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1. Discuss sterelization for parental adminstration and contact with broken skin.
Sterilization is an essential stage in the processing of any product destined forparenteral administration, or for contact with broken skin, mucosal surfaces, or internal organs, where the threat of infection exists.In addition, the sterilization of microbiological materials, soiled dressings and other contaminated items is necessary to minimize the health hazard associated with these articles.

Sterilization processes involve the application of a biocidal agent or physical microbial removal process to a product or preparation with the object of killing or removing all microorganisms. These processes may involve elevated temperature,reactive gas, irradiation or filtration through a microorganism-proof filter. The success of the process depends on a suitable choice of treatment conditions, e.g. temperature and duration of exposure.It must be remembered, however, that with all articles to be sterilized there is a potential risk of product damage, which for a pharmaceutical preparation may result in reduced therapeutic efficacy, stability or patient acceptability. Thus, there is a need to achieve a balance between the maximum acceptable risk of failing to achieve sterility and the maximum level of product damage that is acceptable. This is best determined from a knowledge of the properties of the sterilizing agent, the properties of the product to be sterilized and the nature of the likely contaminants. A suitable sterilization process may then be selected to ensure maximum microbial kill/removal with minimum product deterioration.

The general pattern of resistance of microorganisms to biocidal sterilization processes is independent of the type of agent employed (heat, radiation or gas), with vegetative forms of bacteria and fungi, along with the larger viruses, showing a greater sensitivity to sterilization processes than small viruses and bacterial or fungal spores. The choice of suitable reference organisms for testing the efficiency of sterilization processes  is therefore made from the most durable bacterial spores; these are usually represented by Bacillus stearothermophilus for moist heat, certain strains of B.subtilis for dry heat and gaseous sterilization, and B.pumilus for ionizing radiation.

2. Explain Gaseous Sterilization, it's sterilizer design and operation.
Gas sterilization sterilization by means of a bactericidal gas, frequently used for items that are heat and moisture sensitive. Ethylene oxide is the gas most often used; it is highly explosive and flammable in the presence of air, but these hazards are reduced by diluting it with carbon dioxide or fluorinated hydrocarbons. Gas sterilization is a chemical process resulting from reaction of chemical groups in the bacterial cell with the gas. Factors influencing gas sterilization include time of exposure, gas concentration, penetration of the gas, and temperature and humidity in the sterilizing chamber. Automatically controlled ethylene oxide sterilizers are usually heated to a temperature of 54°C (130°F). A humidity level of 35 to 70 per cent is recommended.Some items will be destroyed when exposed to the temperatures and pressures required for steam ster�ilization. These items include plastics, power cables and endoscopes. Ethylene oxide is a gas that can be used to sterilize these types of items. Exposure to the gas at under appropriate conditions results in sterility. Ethylene oxide is flammable, carcinogenic, can cause numerous health problems and is environmentally harmful. Use of it is strictly regulated.

Understanding the sterilization equipment which is used to deliver the ethylene oxide (EO or EtO) sterilization process is advantageous in considering sterilization options. This is especially true if the articles to be sterilized are of a new design and have never been previously subjected to the EO sterilization process. The following information, although generic in nature, is designed to provide basic information on ethylene oxide sterilizers.

Sterilizer design and operation

The EO sterilization process is delivered in equipment which has been designed to consistently deliver the different processing parameters in a safe and reliable fashion. Ethylene oxide is an extremely dangerous gas when allowed to mix with air1. It is very flammable and is a suspected carcinogen in humans2. The equipment engineers must take this into consideration when designing or modifying sterilizer equipment.The EO process utilizes humidification in the form of steam, sterilant in the form of liquid ethylene oxide, heat, and time. All equipment is designed for the specific task of delivering the sterilization process. The control equipment must control the process; the sterilizer vessel and ancillary equipment must be capable of safely delivering the different phases of the process time after time. Due to the extreme importance of sterilization, inconsistency cannot be tolerated.

Sterilizer Systems

Ethylene Oxide sterilizers consist of a collection of different systems, which work together to deliver the EO sterilization process. Those systems are the:
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3.  Discuss the importance of sterilization in the production of pharmaceutical products. 

Sterilization can be defined as any process that effectively kills or 

eliminates transmissible agents (such as fungi, bacteria, viruses and 

prions) from a surface, equipment, foods, medications, or biological 

culture medium. 

With terminal methods of sterilization of a parenteral product, 

particularly steam under pressure, a probability of no more than one 

nonsterile unit in a million (10-6) is readily achievable. Even greater 

levels of assurance can be achieved with current technology.

 The term aseptic indicates a controlled process or condition in which 

the level of microbial contamination is reduced to the degree that 

microorganisms can be excluded from a product during processing. It 

describes an "apparently" sterile state.

Microorganisms exhibit varying resistance to sterilization procedures. 

The degree of resistance varies with the specific organism. In 

addition, spores, the form that preserves certain organisms during 

adverse conditions, are more resistant than vegetative forms of the 

organism. Therefore, the conditions required for a sterilization process 

must be planned to be lethal to the most resistant spores of 

microorganisms normally encountered, with additional treatment 

designed to provide a margin of safety against a sterilization failure.

Pharmaceutical Importance of Sterilization

 Moist heat sterilization is the most efficient biocidal agent. In the 

pharmaceutical industry it is used for: Surgical dressings, Sheets, 

Surgical and diagnostic equipment, Containers, Closures, Aqueous 

injections, Ophthalmic preparations and Irrigation fluids etc. 

 Dry heat sterilization can only be used for thermostable, moisture 

sensitive or moisture impermeable pharmaceutical and medicinal. 

These include products like; Dry powdered drugs, Suspensions of 

drug in nonaqueous solvents, Oils, fats, waxes, soft hard paraffin,

silicone, Oily injections, implants, ophthalmic ointments and ointment 

bases etc.Gaseous sterilization is used for sterilizing thermolabile substances 

like; hormones, proteins, various heat sensitive drugs etc. 

U.V light is perhaps the most lethal component in ordinary sunlight 

used in sanitation of garments or utensils. 

 Gamma-rays from Cobalt 60 are used to sterilize antibiotic, 

hormones, sutures, plastics and catheters etc. 

 Filtration sterilizations are used in the treatment of heat sensitive 

injections and ophthalmic solutions, biological products, air and other 

gases for supply to aseptic areas. They are also used in industry as part 

of the venting systems on fermentors, centrifuges, autoclaves and 

freeze driers. Membrane filters are used for sterility testing.

4. Radiation sterilization

What is Radiation Sterilization?

Commercial radiation sterilization has existed since the late 1950s and has grown tremendously in popularity over the last 60 years.  Radiation sterilization relies on ionizing radiation, primarily gamma, X-ray or electron radiation, to deactivate microorganisms such as bacteria, fungi, viruses and spores. Due to numerous advantages over heat or chemical based sterilization techniques, this method is particularly attractive in medicine and healthcare-related fields.  For example, radiation sterilization is readily applied during tissue allograft preparation, pharmaceutical packaging and medical device manufacturing. 

Process and Dosage

Radiation can be lethal to biological organisms by inducing genetic damage and chemical changes in key biological macromolecules.  During sterilization treatment, the sample of interest is bombarded with high energy electrons or high energy electromagnetic radiation, which leads to the formation of extremely unstable free radicals, molecular ions and secondary electrons. These radiation products then react with nearby molecules to fracture and alter chemical bonds. DNA in particular is highly sensitive to the damaging effects of radiation and will break, depolymerize, mutate and alter structure upon exposure to ionizing radiation. Incomplete repair of DNA damage ultimately leads to loss of genetic information and cell death. Thus, radiation can kill harmful microorganisms and be used as a sterilization technique.

The sensitivity of a given biological organism to radiation is given by the decimal reduction dose (D10 value), the dose of radiation which leads to a 10-fold reduction in microorganism population.  In order to be effective, sterilization treatment must be dosed to account for the D10 values of microorganisms present, the initial level of bioburden, and the diversity of the bioburden in the sample. Furthermore, the optimal radiation dose depends on the desired sterility assurance level (SAL), the probability that a microorganism will survive the sterilization procedure. A SAL of 10-6 or better is usually desired. For example, a standard radiation dose of 25 kGy used to treat a product contaminated with Salmonella typhimurim (D10 = 0.3 kGy) or Vibrio cholerae (D10 = 0.48 kGy) would result in a SAL less than 10-24; the same dose applied to a sample contaminated with HIV (D10= 4.0 - 8.4 kGy) would only result in a SAL of ~10-3 - 10-6. Overall, radiation dosage is not absolute and must be optimized given the properties of the sample and the level of sterility required.

Sources of Radiation

Three forms of radiation commonly used for commercial radiation sterilization include gamma radiation, electron beam (e-beam) radiation and X-ray radiation. 

Gamma Radiation

Gamma radiation sterilization is the most popular form of radiation sterilization. Co-60 and, to a lesser extent, Cs-137 serve as radiation sources and undergo decomposition to release high energy gamma rays. The produced electromagnetic radiation is highly penetrating and can kill contaminating microorganisms. Both radioisotopes are viable sources of radiation due to their highly stability (with half-lives >5 years) and gamma emission properties. However, Co-60 tends to be favored because it can be easily manufactured from natural metal, is not fissile or flammable and is less soluble in water.

Radioactive Co is formed inside a nuclear reactor by neutron bombardment of the abundant, non-radioactive Co-59 isotope.  Co-60 atoms then decay to nonradioactive Ni-60 atoms by emitting one electron and two gamma rays at energies of 1.17 MeV and 1.33 MeV. Gamma rays are released in an isotropic fashion and are not high enough in energy to induce radioactivity in other materials. In general, production requirements for Co-60 makes gamma sterilization at individual hospital sites unattractive but it is feasible through large scale commercial manufacturing. Gamma based radiation sterilization has been deemed safe and effective by a number of government and public health agencies including the US Center for Disease Control and Prevention, the Food and Agriculture Organization, the United Nations and the World Health Organization.

Electron Beam Radiation (E-Beam Radiation)

Sterilization can alternatively be accomplished using electron beam irradiation. High energy electrons capable of inducing biological damage are generated by electron beam accelerators. In most cases, electron energies of ~10 MeV are used, but the exact energies can be tuned to optimize penetration depth and limit breakdown of the irradiated material.

Gamma irradiation and e-beam irradiation differ in sample penetration depth, exposure time required for effective sterilization and product compatibility. Because the penetration ability of electrons is lower than that of gamma rays, e-beam sterilization is limited in application to lower density or smaller products. However, e-beam sterilization can use higher dosages and shorter treatment times (seconds vs. min/hours) as compared to gamma radiation sterilization, allowing for higher throughput and reducing negative effects on treated products. In terms of cost, e-beam sterilization is equivalent to or less expensive than gamma sterilization. 

X-Ray Radiation

Electron beam accelerators will also generate X-rays for sterilization.  X-rays are produced when high energy electrons from the accelerator interact with high atomic number nuclei, such as atoms of tungsten or tantalum. In a process known as Bremsstrahlung, the deceleration of the electron when passing the nucleus results in the release of X-rays. Electron energies of 5-7 MeV are commercially used; the energies of the resultant X-rays lie along a spectrum ranging from zero to the energy of the electron beam.

In practice, X-rays used for sterilization can be more penetrating than either gamma-rays or electron beams. They are largely directional since generated X-rays propagate in the same direction as the incident electron. Thus, a concerted stream of X-rays is sent towards the product of interest and multiple rows of products can be sterilized simultaneously. Of radiation sterilization techniques, X-ray sterilization can achieve the highest dose uniformity ratio (DUR), the ratio between maximum and minimum dose required for sterilization.  DUR measures the range of doses delivered to the product and is important to optimize for irradiation sensitive materials in order to minimize degradation.

Advantages and Disadvantages

Radiation based sterilization methods offer numerous advantages over traditional chemical or heat-based sterilization: 

Terminal Processing: Due to the penetration depth of ionizing radiation, products can be processed in their fully sealed, final packaging. This limits risk of contamination following sterilization.

Cold Method/Temperature Independence: Temperature increases during treatment are minimal. Furthermore, radiation sterilization has no heat dependence and is efficient at both ambient temperature and sub-zero temperatures. It is compatible with temperature sensitive materials, such as pharmaceuticals and biological samples.

Chemical Independence: No volatile or toxic chemicals are needed. In the case of X-ray or e-beam irradiation, no end products requiring disposal are generated during the procedure.

No residue: Radiation leaves no residue on the sterilized product.

Flexibility: Radiation can sterilize products of any phase (gaseous, liquid or solid materials), products with variable density, size or thickness, and homogeneous or heterogeneous systems. Furthermore, sterilization can be conducted at any temperature and any pressure.

Time efficiency: E-beam sterilization can be completed within seconds to minutes.

Sterility assurance level (SAL): Radiation treatment can yield a high SAL of 10-6 or better, ensuring that less than one out of a million microorganisms survive the sterilization procedure.

Ease: Only a single variable, the exposure dose/time, must be monitored, making radiation sterilization simple and easy to control.
