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1. Discuss the importance of sterilization in the production of pharmaceutical products.

Sterilization refers to any process that eliminates, removes, kills, or deactivates all forms of life (in particular referring to microorganisms such as fungi, bacteria, viruses, spores, unicellular eukaryotic organisms such as Plasmodium, etc.) and other biological agents like prions present in a specific surface, object or fluid, for example food or biological culture media.[1][2] Sterilization can be achieved through various means, including heat, chemicals, irradiation, high pressure, and filtration. Sterilization is distinct from disinfection, sanitization, and pasteurization, in that those methods reduce rather than eliminate all forms of life and biological agents present. After sterilization, an object is referred to as being sterile or aseptic. 

Sterilization is a critical process in the pharmaceutical industry for the control of microbial populations microbial populations. While most prevalent in the manufacture of sterile products it can be used in a variety of settings where microbes have potential impact on patients or products.
Pharmaceutical products need to be sterilized because it deals with a lot of micro organisms which can easily be multiplied and grow rapidly.

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.

The Ethylene Oxide Sterilization Process

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:

Vessel

Controls

Recirculation

Vacuum

Nitrogen injection

Humidification

Gassing

Sterilant removal/abatement

Nitrogen washing

Air inbleed

3. What is Radiation Sterilization?

There are 2 general types of radiation used for sterilization, ionizing radiation and non-ionizing radiation. Ionizing radiation is the use of short wavelength, high-intensity radiation to destroy microorganisms. This radiation can come in the form of gamma or X-rays that react with DNA resulting in a damaged cell. Non-ionizing radiation uses longer wavelength and lower energy. As a result, non-ionizing radiation loses the ability to penetrate substances, and can only be used for sterilizing surfaces. The most common form of non-ionizing radiation is ultraviolet light, which is used in a variety of manners throughout industry.

One industrial application of non-ionizing radiation is the breakdown of ozone (O3). By adding ozone to water, bacteria are unable to sustain life. Unfortunately, ozone also destroys process media. Therefore ozone must be broken down so water can be used for its designated purpose. Since ozone is very sensitive to ultraviolet light, pass the water stream under UV bulbs. This breaks the oxygen-oxygen bonds and results in safe process water. Here is a simple representation of the system.

Advantages:

No degradation of media during sterilization, thus it can be used for thermally labile media

Leaves no chemical residue

Administration of precise dosage and uniform dosage distribution

Immediate availability of the media after sterilization

Disadvantages:

This method is a more costly alternative to heat sterilization

Requires highly specialized equipment.

4. Discuss sterelization for parental adminstration and contact with broken skin.

parenteral/injectable drug products must be sterilized to destroy any potential microbial contaminants (fungi, bacteria). The most common sterilization method involves heating under pressure in the presence of water to generate steam; this method is recommended by various pharmacopeias. Generally, steam sterilization is performed in an autoclave and can be used for drug products, medical devices, plastic bags and other single-use equipment, glass containers, surgical dressings and more. Sterilization can also be achieved via dry heating. Much higher temperatures (180–200 °C) are required for this method; however, these temperatures are not suitable for most drug products.  Dry heating is also not appropriate for aqueous solutions and is most commonly used to sterilize glassware, metal and other surfaces.Exposure to radiation is another sterilization method used throughout the industry. Gamma radiation is the most common, though other options include infrared and ultraviolet radiation and high-velocity electrons. Radiation is typically used for the sterilization of single-use components/systems, but it can be used for packaged drug products. Treatment with gases is also a sterilization alternative. Such gases include ethy-lene oxide, formaldehyde, glutaraldehyde, propylene oxide, hydrogen peroxide and chlorine dioxide. This method is more commonly used to sterilize clean-room suites. Sterilization via filtration is the only option if the other processes are not suitable for the specific product or component. In filtration, the final drug product solution is passed through a filter that has been produced under aseptic manufacturing conditions and designed with appropriate pore sizes/surface chemistries that remove bacteria via size exclusion, entrapment, electrostatic attraction and other modalities.

Careful Selection is Essential

Sterilization is often performed under harsh conditions. Selection of an appropriate sterilization method requires an in-depth understanding of the physicochemical properties of the drug substance and the characteristics of the final formulated product. Sterilization methods using high heat or radiation will, for instance, cause degradation of most biologic drug substances. For biopharmaceutical products, therefore, sterile filtration under aseptic conditions is required.

Small-molecule APIs may also be sensitive to heat or radiation. In some cases, one of these methods may be suitable. In others, it may only be necessary to slightly reduce the sterilization temperature and extend the process time.

Sterilization for contact with broken skin:

Single use:

ce on a single patient and then thrown away. Single use equipment mustn't be reused, even on the same patient.

Single patient use: Single patient use equipment can be reused on the same patient.

Reusable invasive equipment: This can be used once then decontaminated, for example, surgical instruments.

Reusable non-invasive equipment: This is often referred to as communal equipment and can be reused on more than one patient following decontamination between each use, for example, a commode or a patient transfer trolley.

Decontamination: Correct decontamination is cleaning, disinfecting and sterilising healthcare equipment and the environment. Decontamination is essential to lower the number of cross-infections between people and also to prevent Healthcare Associated Infections (HAI). Processes need to be in place within healthcare settings to ensure the environment and equipment, for example patient rooms and commodes, are decontaminated properly.

The level of decontamination used will depend on the risk involved with the medical instruments or equipment. The risk levels are:

high 

medium

low

High risk items

These come into close contact with broken skin or are introduced into a normally sterile body area, for example:

Surgical instruments:

needles

urinary catheters

other catheters

These items would either be single use or must be sterilised.

Medium risk items: come into close contact with mucous membranes or are items contaminated with particularly virulent or readily transmissible organisms for example, endoscopes or semi-invasive ultrasound probes. These items should be single-use, disinfected or sterilised.

Low risk items

Low risk items only come into contact with normal intact skin for example, a bed or a commode. Cleaning and drying is usually enough for these items.

