[image: image1.png]


King Saud University

      College of Pharmacy

    Department of Pharmaceutics
[image: image4.wmf]acid

salt

pK

pH

a

log

+

=


[image: image5.wmf]base

salt

pK

pOH

b

log

+

=

 

Prepared by

Aws I. Al-Shamsan, B.Pharm

Teaching Assistant

INTRODUCTION

Dosage forms designed for parenteral, ophthalmic or surgical use must be free from microbial and particulate contamination. These products are required to be prepared and maintained in a sterile state until used.

In this course, I will try to give a brief hint about the several methods of sterilization, industrial production of sterile dosage forms, sterility testing and the application of radiopharmacy in hospitals. The major scope of the practical course will focus on the numerous aspects of parenteral and ophthalmic products as well as safe approaches handling of cytotoxic preparations. Basically, in order to match the goal of this course, a high level of sophistication in pharmaceutical, isotonicity and buffer calculations would be necessary.

Some of the terms used in connection with "sterile pharmaceutical products" are defined below:

· Sterility:

The total absence of microorganisms and it is an absolute state.

· Sterilization:

The inactivation or elimination of all viable microorganism and their spores. The sterilization process is usually the final stage in the preparation of the product.

· Aseptic Techniques:

This is the preparation of pharmaceutical products from sterile ingredients by procedures that exclude the access of viable microorganisms into the products.

· Sterility Testing:

Test for sterility of pharmaceutical products attempt to reveal the presence or absence of viable microorganisms in a sample number of containers taken from a production batch.

· Disinfection:

A process which aim to reduce the number of harmful (pathogenic) microorganisms in a particular situation. It is not an absolute process i.e. will eradicate infective vegetative organisms but not spores.

· Disinfectants:

Chemical substances used on non-living objects to destroy harmful microorganisms.

· Antiseptics:

Chemical substances applied to living tissues in humans or animal in order to destroy harmful microorganisms.

METHODS OF STERILIZATION

Several methods exist for sterilization. These methods are usually classified into two major types, heat sterilization and non-heat sterilization.

· HEAT STERILIZATION:

This method is a function of the time-temperature combination used. The higher temperature is used, the less time is required. It is further divided into two types:

1) Moist Heat Sterilization.

2) Dry Heat Sterilization.

· Moist Heat Sterilization:

Also known as (Steam Sterilization), it is the method of choice for aqueous preparations and for surgical dressings. A number of time-temperature combinations have been proposed. The USP 23 and BP 23 recommend 121oC maintained throughout the load for 15 minutes as the preferred combination. Autoclaves are the equipment used to obtain this process.
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· Dry Heat Sterilization:
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This process may be used for heat-stable non-aqueous preparations e.g. fixed oil, thermostable powders and glassware. It is usually carried out in hot-air ovens. Different combinations are required for different products. Cycles recommended in the BP are:

· A minimum of 180oC for not less than 30 minutes.

· A minimum of 170oC for not less than 1 hour.

· A minimum of 160oC for not less than 2 hours.

· NON-HEAT STERILIZATION:

Alternative methods to heat sterilization must be employed for heat-labile materials. Three methods lie under this type:

1) Gaseous Sterilization.

2) Irradiation.

3) Filtration.

ASEPTIC TECHNIQUES

Aseptic techniques are used to prevent the access of viable microbial and particulate contamination into the following products:

· Ophthalmic and parenteral products not intended to be sterilized in the final container.

· Product sterilized by filtration.

· All "sterile products" undergoing sterility testing.

Numerous requirements are necessary to achieve strict asepsis. In order to meet those requirements, a suitable controlled environment and highly trained and qualified personnel must exist.

Laminar airflow hood, properly used, can provide a suitable working environment for aseptic procedures. It will be discussed in details with the part of "Safe Handling of Cytotoxic Agent".
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As you can see, the pharmacist above is working in an ideal aseptic environment wearing protective clothing.

PARENTERAL PRODUCTS

Parenteral products are dosage forms which are delivered to the patient by a route apart from alimentary tract. The three major routes of parenteral drug administration are:

· Subcutaneous (SC or SQ).

· Intramuscular (IM).

· Intravenous (IV).

In addition to these, other routes such as intradermal, intra-arterial, intracardiac, intraspinal and intra-articular are also used to deliver drugs by the parenteral route.
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Products for parenteral use are subdivided small and large volume parenteral fluids.
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Small Volume Injections
Small volume parenterals are sterile, pyrogen-free injectable products. They are packaged in volumes up to 100ml. They are packed as:

· Single dose ampoules.

· Multiple dose vials.

· Pre-filled syringes.

· Single Dose Ampoules:

Glass ampoules are thin-walled containers made of Type I borosilicate glass. They are manufactured by filling the product into the ampoules which are then heat sealed.  
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Nevertheless, the great concern with using glass ampoules relates to the hazards of opening them because the product may become contaminated with glass particles. Therefore, in hospital practice, ampoules contents are withdrawn with the aid of filters.
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Preparing an Ampoule's Contents for Injection

· Hold the ampoule as shown. Make sure the dot is facing away from you. Tip the head gently to void any stuck drop.
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· Cover the ampoule with an alcohol swap. With the other hand, grasp the top of the ampoule between your thumb and index finger, placing your thumb opposite the dot.
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· Firmly snap the neck of the ampoule by pushing your thumbs away from you.
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Carefully twist the needle cover off the 1 cc Tuberculin syringe with a 25 gauge and 5/8-inch needle. This is the only syringe and needle that you should use for the preparation and administration of the medication. The needle must remain sterile. Be careful not to touch it. If you do touch the needle, discard the syringe into your safety box and use a new one.
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To draw up the contents into the syringe, hold the ampoule in one hand and put the end of the needle into the ampoule with the plunger pushed in. Next, pull back the plunger to the proper dose amount. It may be necessary to tilt the ampoule to remove the proper amount of liquid (the design of the ampoule will prevent spillage).
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If air bubbles appear in the syringe, turn it so the needle is pointing up and tap the syringe gently. When all the bubbles float to the top, slightly press the plunger until a drop of liquid begins to form at the tip of the needle.

· Multiple Dose Vials:

These are composed of a thick-walled glass container which is sealed with a rubber closure. The closure is kept in position by an aluminum seal which is crimped to the neck of the glass vial. These closures are then covered with a plastic cap, which is removed before a needle, attached to a syringe, is inserted through the rubber closure to withdraw a dose of product.
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However, fragments of the closure may be released into the product when the needle is inserted through the closure. There is also the risk of interaction between the product and the closure. Moreover, repeated withdrawal of injection solution from these containers increases the risk of microbial contamination of the product. These products must, therefore, contain an antimicrobial preservative unless the medication itself has antimicrobial activity. An example of such a multidose product is insulin. Each dose is withdrawn from the vial when required and administered by the patient.
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Preparing and injecting insulin
An insulin syringe has 3 parts: a needle, a barrel, and a plunger.
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The needle is short and thin and covered with a fine layer of silicone to allow it to pass through the skin easily (to decrease pain). A cap covers and protects the needle before it is used. 

· The barrel is the long, thin chamber that holds the insulin. The barrel is marked with lines to measure the number of insulin units. 
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· The plunger is a long, thin rod that fits snugly inside the barrel of the syringe. It easily slides up and down to push the insulin out through the needle. The plunger has a rubber seal at the lower end to prevent leakage. The rubber seal is matched with the line on the barrel to measure the correct amount of insulin. 


INSULIN SYRINGE


INSULIN SYRINGES ARE MADE IN SEVERAL SIZES

	Syringe size
	Number of units the syringe holds

	¼ ml or 0.25 ml
	25

	1/3 ml or 0.33 ml
	30

	½ ml or 0.50 ml
	50

	1 ml
	100


Use the smallest syringe size you can for the dose of insulin you need. The measuring lines on the barrel of small syringes are further apart and easier to see. When you choose the size of syringe, consider the number of units you need to give and your eyesight.

· A 0.25 ml or 0.33 ml syringe often is best for children (who often need very small doses of insulin) and for people with poor eyesight.

· A 1 ml syringe may be best for an adult who needs to take a large amount of insulin.



Follow These Steps When Preparing a Single Type of Insulin for an Injection

1. Roll the bottle (vial) gently between your hands. This will warm the insulin if you have been keeping the bottle in the refrigerator. Roll a bottle of cloudy insulin until the white powder has dissolved.

2. Wipe the rubber lid of the insulin bottle with an alcohol wipe or a cotton ball dipped in alcohol. If you are using a bottle for the first time, remove the protective cover over the rubber lid. 
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3. Remove the plastic cap covering the needle on your insulin syringe (without touching the needle).

4. Pull the plunger of the syringe back and draw air into the syringe equal to the number of units of insulin to be given.

5. Insert the needle of the syringe into the rubber lid of the insulin bottle. Push the plunger of the syringe to force the air into the bottle. This equalizes the pressure in the bottle when you remove the dose of insulin. Leave the needle in the bottle.

6. Turn the bottle and syringe upside down and hold them in one hand. Position the tip of the needle so that it is below the surface of insulin in the bottle. Pull back the plunger to fill the syringe with slightly more than the correct number of units of insulin to be given.


7. Tap the outside (barrel) of the syringe so that trapped air bubbles move into the needle area. Push the air bubbles back into the bottle. Make sure you now have the correct number of units of insulin in your syringe.
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8. Remove the needle from the bottle. Now you are ready to give the injection.
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Follow These Steps When Preparing Two Types of Insulin to be Given in the Same Injection

1. Roll the insulin bottles (vials) gently between your hands. This will warm the insulin if you have been keeping the bottle in the refrigerator. Roll the cloudy insulin bottle until all the white powder has dissolved.

2. Wipe the rubber lid of both insulin bottles with an alcohol wipe or a cotton ball dipped in alcohol. If you are using a bottle for the first time, remove the protective cover over the rubber lid.

3. Remove the plastic cap covering the needle on your insulin syringe (without touching the needle).

4. Pull the plunger back on your insulin syringe and draw air into the syringe equal to the number of units of cloudy insulin to be given.

5. Push the needle of the syringe into the rubber lid of the cloudy insulin bottle. Push the plunger of the syringe to force the air into the bottle. This equalizes the pressure in the bottle when you later remove the dose of insulin. Remove the needle from the bottle.

6. Pull the plunger of the syringe back and draw air into the syringe equal to the number of units of clear insulin to be given.

7. Push the needle of the syringe into the rubber lid of the clear insulin bottle. Push the plunger to force the air into the bottle. Leave the needle in place.

8. Turn the bottle and syringe upside down and hold them in one hand. Position the tip of the needle so that it is below the surface of insulin in the bottle. Pull back the plunger to fill the syringe with slightly more than the correct number of units of clear insulin to be given.

9. Tap the outside (barrel) of the syringe so that trapped air bubbles move into the needle area. Push the air bubbles back into the bottle. Make sure that you have the correct number of units of insulin in your syringe. Remove the needle from the clear insulin bottle.

10. Insert the needle into the rubber lid of the cloudy insulin bottle. Do not push the plunger because this would force clear insulin into your cloudy insulin bottle. If clear insulin is mixed in the bottle of cloudy, it will alter the action of your other doses from that bottle.

11. Turn the bottle and syringe upside down and hold them in one hand. Position the tip of the needle so that it is below the surface of insulin in the bottle. Slowly pull back the plunger of the syringe to fill the syringe with the correct number of units of cloudy insulin to be given. This will prevent air bubbles entering the syringe. Remove the needle from the bottle.

12. You should now have the total number of units for the clear and cloudy insulin in your syringe. For example, if 10 units of clear and 15 units of cloudy are needed, you should have 25 units in your syringe. Now you are ready to give the injection.

The dark areas on these pictures indicate areas of the body where insulin can be injected. 


Insulin can be injected into:

· The abdomen, but at least 2 inches. (5.08 cm) from the belly button. The abdomen is considered the best place to inject insulin. 

· The top outer area of the thighs. Insulin usually is absorbed more slowly from this site, unless you exercise soon after injecting insulin into your legs. 

· The upper outer area of the arms. 

· The buttocks. 

Change the spot where you give an insulin injection slightly each time. Using the same spot every time can form bumps or pits in the skin. For example, use the right upper arm 5 times in different places, and then use the left upper arm in 5 places.

Large Volume Injections
These are parenteral products which are packed and administered in large volumes. They are formulated as single dose injections which are administered by intravenous infusion. 

Large volume parenteral products include:

· Infusion fluids.

· Total parenteral nutrition (TPN) solutions.

· Patient-controlled analgesia.

· Dialysis fluids.

· Irrigation solutions.

Formulation of Parenteral Products

The drug is generally present in an injection in low concentration. The vehicle provides the highest proportion of the formulation and should not be toxic nor have any therapeutic activity. Water for injections must be used as the vehicle for parenteral products. Moreover, non-aqueous solvents and various additives could exist in the formulation contents.

· Water for Injections:

It is the most extensively used vehicle in parenteral formulations. It is well tolerated by the body and ionizable electrolytes readily dissolve in water. It must be free of pyrogens and have a high level of chemical purity.

· Non-Aqueous Solvents:

Water miscible co-solvents, such as glycerine and propylene glycol, are used as vehicles in small volume parenteral fluids. They are used to increase the solubility of drugs and to stabilize drug degraded by hydrolysis. Theses formulations are administered by intramuscular injection.

· Additives:

Various additives, such as antimicrobial agents, antioxidants, buffers, chelating agents and tonicity adjusting agents are included in injection formulation. Their purpose is to produce a safe an elegant product.

· Antimicrobial agents:

They are added to products which are packaged in multiple dose vials. They are not used in large volume injections or if the drug formulation itself has sufficient antimicrobial activity.

	Examples of Antimicrobial Preservatives Used in Aqueous Multiple Dose Injections

	Antimicrobial Preservative
	Concentration (%w/v)

	Benzyl alcohol
	1-2

	Chlorocresol
	0.1-0.3

	Cresol
	0.25-0.5

	Methyl hydroxylbenzoate
	0.1

	Phenol
	0.25-0.6

	Thiomersal
	0.01


· Antioxidants:

Many drugs in aqueous solutions are easily degraded by oxidation. Bisulfites and metabisulfites are commonly used antioxidants in aqueous injections.

BUFFERS

A buffer solution is a system, usually an aqueous solution, which possesses the property of resisting changes in pH upon the addition of small amounts of a strong acid or base and remains essentially independent of dilution to certain extent. The ability to resist changes in pH is referred to as buffer action; the efficiency is measured by the fraction known as buffer capacity.

Buffer solutions are usually composed of a weak acid and a salt of the acid (e.g. acetic acid and sodium acetate) or a weak base and a salt of the base (e.g. ammonium hydroxide and ammonium chloride). Typical buffer systems which may be used in pharmaceutical formulations include the following pairs: acetic acid and sodium, acetate, boric acid and sodium borate, and disodium phosphate and sodium acid phosphate.

Buffers are included in injections to maintain the pH of the packaged product. pH changes can arise through interaction between the product and the container. This may lead to decomposition or degradation of the product. However, the buffer used in the injection must allow the body fluid to change the product pH after injection.

The equation used for pH calculation is the Henderson-Hasselbalch equation or commonly known as the buffer equation:



pH : - logarithm of hydrogen ion concentration.

pKa : - logarithm of acid dissociation constant.
pOH : - logarithm of hydroxyl ion concentration.
pKb : - logarithm of alkali dissociation constant.

BUFFER capacity

There is a limit to the amount of acid or base that can be added to a buffer solution before one of the components is used up. This limit is called the buffer capacity and is defined as the moles of acid or base necessary to change the pH of one liter of solution by one unit.


Buffer Capacity = (number of moles of OH- or H3O+ added)
                                                        (pH change)(volume of buffer in L)      


Tonicity-adjusting agents

Isotonic solutions have the same osmotic pressure as blood plasma and do not damage the membrane of red blood cells. Hypotonic solutions cause blood cells to swell and burst. Hypertonic solutions cause these cells to lose their fluid and shrink.

The BP (1993) states that aqueous solutions for large volume infusion fluids, together with aqueous fluids for subcutaneous, intradermal, and intramuscular administration, should be made isotonic.

Some components of injections, such as buffers and antioxidants, affect the tonicity. Other components, such as preservatives, which are present in low concentration, have little effect on the tonicity.

The tonicity of hypotonic solutions could be adjusted by the addition of more of the solute. On the other hand, hypertonic solutions may be diluted to reach the needed tonicity. In theory this is true, however, dilution may decrease the therapeutic concentration of the medication. Therefore, sometimes you have to keep the hypertonic solution and deal with it as t is.

· I.V. Fluids Tonicity:

	Type of Fluid
	Tonicity State

	0.9% NaCl (normal saline)
	Isotonic

	0.25% NaCl
	Hypotonic

	0.45% NaCl
	Hypotonic

	2.5% dextrose
	Hypotonic

	Lactated Ringer's solution
	Isotonic

	D5W (acts as a hypotonic solution in body)
	Isotonic

	D5 NaCl
	Hypertonic

	D5 in Lactated Ringer's
	Hypertonic

	D5 0.45% NaCl
	Hypertonic


· Methods of Tonicity Adjustment:

Several methods could be obtained to adjust solutions tonicity:

1) Cryoscopic method, which is based on freezing point depression.

2) Sodium chloride equivalent method.

3) White-Vincent method.

4) Molar concentration.

5) Serum osmolarity.

· Freezing Point Depression Method:

The amount of solute, or the required dilution necessary to make a solution isotonic, can be determined from the freezing point depression. The freezing point depression of blood plasma and tears is -0.52oC. Thus solutions which freeze at -0.52oC have the same osmotic pressure as body fluids. Hypotonic solution have a smaller freezing point depression and require the addition of a solute to depress the freezing point to -0.52oC.

The amount of adjusting substance added to these solutions may be calculated from the equation:



     W= percentage concentration of adjusting substance in final solution.

      a= freezing point depression of the unadjusted hypotonic solution.

      b= freezing point depression of a 1% w/v concentration of the adjusting substance.

Example:

A 100 ml volume of a 2% w/v solution of glucose (dextrose) for intravenous injection is to be made isotonic by the addition of sodium chloride.

A 1% w/v solution of glucose depresses the freezing point of water by 0.1oC and a 1% solution of NaCl depresses the freezing point of water by 0.576oC.

The depression of freezing point of the unadjusted solution of glucose (a) will therefore be:

2×0.1=0.2

A 1% w/v solution of NaCl depresses the freezing point of water by 0.576oC (b).

Substituting these values for a and b in the above equation:


The intravenous solution thus requires the addition of 0.555 g of sodium chloride per 100 ml volume to make it isotonic with blood plasma.

· Sodium Chloride Equivalent Method:

Sodium chloride equivalent (E) is defined as the amount of NaCl that is osmotically equivalent to 1 g of the substance to be adjusted.

The amount of adjusting substance added to the hypotonic solution may be calculated from the equation:



     W= weight in grams of unadjusted substance in g per 100 ml.

      E= sodium chloride equivalent.

Example:

In the previous example, E value of glucose (dextrose) is 0.18. Then the amount in grams of sodium chloride to be added to 100 ml of the unadjusted solution equals:

0.9 - (2×0.18) = 0.54

The intravenous solution thus requires the addition of 0.54 g of sodium chloride per 100 ml volume to make it isotonic with blood plasma.

· White-Vincent Method:

This is probably the easiest method to adjust solutions' tonicity. It aims to prepare an isotonic solution of a certain substance in a volume less than the intended volume. Then, it is simply completed to the total volume with any prefabricated isotonic solution. This method obeys the following equation:



     V= volume isotonic solution contains the active substance only.

     W= weight in grams of unadjusted substance in g per 100 ml.

      E= sodium chloride equivalent.

This picture shows a patient prepared to inject his insulin dose. Basically, he uses a hypodermic insulin syringe, 70% isopropyl medical swap and the two types of insulin (NPH and Human Regular Insulin).
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