STERILE DOSAGE FORMS
Definition:
-A dosage form is said to be sterile when it is free from:
· Microorganisms
· Spores
· Pyrogens
· Pathogens
-The sterile dosage form has to pass test for sterility.
-These products are prepared and stored under aseptic conditions.
-The dosage form is made sterile by using different methods of Sterilization:
1.Heat:
(a) Wet heat in an autoclave: The usual met/1od is a time of 30 minutes at a pressure of 1.05 kg/cm2 that will give a temperature of 121°C. This is the best method, if practicable.
(b) Tyndallization: This is a course of three periods of boiling at 100°C for 30 min. at daily intervals.
(c) Dry heat: This is done in a dry oven, where a temperature of 160° C for two hours is usually required.
2. Filtration: The liquid or gas to be sterilized is passed through a filter with porosity sufficient to remove any microorganism in suspension. The cotton wool is used for gases. For liquids, a variety of filters are available, made of materials such as cellulose nitrate (millipore filters). This method is very useful for sterilization of liquids containing heat-labile components.
3. Radiation: Ultraviolet light is very effective in sterilization of air. For solids, we generally use gamma rays or x-rays from a source such as radioactive cobalt. Ionizing radiation is often used to sterilize plastics and other heat labile materials.
4. Chemicals: Many chemicals are lethal to microbes. Hypochlorite solution and phenolic derivatives are used as general laboratory disinfectants. Similar chemical is gaseous ethylene oxide. However, these may not cause sterilization under some conditions.
Dosage forms that require to be sterile are:
· Ophthalmics
· Pulmonary drug delivery
· Parenterals:
-Injectables
-Infusions
-Implants
PARENTERALS
Parenteral preparations are sterile, pyrogen-free liquids (solutions, emulsions, or suspensions) or solid dosage forms packaged in either single-dose or multidose containers.
· These preparations are administered through the skin or mucus membranes into internal body compartments.
· These includes any method of administration that does not involve passage through the digestive tract.
Considerations in parenteral preparation:
· Solvents & vehicles must meet special purity & other standard to assure safety.
· Added substances (buffer, stabilizers preservatives) should be approved for parenteral products.
· Prepared in controlled areas under strict sanitation standards & personnel specially trained, clothed to maintain sanitation.
· Packing hermetically sealed container of specific & high purity.
· Volume slightly excess of the labelled size to help administration.
· Volume is limited depending on route and type (single or multiple).
· Dry parenteral should reconstitute fast with ease (Lyophilized).
· The finished product must meet sterility standard.
· Must be pyrogen free.
· No particulate mater
VEHICLES:
Solvents & vehicles must meet special purity & other standard to assure sterility, stability and safety.
Vehicle used should be:
·   pharmacologically inert, 
·   non toxic and compatible with blood, 
·   maintain solubility of the, drug, 
·   be physically and chemically stable 
·   does not affect the pH. 
· Must be pyrogen free.
· No particulate mater.
· The finished product must meet sterility standard.
· Water is the ideal vehicle for most injections since aqueous preparations are well tolerated by the body.
· Easy visual inspection for particulate contamination, chemical precipitation and colour change.
· Can be Water, Water-miscible co-solvents or Non-aqueous solvents
· Aqueous is preferred
· Non-aqueous may be used due
· Drug of limited water solubility
· Drug susceptible to hydrolysis
· Desired physicochemical factors (extended release)
· Natural Water: is not used for drinking or any pharmaceutical formulation. It is highly contaminated.
· Drinking water: may be used in the early stage of chemical synthesis and in the early stages of the cleaning of pharmaceutical manufacturing equipments. 
· Purified water: (USP monograph), is used in the preparation of some bulk pharmaceutical chemicals, do not  use purified water in preparations intended for parenteral administration. 
· Must be protected from microbial proliferation. 
· Sterile purified water: Is purified water that is packaged and rendered sterile, contains no antimicrobial agent. 
· It is not for parenteral administration. 
Water for injection:
Most frequently used for parenteral formulation
· Purified water underwent distillation or reverse osmosis
· Clear, colourless, odourless and having a pH of 5 -7.
· Total dissolved solids not more than 1mg in 100ml
· No added substances
· May not sterile
· Pyrogen free
· Collected in sterile & pyrogen free container (glass or glass lined)
· Must store in tight container at suitable temperature
· Must be used within 24 hour
· For products to be sterilized after preparation
Sterile water for injection:
· Water for injection which has been sterilized & packed in container of 1 Liter or less
· Pyrogen free
· No antimicrobial preservation or added substances
· Due to sterilization may contain slightly more solid content
· Intended to be used as a solvent, vehicle or diluent for already sterilized & packed injectable 
· Must be added aseptically.
· Sterile water for injection with suitable antimicrobial agent(s).
· Filled in vials/syringe in volume not more than 30ml.
· Name & concentration of preservative must be stated.(benzyl alcohol)
· Intended for small volume injectable (multidose vials).
· Not to be used with large volume parenteral (usually with 5ml or less).
· Concern chemical compatibilities
Sodium chloride injection, USP:
· Sterile, isotonic NaCl in water for injection
· No antimicrobial agent
· Na+, Cl- 154meq of each
· Used as vehicle in preparing solutions/ suspension for parenteral administration
Bacteriostatic sodium chloride injection, USP:
· Sterile, isotonic NaCl in water for injection
· Contain one or more antimicrobial agents (specify in label).
· Volume not more than 30 ml (5ml preferred).
· Concerns compatibility.
· “not for use in newborns”
Ringer’s injection:
· Sterile solution of NaCl, KCl, CaCl2 in water for injection
· Concentration as physiological concentrations
· Can be used as vehicle or electrolyte replenishes or fluid extender
Lactate Ringer’s injection, USP:
·  NaCl, KCl, CaCl2 & Na.lactate 
· Intended to be used as fluid & electrolyte replenishes & systematic alkalyzer 
Non aqueous vehicles:
· Suitable vehicle properties
· No irritation, sensitization, toxicity or pharmacological activity
· Should not affect the activity of the drug
· Should have suitable physicochemical properties for intended use (stability, viscosity, fluidity with temperature, boiling point, miscible with body fluid, low vapor pressure).
· Purity (ease of purification & standardized).
· Must remain clear at 10oC
· Intramuscular
· Must be safe in the amount administered
· Do not interfere with therapeutic activity of the drug
· Selection depend on the formulation
· Fixed vegetable oils
· Corn oil, cotton seed oil, peanut oil, sesame oil, castor oil, olive oil
· Should be properly characterized: purity, iodine number, saponification number 
· Glycerin
· PEG
· Propylene glycol
· Alcohol
· Less common Ethyl oleate, isopropyl myristate, dimethylacetamide 
· Fixed oils must never be administered by IV route and injected only by IM route to produce sustained release effect.
SOLUTE/DRUG:
· Full information about the physico-chemical characteristics of the active drug can greatly help in developing a stable and safe parenteral dosage form.
· Crystallinity, polymorphism, particle size, solubility, dissolution, microscopic examination, thermal stability etc.
· chemical form of active drug,chemical and/or microbial potency,, partition coefficient, spectra, dissociation constant, pH profile (Profile of pH versus solubility and versus stability help in predicting the chemical and physical stability of the drug in solutions or suspension as a result of pH changes due to storage or admixing the drug with an infusion fluid.
· Exceptional physical & chemical purity
· Free of microbes & pyrogen 
· Stable on storage
· Properly packed & stored to prevent contamination
· The use of whole pack during manufacturing.
ADDITIVES/EXCIPIENTS:
They are substances that are incorporated into the parenteral dosage form to maintain stability, ensure sterility, minimize pain & tissue irritation and aid in parenteral administration.
(1) Antimicrobial preservatives 
(2) Anti-oxidants
(3) Buffer
(4) Chelating Agents / Sequestering Agents
(5) cryoprotectants & lyoprotectants 
(6)Inert Gas
(7) Solubilizing Agents and Surfactants
(8) Tonicity modifiers
(9) Viscosity modifiers
Antimicrobials: 
Usually added in multiple dose vials to protect the product from contamination due to repeated dose withdrawal.
· Also added to most unit-dose parenterals which are not terminally sterilized.
· Types of preservatives
· Acidic: Phenols and parabens (Butyl-P-hydroxybenzoate, Methyl-P-hydroxybenzoate).
· Neutral: Alcohols eg Benzyl alcohol
· Mercurial: Thimerosal 
· Quaternary ammonium compounds: benzalkonium chloride.
Antioxidants: 
· prevent oxidation of drug during sterilization.
· Mechanism of action
· Preferentially oxidized: Ascorbic acid & Na bisulfite, metabisulfite or sulfite. 
· Blocking an oxidation chain reaction: Ascorbic acid, BHT & Tocopherols. 
· Complexing agent with catalyst: EDTA
· Synergistic action: acids (citric, phosphoric, tartaric, ascorbic).
Buffers:
Added to maintain pH for Solubility, Stability and Pain reduction
pH	                          Buffer system                  Conc. (%)
3.5 - 5.7	    Acetic Acid/Acetate		1 - 2 
2.5 - 6.0	    Citric Acid/Citrate			1 - 5
6.0 – 8.2	    Phosphoric Acid/Phosphate	0.8 - 2
8.2 – 10.2 	    Glutamic Acid/Glutamate	            1 – 2
> 8.0		    Carbonic Acid/Carbonate                > 1
Other systems used in parenterals: Glycine (pH 6.5-7.5), Lactate (pH 3-6), Maleate (pH 2.5-5.0), Tartarate (pH 3-5)
Chelating agents:
· Trace quantities of heavy metal ions often catalyze destructive changes in medicaments.
· For example the breakdown of the sulfur containing ring of benzyl penicillin (copper, lead, mercury and zinc).
· Oxidation of adrenaline (copper, iron and chromium).
· Decomposition of oxytetracyclin (copper).
· Sources of metal contamination are raw material impurities, solvent such as H2O, rubber stopper, container or equipment employed in the manufacturing process.
· The most widely used chelating agents are ethylenediamine tetra acetate (EDTA) derivatives and salts of citric acid and tartaric acids.
Cryoprotectants: 
Stabilize and prevent denaturation of proteins from effect of freezing. 
· A hydration shell is maintained around the protein molecules which reduces the denaturing effect of freezing.
· Sugars: Sucrose, Lactose, Glucose, Trehalose 
· Polyols: Glycerol, Mannitol, Sorbitol 
· Amino Acids: Glycine, Alanine, Lysine
· Polymers: PEG, Dextran, PVP
Lyoprotectants:
· Substance which protect drugs espacially proteins from degradation during drying (dehydration).
· Sugars: Mannitol, Lactose, Maltose, Maltodextrin, Trehalose, Sucrose
· Amino Acids: Glycin, histadine, arginine.
Inert gas:
· In injections in which oxygen is a serious cause of decomposition, improved stability may be obtained by replacing the air in the final container with an inert gas such as nitrogen or carbon dioxide.
· For best result, the water must be boiled to remove air and purging the container with the used inert gas, prior to filling.
Solubilizing agents and surfactants:
Surfactants are used extensively in parenteral suspension for wetting powders and provide acceptable syringe ability (ex: steroids and fat-soluble vitamins).
EVALUATION:
Drug products administered by injection are characterized by three qualities possessed by no other type of pharmaceutical dosage form: sterility, freedom from pyrogenicity, and freedom from particulate matter. Method involved in quality control are –
   
1. STERILITY TEST            SAMPLING 
                 
                                           CULTURE MEDIA 
               Ex.-      Fluid Thioglycollate Medium (FTM)                                                               
                                  Soybean-Casein Digest (SCD)
COMPOSITION OF FTM
	Ingredients 
	Quantity 
	Property 

	L-C ysteine 
	0.5 g 
	Antioxidant 

	Agar, granulated (moisture Nutrient and viscosity content  15%) 
	0.75 g 
	Nutrient and viscosity inducer 

	Sodium chloride 
	2.5 g 
	Isotonic agent 

	Dextrose 
	5.5 g 
	Nutrient 

	Yeast extract 
	5.0 g 
	Nutrient 

	Pancreatic digest of casein 
	15.0 g 
	Nutrient 

	Sodium thioglycollate or 
thioglycollic acid 
	0.5 g 
0.3 ml 
	Antioxidant 

	Resazurin sodium solution (1:1000), freshly prepared 
	1.0 ml 
	Oxidation indicator 

	Purified water
	QS 1000 ml 
	




(A) DIRECT TRANSFER METHOD
The DT method is the more traditional sterility test method. Basically, the DT method involves three steps:
1. Aseptically opening each sample container from a recently sterilized batch of product.
2. Using a sterile syringe and needle to withdraw the required volume of sample for both media from the container
3. Injecting one-half of the required volume sample into a test tube containing the required volume of FTM and the other half volume of sample into a second test tube containing the required volume of SCD.
(B) MEMBRANE FILTRATION METHOD
Five basic steps are involved in the use of the MF sterility test method:
1.The filter unit   must be properly assembled and sterilized prior to use.
2.The contents of the prescribed number of units are transferred to the filter assembly under strict aseptic conditions.
3.The contents are filtered with the aid of a vacuum or pressure differential system.
4. The membrane is removed aseptically and cut in half.
5.One-half of the membrane is placed in a suitable volume (usually 100 ml) of FTM, and the other membrane half is placed in an equal volume of SCD.
2. PYROGEN TESTING
After a complete arrangement allow injecting the sample by following ways as USP:-
1. Rest the ear against the fingers of the left hand and hold the ear down with the thumb.
2. Introduce the needle with the bevel edge upward near the tip of the ear vein.
3. Slowly inject a small amount of sample to determine if the needle is within the vein. If not, a bubble will form or backpressure will be felt. Withdrawing the needle slightly and moving it forward again should place it in proper position.
4.Maintain steady pressure on the syringe plunger and complete the injection within 10 minutes. Usually, the time duration for infusion is much less than 10 minutes.
5. Withdraw the needle and apply pressure with the thumb at the site of injection to retard bleeding and scarring.
3. PARTICULATE MATTER TESTING
· VISUAL INSPECTION: MANUAL METHODS
[image: C:\Users\asd\Desktop\800px-Particlecounter.jpg]
	Fig.  visual inspection by light beam 
4. PACKAGE INTEGRITY TESTING
Pour the ampules in
1% Methylene Blue Solution
Rinsing well if leakage found
Color from the dye will be visible within a leaker
WATER USED IN PHARMACEUTICALS-
· Purified water 
· Water for injection(WFI)
· Sterile purified water
· Sterile water for injection
· Bacteriostatic Water for injection
·  Sterile water for irrigation





WATER FOR INJECTION
[image: C:\Users\asd\AppData\Local\Temp\msohtmlclip1\01\clip_image001.jpg]
Fig. a schematic of a typical process used to convert potable water to water for injection
THERE ARE TWO BASIC TYPES OF WFI DISTILLATION UNITS:-
· VAPOR COMPRESSION DISTILLATION
[image: C:\Users\asd\AppData\Local\Temp\msohtmlclip1\01\clip_image001.jpg]
Fig. vapor compression distillation
· THE MULTIPLE EFFECTS STILL 
-REVERSE OSMOSIS   (RO) 
[image: C:\333C9C65\73208090-534B-497D-BD7C-5723CE3827EB_files\image009.jpg]
Fig. reverse osmosis
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Figure 26-3. Multiple-effect water for injection distillation. Schematic (A) and (B) a space saving and energy efficient combination
still and steam generator capable of delivering 750kg/hr (1650Ib/hr) of pharmaceutical grade steam and 2200 liters/hr (580 gal/hr)

of Water For Injection. (Courtesy of Getinge.)

the WFI is collected as a batch for a particular use with any
unused water discarded within 24 hours. Such a system re-
quires frequent sanitization to minimize the risk of viable mi-
croorganisms being present. The stainless-steel storage tanks
in such systems are usually connected to a welded stainless-
steel distribution loop, supplying the various use sites with a
continuously circulating water supply. The tank is provided
with a hydrophobic membrane vent filter capable of exclud-
ing bacteria and nonviable particulate matter. Such a vent
filter is necessary to permit changes in pressure during fill-
ing and emptying. The construction material for the tank and

connecting lines is usually electropolished 316L stainless steel
with welded pipe. The tanks also may be lined with glass or a
coating of pure tin. Such systems are very carefully designed
and constructed and often constitute the most costly installa-
tion within the plant.

When the water cannot be used at 80°C, heat exchangers
must be installed to reduce the temperature at the point of use.
Bacterial retentive filters should not be installed in such sys-
tems, due to the risk of bacterial buildup on the filters and the
consequent release of pyrogenic substances.

Sample chapter from Remington: Essentials of Pharmaceutics
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Figure 26-2. Vapor compressor still.

and drawn off as a distillate, while giving up its heat to bring the
distilland in the tubes to the boiling point. Vapor-compression
stills are available in capacities from 50 to 2800 gal/hr.

Multiple-Effect Stills

The multiple-effect still is also designed to conserve energy and
water usage. In principle, it is simply a series of single-effect
stills or columns running at differing pressures where phase
changes of water take place. A series of up to seven effects may
be used, with the first effect operated at the highest pressure
and the last effect at atmospheric pressure. Figure 26-3 shows a
schematic drawing of a multiple-effect still. Steam from an ex-
ternal source is used in the first effect to generate steam under
pressure from feed water; it is used as the power source to drive
the second effect. The steam used to drive the second effect
condenses as it gives up its heat of vaporization and forms a
distillate. This process continues until the last effect, when the
steam is at atmospheric pressure and must be condensed in a
heat exchanger.

The capacity of a multiple
adding effects. The quantity of the d
by the inlet steam pressure; thus, a 600-gal/hr unit designed
to operate at 115 psig steam pressure could be run at approxi-
mately 55 psig and would deliver about 400 gal/hr. These stills
have no moving parts and operate quietly. They are available in
capacities from about 50 to 7000 gal/hr.

Reverse Osmosis (RO)

As the name suggests, the natural process of selective perme-
ation of molecules through a semipermeable membrane sep:
rating two aqueous solutions of different concentrations
reversed. Pressure, usually between 200 and 400 psig, is applied
to overcome osmotic pressure and force pure water to perme-
ate through the membrane. Membranes, usually composed of

NOTE: SUPPLEMENTAL HEAT

ELECTRIC UNITS-ELECTRIC HEATERS
DIESEL UNITS-ENGINE COOLING &

EXHAUST SYSTEMS

cellulose esters or polyamides, are selected to provide an effi-
cient rejection of contaminant molecules in raw water. The mol-
ecules most difficult to remove are small inorganic molecules,
such as sodium chloride. Passage through two membranes in
series is sometimes used to increase the efficiency of removal of
these small molecules and decrease the risk of structural failure
of a membrane to remove other contaminants, such as bacteria
and pyrogens

Several WF ions utilize both RO and distillation s
tems for generation of the highest quality water. Since feedw:
ter to distillation units can be heavily contaminated and, thus,
affect the operation of the still, water is first run through RO
units to eliminate contaminants. (For additional information,
see the book by Collentro.)13

Whichever system is used for the preparation of WFI, valida-
tion is required to be sure that the system, co tently and
reliably, produces the chemical, physical, and microbiological
quality of water required. Such validation should start with
the determined characteristics of the source water and in-
clude the pretreatment, production, storage, and distribution
system 1 of these systems together, including their proper
operation and maintenance, determine the ultimate quality of
the WFI.

Storage and Distribution

The rate of production of WFI is not sufficient to meet process-
ing demands; therefore, it is collected in a holding tank for sub-
sequent use. In large operations, the holding tanks may have
a capacity of several thousand gallons and be a part of a con-
tinuously operating system. In such instances, the USP requires
that the WFI be held at a temperature too high for microbial
growth, normally a constant 80°C.

The USP also permits the WFI to be stored at room tempera-
ture but for a maximum of 24 hours. Under such conditions,
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