextran. 

Injectable emulsions 

They are liquid preparations of drug substances dissolved or dispersed in a suitable emulsion 

medium. Injectable lipid emulsions, for decades, have been clinically used as an energy source for 

hospitalized patients by providing essential fatty acids and vitamins. Recent interest in utilizing 

lipid emulsions for delivering lipid soluble therapeutic agents, intravenously, has been 

continuously growing due to the biocompatible nature of the lipid based delivery systems. For 

example: Propofol US. 

Injectable suspension 

They are liquid preparations of solids, suspended in a liquid medium. Injectable suspensions are 

used for the purpose of prolonging the action of the drug. These are mostly used as sustained or 

controlled release parenteral dosage forms. A suspension usually provides prolonged action when 

compared to aqueous solution when given subcutaneously or intramuscularly. For example: 

Methylprednisolone acetate. 

Oily injection 

Through the use of oily solutions, parenteral controlled release dosage forms can be prepared. 

Here, the release of drug is controlled by the drug partitioning into the aqueous medium from the 

oil medium. For example: Dimercaprol injection. 

According to the dosing, parenteral preparations are further classified into two types. 

a) Single-dose preparations 

It can be used only once. Single-dose preparations contain sufficient quantity of the injection 

which readily permits the withdrawal and administration of the volume specified on the label. 

b) Multidose preparations 

An antimicrobial preservative in appropriate concentrations will be present in multidose 

preparations, except in cases where the formulations themselves have adequate antimicrobial 

characteristics. After partial withdrawal, there are more chances of contamination. Therefore, the 
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containers should be equipped to ensure adequate protection of the contents. The contents of a 

multidose preparation normally should not exceed 30 ml as the risk of contamination is high with 

multiple penetrations of closures.  

PHARMACEUTICAL FACTORS AFFECTING PARENTERAL ADMINISTRATION 

Solubility of drug and volume of injection 

Before administered by intravenous injection, the drug must be completely solubilized preferably 

in water. The volume of the injection can be determined by the extent of drug solubility in its 

intended vehicle and the dose required for the desired therapeutic effect. Except intravenous 

routes other parenteral routes have limitations regarding the maximum volume of medication 

administered. 

Vehicle character 

Drugs in aqueous vehicle can be administered by any parenteral routes whereas drugs in non 

aqueous vehicles, which may or may not be water miscible, are administered most frequently by 

intramuscular route. Intravenous routes are mostly used for few drugs in mixed solvent system, 

but precaution must be taken to prevent drug precipitation at the site of infusion. 

Type of dosage form 

Solutions, suspensions and sterile solids for reconstitution include parenteral dosage forms. 

Intramuscular or subcutaneous route is used for suspensions. Particles should not be present in 

dosage forms administered intravenously or by other parenteral routes in which the medication 

enters directly into a biological fluid or sensitive organ tissues like brain or eye. Reconstituting 

diluents are used for completely dissolving sterile solids before they are administered 

intravenously. 

Formulation ingredients 

Other than the main therapeutic agents, parenteral formulations may contain various active and 

inactive excipients for a variety of reasons. For multidose parenterals, antimicrobial agents are 

added to the formulation for the preservation of sterility. To maintain drug solubility in the 

solution vehicle, surface active agents like polysorbate 80 are added. The expanding field of 

sustained or prolonged release of drug delivery employs various formulations and additives that at 

times aid in achieving the desired duration of drug action. These additives are primarily high 

molecular weight polymers or oily solvents. Formulations containing these macromolecules are 

administered by the subcutaneous or intramuscular routes to permit the delayed release of the 

active ingredient within deeper tissues of the body. 
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pH and osmolarity of injectable solutions 

Injections for administration should be formulated at a pH and osmolarity similar to that of the 

biological fluids. But, this found to be impossible for many parenteral dosage forms, as many 

parenteral drugs are unstable at neutral pH. Therefore, such drugs are formulated at pH at which 

they are most stable. Some parenteral formulations are hyper osmotic with biological fluids and 

contain a relatively high dose of active ingredient(s) in order to achieve a desired level of 

biological activity. Hypertonic parenteral dosage forms are contraindicated for subcutaneous or 

intramuscular injections. Therefore, although stability and solubility problems may prevent 

dosage forms from being formulated at physiological pH, they should be formulated with solute 

contents approximately equal to those of biological fluids. 

IMPORTANCE OF ISOTONICITY 

Tonicity is a measure of effective osmolarity in cell biology. Osmolarity are properties of a 

particular solution, independent of any membrane. Osmolarity is a concentration scale to express 

the total concentration of solute particles and is directly related to any of the four colligative 

properties. It is derivedfrom molality by factoring in the dissociation ofelectrolytic solutes. 

Tonicity is a property of a solution in reference to a particular membrane, and is equal to the sum 

of the concentrations of the solutes which have the capacity to exert an osmotic force across the 

membrane. Tonicity depends on solute permeability. 

The permeable solutes do not affect tonicity. If a semipermeablemembrane is used to separate 

solutions of different solute concentrations, a phenomenon known as osmosis occurs to establish 

concentration equilibrium. The pressure driving this movement iscalled osmotic pressure and 

governed by the number of particles of solute in a solution. If solute is a nonelectrolyte, then 

number of particles is determined solely by the solute concentration. If the solute is an electrolyte, 

the number of particles is governed by the concentration and degree of dissociation of the 

substance. The distinction between the isosmotic and isotonic terms comes with the realization 

that red blood cellmembrane are not perfect semi-permeable membranes but allow passage of 

some solutes, such as alcohol, ammonium chloride, glycerin, ascorbic acid, lactic acid etc. As 

mentioned earlier a 2% solution of boric acid, when physically measured, is found to be isosmotic 

(containing the same number of particles) with blood and not isotonic (exerting equal pressureor 

tone) with blood but is isotonic with tears. This difference does not have any great significance 

and, therefore, isotonicity values are calculated on the basis of the number of particles in solution. 
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The clinical significance of all this is to ensure that isotonic or isosmotic solutions do not damage 

tissue or produce pain when administered. 

Tonicity is generally classified in three types: 

1. Hypertonicity 

2. Isotonicity 

3. Hypotonicity 

Hypertonic, isotonic and hypotonic solutions are defined in reference to a cell membrane by 

comparing the tonicity of the solution with the tonicity within the cell. 

Hypertonicity 

A solution having higher osmotic pressure than the body fluids (0.9% NaCl) is known as 

hypertonic solution. These solutions draw water from the body tissues to dilute and establish 

equilibrium. An animal cell in a hypertonic environment is surrounded by a higher concentration 

of impermeable solute than existsin the inside of the cell. For example, if 2% NaCl solution is 

added to blood (defibrinated), osmotic pressure directs a net movement of water out of the cell, 

causing it to shrink (the shape of the cell becomes distorted) and wrinkled (crenated), as water 

leaves the cell. This movement is continued until the concentrations of salt on both sides of the 

membrane are identical. Hence, 2% NaCl solution is hypertonic with the blood. 

Isotonicity 

Solutions that have the same osmotic pressure as that of body fluids are said to be isotonic with 

the body fluid. Body fluids such as blood and tears have osmotic pressure corresponding to that of 

0.9% NaCl or dextrose aqueous solution; thus, a 0.9% NaCl or 5%, dextrose solution is called as 

is osmotic or isotonic. The term isotonic means equal tone, and is used interchangeably with is 

osmotic with reference to specific body fluids. 

It is important for a solution to be isotonic with a body fluid to prevent irritation and cell damage, 

and to maximise drug efficacy. If a hypotonic solution (with lower osmotic pressure than that of a 

body fluid) is administered intravenously water will pass into the red blood cells, causing them to 

swell and possibly burst (haemolysis). If a hypertonic solution (with higher osmotic pressure than 

that of a body fluid) is administered intravenously then water is drawn from the cells in an attempt 

to dilute the solution, causing them to shrink (crenation). 

For example, a 0.9% w/v solution of NaCl in water is considered to be isotonic in relation to 

RBC‟s and their semi-permeable membranes. Requirements of isotonic solutions are that they 

must not cause any contraction or swelling of the tissues. The product must not produce 



 

 

 

    The Pioneer Pharmacy Institute of Punjab  

ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA 

discomfort when installed in the eye, nasal tract, blood, or other body tissue. On addition of 0.9 

gm NaCl/100 ml (0.9%) in to blood (defibrinated), the cells retain their normal size. Isotonic 

solution should be restricted to solutions having equal osmotic pressure with respect to a 

particular membrane. The addition of any compound to a solution affects its isotonicity, causing 

changes in osmotic pressure of a solution. It should not be affected only by drugs but also by any 

buffer components added in the formulation. Therefore, it is necessary to add additional NaCl to 

bring the solution to isotonicity. Adjustment of isotonicity is required for several dosage forms 

such as parenteral solutions, e.g., IVinfusions, irritating solutions, lotions for open wounds, 

subcutaneous injections, and preparations meant for diagnostic applications, solutions meant for 

intrathecal injections, nasal drops and ophthalmic drops. 

Hypotonicity 

A solution with low osmotic pressure than body fluids is known as hypotonic solution. The 

effects of administering a hypotonic solution are generally more severe than with hypertonic 

solutions, since ruptured cells can never be repaired. Hypotonic solutions show the opposite effect 

when compared to hypertonic solutions where the net movement of water into the cell causes 

them to swell. If the cell contains more impermeable solute than its surroundings, water enters it. 

In case of animal cells, they swell until they burst; but this doesn‟t happen to plant cells, i.e., they 

do not burst due to the reinforcement their cell wall provides. If 0.2% NaCl solution is added to 

blood (defibrinated), the cells swell and burst. Therefore, 0.2% NaCl solution is hypotonic with 

respect to the blood. 

Methods used to determine tonicity value 

Many chemicals and drugs are used in pharmaceutical formulations. These substances contribute 

to the tonicity of the solution. Hence, methods are needed to verify the tonicity and adjust 

isotonicity. Two methods used to determine tonicity are described below 

 

 

 

 

 

 

 

Figure 4: Methods used to determine Tonicity Value 

Methods used to determine tonicity value 

Hemolytic method 

Cryoscopic method 
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Hemolytic method 

Isotonicity value is calculated by using the hemolytic method in which the effect of various 

solutions of drug is observed on the appearance of red blood cells suspended in solution. In this 

method, RBC‟s are suspended in various solutions and the appearance of RBC‟s is observed for 

swelling, bursting, shrinking and wrinkling of the blood cells. In hypertonic solutions, the 

oxyhaemoglobin released is proportional to the number of cells haemolysed; in case of hypertonic 

solutions, the cells shrink and become wrinkled or crenated where as in case of isotonic solutions 

the cells do not change their morphology. 

Cryoscopic method 

Isotonicity values can be determined from the colligative properties of the solutions. For this 

purpose, freezing point depression property is most extensively used. The freezing point of water 

is 0 ºC, and when any substance such as NaCl is added to it, the freezing point of water decreases. 

The freezing point of depression (ΔTf) of blood is -0.52ºC. Hence, the drug solution must be -

0.52 ºC. This solution shows an osmotic pressure equal to the blood. 

Methods of adjusting Tonicity and pH 

Several methods are used to adjust the isotonicity of pharmaceutical solutions. Isotonicity can be 

calculated from the colligative properties of drug solutions. If solutions are injected or introduced 

in to eyes and nose, these are to be made isotonic in order to avoid haemolysis of RBC‟s and to 

avoid pain and discomfort. This is possible for either manufactured or extemporaneous prepared 

solutions. By using the appropriate calculations based on colligative properties of solutions, it is 

easy to determine the amount of adjusting agents to be added. It helps to overcome the side 

effects caused from administering solutions which contain adjusting agents less or more than 

isotonic solutions. The three frequently used methods to calculate isotonicity of the solutions are 

described below. 

Cryoscopic method 

In this method, the quantity of each substance required for an isotonic solution can be calculated 

from the freezing point depression values. A solution which is isotonic with blood has a ΔTf of 

0.52ºC. Therefore, the freezing point of drug solution must be adjusted to this value. Many 

pharmaceutical text books usually list the freezing point of depression needed to achieve 

isotonicity from these values in case of drug solutions, if it is not possible to adjust tonicity by 

altering the drug concentration, then an adjusting substance is added to achieve desired tonicity.  
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Figure 5: Methods of Adjusting Tonicity and pH 

Sodium chloride equivalent method 

A second method for adjusting the tonicity of pharmaceutical solutions was developed by mellen 

and Seltzer. The sodium chloride equivalent or, as referred to by these workers, the tonicic 

equivalent of drug is the amount of sodium chloride that is equivalent to 1 gram or other weight 

unit of the drug. The sodium chloride equivalent E for a number of drugs listed in Table 1.  

Table 1: Summary table of isotonic values 

Substance M E V ∆Tf
1% Liso 

Tetracycline hydrochloride 

Urea 

Zinc chloride 

Zinc sulfate. 7 H2O 

480.92 

60.06 

139.29 

287.56 

0.14 

0.59 

0.62 

0.15 

4.7 

0.59 

0.62 

5.0 

0.08 

0.35 

0.37 

0.09 

4.0 

2.1 

5.1 

2.5 

M is the molecular weight of drug 

E is the Sodium chloride equivalent of the drug. 

V is the volume in ml of isotonic solution that can be prepared by adding water to 0.3 g of the 

drug 

 ∆Tf
1%

 is the freezing point depression of 1% solution of the drug. 

Liso is the molar freezing point depression of the drug at a concentration approximately isotonic 

with blood and lacrimal fluid.  

When the E value for a new drug is desired for inclusion in table 1, it can calculate from the Liso 

value or freezing point depression of the drug. For a solution containing 1 gm of drug in 1000 ml 

Methods of Adjusting Tonicity and pH 

Class-1 Methods 
NaCl or some other substances is 

added to the solution of the drug to 

lower the freezing point of the 

solution to -0.52 ºC and thus make 

the solution isotonic. 

Examples 

Cryoscopic method 

Sodium chloride equivalent method 

Class-2 Methods 

Water is added to the drug in 

a sufficient amount to make it 

isotonic. Then the preparation 

is brought to its final volume 

with an isotonic or buffered 

isotonic solution. 

Examples 

White Vincent method 

Class-3 Methods 

To calculate the amount of 

adjusting substance to be added 

in order to make the solution 

isotonic. 

Examples 

Freezing point depression  

Liso values 
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of solution, the concentration c expressed in moles per liter may be written as 

                                       ………………………. (eq. 1) 

  
   

                
 

 

And from equation 1 

 

        
   

                
             ………………………….(eq. 2) 

Now E is the weight of NaCl with the same freezing point depression as 1 gm of the drug, and for 

NaCl solution containing E grams of drug per 1000 ml 

 

        
 

     
                              ………………………………..(eq. 3) 

In which 3.4 is the Liso value for the NaCl and 58.45 is its molecular weight. Equating these two 

values of ΔTf    yields  

    

 
     

 

     
                         ………………………………..(eq. 4) 

    
    

 
 

                               ………………………………..(eq. 5) 

White-Vincent method:  

The Class II methods of computing tonicity involve the addtition of water to the drugs to make an 

isotonic solution, followed by the addition of an isotonic or isotonic buffer diluting vehicle to 

bring the solution to the final volume. Stimulated by the need to adjust the pH in addition to the 

tonicity of ophthalmic solution. White and Vincent develop a simply method for such calculation. 

Suppose that to make 30ml of a 1% solution of cocaine hydrochloride isotonic with body fluid. 

First the weight of the drug w is multiplied by the sodium chloride equivalent E.  

0.3 g ×0.16 = 0.048 g 

This is the quantity of sodium chloride osmotically equivalent to 0.3 g of cocaine hydrochloride. 

The Liso Method 

The E NaCl value of tonicity adjusting substances can also be calculated from the substances. The 

Liso values of the tonicity adjusting substances are given in table and are mentioned as constants 

in many references. In this method, the freezing point depression equationis used to calculate the 
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amount of the isotonicity adjusting substance that must be added to hypotonic solution of drug to 

bring to tonicity. As the freezing point depression for solutions of electrolytes are than those 

calculated by the equation, ΔTf = Kfc, a new constant L = iKf is introduced to account for this 

deviation. The equation then becomes 

                                      ΔTf= Liso C 

Where ΔTf = Liso is the molal freezing pointdepression of water considering the ionization of 

electrolyte. i.e., and C is the concentration of the solution in molarity. In dilute solutions, the 

molal concentrations are not much different from the molal concentration and can be used 

interchangeably. 

Table 2: Freezing point depression ΔTf and E values of some drugs added substances: 

Solution, 1% w/v drug  ΔTf ºC E 

Apomorphine hydrochloride 

Boric acid 

Calcium gluconate 

Pilocarpine nitrate 

Potassium chloride 

Sodium chloride 

Sodium sulphacetamide 

0.08 

0.29 

0.09 

0.14 

0.45 

0.58 

0.14 

0.14 

0.50 

0.16 

0.23 

0.76 

1.00 

0.23 

The following equation helps to calculate the E NaCl value from Liso value of the substances. The 

ΔTf of 1g of drug per 100 ml of solution is equal to Liso C. 

Therefore, 

                                     ΔTf= Liso 1 g /M 

                                     ΔTf= Liso /M 

Where M is molecular weight of solute Since, the Liso value of NaCl is 3.4, 

                                    ΔTf= 3.4 /58.45 

Where E NaCl is the weight of NaCl with the same freezing point as 1 g of drug. Thus 

Liso = 3.4×E NaCl/58.45 

E NaCl =17 M×Liso/M 

In some cases instead of NaCl, another isotonic agent such as mannitol, propylene glycol, or 

glycerin is used. Using E NaCl values, isotonic solutions are prepared by just multiplying quantity 

of each drug in the formulation by its E NaCl values and subtracting them from the 0.9g/100 ml. 

Thus, for x grams of drug, the amount of NaCl required to obtain 100 ml solution isotonic is 
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obtained as 

Amount of NaCl (Y) = 0.9 – [(x)×(E NaCl)] 

For using another isotonic agent, its amount (X) required to make solution isotonic is obtained by 

X = Y/E NaCl 

GENERAL PROCEDURE FOR MANUFACTURING OF PARENTERALS 

General procedure for manufacturing of parenterals include planning and scheduling of 

equipments, material managements, manufacturing requirements like ingredients, drugsetc. The 

overview of manufacturing process of parenterals is shown below. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 6: Flow Chart of Manufacturing Process of Parenterals 

Steps Involved 

The general procedure for manufacture of parenterals includes, 

a) Cleaning and washing of containers and closures. 

b) Preparation of solutions. 
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c) Sterilization (Filtration). 

d) Filling, Packaging and Labelling. 

The passage of materials through various steps of the production process is shown in Figure 7.  

 a) Cleaning and washing of containers and closures 

The vials are cleaned by soaking them in detergent solution overnight to remove any sticking 

particles, grease etc and wash with tap water three to four times till soap solution is completely 

removed. Remove surface alkalinity using 1.0% hydrochloric acid and wash again with tap water. 

Rinse with de-ionized water and finally with distilled water and subjected to sterilization for 4hrs 

under 200 ˚C. Rubber closures are boiled with 1.0% detergent solution for 30 minutes and wash it 

with tap water till free from detergent. Boil for 30 minutes using 1.0% hydrochloric acid solution 

and wash with tap water. Boil with 1.0% sodium carbonate and wash again. Treat them with 

double strength bacteriostatic solution. Wash three to four times with pyrogen free water. Sterilize 

by autoclave at 115 ˚C for 30 minutes. 

b) Preparation of solution 

Dissolve the API in water for injection with constant stirring. After completely dissolving the 

drug, other excipients are added one by one and stirred until dissolved. The pH is adjusted to the 

required range by using buffering agents like sodium hydroxide and hydrochloric acid. Make up 

the volume and mix with water for injection. The pH is again adjusted if necessary. 

c) Sterilization 

Sterilization is defined as a process of elimination or killing of micro-organism by various means 

contained in a fluid, present on a surface, in medication, or in a compound such as biological 

culture media. Sterilization can be achieved by applying chemicals, heat, irradiation, high 

pressure and filtration. 

Processing of sterile products 

Processing of sterile products can be performed in three ways. They are as follows:- 

1. Terminal sterilization 

2. Sterilization by filtration 

3. Aseptic preparation 

i) Terminal sterilization 

It mainly involves preparation, filling and sterilization. It includes usually filling and sealing of 

product containers under high-quality environmental conditions. The microbial and particulate 

content of the in-process product is minimized and also it ensures the sterility of the product. Heat 
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or irradiation sterilization process is carried out for products in its final container to ensure 

sterility. 

ii) Sterilization by Filtration 

In sterilization by filtration, containers which are previously sterilized are used. Here, filter having 

a pore size of about 0.22 μm or less is used for the purpose of filtration. Second filtration or 

double filtration is possible. By filtration sterilization, it is possible to remove bacteria and 

moulds but removal of virus and mycoplasmas are not applicable. 

iii) Aseptic Preparation 

The drug product, container, and closure are first subjected to sterilization methods separately and 

then brought together in an aseptic process. Here there is no process of sterilization of the product 

in its final container, it is critical that containers should be filled and sealed in an extremely high-

quality environment. The individual parts of the final product are generally subjected to various 

sterilization processes before aseptic assembly into a final product. 

d) Filling, Packaging and Labelling 

After sterilization procedures the solution is then filled into suitable containers. Bulk preparations 

are subdivided into unit dose containers during filling. This process forces a measured volume of 

the preparation through the orifices of a delivery tube designed to enter the constricted opening of 

a container by means of gravity, vacuum or with the aid of a pressure pump. After filling, the 

containers are sealed which will retain the contents of the sterile product and will assure a tamper-

proof presentation. When a parenteral preparation is liable to deterioration due to oxidation, the 

operation of filling may be performed in an atmosphere of suitable inert gas like nitrogen, 

whereby the air in the container is replaced with this gas. 

The packaging should be done in such a way that it maintains product sterility until the time of 

use and also prevent contamination of content during opening. 

The purpose of label is to state the name of the preparation; if liquid preparation, amount of drug 

in a specified volume or the percentage drug content; in the case of a dry preparation, the amount 

of active ingredient; the route of administration; the storage conditions; the expiration date; the 

name and place of business of the manufacturer, packer, or distributor; and identifying lot 

number. The complete manufacturing history of the specific package, including all 

manufacturing, filling, sterilizing and labelling operations can be determined from the lot number. 

STERILE MANUFACTURE 

Large and Small Volume Parenteral: 
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The volume of injectable fluids varies greatly from fractions of millilitre to several hundred 

millilitres. Intravenous fluids vary from one ml to 500 ml, or more than 500 ml. Intravenous fluids 

of 500 ml and above are called as large volume parenterals. 

Facilities and Requirements 

For sterile manufacturing following equipments are necessary to meet the requirements of Drugs 

and Cosmetics Act. 

a) Storage equipment for ampoules and vials 

b) Storage cabinets 

c) Water still 

d) Ampoule washing machine 

e) Ampoule drying machine 

f) Filling and sealing unit 

g) Sintered glass funnel 

h) Filter press 

i) Hot Air Oven 

j) Equipment‟s for evaluation and quality control 

k) Autoclave 

l) Labelling and packing units 

Manufacturing Facility 

All sterile products must be manufactured under controlled and monitored conditions, A sole 

reliance can not be placed on terminal processing or on the tests for assurance of sterility or 

microbial or particulate quality in the final product; hence special precautions are taken in the 

manufacturing of sterile products especially for products which are aseptically filled. 

Construction 

The main consideration in the design and construction of sterile manufacturing facility is the 

elimination of microbial  and particulate contaminants, which is achieved by clear separation of 

different areas of operation and an exceptionally high standard of environmental cleanliness all 

areas where sterile products are manufactured. 

The basic design comprises a complex of rooms arranged in a way that men, materials and 

components move from the relatively less clean areas to the more critical areas like filling and 

sealing only after all the materials and equipment‟s have been processed and sterilized and the 

personnel have been adequately covered with sterilized garments. The surrounding area should 
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provide a buffer area in which standards of cleanliness are only slightly lower than those for 

aseptic rooms. The prevention of contamination must be primary objective in design of these 

facilities. The product in the sealed containers is then transferred to less critical areas for final 

finishing. The facility should have compact layout to minimize movement of materials. Materials 

and men movements should be unidirectional. 

Construction standards for sterile processing areas should be higher than for other areas because 

frequent repairing of premises is not advisable. Walls, ceilings and floors in the aseptic areas must 

have a smooth, cleanable finish. It should be continuous and non-shedding and resistant to 

detergents, disinfectants used in the area. Epoxy or vinyl flooring is recommended as cleaning is 

very easy. Ceilings should be solid and continuous, light fittings and air grills should be flushed 

and not hanging from the ceilings, there should be no drains in the aseptic areas. Painting in the 

sterile area should be antifungal, polyurethane form (PUF) is generally preferred. Door 

interlocking system should be provided to prevent the opening of more than one door at a time. 

The facility must be internally finished in the manner, which facilitates cleaning and disinfection 

and minimize growth of contaminants. 

Environment Control: 

The standards of environmental control may vary depending upon the area involved and the 

processing. It requires good environmental control prior and during processing. 

Traffic Control: 

Environment control can be maintained easily if there is no in and out traffic of supplies and 

persons. They should be permitted to enter aseptic areas only after following the prescribed 

procedures like changing of clothes, washing their hands, putting on gloves, shoes, hats and face 

mask. 

Maintenance: 

Generally cleaning is done at the end of working day or during night. It includes all the surface 

like ceiling, walls, floors, counters, equipments. It should be kept in mind that cleaning should 

never be done just prior to the beginning of the production process so as to permit the settling of 

dust from air and allow for the completion of action of disinfectants and U.V radiations. 

Disinfection: 

All the surfaces should be disinfected in aseptic area and effective liquid disinfectant should be 

sprayed or wiped all surfaces. 

Irradiation: 
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UV rays are antibacterial in action hence they produce a disinfectant action on directly irradiative 

surfaces. Direct irradiation of room is done when personnel are not present. It acts as a good 

source of reducing the bacterial count on the working benches, floors. The best practice is to use 

UV light rays in the cold cathode mercury vapour lamp which provides a high proportion of 

radiations. 

Air cleaning: 

The air in the aseptic area can be one of the greatest sources of contamination, so to maintain the 

aseptic conditions besides the various precautions followed it is extremely necessary to clean the 

air before it is allowed to enter into the aseptic area. Clean rooms are generally classified into two 

categories: 

1. Conventional clean room systems. 

2. Laminar flow clean room systems. 

1. Conventional Clean Room Systems: 

The term conventional clean room is applied where a lesser degree of cleanliness such as class 

10,000 clean room which is defined as such an environment containing not more than 10,000 

particles per cubic feet of 0.5 micrometers and larger size. Conventional clean room deals with air 

handling, air conditioning whereby the dust particles, humidity and temperature is controlled. 

Conventionally two air conditioners one at the ceiling and other at the bench level are fixed in a 

room. Diffusers are also employed to throw the particles towards the corner. The working bench 

is placed in the central area which is comparatively clean as compared to the other parts of the 

room. Thus leaving most of the area useless increasing both the maintenance and production cost. 

 

Laminar Flow Clean Room Systems: 

Laminar air flow provides a total sweep of a confined area because the entire body of air moves 

with uniform velocity along the parallel lines, originating through HEPA filters occupying one 

entire site of the confined area. Therefore it bathes the entire area with a very clean air, sweeping 

away the contaminants. The laminar air flow system offers various advantages over a 

conventional clean room system which are as follows: 

i) The persons working in the area does not feel the movement of air or chill. 

ii) Any part of the room can be utilized without any restriction. 

iii) There are as many as 100 air changes per hour per cubic feet which enables lesser dust pockets 

with less maintenance cost. 
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iv) The sterile area attained is of very high order. Thus no chemical means of sterilization is 

needed. 

There are basically three kinds of laminar air flow systems: 

1) Downward air flow system 

2) Horizontal air flow system 

3) Wall to floor air flow system 

Positive air pressure inside your cleanroom is greater than the pressure outside of it. This is 

achieved by pumping clean, filtered air into the cleanroom, generally through the ceiling. Positive 

pressure is used in cleanrooms where the priority is keeping any possible germs or contaminants 

out of the cleanroom. In the event that there was a leak, or a door opened, clean air would be 

forced out of the cleanroom, rather than unfiltered air being allowed into the cleanroom. This 

works somewhat similarly to deflating a balloon; when you untie a balloon, or pop it, air rushes 

out because the air pressure in the balloon is higher than the pressure of the ambient air. 

Positive pressure cleanrooms are used primarily for industries where the cleanroom functions to 

keep the product clean and safe from particulates, like in the microelectronic industry where eve 

particle can damage the integrity of the microchips being manufactured. 

Air Quality 

An important aspect of environmental quality is the particulate content of air. Particulates may 

enter a product and contaminate it physically or, by acting as a vehicle for microorganisms. It is 

therefore necessary to minimize the particle content of air. 

All air that is supplied to the sterile products manufacturing area has therefore to be filtered. The 

various processing rooms should be supplied and effectively flushed with air under positive 

pressure, which is passed through filters of appropriate efficiency and which will maintain a 

positive pressure differential relative to adjacent areas under all operational conditions. Terminal 

air filtration should be at point of input to a room. A warning system should indicate failure in the 

air supply, and indicator of pressure differentials should be fitted between areas where this 

differential is critical. Air supplied to the aseptic areas must be passed through terminal HEPA 

(High Efficiency Particular Air) filters and may be considered to be of acceptable particulate 

quality when it has a per cubic meter particulate count of not more than 3000 in a size range of 

0.5 microns and larger (class 100) when measured at the time of filling and sealing operation. The 

air may be supplied at the point of use as HEPA filtered laminar flow air having a velocity of 

about 0.07 meter per second, although higher velocities may be needed where the operations 
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generate high levels of particulates. The sterile area should have positive pressure differential 

areas of 1.25 mm.  

The HEPA filter integrity test is typically performed on cleanroom supply air HEPA filters using 

a photometer to scan the filter surface for pinhole leaks that could allow the transmission of 

contaminant particles that would be unacceptable in a critical application.  The most-common 

onsite HEPA integrity test method is the Cold DOP test. 

LYOPHILIZATION (FREEZE DRYING) 

Lyophilization or freeze drying is a process in which water is removed from a product after it is 

frozen and placed under a vacuum, allowing the ice to change directly from solid to vapor without 

passing through a liquid phase. The process consists of three separate, unique, and interdependent 

processes;  

1. Freezing,  

2. Primary drying (sublimation) 

3. Secondary drying (desorption) 

Advantages 

 Ease of processing a liquid, which simplifies aseptic handling  

 Enhanced stability of a dry powder  

 Removal of water without excessive heating of the product  

 Enhanced product stability in a dry state  

 Rapid and easy dissolution of reconstituted product  

Disadvantages  

 Increased handling and processing time  

 Need for sterile diluent upon reconstitution  

 Cost and complexity of equipment 

Lyophilization process generally includes the following steps: 

1. Dissolving the drug and excipients in a suitable solvent, generally water for injection (WFI). 

Sterilizing the bulk solution by passing it through a 0.22 micron bacteria-retentive filter.  

2. Filling into individual sterile containers and partially stoppering the containers under aseptic 

conditions.  

3. Transporting the partially stoppered containers to the lyophilizer and loading into the chamber 

under aseptic conditions.  

4. Freezing the solution by placing the partially stoppered containers on cooled shelves in a freeze-
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drying chamber or pre-freezing in another chamber.  

5. Applying a vacuum to the chamber and heating the shelves in order to evaporate the water from 

the frozen state.  

6. Complete stoppering of the vials usually by hydraulic or screw rod stoppering mechanisms 

installed in the lyophilizers 

There are many new parenteral products, including anti- infectives, biotechnology derived 

products, and in-vitro diagnostics which are manufactured as lyophilized products. Additionally, 

inspections have disclosed potency, sterility and stability problems associated with the 

manufacture and control of lyophilized products.  

Some of applications of this process are; 

 This process provides an efficient technique for preservation of temperature sensitive products, 

mainly those of biological origin such as proteins, enzymes, blood plasma, vaccines, etc. 

 Lyophilization helps in achieving the chemical balance, such as for biological reagents. 

 Lyophilization is very efficient for the packaging of constituents that cannot be mixed in the 

liquid state. 

 It helps in improving the storage life and improved marketing of the end product. 

TYPES OF CONTAINERS AND CLOSURES 

Injectable formulations are packaged into containers made of glass or plastic. Container systems 

include ampoules, vials, syringes, cartridges, bottles, and bags.  

Ampoules are all glass while bags are all plastic. The other containers can be composed of glass 

or plastic and must include rubber materials such as rubber stoppers for vials and bottles and 

rubber plungers and rubber seals for syringes and cartridges. Irrigation solutions are packaged in 

glass bottles with aluminum screw caps.  

Glass 

It is composed of silicon dioxide, with varying amounts of other oxides such as sodium, 

potassium, calcium, magnesium, aluminum, boron, and iron. The basic structural network of glass 

is formed by the silicon oxide tetrahedron. Boric oxide will enter into this structure, but most of 

the other oxides do not. The latter are only loosely bound, are present in the network interstices, 

and are relatively free to migrate.These migratory oxides may be leached into a solution in contact 

with the glass, particularly during the increased reactivity of thermal sterilization. The oxides thus 

dissolved may hydrolyze to raise the pH of the solution and catalyze or enter into reactions. 

Additionally, some glasses compounds will be attacked by solutions and, in time, dislodge glass 
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flakes into the solution. Such occurrences can be minimized by the proper selection ofthe glass 

composition. 

Types—The USP has aided in this selection by providing a classification of glass: 

Type I, a borosilicate glass 

Type II, a soda-lime treated glass 

Type III, a soda-lime glass 

NP, a soda-lime glass not suitable for containers for parenterals 

Type I glass is composed of silicon dioxide (~81%) and boric oxide (~13%), with low levels of 

the non-network forming oxides (example, sodium and aluminum oxides). It is a chemically 

resistant glass (low leachability) also having a low thermal coefficient of expansion (68 ×10
-7

 

cm/cm°C). It is used for buffered and unbuffered aqueous solutions, SVPs of all kinds regardless 

of pH and LVPs that are mildly alkaline or when high thermal shock resistant is required. It is 

best all purpose glass for injectable and should be the only glass used for alkaline products. 

Types II and III glass compounds are composed of relatively high proportions of sodium oxide 

(~14%) and calcium oxide (~8%). This makes the glass chemically less resistant. Both types melt 

at a lower temperature, are easier to mold into various shapes, and have a higher thermal 

coefficient of expansion than Type I. While thereis no one standard formulation for glass among 

manufacturers of these USP type categories, Type II glass usually has a lower concentration of 

the migratory oxides than Type III. In addition, Type II has been treated under controlled 

temperature and humidity conditions with sulfur dioxide or other de-alkalizers to neutralizes the 

interior surface of the container. However, repeated exposures to sterilization and alkaline 

detergents will break down this de-alkalized surface and expose the underlying soda-lime 

compound. 

The glass types are determined from the results of two USP tests: the Powdered Glass Test and 

the Water Attack Test. The latter is used only for Type II glass and is performed on the whole 

container, because of the de-alkalized surface; the former is performed on powdered glass, which 

exposes internal surfaces of the glass compound. The results are based upon the amount of alkali 

titrated by 0.02 N sulfuric acid after an autoclaving cycle with the glass sample in contact with a 

high-purity distilled water. Thus, the Powdered Glass Test challenges the leaching potential of the 

interior structure of the glass while the Water Attack Test challenges only the intact surface of the 

container. Selecting the appropriate glass composition is a critical of determining the overall 

specifications for each parenteral formulation. In general, the following rules apply with respect 
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to glass leachables: 

 Relatively low levels of leachables at pH 4 – 8 

 Relatively high levels of leachables at pH ≥ 9 

 Major extractables are silicon and sodium 

 Minor extractables include potassium, barium, calcium, and aluminum. 

 Trace extractables include iron, magnesium and zinc. 

 Treated glass gives less extractables if pH ≤ 8 

Type I glass will be suitable for all products, although sulfur dioxide treatment sometimes is used 

for even greater resistanceto glass leachables. Because cost must be considered, oneof the other, 

less-expensive types may be acceptable. Type II glass may be suitable, for example, for a solution 

that is buffered, has a pH below 7, or is not reactive with the glass. 

Type III glass usually will be suitable principally for anhydrous liquids or dry substances. 

However, some manufacturer to variation in glass composition should be anticipated within each 

glass type. Therefore, for highly chemically sensitive parenteral formulations it may be necessary 

to specify both USP Type and a specific manufacturer. Schott has developed a technology called 

Plasma Impulse Chemical Vapor Deposition (PICVD) that coats the inner surface of Type I glass 

vials with an ultra thin film of silicon dioxide. This film forms a highly efficient diffusion barrier 

that practically eliminates glass leachables. Such treated glass is especially useful for drug 

products having high pH values, formulations with complexing agents, or products showing high 

sensitivity to pH shifts 

Rubber closures 

To permit introduction of a needle from a hypodermic syringe into a multiple-dose vial and 

provide for resealing as soon asthe needle is with drawn, each vial is sealed with a rubber closure 

held in place by an aluminum cap. This principle also is followed for single-dose containers of the 

cartridge type, except that there is only a single introduction of the needle to make possible the 

withdrawal or expulsion of the contents. Rubber closures are composed of multiple ingredients 

that are plasticized and mixed together at an elevated temperatureon milling machines. The 

elastomer primarily used in rubber closures, plungers, and other rubber items used in parenteral 

packaging and delivery systems is synthetic butyl or halobutyl rubber. Natural rubber also is used, 

but if it is natural rubber latex, then the product label must include a warning statement due to the 

potential for allergic reactions from latex exposure. The plasticized mixture is placed in molds 

and vulcanized (cured) under high temperature and pressure. During vulcanization the polymer 
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strands are cross-linked by the vulcanizing agent, assisted by the accelerator and activator, so that 

motion is restricted and the molded closure acquires the elastic, resilient character required for its 

use. Ingredients not involved in the cross-linking reactions remain dispersed within the compound 

and, along with the degree of curing, affect the properties of the finished closure. The physical 

properties to be considered in the selection of a particular formulation include elasticity, hardness, 

and tendency to fragment, and permeability to vapor transfer. The elasticity is critical in 

establishing a seal with the lip and neck of a vial or other opening and in resealing after 

withdrawal of a hypodermic needle from a vial closure. The hardness should provide firmness but 

not excessive resistance to the insertion of a needle through the closure, while minimal 

fragmentation of pieces of rubber should occur as the hollow shaft of the needle is pushed through 

the closure. While vapor transfer occurs to some degree with all rubber formulations, appropriate 

selection of ingredients makes it possible to control the degree of permeability. The ingredients 

dispersed throughout the rubber compound may be subject to leaching into the product contacting 

the closure. Potential compatibility interactions with product ingredients if leached into the 

product solution and these effects must be evaluated. Further, some ingredients must be evaluated 

for potential toxicity. To reduce the problem of leachables, coatings have been applied to the 

product contact surfaces of closures, with various polymers, the most successful being teflon. 

Recently, polymeric coatings have been developed that are claimed to have more integral binding 

with the rubber matrix, but details of their function are trade secrets. Many disk closures are being 

used now, particularly in the high-speed packaging of antibiotics. Slotted closures are used on 

freeze-dried products to permit the escape of water vapor, since they are inserted only partway 

into the neck of the vial until completion of the drying phase of the cycle. Also, the top design of 

the freeze-dry closureis important to minimize sticking of the closure to the underneath of the 

dryer shelf after stoppering the vial. Stoppers normally have a small protruding circle at the center 

of the top of the stopper. Gaps provided within the protruding circle minimize the tendency of the 

stopper to stick to the freeze-dryer shelf. The plunger type of rubber is used to seal one end of a 

syringe or cartridge. At the time of use, the plunger expels the product by a needle inserted 

through the closure at the distal end of the package. Intravenous solution closures often have 

permanent holes for adapters of administration sets; irrigating solution closures usually are 

designed for pouring. As will be discussed later, rubber closures must be “slippery”in order to 

move easily through a rubber closure hopper andother stainless steel passages until they are fitted 

onto the filled vials. Traditionally, rubber materials are “siliconized” (siliconeoil or emulsion 
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applied onto the rubber) in order to produce such lubrication. However, advances in rubber 

closure technologies have introduced closures that do not require siliconization because of a 

special polymer coating applied to the outer surface of the closure. Examples are the 

Daichyo/West closures (Flurotec) and the Helvoet (Omniflex) closures. The Daichyo Flurotec 

coatingis a copolymer of tetrafluoroethylene and ethylene. 

Plastic 

Thermoplastic polymers have been established as packaging materials for sterile preparations 

such as large-volume parenterals, ophthalmic solutions, and, increasingly, small-volume 

parenterals. For such use to be acceptable, a thorough understanding of the characteristics, 

potential problems, and advantages for use must be developed. Three principal problem areas 

exist in using these materials: 

1. Permeation of vapors and other molecules in either direction through the wall of the plastic 

container 

2. Leaching of constituents from the plastic into the product 

3. Sorption (absorption and/or adsorption) of drug molecules or ions on the plastic material 

Permeation, the most extensive problem, may be trouble some by permitting volatile constituents, 

water, or specific drug molecules to migrate through the wall of the container to the outside and 

there by be lost. This problem has been resolved, for example, by the use of an overwrap in the 

packaging of IV solutionsin PVC bags to prevent the loss of water during storage. Reverse 

permeation also may occur in which oxygen or other molecules may penetrate to the inside of the 

container and cause oxidative or other degradation of susceptible constituents. 

Leaching may be a problem when certain constituents in the plastic formulation, such as 

plasticizers or antioxidants, migrate into the product. Thus, plastic polymer formulations should 

have as few additives as possible, an objective characteristically achievable for most plastics 

being used for parenteral packaging. Sorption is a problem on a selective basis, that is, sorption of 

a few drug molecules occurs on specific polymers. For example, sorption of insulin and other 

proteins, vitamin A acetate, and warfarin sodium has been shown to occur on PVC bags and 

tubing when these drugs were present as additives in IV admixtures. One of the principle 

advantages of using plastic packaging materials is that they are not breakable as is glass; also, 

there is a substantial weight reduction. The flexible bags of polyvinylchloride or select 

polyolefins, currently in use for large-volume intravenous fluids, have the added advantage that 

no air interchangeis required; the flexible wall simply collapses as the solution flows out of the 
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bag. Most plastic materials have the disadvantage that they are not as clear as glass and, therefore, 

inspection of the contents is impeded. However, recent technologies have overcome this 

limitation, evidenced by plastic resins such as CZ (polycyclopentane, Daichyo Seiko) and Topas 

COC (cyclic olefin copolymer, Ticona). In addition, many of these materials will soften or melt 

under the conditions of thermal sterilization. However, careful selection of the plastic used and 

control of the autoclave cycle has made thermal sterilization of some products possible, large-

volume parenterals in particular. Ethylene oxide or radiation sterilization may be employed for the 

empty container with subsequent aseptic filling. However, careful evaluation of the residues from 

ethylene oxide or its degradation products and their potential toxic effect must be undertaken. 

Investigationis required concerning potential interactions and other problems that may be 

encountered when a parenteral productis packaged in plastic.  

Needles 

Historically, stainless steel needles have been used to penetrate the skin and introduce a parenteral 

product inside the body. The advent of needleless injection systems has obviated the need for the 

useof needles for some injections (eg, vaccines) and are gaining in popularity over the 

conventional syringe and needle system. However, needleless injections are generally more 

expensive, can still produce pain on injection, are potentially a greatersource of contamination 

(and cross-contamination from incessantuse), and may not be as efficient in dose delivery. 

Needles are hollow devices composed of stainless steel orplastic. Needles are available in a wide 

variety of lengths, sizes, and shapes. Needle lengths range from 1/4 inch to 6 inches. Needlesize is 

referred to as its gauge (G), or the outside diameter (OD) of the needle shaft. Gauge ranges are 11 

to 32 gauge withthe largest gauge for injection usually being no greater than 16G. 16 G needles 

have an OD of 0.065 inches (1.65 mm) whereas32 G have an OD of 0.009 inches (0.20 mm). 

Needle shape includesregular, short bevel, intradermal, and winged. Needleshape typically is 

defined by one end of a needle enlarged to forma hub with a delivery device such as a syringe or 

other administrationdevice. 

FILLING PATERIALS 

Pre-filled Syringe Processing and Filling:  

Syringes are cleaned, sterilized (by ethylene oxide or radiation) and sealed with a “puncture 

proof” lid by the syringe manufacturer before delivering to the finished product manufacturer.  

Syringes are contained in a plastic tub system double wrapped that maintains sterility of the 

syringes.  The transfer of these tubs containing sterile syringes from a receiving area into the 
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aseptic filling area presents a challenge with respect to maintaining sterility.  Typically, the outer 

bag wrap is removed within area and the inner bag wrap is sanitized (alcohol or hydrogen 

peroxide vapor) before moving into the aseptic area.  Low energy e-beam radiation is becoming a 

new alternative as a surface decontamination process that increases the level of sterility assurance 

in the transfer of pre-sterilized syringe tubs into the aseptic area.  In the Grade A area, an operator 

removes the lid of the tub and the tub is placed on the filling line.  Syringes are filled row by row 

with precise filling volumes (can be accurate within 0.01 ml) and then the rubber plunger is 

accurately inserted at the pre-determined location within the syringe barrel to assure accurate 

delivery volume.Syringe fillers are designed to first fill the product into sterile syringes, and then 

the sterile stopper is inserted.  If the stopper insertion rods or tubes are not properly aligned then 

the product could potentially contact the rods and tubes and glass will break.  Syringe fillers 

typically can fill 0.5 to 20 ml syringe at rates between 60 to 600 syringes per minute.   

Cartridge Filling - Bausch and Stroebel cartridge filling machines may fills up to 3 ml cartridges 

at rates of 300 per minute.  With cartridges, the rubber plunger is first inserted to a predetermined 

place within the barrel of the siliconized cartridge.   

The product is filled, typically with a two, even three-shot fill so that there is no significant head 

space, and then the cartridge is sealed with a sterile, rubber septum within an aluminum cap.  

Excessive air space in a cartridge will affect dose accuracy when the contents of the cartridges are 

ejected through a pen delivery system. Cartridges contain a specific amount of medication. 

Cartridge must be placed in or attached to a special holder which serves as a plunger. Most have 

additional space to allow compatible drugs to be added.  

 

 

Figure 8: Cartridge Filling 



 

 

 

    The Pioneer Pharmacy Institute of Punjab  

ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA 

Suspensions and Other Dispersed System Filling 

The main issues or potential problems that may occur in the filling of dispersed systems include: 

 Maintaining dose homogeneity container-to-container 

 Validation of dose homogeneity especially with higher product viscosities 

 Clogging of filling needles/nozzles 

 Batch size 

 Aseptic formulation  

 Particle size reduction under aseptic conditions. 

Maintaining dose homogeneity during filling operations is a huge challenge.  Dose homogeneity 

is a function of the ability of recirculation system supporting the filling system to prevent 

suspension particle settling or emulsion globule interaction and growth.  The primary way is 

filling of the recirculated suspension. Some form of in-process check is performed to assure 

suspension homogeneity during the filling process. 

Check Weighing - All filling operations must be checked for accurate dose filling, both prior to 

the start of the filling operation to make proper initial adjustments and during filling by checking 

fill volumes periodically to ensure that pre-determined volumes or weights are within 

specifications. There are a number of check weighing methods (focus on vials): 

 Manual check weighing 

 Robotic check weighing of a single container 

 Robotic check weighing of a full container set 

 100% non-contact check weighing 

Each filling operation has a target fill volume or weight with upper and lower acceptance limits.  

Typical fill requirements are  0.5% of the target fill volume for each and every filling nozzle, 

however the smaller the fill volume the more difficult it is to maintain those tight tolerances.  For 

example, a target fill weight might be 5.0 grams with the upper limit being 5.1 grams and the 

lower limit being 4.9 grams.  A fill volume of 0.2 grams would require a fill tolerance of +/- 0.001 

grams.   

Stoppering 

The stoppering operations must occur under Grade A/B (ISO 5) clean room conditions.  

Ampoules do not require rubber closures and are sealed with a flame.  Vials are closed with 

rubber stoppers (or, for vials containing solution to be freeze-dried, the stopper is partially 

inserted into the vial opening).  Syringes and cartridges are closed with rubber plungers at the 
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distal end (with rubber septa sealing the proximal end except for staked-needle syringes).  Rubber 

stoppers and plungers need to be lubricated either with applied silicone oil or emulsion or with 

special coatings (fluropolymer coating place on the closure by the manufacturer) that permit and 

facilitate rubber units to move easily from the hopper along stainless steel tracks or rails to the 

openings of the primary containers.For syringes and cartridges, the placement of the rubber 

plunger is dictated by the desired position of the plunger within the barrel of the syringe or 

cartridge to deliver the claimed volume of product.  

For vial openings, the closure must fit snugly, not “pop out”.  Often, filling efficiencies are 

dependent more on the stoppering process than on the actual filling process as there are 

tendencies for rubber closures to slip or pop off the openings of vials.   

The closing of primary containers will affect the final integrity of the container/closure interface.  

For syringes and cartridges, no further sealing is done although units are either placed in 

secondary packaging for unit dosing or part of a tray system.  For vials and bottles, aluminum 

seals are crimped around the rubber closure and top of the container.  Seal force integrity is 

measured by a torque-testing device. Problems encountered during stoppering include 

 Too little or too much silicone on stoppers 

 Misaligned or bent syringe stopper insertion rods or tubes 

 Stoppers become jammed on the track 

 Improper head space (syringes) 

 Stoppers are not completely seated 

Sealing 

Ampoule-filled containers should be sealed as soon as possible to prevent the contents from being 

contaminated by the environment.  Ampoules are sealed by melting a portion of the glass neck.  

Tip-seals: are made by melting enough glass at the tip of the neck of an ampoule to form a bead 

and close the opening.  These can be made rapidly in a high-temperature gas-oxygen flame.  To 

produce a uniform bead, the ampoule neck must be heated evenly on all sides, such as by burners 

on opposite sides of stationary ampoules or by rotating the ampoule in a single flame.  Care must 

be taken to adjust the flame temperature and the interval of heating properly to completely close 

the opening with a bead of glass.  Excessive heating will result in the expansion of the gases 

within the ampoule against the soft bead seal and cause a bubble to form.  If it bursts, the ampoule 

is no longer sealed; if it does not, the wall of the bubble will be thin and fragile.  Insufficient 

heating will leave an open capillary through the center of the bead.  An incompletely sealed 
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ampoule is called a leaker. 

Pull-seals: are made by heating the neck of the ampoule below the tip, leaving enough of the tip 

for grasping with forceps or other mechanical devices.  The ampoule is rotated in the flame from a 

single burner.  When the glass has softened, the tip is grasped firmly and pulled quickly away 

from the body of the ampoule, which continues to rotate.  The small capillary tube thus formed is 

twisted closed.  Pull-sealing is slower, but the seals are surer than tip-sealing.  Powder ampoules 

or other types having a wide opening must be sealed by pull-sealing.  Fracture of the neck of 

ampoules during sealing may occur if wetting of the necks occurred at the time of filling.  Also, 

wet necks increase the frequency of bubble formation and unsightly carbon deposits if the product 

is organic.  To prevent decomposition of a product, it is sometimes necessary to displace the air in 

the space above the product in the ampoule with an inert gas.  This is done by introducing a 

stream of the gas, such as nitrogen or carbon dioxide, during or after filling with the product.  

Immediately thereafter the ampoule is sealed before the gas can diffuse to the outside.  This 

process should be validated to ensure adequate displacement of air by the inert gas in each 

container.  

Vials and bottles are sealed by a rubber closure (stopper) 

This must be done as rapidly as possible after filling to prevent contamination of the contents.  

The large opening makes the introduction of contamination much easier than with ampoules.  

Therefore, during the critical exposure time the open containers should be protected with a 

blanket of HEPA-filtered laminar airflow.  The closure must fit the mouth of the container that its 

elasticity will seal rigid to slight irregularities in the lip and neck of the container. Closures 

preferably are inserted mechanically using an automated process, especially with high-speed 

processing.  To reduce friction so that the closure may slide more easily through a chute and into 

the container opening, the closure surfaces are halogenated or treated with silicone.  When the 

closure is positioned at the insertion site, it is pushed mechanically into the container opening. For 

lyophilized drugs, the filled and partially stoppered vials would be transferred to a sterile 

lyophilizer for the completion of the lyophilization cycle.  It is normal for the stoppers to be 

seated (pressed in) in the vials inside the sterile drier at the end of the lyophilization cycle prior to 

opening the door.  The stoppered vials are then removed from the sterile drier and immediately 

capped.  The delay in sealing the container, immediately after the filling process, allows the drug 

to be exposed to the environment is an additional risk that occurs with sterile lyophilization.  

When small lots are encountered, manual stoppering with forceps may be used, but such a process 
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poses greater risk of introducing contamination than automated processes.  This is a good test for 

evaluation of aseptic operator aseptic techniques, but not recommended for any product filling 

and stoppering. 

EVALUATION TEST FOR PARENTERALS 

1 Sterility test 

It is one of the most and essential characteristics of parenteral product. It indicates complete 

absence of all micro-organisms. The methods which are used to perform sterility studies are: 

a) Direct transfer method 

It involves direct inoculation of required volume of a sample in two test tubes containing a culture 

medium. This method is theoretically simple but practically tough due to continuous opening of 

container, sample transferring, and mixing that may cause potential fatigue to the operator and 

deterioration in operator technique. Because of all these, there are chances for contamination. 

b) Membrane filtration method 

Membrane filtration method is most widely used method. It requires more skill and knowledge for 

efficient employment when compared with direct inoculation method. This method basically 

involves filtration of sample through membrane filters of 0.22 micron and diameter 47 mm with 

hydrophobic characters. The filtration is assisted under vacuum. The membrane is cut into two 

halves and placed in two test tubes containing the culture medium after filtration is completed. If 

there is no growth of micro-organism in the test tube containing the culture medium, it is 

interpreted that the sample is without intrinsic contamination. If visible micro-organism growth is 

seen or the test is judged to be invalid because of inadequate environmental conditions the 

sterility test is repeated. 

2 Test for pyrogen 

A pyrogen is defined as any substance that can cause a fever. Bacterial pyrogens include 

endotoxins and exotoxins, although many pyrogens are endogenous to the host. Endotoxins 

include lipopolysaccharide (LPS) molecules found as part of the cell wall of Gram-negative 

bacteria, and are released upon bacterial cell lysis. 

Pyrogens are metabolic products of micro-organisms. Most potent pyrogens are produced by 

gram negative bacteria. These are heat stable, lipopolysaccharides which are capable of passing 

through bacteria retentive filters. They produce a mark response of fever with body ache and 

vasoconstriction when injected into the body within an onset of 1 hr. Generally, there are various 

tests to detect the presence of pyrogen in sterile parenteral products. They are: 

https://en.wiktionary.org/wiki/pyrogen
https://en.wikipedia.org/wiki/Endotoxins
https://en.wikipedia.org/wiki/Exotoxins
https://en.wikipedia.org/wiki/Lipopolysaccharide
https://en.wikipedia.org/wiki/Gram-negative
https://en.wikipedia.org/wiki/Lysis
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a) Rabbit test 

Rabbit test mainly involves administration of the sample solution by injection which is to be 

tested in rabbits through ear vein. The temperature sensing probe like clinical thermometer is 

inserted into the rectal cavity of rabbit up to a depth of 7.5 cm. The control temperatures of 

rabbits are determined, prior to 1hr of injecting sample solutions. The test solution must be 

warmed at 37 °C prior to injection. Then the rectal temperature is recorded at 1, 2, 3 hr 

subsequent to the injection. This test is conducted in separate area designed solely for this purpose 

with environmental conditions similar to animal house. Initially the test is performed on 3 rabbits 

and if required the test is further repeated on 5 additional rabbits with same sample solution. Use 

only those rabbits whose control temperature is no vary by more than 1 ºC. If no single rabbit 

show rise in temperature of 0.5 °C, the solutionis judged to be non-pyrogenic, but if this condition 

is not met then the test is repeated on 5 additional rabbits with same preparation administered to 

initial first 3 rabbits. The solution is judged to be non-pyrogenic, if NMT 3 of 8 rabbits show 

individual temperature rise of 0.5 °C. 

b) LAL test 

This is a recently developed in vitro test method for pyrogens utilizing gelling property of lysates 

of amebocytes of limulus polyphemus which is found only at specific locations along the east 

coast of North America and along southeast Asia. It is derived from horseshoe crab. The basic 

procedure is the combination of 0.1 ml of test sample with LAL Reagent. After incubation for 1 

hr at 37 °C, the mixture is analyzed for the presence of gel clot. If the LAL Test is positive, it 

indicates that endotoxin is present. This method has several advantages upon Rabbit test as they 

have greater sensitivity and reliability, specificity, less variation, wider application, less expensive 

and simplicity. 

3 Clarity test 

Clarity is tested by conducting a visual inspection of containers under light and viewed against a 

black and white background. The instrumental method of evaluation is based on the light 

scattering principle, electrical resistance and light absorption which are used to count particle and 

particle size distribution. The visual inspection of a product container is usually done by 

individual human inspection of each externally clean container under a good light, baffled against 

reflection into the eyes and viewed against a black and white background, with the contents set in 

motion with a swirling action. For monitoring particulate matter, two tests are conducted: Light 

obscuration particle count test which is mostly conducted for large volume injections, which 
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counts suspended particles; Microscopic particulate count test can be applied to both large and 

small volume parenterals, where the test enumerates, essentially solid, particulate matter in these 

products on a per volume or per container basis after collecting on a micro porous membrane 

filter.  

4 Leaker test 

Leaker test is performed to determine whether any capillary pores or tiny cracks are presenton the 

vials or ampoules which may lead to microbes or other dangerous contaminants to enter the 

formulation or may lead to leakage. This may lead to contamination of the content or spoilage of 

the package. This test is used to detect in completely sealed ampoules so that they can be 

discarded in order to maintain the sterile conditions of the preparation. The test is conducted by 

placing the ampoules in a vacuum chamber and completely submerged in deeply colored dye 

solution of about 0.5 to 1% methylene blue. A negative pressure is applied within the sample 

making the dye to penetrate through any opening or pores ifpresent on the ampoule which will be 

visible after the washing of the ampoule 

5 Particulate matter  testing    

Particulate matter is primary concern in the parenteral products given by I.V. Route; all parenteral 

products should be free from insoluble particle. Further U.S.P. states that GMP Requires that all 

containers be visually inspected and that with visible particle be discarded. The visual inspection 

is done by holding the ampoule by its neck against highly illuminated screens. White screens for 

the detection of black particle and black screens for the detection of white particles to detect 

heavy particles it may be necessary to invert container but care must be exercised to avoid air 

bubble. The instrumental methods are based on principles of light scattering, light absorption, 

electrical resistance as in coulter counter. A method which utilizes a video image projection could 

detect a moving particle without destruction of product unit. 

 

OPHTHALMIC PREPARATIONS 

INTRODUCTION  

Ophthalmic preparations are specialized dosage forms designed to be instilled onto the external 

surface of the eye (topical), administered inside (intraocular) or adjacent (periocular such as 

juxtascleral or subtenon) to the eye, or used in conjunction with an ophthalmic device. The latter 

includes preparations used in conjunction with surgical implantation (such as an intraocular lens), 

dry eye formulations compatible with a punctual appliance such as a punctual plug, and extends 
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to a variety of solutions utilized in maintenance of contact lenses. The preparations may have any 

of several purposes, therapeutic, prophylactic or palliative for topically administered agents, but 

includes mechanical, chemical and biochemical actions of agents used in the care of ocular 

appliances, and tissue prophylaxis during or following surgery. Because of the dangers associated 

with their administration, or repetitive administration, intraocular and periocular preparations are 

restricted to therapeutic applications or surgical adjuncts. 

Ophthalmic drug forms have been one of the most important and widely developed areas of 

pharmaceutical technology for dozens of years. The main reason of continuingly strong interest of 

scientists in these drug forms is the problem of a low bioavailability of medicinal substance after 

the application to the eyeball. It is caused by, amongst other reasons, the complicated anatomical 

structure of the eye, small absorptive surface and low transparency of the cornea, lipophilicity of 

corneal epithelium, metabolism, enzymolysis, bonding of the drug with proteins contained in tear 

fluid, and defence mechanisms, that is, tear formation, blinking, and flow of the substance 

through nasolacrimal duct. The primary purpose for the development of ophthalmic drug forms is 

to achieve the required drug concentration in the place of absorption and sustaining it for 

appropriately long time, which in turn contributes to smaller application frequency. One of the 

first modifications to conventional forms of ophthalmic drugs was introducing polymers to 

formulation, which enabled longer contact time of active ingredient and the corneal surface, thus 

increasing its bioavailability. Next possibility to modify the ophthalmic forms active ingredients‟ 

bioavailability involved introducing excipients to formulation, which enhanced drugs‟ penetration 

into the eyeball. These excipients included chelating agents, surfactants, and cyclodextrins, 

which, along with active ingredients, form inclusion complexes. This increases solubility, 

permeability, and bioavailability of poorly soluble drug. The newer drug forms, on which in 

recent years research has been conducted in order to achieve a controlled release of drug to 

eyeball tissues, include multi compartment carrier systems, inserts, collagen shields, contact 

lenses, and the so called in situ gels. The advantages of using these new drug forms of controlled 

release are, among others, increasing bioavailability of substance through extending the time of its 

contact with cornea which can be achieved by effective adhesion to the corneal surface, the 

possibility of targeted therapy preventing the loss of drug to other tissues, ensuring patient‟s 

comfort when applying the drug form and during the whole therapy, and increasing resistance to 

eye defence mechanisms, like tearing. 

Ophthalmic preparations are similar to parenteral dosage forms in their requirement for sterility as 
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well as considerations for osmotic pressure (tonicity), preservation, tissue compatibility, the 

avoidance of pyrogens in intraocular dosage forms, particulate matter and suitable packaging. 

Anatomy and Physiology of the Eye 

In many ways the human eye is an ideal organ for studying drug administration and disposition, 

organ physiology and function. Unlike many organs, most of its structure can be inspected 

without surgical intervention. Its macroscopic responses can be investigated by direct observation. 

Its miraculous function so intricate and complex converting a physical electromagnetic stimulus 

into a chemical signal that is coupled to distant neurons for signal processing by an 

electrochemical wave can be detected by sensitive instruments attached to external tissues. The 

basis for the function and protection of this important organ that links man to his external 

environment are the tissues comprising it.   

Eyelids 

Eyelids serve two purposes: mechanical protection of the globe and creation of an optimum 

milieu for the cornea. The inner surfaces of the eyelids and the outermost surfaces of the eye are 

lubricated by the tears, a composite of secretions from both lacrimal glands and specialized cells 

residing in both the bulbar (covering the sclera) and palpebral (covering the inner surface of the 

lids) conjunctiva. The antechamber has the shape of a narrow cleft directly over the front of the 

eyeball, with pocket like extensions upward and downward. The pockets are called the superior 

and inferior fornices (vaults), and the entire space, the cul-de-sac. The elliptical opening between 

the eyelids is called the palpebral fissure. 

Structure 

The eyeball is housed in the bones of the skull, joined to form an approximately pyramid-shaped 

housing for the eyeball, called the orbit. The wall of the human eyeball (bulbus, globe) is 

composed of three concentric layers that envelop the fluid and lenticular core. 

Outer Fibrous Layer: The outer scleral layer is tough, pliable, but only slightly elastic. The 

anterior third is covered by the conjunctiva, a clear transparent mucous surface. The most anterior 

portion of the outer layer forms the cornea, a structure so regular and the water content so 

carefully adjusted that it acts as a clear, transparent window. It is devoid of blood vessels. Over 

the remaining two-thirds of the globe the fibrous collagen- rich coat is opaque (the white of the 

eye) and is called the sclera. It contains the microcirculation, which nourishes the tissues of this 

anterior segment, and is usually white except when irritated vessels become dilated. The cornea, 

slightly thicker than the sclera and ranging in thickness from 500 microns to one millimeter, 
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consists of five identifiable layers. Proceeding from the most anterior layer, these are the 

hydrophobic stratified squamous epithelium, which is underlaid by Bowman‟s membrane, then 

the stroma and descemet‟s membrane, and then the innermost layer, the endothelium. The stroma 

is a hydrophilic elastic network of highly organized connective tissue and is the thickest layer of 

the cornea. The fibrous collagen-rich descemet‟s membrane separates the stroma from the single-

squamous-cell layer of endothelium, the location of the pump that keeps the cornea in its 

relatively dehydrated transparent state. Functionally, the cornea serves as a bilayer barrier, the 

hydrophobic epithelium being the primary barrier to hydrophilic molecules, and the hydrophilic 

stroma, the primary barrier to hydrophobic molecules. A schematic drawing of the cornea is 

provided in Figure 1. 

 

Figure: 1 A Horizontal Section of the Eyeball Illustrating the Important Anatomic Structures 

and their Interrelationships Diagramatically. 

Functions 

Light Detection 

Every object reflects light. The human eye is only able to pick up on a small range of this light, 

called the visible spectrum. Some insects only see the infrared spectrum. There are tools to make 

other forms of light visible, but without aid, the eye can only see the colors of the rainbow. 

Inherited disorders of the eye causes people to confuse one color for another a condition 

commonly called color blindness. It is very rare for someone to be completely color blind. The 

most common type of color blindness is the inability to distinguish red from green. 

Night Vision 

The less light there is, the less the items will reflect for the eyes, making night time or darkness 
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harder to see. The human eye has specialized cells called rods that allow for night vision. The 

human eye has a 20 to 1 ratio of rods over cones daylight cells. The rods are there to create extra 

focus on each object that radiate less light. Without these numerous rods, the eye would not be 

able to see at night. 

Focus 

The eye, like a camera, has a lens. This lens allows for light to be focused on a light receptor, the 

retina. In a camera, the light receptor is the film. The lens is what allows for a sharp, clear focus. 

Defects in the lens will cause vision to be blurry at certain distances. Corrective glasses, or 

additional lenses, can be added to overcome the deficit. 

Depth Perception 

The human body has two eyes located on the front of the body. This close positioning of the eyes 

allows them to see the same object from a slightly different view  stereo vision. Each different 

view of the eye allows the eye to see a little around the object. Two eyes allows the body to not 

only be able to tell the size of an object but where it is in relation to other objects. Having this 

type of vision is necessary for driving, throwing, catching and building a 3-D object. Loss of 

vision in one eye can lead to a loss of depth perception. 

Balance 

The eye is a small part of the vestibular system the balance system of the body. Most of the 

information for the vestibular system is provided by the inner ear, but uses the visual system and 

the joints, muscles and receptors in them to give information to the body about where it is in 

relation to other objects. If balance is correct, walking down the street upright will make buildings 

and other objects appear upright. The visual system is responsible for providing information to the 

brain about where the body appears in relation to the horizon. Loss of vision can alter balance. 

This is quickly tested by standing on one leg with eyes open and eyes closed. As soon as the eyes 

are closed, balance becomes more difficult. 

TYPES OF OPHTHALMIC DOSAGE FORMS 

Ophthalmic products include prescription and OTC drugs, products for the care of contact lenses 

and products used in conjunction with ocular surgery. This section will focus on the 

pharmaceutical aspects of the various ophthalmic dosage forms encompassed by these types of 

products. The therapeutic uses of individual products can be found in several reference books 

along with the individual products labeling. 
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Figure 2: Types of Ophthalmic Dosage Forms 

Ophthalmic Solutions 

These are by far the most common dosage forms for delivering drugs to the eye. By definition, 

ingredients are completely soluble such that dose uniformity is not an issue and there is little 

physical interference with vision. The principal disadvantage of solutions is their relatively brief 

contact time with the drug and the absorbing tissues of the external eye. Contact time may be 

increased by the inclusion of a viscosity-imparting agent; however, their use is limited to 

relatively low viscosities so that the eyedrop can be dispensed from the container or eye dropper 

and to minimize excessive blurring of vision. A viscous solution can produce a residue on the 

eyelashes and around the eye when any excess spills out of the eye and dries. The residue can 

usually be easily removed by careful wiping with a moist towel to the closed eye. 

Gel-Forming Solutions  

Ophthalmic solutions, usually aqueous based, which contain a polymer system that is a low 

viscosity liquid in the container and gels on contact with the tear fluid, have increased contact 

time and can provide increased drug absorption and prolonged duration of therapeutic effect. The 

liquid to gel phase transition can be triggered by a change in temperature, pH, ionic strength or 

presence of tear proteins depending on the particular polymer system employed. Timolol maleate 

gel-forming solutions formulated with specific patented gellan or xanthan gums have clinically 

demonstrated prolonged duration such that their dosing frequency can be reduced from twice to 

once a day. 
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Powders for Solutions 

Drugs that have very limited stability in aqueous solution can sometimes be prepared as sterile 

powders for reconstitution by the pharmacist prior to dispensing to the patient. The sterile powder 

should be aseptically reconstituted with the accompanying sterile diluent that has been optimized 

for dissolution, preservation and stability. The pharmacist must convey to the patient any special 

storage instructions including the expiration dating. 

Ophthalmic Ointments 

Ophthalmic ointments are primarily anhydrous and contain mineral oil and white petrolum as the 

base ingredients that can be varied in proportions to adjust consistency and the melting 

temperature. Dosage variability probably is greater than with solutions (although probably not 

with suspensions). Ointments will interfere with vision and their use is usually limited to bed time 

instillation. They remain popular as a pediatric dosage form and for post operative use. The 

anhydrous nature of the base enables its use as a carrier for moisture sensitive drugs. The 

petrolum base can be made more miscible with aqueous components by the addition of liquid 

lanolins.  

Ophthalmic Emulsions 

An emulsion dosage form offers the advantage of being able to deliver a poorly water-soluble 

drug in a solubilized form as an eye drop. The drug is dissolved in a non aqueous vehicle such as 

castor oil and emulsified with water using a nonionic surfactant and if needed an emulsion 

stabilizer. An emulsion with water as the external phase can be less irritating and better tolerated 

by the patient than use of a purely nonaqueous vehicle. Such an emulsion is used to deliver 

cyclosporin topically for the treatment of chronic dry eye conditions. 

Ophthalmic Gels 

Gel-forming polymers such as carbomer have been used to develop aqueous, semi-solid dosage 

forms which are packaged and administered the same as ointments. The viscous gels have 

significantly increased topical residence time and can increase drug bioavailability and decrease 

dosage frequency compared to solutions. Although they contain a large proportion of water, they 

can still cause blurring of vision. A carbomer gel of pilocarpine administered at bedtime.  

Ocular Inserts 

Ocular inserts have been developed in which the drug is delivered on the basis of diffusional 

mechanisms. Such a solid dosage form delivers an ophthalmic drug at a near-constant known rate, 

minimizing side effects by avoiding excessive absorption peaks. The delivery of pilocarpine 
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(Ocusert Pilo) by Alza Corporation. The Ocusert is designed to be placed in the lower cul-de-sac 

to provide a weekly dose of pilocarpine at which time the system is removed and replaced by a 

new one. The near zero-order rate delivery is based on the selection of a non-eroding copolymer 

membrane enclosing the drug reservoir. 

Strips 

Ophthalmic strips are made of filter paper and are individually packed to ensure sterility until the 

time of use. They can be used in the measurement of tear production in dry eye conditions. In this 

case, they are gauged for easy reading of the measurement. They can be impregnated with certain 

drugs such as fluorescein sodium (used as a diagnostic strips to visualize defects or aberrations in 

the corneal epithelium by staining the areas of cellular loss; to evaluate hard contact lens fitting 

and to evaluate applanation tonometry); lissamine green (used to stain damaged or devitalized 

cells and to indicate dry patches as well as any mucus-deficient or damaged corneal epithelial 

cells); and rose bengal (used to stain degenerating epithelium in the outer layer of cornea as well 

as mucous filaments). 

Injections 

While injections are considered a dosage form for nomenclature purposes, they are not treated as 

a dosage form. Instead, refer to the appropriate physical form, such as solution, suspension, etc., 

for general information. 

Implants 

Implants have been widely employed to extend the release of drugs in ocular fluids and tissues 

particularly in the posterior segment. Implants can be broadly classified into two categories based 

on their degradation properties: (1) biodegradable and (2) nonbiodegradable. With implants, the 

delivery rate could be modulated by varying polymer composition. Implants can be solids, 

semisolids or particulate-based delivery systems. Biodegradable polymers can be used to form 

solid or injectable implants, or they can be used to encapsulate particular systems as nano- and 

microparticles. Particulate systems can be injected through thin needles and have different 

behavior and distribution in the ocular media depending on their size and composition. Polymers 

can be devised as viscous or semisolid materials that can be localized within the eye and used as a 

slow-release intraocular implant after a simple injection. Biodegradable polymers include poly 

lactic acid (PLA), poly glycolic acid (PGA), poly(lactic-coglycolic acid) (PLGA). 

FORMULATION CONSIDERATION 
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                      Eye Drops  

Eye drops are sterile aqueous or oily solutions or suspensions of drugs that are instilled into the 

eye with a dropper. They are used both for diagnostic and therapeutic purposes and contain drugs 

which act on the anterior segment of the eye, the cornea, conjunctiva and anterior uvea. They 

usually contain drugs used as antimicrobial agents, anti-inflammatory agents, diagnostic stains 

and artificial tears. They also contain drugs used in the treatment of glaucoma, local anaesthetics, 

miotic and mydriatics. The eye is normally protected against infection by number of mechanisms. 

The eye lashes help to prevent small dust particles to enter into the eye. The blink reflex is 

initiated when objects are perceived to be travelling towards the eye. The eye is continually 

washed by the tear fluid which contains lysozyme which is an antibacterial enzyme.  

Characteristics of Eye Drops 

 They should be sterile.  

 They should be isoosmotic with lachrymal secretions.  

 They should be free from foreign particles, fibres and filaments.  

 They should have almost neutral pH.  

 They should be preserved with a suitable bactericide.  

 They should remain stable during its storage. 

Manufacuturing of eye drops 

The eye drops are prepared in 4 stages. These stages are as under:- 

1. Preparation of bactericidal and fungicidal vehicle: The aqueous or oily vehicle is used in the 

preparation of eye drops. 

Formulation of Eye Drops  

Eye drops may contain the following ingredients: 

 

 

 

 

 

 

 

 

Figure 3: Formulation of Eye Drops 
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The aqueous vehicle may support bacterial or fungal growth so one of the following bactericide 

may be used to preserve the eye drops:- 

i) Phenylmercuric nitrate/acetate          0.002% 

ii) Benzalkonium chloride                      0.01% 

iii) Chlorohexidine acetate                     0.01% 

iv) Chlorobutol                                       0.5% 

v) Thiomersal                                         0.1% 

Phenylmercuric nitrate should not be used in eye drops which are intended for prolonged 

treatment. Similarly benzalkonium chloride is not suitable as preservative for eye drops 

containing local anaesthetics. 

2. Preparation of solution of medicaments and adjuvants: The medicaments are dissolved in 

the aqueous vehicle containing suitable antimicrobial agent. The adjuvants are also dissolved in 

the vehicle at this stage to form a stable preparation. 

3. Clarification: The eye drops are clarified by passing the solution through membrane filter 

having pore size of 0.8 µm. The clarified solution is immediately transferred into final containers 

and sealed to exclude microorganisms. 

4. Sterilisation: The eye drops are sterilised by autoclaving or heating with bactericide at 98 ºC to 

100º C for 30 minutes or filtration through bacteria proof filter. 

5. Containers: The eye drops should be packed in neutral glass containers or in a suitable plastic 

container. In olden days the eye drops were stored in vertically fluted amber coloured glass 

bottles fitted with a Bakelite cap carrying a dropper. The bottle must conform to limit test for 

alkalinity of glass. Nowadays, neutral glass small bottles having capacity of 4 - 8 ml are used. It 

has two polypropylene screw caps, one for attaching a silicon rubber to the container and the 

other for covering the teat. The plastic squeeze bottles having rigid plastic cap and polythene 

friction plug containing baffle that produces uniform drops are also used these days. These are 

very handy. These bottles are sterilised by gaseous sterilisation method. 

Labelling: 

Eye drops should be labelled „For External Use Only‟ along with storage conditions to maintain 

full activit 

1.Thickening agent: The thickening agents such as methyl cellulose, carboxymethyl cellulose, 

polyvinyl alcohol, and polyethylene glycol are used to increase the viscosity of eye drops. It will 

also help to prolong the contact time of the drug in the eye. 
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2. Buffers: Buffers are added to adjust and maintain the pH of the eye drops. The pH of the eye 

drop is adjusted to maintain chemical stability to reduce discomfort and to improve clinical 

response. The buffers used in eye drops formulations are: borate buffer, phosphate buffer and 

citrate buffer. 

3. Antioxidants: They are added in several eye drops to provide protection from oxidation. 

Sometimes the eye drops are protected from oxidation by replacing the air in the container with 

an inert gas. Sodium metabisulphite (0.05 to 0.5%) and sodium thiosulphate (0.1 to 0.2%) are 

commonly used as antioxidants. 

4. Chelating agents: Chelating agents are used in the formulation of eye drops to remove traces 

of heavy metals. Disodium edentate is commonly employed as chelating agent in eye drops. It 

also enhances the activity of preservatives that are included in the formulation of eye drops. 

5. Wetting agents: These are used for proper penetration of eye drops into the cornea of the eye. 

Polysorbate 20 and polysorbate 80 are used as wetting agent. 

6. Isotonicity adjustment substances: Eye drops are made isotonic with the lachrymal secretion 

with the help of various buffers and other solutions. 

Precaution used in handling Eye Drops: The following precautions are required to be observed 

while using eye drops:- 

1) If the dropper is separate, always hold it with its tip down. 

2) Never touch the dropper surface. 

3) Never rinse the dropper. 

4) Never use eye drops that have changed colour. 

5) When the dropper is at the top of the bottle, avoid contaminating the cap when removed.  

Prepare and dispense 100 ml of atropine eye drops B.P.C. 

Atropine sulphate                      1g 

Phenylmercuric nitrate             50.0 ml 

Solution (0.002%)  

Purified water, add up to             100 ml 

Make an eye drop 

Direction: To be used as directed. 

Method: Dissolve phenylmercuric nitrate in purified water to make 0.002% solution. Dissolve 

atropine sulphate in the required volume of phenyl mercuric nitrate solution. Add purified water 

to make the required volume. Filter the solution through membrane filter. Transfer the solution to 
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final container and sterilise by autoclaving at 115 ºC for 30 minutes. Clean the bottle, label and 

dispense. 

Containers 

1. Single dose containers: 

It is minimum unit and consists of a disposable, pliable, tubelike applicator made from 

polypropylene by ultrasonic sealing. It has a nozzle protected by a cap. It is generally enclosed in 

a heat-sealed envelope. 

2. Multiple application containers: 

The traditional container for eye drops is a glass bottle carrying in the cap a dropper fitted with a 

teat, e.g., 

3. Amber colored container to provide protection from light 

4. Hexagonal in cross-section and vertically ribbed on three adjacent faces, the ribs indicate that 

the contents must not be taken orally. 

5. Made from neutral or treated soda glass. 

6. Screw capped bottle with separate droppers. 

Labelling 

Comply with the general requirements for labelling, following information is mentioned on the 

label clearly. 

1. Name and concentration of medicaments. 

2. Name and concentration of antimicrobial agent. 

3. Date after which the product is not intended to be used. 

4. Discard the contents at a specified time after opening (about one month). 

5. If any discomfort or irritation discontinue use of the eye drop. 

6. For External use only. 

Sterilization 

Ophthalmic solutions are required to be sterile when prepared and great care must be exercised 

subsequently to prevent contamination to use. The microbe must frequently found as a 

contaminant is Pseudomonas aeruginosa and the solution most often found contaminated is of 

sodium fluerescein. 

Eye Lotions 

These are the sterile aqueous solutions used for washing of the eyes. The eye lotions are supplied 

in concentrated form and are required to be diluted with warm water immediately before use. 
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They are usually applied with a clean eye bath or sterilised fabric dressing and a large volume of 

solution is allowed to flow quickly over the eye. 

Eye lotions should be isotonic and free from foreign particles to avoid irritation to the eye. They 

are required to be prepared fresh and should not be stored for more than two days as the lotion 

may get contaminated with microorganisms. The drugs used for preparing eye solutions include 

sodium chloride, sodium bicarbonate, boric acid, borax or zinc sulphate. 

Formulation of eye lotions 

Eye lotions are simple solution. They are isoosmotic with tears because they cause much greater 

dilution of the lachrymal fluid and hence are more likely to cause discomfort if not adjusted. The 

eye lotions should be sterile because the large volume is used to remove the irritant from the eye. 

While removing the irritant from the eye, it becomes more susceptible to infection. The eye 

lotions are sterilised by autoclaving or by passing through bacteria proof filters. 

Sodium chloride eye lotion and sodium bicarbonate eye lotion are commonly used to remove 

foreign substances from the eye. 

Prepare and dispense 100 ml of sodium chloride eye lotion B.P.C. 

Rx  

Sodium chloride                     0.9g 

Purified water to produce      100 ml 

Method: Dissolve sodium chloride in purified water and made the final volume by adding more 

purified water. Filter through sintered glass filter grade 4. The eye lotion is transferred to the 

bottle. Close and seal the bottle. Sterilise it by autoclaving. Clean the bottle, label and dispense. 

Containers  

Eye lotions are dispensed in colored fluted bottle closed with a screw-cap. It is important to 

ensure that the liner of the screw cap is not covered by cork as it may be a source of microbial 

contamination. Rubber or plastics liners are suitable and the screw cap may be either of metal or 

plastics. Uncolored or non-fluted bottles may be used if a suitable colored, fluted bottle is not 

available. 

Labeling  

Following information is stated on the eye lotion label 

1. For External use only. 

2. Discard any lotion remaining after use when the seal is first broken. 

3. Not to be used more than 24 hours (without bactericide) 
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4. Not to be used more than 7 days (with bactericide) 

Eye Ointments 

Eye ointments are sterile preparations meant for application to the eye. These are prepared under 

aseptic conditions and packed in sterile collapsible tubes which keep the preparation sterile until 

whole of it is consumed. Nowadays, eye applicators are available which contains only one 

application of the eye ointment preparation. 

Formulation of eye ointments 

The ointment base selected for an eye ointment must be non irritating to the eye. The eye 

ointment base should melt near to the body temperature so as to permit the diffusion of the drug 

through the lachrymal secretions of the eye. For the preparation of eye ointment the following 

base is used:- 

Yellow soft paraffin                 80g 

Liquid paraffin                         10g 

Wool fat                                    10g 

Method: Melt wool fat, yellow soft paraffin on a water bath. Add liquid paraffin. Liquid paraffin 

is incorporated to reduce the viscosity of the base, so that it can be easily expelled from 

collapsible tube. Filter through coarse filter paper placed in heated funnel. It is sterilised by dry 

heat method. Incorporate the medicament with the eye ointment base. Pack in sterile containers 

which are then closed so as to exclude microorganisms. 

Container  

1. Ointments are packed in collapsible metal or plastic tubes or in single dose containers. 

2. Plastic tubes are used for some proprietary formulations of eye ointments. 

3. Certain proprietary formulations of eye ointments are available in single dose containers, 

elongated, flexible gelatin capsule with one end constructed and are opened by cutting off the 

constructed end with sterile scissors. 

Labeling  

The label on the tube or outer sealed envelop should state that the contents are sterile provided 

that the container has not been opened. Other information should be similar as discussed for eye 

drops. 

 

CHARACTERISTICS OF DIFFERENT OPHTHALMIC PREPARATIONS 

Ophthalmic preparations should possess the following properties: 



 

 

 

    The Pioneer Pharmacy Institute of Punjab  

ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA 

Foreign particles 

All the ophthalmic products should be clear and free from foreign particles, fibres and filaments. 

Ophthalmic solutions should be clarified very carefully by passing through bacteria proof filters 

such as membrane filters and sintered glass filters. The particle size of the eye suspension should 

be in an ultra fine state of subdivision to minimise irritation. A separate filter should be used for 

different ophthalmic products in order to avoid the contamination. 

Viscosity 

In order to prolong the contact time of the drug in the eye, various thickening agents are added in 

the ophthalmic preparations. Polyvinyl alcohol (1-4%), polyethylene glycol, methylcellulose, 

carboxymethylcellulose are some of the commonly used thickening agents. These agents improve 

the viscosity of the preparation. The thickening agents are not included in the formulation of eye 

drops and eye lotions which are required to be used during or after surgery due to some possible 

adverse effects on the interior of the eye. 

Tonicity 

Ophthalmic products must be isotonic with lachrymal secretions to avoid discomfort and 

irritation. It has been observed that eye can tolerate a range of tonicity from 0.5 to 2% sodium 

chloride. There are certain isotonic vehicles which are used to prepare ophthalmic products like 

1.9% boric acid, sodium and phosphate buffer. 

pH of the preparation 

pH plays an important role in therapeutic activity, solubility, stability and comfort to the patient. 

Tears have a pH of about 7.4. Eye can tolerate solution having wide range of pH provided they 

are not strongly buffered, since the tears will rapidly restore the normal pH value of the eye. 

Alkaloidal salt solutions are stable at pH 2 to 3 but this pH is irritant to the eye. The alkaloids get 

precipitated at pH above 7 and create a number of formulation problems. 

Sterility 

Ophthalmic preparation must be sterile when prepared. Pseudomonas aeruginosa is very common 

gram negative bacteria which are generally found to be present in ophthalmic products. It may 

cause serious infection of cornea. It can cause complete loss of eyesight in 24-48 hours. To 

maintain sterility in multidose container containing ophthalmic products a suitable preservative is 

added. The preservative should be non-toxic, non-irritant and should be compatible with 

medicaments. The ophthalmic products are generally sterilised by autoclaving, filtration through 

bacteria proof filters and addition of bactericide at low temperature. 
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Surface activity 

Vehicles used in ophthalmic preparation must have good wetting ability to penetrate cornea and 

other tissues. Certain surfactants or wetting agents are added which are found suitable for 

ophthalmic products. It should not cause any damage to tissues of eye. Benzalkonium chloride, 

polysorbate 20, polysorbate 80, dioctyl sodium sulphosuccinate are some of surfactants which are 

commonly used.  

EVALUATION OF OPHTHALMIC PREPARATION 

Description 

The description of ophthalmic preparations on a specification may read: transparent/opaque 

preparation, proper labeling. 

Identification 

The purpose of an identification or identity test is to verify the identity of the active 

pharmaceutical ingredient (API) in the ophthalmic pharmaceuticals. This test should be able to 

discriminate between compounds of closely related structures that are likely to be present. 

Assay 

This test determines the strength or content of the API in the ophthalmic pharmaceuticals and is 

sometimes called a content test. 

Impurities 

This test determines the presence of any component that is not the API or an excipient of 

ophthalmic pharmaceuticals. The most common type of impurities that are measured is related 

substances, which are processed impurities from the new drug substance synthesis, degradation 

products of the API, or both 

pH 

The pH of the ophthalmic pharmaceuticals is very important. Normal tears have a pH of about 7.4 

and possess some buffer capacity. Many ophthalmic drugs, such as alkaloidal salts, are weakly 

acidic and have only weak buffer capacity. Where only 1 or 2 drops of a solution containing them 

are added to the eye, the buffering action of the tears is usually adequate to raise the pH and 

prevent marked discomfort. In some cases pH may vary between 3.5 and 8.5. Some drugs, 

notably pilocarpine hydrochloride and epinephrine bitartrate, are more acidic and the buffer 

capacity of the lacrimal fluid. Ideally, an ophthalmic solution should have the same pH, as well as 

the same isotonicity value, as lacrimal fluid. This is not usually possible since, at pH 7.4, many 

drugs are not appreciably soluble in water. Most alkaloidal salts precipitate as the free alkaloid at 
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this pH. Additionally, many drugs are chemically unstable at pH levels approaching 7.4. This 

instability is more marked at the high temperatures employed in heat sterilization. For this reason, 

the buffer system should be selected that is nearest to the physiological pH of 7.4 and does not 

cause precipitation of the drug or its rapid deterioration. The final pH of the solution is often a 

compromise, because many ophthalmic drugs have limited solubility and stability at the desired 

pH of 7.4. Buffers or pH adjusting agents or vehicles can be added to adjust and stabilize the pH 

at a desired level. The buffers are included to minimize any change in pH during the storage life 

of the drug; this can result from absorbed carbon dioxide from the air or from hydroxyl ions from 

a glass container. 

Changes in pH can affect the solubility and stability of drugs; consequently, it is important to 

minimize fluctuations in pH. The buffer system should be designed sufficient to maintain the pH 

throughout the expected shelf-life of the product, but with a low buffer capacity so that when the 

ophthalmic solution is instilled into the eye, the buffer system of the tears will rapidly bring the 

pH of the solution back to that of the tears. Low concentrations of buffer salts are used to prepare 

buffers of low buffer capacity. So the pH of the ophthalmic pharmaceuticals must be determined 

carefully by using suitable analytical method. 

Isotonicity 

A solution is said to be isotonic when its effective osmole concentration is the same as that of 

another solution. In biology, the solutions on either side of a cell membrane are isotonic if the 

concentration of solutes outside the cell is equal to the concentration of solutes inside the cell. In 

this case the cell neither swells nor shrinks because there is no concentration gradient to induce 

the diffusion of large amounts of water across the cell membrane. Solutions that are isotonic with 

tears are preferred. An amount equivalent to 0.9% sodium chloride (NaCl) is ideal for comfort 

and should be used when possible. The eye can tolerate tonicities within the equivalent range of 

0.6 to 2% NaCl without discomfort. There are times when hypertonic ophthalmic solutions are 

necessary therapeutically, or when the addition of an auxiliary agent required for reasons of 

stability supersedes the need for isotonicity. A hypotonic ophthalmic solution will require the 

addition of a substance (tonicity adjusting agent) to attain the proper tonicity range. 

Viscosity 

Viscosity measures the resistance of a solution to flow when a stress is applied. The viscosity of 

centipoise (cp) is equal to 0.01 poise and is most often used in pharmaceutical applications. 

Compounds used to enhance viscosity are available in various grades such as 15 cps, 100 cps, etc. 
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Generally the solutions are 1% or 2% and the viscosity is measured at 20°C. 

Viscosity enhancers are used in ophthalmic solutions to increase their viscosity. This enables the 

formulation to remain in the eye longer and gives more time for the drug to exert its therapeutic 

activity or undergo absorption.  

The most common viscosity desired in an ophthalmic solution is between 25 and 50 cps. The 

actual concentration of the enhancer required to produce that viscosity will depend on the grade of 

the enhancer. For example, if methylcellulose 25 cps is used, a 1% solution will create a viscosity 

of 25 cps. If methylcellulose 4000 cps is used, a 0.25% solution provides the desired viscosity. 

Compatibility with the Eye 

Ophthalmic solutions should be free of chemicals or agents that cause allergy or toxicity to the 

sensitive membranes and tissues of the eye. Auxiliary agents, such as preservatives and 

antioxidants, should be added with care because many patients are sensitive to these substances. 

Before adding an auxiliary agent, check with the patient about allergies and sensitivities. 

Clarity 

Ophthalmic solutions must be free from foreign particles, and this is generally accomplished by 

filtration. The filtration process also helps to achieve clarity of the solution. Clarifying agents are 

surfactants that improve aqueous drug solubility and are compatible with vehicles used to prepare 

ophthalmic liquids. 

Particulate Matter 

Particulate matter consists of particles that will not dissolve in solution other than gas bubbles that 

are unintentionally present on the product. Particulate matter can come from many sources in the 

processing. Particulate matter consists of mobile, randomly sourced, extraneous substances, other 

than gas bubbles, that cannot be quantities by chemical analysis because of the small amount of 

material they represent and because of their heterogeneous composition. 

Leakage test  

This test is mandatory for ophthalmic ointments, which evaluates the ointment tube and its seal. 

Ten sealed containers are selected, and their exterior surfaces are cleaned. They are horizontally 

placed over absorbent blotting paper and maintained at 60 ± 3 °C for 8 h. The test passes if 

leakage is not observed from any tube. If leakage is observed, the test is repeated with an 

additional 20 tubes. The test passes if not more than 1 tube shows leakage out of 30 tubes. 

Uniformity of Weight 

Select a sample of 10 filled containers and remove any labeling that might be altered in weight 
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while removing the contents of the containers. Clean and dry the outer surfaces of the containers 

and weigh each container. Remove quantitatively the contents from each container. If necessary, 

cut open the container and wash each empty container with a suitable solvent, taking care to 

ensure that the closure and other parts of the container are retained. Dry and again weigh each 

empty container together with its parts which may have been removed. The difference between 

the two weights is the net weight of the contents of the container. In line with IP, the average net 

weight of the contents of the 10 containers is not less than the labeled amount and the net weight 

of the contents of any single containers is not less than 91 percent and not more than 109 percent 

of the labeled amount where the labeled amount is 50 g or less, or not less than 95.5 percent and 

not more than 104.5 percent of the labeled amount where the labeled is more than 50 g but not 

more than 100 g. 

Sterility Test 

Sterility is defined as the absence of viable microbial contamination. Sterility is an absolute 

requirement of all ophthalmic formulations. Contaminated ophthalmic formulations may result in 

eye infections that could ultimately cause blindness, especially if the Pseudomonas aeruginosa 

microbe is involved. Therefore, ophthalmic formulations must be prepared in a laminar flow hood 

using aseptic techniques just the same as intravenous formulations. The sterile formulations must 

be packaged in sterile containers. 

As stated by USP and BP the sterility test may be carried out using the technique of membrane 

filtration or by direct inoculation of the culture media with the product to be examined. The 

following culture media have been found to be suitable for the test for sterility. Fluid 

thioglycollate medium is primarily intended for the culture of anaerobic bacteria. Soya-bean 

casein digest medium is suitable for the culture of both fungi and aerobic bacteria. 

In the Membrane filtration method : A solution of test product (1%) is prepared in isopropyl 

myristate and allowed to penetrate through cellulose nitrate filter with pore size less than 0.45 μm. 

If necessary, gradual suction or pressure is applied to aid filtration.  

The membrane is then washed three times with 100 ml quantities of sterile diluting and rinsing 

fluid and transferred aseptically into fluid thioglycolate (FTG) and soybean – casein digest 

medium (SBCD). The membrane is finally incubated for 14 days. Growth on FTG medium 

indicates the presence of anaerobic and aerobic bacteria. Soybean casein digest medium indicates 

fungi and aerobic bacteria. Absence of any growth in both these media establishes the sterility of 

the product.  
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In the Direct - inoculation technique : 1 part of the product is diluted with 10 parts of sterile 

diluting and rinsing fluid with the help of an emulsifying agent incubated in Fluid thioglycolate 

(FTG) and soybean – casein digest medium (SBCD) media for 14 days .  

In both techniques, the number of test articles is based on the batch size of the product. If the 

batch size is less than 200; the containers, either 5% of the containers or 2 containers (whichever 

is greater) are used. If the batch size is more than 200, 10 containers are used for sterility testing  

 

 

Multiple Choice Questions 

1. With regard to the standards for Sterile Water for Injection IP, the ‘residue on evaporation 

limit is 

 A) Higher than Water for injection, IP B) Lower than Water for injection, IP 

 C) Similar as that of the Water for injection, IP D) None of the above 

2. Which one of the following is used as local anaesthetic in the formulation of parenteral 

product? 

 A)  Acetic acid      B) Benzyl alcohol      

 C)  Sorbitol  D) None of the above 

3.  A co-solvent used in the preparation of parenteral products is 

 A) Benzyl alcohol    B) Ethyl alcohol      

 C) Dimethyl acetamide      D) Phenol 

4.   Bulking agent used for parenteral preparation is 

 A) Sodium metabisuphite   B) Benzyl alcohol  

 C) Sodium sulphite D) Sorbitol 

5.  Disposable syringes are made up of 

 A) Polypropylene           B) Polystyrene   

 C) Glass                                        D) None of the above 

6. Which of the following commonly available large volume dextrose solution for 

intravenous use is isotonic? 

 A) 2.5% w/v               B) 5.0% w/v           

 C) 7.5 % w/v            D) 10% w/v 

7.  As per G.M.P. permitted limit of solid contents in water for injection is  

 A) 50 ppm            B) 2.0 ppm                



 

 

 

    The Pioneer Pharmacy Institute of Punjab  

ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA 

 C) 0.1 ppm          D) 10.0 ppm       

8.  The formula for the preparation of ascorbic acid injection I.P. may include  

 A) Acetic acid        

 B) Dilute hydrochloric acid       

 C) Both A and B  

 D) Sodium carbonate or sodium bicarbonate or sodium hydroxide in water 

 

9.  For drying blood plasma the following technique is used  

 A) Spray drying        B) Freeze drying       

 C) Vacuum drying  D) None of the above 

10.  Progesterone injection BP is a sterile solution in 

 A)  Water        B) Ethyl oleate           

 C)  Ethyl alcohol D) None of the above 

11.  Limulus test is rapid in vitro test for parenterals to detect the presence of 

 A) Particulate matter       B) Fungus           

 C) Pyrogens           D) Viruses 

12.  Before washing the ampoules the mouth of each ampoule is rotated in bunson flame to 

melt down the rough edges. This process is called 

 A) Flamming         B) Charging         

 C) Annealing         D) None of the above 

13.  Water for injection differs from sterile distilled water as it is free from  

 A) Gases B) Pyrogens          

 C) Preservatives     D) Antioxidants 

14.  Sterilization temperature for aqueous solution in autoclave (Moist heat) is 

 A) 70°C              B) 121°C             

 C) 145°C           D) 150°C            

15.  Tyndallisation means 

 A)  Successive autoclaving with a bactericide       

 B)  Successive heating with a bactericide       

 C)  Successive heating at low temperature       

 D)  None of the above 
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1.    Select the correct pH of the lachrymal fluid   

 A) 8.5                    B) 6.4           

 C) 7.4                     D) 9.0 

2.   Which one of the following is used as a  preservative in ophthalmic preparations?  

 A) Benzalkonium Chloride              B) Phenol 

 C) Benzoic acid                               D) None of the above  

3.  The tear secretion contains an antibacterial enzyme known as    

 A) Zymase                   B) Diastase    

 C) Lysozyme                D) None of the above  

4.  Among the following preparations, which one will be the most irritating to the eye ? 

 A) Distilled water                                 B) 0.7 % NaCI solution 

 C) 0.9 % NaCI solution                     D) 1 % NaCI solution 

5.  Viscosity enhancer in ophthalmic preparation is   

 A) Poly vinyl alcohol                         B) Povidone 

 C) Both A and B                               D) Macrogol 

6.  pH of human tear is   

 A) 7.0                                              B) 8.0  

 C) 7.6                                              D) 4.4 

7.   Which one of the following material is used as isotonicity adjuster ? 

 A) Dextrose                                        B) Boric acid 

 C) NaCI                                              D) All  that is A , B  and C 

8.   Cryoscopic method is familiar in the calculation of isotonic solutions. This method is 

based on   

 A) Freezing point depression of the drug B) Molecular concentration of the drug 

 C) Dissociation constant of the drug                  D) None of the above 

SHORT ANSWER QUESTIONS 

1. What are the advantages and disadvantages of parentral products? 

2. Give examples of antimicrobial agents used in parentral products. 

3. Give examples of non-aqueous vehicle for parenteral preparations. 

4. Mention the composition of glass 1 container. 

5. Give few examples of co solvents used in products of parenterals.  

6. What is hypertonicity? 
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7. What is the use of type 3 glass container in parentral? 

8. Mention the importance of isotonicity in parentral products. 

9. Define pyrogen. 

10. What is lypholization and its applications? 

11. Define the term sterility testing. 

12. What is meant by positive pressure in an aseptic room? 

13. Discuss LAL test for pyrogen testing. 

14. Mention the tests used for testing the integrity of HEPA filter. 

15. Define the term Water for Injection. 

16. What do you mean by ophthalmic products? 

17. What are the essential characteristics of eye drops? 

18. Give a brief account of adjuvants used in the preparation of eye drops. 

19. Write about the containers used for packaging of eye ointments. 

20. Define the term eye lotion. 

21. Give examples for the buffers used in ophthalmic preparation. 

22. Enlist the evaluation methods for ophthalmic preparation. 

LONG ANSWER QUESTIONS 

1. Comment on the vehicles for injections 

2. Discuss the requirements for environment control in an aseptic room. 

3. Discuss the lyophilization process giving the working of a lyophilizer. Mention specific 

examples where this process is useful. 

4. Enumerate IP method for the testing of sterility in parenterals. 

5. Explain the evaluation methods of parenterals products. 

6. Discuss in detail the construction of an aseptic area for the production of parenterals products. 

7. Discuss about materials used in packaging of the parentrals. 

8. What are ophthalmic products? What are various types of ophthalmic products?  

9. What are the important considerations during the formulation of an ophthalmic preparation? 

10. Describe the ideal characteristic of the container to be used for eye drops and important 

labeling requirements. 

11. Enumerate sterility testing of ophthalmic preparations. 

12. Enumerate formulation of eye ointments and eye drops. 

13. Write a note on quality control of ophthalmic preparation 


