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Introduction:
• pharmaceutical dosage forms with the common 

characteristic of sterility:
1. Small and large-volume injectable preparations,
2. irrigation fluids intended to bathe body wounds or 

surgical openings, and dialysis solutions.
3. Biologic preparations, including vaccines, toxoids, and 

antitoxins,
4. Ophthalmic preparations 
• Sterility in these preparations is essential because they 

are placed in direct contact with the internal body fluids or 
tissues, where infection can easily arise.
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Injections
• Injections:
- are sterile, 
- pyrogen limited, that is, bacterial endotoxin units limit, 
preparations
- intended to be administered parenterally
• The term parenteral refers to the injectable routes of 

administration:
- It derives from the Greek words para (outside) and 
enteron (intestine) and denotes routes of administration 
other than the oral route.
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Injections
• The parenteral routes are used when:
- rapid drug action is desired, as in emergencies
- when the patient is uncooperative, 
- Unconscious 
- or unable to accept or tolerate oral medication
- or when the drug itself is ineffective by other routes.

• most injections are administered by the physician, 
physician’s assistant, or nurse in the course of medical 
treatment (With the exception of insulin injections, which 
are commonly self- administered by diabetics)
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• The earliest injectable drug to receive official 
recognition was the hypodermic morphine 
solution, which appeared first in the 1874
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PARENTERAL ROUTES OF
ADMINISTRATION
• Drugs may be injected into almost any organ or area of 

the body:
- including the joints (intraarticular),
- joint fluid area (intrasynovial),
- spinal column (intraspinal), 
- spinal fluid (intrathecal),
- arteries (intra-arterial), 
- and in an emergency, even the heart (intracardiac). 
- However, most injections go into a vein (intravenous, IV), 

into a muscle (intramuscular, IM), into the skin 
(intradermal, ID; intracutaneous), or under the skin 
(subcutaneous, SC; sub-Q, SQ; hypodermic, hypo)
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FIGURE 15.1 Routes of parenteral administration. Numbers on needles indicate 
gauge of the needles (outside diameter of shaft). 
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Intravenous Route
• IV injection of drugs had its scientific origin in 1656 in the 

experiments of Sir Christopher Wren, architect of St 
Paul’s Cathedral and Using a bladder and quill for a 
syringe and needle, he injected wine, ale, opium, and 
other substances into the veins of dogs and studied their 
effects. 
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Intravenous Route
IV drugs provide:
- rapid action compared with other routes of administration
- Drug absorption is not a factor, optimum blood levels may be 

achieved with accuracy and immediacy
- In emergencies, IV administration of a drug may be lifesaving 

because of the placement of the drug directly into the 
circulation 

On the negative side:
- once a drug is administered intravenously, it cannot be 

retrieved.
- In the case of an adverse reaction to the drug the drug cannot 

be easily removed from the circulation, as it could, by induction 
of vomiting after oral administration of the same drug.

- The IV dose may differ greatly from the oral dose. Thus, great 
care must be taken to prevent overdosing or under-dosing.
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Intravenous Route
• Both small and large volumes of drug solutions may be 

administered intravenously.
• The use of 1,000-mL containers of solutions for IV 

infusion is common-place in the hospital:
- solutions, containing such agents as nutrients
- plasma volume expanders, 
- electrolytes, 
- amino acids,
The infusion or flow rate may be adjusted according to the 
needs of the patient.
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Intravenous Route
• flow rates for IV fluids range from 42 to 150 mL per hour. 
• Lower rates are used for keep-open (KO, KVO) lines. 
• The main hazard of IV infusion:
- thrombus formation induced by the catheter or needle 
touching the wall of the vein.
- A thrombus is a blood clot formed within the blood vessel 
(or heart), usually because of slowing of the circulation or 
an alteration of the blood or vessel wall.
- Once such a clot circulates, it becomes an embolus, 
carried by the blood stream until it lodges in a blood vessel, 
obstructing it and resulting in a block or occlusion referred 
to as an embolism. 
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Intravenous Route
• IV drugs ordinarily must be in aqueous solution:
- they must mix with the circulating blood
- and not precipitate from solution  Such an event can lead to 

pulmonary microcapillary occlusion and blockage of blood flow. 
• IV fat emulsions (e.g., Intralipid, 20%, 30%, Baxter; Liposyn II, 

10%, 20%, Hospira; Liposyn III, 10% to 30%, Hospira) have 
gained acceptance for use as a source of calories and 
essential fatty acids for patients requiring parenteral nutrition 
for extended periods, usually more than 5 days.

• The product contains up to 30% soybean oil emulsified with 
egg yolk phospholipids in a vehicle of glycerin in water for 
injection.
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• Automated IV delivery 
systems for intermittent 
self administration of 
analgesics became 
commercially available.

• Patient-controlled 
analgesia (PCA) 

• PCA devices can be 
used for IV, SC, or 
epidural administration. 

•
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Intramuscular Route
• IM injections of drugs:
- provide effects that are less rapid but generally longer 

lasting than those obtained from IV administration 
- Aqueous or oleaginous solutions or suspensions of drug 

substances may be administered intramuscularly.
- Depending on the type of preparation, absorption rates 

vary widely, explain? Soln. vs susp. and aq. vs oil

• What determine the physical type of preparation?
1. properties of the drug itself 
2. and the therapeutic goals.
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• The point of injection 
should be as far as 
possible from major nerves 
and blood vessels. 

• paralysis resulting from 
neural damage, 
hematoma, and scarring.

• The volume of medication 
that may be conveniently 
administered by the IM 
route is limited, generally 
to a maximum of 5 mL in 
the gluteal region and 2 
mL in the deltoid of the 
arm.
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Subcutaneous Route
• The SC route may be used for injection of small amounts 

of medication.
• The site of injection is usually rotated when injections are 

frequently given daily insulin injections.
• The maximum amount of medication that can be 

comfortably injected subcutaneously is about 1.3 mL, and 
amounts greater than 2 mL will most likely cause painful 
pressure. 

• Syringes with up to 3-mL capacities and 24- to 26-gauge 
needles are used.
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Subcutaneous Route
• Irritating drugs and those in thick 
suspension may produce induration, 
sloughing, or abscess and may be 
painful. 

•Such preparations are not suitable for 
SC injection.
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Intradermal Route
• A number of substances may be effectively injected 
into the corium (dermis), the more vascular layer of 
the skin just beneath the epidermis. 

• These substances include various agents for 
diagnostic determinations, desensitization, or 
immunization.

• The usual site for ID injection is the anterior forearm.
• A short and narrow needle is usually employed. 
• Usually, only about 0.1 mL may be administered in 
this manner.
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OFFICIAL TYPES OF INJECTIONS:
According to the USP, injectable materials are separated into:
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• if a drug is unstable in solution?? 
• If the drug is unstable in water
• If an aqueous solution is desired???, a water-soluble salt 

form of the insoluble drug is frequently prepared. 
• Aqueous or blood-miscible solutions may be injected 

directly into the blood stream. Blood-immiscible liquids, 
such as oleaginous injections and suspensions, can 
interrupt the normal flow of blood, and their use is 
generally restricted to other than IV administration.

•
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• The onset and duration of action of a drug may be 
somewhat controlled:

1. by its chemical form, 
2. the physical state of the injection (solution or 

suspension), 
3. and the vehicle.
• Drugs in aqueous suspension are  ???????? rapid acting 

than drugs in oleaginous suspension.
• If long action is desired to reduce the frequency of 

injections. These long-acting injections are called 
repository or depot preparations.
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• The solutions and suspensions of drugs intended for 
injection are prepared taking the following considerations:

look for pg 437
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SOLVENTS AND VEHICLES FOR INJECTIONS
• The most frequently used solvent for injections is water for injection, 

USP:
- This water is purified by distillation or by reverse osmosis
- and meets the same standards for the presence of total solids as does 

Purified Water, USP—that is, not more than 1 mg/100 mL water for 
injection, USP

- and may not contain added substances.
- water for injection is not required to be sterile
- it must be pyrogen free.
- The water is intended to be used in the manufacture of injectable products 

to be sterilized after preparation. 
- Water for injection should be stored in tight containers at temperatures 

below or above the range in which microbial growth occurs. 
- Water for injection is intended to be used within 24 hours after collection.
- the water should be collected in sterile and pyrogen-free containers. The 

containers are usually glass or glass lined.
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SOLVENTS AND VEHICLES FOR INJECTIONS

• Sterile water for injection, USP:
- is packaged in single-dose containers not larger than 1 L.
- it must be pyrogen free 
- have an allowable endotoxin level, not more than 0.25 

USP endotoxin units per milliliter. 
• it may not contain any antimicrobial agent or other added 

substance.. 
• This water is intended to be used as a solvent, vehicle, or 

diluent for already sterilized and packaged injectable 
medications.

• The 1-L bottles cannot be administered intravenously 
because they have no tonicity. Thus, they are used for 
reconstitution of multiple antibiotics.
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SOLVENTS AND VEHICLES FOR 
INJECTIONS

• Bacteriostatic water for injection, USP:
• Is sterile water for injection containing one or more suitable 

antimicrobial agents. 
• It is packaged in prefilled syringes or in vials containing not 

more than 30 mL of the water. 
• The water is employed as a sterile vehicle in the preparation of 

small volumes of injectable preparations. 
• the water must be used only in parenterals that are 

administered in small volumes (toxic amounts of the 
antimicrobial agents that would be injected along with the 
medication). 

• if more than 5 mL of solvent is required, sterile water for 
injection rather than bacteriostatic water for injection is 
preferred. 

• chemical compatibility of the bacteriostatic agent or agents with 
the particular medicinal agent being dissolved or suspended.
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• USP labeling requirements demand that the label state 
Not for use in neonates
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SOLVENTS AND VEHICLES FOR 
INJECTIONS
• Sodium chloride injection, USP:
- is a sterile isotonic solution of sodium chloride in water 

for injection.
- It contains no antimicrobial agents
- has approximately 154 mEq each of sodium and chloride 

ions per liter.
- It may be used as a sterile vehicle in solutions or 

suspensions of drugs for parenteral administration.
• is frequently used as a catheter or IV line flush to maintain 

patency.
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SOLVENTS AND VEHICLES FOR 
INJECTIONS

• Bacteriostatic sodium chloride injection, USP:
- is a sterile isotonic solution of sodium chloride in water for 

injection. 
- It contains one or more suitable antimicrobial agents, which 

must be specified on the labeling.
- Sodium chloride 0.9% renders the solution isotonic.
- This solution may not be packaged in containers larger than 

30 mL.
- When this solution is used as a vehicle, care must be 

exercised to ensure compatibility of the added medicinal 
agent with the preservative or preservatives and with the 
sodium chloride

- also used to flush a catheter or IV line to maintain its 
patency
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SOLVENTS AND VEHICLES FOR 
INJECTIONS
• bacteriostatic sodium chloride injection also carries the 

warning Not for use in neonates.
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SOLVENTS AND VEHICLES FOR 
INJECTIONS

• Ringer’s injection, USP:
- is a sterile solution of sodium chloride, potassium 

chloride, and calcium chloride in water for injection. 
- The three agents are present in concentrations similar to 

those of physiologic fluids.
- Ringer’s is employed as a vehicle for other drugs or 

alone as an electrolyte replenisher and plasma volume 
expander.
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SOLVENTS AND VEHICLES FOR 
INJECTIONS
• Lactated Ringer’s Injection, USP:
- has different quantities of the three salts in Ringer’s 

injection
- and it contains sodium lactate. 
- This injection is a fluid and electrolyte replenisher and a 

systemic alkalizer.
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NONAQUEOUS VEHICLES
• restrictions on the fixed vegetable oils in parenteral products:
- For one thing, they must remain clear when cooled to 10°C 

(50°F) to ensure the stability and clarity of the injectable 
product during refrigeration. 

- The oils must not contain mineral oil or paraffin, as these 
materials are not absorbed by body tissues. 

- Oils to be employed in injections must meet officially stated 
requirements of iodine number and saponification number.

- Some patients exhibit allergic reactions to specific oilslabel
must state the specific oil. 

- The most commonly used fixed oils in injections are corn oil, 
cottonseed oil, peanut oil, and sesame oil. 
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• oleaginous injections are administered intramuscularly
• Not IV the oil will occlude the pulmonary 

microcirculation
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Pyrogens and Pyrogen Testing
• Pyrogens: A pyrogen is a substance that induces fever. 

These can be either internal (endogenous) or external 
(exogenous) to the body 

• Endotoxin:  An "endotoxin" is a toxin that is a structural 
molecule of the bacteria that is recognized by the immune 
system. "endotoxin" are, in fact, due to lipopolysaccharide 
found in the outer membrane of various Gram-negative 
bacteria is thermostable and water soluble, it may 
remain in water even after sterilization by autoclaving or 
by bacterial filtration.
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Pyrogens and Pyrogen Testing
• USP injection monographs state a bacterial endotoxin unit 

limit, USP EU. Thus, injections are not pyrogen or 
endotoxin free but are limited.
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Pyrogen removal (depyrogenation)
• Ion exchange chromatography:
Endotoxins are negatively charged, and will bind to an 
anion exchanger
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Pyrogen removal (depyrogenation)
• Ultrafiltration:
• this method is best used only when all endotoxins present 

are larger than 300,000 Da
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• Distillation:
• The large LPS molecules do not easily vaporize, and are 

thus left behind in the heating vessel
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