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Parenteral Preparatior,,s 

Michael J Akers, PhD 

Parenteral (Gk,para enteron, beside the intestine) dosa~e ~orms 
differ from all other drug dosage forms because they are mJected 
directly into body tissue through the primary protective system 
of the human body, the skin, and mucous membranes. ~hey 
must be exceptionally pure and free from physical, chemical, 
and biological contaminants. These requirements place a heavy 
responsibility on the pharmaceutical industry to practice cur
rent good manufacturing practices (cGMPs) in the manufacture 
of parenteral dosage forms and upon pharmacists and other 
health care professionals to practice good aseptic practices 
(GAPs) in dispensing them for administration to patients. 

Certain pharmaceutical agents, particularly peptides, pro
teins, and many chemotherapeutic agents, can only be given 
parenterally because they are inactivated in the gastrointesti
nal tract when given by mouth. Parenterally administered 
drugs are relatively unstable and generally high potent drugs 
that require strict control of their administration to the patient. 
Because of the advent of biotechnology, parenteral products 
have grown in number and usage around the world. 

This chapter will focus on the unique characteristics of par
enteral dosage forms and the basic principles for formulating, 
packaging, manufacturing, and controlling the quality of these 
unique products. The references and bibliography at the end of 
this chapter contain the most up-to-date texts, book chapters, 
and review papers on parenteral product formulation, manu
facture, and quality control. 

OVERVIEW OF UNIQUE 
CHARACTERISTICS OF PARENTERAL 
DOSAGE FORMS 
Parenteral products are unique from any other type of phar
maceutical dosage form for the following reasons: 

• All products must be sterile. 
• All products must be free from pyrogenic (endotoxin) contamina

tion. 
• Injectable solutions must be free from visible particulate matter 

This includes reconstituted sterile powders. · 
• Products should be isotonic although strictness of isotonicity de

rends on the route _of admi~istration. Products to be administered 
mto the _cerebrospmal flmd must be isotonic. Ophthalmic prod
ucts,_ ~h1le not parent:r~l, also must be isotonic. Products to be 
admm1ster~d by bolus mJection by routes other than intravenous 
(IV) essentially should be isotonic or at least very close t · 
tonicity. IV infusions must be isotonic. 

0 
iso-

Th~ a~th~r recognizes the long time contributions of Dr. Kenneth Avis Dr 
Avis died m January 1999. Dr. Avis authored this chapter in Rem· t · • · 
1965 ,,, h h · mg on since 

• .1. o onor is memory, the author has maintained most of h · · 
t· {th " h · h . . is orgamza-ion o . is c apter wit new material and revised information add d h 
appropriate. e w ere 

802 

All ducts must be stable (not only chemically and ph . 
• pro b t 1 " t bl " . b" Ysical! l all other dosage forms, u _a so s ~ . e micr~ rnlogically ie Y it~ 

·t freedom from pyrogemc and visible particulate cont' :s~nl. 
i y, t be maintained throughout the shelflife of the prodarninatiun 
mus "bl Cf r bl ) . uct) • Products must be compati e i app ica e with IV diiuen~s 
livery systems, and other drug products co-administered. ,de. 

FORMULATION PRINCIPLES 
Parenteral drugs are fo~mulated as solutions, suspensions 
emulsions, liposo~es, m1crosp~eres, n~nosys~ems, and pow'. 
ders to be reconstituted as solutions. This sect10n will describe 
the components that are commonly used in parenteral formul . 
tions focusing on solutions and freeze-dried products. Gener~ 
guidance also will be provided or_i ~~propriate selection of the 
finished sterile dosage form and mitial approaches used to de
velop the optimal parenteral formulation. 

VEHICLES 
WATER-Since most liquid injections are quite dilute, the 

component present in the highest proportion is the vehicle. The 
vehicle of greatest importance for parenteral products is water. 
Water of suitable quality for compounding and rinsing product 
contact surfaces may be prepared either by distillation or byre· 
verse osmosis, to meet United States Pharmacopeia (USP1 
specifications for Water for Injection (WFI). Only by these two 
methods is it possible to separate adequately various liquid. 
gas, and solid contaminating substances from water. These two 
~ethods for preparation of WFI and specifications for W~l are 
discussed later in this chapter. With the possible exception of 
freeze-drying, there is no unit operation more important and 
none more costly to install and operate than the one for the 
preparation of WFI. 

WATER-MISCIBLE VEHICLES-A number of solventE 
tha~ are_ miscible with water have been used as a portion of~: 
vehicle _m the formulation of parenterals. These solvents • J· 
used pnmar·1 t 1 b" • . . s vehic e i Y o so u ihze certam drugs m an aqueou . this 
and to reduce hydrolysis. The most important solvents 10 

1·. 

roup l are ethyl alcohol, liquid polyethylene glycol, and pr~\~n 
efne lg y_col. Ethyl alcohol is used particularly in the prepa_ran· of 

o so ut10n f d" · lutio ~ b b. s O car iac glycosides and the glycols in 50 . • such 
ar itur~tes, certain alkaloids and certain antibiotic~- !i!ll• 

preparations us 11 . ? 1 There are d ·t t· ua Y are gwen mtramuscular y. bell· 1 ~ i_onts with the amount of these co-solvents that cant
1
·al for 

m1ms ered be f . . oten . 
h 1 

. cause o tox1c1ty concerns greater P •te of1n· 
emo ys1s and t · . .' · t the s1 f · t· 1 ' po ential for drug prec1p1tation a .,,0re 0 

Jee 10n. Form 1 t· . e or w d th 
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_ parenteralPreparations
Michael J Akers, PhD

Parenteral(Gk, para enteron,besidetheintestine) dosage forms
differ from all other drug dosage forms because they are injected
directly into body tissue through the primary protective system
of the human body, the skin, and mucous membranes. They
must be exceptionally pure and free from physical, chemical,
andbiological contaminants. These requirements place a heavy
responsibility on the pharmaceutical industry to practice cur-
rent good manufacturing practices (eGMPs)in the manufacture
of parenteral dosage forms and upon pharmacists and other
health care professionals to practice good aseptic practices
(GAPs)in dispensing them for administrationto patients.

Certain pharmaceutical agents, particularly peptides, pro-
teins, and many chemotherapeutic agents, can only be given
parenterally because they are inactivated in the gastrointesti-
nal tract when given by mouth. Parenterally administered
drugs arerelatively unstable and generally high potent drugs
that require strict control of their administration to the patient.
Because of the advent of biotechnology, parenteral products
have grown in numberand usage aroundthe world.

This chapter will focus on the unique characteristics of par-
enteral dosage forms and the basic principles for formulating,
packaging, manufacturing, and controlling the quality of these
unique products. The references and bibliography at the end of
this chapter contain the most up-to-date texts, book chapters,
and review papers on parenteral product formulation, manu-
facture, and quality control.

OVERVIEW OF UNIQUE
CHARACTERISTICS OF PARENTERAL
DOSAGE FORMS

Parenteral products are unique from any other type of phar-
maceutical dosage form for the following reasons:

* All products mustbe sterile.
. products must be free from pyrogenic (endotoxin) contamina-ion.

* Injectable solutions must be free from visible particulate matter.
This includes reconstituted sterile powders.

* Products shouldbeisotonic although strictness of isotonicity de-
pendsonthe route ofadministration. Products to be administered
into the cerebrospinal fluid must be isotonic. Ophthalmic prod-
ucts, while not parenteral, also must be isotonic. Products to be
administered by bolus injection by routes other than intravenous
(IV) essentially should be isotonic or at least very close to iso-
tonicity. IV infusions mustbeisotonic.

The author recognizes the long time contributions of Dr. KiWas ; + Aenneth Avis,
Avis died in January 1999. Dr. Avis authored this chapter in Renitinaiantine
1965. To honor his memory, the author has maintained most ofhis obsicabate
tion of this chapter with new material and revised in iroutine formation added where
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FORMULATION PRINCIPLES ;
Parenteral drugs are formulated assolutions, suspension 3
emulsions, liposomes, microspheres, nanosystems, anq me ‘
ders to be reconstituted as solutions. This section will descr, i
the components that are commonlyusedin parenteral formy), i
tions focusing on solutions and freeze-dried products, General f
guidance also will be provided on appropriateselectionof: t
finished sterile dosage form andinitial approachesused to dp. \
velop the optimal parenteral formulation. ;
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1

VEHICLES

WATER—Since mostliquid injections are quite dilute,the
component present in the highest proportion is the vehicle. The
vehicle of greatest importance for parenteral productsiswater.
Waterof suitable quality for compounding andrinsingproduct
contact surfaces may be preparedeitherby distillation or bye
verse osmosis, to meet United States Pharmacopeia (US?!
specifications for Water for Injection (WFI). Onlybythese tw?
methodsis it possible to separate adequately variousliqui
gas, and solid contaminating substances from water. Theset™
methodsfor preparation of WFIandspecificationsfor WFls"
discussedlater in this chapter. With the possible exception”
freeze-drying, there is no unit operation more important &
none morecostly to install and operate than the one for the
preparation of WFI. .

WATER-MISCIBLE VEHICLES—A numberof sol”
that aremiscible with water have been used as a portional
vehicle in the formulation of parenterals., These solvents
used primarily to solubilize certain drugsin an aquenws
andto reduce hydrolysis. The most importantsolvents
ee are ethyl alcohol, liquid polyethylene glycol, and Pie
ene glycol. Ethyl alcoholis used particularly in the prepa asi!

of solutionsof cardiac glycosides andtheglycols in sol eyo
barbiturates, certain alkaloids and certain antibiotl® °
Preparations usually are given intramuscularly. The" °Y) 9
itations with the amountof these co-solvents that cial
hemolyaie ocause of toxicity concerns, greater POoft
jection?Ren’ potentialfor drug precipitation at tM” ue!
these onl mulation scientists needing to use 02°" | 3)90

ese solvents must consult the li referen ofttoxicolog; 2 e literature (eg, o-sologists to ascertain the maximum amount of ©
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