Declaration of Rachel J. Watters on Authentication of Publication

[, Rachel J. Watters, am a librarian, and the Director of Wisconsin TechSearch
(“WTS”), located at 728 State Street, Madison, Wisconsin, 53706. WTS is an
interlibrary loan department at the University of Wisconsin-Madison. I have worked as
a librarian at the University of Wisconsin library system since 1998. I have been
employed at WTS since 2002, first as a librarian and, beginning in 2011, as the Director.
Through the course of my employment, I have become well informed about the
operations of the University of Wisconsin library system, which follows standard library
practices.

This Declaration relates to the dates of receipt and availability of the following:

Connors, K.A. et al. Chemical Stability of Pharmaceuticals: A
Handbook for Pharmacists. 1986. New York, NY: John Wiley &

Sons.

Standard operating procedures for materials at the University of Wisconsin-

Madison Libraries. When a volume was received by the Library, it would be checked
in, stamped with the date of receipt, added to library holdings records, and made
available to readers as soon after its arrival as possible. The procedure normally took a
few days or at most 2 to 3 weeks.

Exhibit A to this Declaration is true and accurate copy of the book Chemical
Stability of Pharmaceuticals: A Handbook for Pharmacists t1986) publication, which
includes a stamp showing that this book is the property of the University of Wisconsin-

Madison.
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Declaration of Rachel J. Watters on Authentication of Publication

Attached as Exhibit B is the cataloging system record of the University of
Wisconsin-Madison Libraries for its copy of the Chemical Stability of Pharmaceuticals:
A Handbook for Pharmacists (1986) publication. As shown in the “Receiving date”
field of this Exhibit, the University of Wisconsin-Madison Libraries owned this book
and had it cataloged in the system as of September 12, 2012.

Members of the interested public could locate the Chemical Stability of
Pharmaceuticals: A Handbook for Pharmacists (1986) publication after it was
cataloged by searching the public library catalog or requesting a search through WTS.
The search could be done by title, author, and/or subject key words. Members of the
interested public could access the publication by locating it on the library’s shelves or
requesting it from WTS.

[ declare that all statements made herein of my own knowledge are true and that
all statements made on information and belief are believed to be true; and further that
these statements were made with the knowledge that willful false statements and the like
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18

of the United States Code.

Date: December 14, 2018 s

Rachel W atters
Wisconsin TechSearch Director
Memorial Library
728 State Street
Madison, Wisconsin 53706
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As defined by IUPAC, medicinal chemistry is a chemistry-based
discipline, involving aspects of biological, medical and pharma-
sweutical sciences. It is concerned with the invention, discovery,
design, identification and preparation of biologically active com-
Jounds, the study of their metabolism, the intevpretation of their
mude of action af the molecular level and the construction of
structure-activity relationships (SAR), the relationship between
chemical structure and pharmacological activity for a series of
compaurids.

As we look back 33 years to the first edition of Foye’s
Prnciples of Medicinal Chemistry and nearly 60 years to the
lirst edition of Wilson and Gisvold's textbook, Organic
Chemistry in Pharmacy (later renamed Textbook of Organic
Medicinal and Pharmaceutical Chemistry), we can examine
how the teaching of medicinal chemistry has evolved
over the last half of the 20th century. Fifty years ago the
approach to teaching drug classification was based on
chemical functional groups; in the 1970s it was the rela-
tionship between chemical structure and pharmacologi-
cal activity for a series of compounds, and today it is the
integration of these principles with pharmacology and
Lherapeuljcs into a single multi-semester course called
pharmacodynamics, pharmacotherapeutics, or another
similar name. Drug discovery and development main-
lains its role in traditional drug therapy, but its applica-
tion to pharmacogenomics may well become the
reatment modality of the future. The scope of knowl-
edge in organic chemistry, biochemistry, pharmacology,
and therapeutics allows students to make generalizations
connecting the physicochemical properties of small
organic molecules and peptides to the receptor and bio-
chemical properties of living systems. As a consequence,
these generalizations, validated by repetitive examples,
emerge in time as principles of drug discovery and drug
mechanisms, principles that describe the structural rela-
tionships between diverse organic molecules and the bio-
molecular functions that predict their mechanisms
toward controlling diseases.

Medicinal chemistry is central to modern drug discov-
ery and development. For most of the 20th century, the
majority of drugs were discovered either by identifying
the active ingredient in traditional natural remedies, by
rational drug design, or by serendipity. Medicinal chem-
istry has advanced during the past several decades from
not only synthesizing new compounds but to under-
standing the molecular basis of a disease and its control,
identifying biomolecular targets implicated as disease-
causing, and ultimately inventing specific compounds
(called “hits”) that block the biomolecules from
progressing to an illness or stop the disease in its tracks.

PREFACE

RV

yCad

v N6 p
=>-098

Medicinal chemists use structure-activity relationships to
improve the “hits” into “lead candidates” by optimizing
their selectivity against the target and reducing their
activity against nontargets, and ADME (pharmacokinet-
ics) to understand how the body causes drug clearance,
what’s invelved in drug distribution, and the nature of
the molecules that control those factors.

We are both medicinal chemists, and our approaches
to editing this sixth edition of Foye's Principles of Medicinal
Chemistry are influenced by our respective academic
backgrounds. We believe that our collaboration on this
textbook represents a melding of our perspectives that
will provide new dimensions of appreciation and under-
standing for all students. In editing this multi-authored
book we have tried to ensure a more-or-less consistent
style in the organization of the respective chapters.

ORGANIZATIONAL PHILOSOPHY

The organizational approach we take in this textbook
builds from the principles of drug discovery, physico-
chemical properties of drug molecules, and ADMET
(absorption-distribution-metabolism-excretion-toxicity)
to their integration into therapeutic substances. Our chal-
lenge has been to provide a comprehensive description of
drug discovery and pharmacodynamic agents in an intro-
ductory textbook. To address the increasing emphasis in
U.S. pharmacy schools to integrating medicinal chemistry
with pharmacology and clinical pharmacy and the cre-
ation of one-semester principle courses, we organized the
book into four parts: Part I: Principles of Drug Discovery;
Part II: Drug Receptors Affecting Neurotransmission and
Enzymes as Catalytic Receptors; Part III: Pharmacody-
namic Agents (with further subdivision into drugs affect-
ing different systems of the body); and Part IV: Disease
State Management. Parts I and II are designed for the
one-semester course in principles of drug discovery and
Parts II through IV for an integrated course or courses in
pharmacodynamics/pharmacotherapeutics.

WHAT IS NEW IN THIS EDITION

The pharmacist sits at the interphase between the health-
care system and the patient. The pharmacist has the
responsibility for improving the quality of life of the
patient by assuring the appropriate use of pharmaceuti-
cals. To do this appropriately, the pharmacist must bring
together the basic sciences of chemistry, biology, biophar-
maceutics and pharmacology with the clinical sciences.
In an attempt to relate the importance of medicinal
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Benzalkonium Chloride

1  Nonproprietary Names
BP: Benzalkonium Chloride

JP: Benzalkonium Chloride
PhEur: Benzalkonium Chloride
USP-NF: Benzalkonium Chloride

2 Synonyms

Alkylbenzyldimethylammonium chloride; alkyl dimethyl benzyl
ammonium chloride; benzalkonii chloridum; BKC; Hyamine 3500;
Pentonium Zepbimn.

3  Chemical Name and CAS Registry Number
Alkyldimethyl(phenylmethyl)ammonium chloride [8001-54-5]

4  Empirical Formula and Molecular Weight

The USP32-NF27 describes benzalkonium chloride as a mixture of
alkylbenzyldimethylammonium chlorides of the general formula
[CeHsCH,N(CH3),R]Cl, where R represents a mixture of alkyls,
including all or some of the group beginning with #-CgH,7 and
extending through higher homologs, with 7-C,3Has, #-C14Hze, and
1-CgH33 comprising the major portion.

The average molecular weight of benzalkonium chloride is 360.

5  Structural Formula
H CHy
| |,
T—N—R Cl
H  CHg

R = mixture of alkyls: #-CgH,7 to #-CigH37; mainly #-CjaHas
(dodecyl), n-Cy4Hzg (tetradecyl), and n-CsHs;s (hexadecyl).

6  Functional Category

Antimicrobial preservative; antiseptic; disinfectant; solubilizing
agent; werting agent.

7  Applications in Pharmaceutical Formulation or
Technology

Benzalkonium chloride is a quaternary ammonium compound used
in pharmaceutical formulations as an antimicrobial preservative in
applications similar to other cationic surfactants, such as cetrimide.

In ophthalmic preparations, benzalkonium chloride is one of the
most widely used preservatives,!! at a concentration of
0.01-0.02% wifv. Often it is used in combination with other
preservatives or excipients, particularly 0.1% w/v disodium edetate,
to enhance its antimicrobial activity against strains of Pseudomo-
nas.

In nasal,’” and otic formulations a concentration of
0.002-0.02% wiv is used, sometimes in combination with
0.002-0.005% w/v thimerosal. Benzalkonium chloride 0.01%
wlv is also employed as a preservative in small-volume parenteral
products. Benzalkonium chloride was also shown to enhance the
topical penetration of lorazepam.”

56

Benzalkonium chloride is additionally used as a preservative in
cosmetics.

8 Description

Benzalkonium chloride occurs as a white or yellowish-white
amorphous powder, a thick gel, or gelatinous flakes. It is
hygroscopic, soapy to the touch, and has a mild aromatic odor
and very bitter taste.

9  Pharmacopeial Specifications
See Table 1.

Table I: Pharmacopeial specifications for benzalkonium chloride.

Test JP XV PhEur 6.4 USP32-NF27
Identification + +
Characters + + -
Acidity or alkalinity - + =%
Appearance of + + =
solution
Water <15.0% <10.0% <15,0%
Residue on ignition <0.2% - <2.0%
Sulfated ash - <0.1% =
Waterinsoluble matter  — - 4
Foreign amines = + +
Ratio of alkyl - + “
components
Petroleum ethersoluble <1.0% - -
substances
Benzyl alcchol <0.5% -
Benzaldehyde - <0.15% o
Chloromethylbenzene — <0.05% -
Assc}r (dried basis)
ot n-CypHzs = - 240.0%
of #-CyaHas - - >20.0%
of nCysHzs and - — - =70.0%
CiaHag
for total alkyl 95.0-105.0% 95.0-104.0% 97.0-103.0%
content

10 Typical Properties

Aciditylalkalinity pH = 5-8 for a 10% wi/v aqueous solution.

Antimicrobial activity Benzalkonium chloride solutions are
active against a wide range of bacteria, yeasts, and fungi.
Activity is more marked against Gram-positive than Gram-
negative bacteria and minimal against bacterial endospores and
acid-fast bacteria, see Table II. The antimicrobial activity of
benzalkonium chloride is significantly dependent upon the alkyl
composition of the homolog mixture."” Benzalkonium chloride
is ineffective against some Psewdomonas aeruginosa strains,
Mycobacterium tuberculosis, Trichophyton interdigitale, and T.
rutbrigm. However, combined with disodium edetate (0.01-0.1%
w/iv), benzyl alcohol, phenylethanol, or phenylpropanol, the
activity against Pseudomonas aeruginosa is increased.”™ Anti-
microbial activity may also be enhanced by the addition of
phenylmercuric acetate, phenylmercuric borate, chlorhexidine,
cetrimide, or mr-cresol'™” In the presence of citrate and
phosphate buffers (bur nor borate), activity against Pseudomo-
nas can be reduced. See also Sections 11 and 12. Benzalkonium
chloride is relatively inactive against spores and molds, but is
active against some viruses, including HIV.® Inhibitory activity
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Figure 1: Nearinfrared spectrum of benzalkenium chloride measured by
reflectance.

increases with pH, although antimicrobial activity occurs at pH
4-10. '

Table 1i: Minimum inhibitory concentrations (MICs) of benzalkonivm

chloride.

Microorganism MIC (ug/mL)
Aerobacter aerogenes b4
Clostridium histolyticum 5
Clostridium oedematiens 5
Closiridium tetani 5
Clostridium welchii 5
Escherichia coli 16
Pneumeococeus Il 5
Proteus vulgaris 64
Pseudomonas ceruginosa 30
Salmonella enteritidis 30
Salmonella paratyphi 16
Salmonella typhosa 4
Shigella dysenteriae 2
Staphylococcus aureus 1.25
Streptococcus pyrogenes 1.25
Vibrie cholerae 2

Density =~0.98 g/em® ar 20°C

Melting point ~=40°C

NIR spectra  see Figure 1.

Partition coefficients The octanol : water partition coefficient
varies with the alkyl chain length of the homolog: 9.98 for C3,
32.9 for Cy4, and 82.5 for C 4.

Solubility Practically insoluble in ether; very soluble in acetone,
ethanol (95%), methanol, propanol, and water. Aqueous
solutions of benzalkonium chloride foam when shaken, have a
low surface tension and possess derergent and emulsifying
properties.

11 Stability and Sterage Conditions

Benzalkonium chloride is hygroscopic and may be affected by light,
air, and metals,

Solutions are stable over a wide pH and temperature range and
may be sterilized by autoclaving without loss of effectiveness.
Solutions may be stored for prolonged periods at room tempera-
ture, Dilute solutions stored in polyvinyl chloride or polyurethane
foam containers may lose antimicrobial activity.

The bulk material should be stored in an airtight container,
protected from light and contact with metals, in a cool, dry place.

12 Incompatibilities

Incompatible with aluminum, anionic surfactants, citrates, cotton,
fluorescein, hydrogen peroxide, hypromellose,”’ iodides, kaolin,
lanolin, nitrates, nonionic surfactants in high concentration,
permanganates, pratein, salicylates, silver salts, soaps, sulfona-
mides, tartrates, zinc oxide, zinc sulfate, some rubber mixes, and
some plastic mixes.

Benzalkonium chloride has been shown to be adsorbed to
various filtering membranes, especially those that are hydrophobic
or anionic.

13 Method of Manufacture

Benzalkonium chloride is formed by the reaction of a solution of N-
alkyl-N-methylbenzamine with methyl chloride in an organic
solvent suitable for precipitating the quaternary compound as it is
formed.

14 Safety

Benzalkonium chloride is usually nonirritating, nonsensitizing, and
is well tolerated in the dilutions normally employed on the skin and
mucous membranes. However, benzalkonium chloride has been
associated with adverse effects when used in some pharmaceutical
formulations." "

Ototoxicity can occur when benzalkonium chloride is applied to
the ear''* and prolonged contact with the skin can occasionally
cause irritation and hypersensitivity. Benzalkonium chloride is also
known to cause bronchoconstriction in some asthmatics when used
in nebulizer solutions."*'7)

Toxicity experiments with rabbits have shown benzalkonium
chloride to be harmful to the eye in concentrations higher than that
normally used as a preservarive. However, the human eye appears to
be less affected than the rabbit eye and many ophthalmic products
have been formulated with benzalkonium chloride 0.01% wi/v as
the preservative.

Benzalkonium chloride is not suitable for use as a preservarive in
solutions used for storing and washing hydrophilic soft contact
lenses, as the benzalkonium chloride can bind to the lenses and may
later produce ocular toxicity when the lenses are worn.!'¥ Solutions
stronger than 0.03% w/v concentration entering the eye require
prompt medical attention.

Local irritation of the throat, esophagus, stomach, and intestine
can occur following contact with strong solutions (>0.1% wiv).
The fatal oral dose of benzalkonium chloride in humans is estimated
to be 1-3g. Adverse effects following oral ingestion include
vomiting, collapse, and coma. Toxic doses lead to paralysis of the
respiratory muscles, dyspnea, and cyanosis.

LDs (mouse, oral): 150 mg/kg"™
LDsg (rat, IP): 14.5 mg/kg

LDy, (rat, IV): 13.9 mg/kg

LDsq (rat, oral); 300 mg/kg

LDgg (rat, skin): 1.42 g/kg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Benzalkonium chloride is irritant to
the skin and eyes and repeated exposure to the skin may cause
hypersensitivity. Concentrated benzalkonium chloride solutions
accidentally spilled on the skin may produce corrosive skin lesions
with deep necrosis and scarring, and should be washed immediately
with water, followed by soap solutions applied freely. Gloves, eye
protection, and suitable protective clothing should be worn.

16 Regulatory Status

Included in the FDA Inactive Ingredients Database (inhalations, IM
injections, nasal, ophthalmic, otic, and topical preparations).
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Included in nonparenteral medicines licensed in the UK. It is also
included in the Canadian List of Acceptable Non-medicinal
Ingredients.

17 Related Substances
Benzethonium chloride; cetrimide.

18 Comments

Benzalkonium chloride has been used in antiseptic wipes and has
been shown to produce significantly less stinging or burning than
isopropyl alcohol and hydrogen peroxide.?”

The EINECS numbers for benzalkonium chloride are 264-151-
6; 260-080-8; 269-919-4; 270-325-2; 287-089-1. The PubChem
Compound ID (CID) for benzalkonium chloride is 3014024
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B Benzethonium Chloride

1 Nonproprietary Names
BP: Benzethonium Chloride

JP: Benzethonium Chloride
PhEur: Benzethonium Chloride
USP: Benzethonium Chloride

2 Synonyms

Benzethonii  chloridum;  benzyldimethyl-[2-[2-(p-1,1,3,3-tetra-
methylbutylphenoxy) ethoxylethyllammonium chloride; BZT; dii-
sobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride;
Hyamine 1622.

3  Chemical Name and CAS Regisiry Number
N,N-Dimethyl-N-[2-[2-[4-(1,1,3,3-tetramethylbutyl)phenox-
ylethoxylethyl|benzene-methanaminium chloride [121-54-0]

4  Empirical Formula and Molecular Weight
C57H,4:CINO, 448.10

5  Structural Formula

CHy
HsC CHy o,
i \/\o/ﬁ cr
HyC—N
H,c/
s CHy

6  Functional Category
Antimicrobial preservative; antisepric; disinfectant.

7  Applications in Pharmaceutical Formulation or
Technology

Benzethonium chloride is a quaternary ammonium compound used
in pharmaceutical formulations as an antimicrobial preservative.
Typically, it is used for this purpose in injections, ophthalmic and
otic preparations at concentrations 0.01-0,02% w/v. Benzethonium
chloride may also be used as a wetting and solubilizing agent, and as
a topical disinfectant.!'+*

In cosmetics such as deodorants, benzethonium chloride may be
used as an antimicrobial preservative in concentrations up to 0.5%
wiv.

The physical properties and applications of benzethonium
chloride are similar to those of other cationic surfactants such as
cerrimide.

8  Description

Benzethonium chloride occurs as a white crystalline material with a
mild odor and very bitter taste.

9  Pharmacopeial Specifications
See Table I.

Table I: Pharmacopeial specifications for benzethonium chlcride.

Test P XV PhEur 6.0 usp 32
Identification + + +
Characters = + =
Appearance of = + o
solution
Acidity or alkalinity - + —
Meliing range 158-164°C 158-164"C 158-163°C
Loss on drying <5.0% <3.0% <35.0%
Residue on ignition <0.1% - <0.1%
Sulfated ash - <0.1% —
Ammonium + <50 ppm +
compounds
Assay (dried basis) =97.0% 97.0-103.0% 97.0-103.0%

10 Typical Properties

Acidity/alkalinity pH = 4.8-5.5 for a 1% w/v aqueous solution.

Antimicrobial activity Optimum antimicrobial activity occurs
berween pH 4-10. Preservative efficacy is enhanced by ethanol
and reduced by soaps and other anionic surfactants. For rrpical
minimum inhibitory concentrations (MICs) see Table 11.°3

Table li: Minimum inhibitory concentration (MIC) for benzethonium
chloride.

Microorganism MIC (ug/ml)
Aspergillus niger 128
Caidr%a albicans 64
Escherichia coli 32
Penicillium notatum 64
Proteus vulgaris 64
Pseudomonas aeruginosa 250
Pseudomonas cepacia 250
Pseudomonas fluorescens 250
Staphylococcus aureus 0.5
Sireptococeus pyogenes 0.5

NIR spectra  see Figure 1.

Solubility Soluble 1 in less than 1 of acetone, chloroform, ethanol
(95%), and water; soluble 1 in 6000 of ether. Dissolves in warer
to produce a foamy, soapy solution.
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Figure 1: Nearinfrared specirum of benzethonium chloride measured by
reflectance.
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11 Stability and Storage Conditions

Benzethonium chloride is stable. Aqueous solutions may be
sterilized by autoclaving.

The bulk material should be stored in an airtight container
protected from light, in a cool, dry place.

12  Incompatibilities

Benzethonium chloride is incompatible with soaps and other
anionic surfactants and may be precipitated from solutions greater
than 2% wiv concentration by the addition of mineral acids and
some salt solutions.

13 Method of Manufacture

p-Diisobutylphenol is condensed in the presence of a basic catalyst
with B,p'-dichlorodiethyl ether to yield 2-[2-[4-(1,1,3,3-tetra-
methylburyl)phenoxy|ethoxylethy! chloride. Alkaline dimethylami-
nation then produces the corresponding tertiary amine which, after
purification by distillation, is dissolved in a suitable organic solvent
and treated with benzyl chloride to precipitate benzethonium
chloride.*”

14 Safety

Benzethonium chloride is readily absorbed and is generally
regarded as a toxic substance when administered orally. Ingestion
may cause vomiting, collapse, convulsions, and coma. The probable
lethal human oral dose is estimated to be 50-500mg/kg body-
weight.

The topical use of solutions containing greater than 5% wiv
benzethonium chloride can cause irritation although benzethonium
chloride is not regarded as a sensitizer. The use of 0.5% wiv
benzethonium chloride in cosmetics is associated with few adverse
effects. A maximum concentration of 0.02% w/v benzethonium
chloride is recommended for use in cosmetics used in the eye area
and this is also the maximum concentration generally used in
pharmaceutical formulations such as injections and ophthalmic
preparations,"”’

See also Benzalkonium Chloride.

LDso (mouse, IP): 15.5 mg/kg®
LDsp (mouse, IV): 30 mg/kg
LDsg (mouse, oral): 338 mgikg
LDsy (rat, IP): 16.5 mglkg
LD;Q (rat, V) 19 mg[kg

LDy (rat, oral): 368 mg/kg
LDsg (rat, SC): 119 mg/kg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Eye protection and gloves are
recommended.

16 Regulatory Status

Included in the FDA Inactive Ingredients Database (IM and TV
injections; nasal, ophthalmic and otic preparations). Included in the
Canadian List of Acceptable Non-medicinal Ingredients.

17 Related Substances
Benzalkonium chloride; cetrimide.

18 Comments

Benzethonium chloride has been used therapeutically as a disin-
fectant and topical anti-infective agent. However, its use in these
applications has largely been superseded by other more effective
antimicrobials and it is now largely used solely as a preservative ina
limired number of pharmaceutical and cosmetic formulations.

The EINECS number for benzethonium chloride is 204-479-9,
The PubChem Compound ID (CID) for benethonium chloride
includes 8478 and 547429,
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B Benzyl Alcohol

1  Nonproprietary Names
BP: Benzyl Alcohol

JP: Benzyl Alcohol

PhEur: Benzyl Alcohol

USP-NF: Benzyl Alcohol

2 Synonyms
Alcohol benzylicus; benzenemethanol; a-hydroxytoluene; phenyl-
carbinol; phenylmethanol; #-toluenol.

3  Chemical Name and CAS Registry Number
Benzenemethanol [100-51-6]

4  Empirical Formula and Molecular Weight
CsHgO 108.14
5  Structural Formula

OH

6  Functional Category
Antimicrobial preservative; disinfectanr; solvent.

7  Applications in Pharmaceutical Formulation or
Technology

Benzyl alcohol is an antimicrobial preservative used in cosmetics,
foods, and a wide range of pharmaceutical formulations,"""
including oral and parenteral preparations, at concentrations up
to 2.0% v/v. The typical concentration used is 1% w/v, and it has
been reported to be used in protein, peptide and small molecule
products, although its frequency of use has fallen from 48 products
in 1996, 30 products in 2001, to 15 products in 2006.%" In
cosmetics, concentrations up to 3.0% v/v may be used as a
preservative. Concentrations of 5% v/v or more are employed as a
solubilizer, while a 10% v/v solution is used as a disinfectant.

Benzyl alcohol 10% v/v solutions also have some local anestheric
properties, which are exploited in some parenterals, cough
products, ophthalmic solutions, ointments, and dermatological
aerosol sprays.

Although widely used as an antimicrobial preservative, benzyl
alcohol has been associated with some fatal adverse reactions when
administered to neonates. It is now recommended that parenteral
products preserved with benzyl alcohol, or other antimicrobial
preservatives, should not be used in newborn infants if at all
possible; see Secrion 14,

64

8 Description

A clear, colorless, oily liquid with a faint aromatic odor and a sharp,
burning taste.

9  Pharmacopeial Specifications

See Table I. See also Section 18.

Table I: Pharmacopeial specifications for benzyl aleohol,

Test JP XV PhEur 6.5 USP32-NF27
|dentification + + +
Characters + + -
Solubility + + —
Acidity + + +
Clarity and color of it + &

solution
Specific grovily 1.043-1.049  1.043-1049 —
Refractive index 1.538-1.541 1.538-1.541 1.538-1.541
Residue on evaporalion  <0.05% <0.05% <0.05%
Related substances + + +
Benzaldehyde + + 0.05-0.15
Peroxide value <5 <5 <5
Assay 98.0-100.5% 98.0-100.5% 98.0-100.5%

10 Typical Properties

Acidity/alkalinity Aqueous solutions are neutral to litmus.
Antimicrobial activity Benzyl alcohol is bacteriostatic and is used

as an antimicrobial preservative against Gram-positive bacteria,
molds, fungi, and yeasts, although it possesses only modest
bactericidal properties. Optimum activity occurs at pH below 5;
little acrivity is shown above pH 8. Antimicrobial activity is
reduced in the presence of nonionic surfactants, such as
polysorbate 80. However, the reduction in activity is iess than
is the case with either hydroxybenzoate esters or quaternary
ammonium compounds. The activity of benzyl alcohol may also
be reduced by incompatibilities with some packaging materials,
particularly polyethylene; see Section 12.

See Table 11 for reported minimum inhibitory concentrations

(MICs).

Table II: Minimum inhibitory concentrations (MICs] of benzyl
alcohol 1!

Microorganism MIC (ug/ml)
Aspergillus niger 5000
Candida albicans 2500
Escherichia coli 2000
Pseudomonas aeruginasa 2000

Shmmhidarncmie muran 95
i

n e
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Bacteria Benzyl alcohol is moderately active against most
Gram-positive organisms (typical MICs are 3-5 mg/mL),
although some Gram-positive bacteria are very sensitive
(MICs 0.025-0.05 mg/mL). In general, benzyl alcohol is less
active against Gram-negative organisms.

Fungi Benzyl alcohol is effective against molds and yeasts;
typical MICs are 3-5 mg/mL.

Spores Benzyl alcohol is inactive against spores, but activity
may be enhanced by heating. Benzyl alcohol 1% v/v, at pH
5-6, has been claimed to be as effective as phenylmercuric
nitrate 0.002% w/v against Bacillus stearothermophilus at
100°C for 30 min.

Nalox1065
Nalox-1 Pharmaceuticals, LLC
Page 32 of 138



Benzyl Alcohol 65

Auwtoignition temperature  436.5°C
Boiling point  204.7°C
Flammability Flammable. Limits in air 1.7-15.0% v/v.
Flash point

100.6°C (closed cup);

104.5°C {open cup).
Freezing point —15°C
Partition coefficients

Liquid paraffin: water = 0.2;

Octanol : water = 1.10;

Peanut oil : water = 1.3.
Solubility  see Table 111

Table lll: Solubility of benzyl clcohol.

Solvent Solubility at 20°C unless otherwise stated
Chloroform Miscible in all proportions

Ethanol Miscible in all proportions

Ethanol (50%) 1in 1.5

Ether . Miscible in all proportions

Fixed ond volatile oils  Miscible in all proportions

Waler 1in 25 at 25°C

1in 14 at 20°C

Surface tension  38.8 mN/m (38.8 dynes/cm)
Vapor density (relative) 3.72 (air = 1)
Vapor pressure

13.3 Pa (0.1 mmHg) at 30°C;

1.769 kPa (13.3 mmHg) at 100°C.
Viscosity (dynamic) 6mPas (6cP)ar 20°C

11 Stability and Storage Conditions

Benzyl alcohol oxidizes slowly in air to benzaldehyde and benzoic
acid; it does not react with water. Aqueous solutions may be
sterilized by filtration or autoclaving; some solutions may generate
benzaldehyde during autoclaving.

Benzyl alcohol may be stored in metal or glass containers. Plastic
containers should not be used; exceptions to this include
polypropylene containers or vessels coated with inert fluorinated
polymers such as Teflon; see Section 12.

Benzyl alcohol should be stored in an airtight container,
protected from light, in a cool, dry place.

12  Incompatibilities
Benzyl alcohol is incompatible with oxidizing agents and strong
acids. It can also accelerare the autoxidation of fats.

Although antimicrobial activity is reduced in the presence of
nonionic surfactants, such as polysorbate 80, the reduction is less
than is the case with hydroxybenzoate esters or quaternary
ammonium compounds.

Benzyl alcohol is incompatible with methylcellulose and is only
slowly sorbed by closures composed of natural rubber, neoprene,
and butyl rubber closures, the resistance of which can be enhanced
by coating with fluorinated polymers.® However, a 2% viv
aqueous solution in a polyethylene container, stored at 20°C, may
lose up to 15% of its benzyl alcohol content in 13 weeks.!” Losses
to polyvinyl chloride and polypropylene containers under similar
conditions are usually negligible. Benzyl alcohol can damage
polystyrene syringes by extracting some soluble components.'®

13 Method of Manufacture

Benzyl alcohol is prepared commercially by the distillation of benzyl
chloride with porassium or sodium carbonate. It may also be
prepared by the Cannizzaro reaction of benzaldehyde and
potassium hydroxide,

14 Safety

Benzyl alcohol is used in a wide variety of pharmaceutical
formulations. It is metabolized to benzoic acid, which is further
metabolized in the liver by conjugation with glycine to form
hippuric acid, which is excreted in the urine.

Ingestion or inhalation of benzyl alcohol may cause headache,
vertigo, nausea, vomiting, and diarrhea. Overexposure may result
in CNS depression and respiratory failure. However, the concentra-
tions of benzyl alcohol normally employed as a preservative are not
associated with such adverse effects.

Reports of adverse reactions to benzyl alcohol™'? used as an
excipient include toxicity following intravenous administra-
tion;'""*'* neurotoxicity in patients administered benzyl alcohol
in intrachecal preparations;''*'¥) hypersensitivity,''*~'*/ although
relativel¥ rare; and a faral toxic syndrome in premature
infants,*-22)

The fatal toxic syndrome in low-birth-weight neonates, which
includes symptoms of metabolic acidosis and respiratory depres-
sion, was attributed to the use of benzyl alcohol as a preservative in
solutions used to flush umbilical catheters. As a result of this, the
FDA has recommended that benzyl alcohol should not be used in
such flushing solutions and has advised a]ﬁainst the use of medicines
containing preservatives in the newborn. 23,14}

The WHO has set the estimated acceptable daily intake of the
benzyl/benzoic moiety at up to 5 mg/kg body-weight daily.**)

LDsp (mouse, 1V): 0.32 g/kg*®
LDjsg (mouse, oral): 1.36 g/kg
LDsq (rat, IP): 0.4 g/kg

LDsy (rat, IV): 0.05 g/kg

LDsq (rat, oral): 1.23 gkg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Benzyl alcohol (liquid and vapor) is
irritant to the skin, eyes, and mucous membranes. Eye protecrion,
gloves, and protective clothing are recommended. Benzyl alcohol
should be handled in a well-ventilated environment; a self-
contained breathing apparatus is recommended in areas of poor
ventilation. Benzyl alcohol is flammable.

16 Regulatory Status

Included in the FDA Inactive Ingredients Dartabase (dental
injections, oral capsules, solutions and tablets, topical, and vaginal
preparations). Included in parenteral and nonparenteral medicines
licensed in the UK. Included in the Canadian List of Acceptable
Non-medicinal Ingredients.

17 Related Substances

18 Comments

Benzyl alcohol is one of the materials that have been selected for
harmonization by the Pharmacopeial Discussion Group. For further
information see the General Information Chaprer <1196> in the
USP32-NF27, the General Chapter 5.8 in PhEur 6.0, along with the
‘State of Work® document on the PhEur EDQM website, and also
the General Information Chapter 8 in the JP XV.

The EINECS number for benzyl alcohol is 202-859-9. The
PubChem Compound ID (CID) for benzyl alcohol is 244,
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Benzyl Benzoate

1  Nonproprietary Names
BP: Benzyl Benzoate

JP: Benzyl Benzoate

PhEur: Benzyl Benzoate

USP: Benzyl Benzoate

2  Synonyms
Benzoic acid benzyl ester; benzylbenzenecarboxylate; benzylis
benzoas; benzyl phenylformate; phenylmethyl benzoate.

3 Chemical Name and CAS Registry Number
Benzoic acid phenylmethyl ester [120-51-4]

4  Empirical Formula and Molecular Weight
CuH-0,  212.24

5  Structural Formula
0
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Table I: FCC specification for bulylene glycol.!'*!

Test FCCé

Distillation range 200-215°C
<2mg/kg

Specific gravity 1.004-1.006 at 20°C

Assay =99.0%
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B Butylparaben

1  Nonproprietary Names
BP: Butyl Hydroxybenzoate

JP: Butyl Parahydroxybenzoate
PhEur: Buryl Parahydroxybenzoate
USP-NF: Butylparaben

2 Synenyms

Butylis parahydroxybenzoas; butyl p-hydroxybenzoate; CoSept B;
4-hydroxybenzoic acid butyl ester; Lexgard B; Nipabutyl; Tegosept
B; Trisept B; Uniphen P-23; Unisept B.

3  Chemical Name and CAS Registry Number
Butyl-4-hydroxybenzoate [94-26-8)

4  Empirical Formula and Molecular Weight
CiHi405 19423

5  Structural Formula
H,C

OH
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6 Functional Category
Antimicrobial preservative.

7  Applications in Pharmaceutical Formulation or
Technology

Butylparaben is widely used as an antimicrobial preservative in
cosmetics and pharmacentical formulations; see Table L.

It may be used either alone or in combination with other paraben
esters or with other antimicrobial agents. In cosmetics, it is the
fourth most frequently used preservative.'”

As a group, the parabens are effective over a wide pH range and
have a broad spectrum of antimicrobial activity, although they are
most effective against yeasts and molds; see Section 10.

Owing to the poor solubility of the parabens, paraben salts,
particularly the sodium salt, are frequently used in formulations.
However, this may raise the pH of poorly buffered formulations.

See Methylparaben for further information.

Table I: Uses of butylparaben.

Use Concentration (%)
Oral suspensions 0.006-0.05
Topical preparations 0.02-0.4

8  Description

Butylparaben occurs as colorless crystals or a white, crystalline,
odorless or almost odorless, tasteless powder.
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9  Pharmacopeial Specifications
See Table Il. See also Section 18.

Table Il: Pharmacopeial specifications far butylparaben.

SEM 1: Excipient: butylparaben; magpnification: 240x.

-
. L

Test

Jp XV

PhEur 6.0

USP32-NF27

Identification
Characters
Appearance of solution
Melting range
Acidi}y

Residue on ignition
Sulfated ash
Related substances
Heavy metals
Assay (dried basis)
98.0-102.0%
98.0-102.0%
$8.0-102.0%

_{‘

+

+
68-71°C
+
<0.1%

.|_
<20 ppm

68-71°C
%
<0.1%

3

,l,
68-71°C
0.1%

| + 1 A+

Butylparaben 79

10 Typical Properties

Antimicrobial activity Butylparaben exhibits antimicrobial activ-
ity between pH 4-8. Preservative efficacy decreases with
increasing pH owing to the formation of the phenolate anion.
Parabens are more active against yeasts and molds than against
bacteria. They are also more active against Gram-positive than
against Gram-negative bacteria; see Table [11%!

The activity of the parabens increases with increasing chain
length of the alkyl moiety, but solubility decreases. Butylparaben is
thus more active than methylparaben. Activity may be improved by
using combinations of parabens since synergistic effects occur.
Activity has also been reported to be improved by the addition of
orher excipients; see Methylparaben for further information.

Table llI: Minimum inhibitory concentrations (MICs) for butylparaben in
aqueous solution.

Microorganism MIC (ug/mlL)
Aerobacter aerogenes ATCC 8308 400
Aspergillus niger ATCC 9642 125
Aspergillus niger ATCC 10254 200
Bacillus cereus var. mycoides ATCC 6462 63
Bacillus subtilis ATCC 6633 250
Candida albicans ATCC 10231 125
Enterobacter cloacae ATCC 23355 250
Escherichia coli ATCC 8739 5000
Escherichia coli ATCC 9637 5000
Klebsiella pneumoniae ATCC 8308 250
Penicillium chrysogenum ATCC 9480 70
Penicillium digitatum ATCC 10030 32
Proteus vulgaris ATCC 13315 125
Pseudomonas aeruginosa ATCC 9027 =1000
Pseudomonas aeruginosa ATCC 15442 >1000
Pseudomonas stutzeri 500
Rhizopus nigricans ATCC 6227 A 63
Saccharomyces cerevisiae ATCC 9763 35
Salmonella typhosa ATCC 6539 500
Serratia marcescens ATCC 8100 500
Staphylococcus aureus ATCC 6538P 125
Staphylococcus epidermidis ATCC 12228 250
Trichophyton mentagrophytes 35

Density (bulk) 0.731 glem®

Density (tapped) 0.819 glem’

Melting point 68-71°C

NIR spectra see Figure 1.

Partition coefficients Values for different vegetable oils vary
L‘m?js)idcmbly and are affected by the purity of the oil; see Table
V.

Solubility see Table V.

Table IV: Partifion coefficients for butylparaben between oils and

waler,
Solvent Partiion coefficient oil :water
Mineral oil 3.0
Peanut oil 280
Soybean oil 280

11  Stability and Storage Conditions

Aqueous butylparaben solutions at pH 3-6 can be sterilized by
autoclaving, without dccumpositi()n.“' At pH 3-6, aqueous
solutions are stable (less than 10% decomposition) for up to about
4 years at room temperature, while solutions at pH 8 or above are
subject to rapid hydrolysis (10% or more after about 60 days at

room temperature).’
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Figure 1: Near-infrared spectrum of butylparaben measured by
reflectance.

Table V: Solubility of butylparaben.

Solvent Solubility at 20°C unless otherwise stated
Acetone Freely soluble
Ethanol 1in0.5
Ethanol [95%) Freely soluble
Ether Freely soluble
Glycerin 1in 330
Methanaol 1in0.5
Mineral oil 1in 1000
Peanut oil 1in20
Propylene glyeol Tinl

Water 1 in >5000

1in 670 at 80°C

Butylparaben should be stored in a well-closed container, in a
cool, dry place.

12 Incompatibilities
The antimicrobial activity of butylparaben is considerably reduced
in the presence of nonionic surfactants as a result of micellization.'®
Absorption of butylparaben by plastics has not been reported but
appears probable given the behavior of other parabens. Some
pigments, e.g. ultramarine blue and yellow iron oxide, absorb
butylparaben and thus reduce its preservative properties.”
Butylparaben is discolored in the presence of iron and is subject
to hydrolysis by weak alkalis and strong acids.
See also Methylparaben.

13 Method of Manufacture

Butylparaben is prepared by esterification of p-hydroxybenzoic acid
with #-butanol.

14 Safety

Butylparahen and other parabens are widely used as antimicrobial
preservatives in cosmetics and oral and topical pharmaceutical
formulations.

Systemically, no adverse reactions to parabens have been
reported, although they have been associated with hypersensitivity
reactions generally appearing as contact dematitis. Immediate
reactions with urticaria and bronchospasm have occurred rarely.
See Methylparaben for further information.

LDsq (mouse, IP): 0.23 g/kg!®
LDgy (mouse, oral): 13.2 g/kg

15 Handling Precautions
Observe normal precautions appropriate to the circumstances and
quantity of material handled. Butylparaben may be irritant to the
skin, eyes, and mucous membranes, and should be handled in a
well-ventilated environment. Eye protection, gloves, and a dust
mask or respirator are recommended.

16 Regulatory Status

Included in the FDA Inactive Ingredients Database (injections; oral
capsules, solutions, suspensions, syrups and tablets; rectal, and
topical preparations). Included in nonparenteral medicines licensed
in the UK, Included in the Canadian List of Acceptable Non-
medicinal Ingredients.

17 Related Substances

Butylparaben sodium; ethylparaben; methylparaben; propylpara-
ben.

Butylparaben sodium

Empirical formula  C,H3NaOj;

Molecular weight 216.23

CAS number [36457-20-2]

Synomyms Butyl-4-hydroxybenzoate sodium salt; sodium butyl
hydroxybenzoate.

Appearance White, odorless or almost odorless, hygroscopic
powder.

Acidityfalkalinity pH = 9.5-10.5 (0.1% w/v aqueous solution)

Solubility 1 in 10 of ethanol (95%); 1 in 1 of water.

Comsments Butylparaben sodium may be used instead of butyl-
paraben because of its greater aqueous solubility. In unbuffered
formulations, pH adjustment may be required.

18 Comments

Butylparaben is one of the materials that have been selected for
harmonization by the Pharmacopeial Discussion Group. For further
information see the General Information Chapter <1196> in the
USP32-NF27, the General Chapter 5.8 in PhEur 6.0, along with the
‘State of Work' document on the PhEur EDQM websire, and also
the General Information Chapter 8 in the JP XV.

See Methylparaben for further information and references.

The EINECS number for butylparaben is 202-318-7. The
PubChem Compound ID (CID) for butylparaben is 7184.
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€y Dextrin

1  Nonproprietary Names
BP: Dextrin

JP: Dextrin

PhEur: Dextrin

USP-NEF: Dextrin

2 Synonyms

Avedex; British gum; Caloreen; canary dextriny C*Pharmy Crystal
Gum; dextrinum; dextrinum album; Primogran W, starch gum;
yellow dextrin; white dextrin.

3  Chemical Name and CAS Registry Number
Dextrin [9004-53-9]

4  Empirical Formula and Molecular Weight
(CeH100s)xH2 O (162.14)n

The molecular weight of dextrin is typically 4500-85000 and
depends on the number of (C4H,4O5) units in the polymer chain.

5  Structural Formula

CH,0H

OH

OH

L

6 Functional Category

Stiffening agent; suspending agent; tablet binder; rablec and capsule
diluent.

20 General References

Armstrong NA. Tablet manufacture. Swarbrick ], Boylan JC, eds.
Encyclopedia of Pharmaceutical Technology, 2nd edn, vol. 3: New
York: Marcel Dekker, 20025 2713-2732,

Bolhuis GK, Armstrong NA. Excipients for direct compression — an update.
Pharm Dev Technol 20065 11: 111-124,

21 Author
NA Armstrong.

22 Date of Revision
16 January 2009,

7 Applications in Pharmaceutical Formulation or
Technology

Dextrin is a dextrose polymer used as an adhesive and stiffening
agent for surgical dressings. It is also used as a tablet and capsule
dituent; as a binder for tablet granulation; as a sugar-coating
ingredient that serves as a plasticizer and adhesive; and as a
thickening agent for suspensions.

Additionally, dextrin has been used as a source of carbohydrate
by people with special dietary requirements because it has a low
clectrolyte content and is free of lactose and sucrose.!

Dextrin is also used in cosmetics.

8 Description

Dextrin is partially hydrolyzed maize (cor), porato or cassava
starch. It is a white, pale yellow or brown-colored powder with a
slight characteristic odor.

9 Pharmacopeial Specifications
See Table 1.

10 Typical Properties

Aciditylalkalinity pl1 = 2.8-8.0 for a $% w/v aqueous solution.
Density (bulk)  0.80 glem?

Density (tapped)  0.91 g/em?

Density (true)  1.495-1.589 g/em?

Melting point  178"C (with decomposition)

Moisture content 5% wiw

NIR sprectra  see Figure 1.
Particle size distribution  sce Figure 2.
Solubility Practically insoluble in chloroform, ethanot (95%),

cther, and propan-2-ol; slowly soluble in cold water; very soluble
in boiling water, forming a mucilaginous solution,
o 2
Specific surface area  0.14 m*/g

11 Stability and Storage Conditions

Physical characteristics of dextrin may vary slightly depending on
the method of manufacture and on the source material, In aqueous
solutions, dextrin molecules tend to aggregate as density, tempera-
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SEM 1: Excipient: dextrin; manutacturer: Matheson Colleman & Bell;
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Table I: Pharmacopeial specifications for dextrin.

Figure 1: Near-infrared spectrum of dextrin measured by reflectance.
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Figure 2: Particle size distribution of dextrin,

ture, pH, or other characteristics change. An increasc in viscosity is
caused by gelation or retrogradation as dextrin solutions age, andis
particularly noticcable in the less-soluble maize starch dextrins.
Dextrin solutions are thixotropic, becoming less viscous when
sheared but changing to a soft paste or gel when allowed to stand.
However, acids that are present in dextrin as residues from
manufacturing can cause further hydrolysis, which results in a
gradual thinning of solutions. Residual acid, often found in less-
soluble dextrins such as pyrodextrin, will also cause a reduction in

Test XY PhEur 6.4 USP32-NF27  iscosity during dry storage. To eliminate these problems, dextrin
Identification + + + manufacturers neutralize dextrins of low solubility with ammonia
Characters f N + - or sodium carbonate in the cooling vessel.

fippecrance ofsclfion ' < P The bulk material should be stored in a well-cl ineri
Loss on drying <10.0% <13.0% <13.0% cool ]dr lace. osed container ina
Acidity + — ¥ , dry

pH - 2.0-8.0 -

Residue on ignition <0.5% <0.5% <0.5% mpatibilities

Chloride <0.013% <0.2% <02% 12 Incc.> P ! .

Sulfate <0.019% - - Incompatible with strong oxidizing agents.

Oxalate n _ _

Calcium + — _

Heavy metals <50ppm  <20ppm  <20ug/g 13  Method of Manufacture

Protei - - <1.0% i i , }

R;%Elcr;”g sugars/ - <10.0% <10.0% Dextrin is prepared by the incomplete hydrolysis of starch by

substances (calculated
as C()H] QO())

heating in the dry state with or without the aid of suitable acids and
buffers; mioisture may be added during heating, The PhEur 6.4

This material was copied
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222 Dextrose

specifies that dextrin is derived from maize (corn), potato or cassava
starch. A specification for cassava is included in the USP32-NF27.

14 Safety

Dextrin is generally regarded as a nontoxic and nonirritant material
at the levels employed as an excipient. Larger quantities are used as
a dietary supplement without adverse effects, although ingestion of
very large quantities may be harmful.

LDso (mouse, IV): 0.35 g/kg!®

15 Handling Precautions

Obser_ve normal precautions appropriate to the circumstances and
quantity of_mateml handled. Dextrin may be irritant to the eyes.
Eye protection, gloves, and a dust mask are recommended.

16 Regulatory Status

GRAS listed. Included in the FDA Inactive Ingredicnts Database (IV
injections, oral tablets and topical preparations). Included in
nonparenteral medicines licensed in the UK. Included in the
Canadian List of Acceptable Non-medicinal Ingredients.

17 Related Substances

Dextrates; dextrose; glucose liquid; maltodextrin.
See also Section 18.

18 Comments

Dextrlr} is available fram suppliers in a number of modificd forms
Snd mixtures such as dextrimaltose, a mixture of maltose and
extrin obtained by the enzymatic action of barley malt on corn

&

Dextrose

1 Nonproprietary Names
BP: Glucose

JP: Glucose

PhEur: Glucose Monohydrate
USP: Dextrose

2 Synonyms

BllOOd sugar; Caridex; corn sugar; C*PharmDex; Dextrofi d-(+)-
it UCOP?HH(){SC l’nf)nohydratc; glucosum monohydricum; grape
sugar; Lycadex PF; Roferose; starch sugar; Tabfine D-100.

3  Chemical Name and cAS Registry Number
D-(+)-Glucose manohydrate [5996-10-1]
See also Section 17,

4  Empirical Formula and Molecular Weight

C(,leO(,'HzO 198.17 (for monohydrate)
See also Section 17.

flour. It is a light, amorphous powder, readily soluble in milk or
water.

Crystal Gum is a grade of dextrin containing carbohydrate not
less than 98% of dry weight. Caloreen " is a water-soluble mixture
of dextrins consisting predominantly of polysaccharides containing
an average of 5 dextrose molecules, with a mean molecular weight
of 840, that does not change after heating. A 22% w/v solution of
Caloreen is isoosmotic with serum,

A specification for dextrin is contained in the Food Chemicals
Codex (FCC).™¥

The EINECS number for dextrin is 232-675-4. The PubChem
Compound ID (CID) for dextrin is 62698.

19 Specific References

1 Berlyne GM et al. A soluble glucose polymer for use in renal failure and
calorie-deprivation states. Lancet 1969; i: 689-692.

2 Sweet DV, ed. Registry of Toxic Effects of Chemical Substances.
Cincinnati: US Department of Health, 1987: 1859,

3 Food Chemicals Codex, 6th edn. Bethesda, MD: United States
Pharmacopcia, 20085 252.

20 General References

French D. Chemical and physical propertics of starch. J Animal S¢i 19735 37:
1048-1061.

Satterthwaite RW, Iwinski DJ. Starch dextrins, Whistler RL, Bemiller JN,
eds. Industrial Gums. New York: Academic Press, 1973; $§77-599.

21 Author
A Day.

22 Date of Revision
18 February 2009.

5  Structural Formula
CH,0H

H OH

Anhydrous material shown,

6 Functional Category

Tablet and capsule diluent; therapeutic agent; tonicity agent;
sweetening agent.

7  Applications in Pharmaceutical Formulation or
Technology

Dextrose is widely used in solutions to adjust tonicity and as a
sweetening agent. Dextrose is also used as a wet granulation diluent
and binder, and as a direct-compression tablet diluent and binder,
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242 Disodium Edetate

LDsp (mouse, IV): 3.02 gikg
LDs;, (mouse, SC): 9.6 glkg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of the material handled. Dimerhylacetamide can be
absorbed into the bloodstream by inhalation and through the
skin; it is irritating to the skin and eyes.

16 Regulatory Status

Included in the FDA Inactive Ingredients Database (IM injections,
IV injections and infusions). Included in parenteral medicines
licensed in the UK.

17 Related Substances

18 Comments

A specification for dimethylacetamide is included in the Japanese
Pharmaceutical Excipients (JPE).'?)

The EINECS number for dimethylacetamide is 204-826-4. The
PubChem Compound ID (CID) for dimethylacetamide is 31374.

19 Specific References

1 Strickley RG. Solubilizing excipients in oral and injectable formula-
tions. Pharm Res 2004; 21(2): 201-230.

2 Kawakami K et al. Solubilisation behavior of poorly soluble drugs with
combined use of Gelucire 44/14 and cosolvent. | Pharm Sci 2004; 93(6):
1471-1479.

3 Kawakami K et al. Solubilization behaviour of a poorly soluble drug
under combined use of surfactants and cosolvents. Eur | Pharm Sci
2006; 28(1-2): 7-14,

4 Taepaiboon P et al. Vitamin-loaded clectrospun cellulose acetate
nanofiber mats as transdermal and dermal therapeutic agents of
vitamin A acid and vitamin E. Eur | Pharm Biopharm 2007; 67(2):
387-397.

5 Larsen SW er al. Kinetics of degradation and oil solubility of ester
prodrugs of a model dipeptide (Gly-Phe). Eur | Pharm Sci 2004; 22:
399-408.

6 Jeon H]J et al. Effect of solvent on the preparation of surfactant-free poly
({DL-lactide-co-glycolide) nanoparticles and norfloxacin release char-
acteristics. Int | Pharm 2000; 207(1-2): 99-108.

7 Horn HJ. Toxicology of dimethylacetamide. Toxicol Appl Pharmacol
1961; 3: 12-24.

8 Anschel J. [Solvents and solubilization in injections.] Pharm Ind 1965;
27: 781-787[in German].

9 Kennedy GL, Sherman H. Acute toxicity of dimethylformamide and
dimethylacetamide following various routes of administration. Drug
Chem Toxicol 1986; 9: 147-170.

10 Kim SN. Preclinical toxicology and pharmacology of dimethylaceta-
mide, with clinical notes. Drug Metab Rev 1988; 19: 345-368,

11 Lewis R], ed. Sax’s Dangerous Properties of Industrial Materials, 11th
edn. New York: Wiley, 2004; 1371.

12 Japan Pharmaceutical Excipients Council. Japanese Pharmaceutical
Excipients 2004. Tokyo: Yakuji Nippo, 2004; 244-245.

20 General References

Sinha VR, Kaur MP. Permeation enhancers for transdermal drug delivery.
Drug Dev Ind Pharm 20005 26(11): 1131-1140.

21 Avuthor
RT Guest.

22 Date of Revision
17 October 2008.

1  Nonproprietary Names
BP: Disodium Edetate

JP: Disodium Edetate Hydrate
PhEur: Disodium Edetate

USP: Edetate Disodium

2 Synonyms

Dinatrii edetas; disodium EDTA; disodium ethylenediaminetetra-
acetate; edathamil disodium; edetate disodium; edetic acid,
disodium salt.

3  Chemical Name and CAS Registry Number

Ethylenediaminetetraacetic acid, disodium salt [139-33-3]
Disodium ethylenediaminetetraacetate dihydrate [6381-92-6]

4  Empirical Formula and Molecular Weight

CoH 14Nz Nay Oy 336.2 (for anhydrous)
C|(;I‘I]3N2Nﬂ20u| 3722 [Fnr dihydrﬂtﬁ}

5  Structural Formula

/[“\/\N
Q OH

Na® o}

6  Functional Category
Chelating agent.
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7 Appltcuﬂons in Pharmutauh:u[ Formulation or
Technology

Disodium edetate is used as a chelating agent in a wide range of
pharmaceutical preparations, including mouthwashes, ophthalmic
preparations, and topical preparations,"' ™ typically at concentra-
tions between 0.005 and 0.1% wiv.

Disodium edetate forms stable water-soluble complexes (che-
lates) with alkaline earth and heavy-metal ions. The chelated form
has few of the properties of the free ion, and for this reason
chelating agents are often described as ‘removing’ ions from
solution, a process known as sequestering. The stability of the
metal-edetate complex is dependent on the metal ion involved and
the pH.

Disodium edetate is also used as a water softener as it will chelate
calcium and magnesium ions present in hard water. It is also used
therapeutically as an anticoagulant as it will chelate calcium and
prevent the coagulation of blood in vitro. Concentrations of 0.1%
wiv are used in small volumes for hematological testing and 0.3%
wi/v in transfusions.

See also Edetic acid.

8  Description

Disodium edetate occurs as a white crystalline, odorless powder
with a slightly acidic taste,

9  Pharmacopeial Specifications
See Table I

Table I: Pharmacopeial specifications for disodium edelate.

Test JP XV PhEur 6.0 USP 32

Identification - - +

Characters - ~ -

Appearance of solution  + - —

pH 4.3-4.7 4.0-5.5 4.0-6.0

Iron - <80ppm -

Calcium - — +

Heavy melals < 10ppm <20ppm <0.005%

Cyanide + — -

Arsenic <2ppm - -

Limit of nitrilotriacetic - <0.1% <0.1%
acid

Residue on ignition 37.0-39.0% —

Loss on drying - 8.7-11 A%

Assay =09.0% 98 5-101.0% 99.0-101.0%

10 Typical Properties

Aciditylalkalinity pH 4.3-4.7 (1% w/v solution in carbon
dioxide-free water)

Freezing point depression (0.14°C (1% w/v aqueous solution)

Melting point Decomposition at 252°C for the dihydrate.

NIR spectra see Figure 1.

Refractive index 1.33 (1% wlv aqueous solution)

Solubility Practically insoluble in chloroform and ether; slightly
soluble in ethanol (95%); soluble 1 part in 11 parts water.

Specific gravity  1.004 (1% wiv 2 aqueous solution)

Viscosity (kinematic) 1.03mm%s (1.03cSt) (1% wiv aqueous
solution).

11 Stability and Storage Conditions

Edetate salts are more stable than edetic acid (see also Edetic acid).
However, disodium edetate dihydrare loses water of crystallization
when heated to 120°C. Aqueous solutions of disodium edetate may
be sterilized by autoclaving, and should be stored in an alkali-free
container.
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Figure 1: Nearinfrared spectrum of disodium edetate dihydrate
measured by reflectance.

Disodium edetate is hygroscopic and is unstable when exposed
to moisture. It should be stored in a well-closed container in a cool,
dry place.

12 Incompatibilities

Disodium edetate behaves as a weak acid, displacing carbon dioxide
from carbonates and reacting with metals to form hydrogen. It is
incompatible with strong oxidizing agents, strong bases, metal ions,
and metal alloys.

See also Edetic acid.

13 Method of Manufacture

Disodium edetate may be prepared by the reaction of edetic acid
and sodium hydroxide.

14 Safety

Disodium edetate is used widely in topical, oral, and parenteral
pharmaceutical formulations; it is used extensively in cosmeric and
food products. Disodium edetate and edetate calcium disodium are
used in a greater number and variety of pharmaceutical formula-
tions than is edetic acid. Both disodium edetate and ederate calcium
disodium are poorly absorbed from the gastrointestinal tract and
are associated with few adverse effects when used as excipients in
pharmaceutical formulations.

Disodium edetate, trisodium edetate, and edetic acid readily
chelate calcium and can, in large doses, cause calcium depletion
(hypocalcemia) if used over an extended period of time, or if
administered too rapidly by intravenous infusion. If used in
preparations for the mouth, they can also leach calcium from the
teeth. However, edetate calcium disodium does not chelate calcium,

Disodium edetate should be used with caution in patients with
renal impairment, tuberculosis, and impaired cardiac function.

Although disodium edetate is generally considered safe, there
have been reports of disodium edetate toxicity in patients receiving
chelation therapy.

Nasal formulations containing benzalkonium chloride and
disodium edetate, both known to be local irritants, were shown to
produce an inflammatory reaction, and microscopic examination
showed an extended infiltration of the mucosa by eosinophils, and
pronounced atrophy and disorganization of the epithelmm
although these effects were subsequently shown to be reversible."® 3

The WHO has set an estimated acceptable daily intake for
disodium EDTA in foodstuffs of up to 2.5 mg/kg body-weight.'™) See
also Edetic acid.

LDs, (mouse, IP): 0.26 g/kg'®
LDsg (mouse, IV): 0.056 g/kg

_
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244

Docusate Sodium

LDsg (mouse, OP): 2.05 g/kg
LDsg (rabbit, IV): 0.047 g/kg
LDsq (rabbit, OP): 2.3 g/kg
LD_m tl'al', OP)' 2.0 gfkg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Disodium edetate and its derivatives
are mild irritants to the mucous membranes. Eye protection, gloves,
and dust masks are recommended,

16 Regulatory Status

GRAS listed. Included in the FDA Inactive Ingredients Database
(inhalations; injections; ophthalmic preparations; oral capsules,
solutions, suspensions, syrups, and tablets; rectal topical, and
vaginal preparations). Included in nonparenteral and parenteral
medicines licensed in the UK. Included in the Canadian List of
Acceptable Non-medicinal Ingredients.

17 Related Substances
Edetic acid.

18 Comments

Disodium edetate has been used experimentally to investigate the
stability and skin penetration capacity of captopril gel, in which
disodium edetate was shown to exert a potent stabilizing effect, and
may be used in the development of a transdermal drug delivery
system.

A chitosan-EDTA conjugate has been investigated as a novel
polymer for use in topical gels. The conjugate was shown to be
stable, colorless, and transparent, and it also demonstrated
antimicrobial effects.”

Docusate Sodium

1  Nonproprietary Names
BP: Docusate Sodium

PhEur: Docusate Sodium

USP: Docusate Sodium

2 Synonyms

Bis(2-ethylhexyl) sodium sulfosuccinate; dioctyl sodium sulfosuc-
cinate; DSS; natrii docusas; sodium 1,4-bis(2-ethylhexyl) sulfosuc-
cinate; sodium  1,4-bis[(2-ethylhexyl)oxy]-1,4-dioxobutane-2-
sulfonate; sodium dioctyl sulfosuccinate; sulfo-butanedioic acid
1,4-bis(2-ethylhexyl) ester, sodium salt; sulfosuccinic acid 1,4-bis(2-
ethylhexyl) ester S-sodium salt.

3  Chemical Name and CAS Registry Number
Sodium 1,4-bis(2-ethylhexyl) sulfosuccinate [577-11-7]

4  Empirical Formula and Molecular Weight
CapHj37Na055 444.56

The EINECS number for disodium edetate is 205-358-3. The
PubChem Compound 1D (CID) for disodium edetate includes 8759
and 636371.

19 Specific References

1 Ungphaiboon S, Maitani Y. Inn vitro permeation studies of triameino-
Jone acetonide mouthwashes. It | Pharm 20015 220: 111-117.

2 Kaur IP et al. Formulation and evaluation of ophthalmic preparations
of acetazolamide. Int | Pharm 2000; 199: 119-127.

3 Bechgaard E et al. Reversibility and clinical relevance of morphological
changes after nasal application of ephedrine nasal drops 1%. It |
Pharin 1997; 152: 67-73.

4 Morgan BW ef al. Adverse effects in 5 patients receiving EDTA at an
outpatient chelation clinic. Vet Hremr Toxicol 20025 44(5): 274-276.

5 FAQ/WHO. Toxicological evaluation of certain food additives with a
review of general principles and of specifications. Seventeenth report of
the joint FAO/WHO expert committee on food additives. World Health
Organ Tech Rep Ser 1974; No. 539.

6 Lewis RJ, ed. Sax’s Dangerous Properties of Industrial Materials, 11th
edn. New York: Wiley, 2004; 1660.

7 Huang YB et al. Effect of antioxidants and anti-irritants on the stability,
skin irritation and penetration capacity of captopril gel. Int | Pharm
2002; 241: 345-351.

8 Valenta C et al. Chitosan-EDTA conjugate: novel polymer for topical
gels. | Pharm Pharmacol 1998; 50: 445-452,

20 General References

21 Authors
S Shah, D Thassu.

22 Date of Revision
30 January 2009,

5  Structural Formula
Hy

HsC.
o CHy
HaC o
o
Q S04Na

6  Functional Category
Anionic surfactant; fecal softener; wetting agent.

7 Ap
T

ﬂlicutions in Pharmaceutical Formulation or
ec

nology

Docusate sodium and docusate salts are widely used as anionic
surfactants in pharmaceutical formulations. Docusate sodium is
mainly used in capsule and direct-compression tablet formulations
to assist in wetting and dissolution.'"’ Docusate salts are also used in
oral formulations as laxatives and fecal softeners; see Table L.
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@ Ethylparaben

1  Nonproprietary Names
BP: Ethyl Hydroxybenzoate SEM 1: Excipient: ethylparaben; magnification: 600x,

— r— .-

JP: Ethyl Parahydroxybenzoate
PhEur: Ethyl Parahydroxybenzoate
USP-NF: Ethylparaben

2 Synonyms

Aethylum hydrobenzoicum; CoSept E; E214; ethylis parahydroxy-
benzoas; ethyl p-hydroxybenzoate; Ethyl parasept; 4-hydroxyben-
zoic acid ethyl ester; Nipagin A; Solbrol A; Tegosept E; Uniphen P-
23.

3  Chemical Name and CAS Registry Number
Ethyl-4-hydroxybenzoate [120-47-8]

4  Empirical Formula and Molecular Weight
CoH 04 166.18

5  Structural Formula

HO

OCH,CH

6  Functional Category
Antimicrobial preservartive.

7  Applications in Pharmaceutical Formulation or
Technology

Ethylparaben is widely used as an antimicrobial preservative in
cosmetics,'” food products, and pharmaceutical formulations.

It may be used either alone or in combination with other paraben
esters or with other antimicrobial agents. In cosmetics it is one of the
most frequently used preservatives.

The parabens are cffective over a wide pH range and have a
broad spectrum of antimicrobial activity, although they are most
effective against yeasts and molds; see Section 10.

Owing to the poor solubility of the parabens, paraben salts,
particularly the sodium salt, are frequently used. However, this may
cause the pH of poorly buffered formulations to become more
alkaline.

See Methylparaben for further information.

8 Description

Ethylparaben occurs as a white, odorless or almost odorless, active against yeasts and molds than against bacteria. They
crystalline powder. are also more active against Gram-positive than against
Gram-negative bacteria.
9  Pharmacopeial Specifications The actvity of the parabens increases with increasing chain
Ses Table 1. See ales Stetion 18, length of the alkyl moiety, but solubility decreases. Activity
may be improved by using combinations of parabens since
10 Typical Properties synergistic effects occur. Ethylparaben is commonly used with
v AT 1 methylparaben and propylparaben in oral and topical
Antimicrobial activity formulations (such mixrures are commercially available; for
Ethylparaben exhibits antimicrobial activity from pH 4-8. example, Nipasept (Nipa Laboratories Inc.). Activity has also
Preservative efficacy decreases with increasing pH owing to been reported to be improved by the addition of other
the formation of the phenolate anion. Parabens are more excipients; see Methylparaben for further information,
270
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Figure 1: Near-infrared spectrum of ethylparaben measured by
reflectance.
Table I: Pharmacopeial specifications for ethylparaben.
Test JP XV PhEur 6.0 USP32-NF27
Identification + - +
Appearance of - + +
solution
Characters - + —
Heavy metals <20ppm - -
Acidity I + Y
Melting range 115-118°C - 115-118°C
Related substances + + -
Residue oncilgﬂilion <0.1% <0.1% <0.1%
Assay (dried basis) 98.0-102.0% 98.0-102.0% 98.0-102.0%

See Ta bl(e }l'l for minimum inhibitory concentrations of ethylpar-
aben.”?

Boiling point  297-298°C with decomposition.

Melting point 115-118°C

NIR spectra see Figure 1.

Partition coefficient The values for different vegetable oils vary
cmgiderab[y and are affected by the purity of the oil; see Table
Jiis

Solubility see Table IV.

11  Stability and Storage Conditions

Aqueous ethylparaben solutions at pH 3-6 can be sterilized by
autoclaving, without decomposition.” At pH 3-6, aqueous
solutions are stable (less than 10% decomposition) for up to about
4 years at room temperature, while solutions at pH 8 or above are
subject to rapid hydrolysis (10% or more after about 60 days at
room temperature).”

Ethylparaben should be stored in a well-closed container in a
cool, dry place.

12  Incompatibilities
The antimicrobial properties of ethylparaben are considerably
reduced in the presence of nonionic surfactants as a result of
micellization." Absorption of ethylparaben by plastics has not been
reported, although it appears probable given the behavior of other
parabens. Ethylparaben is coabsorbed on silica in the presence of
ethoxylated pheno]s.m Yellow iron oxide, ultramarine blue, and
aluminum silicate extensively absorb ethylparaben in simple
aqueous systems, thus reducing preservative efficacy.®”
Ethylparaben is discolored in the presence of iron and is subject
to hydrolysis by weak alkalis and strong acids.
See also Methylparaben.

271

Ethylparaben

Table Iz Minimum inhibitory concentrations [MICs) for ethylparaben in
aqueous solution.?!

Microorganism MIC (ug/mlL)
Aerobacter aerogenes ATCC 8308 1200
Aspergillus niger ATCC 9642 500
Aspergillus niger ATCC 10254 400
Bacillus cereus var. mycoides ATCC 6462 1000
Bacillus sublilis ATCC 6633 1000
Candida albicans ATCC 10231 500
Enterobacter cloacae ATCC 23355 1000
Escherichia coli ATCC 8739 1000
Escherichia coli ATCC 9637 1000
Klebsiella pneumoniae ATCC 8308 500
Penicillium chrysogenum ATCC 9480 250
Penicillivm digitatum ATCC 10030 250
Proteus vulgaris ATCC 13315 500
Pseudomonas aeruginosa ATCC 9027 >2000
Pseudemonas aeruginosa ATCC 15442 >2000
Pseudomonas stuizeri 1000
Rhizopus nigricans ATCC 6227A 250
Saccharomyces cerevisiae ATCC 9763 500
Salmonella typhosa ATCC 6539 1000
Serratia marcescens ATCC 8100 1000
Staphylococcus aureus ATCC 6538P 1000
Staphylococcus epidermidis ATCC 12228 1000
Trichophyfon mentagrophytes 125

Tubleﬁlll: Partition coefficients for ethylparaben in vegetable oil and

water,”!
Solvent Partition coefficient oil : water
Corn oil 14.0
Mineral oil 0.13
Peanut oil 16.1
Soybean oil 18.8

Table IV: Solubility of ethylparaben in various solvents.

Solvent Solubility at 20°C unless otherwise stated

Acetone Freely soluble

Ethanol l1inld4d

Ethanol (95%) 1in2

Ether 1in3.5

Glycerin 1in 200

Methanol 1in0.9

Mineral oil 1 in 4000

Peanut oil 1in 100

Propylene glycol 1ind

Water 1in 1250 at 15°C
1in910

1in 120 at 80°C

13 Method of Manufacture

Ethylparaben is prepared by the esterification of p-hydroxybenzoic
acid with ethanol (95%).

14 Safety

Ethylparaben and other parabens are widely used as antimicrobial
preservatives in cosmetics, food products, and oral and topical
pharmaceutical formulations.

Systemically, no adverse reactions to parabens have been
reported, although they have been associated with hypersensitivicy
reactions. Parabens, in vivo, have also been reported to exhibit
estrogenic responses in fish."”) The WHO has set an estimated total
acceptable daily intake for methyl-, ethyl-, and propylparabens at
up to 10 mg/kg body-weight,'""

_
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LDsg (mouse, 1P): 0.52 g/kg“-'*!
LDsp (mouse, oral): 3.0 g/kg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Ethylparaben may be irritant to the
skin, eyes, and mucous membranes, and should be handled in a well
ventilated environment. Eye protection, gloves, and a dust mask or
respirator are recommended.

16 Regulatory Status

Accepred as a food additive in Europe. Included in the FDA Inactive
Ingredients Database (oral, otic, and topical preparations). Included
in nonparenteral medicines licensed in the UK. Included in the
Canadian List of Acceptable Non-medicinal Ingredients.

17 Related Substances

Butylparaben; ethylparaben potassium; ethylparaben sodium;
methylparaben; propylparaben.

Ethylparaben potassium

Empirical formula  CoHoKOj3

Molecular weight 204.28

CAS number [36547-19-9]

Synonyms Ethyl 4-hydroxybenzoate potassium salt; potassium
ethyl hydroxybenzoare.

Ethylparaben sodium

Empirical formula CoHoNaO;

Molecular weight 188.17

CAS number [35285-68-8]

Synomyms E215; ethyl 4-hydroxybenzoate sodium salt; sodium
ethyl hydroxybenzoate.

18 Commenis

Ethylparaben is one of the materials that have been selected for
harmonization by the Pharmacopeial Discussion Group. For further
information see the General Information Chapter <1196> in the
USP32-NF27, the General Chaprer 5.8 in PhEur 6.0, along with the
‘State of Work’ document on the PhEur EDQM website, and also
the General Information Chapter 8 in the JP XV.

See Methylparaben for further information.

The EINECS number for ethylparaben is 204-399-4. The
PubChem Compound ID (CID) for ethylparaben is 8434.
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3 Chemical Name and CAS Registry Number
Methyl-4-hydroxybenzoate [99-76-3]

4 Empirical Formula and Molecular Weight
CgHgO;  152.15

Methylparaben 441
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5  Structural Formula
o] OCH4
OH
6  Functional Category

Antimicrobial preservarive.
7  Applications in Pharmaceutical Formulation or
Technology

Methylparaben is widely used as an antimicrobial preservative in
cosmetics, food products, and pharmaceutical formulations; see
Table L. It may be used either alone or in combination with other
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parabens or with other antimicrobial agents. In cosmetics,
meth}-‘lpara ben is the most frequently used antimicrobial preserva-
tive,'”

The parabens are effective over a wide pH range and have a
broad spectrum of antimicrobial activity, although they are most
effective against yeasts and molds. Antimicrobial activity increases
as the chain length of the alkyl moiety is increased, but aqueous
solubility decreases; therefore a mixture of parabens is frequently
used to provide effective preservation. Preservative efficacy is also
improved by the addition of propylene glycol (2-5%), or by using
parabens in combination with other antimicrobial agents such as
imidurea; see Section 10,

Owing to the poor solubility of the parabens, paraben salts
(particularly the sodium salt) are more frequently used in
formulations. However, this raises the pH of poorly buffered
formulations.

Methylparaben (0.18%) together with propylparaben (0.02%)
has been used for the preservation of various parenteral pharma-
ceutical formulations; see Section 14.

Table It Uses of methylparaben.

Use Concentration (%)
IM, IV, SC injections! 0.065-0.25
Inhalation salutions 0.025-0.07
Intradermal injections 0.10

Nasal solutions 0.033
Ophthalmic preparations!® 0.015-0.2

Oral solutions and suspensions 0.015-0.2
Rectal preparations 0.1-0.18

Topical preparations 0.02-0.3
Vaginal preparations 0.1-0.18

|a) See Section 14.

8  Description

Methylparaben occurs as colorless crystals or a white crystalline
powder. It is odorless or almost odorless and has a slight burning
taste.

SEM 1: Excipient: methylparaben; supplier: Bate Chemical Co. lid;
magnification: 600x.

9  Pharmacopeial Specifications
See Table II. See also Secrion 18.

Table lI: Pharmacopeial specifications for methylparaben.

Test P XV PhEur 6.0 USP32-NF27
Identification + + +
Characters - + —
Appearance of + + +

solution
Acidity + - -
Heavy mefals <20ppm - -
Impurities - - —
Melting range — - 125-128°C
Related substances s + +
Sulfated ash - <0.1% —
Residue on ignition ~ <0.1% - <0.1%
Assay [dried basis) 98.0-102.0% 98.0-102.0% 98.0-102.0%

10 Typical Properties

Antimicrobial activity see Table III. Methylparaben exhibirs
antimicrobial activity of pH 4-8. Preservative efficacy decreases
with increasing pH owing to the formarion of the phenolate
anion. Parabens are more active against yeasts and molds than
against bacteria. They are also more active against Gram-
positive bacteria than against Gram-negative bacteria.

Methylparaben is the least active of the parabens; antimicro-
bial activity increases with increasing chain length of the alkyl
moiety. Activity may be improved by using combinations of
parabens as synergistic effects occur. Therefore, combinations of
methyl-, ethyl-, propyl-, and butylparaben are often used
together. Activity has also been reported to be enhanced by the
addirion of other exci})ients such as: propylene glycol (2-5%);*'
phenylethyl alcohol;”" and edetic acid.™ Activity may also be
enhanced owing to synergistic effects by using combinations of
parabens with other antimicrobial preservatives such as imi-
durea.®!

The hydrolysis producr p-hydroxybenzoic acid has practically
no antimicrobial activity.

See also Section 12,

h

Table HI: Minimum inhibitory concentrations (MICs) of methylparaben
in aqueous solution.?

MIC (ug/ml)

Microorganism

Aerobacter aerogenes ATCC 8308 2000
Aspergillus oryzaoe 600
Aspergillus niger ATCC 9642 1000
Aspergillus niger ATCC 10254 1000
Bacillus cereus var. mycoides ATCC 6462 2000
Bacillus subtilis ATCC 6633 2000
Candida albicans ATCC 10231 2000
Enterobacter cloacae ATCC 23355 1000
Escherichia coli ATCC 8739 1000
Escherichia coli ATCC 9637 1000
Klebsiella pneumeoniae ATCC 8308 1000
Penicillium chrysogenum ATCC 9480 500
Penicillium digitatum ATCC 10030 500
Proteus vulgaris ATCC 8427 2000
Proteus vulgaris ATCC 13315 1000
Pseudomonas aeruginosa ATCC 9027 4000
Pseudomonas weruginosa ATCC 15442 4000
Pseudomonas stutzeri 2000
Rhizopus nigricans ATCC 6227 A 500
Saccharomyces cerevisiae ATCC 9763 1000
Salmonella typhosa ATCC 6539 1000
Sarcina lutea 4000
Serratia marcescens ATCC 8100 1000
Staphylococcus aureus ATCC 6538F 2000
Siaphylococcus epidermidis ATCC 12228 2000
Trichoderma lignorum ATCC B678 250
Trichoderma mentagrophytes 250
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Figure 1: Nearinfrared spectrum of methylparaben measured by
reflectance.

Density (frue) 1.352glem’

Dissociation constant pK, = 8.4 ar 22°C

Melting point 125-128°C

NIR spectra  see Figure 1.

Partition coefficients Values for different vegetable oils vary
considerably and are affected by the purity of the oil; see Table

V.
Solubility see Table V.

Table IV: Partition coefficients of methylparaben in vegetable oil and
wu?e{.hs'ﬂ

cool, dry place.

Methylparaben

443

Table VI: Predicted rate constants and halFives for methylparaben
dissolved in dilute hydrochloric acid solution, at 25°C.

Rate constant k + o'

Inifial pH of
(hour™")

HalFife £ + o {day)

(1.086 + 0.005) x 1074
(1.16 £0.12) x 10°°

266 + 13
2490 + 260
47000 + 12000

Solvent Partition coefficient oil : water
Almond oil 7.5

Castor oil 6.0

Comn oil 4.1

Diethyl adipate 200

lsopropyl myristate 18.0

Lanelin 7.0

Mineral oil 0.1

Peanut oil 4.2

Soybean oil 6.1

Table V: Solubility of methylparaben in various solvents. !

Solvent Solubility at 25°C unless otherwise stated
Ethanol 1in2
Ethanol (95%) 1in3
Ethanol (50%) 1iné
Ether lin10
Glycerin 1in 60
Mineral oil Practically insoluble
Peanut oil 1in 200
Propylene glycol lin5
Waler 1in 400
1 in 50 at 50°C
1 in 30 ot 80°C

11 Stability and Storage Conditions

Agueous solutions of methylparaben at pH 3-6 may be sterilized b

autoclaving at 120°C for 20 minutes, without decomposition.’
Aqueous solutions at pH 3-6 are stable (less than 10%
decomposition) for up to about 4 years at room temperature, while
aqueous solutions at pH 8§ or above are subject to rapid hydrolysis
(10% or more after about 60 days storage at room temperature); see

Tables VI and VIL*

i* L

]

2

3 (6.1 +1.5)x 107
4

(3.27 + 0.64) x 1077 88000 + 17000

{a) Indicates the siandard error.

Table Vil: Predicted remaining amount of methylparaben dissolved in
dilute hydrochloric acid solution, affer autoclaving.

Initial pH of  Rate constant k + o' Predicted residual amount
solution (hour™") after autoclaving (%)

] [4.96 +0.16) x 10 84.77 = 0.46

2 (4.49 4 0.37) x 1072 98.51£0.12

3 (279 +0.57) = 1072 99.91 £ 0.02

4 (1.49 +£0.22) x 107? 99.95 + 0.01

(o) Indicates the standard error.

12  Incompatibilities

The antimicrobial activity of methylparaben and other parabens is
considerably reduced in the presence of nonionic surfactants, such
as polysorbate 80, as a result of micellization."™'" However,
propylene glycol (10%) has been shown to potentiate the
antimicrobial activity of the parabens in the presence of nonionic
surfactants and prevents the interaction berween methylparaben
and polysorbate 80,'%

Incompatibilites with other substances, such as bentonite,
magnesium trisilicate," talc, tragacanth,'¥ sodium alginate,
essential oils,''” sorbitol,'* and atropine, ') have been reported. It
also reacts with various sugars and related sugar alcohols.*?

Absorption of methylparaben by plastics has also been reported;
the amount absorbed is dependent upon the type of plastic and the
vehicle. It has been claimed that low-density and high-density
polyethylene bottles do not absorb methylparaben."

Methylparaben is discolored in the presence of iron and is
subject to hydrolysis by weak alkalis and strong acids.

(13)
(16)

13 Method of Manufaciure

Methylparaben is prepared by the esterification of p-hydroxyben-
zoic acid with methanol.

14 Safety

Methylparaben and other parabens are widely used as antimicro-
bial preservatives in cosmetics and oral and topical pharmaceutical
formulations. Although parabens have also been used as preserva-
tives in injections and ophthalmic preparations, they are now
generally regarded as being unsuitable for these types of formula-
tions owing to the irritant potential of the parabens. These
experiences may depend on immune responses to enzymatically
formed metabolites of the parabens in the skin.

Parabens are nonmutagenic, nonteratogenic, and noncarcino-
genic. Sensitization to the parabens is rare, and these compounds do
not exhibit significant levels of photocontact sensitization or
phototoxicity.

Hypersensitivity reactions to parabens, generally of the delayed
type and appearing as contact dermatitis, have been reported.
However, given the widespread use of parabens as preservatives,
such reactions are relatively uncommon; the classification of
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parabens in some sources as high-rate sensitizers may be Comuments Methylparaben sodium may be used instead of

overstated.'*”

Immediate hypersensitivity reactions following injection of
preparations containing parabens have also been reported.>¥2%)
Delayed-contact dermatitis occurs more frequently when parabens
are used topically, but has also been reported to occur after oral
administration.**>*

Unexpectedly, preparations containing parabens may be used by
patients who have reacted previously with contact dermaritis
provided they are applied to another, unaffected, site. This has
been termed the paraben paradox.*

Concern has been expressed over the use of methylparaben in
infant parenteral products because bilirubin binding may be
affected, which is potentially hazardous in hyperbilirubinemic
neonates.*"

The WHO has set an estimated total acceptable daily intake for
methyl-, ethyl-, and propylparabens at up to 10 mg/kg body-
weight.'

LD, (dog, oral): 3.0g/kg"*
LDsg (mouse, IP): 0.96 g/kg
LDso (mouse, SC): 1.20 g/kg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Methylparaben may be irritant to the
skin, eyes, and mucous membranes, and should be handled in a
well-ventilated environment. Eye protection, gloves, and a dust
mask or respirator are recommended.

16 Regulatory Status

Methylparaben and propylparaben are affirmed GRAS Direct Food
Substances in the USA at levels up to 0.1%. All esters except the
benzyl ester are allowed for injection in Japan. In cosmetics, the EU
and Brazil allow use of each paraben at 0.4%, but the total of all
parabens may not exceed 0.8%. The upper limit in Japan is 1.0%.

Accepted for use as a food additive in Europe. Included in the
FDA Inactive Ingredients Database (IM, IV, and SC injections;
inhalation prepararions; ophthalmic preparations; oral capsules,
tablets, solutions and suspensions; otic, rectal, topical, and vaginal
preparations). Included in medicines licensed in the UK. Included in
the Canadian List of Acceptable Non-medicinal Ingredients.

17 Related Substances

Butylparaben; ethylparaben; methylparaben potassium; methylpar-
aben sodium; propylparaben.

Methylparaben potassium

Empirical formula  CgH;KO;

Molecular weight 190.25

CAS number [26112-07-2]

Synonyms Methyl 4-hydroxybenzoate potassium salt; potassium
methyl hydroxybenzoate.

Comments Methylparaben porassium may be used instead of
methylparaben because of its greater aqueous solubility.

Methylparaben sodium
Empirical formula  CgHsNaO,
Molecular weight 174.14
CAS number [5026-62-0]

Synonyms E219; methyl 4-hydroxybenzoate sodium salt; sodium
methyl hydroxybenzoate; soluble methyl hydroxybenzoate.
Appearance A white, odorless or almost odorless, hygroscopic

crystalline powder.
Acidityfalkalinity pH = 9.5-10.5 (0.1% w/v aqueous solution)
Solubility 1 in 50 of echanol (95%); 1 in 2 of water; practically
insoluble in fixed oils.

methylparaben because of its greater aqueous solubility. How-
ever, it may cause the pH of a formulation to become more
alkaline.

18 Comments

Methylparaben is one of the materials that have been selected for
harmonization by the Pharmacopeial Discussion Group. For further
information see the General Information Chapter <1196> in the
USP32-NF27, the General Chapter 5.8 in PhEur 6.0, along with the
‘Stare of Work’ document on the PhEur EDQM website, and also
the General [nformation Chapter 8 in the JP XV.

The BP 2009, Ph Eur 6.0 and USP32-NF27 also list
Methylparaben Sodium as a separate monograph.

The EINECS number for methylparaben is 202-785-7. In
addition to the most commonly used paraben esters, some other
less-common esters have also been used; see Table VIII. A
specification for methylparaben is contained in the Food Chemicals
Codex (FCC)."¥

The PubChem Compound ID (CID) for methylparaben is 7456.

Table VIll: CAS numbers of less common paraben esters.

Name CAS Number
Benzylparaben 94.18-8
Isobutylparaben 4247023
Isopropylparaben 419173-5
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Mineral Oil

1 Nonproprietary Names
BP: Liquid Paraffin

JP: Liquid Paraffin

PhEur: Paraffin, Liquid

USP: Mineral Oil

2 Synonyms

:'fmarer:h; Drakeol; heavy mineral oil; heavy liquid petrolatum;
liquid petrolatum; paraffin oil; paraffinum liquidum; Sirius; white
mineral oil.

3 Chemical Name and CAS Registry Number
Mineral oil [8012-95-1]
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4  Empirical Formula and Molecular Weight

Mineral oil is a mixture of refined liquid saturared aliphatic (Cy4-
Cg) and cyclic hydrocarbons obtained from petroleum.

5  Structural Formula
See Section 4.

6  Functional Category
Emollient; lubricant; oleaginous vehicle; solvent; vaccine adjuvant.

7  Applications in Pharmaceutical Formulation or
Tacﬁnology

Mineral oil is used primarily as an excipient in topical pharmaceu-

tical formulations, where its emollient properties are exploited as an

ingredient in ointment bases; see Table L. It is additionally used in

oil-in-water emulsions,'"™" as a solvent, and as a lubricant in

capsule and tablet formulations, and to a limited extent as a mold-
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Polyethylene Glycol

1 Nonproprietary Names

BP: Macrogols

Jp: Macrogol 400
Macrogol 1500
Macrogol 4000
Macrogol 6000
Macrogol 20000

PhEur:  Macrogols
USP-NF: Polyethylene Glycol

2  Synonyms
Carbowax; Carbowax Sentry; Lipoxal; Lutrol E; macrogola; PEG;
Pluriol E; polyoxyethylene glycol.

3  Chemical Name and CAS Registry Number
u-Hydro-o-hydroxypoly(oxy-1,2-ethanediyl) [25322-68-3]

4  Empirical Formula and Molecular Weight

HOCH,(CH,OCH3),,CH:OH where m represents the average
number of oxyethylene groups.

Alternatively, the general formula H(OCH,CH;),OH may be
used to represent polyethylene glycol, where # is a number s in the
previous formula + 1.

See Table T for the average molecular weights of typical
polyethylene glycols. Note that the number thar follows PEG
indicares rthe average molecular weight of the polymer.

5  Structural Formula
H H

HO——C— (CH,—0—CH,) —C——0H

H

6  Functional Category

Ointment base; plasticizer; solvent; suppository base; tablet and
capsule lubricant.

Grade m Average molecular weight

PEG 200 42 190-210

PEG 300 6.4 285-315

PEG 400 8.7 380-420

PEG 540 [blend) = 500-600

PEG 600 13.2 570-613

PEG 900 15.3 855-900

PEG 1000 22.3 950-1050

PEG 1450 325 1300-1600

PEG 1540 28.0-36.0 1300-1 600

PEG 2000 40.0-50.0 1800-2200

PEG 3000 60.0-75.0 2700-3 300

PEG 3350 757 3000-3700

PEG 4000 69.0-84.0 3000-4 800

PEG 4500 104.1 4400-4 800

PEG 8000 181.4 7 000-2 000

7 ications in Pharmaceutical Formulation or
Technology

Polyethylene glycols (PEGs) are widely used in a variety of
pharmaceutical formulations, including parenteral, topical,
ophthalmic, oral, and recral preparations. Polyethylene glycol has
been used experimentally in biodegradable polymeric matrices used
in controlled-release systems.

Polyethylene glycols are stable, hydrophilic substances that are
essentially nonirritant to the skin; see Section 14, They do not
readily penetrate the skin, although the polyethylene glycols are
water-soluble and are easily removed from the skin by washing,
making them useful as ointment bases.'” Solid grades are generally
employed in topical ointments, with the consistency of the base
being adjusted by the addition of liquid grades of polyethylene
glycol.

Mixtures of polyethylene glycols can be used as suppository
bases,'” for which they have many advantages over fats. For
example, the melting point of the suppository can be made higher to
withstand exposure to warmer climates; release of the drug is not
dependent upon melting point; the physical stability on storage is
better; and suppositories are readily miscible with rectal fluids.
Polyethylene glycols have the following disadvantages: they are
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chemically more reactive than fats; greater care is needed in
processing to avoid inelegant contraction holes in the suppositories;
the rate of release of water-soluble medications decreases with the
increasing molecular weight of the polyethylene glycol; and
polyethylene glycols tend to be more irritating to mucous
membranes than fats.

Agqueous polyethylene glycol solutions can be used either as
suspending agents or to adjust the viscosity and consistency of other
suspending vehicles. When used in conjunction with other
emulsifiers, polyethylene glycols can act as emulsion stabilizers.

Liquid polyethylene glycols are used as warer-miscible solvents
for the contents of soft gelatin capsules. However, they may cause
hardening of the capsule shell by preferential absorption of moisture
from gelatin in the shell.

In concentrations up to approximately 30% v/v, PEG 300 and
PEG 400 have been used as the vehicle for parenteral dosage forms.

In solid-dosage formulations, higher-molecular-weighr polyethy-
lene glycols can enhance the effectiveness of tablet binders and
impart plasticity to granules.”) However, they have only limited
binding action when used alone, and can prolong disintegration if
present in concentrations greater than 5% w/w. When used for
thermoplastic granulations,”~ a mixture of the powdered con-
stituents with 10-15% w/w PEG 6000 is heated to 70-75°C. The
mass becomes pastelike and forms granules if stirred while cooling.
This technique is useful for the preparation of dosage forms such as
lozenges when prolonged disintegration is required.

Polyethylene glycols can also be used to enhance the aqueous
solubility or dissolution characteristics of poorly soluble com-
pounds by making solid dispersions with an appropriate poly-
ethylene glycol.'™ Animal studies have also been performed using
polyethylene glycols as solvents for steroids in osmotic pumps.

In film coatings, solid grades of polyethylene glycol can be used
alone for the film-coating of tablets or can be useful as hydrophilic
polishing materials. Solid grades are also widely used as plasticizers
in conjunction with film-forming polymers.” The presence of
polyethylene glycols in film coats, especially of liquid grades, tends
to increase their water permeability and may reduce prorection
against low pH in enteric-coating films. Polyethylene glycols are
useful as plasticizers in microencapsulated products to avoid
rupture of the coating film when the microcapsules are compressed
into tablets.

Polyethylene glycol grades with molecular weights of 6000 and
above can be used as lubricants, particularly for soluble tablets. The
lubricant action is not as good as that of magnesium stearate, and
stickiness may develop if the material becomes too warm during
compression. An antiadherent effect is also exerted, again subject to
the avoidance of overheating.

Polyethylene glycols have been used in the preparation of
urethane hydrogels, which are used as controlled-release agents.
Polyethylene glycol has also been used in insulin-loaded micro-
particles for the oral delivery of insulin;"®'" it has been used in
inhalation preparations to improve aerosolization;'* polyethylene
glycol nanoparticles have been used to improve the oral bioavail-
ability of cyclosporing;'™ it has been used in self-assembled
polymeric nanoparticles as a drug carrie;''"" and copolymer
networks of polyethylene glycol grafted with poly(methacrylic
acid) have been used as bioadhesive controlled drug delivery
formulations.!'”

8  Description

The USP32-NF27 describes polyethylene glycol as being an
addition polymer of ethylene oxide and water. Polyethylene glycol
grades 200-600 are liquids; grades 1000 and above are solids at
ambient temperatures.

Liquid grades (PEG 200-600) occur as clear, colorless or slightly
yellow-colored, viscous liquids. They have a slight but characteristic
odor and a bitter, slightly burning raste. PEG 600 can occur as a
solid at ambient temperatures.

Solid grades (PEG>1000) are white or off-white in color, and

range in consistency from pastes to waxy flakes. They have a faint,
sweet odor. Grades of PEG 6000 and above are available as free-

fl

owing milled powders.

9  Pharmacopeial Specifications
See Table 11, See also Section 18.

Ki_pﬂiﬁwﬁdwfocpdwyhn vethylene glycol.

JP XV PhEur 6.0 USP32-NF27
Identification - + -
Characters - + -
Acidity or ulkoliailr + + 2
Appearance of solution 4 + +
Density
1.110-1.140% SeeTable IV —
Freezing point SeeTable ll  SeeTable V. —
Viscosity - SeeTable IV See Table V
Average molecular weight See Table il — See Table V
H [5% w/v solution) SeeTable ll  — 4.5-7.5
Elydroxyl value - SeeTable IV —
Reducing substances - + -
Residue on ignifion SeeTable ll  — <0.1%
Sulfated ash - <0.2% -
Limit of ethylene glycol and  <0.25% <0.4% <0.25%
diethylene glyco
Ethylene oxide - <1ppm <10pg/g
1,4-Dioxane - < 10ppm <10ug/g
Heavy metals - <20ppm <5pg/g
Water <1.0% <2.0% -
Formaldehyde - <30ppm -

(o] For PEG 1500, 4000, 6000, 20000.
(b) For PEG 400.

Freezing pH (5% w/v Residue on
point Q) solution) ignition
400 380-420 4-8 40-7.0 <0.1%
1500 — 37-41 4.0-7.0 <0.1%
4000
2 600-3 800 53-57 4.0-7.5 =0.2%
6000
7 300-9 300 56-61 4.5-7.5 <0.2%
20000
15000-25000 56-64 4.5-7.5 <0.2%.

0 Typical Properties

Density

1.11-1.14 g/lem® at 25°C for liquid PEGs;
1.15-1.21 g/lem® at 25°C for solid PEGs.

Flash point

182°C for PEG 200;
213°C for PEG 300;
238°C for PEG 400;
250°C for PEG 600.

Freezing point

<—65°C PEG 200 sets to a glass;
—15 to —8°C for PEG 300;
4-8°C for PEG 400;

15-25°C for PEG 600.

Melting point

37-40°C for PEG 1000;
44-48°C for PEG 1500;
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_TubidMSpeclﬂmﬁons from PhEur 6.0.
Type of PEG  Density (g/em®  Freezing point ('C)  Hydroxyl value  Viscosity (dynamic| [mPas (cP)] Viscosity (kinematic) [mm?/s (cSH)]

300 1.120 — 340-394 80-105 71-94

400 1.120 — 264-300 105-130 94-116
600 1.080 15-25 178-197 15-20 13.9-18.5
1000 1.080 35-40 107-118 22-30 20.4-27.7
1500 1.080 42-48 70-80 34-50 31-46

3000 1.080 50-56 34-42 75-100 69-93

3350 1.080 53-57 30-38 83-120 76-110
4000 1.080 53-59 25-32 110-170 102-158
6000 1.080 55-61 16-22 200-270 185-250
8000 1,080 55-62 12-16 260-510 240-472
20000 1.080 =57 - 2700-3500 2500-3 200
35000 1.080 =57 - 11000-14000 10000-13000

- viscosity of po ’{lm | of the given 55-63°C for PEG 60005
r 1198.9°C + 0. 3*(: the USP32-NF27. 60-63°C for PEG 8000;
T 2 2 60-63°C for PEG 20000.
m:e tnomlﬂmul SyeTdg Viscasity (kinemoic) [men”/s (cSq] Moisture content Liquid polyethylene glycols are very hygro-
scopic, although hygroscopicity decreases with increasing
200 3.9-4.8 molecular weight. Solid grades, e.g. PEG 4000 and above, are
300 5.4-6.4 8
400 6'8:8.0 not hygroscopic. See Figures 1, 2, and 3.
S Particle size distribution  see Figures 4 and 5.
e g7 Refmd:’ue index
600 9.9-11.3 :
700 11.5-13.0 nD = 1.459 for PEG 200,
800 12.5-14.5 ny = 1.463 for PEG 300;
900 15.0-17.0 “ 2
1000 16.0-19.0 nD = 1.465 for PEG 400;
1100 18.0-22.0 MD = 1.467 for PEG 600.
1200 20.0-24.5 Solubility All grades of polyethylene glycol are soluble in water
}igg %i'%g?"s and miscible in all proportions with other polyethylene glycols
1450 25:32 {after melting, if necessary). Aqueous solutions of higher-
1500 26-33 molecular-weight grades may form gels. Liquid polyethylene
1600 28-36 glycols are soluble in acetone, alcohols, benzene, glycerin, and
1700 31-39 glycols. Solid polyethylene glycols are soluble in acetone,
1800 33-42 dichloromethane, ethanol (95%), and methanol; they are slightly
1900 35-45 soluble in aliphatic hydrocarbons and ether, but insoluble in fats,
2000 38-49 fixed oils, and mineral oil.
%;88 jg‘gg Surface tension  Approximately 44 mN/m (44 dynes/cm) for liquid
2300 46:60 polyethylene glycols; appmximately 55 mN/m (55 dynes/cm) for
2400 49-65 10% wiv agueous solution of solid polyethylene glycol.
2500 51-70 Viscosity (kinematic) see Tables IV, V, and VI
2600 54-74 " -
2700 57-78 g?(l:e Vi: Viscosity of selected polyethylene glycols ot 25°C and
2800 20-63 o N .
2900 64-88
3000 67-93 Type of PEG Viscosity [mm?/s (cSt)]
3250 73-105
ggSD 76-110 25°C 99°C
00 87-123
o — ® &
o gl PEG 400 90.0 7.4
v % PEG600 131 1.0
4750 155-228 SESR B -
5000 170-250 par
ooy e PEG 4000 solid 180 -
6000 250-390 PEG 6000 solid 580 —
6500 295-480 PEG 20000 solid 6900 -
7000 350-590
7500 405-735
3000 470-300 11 Stability and Storage Conditions
Polyethylene glycols are chemically stable in air and in solution,
e h lecul ight |
40-48°C for PEG 1540; ig;;i%Zpgagsfye?ﬁ;lenae glﬁrzgizsudirn;eéﬁsgu:ts ls'nif::lz‘zrl;ijﬁg?'gwat;;e
45—50:(: for PEG 2000; and they do not become rancid.
48-54°C for PEG 3000; Polyethylene glycols and aqueous polyethylene glycol solutions
50-58°C for PEG 4000 can be sterilized by autoclaving, filtration, or gamma irradiation.
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Figure 1: Equilibrium moisture content of PEG 4000
{McKesson, Lot No. B192-8209) at 25°C,
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Figure 2: Equilibrium moisture content of PEG 4000 (Dow Chemical
Company| and PEG E-4000 (BASF) ot 25°C.

Sterilization of solid grades by dry heat at 150°C for 1 hour may
induce oxidation, darkening, and the formation of acidic degrada-
tion products. Ideally, sterilization should be carried out in an inert
atmosphere. Oxidation of polyethylene glycols may also be
inhibited by the inclusion of a suitable antioxidant.

If heated tanks are used to maintain normally solid polyethylene
glycols in a molten state, care must be taken to avoid contamination
with iron, which can lead to discoloration. The temperature must be
kept to the minimum necessary to ensure fluidity; oxidation may
occur if polyethylene glycols are exposed for long periods to
temperatures exceeding 50°C. However, storage under nitrogen
reduces the possibility of oxidation.

Polyethylene glycols should be stored in well-closed containers in
a cool, dry place. Stainless steel, aluminum, glass, or lined steel
containers are preferred for the storage of liquid grades.

2.0
- [ O PEG 6000 powder (Lot no. B-507)
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Figure 3: Equilibrium moisture content of PEG 6000 (Dow Chemical
Company) and PEG E-6000 (BASF) at 25°C.
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Figure 4: Particle size distribution of PEG 4000 and PEG 6000 flakes.

12 Incompatibilities

The chemical reactivity of polyethylene glycols is mainly confined to
the two terminal hydroxyl groups, which can be either esterified or
etherified. However, all grades can exhibit some oxidizing activity
owing to the presence of peroxide impurities and secondary
products formed by autoxidation,

Liquid and solid polyethylene glycol grades may be incompatible
with some coloring agents.

The antibacterial activity of certain antibiorics is reduced in
polyethylene glycol bases, particularly that of penicillin and
bacitracin, The preservative efficacy of the parabens may also be
impaired owing to binding with polyethylene glycols.

Physical effects caused by polyethylene glycol bases include
softening and liquefaction in mixtures with phenol, tannic acid, and
salicylic acid. Discoloration of sulfonamides and dithranol can also
occur, and sorbitol may be precipitated from mixtures. Plastics, such
as polyethylene, phenolformaldehyde, polyvinyl chloride, and
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Figure 5: Parlicle size distribution of PEG 4000 and PEG 6000 powder.

cellulose-ester membranes (in filters) may be softened or dissolved
by polyethylene glycols. Migration of polyethylene glycol can occur
from tablet film coatings, leading to interaction with core
components,

13 Method of Manufacture

Polyethylene glycol polymers are formed by the reaction of ethylene
oxide and water under pressure in the presence of a caralyst.

14 Safety

Polyerhylene glycols are widely used in a variety of pharmaceutical
formulations. Generally, they are regarded as nontoxic and
nonirritant materials.!'”='?

Adverse reactions to polyethylene glycols have been reported,
the greatest toxicity being with glycols of low molecular weight.
However, the toxicity of glycols is relatively low.

Polyethylene glycols administered topically may cause stinging,
especially when applied to mucous membranes. Hypersensitivity
reactions to polyethylene glycols applied topically have also been
reported, including urticaria and delayed allergic reactions.'”

The most serious adverse effects associated with polyethylene
glycols are hyperosmolarity, metabolic acidosis, and renal failure
following the ropical use of polyethylene glycols in burn patients.?"
Topical preparations containing polyethylene glycols should there-
fore be used cautiously in patients with renal failure, extensive
burns, or open wounds.

Oral administration of large quantities of polyethylene glycols
can have a laxative effect. Therapeutically, up to 4 L of an aqueous
mixture of electrolytes and high-molecular-weight polyeth;iene
glycol is consumed by patients undergoing bowel cleansing.>*

Liguid polyethylene glycols may be absorbed when taken orally,
but the higher-molecular-weight polyethylene glycols are nort
significantly absorbed from the gastrointestinal tract. Absorbed
polyethylene glycol is excreted largely unchanged in the urine,
although polyethylene glycols of low molecular weight may be
partially metabolized.

The WHO has set an estimated acceptable dail%' intake of
polyethylene glycols at up to 10 mg/kg body-weight,"*

In parenteral products, the maximum recommended concentra-
tion of PEG 300 is approximately 30% v/v as hemolytic effects have
been observed at concentrations greater than about 40% v/v.

For animal toxicity data, see Table VIL.?"

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Eye protection is recommended.

16 Regulatory Status

Included in the FDA Inactive Ingredients Database (dental
preparations; IM and IV injections; ophthalmic preparations; oral
capsules, solutions, syrups, and tablets; rectal, topical, and vaginal
preparations). Included in nonparenteral medicines licensed in the
UK. Included in the Canadian List of Acceptable Non-medicinal
Ingredients.

17 Related Substances

Polyoxyethylene alkyl ethers; polyethylene oxide; polyoxyethylene
sorbitan fatty acid esters; polyoxyethylene stearates; suppository
bases.

18 Comments

Polyethylene glycol is one of the marerials that have been selected
for harmonization by the Pharmacopeial Discussion Group. For
further information see the General Information Chapter <1196>
in the USP32-NF27, the General Chapter 5.8 in PhEur 6.0, along
with the ‘State of Work' document on the PhEur EDQM website,
and also the General Information Chapter 8 in the JP XV.

A specification for polggrhy]ene glycol is conrained in the Food
Chemicals Codex (FCC).'*"
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@ Polyethylene Oxide

1  Nonproprietary Names
USP-NF: Polyethylene Oxide

2  Synonyms

Polyox; polyoxiante; polyoxirane; polyoxyethylene.

3  Chemical Name and CAS Regisiry Number
Polyethylene oxide [25322-68-3]

4  Empirical Formula and Molecular Weight
See Table 1.

5  Structural Formula

The USP32-NF27 describes polyethylene oxide as a nonionic
homopolymer of ethylene oxide, represented by the formula
(CH5CH;0),,, where n represents the average number of oxyethy-

lene groups. It may contain up to 3% of silicon dioxide or suitable
antioxidant,

6  Functional Category
Mucoadhesive; coating agent; tablet binder; thickening agent.

7  Applications in Pharmaceutical Formulation or
Technology

Polyethylene oxide can be used as a tablet binder at concentrations
of 5-85%. The higher molecular weight grades ?mvidc delayed
drug release via the hydrophilic matrix approach;'* see Table I.
Polyethylene oxide has also been shown to facilitate coarse
extrusion for tableting!® as well as being an aid in hot-melt
extrusion,' "

The relationship between swelling capacity and molecular
weight is a good guide when selecting products for use in
immediate- or sustained-release matrix formulations; see Figure 1.
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@ Propylparaben

1 Nonproprietary Names
BP: Propyl Hydroxybenzoate

JP: Propyl Parahydroxybenzoate
PhEur: Propyl Parahydroxybenzoate
USP-NF: Propylparaben

2 Synonyms

Aseptoform P; CoSept P; E216; 4-hydroxybenzoic acid propyl
ester; Nipagin P; Nipasol M; propagin; Propyl Aseptoforn; propyl
butex; Propyl Chemasept; propylis parahydroxybenzoas; propyl -
hydroxybenzoate; Propyl Parasept; Solbrol P; Tegosept P; Uniphen
P-23.

3  Chemical Nome and CAS Registry Number
Propyl 4-hydroxybenzoate [94-13-3]

4  Empirical Formula and Molecular Weight
CipHp205 180.20

5  Structural Formula

CH
0/\/ 3

HO

6  Functional Category
Antimicrobial preservative,

7  Applications in Pharmaceutical Formulation or
Technology

Propylparaben is widely used as an antimicrobial preservative in
cosmetics, food products, and pharmaceutical formulations; see
Table I.

It may be used alone, in combination with other paraben esters,
or with other antimicrobial agents. It is one of the most frequently
used preservatives in cosmetics.'"!

The parabens are effective over a wide pH range and have a
broad spectrum of antimicrobial activity, although they are most
effective against yeasts and molds; see Section 10.

Owing to the poor solubility of the parabens, the paraben salts,
particularly the sodium salt, are frequently used in formulations.
This may cause the pH of poorly buffered formulations to become
more alkaline.

Propylparaben (0.02% wfv) together with methylparaben
(0.18% wiv) has been used for the preservation of various
parenteral pharmaceutical formulations; see Section 14.

See Methylparaben for further information.

596

Table I: Uses of propylparaben in pharmaceutical preparafions.

Use Concentration (%)
IM, IV, SC injections 0.005-0.2
Inhalation solutions 0.015
Intradermal injections 0.02-0.26
Nasal solutions 0.017
Ophthalmic preparations 0.005-0.01
Oral solutions and suspensions 0.01-0.02
Rectal preparations 0.02-0.01
Topical preparations 0.01-0.6
Vaginal preparations 0.02-0.1

8 Description

Propylparaben occurs as a white, crystalline, odorless, and tasteless
powder.

9  Pharmacopeial Specifications
See Table I

Table II: Pharmacopeial specifications for propylparaben.

Test JPXV PhEur 6.0 USP32-NF27
Identification 4 + -

Characters = + =

Melting range 96.0-99.0°C  — 96.0-99.0°C
Acidity + + +

Loss on drying - - <0.5%
Residue on ignition <0.1% - <0.1%
Sulfated ash - <0.1% —
Appearance of solution + - +

Heavy metals <20ppm - -

Related substances + + -

Assay 98.0-102.0% 98.0-102.0% 98.0-102.0%

10 Typical Properties
Antimicrobial activity ;

Propylparaben exhibits antimicrobial activity between pH 4-8.
Preservative efficacy decreases with increasing pH owing to
the formation of the phenolate anion. Parabens are more
active against yeasts and molds than against bacteria. They
are also more active against Gram-positive than against
Gram-negative bacteria. The activity of the parabens
increases with increasing chain length of the alkyl moiety;
however, solubility decreases.

Activity may be improved by using combinations of parabens, as
additive effects occur. Propylparaben has been used with
methylparaben in parenteral preparations, and is used in
combination with other parabens in topical and oral
formulations. Activity has also been reported to be improved
by the addition of other excipients; see Methylparaben.

Reported minimum inhibitory concentrations (MICs) for
propylparaben are provided in Table 11"

Boiling point 295°C

Density (bulk) 0.426 g/em?®

Density (tapped) 0.706 g/em’
Density(true) 1.288 g/em’

Dissociation constant pK, = 8.4 at 22°C
Flash point  140°C
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e

[-we:me Minimum nhibitory concenirations (MICs|for propylparaben

in aqueaus solution.

Microorganism MIC (ng/ml)
Aerobacter aerogenes ATCC 8308 1000
Aspergr'ﬂus niger ATCC 9642 500
Aspergillus niger ATCC 10254 200
Bacillus cereus var, mycoides ATCC 6462 125
Bacillus subtilis ATCC 6633 500
Candida albicans ATCC 10231 250
Enterobacter cloacae ATCC 23355 1000
Escherichia coli ATCC 8739 500
Escherichia coli ATCC 9637 100
Klebsiella pneumoniae ATCC 8308 500
Penicillivm chrysogenum ATCC 9480 125
Penicillivm digitatum ATCC 10030 63
Proteus vulgaris ATCC 13315 250
Pseudomonas ceruginosa ATCC 9027 =1000
Psevdomonas aeruginosa ATCC 15442 >1000
Pseudomonas stutzeri 500
Rhizopus nigricans ATCC 6227A 125
Saccharomyces cerevisioe ATCC 9763 125
Salmonella typhosa ATCC 6539 500
Serratia marcescens ATCC 8100 500
Staphylococcus aureus ATCC 6538P 500
Staphylococeus epidermidis ATCC 12228 500
Trichophyton mentagrophytes 65

NIR spectra  see Figure 1.

Pariition coefficients Values for different vegetable oils vary
considerably and are affected by the purity of the oil; see Table
V.

Eﬂlf. Parfition coefficients for propylparaben in vegetable oil and

Propylparaben 597

_.3.0 = — 0.3
=)

~

©

£

< 00 =
) g
=,

X

o

S

o

3 1 | 1 1 1 | 1 | 1 | 1 1 |

0 -0.2
1100 1300 1500 1700 1900 2100 2300 2500
Wavelength/nm

Figure 1: Near-infrared spectrum of propylparaben measured by
reflectance,

See Table VI, for the gredicted rate constants and half-lives at
25°C for propylparaben.”

Propylparaben should be stored in a well-closed container in a
cool, dry place.

Table VI: Predicted rate constants and halfives af 25°C for
propylparaben dissolved in hydrochloric acid solution.

Initial pH of Rate constant k £ o™ (h™') Half-life 2 + o' (day)
solution

1 (1.255 + 0.042) x 10* 230+ 7.6

2 (1.083 £ 0.081) x 10 2670 + 200

3 (8.41 +0.96) x 107 34300 + 3900

4 (2.23 + 0.37) x 107 130000 + 22000

Solvent Fartition coefficient oil : water
Corn oil 58.0

Mineral oil 0.5

Peanut oil 51.8

Soybean oll 65.9

Refractive index nly = 1.5049
Solubility see Table V.

[able V: Solubility of propylparaben in various solvents.”

~ Solvent Solubility at 20°C unless otherwise stated
Acelone Freely soluble
Ethancl (95%) Tin1.1
Ethanol (50%) 1in5.6
Ether Freely soluble
Clycerin 1in 250
Mineral oil 1in 3330
-'i;m;;ll oil 1in70
rropylene glycol 1in3.92
P’Ppylmeglyygol (50% 1in110
Waer 1 in 4350 ot 15°C
1in 2500

1in 225 ot 80°C

11 Stability and Storage Conditions

Aqueous propylparaben solutions at pH 3-6 can be sterilized by
Autoclaving, without decomposition.” At pH 3-6, aqueous
f’solunons are stable (less than 10% decomposition) for up ro about
“t¥ears at room temperature, while solutions at pH 8 or above are
9 __l?ltCt to rapid hydrolysis (10% or more after about 60 days at
£00m temperarure).'!

|0} o indicates the standard error.

The predicted amount of propylparaben remaining after
autoclaving is given in Table VIL®!

Table ViI: Predicted omount of propylparaben dissolved in hydrochloric
acid, after autoclaving. :

Inifial pH of Rate constant k = ' (h~")  Predicted residual amount
solution after sterilization (%)

1 (4.42 +£0.10) x 107! 86.30 + 0.30

2 (4.67 +0.19) x 1072 98.46 + 0.06

3 (2.96 + 0.24) x 107 99.90 + 0.01

4 (7.8+1.1) x 10 99.97 + 0.004

[a} & indicates the standard error.

12 Incompatibilities
The antimicrobial activity of propylparaben is reduced considerabl
in the presence of nonionic surfactants as a result of micellization.'
Absorption of propylparaben by plastics has been reported, with
the amount absorbed dependent upon the type of plastic and the
vehicle.”) Magnesium aluminum silicate, magnesium trisilicate,
yellow iron oxide, and ultramarine blue have also been reported to
absorb propylparaben, thereby reducing preservative efficacy.™”!
Propylparaben is discolored in the presence of iron and is subject
to hydrolysis by weak alkalis and strong acids.
See also Methylparaben.

)

13 Method of Manufacture

Propylparaben is prepared by the esterification of p-hydroxyben-
zoic acid with #-propanol.
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598  Propylparaben

14 Safety

Propylparaben and other parabens are widely used as antimicrobial
preservatives in cosmetics, food products, and oral and topical
pharmaceutical formulations.

Propylparaben and methylparaben have been used as preserva-
tives in injections and ophthalmic preparations; however, they are
now generally regarded as being unsuitable for these types of
formulations owing to the irritant potential of the parabens.

Systemically, no adverse reactions to parabens have been
reported, although they have been associated with hypersensitivity
reactions. The WHO has set an estimated acceptable rotal daily
intake for methyl, ethyl, and propyl parabens at up to 10 mg/kg
body-weighe.!'"

LDso (mouse, IP): 0.2 g/kg''"
LDsg (mouse, oral): 6.33 g/kg
LDso (mouse, SC): 1.65 g/kg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Propylparaben may be irritant to the
skin, eyes, and mucous membranes, and should be handled in a
well-ventilated environment. Eye protection, gloves, and a dust
mask or respirator are recommended.

16 Regulatory Status

Prapylparaben and methylparaben are affirmed GRAS direct food
substances in the USA art levels up to 0.1%. All esters except the
benzyl ester are allowed for injection in Japan.

In cosmetics, the EU and Brazil allow use of each paraben at
0.4%, but the total of all parabens may not exceed 0.8%. The upper
limit in Japan is 1.0%.

Accepted as a food additive in Europe. Included in the FDA
Inactive Ingredients Database (IM, IV, and SC injections; inhala-
tions; ophthalmic preparations; oral capsules, solutions, suspen-
sions, and tablets; otic, rectal, topical, and vaginal preparations).
Included in parenteral and nonparenteral medicines licensed in the
UK., Included in the Canadian List of Acceptable Non-medicinal
Ingredients.

17 Related Substances

Butylparaben; ethylparaben; methylparaben; propylparaben potas-
sium; propylparaben sodium.,

Propylparaben potassium

Empirical formula CgH;KO;

Molecular weight 218.30

CAS number [84930-16-5]

Synonyms Potassium propyl hydroxybenzoate; propyl 4-hydr-
oxybenzoate potassium salt.

18 Comments

Propylparaben is one of the materials that have been selected for
harmonization by the Pharmacopeial Discussion Group. For further
information see the General Information Chapter <1196> in the
USP32-NF27, the General Chapter 5.8 in PhEur 6.0, along with the

*State of Work' document on the PhEur EDQM website, and also
the General Information Chapter 8 in the JP XV.

A specification for propylparaben is contained in the Food
Chemicals Codex (FCC)"'?.

The EINECS number for propylparaben is 202-307-7. The
PubChem Compound ID (CID) for propylparaben is 7175.

See Methylparaben for further information and references.
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Declaration of Rachel J. Watters on Authentication of Publication

[ I, Rachel J. Watters, am a librarian, and the Director of Wisconsin
TechSearch (“WTS”), located at 728 State Street, Madison, Wisconsin, 53706. WTS is
an interlibrary loan department at the University of Wisconsin-Madison. I have worked
as a librarian at the University of Wisconsin library system since 1998. I have been
employed at WTS since 2002, first as a librarian and, beginning in 2011, as the Director.
Through the course of my employment, I have become well informed about the
operations of the University of Wisconsin library system, which follows standard library
practices.

2. This Declaration relates to the dates of receipt and availability of the

following:
Windholz, M. et al. (Eds.) (1983) Isotonic Solutions. In The
Merck Index (pp. MISC-47 - MISC-69). Rahway, NJ: Merck &
Co., Inc.
3. Standard operating procedures for materials at the University of

Wisconsin-Madison Libraries. When a volume was received by the Library, it would be

checked in, marked with the date of receipt, added to library holdings records, and made
available to readers as soon after its arrival as possible. The procedure normally took a
few days or at most 2 to 3 weeks.

4. Exhibit A to this Declaration is true and accurate copy of the front matter
of The Merck Index (1983), from the University of Wisconsin-Madison Library

collection. Exhibit A includes a scan of the first page of that volume, where a library

1
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Declaration of Rachel J. Watters on Authentication of Publication

staff member hand-wrote the date of receipt. Exhibit A also includes an excerpt of
pages MISC-47 to MISC-69 of that volume, showing the article entitled Isotonic
Solutions (1983). Based on this information, the hand-written date stamp on the
volume’s first page indicates Isotonic Solutions (1983) was received by the University
of Wisconsin-Madison Libraries on November 8, 1983.

S, Based on the information in Exhibit A, it is clear that the volume was
received by the library on or before November 8, 1983, catalogued and available to
library patrons within a few days or at most 2 to 3 weeks after November 8, 1983.

6. I declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true; and further
that these statements were made with the knowledge that willful false statements and the
like so made are punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code.

Date: December 21, 2018 Ka KOG
Rachel J. Mtters

Wisconsin TechSearch Director

Memorial Library

728 State Street
Madison, Wisconsin 53706
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Isotonic Solutions

The following table provides data for adjusting aqueous solutions of chemical substances, by both the freezing point
depression method and the sodium chloride equivalent method, so that they will be isosmotic with normal saline solu-
tion and presumably, therefore, isotonic with blood and tears. The freezing point depression values have been deter-
mined experimentally and published by E. R. Hammarlund, K. Pedersen-Bjergaard, J. F. Deming, W. E. Fassett,
T. S. Fuller, M. Lord, C. Sapkp and G. L. Van Pevenage. The sodium chloride equivalent values have been calculated
from these data. Because of a general interest in the colligative properties of some medicinal solutions, values are
included for certain substances which are not used necessarily as isotonic solutions.

The values first listed for each chemical substance are sodium chloride equivalents. The second values, in iralic,
are freezing point depression values in degree Centigrade. The percentage concentration (w/v) at isotonicity (isos-
motic) is given in bold face in the last column. ’ )

To prepare an isotonic solution by the method of sodium chloride equivalents, the osmotic equivalent of each
ingredient is calculated by multiplying the number of grams of each ingredient present in the preparation by its sodium
chloride equivalent from the table at (or nearest to) the proper concentration. The resulting osmotic equivalents are
added together (if more than one ingredient) and the total is subtracted from the number of grams of sodium chloride
required to make that specified volume of normal saline solution (0.9%), i.e., 0.27 g for 30 ml, 0.54 g for 60 ml,
or 0.90 g NaCl for 100 ml of desired solution. The difference is the grams of sodium chloride which must be added
to that specific volume of preparation to make it approximately isotonic (actually isosmotic) with blood or tears,

If the value of the osmotic equivalent is found to be larger than the weight of sodium chloride required to prepare
that volume of normal saline solution (i.e., the difference in the subtraction step is less than zero), then the solution is
already hy{:erlonic and cannot be adjusted to isotonicity without altering concentrations of the given ingredients.

If the solution can be made isotonic and one desires to use a different adjusting chemical, such as dextrose or boric
acid rather than sodium chloride, one merely divides the mes of sodium chloride previously found necessary to add
by the sodium chloride equivalent of the desired chemical, i.e., 0.16 for dextrose (anhyd) or 0.47 for boric acid (from
the table), and one obtains directly the grams of other substance to use for isotonicity adjustment instead of sodium
chloride. One should refer to any customary pharmacy text for further explanation and examples if necessary.

Sodium Chloride Equivalents and Freezing Point Depressions (°C)
for Certain Concentrations (w/v) of Solution

Concentration of Solution, NaCl Equivalents

At Isosmotic

Chemical 1% 1% 2% 3% 5% Concentration
Acetazolamide sodium 0.24 0.23 0.23 0.23 - 0.23 3.85%
0.068° 0.135° 0.271° 0.406° - 0.52° 3.85%

0.08 0.08 0.08 0.08 0.07 12.12%

Acetrizoate methylglucamine 0.09
0.024°  0.047° 0.093° 0.137° 0.222° 0.52° 1212%

‘Acetrizoate sodium 0.10 0.10 0.10 0.10 0.10 0.09 9.64%
0.027° 0.055> 0.109° 0.163° 0.273> 0.52° 9.64%
-Acetylcysteine 0.20 0.20 0.20 0.20 - 0.20 4.58%
0.055*> 0.113> 0.227° 0.341° - 0.52° 4.58%
Acetylsulfanilamide sodium 0.24 0.23 0.23 0.23 - 0.23 3.85%
0.066° 0.133° 0.268° 0.406° - 0.52° 3.85%
Acrifiavine 0.10 0.10 0.09 0.09 - - I
0.025°  0.050° 0.101° 0.151° — -
‘Adenosine phosphate 0.50 0.41 = = = =
0.140°  0.234° - — — -
Adiphenine hydrochloride 0.28 0.22 0.17 0.15 0.12 -
0.083° 0.126° 0.194° 0.250° 0.346° -
Adrenalone hydrochloride 0.30 0.27 0.24 0.22 - 0.21 4.24%
0.086° 0.154° 0.275° 0.387° — 0.52° 4.24%
Alcohol 065  0.65 - = ~ 065  139%
0.188° 0.375° - - = 0.52° 1.39%
Aleohol, dehydrated 070 070 - - = 070 1.28%
0.203°  0.406° - - - 0.52 1.28%
Albhaprodine hydrochloride . 019 019 018 018 — 018  498%
0.053° 0.105° 02122 0315 - 0.52° 4.98%
Alim, potassium 020 018 016 015 0.5 0.4  635%
0.054° 0.100° 0.185° 0.265° 0418° 052°  6.35%
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Isotonic Solutions (Continued)
Coneentration of Solution, NaCl Equivalents
Al Isosmotic
Chemical +% 1% 2% 3% 5% Concentration
Amantadine hydrochloride 0.31 0.31 0.31 - - 031 2.95%
0.090° 0.180° 0.354° - — 0.52° 2.95%
Amidoxyl benzoate 0.20 0.20 0.20 0.20 = 0,20 4429,
0.059° 0118 0236° 0353 - 0.52° 4.429%
Amikacin 0.06 0.05 0.05 0.05 0.03 -
nole®  0.031° 0.062° 0.091° 0133 -
Aminacrine hydrochloride 0.20 0.17 - - -
0.052° 0.097° - - —
Aminoacetic acid 0.42 0.41 0.41 - - 0.41 2.20%
0.119° 0.235° 04707 - - 0.52°% 2.20%
Aminocaproic acid 0.26 0.26 0.26 0.26 - -
0.075° 0.148° 0.297° 0.444° — -
p-Aminohippuric acid 0.13 0.13 - - - -
0033 0.075° - - - -
Aminophylline 0.18 0.17 - — - =
0.056°  0.100° - - - —
p-Aminosalicylate sodium 0.30 0.29 0.2 0.28 - 0,27 3.27%
0.086°  0.169° 0.326° 0.479° - 0.52° 3.27%
Amitriptyline hydrochloride 0.24 0.18 0.11 0.08 0.06 -
0.070° 0.100° 0.125°  0.147° 0.177° -
Ammonium carbonate 0.70 0.70 - - - 0.70 1.29%
0.202¢ 04057 — - - 0.52° 1.29%
Ammonium chloride 1.16 = - —~ - 1,12 0.8%
0.331° - — — - 0.52° 0.8%
Ammonium lactate 0.33 0.33 0.33 - — 0.33 2.76%
0.093° 0.185° 0370° - - 0.52° 2.76%
Ammonium nitrate 0.69 0.69 = - - 0.69 1.30%
0.200° 04007 - - 052° 1L.310%
Ammonium phosphate. dibasic 0.58 0.55 - - - 051 1.76%
0.165° 0.315° - - 0352° 1.76%
Ammonium sulfate 0.55 0.55 - — - 0,54 1.68%
0.158° 0.315° - - - 0.52° 1.68%
Amobarbital sodium 0.26 .25 0.25 0.25 = 0.25 3.6%
p.074°  0.144°  0.293° 0.440° - 0.52° 3.6%
Amphelamine phosphate 0.38 0.34 0.30 0.27 - 0.26 347%
0.014°  0.196°  0.338° 04667 - 0.52° 3471%
Amphetamine sulfate 0.22 0.22 0.22 0.21 - 0.21 4.23%
0.066° 0.128° 0.251" 0371° — 0.52° 4.23%
Ampicillin sodium 0.16 0,16 0.16 0.16 0.16 0.16 5.78%
0.045°  0.090° 0.181° 0.2 72 (451° 0.52° 5.78%
Amprotropine phosphate 0.19 0.18 0.17 0.16 0.15 -
0.058° 0.106° 0.196° 0.28]° 0.445° -
Amydricaine hydrochloride 0.28 0.24 0.20 0.18 0.16 0.16 5.74%
0.080° 0.136° 0.231° 0.316° 0467° 032° 5.74%
Amydricaine nitrate 0.20 .19 0.18 0.17 0.16 0.16 5.68%
0.058°  0.106°  0.199°  0.289° 0461° 052° 5,68%
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Isotonic Solutions (Continued)

Concentration of Solution, NaCl Equivalents

) At Isosmotic
| Chemical 1% 1% 2% 1% 5% Concentration
‘Anileridine hydrochloride 019 019 0.9 018 0.8 018  513%
. 0.052°  0.104° 0.212° 0316° 0509° 0.52° 513%
Antazoline hydrochloride 0.25 0.23 0.21 - - =
0.073° 0.131° 0.245° = o= Y
~ Antazoline phosphate 0.20 0.20 0.18 0.17 0.15. -
0.062° 0.112° 0.204° 0291° 0.445° =
“Antimony potassium tartrate 0.22 0.18 0.15 0.13 0.10 25
¥ 0.065° 0.106° 0.174° 0.232° 0.331° o
 Antipyrine 0.18 0.17 0.16 0.14 0.14 0.13 6.81%
: 0.050° 0.094° 0.174° 0.250° 0.394° 0.52°  681%
- Apomorphine hydrochloride 0.14 0.14 0.14 - - =
& 0.041° 0.080° 0.155° - L =
‘i‘amponne hydrobromide 030 027 025 024 = 023  3.88%
0.084° 0.155° 0.286° 0413° - 0.52°  3.88%
" Arginine glutamate 017 017 017 017 017 0.7  537%
1 0.048° 0.097° 0.195° 0.292° 0487° 052°  537%
 Arsenic trioxide 030 030 - - - -
1. 0.085°  0.169° = - i3 .
| Ascorbic acid 0.20 0.18 0.18 0.18 0.18 0.18 5.94%
g 0.053° 0.105° 0209° 0311° 0516° 052  594%
|
|  Atropine methylnitrate 020 018 016 015 014 0.4  6352%
i 0.055° 0.101° 0.185° 0.264° 0.412° 0.52° 652%
%tropine sulfate 0.14 0.13 0.12 0.11 0.11 0.10 8.85%
I 0.039° 0.073° 0.136° 0.196° 0.311° 0.52° 885%
| Aurothioglucose 0.03 0.03 0.03 0.03 0.03 =
0.007° 0.014° 0.028° 0.044° 0073 -
Citracin 0.06 0.05 0.05 0.04 0.04 o
0.016° 0.028° 0.052° 0.075° 01200 —
arbital sodium 032 030 029 029 2 029  3.12%
0.087° 0.171° 0.336° 0.500° = 0.52°  3.12%
Benoxinate hydrochloride 020 018 015  0.14 - =
0.061° 0.104° 0.175° 0.239° ol =
Benzalkonium chloride 0.18 0.16 0.15 0.14 0.13 =
0.048° 0.091° 0.170° 0.245° 0.388°  —
Benzethonium chloride 0.08 0.05 0.03 0.02 0.02 =
i 0.022° 0.028° 0.037° 0.043° 0.051° -
Benzpyrinium bromide 020 020 019 018  0.17 -
0.061° 0.014° 0213 0.309° 0483°  —
uinamide hydrochloride 014  0.14 0.13 0.12 e -
- 0.041° 0.079° 0.150° 0.216° =4 -
iropine mesylate 0.26 0.21 0.15 0.12 0.09 -
0.073° 0.115° 0.170° 0.203° 0.242 -
1 alcohol 018 , 047 016 0I5 - -
0.049° " 0.095° 0.182° 0.266° = -
Zylpenicillin potassium 0.18 0.18 0.17 0.17 0.16 0.16 5.48%
ki 0.052°  0.101° 0.197°  0.290° 0474° 0.52°  5.48%
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Isotonic Solutions (Continued)

Concentration of Solution. NaCl Equivalents

Al lsosmotic
Chemical +% 1% 2% 3% 5% Concentration

—_—

Benzylpenicillin sodium 0.18 0.18 0.17 0.16 0.16 -
0.052° a.100° 0.190° 0.280° 0.451° -
Betazole hydrochloride 0.54 0.51 - - - 0.47 1.91%
0.158° 0.294° _ - - 0.52° 1.91%
Bethanechol chloride 0.50 0.39 0.32 0.30 = 0.30 3.05%
0.140° 0.225°  0.368° 0512 - 0.52° 3.05%
Bismuth potassium tartrate 0.10 0.09 0.07 0.06 0.05 -
0.033°  0.051° 0.080°  0.103° 0.]42° -
Bismuth sodium tartrate 0.14 0.13 0.13 0.12 0.11 0.10 8.91%
0.041° 0.075° 0.439° 0.199° 0.312° 0.52° 8.91%
Boric acid 0.52 0.50 - - - 0.47 1.9%
0.146° 0.283° = —_ 0.52° 1.9%
Bretylium tosylate 0.16 0.14 0.13 0.12 0.11 -
0.043° 0.081° 0.148° 0.208° 0.327° -
Bromodiphenhydramine hydrochloride 0.20 0.17 0.14 0.10 0.07 -
0.067° 0.106% 0.166° 0.186° 0.209° -
Brompheniramine maleate 0.10 0.09 0.08 - - -
0.026° 0.050° 0.084° — - -
Bupivacaine hydrochloride 0.17 0.17 0.17 0.17 0.17 0.17 5.38%
0.048°  0.096° 0.193°  0290° 0484° 0.52° 5.38%
Butabarbital sodium 0.27 0.27 0.27 0.27 - 0,27 3.33%
0.078° 0.155° 0.313° 0.470° - 0.52° 3.33%
Butacaine sulfate 0.26 0.20 0.16 0.13 0.10 —
0.073°  0.114°  0.175°  0.223°  0.304° -
Butethamine formate 0.28 0.26 0.24 0.21 - 0.20 4.56%
0.077° 0.148° .266" 0.370° — 0.52° 4.56%
Butethamine hydrochloride 0.28 0.25 0,22 - - —
0.079°  0.141° 0.251° — - -
Caffeine 0.08 0.08 - - - -
0.025° 0.048° — - - -
Calcium aminosalicylate 0,30 0.27 0.23 0.21 = = |
0.09]° 0.154° 0.264° 0.361° — —
Calcium chloride (2H.O) 0.50 0.51 - - - 0.53 1.70%
0.145° 0.298° - - - 0.52° 1.70%
Calcium chloride (6H.,0) 0.34 0.35 0.36 - — 0.36 2.5%
0.097° 02000 0414° - - 0.52° 2.5%
Calcium chloride. anhydrous 0.66 0.68 o - 0.69 1.3%
0.191°  0.395° - - - 0.52° 1.3%
Calcium disodium edetate 0.21 0.21 0.21 0.20 — 0.20 4.50%
0.061° 0.120° 0.240°  0.357° - 0.52° 4.50%
Calcium gluconate 0.18 0.16 0.15 0.14 -~
.050° 0.091° 0.167° 0.237° - -
Caleium lactate 0.26 0.23 0.22 0.21 - 0.20 4,59
0.073° 0.135° 0.253° 0370 - 0.52° 4.5%
Calcium lactobionate 0.08 0.08 0.08 0.07 0.07 -
0.022°  0.043° 0.085° 0.126° 0.197¢ —
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Isotonic Solutions (Continued)
Concentration of Solution, NaCl Equivalents

At Isosmotic

Chemical 1% 1% 2% 3% 5% Concentration

Calcium levulinate 0.30 0.27 0.26 0.25 = -

0.080° 0.155° 0.304° 0.442° = -
Calcium pantothenate 0.20 0.19 0.18 0.17 0.16  0.16 5.6%
0.055° 0.105° 0.201° 0.293° 0470 0.52°  5.6%

Capreomycin sulfate 0.04 0.04 0.04 0.04 . 004 -

0.011°  0.020° 0.042° 0.063° 0.106° =

|

Carbachol 0.40 0.36 0.34 = = 0.32 2.82%
0.108° 0.203° 0.383° = & 052°  2.82%
Carbazochrome salicylate 0.38 0.36 0.36 - — 0.35 2.57%
0.106° 0.210° 0.410° - - 052°  257T%
Carbenicillin disodium 0.20 0.20 0.20 0.20 = 0.20 4.40%
0.059° 0.118° 0.236° 0.355° = 052° 4.40%

‘Cefamandole nafate 0.16 0.14 0.12 0.11 0.10 =

, 0.045° 0.079° 0.137° 0.187° 0.290° =

Cefazolin sodium 0.14 0.13 0.12 0.11 0.11 -

0.042° 0.074° 0.132°  0.190° 0.303° =

Cefoxitin sodium 0.18 0.16 0.15 0.14 0.13 -

0.050° 0.092° 0.166° 0.238° 0.384° i

‘Cephaloridine 0.09 0.07 0.06 0.06 0.05 =

- 0.023°  0.041° 0.074° 0.106° 0.145° =
‘Cephalothin sodium 0.18 0.17 0.16 0.15 0.14 0.13 6.80%
0.050°  0.095° 0.179° 0.259° 0400° 0.52°  6.80%
‘Cephapirin sodium 0.14 0.13 0.13 0.13 0.12 0.11 7.80%
i 0.038° 0.075° 01490 0.222° 0.361° 052°  7180%

Cetrimonium bromide 0.10 0.09 0.09 0.09 0.08 =

i ¥ 0.030° 0.051° 0.105° 0.148° 0.233° o

Chiniofon 0.14 0.13 0.12 0.11 - =

i 0.039° 0.073° 0.139° 0.200° & -
| Chloramine-T 024 023 022 022 - 02  41%
0.064° 0.129° 0.255° 0.383° = 052° 4.1%
Chloramphenicol sodium succinate 014 014 014 013 013 0.3  683%
i . 0.038° 0.078° 0.154° 0.230° 0.382° 052° 683%

Chlorcyclizine hydrochloride 0.24 0.17 0.12 0.09 0.07 2

i 0.068° 0.095° 0.132° 0.061° 0.205° =
Chlordiazepoxide hydrochloride 0.24 0.22 0.19 0.18 0.17 0.16 5.50%
0.068° 0.125° 0.220° 0.315° 0487° 0.52°  550%

robutanol, hydrated 0.24 - - - - -

0.071° = il = = -

0.14 0.10 0.08 0.06 0.05 =

0.037° 0.056° 0.087° 0.113° 0.154° =

oroprocaine hydrochloride 0.20 0.20 0.18 - — ==

0.054° 0.108° 0.210° S — -
roquine phosphate ¢+ 0.14 0.14 0.14 0.14 0.13 0.13 7.15%
C0.039°  0.082° 0.162° 0.242°  0.379° 052 7.15%

foquine sulfate 0.10 0.09 0.08 0.07 0.07 m

0.028° 0.050° 0.090° 0.127°  0.195° -
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Isotonic Solutions (Continued)

Concentration of Solution. NaCl Equivalents

At Isosmotic
Chemical 1% 1% 2% 3% 5% Concentration

Chlorpheniramine maleate 0.18 0.17 0.14 0.12 0.09 -
0.049°  0.087°  0.160°  0.223° 0.268° -

Chlorpromazine hydrochloride 0.18 0.10 0.06 0.05 0.03 -
0.052° 0058 0069 0.078° 01007 -

Chlortetracycline hydrochloride 0.10 0.10 0.10 - — -
0.030°  0061°  0.421° - - -

Chlortetracycline sulfate 0.16 0.13 0.11 0.10 - —
0.047°  0077° 0.127° 0.170° - -

Citric acid 0.18 0.18 0.17 0.17 0.16 0.16 5.529%
0.050° 0.098° 0.193° 0.287° 0.472° 0.52° 5.52%
Clindamycin phosphate 0.08 0.08 0.08 0.08 0.08 0.08 10.73%
0.022°  0.046° 0.095° 0.144° 0.242° 0.52° 10.73%
Cocaine hydrochloride 0.16 0.16 0.16 0.15 0.14 0.14 6.33%
0.047° 0.091° 0.075° 025 6 0416 0.52° 6.33%
Codeine hydrochloride 0.16 0.15 0.15 0.15 -
0.045°  0.0877 0471° 0.253° - -
Codeine phosphate 0.14 0.14 0.13 0.13 0.13 0.12 7.29%
0.040° 0.078° 0.I51°  0.223° 0.362° 0.52° 7.29%
Colistimethate sodium 0.15 0.15 0.15 0.15 0,14 0.13 6.73%
0.045°  0.085° 0.170° 0.253°  0411° 0.52° 6.73%
Congo red 0.05 0.05 0.05 0.05 0.05 -
0.015%  0.030°  0.059° 0.092°  0.151° -
Cupric sulfate 0.20 0.18 0.16 0.15 0.14 0.13 6.85%
0.054°  0.098%  0.179° 0.254°  0.396° 0.52° 6.85%
Cupric sulfate, anhydrous 0.320 0.27 0.25 0.23 - 0.22 4.09%
o.084c  0.153°  0.280°  0.397° - 0.52° 4.09%
Cyeclizine hydrochloride 0.20 - - - - -
0.060° = = - = -
Cyclomethycaine sulfate 0.16 0,13 011 0.10 0.09 -
0.046° 0.076° 0.126° 0.169°  0.245° -
Cyclopentamine hydrochloride 0.36 0.36 0.35 - - 0.34 2.68%
o0.j0¢° 0204 0.392° - - 0.52° 2.68%
Cyclopentolate hydrochloride 0.22 0.20 0.19 0.18 0.17 0.17 £.30%
0051° 00170 0.218° 0.319° 0499° 0.52° 5.30%
Cyclophosphamide 0.10 0.10 0.10 - - -
0.031° 0.061° 0.125° - - —
Cytarabine 0.11 0.11 0.11 0.1 0.11 0.10 8.92%
0.034°  0.066° 0.J34°  0.198° 03177 052° 8.92% |
Decamethonium bromide 0.29 0.25 0.22 0.20 0.1% 0.18 50% |
0084°  0.144° 0.256° 0.350°  0.520° 0.52° 5.0% |
Deferoxamine mesylate . 0.09 0.09 0.09 0.09 0.09 -
0.023° 0.047° 0.093°  0.142° 0.241° -
Demecarium bromide 0.14 0.12 0.10 0.08 0.07 -
0.038°  0.069° 0.108° 0.139° 0.192° -
Dexamethasone sodium phosphate 0,18 0.17 0.16 0.15 0.14 0.13 6.75% |
0.050° 0.095°  0.180° 0.260° 0410 0.52° 6.75% |
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Isotonic Selutions (Continued)

Concentration of Solution, NaCl Equivalents

At Isosmotic

Chemical 1% 1% 2% 3% 5% Concentration
Dexchlorpheniramine maleate 0.17 0.15 0.14 0.13 0.09 -
0.048° 0085° 0.165° 0.220° 0.265° -
Dexpanthenol 0.20 0.18 0.17 0.17 0.16 0.16 5.60%
0053° 0.100° 0.193° 0.283° 0.468° 0.52°  5.60%
Dextroamphetamine hydrochloride 0.34 0.34 0.34 - - 0.34 2.64%
0.097°  0.196° 0.392° = = 0.52° 2.64%
Dextroamphetamine phosphate 0.25 0.25 0.25 0.25 - 0.25 3.62%
0.072° 0.144° 0.288° 0.432° = 0.52°  3.62%
Dextroamphetamine sulfate 0.24 0.23 0.22 0,22 - 0.22 4.16%
- 0.069° 0.134° 0.259° 0.380° = 0.52°  4.16%
Dextrose 0.16 0.16 0.16 0.16 0.16 0.16  5.51%
0.045° 0.091° 0.184° 0.279° 0470° 0.52°  551%
Dextrose, anhydrous 0.18 0.18 0.18 0.18 0.18 0.18 5.05%
0.050° 0100° 0.205° 0.310° 0.516° 052° 5050
Diatrizoate sodium 0.10 0.09 0.09 0.09 0.09 0.09  10.55%
' 0025° 0.049° 0.098 0.149° 0.248° 052° 10.55%
|  Dibucaine hydrochloride 0.14 0,13 0.12 0.11 0.08 =
| 0.040° 0076° 0.39° 0188 0223 -
‘j Dibutoline sulfate 0.18 0.16 0.15 0.15 0.14 -
‘ 0.049°  0.093° 0.175° 0.259° 0416° -
"1 Dichlorophenarsine hydrochloride 0.55 0.55 - - - 0.55 1.64%
0.150°  0.310° - = — 0.52° 1.64%
Dicloxacillin soedium (monohydrate) 0.10 0.10 0.10 0.10 =t -
0.030° 0.061° 0.22° 0.182° - 3
Dicyclomine hydrochloride 0.18 018 017  0.17 = =
0.052° 0.102° 0201° 0.298° = =
Diethanolamine 0.31 0.31 031 = - 0.31 2.90%
- 0.089° 0.177° 0.358° = = 0.52°  2.90%
Diethylcarbamazine citrate 0.14 0.14  0.14 0.14 0.14 0.14  6.29%
0042° 0083 0.166° 0.248° 0415° 052°  6.29%
Ei_l‘!)rdrocodeinonc enol acetate hydrochloride  0.15 0.14 0.13 0.13 0.12 0.12 7.76%
o 0.042° 0.080° 0.151° 0.217° 03470 052  1.76%
Dihydrostreptomyein sulfate 008 006 006 005 005 004  214%
0017°  0.032° 0059 0.086° 0.37° 052°  214%
Dimethindene maleate 013 012 011 - - =
e 0.039°  0.070°  0.120° = = -
Dimethyl sulfoxide 042 042 042 3 _ 042 2.16%
0.122°  0.245°  0.480° = s 0.52°  2.16%
5@§erodon hydrochloride 0.15 0.14 0.13 - =
_ 0.045°  0.079°  0.141° . - -
@ﬁ@emann methylsulfate 0.16 0.15 - - - -
B 0.047°  0.088° e = - -
"g?iﬁenhydramine hydrochloride ¢ 0.34 0.27 0.22 0.20 0.17 =
11 0099° 0.158 0.256° 0338 0477° -
0.16 0.16 0.16 = s s
0.045°  0.090°  0.180° = B e,
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Isotonic Solutions (Continued)

Concentration of Solution. NaCl Equivalents

— 3
At Isosmotie

Chemical 1% 1% 2% 3% 5% Concentratiop
Dipyrone 0.20 0.19 0.19 0.19 = 0.19 4,656
o5 0 rse 0223 0338 - 0.52° 4.65%
Disodium edetate 0.24 0.23 0.22 0.21 — 0.20 4.44%
0.070°  0.132¢  0.248°  0.360° — 0.52° 4449
Daobutamine hydrochloride 0.20 0.18 0.16 — —~ -
0.053° 0.101°  0.188° - . -
Dopamine hydrochloride 0.30 0.30 (.29 0.29 - 0.29 3114
0.085°  0.170°  0.335° 0502 — 0.52° RN
Doxapram hydrochloride 0.12 0.12 0.12 0.12 -~ -
0.035°  0.070° 0.140° 0.210° - -
Doxycyeline hyclate 0.12 0.12 0.12 0.11 0.09 -
0.035°  0.072° 0.134°  0.186° 0.264° =
Dyclonine hydrochloride 0.26 0.24 0.17 - - -
0.073° 0.135° 0.190° - = ==
Dyphylline 0.10 0.10 0.09 0.09 0.08 -
0.025° 0.052° 0004 0.155° 0.245° -
Echothiopate iodide 0.16 0.16 0.16 - = —
0.045°  0.090° 01797 - — -
Edrophonium chloride 0.32 0.31 0,29 0.27 - 0.27 3.36%
0.093° 0.175° 03267 0.473° - e.52° 3.36%
Emetine hydrochloride 0.12 0.10 0.10 0.10 0.10 -
0.033° 0.062° Q118 0.471° 0274 —
Ephedrine hydrochloride 0.32 0.30 0.29 0.28 - 0.28 3.2%
0.087° 0.169° 0.331° 0.489° — 0.52° 3.2%
Ephedrine lactate 0.28 0.26 0.25 0.24 - 0.24 3.72%
0.075°  0.146°  0.285° 0.422° - 0.52¢ 3.72%
Ephedrine sulfate 0.24 0.23 0.22 0.20 - 0.20 4.54%
0.07° 0.132° 0.247° 0.355° - 0.52° 4.54%
Epinephrine bitartrate 0.18 0.1 0.17 0.16 0.16 0.16 5.7%
0.050°  0.098° 0.190° 0.281° 0458 0.52° 5.7%
Epinephrine hydrochloride 0.30 0.29 0.2 0.26 = (.26 3.47%
0.088° 0.165° 0.311° 045]° - 52° 3.47%
Ergonovine maleate 0.20 0.16 0.13 — — —
0.055° 0.089° 0.143° == s
Erythromycin glucoheptonate 0.08 0.07 0.07 0.07 0.07 -
0.021°  0.042°  0.081° 0.120° 0.]J94° =
Erythromycin lactobionate 0,08 0.07 0.07 0.07 0.06 =
0.020°  0.040° 0.078° 0.1 0187 -
Ethaverine hydrochloride 0.14 0.12 - - - -
0.037°  0.072° — — &= s
Ethylenediamine 0.46 0.44 0.43 - — -
0.130° 0.255° 0.501° - - -
Ethylhydrocupreine hydrochloride 0.22 0.17 0.13 011 0.09 -
0.063° 0.098° 0.151° 0.196° 0.270° i
Ethylmorphine hydrochloride 0.16 0.16 0.15 0.15 0.15 0.15 6.18%
0.045° 0.088° 0.173° 0.257° 0423° 0.52° 6.18%
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Isotonic Solutions (Continued)

Concentration of Solution. NaCl Equivalents

At Isosmotic

Chemical 1% 1% 2% 3% 5% Concentration
Ethylnorepinephrine hydrochloride 0.36 0.32 0.29 0.28 - 0.27 3.32%
0.104°  0.188° 0.334° 0477° - 0.52¢ 3.32%

Etidocaine hydrochloride 0.18 0.18 0.18 0.18 7 0.18 0.18 5.08%

0.051°  0.102° 0.204° 0.306° 0.510° 0.52° 5.08%

Evans blue 0.06 0.06 0.06  0.05 0.05 =
0.017° 0.033° a.061° 0.091° 0.148° - I

Ferric ammonium citrate, green 0.18 0.17 0.16 0.15 0.14 -
0.054°  0.098° 0.179° 0.255° 0.397° =
Ferric cacodylate 0.1 0.09 0.08 - — =
0.023°  0.046°  0.093° = 5 E
Ferrous gluconate 0.16 0.15 0.14 0.12 0.11 -
0.048° 0.086° 0.154° 0.216° 0.330° =
Ferrous lactate 0.22 0.21 0.21 - - -
0.062° 0.121° 0.237° - = =
Floxuridine 0.14 0.13 0.13 0.12 0.12 0.12 8.47% |
0.040° 0.076° 0.147° 0.213° 0335 0.52°  8.47% h'
Fluorescein sodium 0.36 0.31 0.29 0.27 -, 0.27 3.34% .,‘
0.099°  0.182° 0.332° 0.472° i 0.52°  3.34% |
Fluphenazine dihydrochloride 0.14 0.14 0.12 0.09 - = I
0.041°  0.082° 0.145° 0.155° - =
Folinic acid-SF calcium 0.06 0.05 0.05 0.04 0.04 = i
0.013°  0.026° 0.052° 0.077° 0.126° - i
p-Fructose 0.18 0.18 0.18 0.18 0.18 0.18 5.05% il
0.050°  0.100°  0.205°  0310° 0.516° 0.52°  5.05% |
1§
Furtrethonium iodide 0.24 0.24 0.22 0.21 - 0.20 4.44%
0.070°  0.133°  0.250° 0.360° — 0.52°  4.44% I
Galactose, anhydrous 0.18 0.18 0.18 0.18 - 0.18 4.929%
0.053°  0.105° 0.210° 0.316° = 0.52°  4.92%
Gallamine triethiodide 0.08 0.08 0.08 0.08 0.08 -
0.022°  0.046° 0.091° 0.136° 0.227° -
Gentamicin sulfate 0.05 0,05 0.05 0.05 0.05 -
0.015%  0.030°  0.060° 0.093° 0.153° =
Glucoheptonate calcium 0.12 0.12 0.11 0.10 0.10 —
0.037°  0.068° 0.124° 0.178° 0.275° -
Glucosulfone sodium 0.18 0.16 0.14 0.13 0.13 -
0.049°  0.089° 0,162° 0.233° 0.366° =
B-Glucuronic acid 0.20 0.20 0.19 0.19 0.18 0.18 5.02%
0.061° 0.115° 02200 0.323° 0517° 052°  502%
LGlutamic acid 0.25 0.25 0.25 S - -
0.070°  0.144°  0.294° - - -
Glycerin 036 035 035 - - 035 26%
0.104°  0.202° 0.403° - - 0.52° 2.6%
- Glycine : 041 041 041 S — 041 219%
| 0.118° 0235 0470° - = 0.52° 2.19%
‘3?1_&'00””0]3& 0.15 0.15 0.15 0.14 0.13 0.12 7.22%

0.042°  0.084° 0.166° 0.242° (.381° 0.52¢ 71.22%
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Isotonic Solutions (Continued)

Concentration of Solution. NaCl Equivalents

At Isosmotic
Chemical Lo 1% 2% 3% 3% Concentratiop

Gnoscopine hydrochloride 0.11 0.10 0.09 0.08 0.08 -
0.032°  0.056° 0.102°  0.144° 0.222° -
Gold sodium thiomalate 0.10 0.10 0.10 0.09 0.09 -
0.032° 0.061° 0.111° 0.159° 0.250° -
Guanidine hydrochloride 0.72 0.65 = - = 0.61 1479
0.208° 03767 — - - 0.52° L47q,
Heparin sodium 0.07 0.07 0.07 0.07 0.07 0.07 12.2¢,
0.021°  0.042° 0.084° 0128 0213° 0.52¢ 1229
Hetacillin potassium 0.17 0.17 0.17 0.17 0.17 0.17 5.50%
0.048°  0.095° g.1o0r 0284 0474°  0352° 5.509%
Hexafluorenium bromide 0.12 0.11 - - - -
.033°  0.065° — - — —
Hexamethonium bromide 0.24 0.22 0.20 0.19 - 0.18 4.99¢
0.069° 0.126° 0.233° 0.330° - 0.52° 4.994
Hexamethonium chloride 0.27 0.27 0.27 0.27 - 0.27 3.3%
0.078° 0.156° 0.315° 0477° - 0.52° 3.3%
Hexamethonium tartrate 0.16 0.16 0.16 0.16 0.16 016 5.68%
0.045° 0.089° 0.181° 0.271° 0456° 0.52° 5.68%
Hexamethylenamine sodium acetaminosalicylate 0.18 0.18 0.17 0.17 0.16 0.16 5.48%
0.049° 0.099° 0.199° 0.297° 0.485° 0.52° 5.48%
Hexobarbital sodium 0.28 0.26 0.23 0.24 - 0.23 3.88%
0.078° 0.748° 0.282° 0409 = 0.52° 3.88%
Hexylcaine hydrochloride 0.28 0.26 0.24 0:22 - -
0.084° 0.151°  0.270° 0.380° - —
Histamine dihydrochloride 0,40 0.40 0.40 - - 0.40 2.24%
0.115° 0.233° 04667 - = 0.52° 2.24%
Histamine phosphate 0.28 0.25 0.24 0.23 - 0.22 4.1%
0.080° 0.148° 0.274°  0.394° - n.52° 4.1%
Histidine monohydrochloride 0.30 0.29 0.28 0.26 - -
0.082° 0.162° 0.313° 0.460° - =
Homatropine hydrobromide 018 017 047 016 016 016  567%
0.049° 0.096 0. 189° 0.280° 0.461° 0.52° 5.67%
Homatropine methyl bromide 0.20 0.19 0.17 0.15 0.13 -
0.060°  0.106° 0.184° 0.256° 0.392° -
Hyaluronidase 0.01 0.01 0.01 0.01 0.01 -
0.004°  0.007° 0.013° 002 0.033° -
Hydralazine hydrochloride 0.44 0.37 - - - -
i 0.126°  0.213° = o = =
Hydrastine hydrochloride 0.18 0.15 0.14 0.12 0.11 -
0.052°  0.089° 0.153° 0208 0.312° -
Hydromorphone hydrochloride 0.26 0.22 0.19 0.17 0.15 0.14 6.39%
0073 0.124° 0.211° 0.288° 0429° 0.52° 6.39%
Hydroxyamphetamine hydrobromide 0.28 0.26 0.26 0.25 - 0.24 371%
0.083° 0.156° 0298 0.435° = 0.52°  371%
Hydroxychloroquine phosphate 0.20 0.18 0.16 0.15 0.13 —
0.059°  0.104° 0.181°  0.256° 0.388° -
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Isotonic Solutions (Continued)
Concentration of Solution, NaCl Equivalents
At Isosmotic
Chemical 1% 1% 2% 3% 5% Concentration
8-Hydroxyquinoline sulfate 0.26 0.21 0.16 0.14 0.12 0.11 9.75%
0.071°  0.113> 0.180° 0.235° 0.330° 0.52° 9.75%
Hydroxystilbamidine isethionate 0.20 0.16 0.12 0.10 0.07 . -
0.060°  0.090°  0.137°  0.170° 0.216°
Hydroxyzine hydrochloride 0.26 0.25 0.22 0.20 - 0.16 0.14 6.32%
0.075° 0.138° 0.251° 0.345° 0458° 052° 6.32%
Hyoscyamine hydrobromide 0.20 0.19 0.17 0.16 0.14 —
0.059° 0.106° 0.191° 0.270° 0417 -
Hyoscyamine sulfate 0.17 0.15 0.13 0.12 0.11 =
| 0.048°  0.085° 0.149° 0.208° 0.312° -
Imipramine hydrochloride 0.20 0.20 - - = -
0.058° 0.110° - - = =
| Indigotindisulfonate sodium 0.30 0.30 — = = -
] | 0.085° 0.172° - - — —
| o-lodohippurate sodium 0.16 0.16 0 5 ] . 0.15 0.15 5.92%
6 0

0.442°  0.52°  5.92%

0. "

0. 0.
| lodophthalein sodium 0.20 17 0.14 0.12 0.11 0.09 9.58%
: 0.055° .093°  0.159° 0.216° 0.319° 0.52° 9.58%
Todopyracet 0.12 .11 0.11 0.11 0.10 0.10 9.21%
0.036° 067°  0.127°  0.185° 0.298° 0.52° 9.21%
lodopyracet diethylamine 0.14 .12 0.12 0.11 0.11 0.10 8.73%
0.035° .068°  0.130°  0.190° 0.308° 0.52° 8.73%
Tsoetharine hydrochloride 0.24 .23 0.22 0.21 - 0.21 4.27%
b’ 0.068° d32° 0.250°  0.368° — 0.52° 4.27%
'-lB;Ohl’atheptene mucate 0.18 18 0.18 0.18 - 0.18 4.95%
0.048° 095°  0.196° 0.302° - 0.52° 4.95%

Isoniazid 0.28 125 0.23 0.22 - 0.21 4.35%

144 0.266°  0.378° - 0.52° 4.35%

0
0
0
0
0
0
0
0
0
0
0
0
Isoproterenol sulfate 0.14 0.14 0.14 0.14 0.14 0.14 6.65%
0.039°  0.078° 0.156° 0.234° 0.389° 052° 6.65%
0
0
0
0
0
0
0
0
0
0
0
0

-Kﬂbamycin sulfate 0.08

Ketamine hydrochloride 0.21 21 0.21 0.21 - 0.21 4.29%
0.061°  0.122°  0.244°  0.366° - 0.52°  4.29%
Lactic acid 0.44 41 0.39 - - 0.39 2.3%
0.124° 237° 0.457° - - 0.52° 2.3%
Lactose 0.06 07 008 008 009 009  9.75%
: 0.019°  0.040° 0.088° 0.139° 0.246° 0.52°  9.75%
Levallorphan tartrate 0.13 3013 012 012 010 9.40%
, 0.036°  0.073°  0.43°  0.210° 0.329° 052 9.40%
LeVorphanol tartrate 0.12 2 012 012 = 3
' 0.033°  0.067° 0.136° 0.203° = -
'%Name hydrochloride 10.22 0.22 0.21 0.21 gk 0.20 4.42%
0.065° 0.]25° 0.243° 0.358° & 052° 4.42%
qg‘?i‘wcin hydrochloride 0.16 016 0.5 0.14 0.14 014  6.60%
‘ 0.045°  0.090° 0.170° 0.247°  0.400° 052°  6.60%
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Isotonic Solutions (Continued)

Concentration of Solution, NaCl Equivalents

=TT,
Al Tsosmotic

Chemical 1% 19 2% e 5% Concentration
Lobeline hydrochloride 0.16 0.16 0.16 - -
0047°  0.091°  0.174° - - —
Lyapolate sodium 0.10 0.09 0.09 0.09 0.09 0.09 9.96¢
0.025° 0.051° 0.103* 0.157° 0.263° 052° 9.96%,
Mafenide hydrochloride 0.27 0.27 0.27 0.26 — 0.25 3.550
0.075° 0.153° 0303 0.448° — 0.52° 3559,
Magnesium chloride 0.48 0.45 0.45 - - 0.45 2.02%
0.136° 0.260° 0.515° = - 0.52° 2.02%
Magnesium sulfate 018 0.17 0.16 0.15 0.15 0.14 6.3%
0.049° 0.094° 0.178° 0.261° 0419® 0.52° 6.3%
Magnesium sulfate. anhydrous 0.34 0.32 0.30 0.29 - 0.28 3.18%
0.093°  0.184° 0.345° 0.495° - 0.52° 3.18%
Mannitol 0.16 0.17 0.17 0.17 0.18 0.18 5.07%
0.047°  0.099°  0.200° 0.304°  0.514°  0.52° 5.07%
Menadiol sodium diphosphate 0.27 0.25 0.23 0.21 - -
0.078° 0.142° 0.262° 0372 - -
Menadione sodium bisulfite 0.20 0.20 0.19 0.18 0,18 0.18 5.07%
0.057°  0.010°  0.213°  0.315°  051° 052° 5.07%
Meperidine hydrochloride 0.24 0.22 0.21 0.20 - 0.19 4.8%
0.066° 0.124° 0.235° 0.340° - 0.52° 4.8%
Mephenesin 0.19 0.19 - - - -
0.055°  0.108° - - - -
Mephentermine sulfate 0.24 0.22 0.21 0.20 - 0.19 4.74%
0.069° 0.131° 0.245¢ 0.346° - 0.52¢ 4.74%
Mepivacaine hydrochloride 0.21 0.21 0.20 0.20 - 0.20 4.6%
0.060°  0.116°  0.230° 0.342° - 0.52° 4.6%
Merbromin 0.16 0.14 0.12 0.11 0.09 -
0.044°  0.081° 0.36° 0.185° 0272 —_
Mercaptomerin sodium 0.19 0.18 0.18 0.18 0.17 -
0.056° 0,107°  0.206°  0.308° 0.494° =
Mercuric cyanide 0.16 0.15 0.15 0.14 0.13 -
0.047°  0.087° 0.166° 0.239° 0.383° -
Mercurophylline 0.14 0.13 0.11 0.10 0.09 -
0.042° 0073 0.126° 0.175° 0.262° -
Mercury bichloride 0.14 0.13 0.12 0.12 0,10 -
0.038° 0.073° 0.440°  0.206° 0.334° -
Mersalyl 0.14 0.12 0.11 0.11 0.10 0.1 9.06%
0.041°  0.063° 00220 0.481° 0294 0.52° 9.06%
Mesoridazine besylate 0.10 0.07 0.05 0.04 0.03 .
0.024°  0.040° 0.058° 0.071°  0.087°
Metaraminol bitartrate 0.20 0.20 0.19 0.18 0.17 0.17 5.17%
0.060° 0.112°  0.210° 0.308 0505 052° 5.17%
Methacholine bromide 0,29 0.28 0.26 0.24 - 0.24 3.77%
0.087° 0.164° 0.298° 0.425° - 0.52°  371%
Methacholine chloride 0.34 0.32 0.30 0.28 - 0.28 3.21%
0.090°  0.18]° (.388° 0.494° - 0.52° 3%
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Isotonic Solutions (Continued)

Concentration of Solution, NaC| Equivalents

) At Isosmotic |
Chemical +% 1% 2% 3% 5% Concentration

Methadone hydrochloride 22 0.18 0.15 0.14 0.12 0.10 8.59%
060°  0.101°  0.171° 0.232° 0.344° 0.52° 8.59%
38
11

Methamphetamine hydrochloride 0.37 0.34 — - 7 033 2.75%

.388° - - 052° 2.75%

A1 0.09 - 0.07 -
d24° 0.151°  0.190° -

18 0.18 0.17 0.17 5.35%
13° 0.308° 0488 0.52° 5.35%

0
Methantheline bromide 0
0
0
0
12 0.10 3.08 0.06 0.04 -
0
0
0
0

Methapyrilene hydrochloride

Methdilazine hydrochloride

035°  0.056° 0.080° 0.093° 0.112° -
Methenamine 22 0.23 .24 0.24 - 0.24 3.68%
061°  0.129°  0.271° 0418 L 0.52°  3.68%
|
Methicillin sodium 18 0.18 17 0.16 0.15 0.15 6.00%
050°  0.099°  0.192°  0.281°  0.445° 0.52°  6.00%
Methiodal sodium 24 0.24 0.24 0.24 - 0.24 3.81%
0.068°  0.136° 0.274° 0.410° = 0.52° 381%
Methionine 0.32 0.28 0.25 - - —
0.091°  0.160° 0.285° = = = I
Methitural sodium 0.26 0.25 0.24 0.23 = 0.23 3.85% '
0.074°  0.142° 0.275° 0.407° = 0.52°  3.85%
Methocarbamol 0.10 0.10 = = - -
0.030°  0.060° = = = =]
Methotrimeprazine hydrochloride 0.12 0.10 0.07 0.06 0.04 -
0.034°  0060° 0.077°  0.094° 0.125° -
Methoxamine hydrochloride 0.28 0.26 0.25 0.24 = 0.24 3.82%
0.078° 0.148° 0.281° 0.416° = 0.52°  3.82%
Methoxyphenamine hydrochloride 0.26 0.26 0.26 0.26 - 0.26 3.47%
0.075°  0.150° 0.300° 0.450° = 0.52°  347%
Methylatropine bromide 0.15 0.15 0.14 0.14 0.13 0.13 7.03%
0.045°  0.086° 0.162° 0.236° 0.380° 0.52°  7.03%
Methyldopa ethyl ester hydrochloride 0.21 0.21 0.21 0.21 = 0.21 4.28%
0.063° 0.122° 0.244° 0.365° = 0.52°  4.28%
Methylergonovine maleate 0.10 0.10 — — = =
0.028°  0.056° = = = -
N-Methylglucamine 0.20 0.20 0.18 0.18 0.18 0.18 5.02%
0.057° 0.111°  0214° 03155 05172 052° 5.02%
Methylphenidate h i 2 2 & 0.22 A07%
{ ydrochloride 0.22 0.22 0.22 0.22
0.065° 0.27° 0.258° 0.388° « — 0.52°  4.01%
Methylprednisolone sodium succinate 0.10 0.09 0.09 0.08 0'03 g
0.025°  0.051° 0.102° 0.143° 0.2 -
Metoc) ; : 3 0.12 0.11 -
“SWClopramide hydrochloride gégjn 8.{540 g II.'TS“ 0216°  0315° =
Metrizar:: f 4 0.03 0.03 - =
i 00l 002° 0040 0060°  — =
Minocy ey s 8 - =)
Hinoey c 0 010 009 0.0
"UCycline hydrochloride 3.‘.'[)_{0“ 0058° 0.107° 0.146° = .
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Isotonic Solutions (Continued)

Concentration of Solution. NaCl Equivalents

Al Isosmotic

Chemical +% 1% 2% 3% 5% Concentration
Monoethanolamine 0.53 0.53 - - — 0.53 1.709,
0.154° 0.306° - - — 0.52° 1,709
Morphine hydrochloride 0.16 0.15 0.15 0.14 - -
0.044° 0.086° 0.168°  0.248° — -
Morphine nitrate 0.22 0.19 0.16 0.15 - -
0.061° 0.106° 0.184° 0.255° - -
Morphine sulfate 0.16 0.14 0.12 0.11 0.09 -
0.046° 0.078° 0.131° 0178 0.258 -
Naepaine hydrochloride 0.24 0.22 0.20 0.19 = 0.18 4,980
0.067° 0.126° 0233 0.338° - 0.52° 4.98%
Nafcillin sodium 0.14 0.14 0.14 0.13 0.10 -
0.039°  0.078 0.158° 0.219° 0.285° -
Nalbuphine hydrochloride 0.16 0.15 0.14 - -
0.045°  0.085° 0.158° — - -
Nalorphine hydrochloride 0.24 0.21 0.18 0.17 0.15 0.14 6.36%
0.070° 0.121° 0.210° 0.288° 0.434° 0.52° 6.36%
Naloxone hydrochloride 0.14 0.14 0.14 0,13 0.13 0.11 8.07%
0.042° (0.083° 0.158° 0.230° 0367° 052° 8.07%
Naphazoline hydrochloride 0,30 0.27 0.25 0.24 - 0.22 3.99%
0.084° 0.155° 0.286° 0.413° - 0.52° 3.99%
Neoarsphenamine 0.42 0.40 0.39 - - 0.39 2.32%
0.116° 0.228° 0.449° == - 0.52° 2.32%
Neomycin sulfate 0.14 0.12 0.1 0.09 0.08 -
0.041° 0.067° 0.112° 0.154° 0.223° -
Neostigmine bromide 0.23 Q.22 0.20 0.19 — -
0.065° 0.123° 0.230° 0.333° - -
Neostigmine methyl sulfate 0.22 0.20 0.18 0.18 0.17 0.17 5.22%
0.056° 0.108° 0.208° 0.306° 0.500° 052° 5.22%
Nicotinamide 0.30 0.26 0.23 0.21 - 0.20 4,49%
0.083° 0.148° 0.264° 0371° — 0.52° 4,49%
Nicotinic acid 0.26 0.25 - — -
0.074° 0.145° — — — =y
Nikethamide 0.20 0.18 0.17 0.16 0.15 0.15 5.94%
0.053° 0.]00° 0.190° 0.276° 0443 0.52° 5.94%
Naovobiocin sodium 0.10 0.08 0.08 0.07 0.07 —
0.025° 0.046° 0.086° 0.122° 0.190° -
Oleandomycin phosphate 0.08 0.08 0.08 0.08 0.08 0.08 10.82%
0.017° 0.038° 0.084° 0.129° 0255 0527 10.82%
Orphenadrine citrate 0.13 0.13 0.13 0.12 0.10 =
0.037° 0.074° 0.i44° 0.204°  0.285° —
Oxacillin sodium 0.18 0.17 0.16 0.15 0.14 0.14 6.64%
0.050° 0.095° 0.177° 0.257° 0408 0.352° 6.64%
Oxophenarsine hydrochloride 0.24 0.24 0.24 0.24 = 0.24 1.61%
0.067° 0.138% 0.281° 0425° - 0.52° 3.67%
Oxycodone 0,16 0.14 0.14 0.13 0.13 0.12 7.4%
0.043° 0.081° 0.155° 0226° 0.363° 0.52° 7.4%
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Concentration of Solution, NaCl Equivalents |

Isotonic Solutions (Continued)

f At Isosmotic
Chemical +% 1% 2% 3% 5% Concentration '
|
Oxymetazoline hydrochloride 0.22 0.22 0.20 0.19 - 0.18 4.92% '
0.063°  0.124°  0.232° 0.335° - 0.52° 4.92%
Oxymorphone hydrochloride 016 016 015 014 013 7 _ '
0.044°  0.088° 0.168° 0.244° 0.382° - |
Oxytetracycline hydrochloride 0.17 0.14 0.11 008 T - - [ 4
0.052°  0.081° 0.113° 0.14]° - - f
Papaverine hydrochloride 0.10 0.10 0.10 - - =
0.028°  0.060° 0.12]° - - - i
Paraldehyde 0.25 0.25 0.25 0.25 = 0.25 3.65% [
0.071°  0.142° 0.288° 0.430° - 0.52° 3.65% |
Parethoxycaine hydrochloride 0.20 0.20 — = = —
0.058° 0.10° - - - - I
Pargyline hydrochloride 0.30 0.29 0.29 0.28 - 0.28 3.18%
0.093°  0.165° 0.327° 049]° - 0.52° 3.18% !
Pentazocine lactate 0.15 0.15 0.15 0.15 0.15 -
0.042°  0.085° 0.169° 0.253° 0.420° -
Pentobarbital sodium 0.26 0.25 0.24 0.23 - -
0.076°  0.143°  0.270° 0.393° - -
Pentolinium tartrate 0.18 0.17 0.16 0.15 0.15 -
0.050°  0.097°  0.186° 0.268° 0.440° -
Pentylenetetrazole 0.24 0.22 0.21 0.19 = 0.18 4.91%
0.069°  0.127° 0.236° 0.337° - 0.52° 4.91%
Phenacaine hydrochloride 0.22 0.20 - - - -
0.061°  0.108° — = = o
Phenarsone sulfoxylate 0.36 0.33 0.31 0.29 - 0.29 3.07%
0.104°  0.193°  0.353° 0.505° — 0.52° 3.07%
Phenindamine tartrate 0.22 0.17 0.14 0.12 0.10 -
0.064°  0.100° 0.158 0.204° 0.285° -
Pheniramine maleate 0.18 0.16 0.15 0.14 0.13 —
0.052°  0.095° 0.173°  0.247° 0.383° -
Phenobarbital sodium 0.24 0.24 0.23 0.23 - 0.23 3.95%
0.069°  0.135° 0.267° 0.396° - 0.52° 3.95%
Phenol 0.38 0.35 0.33 - - 032 28%
0.104°  0.199°  0.38]° - il 0520 28
Phentolamine mesylate 018 047 006 014 043 011 823
0.052°  0.096° 0.173°  0.244° 0.364° 0.52 2
Phenylbutazone sodium 0.09 018 017 017 017 017 5%
0.054°  0.104°  0.202° (0.298° 0488 0.52 5.34%
Phenylephrine hydrochloride 0.34 0.32 0.31 0.30 = gggu ggz
0.096°  0.184° 0.354° 0.520 '
BI‘_"'ﬂylephrine tartrate 0.20 0.19 0.17 0.16 0.16 2 'O.IS’ 5.9%
0.055° 0.104° 0.195° 0.282 (0.448 0.52 5.9%
Phenylery ‘ 2 - - -
A yl alcohol 0.25 0.25 s = o o
0070° o0.141° 0.283
’ y 38 035 £ - 035 2.6%
I’11}:nylr-\r‘iz'parnolarmrm hydrochloride (0}:???0 00 ; 18°  0.406° i = 052°  26%
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Isotonic Solutions (Continued)

Concentration of Solution, NaCl Equivalents

At Tsosmotic

Chemical 1% 1% 2% 3% 5% Concentration
Phenylpropylmethylamine hydrochloride 0.42 0.38 0.34 - - 0.33 2.7% |
0.123°  0.220°  0.397° - - a.52° 2.7%
Physostigmine salicylate 0.16 0.16 ~ - s =
0.045°  0.090° - - -
Physostigmine sulfate 0.14 0.13 0.13 0.12 012 0.12 7.74%
0.040° 0.076°  0.146° 0.214° 0.344° 0.52° 7.74%
Pilocarpine hydrochloride 0.24 0.24 0.23 0.22 — 0,22 4.08%
0.069° 0.134° 0.262° 0.387° - 0.52° 4.08%
Pilocarpine nitrate 0.24 0.23 0.21 0.20 - -
0.070° 0.131°  0.247°  0.35 9 - -
Piperacillin sodium 0.11 0.11 0.11 0.10 - -~
0.032° 0.063° 0123 0175° - -
Piperocaine hydrochloride 0.22 0.21 0.19 0.19 0.17 -
0.066° p.120° 02200 0.319° 0.499° -
Piridocaine hydrochloride 0.24 0.24 - - -
0.072°  0.139° - -
Polyethylene glycol 300 0.12 0.12 0.12 0.12 0.13 0.13 6.73%
0.034° 0.069° 0.141° 0.216° 0.378° 052° 6.73%
Polyethylene glycol 400 0.08 0.08 0.09 0,09 0.09 0.11 8.50%
0.022° 0.047° 0.098° g.153° 0272 052 8.50%
Polyethylene glycol 1500 0.06 0.06 0.07 0.07 0.07 0.09 10.00%
p.015° 0.036° 0078 0.120° 0.215°  0.52° 10.00%
Polyethylene glycol 1540 0.02 0.02 0.02 0.03 0.03
0.005° 0012 0028 0.047°  0.094° -
Polyethylene glycol 4000 0.02 0.02 0.02 0.02 0.02 -
0.004° 0.008° 0020° 0033 006 7 -
Polymyxin B sulfate 0.10 0.09 0.07 0.06 0.04
0.033°  0.049° 0.075° 0.098° 0.13 " -
Polysorbate 80 0.02 0.02 0.02 0,02 0.02
0.005° 0.010° 0.020° 0.032° 0055 2 -
Polyviny! alcohol (99% hydrolyzed) 0.02 0.02 0.02 0.02 0.03 -
0.004° 0.008° 0.020° 0.035° 0.075° -
Potassium acetate 0.59 0.59 — - - 0.59 1.53%
0.172°  0.342° - — - 0.52° 1.53%
Potassium chlorate 0.50 0.49 — - - 0.48 1.88%
0.140° 0.278° - — — 0.52° 1.88%
Potassium chloride 0.76 0.7 - - - 0.76 1.19%
0.219° 0.439° - - - 0.52° 1.19%
Potassium iodide 0.34 0.34 0.34 - - 0.34 2.59%
0.104° 0.205° 0.402° - — 0.52° 2.59%
Potassium nitrate 0.58 0.56 —~ - - 0.56 1.62%
0.163° 0.323° - - — 0.52° 1.62%
Potassium permanganate 0.39 0.39 0.39 - - -
0.112¢  0.224° 0449° = < =
Potassium phosphate 0.48 0.46 0.44 - - 0.43 2,08%
0.139°  0.265° 0.501° - =5 05 2.08%
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Isotonic Solutions (Continued)

Concentration of Solution, NaCl Equivalents

At Isosmotic

Chemical % 1% 2% 3% 5% Concentration |
Potassium phosphate, monobasic 0.48 0.44 0.42 - — 0.41 2.18% ‘
0.133°  0.252° 0480° - - p.52° 2.18% ‘
Potassium sulfate 0.46 0.44 0.43 - - 0.43 2.11% |
0.132°  0.254° 0.495° - — 0.52° 2.11% A
I
Potassium thiocyanate 0.61 0.59 — - - 0.59 1.52% 1
0.180° 0.341° - - - 0.52° 1.52% '
Povidone 0.01 0.01 0.01 0.01 0.01 — 1i
0.004° 0.008° 0.010° 0017° 0.035° - |
Pralidoxime chloride 0.32 0.32 0.32 - - 0.32 2.87%
0.092° 0.183° 0.364° - — 0.52° 2.87%
Pramoxine hydrochloride 0.18 0.18 0.17 0.15 0.10 - |
0.056° 0.104° 0.196° 0.253° 0.281° -
Prilocaine hydrochloride 0.22 0.22 0.22 0.22 - 0.22 4.18%
0.062° 0.125° 0.250° 0.375° - 0.52° 4.18%
Probarbital calcium 0.28 0.25 - - - -
0.079° 0.144° - = — ==
Probarbital sodium 0.38 0.32 0.30 0.29 - 0.29 3.1%
0.110° 0.186° 0.353° 0.505° - 0.52° 3.1%
Procainamide hydrochloride 0.24 0.22 0.20 0.19 0.17 -
0.071° 0.128° 0.23]° 0.330° 0.505° -
Procaine hydrochloride 0.24 0.21 0.20 0.19 0.18 0.18 5.05%
0.065° 0.122° 0.227° 0.327° 0515 0.5 5.05%
Prochlorperazine edisylate 0.08 0.06 0.05 0.03 0.02 - '
0.020° 0.033° 0.048° 0.056° 0.065° -
Promazine hydrochloride 0.18 0.13 0.09 0.07 0.05 —
0.050° 0.077° 0.102° 0.112° 0.137° -
Promethazine hydrochloride 0.28 0.18 0.12 0.10 0.07 -
0.084° 0.112° 0.151° 0.180° 0.224° -
Propantheline bromide 0.11 0.11 - - - - Il
0.032° 0.064° - - — = I |
Proparacaine hydrochloride 0.16 0.15 0.15 0.14 0.13 0.12 7.46% :
0.044° 0.086° 0.169° 0.247° 0.380° 0.52° 7.46% |
|
Propiomazine hydrochloride 0.18 0.15 0.12 0.10 0.08 - '
0.050° 0.084° 0.133° 0.165° 0.215° - il
i
Propoxycaine hydrochloride 022 019 017 0.16  0.15 - ﬁ
0.063° 0.112¢° 0.199° 0.281° 0425° - 8
Propranolol hydrochloride 0.20 0.20 0.20 - - - | l
0.060° 0.122° 0.230° - = = ‘J
Propylene glycol 045 045 045 2 - 045  20% |
0.131° 0.262° 0.520° - = 0.52° 2.0% I|
Pyrathiazine hydrochloride 0.22 0.17 0.11 0.08 0.06 - |
0.065° 0.095° 0.123° 0.140° 0.170 - |
Pyridostigmine bromide 0 0.22 0.22 0.22 0.22 - 0.22 4.13%
0.062° 0.125° 0.250° 0377° - 0.52° 4.13%
Pytidoxine hydrochlorid 0.41 0.36 0.32 0.29 = =
d . 0.118° 0.208° 0.367° 0512° s =
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Isotonic Solutions (Continued)

Concentration of Solution. NaCl Equivalents

w’

At Isosmotic
Chemical 1% 1% 2% 3% 5% Concentration
Pyrilamine maleate 0.24 0.18 0.14 0.11 0.09 -
0.072° 0.06° 0.156° 0.]195° 0.258° -
Quinacrine hydrochloride 0.20 0.18 0.16 = - -
0.056° 0.100° 0.178° - — -
Quinacrine mesylate 0.12 0.11 0.11 0.10 0.10 -
0.034° 0.064° 0.122° 0.178° 0.285° -
Quinidine gluconate 0,14 0.12 0.11 0.10 — -
0.037°  0.069° 0124  0.]178° - —
Quinidine sulfate 0.14 0.10 0.08 — -
0.041° 0.060°  0.087° - - —
Quinine bisulfate 0.09 0.09 0.09 0.09 -
0.029° 0.056° 0.107° 0.156° - -
Quinine dihydrochloride 0.26 0.23 0.20 0.19 0.18 0.18 5.07%
0.072° 0.129° 0.232° 0330° 0513° 0.52° 5.07%
Quinine hydrochloride 0.16 0.14 0.13 0.11 — —
0.043° 00770 0.140°  0.197° s -
Quinine urea hydrochloride 0.26 0.23 0.22 0.21 - 0.20 4.5% |
0.073° 0.135° 0.253° 0370° - 0.52° 4.5%
Racephedrine hydrochloride 0.32 0.31 0.30 0.30 - 0.29 3.07% |
0.093° 0.178° 0.346° 0512° - 0.52° 3.07%
Resorcinol 0.28 0.28 0.28 0.27 - 0.27 3.3%
0.082° 0.161° 0319° 0473 — 0:927 3.3%
Riboflavin phosphate (sodium) 0.08 0.08 0.08 0.08 - —
0.022¢ 0.047°  0.098° 0.450° — -
Rolitetracycline 0.11 0.11 0.10 0.09 0.07 -
0.032° 0.064° 0.113° 0158 0.204° ~
Rose bengal 0.08 0.07 0.07 0.07 0.07 0.06 14.9%
0.020° 0.040° 0.083° 0.124°  0.198° 0.52° 14.9%
Rose bengal B 0.08 0.08 0.08 0.08 0.08 -
0.022°  0.044° 0.087° 0.150° 0.218°
Scopolamine hydrobromide 0.12 0.12 0.12 0.12 0.12 0.11 7.85%
0.034°  0.068° 0.135° 0201° 03337 052 7.85%
Scopolamine methyl nitrate 0.18 0.16 0.15 0.14 0.13 0.13 6.95%
0.049° 0.091° 0.171° 0.244° 0.387° 0.52° 6.95%
Secobarbital sodium 0.25 0.24 0.23 0.23 — 0.23 3.9%
0.071°  0.139° 0.272¢  0404° — 0.52° 3.9%
Silver nitrate 0.33 0.33 0.33 — - 0.33 2.74%
0.095° 0.190° 0.380° - - 0.52° 2.74%
Silver protein. mild 0.17 0.17 0.17 0.17 0.16 0.16 5.51%
0.047° 0.095° 0.189° 0.283° 0472° 052° 5.51%
Silver protein, strong 0.12 0.08 0.06 0.05 0.04 -
0.033°  0.047° 0.066° 0.08]° 0.107° -
Sodium acetate 0.47 0.46 0.45 - - 0.45 2.03%
0.136° 0267° 0513° - o5y 20% |
Sodium acetate, anhydrous 080 077 = - - 0.76 L18% |
0.226° 0.443° - - - 0.52° 1.18%
1
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Isotonic Solutions (Continued)

Concentration of Solution, NaCl Equivalents

Al Isosmotic ‘,'

Chemical +% 19 2% 1% 5% Concentration |
Sodium antimonyl tartrate 0.14 0.13 0.13 0.12 0.12 0.11 7.9%
0.039° 0.074° 0.142°  0.208° 0.338° 0.52° 7.9%
Sodium arsenate, dibasic 0.26 0.25 0.25 0.24 - 5 024 3.83% |
0.074°  0.143° 0.278° 0410° & 0.52° 3.83%
Sodium ascorbate 0.34 0.32 0.30 - - - 0.30 2.99%
0.097° 0.186° 0.350° — - 0.52° 2.99%
]
Sodium benzoate 0.40 0.40 0.40 - L 0.40 2.25%
0.116° 0.232° 0464° - —_ 0.52° 2.25% \
|
Sodium bicarbonate 0.68 0.65 Y z = 0.65 1.39% I
0.197°  0.381° - - - 0.52° 1.39% !
Sodium biphosphate (1H,0) 0.44 0.40 0.38 = = 0.37 2.45% | }
0.123° 0228 0434° - = 0.52°  2.45% i
Sodium biphosphate (2H,0) 0.40 0.36 0.34 o - 0.32 2.77% i
0.109° 0.202¢  0.384° — - 0.52° 2.77%
Sodium biphosphate, anhydrous 0.50 0.46 0.43 - . 0.43 2.1%
0.142° 0.263° 0499° - - 0.52° 2.1%
Sodium bismuth thioglycolate 0.20 0.19 0.18 0.18 0.17 0.17 5.29%
0.055° 0.107° 0.208° 0.303° 0.493° 0.52° 5.29%
Sodium bisulfite 0.64 0.61 - - - 0.60 1.5%
0.186° 0.353° - - —_ 0.52° 1.5%
Sodium borate 0.48 0.42 0.37 - = 0.35 2.6%%
0.137° 0.241° 0.421° - - 0.52° 2.6%
Sodium bromide 0.58 0.58 - - - 0.57 1.6%
0.166° 0.329° - - - 0.52° 1.6%
Sodium cacodylate 0.38 0.32 0.30 0.28 e 0.27 3.3%
0.104°  0.188° 0.339° 0480° - 0.52° 3.3%
Sodium carbonate, anhydrous 0.74 0.7 - - = 0.68 1.32%
0.214° 0.404° - - - 052" 1.32%
Sodium carbonate, monohydrated 0.64 0.60 = = =S 0.58 1.56%
0.183° 0.345° - - - 0.52° 1.56%
Sodium carboxymethyl cellulose 0,03 0.03 - - - -
0.007° 0.017° - - - -
Sodium chloride 1.00 = = — = 1.00 0.9%
0.289° - - - - 0.52° 0.9%
Sodium citrate 0.32 0.31 0.30 0.30 = 0.30 3.02%
g.091°  0.178° 0.349°  0.518° - 0.52° 3.02%
Sodium colistimethate 0.16 0.5 014 014 013 013 685%
0.045° 0.087° 0.161° 0.235° 0.383° 0.52° 6.85%
Sodium folate 0.14 0.12 0.11 0.10 - -
0.040° 0.069° 0.120° 0.166° - =
Sodium hypophosphite 0.68 0.61 — - - -
0.190° 0.354° - — s =
Sodium iodide 0.41 0.39 0.39 - = 0.38 2.37%
: 0.113° 0.223° 0441 - — 0.52° 2.37%
Sodium lactate 0.58 0.55 - - - 0.52 1.72%
0.164° 0.315° - - — 0.52° 1.72%
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Isotonic Solutions (Continued) }

Concentration of Solution. NaCl Equivalents

At Isosmotic

Chemical 1% 1% 2% 3% 5% Concentration
Sodium lauryl sulfate 0.10 008 007 005 = = = |
0.029° 0.046° 0.068° 0.086° - -
Sodium metabisulfite 0.70 0.67 - - - 0.65 1.38%
n.206° 0.189° — - - 0.52° 1.38%
Sodium nitrate 0.74 0.68 - — - 0.66 1.36%
0.214° 0.395° — — - 0.52° 1.36%
Sodium nitrite 0.86 0.84 - = - 0.83 1.08%
0.248° 0481° - — - 0.52° 1.08%
Sodium nitroferricyanide 0.30 0.29 0.28 0.28 - 0.27 3.30%
0.086°  0,167° 0.322° 0475° - 0.52° 3.30%
Sodium phosphate 0.30 0.29 0.28 0.27 - 0.27 3.33%
0.086° 0.166° 0.3271¢ 0471° - 0.52° 3.33%
Sodium phosphate. dibasic (2H.O) 0.44 0.42 0.41 - - 0.40 2.23%
0.127° 0.244° 0470° - — 0.52° 2.23%
Sodium phosphate. dibasic (12H,0) 0.24 0.22 0.21 0.21 - 0,20 4.45%
0.064° 0.126° 0.242° 0.338° - 0.52° 4.45%
Sodium phosphate. exsiccated 0.56 0.53 - - - 0.51 1.75%
.159° 0.306° - - - 0.52° 1.75%
Sodium propionate 0.62 0.61 - - - 0.61 1.47%
0.177°  0.353° - - - 0.52° 1.47%
Sodium ricinoleate 0.10 0.10 0.10 0.09 0.09 —_
0.033° 0.061° 0.112°  0.162° 0.256° -
Sodium salicylate 0.38 0.36 0.36 - - 0.36 2.53%
0.106°  0.209° 0412° - - 0.52° 2.53%
Sodium succinate 0.32 0.32 0.31 = - 0.31 2.90%
0.092° 0.184° 0.361° — - 0.52° 2.90%
Sodium sulfate 0.28 0.26 0.25 0.23 - 0.23 3.95%
0.079°  0.148° 0.280° 0.405° - 0.52° 3.95%
Sodium sulfate, anhydrous 0.62 0.58 - - - 0.56 1.61%
0.179° 0.3367 — - — 0.52° 1.61%
Sodium sulfite, exsiccated 0.72 0.65 - — - =
0.204° 0.375° - — = e
Sodium tartrate 0.33 0.33 0.33 - - 0.33 2.72%
0.098° 0.193° 0.385° - — 0.52° 2.72%
Sodium thiosulfate 0.32 0.31 0.31 = - 0.30 2.98%
0.092° 0.180° 0.354° - - 0.52° 2.98%
Sorbitol (1H.0) 0.16 0.16 0.16 0.16 0.16 0.16 5.48% |
0.045° 0.094°  0.191° 0.288° 0488° 0.52° 5.48%
Sparteine sulfate 0.10 0.10 0.10 0.10 0.10 0.10 9.46%
0.030°  0.056° 0.111° 0.167° 0.277° 0.52° 9.46% |
Spectinomycin hydrochloride 0.16 0.16 0.16 0.16 0.16 0.16 5.66%
0.045° 0.092° 0.185° 0.280° 0460° 0.52° 5.60%
Stibamine glucoside 0.16 0.14 0.12 0.11 - -
0.046° 0.079° 0.140° (.196° - -
Stibophen 0.20 0.18 0.17 0.16 0.15 -
0.059*  0.107° 0.196° 0.28]° 0435° -
|
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Isotonic Selutions (Continued)

Concentration of Solution, NaCl Equivalents

At Isosmotic

Chemical 1% 19% 2% 3% 5% Concentration
Streptomycin calcium chloride complex 0.20 0.20 0.19 0.19 0.18 0.18 5.0% |
0.057°  0.111°  0216° 0.320° 0520° 0.52° 5.0%
Streptomycin hydrochloride 0.18 0.17 0.17 0.16 0.16 i
0.050°  0.099° 0.190° 0.281° 0460°  — - ‘
Streptomyein sulfate 0.08 0.07 0.07 0.06 0.06 = .
0.020°  0.038° 0.072° 0.108° 0177°  — ‘
Strychnine hydrochloride 0.20 0.18 0.14 - - -
0.060°  0.099°  0.160° - = =
Strychnine nitrate 0.12 0.12 - - - - |
0.035°  0.068° = _ = 5 \
|
Succinylcholine chloride 020 020 020 020 — 020  4.48% ' ‘ _
0.059°  0.117° 0.233° 0.353° = 052°  4.48% !}
|
Sucrose 0.08 0.08 0.09 0.09 0.09 0.10 9.25%
0.023°  0.047°  0.099° 0.154° 0.268° 0.52°  9.25%
Sulfadiazine sodium 0.26 0.24 0.23 0.22 s 0.21 4.24%
0.073°  0.137°  0.262° 0.381° = 0.52° 4.24%
Sulfamerazine sodium 0.24 0.23 0.22 0.21 - 0.20 4.53% I
0.069° 0.132°  0.248°  0.361° = 0.52° 4.53% i
I\
Sulfamethazine sodium 0.22 0.21 0.20 0.19 0.18 = i
0.066° 0.122° 0.225° 0.324° 0.51]° — |
Sulfapyridine sodium 0.26 0.23 0.22 0.21 - 0.20 4.55% il |
0.073°  0.133°  0.247°  0.358° = 0.52° 4.55% _"||.
Sulfathiazole sodium 0.23 0.22 0.21 0.20 = 0.19  4.82% I
0.067°  0.124° 0.236° 0.340° = 0.52°  4.82% il
Sulfisoxazole diethanolamine 0.20 0.18 0.16 0.15 =3 -
0.059° 0.104° 0.186° 0.262° s L
Sulfobromophthalein sodium 0.07 0.06 0,05 0.05 0.04 -
0.019°  0.034° 0.060° 0084 0123  —
Suramin sodium 0.10 0.10 0.10 0.10 0.10 =
0.030° 0.058° 0.112° 0.169° 0.278°  —
‘Synephrine tartrate 0.18 0.17 0.16 0.16 0.16 0.16 5.83%
0.048°  0.095° 0.190° 0.282° 0453° 0.52° 583%
Tannic acid 0.03 0.03 0.03 0.03 0.03 2
0.009°  0.017° 0.034° 0.052° 0.084° -
Tartaric acid 026 025 024 023 - 023 3%
0.075° 0.144° 0.278° 0.406° - 03520 39%
Terbutaline sulfate 0.14 0.14 0.14 0.14 0.13 0.13, . 6.75%
0.042°  0.082° 0.6l° 0.238° 0.39%0° 0.52 6.75%
Tetracaine hydrochloride 0.20 0.18 0.17 015 012 =
0.062° 0.109° 0.189° 0.261° 0358 e
Tetracycline hydrochloride 016 014 012 010 = =
0.046°  0.078° 0.12 0.
Tetracthylammonium bromide 036" 033 030 028 =028 1 1 317%
0.098° 0.183° 0,34 0.493° - 0.52 3.17%
Te . . 0.33 = - 0.33 2.67%
‘Etracthylammonium chloride g.%goo g_'};g-ﬂ" 0.388° T 5 052°  261%
Te g i 0.28 0.25 0.23 = -
trahydrozoline hydrochloride 3:339“ 0.162° 0285 0.406° - X
|
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"T’
Isotonic Solutions (Continued)
Concentration of Solution, NaCl Equivalents -3
At lsosmotic
Chemical +% 1% 2% 3%, 5% Concentration
Theophylline 0.10 - - — - -
0.028° - - - - -
Theophylline sodium glycinate 0.32 0.31 0.31 - - 0.31 2,949
0.090°  0.J80° 03557 - - 0.52° 2.94%
Thiamine hydrochloride 0.26 0.25 0.23 0.22 - 0.21 4.249;
0.074°  0.139°  0.262° 0.378° — 0.52° 4.249%
Thicthylperazine maleate 0.10 0.09 0.08 0.07 0.05 =
0.030° 0.050° 0.089° 0.119° 0.153°
Thiocyanate sodium 0.71 0.71 —- — - 0.71 1.27%
0.205° 0.410° - - - 0.52° 1.27%
Thiopental sodium 0.28 0.27 0.27 0.26 — 0.26 3.5%
0.079°  0.155° 0302  0447° - 0.52° 3.5%
Thiopropazate dihydrochloride 0.20 0.16 0.12 0.10 0.08 -
0.053° 0.090° 0.137° 0170° 0.222° -
Thioridazine hydrochloride 0.06 0.05 0.04 0.03 0.03 =
0.015° 0.025° 0.042° 0055 0 075° -
Thiotepa 0.16 0.16 0.16 0.16 0.16 0.16 5.67%
0.045%  0.090° 0.182° 0.278° 0460° 0.52° 5.67%
Ticarcillin disodium 0.20 0.20 0.20 0.19 - 0.19 4.62%
0.056° 0.113° 0.226° 0.339° — 0.52° 4.62%
Timolol maleate 0.14 0.13 0.12 - - -
0.038° 0.077° 0.146° - — —
Tobramycin 0.08 0.07 0.07 0.07 0.06 -
0.019° 0.038° 0.075° 0.112° 0.187° -
Tolazoline hydrochloride 036 034 031 030 — 030 3.05% |
0.107° 0.194° 0.358° 0.512° - 0.52° 3.05%
Tribromoethanol 0.06 0.05 0.05 - - —
0.015° 0.030° 0.057° -
Tridihexethyl chloride 0.16 0.16 0.16 0.16 0.16 0.16 5.62%
0.047°  0.096° 0.191°  0.280° 0463° 0527 5.62%
Triethanolamine 0.20 0.21 0.22 0.22 - 0.22 4.05%
0.058° 0.121° 0.252° 0.383° - 0.52° 4,05%
Trifiuoperazine dihydrochloride 0.18 0.18 - - -
0.032° 0.100° - — - -
Triflupromazine hydrochloride 0.10 0.09 0.05 0.04 0.03 -
0.031° 0.051° 0.06i° 0073° 0.092° =
Trimeprazine tartrate 0.10 0.06 0.04 0.03 0.02 -
0.023° 0.035° 0.045° 0.052¢ 006 1” -
Trimethadione 0.23 0.23 0.22 0.22 — 0.21 4.22%
0.069° 0.J33° 0.257°  0.378° - 0.52° 4,22%
Trimethaphan camsylate 0.12 0.10 0.10 0.09 0.09 -
0.033°  0.060° p.11°  0.158° 0.248° -
Trimethobenzamide hydrochloride 0.12 0.10 0.10 0.09 0.08 —
0.033°  0.062° 0.J08° 0.053° 0232 -
Tripelennamine hydrochloride 0.38 0.30 0.24 0.20 - -
0.110° 0.173° 0.268° 0.353° — -
Trisodium edetate (monohydrate) 0.29 0.29 0.28 0.27 o 0.27 3.31%
0.079° 0.158° 0.316° 0472° - 0.52° 3.31%
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Isotonic Solutions (Continued)

Concentration of Solution, NaCl Equivalents

At Isosmotic

Chemical 1% 1% 2% 3% 5% Concentration
Tromethamine 0.26 0.26 0.26 0.26 - 0.26 3.41%
0.075°  0.152°  0.305° 0.458° = 0.52°  3.41%
Tropacocaine hydrochloride 0.30 0.25 0.22 0.20 - “0.18 4.92%
0.085°  0.143° 0.250° 0.347° = 0.52° 4.92%
Tropicamide 0.10 0.09 - - - =
0.030°  0.050° - s = =
Trypan blue 0.26 0.26 - - - -
0.075°  0.150° £} - =\ =
Tryparsamide 0.20 0.20 0.20 0.20 et 0.19 4.62%
0.057°  0.113° 0.225° 0.339° - 0.52°  4.62%
Tuaminoheptane sulfate 0.28 0.27 0.27 0.27 - 0.26 3.4%
0.078° 0.154° 0.304° 0.466° - 0.5  3.4%
Tubocurarine chloride 0.14 0.13 0.11 0.10 0.09 -
0.042°  0.077°  0.124° 0.175° 0.269° s
Urea 0.64 0.59 == — = 0.55 1.63%
0.188° 0.341° = = = 0.52°  1.63%
Urethan 0.31 0.31 0.31 = = 0.31 2.93%
0.089°  0.178°  0.355° — = 0.52°  2.93%
Uridine 0.12 0.12 0.12 0.12 0.12 0.11 8.18%
0.035°  0.069° 0.138° 0.208° 0.333° 0.52°  8.18%
Valethamate bromide 0.16 0.15 0.15 0.14 0.11 -
0.044°  0.085° 0.168° 0.238° (.324° =
Vancomycin hydrochloride 0.06 0.05 0.04 0.04 0.04 =
0.015°  0.028° 0.049° 0.066° 0.098° =
Vinbarbital sodijum 0.26 0.26 0.26 0.25 — 0.25 3.55%
0.074°  0.148°  0.294° (.440° - 0.52°  3.55%
Viomycin sulfate 0.08 0.08 0.07 0.07 0.07 -
0.025°  0.047°  0.087° 0.126° 0.199°  _
Warfarin sodium 0.18 0.17 0.16 0.15 0.15 0.15 6.10%
0.049°  0.095°  0.181°  0.264° 0430° 0.52°  6.10%
Xylometazoline hydrochloride 0.22 0.21 0.20 0.20 - 0.19 4.68%
0.065°  0.121° 0.232° 0.3]2° & 0.52°  4.68%
Zine chloride 0.66 0.61 = £ - -
0.190°  0.354° = < = E.
Zinc p-phenosulfonate 0.18 0.18 0.18 017  0.17 -
0.053°  0.102°  0.199° 0.295° 0 .483° =
Zine sulfanilate 0.22 0.21 020  0.19 0.18 = I
0.066°  0.120° 0.226° 0.323° 0.512° = |
Zing sylfate 0.16 0.15 0.14 0.13 0.12 0.12  7.65% '
0.045°  0.085° 0.157° 0.226° 0.355° 032 7.65%
e sulfate, dried 024 023 022 02l - 020  4.52%
0.072°  0.136° 0.252° 0.362° = 0.52°  4.52%
-Rffer’ences ¢
E: - Hammarlund, K. Pedersen- Biergaard, J. Am. Pharm. Assoc., Sci. Ed. 47, 107 (1958),
R. Hammarlund et al., J. Pharm, Sci. 54, 160 (1965),

t:R. Hammarlund, G. 1. Van Pevenage, ibid 55, 1448 (1966).
e E. Fassett e1 al., ibid. 58, 1540 (1969).
E-_-Sﬂpp et al., ibid. 64, 1884 (1975).
b R. Hammarlund, ibid. 70, 1161 (1981).
‘L. Deardorft, Remington’s Pharmaceutical Sciences (Mack Publ. Co., Eaton, PA, 15th ed., 1975) pp 1405-1412.
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mobilePD

JUST RELEASED—
The PDR® for your
Palm OS® and Windows CE
handheld PDAs.

Go to www.PDR.net for
download instructions.
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The Doctor’s Most 1
Mow Flontable |

Trusted "Companion...

ST G PRGNS |

mobicPDR™ supplies
you with instant, concise
drug information from £

PDR®, the most trusted

drug information provider

for over 50 years. %@
MOobIePDR” defines - a
nearly 1,500 drugs covering o,
over 3,000 formulations and Q‘%
does this vital job right at

the point-of-care.

With a simple, EREE* download from
www.PDR.net” you can access PDR’s
concise drug database, based on FDA-
approved package inserts. The most
important information you need to safely
and effectively prescribe—such as indications,
contraindications, dosing, adverse reactions,
black box warnings, and more—is now available
for your handheld device.

With mobiePDR” you can:

* look-up products by brand or generic name,
key word and/or therapeutic class .

* check for interactions between 2-20 drugs / ’ ol

* access critical drug information updates written W Gl 2
specifically for prescribers J j

it to download MobicPDR”

Also on PDR.net":
* drug look-ups

* multi-drug interaction searches

* drug alerts and news

* online CME LIBRARY
EBUNG CONSIN

* award-winning newsletters and magazines UNIVERSITY Panm

* clinical trials listing service Tmiﬂmm 53705

* MEDLINE and Stedman’s

L ]

patient education link: www.Gettingwell.com

Use PDR.net” & mMOobiePDR" and prescribe with confidence, knowing you have

. : : THOMSON
the most up-to-date drug information available, from the real PDR®. e =
*The download of mobilePDR is free to U.S.-based MDs, DOs, NPs, and PAs in full-time practice. PDR
Nalox1065

Nalox-1 Pharmaceuticals, LLC
Page 94 of 138



_T PDRW—for all of your drug information needs.

* Desk Reference®

Physicians have turned to the PDR for the latest word

on prescription drugs for 57 years. Today, PDR is still

considered the standard prescription drug reference

and can be found in virtually every physician’s office,
hospital and pharmacy in the United States. You can search the
more than 4,000 drugs by using one of many indices and look at
more than 2,100 full-color photos of drugs cross-referenced to the
label information.

PDR® Companion Guide

This unique 1,900-page all-in-one clinical companion
to the PDR ensures safe, appropriate drug selection
with nine critical checkpoint indices including
Indications, Side Effects, Interactions, Off-Label
Treatment, and much more.

PDR’ Pharmacopoeia™ Pocket

Dosing Guide - Third Edition 2003

This pocket dosing guide brings important dispens-
ing information to the practitioner’s fingertips. Organized in tabu-
lar format, this small, 300-page quick reference is easy to navigate
and gives important FDA-approved dosing information, black box
warning summaries and much more, whenever it is needed. At the
point of care, rely on PDR Pharmacopoeia for quick dosing infor-

mation.

PDR

PDR® for Nutritional Supplements™ - 1st Edition
The definitive information source for more than 300
nutritional supplements. This unique, comprehen-
sive, unbiased source of solid, evidence-based informa-
tion about nutritional supplements provides practi-
tioners with more than 700 pages of the most current and reliable
information available.

Complete Your 2003 PDR Library NOW! Enclose payment and save shipping costs.

PDR for Nonprescription Drugs

and Dietary Supplements™

This acknowledged authority offers full FDA-approved
descriptions of the most commonly used OTC medi-
cines in four separate indices within more than 400
pages. Plus, it includes a section on supplements, vitamins and
herbal remedies.

PDR® for Herbal Medicines™ - 2nd Edition

This guide, the most comprehensive reference on
herbal remedies, is based upon the work of Germany’s
Commission E and Jéerg Grilenwald, Ph.D., a
renowned expert on herbal medicines. This detailed
guide provides more than 1,100 pages of thorough descriptions on
over 600 botanical remedies; the plant and the derived compounds.

PDR for Ophthalmic Medicines™

The definitive reference for the eye-care professional
offers 230 pages of detailed information on drugs and
equipment used in the fields of ophthalmology and
optometry. With five full indices and information on
specialized instruments, lenses and much more, this guide is the
most comprehensive of its kind.

PDR® Medical Dictionary™ - 2nd Edition

The second edition reflects the thorough revision per-
formed by 44 medical consultants as well as a team of
skilled editors and lexicographers. This fully updated
edition, with more than 2,100 pages, includes 1,000
images, numerous tables, an innovative Genus Finder to help you
find the genus of organisms, and much more!

104901 copies 2003 Physicians’ Desk Reference®. ... .. ..88095ea. $ PLEASE INDICATE METHOD OF PAYMENT:
104919 copies 2003 PDR® Companion Guide ..........................$66.95 ea. $ Payment Enclosed (shipping & handling FREE)
104992 __ copies PDR Pharmacopoeia™ Pocket Dosing Guide* ...........$9.95¢ea. § [ Check payable to PDR
104968 copies PDR® for Nutritional Supplements™, KEICTT . $59.95 62 § CIVISA [ MasterCard
104935 __ copies 2003 PDR for Nonprescription Drugs [ Discover [J American Express
and Dietary Supplements™. ... .. ... §65895¢ea. $
104950 ___ copies PDR® for Herbal Medicines™, cieeer.....5599563. Aepain o
104927 copies 2003 PDR for Ophthalmic Medicines™ ............. ...86395¢ea3 §
104943 copies PDR® Medical Dictionary™, eiiiii..n..$499503 § Eap. Onte
Shipping & Handling (Add $9.95 S&H per book if paying later*) § e
Sales Tax (FL, GA, 1A, & NJ) §
Total Amount of Order $ e
(*Shipping and handling is $1.95 for PDR Pharmacopoeia)
Mail this order form to: PDR, P.O. Box 10689, Des Moines, |A 50336-0689 Nara
e-mail: customer.services medec.com
For Faster Service—FAX YOUR ORDER (515) 284-6714 —
or CALL TOLL-FREE (888) 859-8053
Do not mail a confirmation order in addition to this fax.
Valid for 2003 editions only, prices and shipping & handling higher outside U.S. i
SAVE TIME AND MONEY EVERY YEAR AS A STANDING ORDER SUBSCRIBER i
Eacm:d*tz 10 enter yoursta;d:g:rder forfmn:;e edi:::s m ordered. They :'2 [ Bill me later (Add $9.95 per book for shipping
guaranteed our lowest price offer, carliest delivery and FREE shipping and handling. s it Sng) KEY 764209
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m ides Internet Resource Guides
gu eMedguides are thorough, profes- Each eMedguide focuses on a single specialty, listing sites dedicated to virtually every aspect of
.com sionally edited, browsable guides to  diagnosis and therapy. To ensure comprehensive listings, all entries are reviewed and edited by

cument online medical resources. Unlike search engines and directories, eMedg:JHaﬁszom‘y author-  distinguished faculty at leading medical schools such as johns Hopkirs and NYU, eMedguide
itative sites that offer useful professional content, screening out the distracting welter of spu-  reviews are also posted and continuously updated on our password-protected website where you

Arthritis & Rheumatology

Daniel E. Furst, M.D.,

Director of Arthritis Clinical Research, Virgina Mason Reseanch Center
Clinical Prafessor of Medicine and Rheumatology,

University of Washington

ISBMN: 1-56363-433-3 = $24.95

Bioterrorism and Public Health:

An Internet Resource Guide

John G. Bartiett, M.D., Chief,

Division of Infectious Diseases

Johns Hopkins University School of Medicine
ISBN: 1-56363-427-9 « $29.95

Division of Cardiovascular Medicine
Johns Hopkins University School of Medicine
ISBN: 0-9716450-8-6 = $24.95

Clinical Professor of Dermatology
New York University School of Medicine
ISBN: 1-56363-435-X » $24.95

Endocrinology & Mctabolism

Paul W, Ladenson, M.D.,

John Eager Howard

Professor of Endocrinology and Metabolism
Director, Division of Endocrinalogy and Metabolism
Johns Hopkins University School of Medicine

ISBN: 0-9716450-2-7 « $24.95

Infectious Diseases & Immunology

John G. Bartlett, M.D., Chief, Division of Infectious Diseases
Johns Hopkins University School of Medicine

ISBN: 1-56363-436-8 » $24,95

rious and unreliable listings captured in an ordinary search. Better yet, the quality of each  can click directly to any site reviewed., Your book will pravide you with your password.
site’s cantent is rated by a qualified medical authority. Each of the 12 eMedguides is packed with information on the best sources of news, statistics, abstracts
mmﬂmmwmmwwmm

Internal Medicine

John A. Flynn, M.D,, M.B.A,,

Associate Professor, Department of Medicine
Clinical Director, Division of Gen. Internal Medicine
Johns Hopkins University School of Medicine

ISBN: 1-56363-437-6 » 524,95

Neurology & Neuroscience

Richard T. johnson, M.D., Professor of Neurology,
Microbiology, and Neuroscience

Johns Hopkins University School of Medicine
ISBN: 1-56363-438-4 » §24.95

Oncology & Hematology

Cardiology Martin D. Abeloff, M.D., Director, Sidney Kimmel
Stephen C. Achuff, M.D., Comprehensive Cancer Center at Johns Hopkins
David ), Carver Eli Kennerly Marshall, |r.

Professor of Medicine Professor of

Johns Hopkins University School of Medicine
ISBN: 0-9716450-4-3 » $24.95

5 &t Psychiatry
ermatology Phillip R. Slavney, M.D., Eugene Meyer Iil
Darrell S. Rigel, M.D., Professor of Psychiatry and Medicine,

Johns Hopkins University School of Medicine
ISBN: 0-9716450-6-X » $24.95

Respiratory & Pulmonary Medicine

Joe G.N. Garcia, M.D.,

Director, Pulmonary & Critical Care Medicine,

Johns Hopkins University School of Medicine

Charles M. Wiener, M.D.,

Vice Chairman, Department of Medicine, johns
ins University School of Medicine

ISBN: 1-56363-441-4 » §24,95

Urology & Nephrology

Alan W. Partin, M.D., Ph.D., Bemard L. Schwartz
Distinguished Professor of Urologic Oncology

Johns Hopkins University School of Medicine

Paul ] Scheel, Jr, M.D., M.B.A., Clinical Director of Nephrology
Johns Hopkins University School of Medicine

ISBN: 0-9716450-3-5 « §24.95

Complete Your 2003 PDR' Library NOW! Enclose payment and save shipping costs.
105106 copies Arthritis & Rheumatology ... ... ............. ... .. .. $2495ea. $ PLEASE INDICATE METHOD OF PAYMENT:
105114 conies R D . o T ke e b $2495¢ea. § Pay Enclosed (shipping & handling FREE)
105122 CODIES DOV o e e e e e L $2495ea. § [ Check payable to PDR
105130 copies Endocrinology & Metabolism.............. B 8 $2495ea. $ MRV [ MasterCard !
105148 copies Infectious Diseases & Immunology ...... ... .. $2495¢ea. §$ [ Discover ] American Express i
105155 copies Internal Medicine. ... ................................. 8249583 §

106163 copies Neurology & Neuroscience ............... .......... ... $2485ea § T
105171 copies Oncology & Hematology ............................... $24950a. §
106189 (e 0 o] Ty A SRR R L $2495ea. §
105197 copies Respiratory & Pulmonary Medicine................... . $2495e8 § Bq. Do
105205 ____ copies Urology & Nephrology ........ P T S
106213 copies Bioterrorism and Public Health: Tetephone Na
An Internet Resource Guide ............... ... .. .. . .$2995¢es §
Shipping & Handling (Add $3.95 S&H per book if paying later) $ Sigratug
Sales Tax (FL, GA, 1A, &NJ) $
Total Amount of Order $ =
Mail this order form to: PDR, P.O. Box 10689, Des Moines, A 50336-0689 e-mail: customer.sarvicea medec.com e
For Faster Service—FAX YOUR ORDER (515) 284-6714 or CALL TOLL-FREE (888) 859-8053
Do not mail a confirmation order in addition to this fax.
Valid for 2003 editions only, prices and shipping & handling higher outside U.S. Cay
SAVE TIME AND MONEY EVERY YEAR AS A STANDING ORDER SUBSCRIBER S
Dmmmmmmmhmmdmmmmmwnmmmm ;
notios, As a standing order subscrber, you ave guaranteed our kowest prie offer, sarlest deévery and FREE shipping and hending. O Bill me later (Add $3.95 per book for shipping
and handling) KEY 764225
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FOREWORD TO THE FIFTY-SEVENTH EDITION

PDR enters its fifty-seventh year offering a wider array of
pharmaceutical reference options than ever before. Long
available unabridged—in print, on CD-ROM, and via the
Internet—PDR now provides essential prescribing infor-
mation in digest form as well.

For complicated cases and special patient problems,
there is no substitute for the indepth data contained in
Physicians’ Desk Reference. But on other occasions, you
may find that the new PDR® Monthly Prescribing Guide™
provides a handy alternative. Distilled from the pages of
PDR, this 350-page digestsized reference presents the
key facts on over 1,000 drugs, including the form,
strength, and- route; therapeutic class; approved- indica-
tions; dosage; contraindications; warnings; precautions;
pregnancy rating; drug interactions; and adverse reac-
tions. Each entry alerts you to the significant precautions
you need to take, spells out the most common or dan-
gerous adverse effects, summarizes the recommended
adult and pediatric dosages, and supplies you with the
PDR page number to tum t6 for further information.

issued monthly, the guide is continuously updated with
detailed descriptions of the latest drugs to receive FDA
approval, plus FDA-approved revisions to existing product
information.  In addition, you'll receive bulletins about
major new developments on the pharmaceutical scene,
an overview of important new agents nearing approval, a
heads-up on the latest pharmaceutical issues to hit the
consumer media, in-depth analysis of the common nutri-
tional supplements that patients are taking, and a handy
reminder of upcoming medical meetings.

In fact, in one neat package you'll find just about every-
thing you need to make a routine prescribing decision-—
secure in the knowledge that you're acting on the latest
FDA-approved data. To order your personal” subscription
to this important new monthly publication, simply call
1-800-232-7379.

If you prefer to keep information such as this on'a hand-
held device like a Paim® or Pocket PC, our other new ref-
erence may be just what you're looking for. Called
mobilePDR™, this easy-to-use software allows you to
instantly retrieve the basic facts you need on any drug,
lets you run automatic interaction checks on multidrug
regimens, and even alerts you to significant changes in
updated drug entries. Covering a total of 1,500 drugs,
this portable electronic reference is updated as often as
daily with the latest FDA-approved revisions to existing
produet information, plus the essential facts you need to
safely prescribe newly approved agents; and it's avail-
able ‘for downloading from www.PDR.net whenever you
want to bring your data up to date. It works with both the
Palm and Windows CE operating systems, and it's free
to U.S-based MDs, DOs, NPs, and PAs in fulltime
patient practice. Check it out today.

Other Prescribing Alds from PDR
For those times when all you need is quick confirmation
of a particular dosage, you may also want to order a copy

of the PDR Pharmacopoela™ Pocket Dosing Guide. This
handy little book can accompany you wherever you need
to go, around the office or on rounds. Only slightly larger
than an index card and a half inch thick, it fits-easily into
any pocket, while providing you with FDA:approved dosing
recommendations for over 1,500 drugs. Unlike other
condensed drug references, it's drawn almost exclusively
from the FDA-approved drug labeling published in
Physicians’ Desk Reference. And its tabular presentation
makes lookups a breeze. At $9.95 a copy, it’s a tool you
really can't afford to be without.

Recently, the use of overthe-counter nutritional supple-
ments has sky-rocketed, and PDR has responded with a
brand new medical reference covering this unfamiliar—
even exotic—set of agents. Entitied PDR® for Nutritional
Supplements™, it offers the latest scientific consensus
on hundreds of popular/supplement products, including
an array of amino acids, co-factors, fatty-acids, probi-
otics, phytoestrogens, phytosterols, over-the-counter hor-
mones, hormonal precursors, and much more. Focused
on the scientific evidence for.eachisupplement’s claims,
this unigue new reference offers you today's most
detailed, informed, and objective overview of a burgeon-
ing new area in the field of self-treatment. To-protect your
patients from:bogus remedies and steer them towards
truly beneficial products, this book is a must.

For counseling patients who favor herbal remedies, anoth-
er PDR reference may prove equally valuable. Now in its
second edition, PDR® for Herbal Medicines™ provides
you with the latest science-based assessment of some
700 botanicals. Indexed by scientific, common, and brand
names (as well as Western, Asian, and homeopathic indi-
cations) this volume also includes a. Side Effects Index, a
Drug/Herb Interactions Guide, an Herb Identification
Guide with nearly 400 color photos, and a Safety Guide
that lists herbs to be avoided during pregnancy and herbs
to be used only under professional supervision. Although
botanical products are not officially regulated or monitored
in the United States, PDR for Herbal Medicines provides
you with the closest analog to FDA-approved labeling—the
findings of the German Regulatory Authority's herbal
watchdog agency, Commission E.

To maximize the value of PDR itself, you'll also need a
copy of the 2003 edition of the PDR Companion
Guide™, a 1,700-page reference that augments PDR
with a total of nine unique decision-making tools:

« Interactions Index identifies all pharmaceuticals and
foods capable of interacting with a chosen medication.

« Food Interactions Cross-Reference lists the drugs that
may interact with a given dietary item.

s Side Effects Index pinpoints the pharmaceuticals asso-
ciated with each of 3,600 distinct adverse reactions.

« Indications Index presents the full range of therapeu-
tic options for any given diagnosis. ’

« Off-Label Treatment Guide lists medications routinely
used—but never officially approved—for treatment of
nearly 1,000 specific disorders.
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« Contraindications Index lists all drugs to avoid in the
presence of any given medical condition.

« International Drug Name Index names the U.S. equiv-
-alents of some 15,000 foreign. medications.

« Generic Avallability Guide shows which forms and
strengths of a brand-name drug are also available
generically.

» Imprint identification Guide enables you to establish
the nature of any unknown tablet or capsule by match-
ing its imprint against an exhaustive catalog of identi-
fying codes.

The PDR Companion Guide includes all drugs described
in PDR, PDR for Nonprescription Drugs and Dietary
Supplements™, and PDR for Ophthalmic Medicines™.
We're certain that you'll find it makes safe, appropriate
selection of drugs faster and easier than ever before.

PDR and its major companion volumes are also found in
the PDR® Electronic Library™ on CD-ROM, nowused in
over 100,000 practices. - This-Windows-compatible disc
provides users with a complete database of PDR pre-
scribing information, electronically searchable for instant
retrieval. A standard subscription includes PDR’s sophis-
ticated search software and an extensive file of chemical
structures, illustrations, and full-color product pho-
tographs. Optional enhancements include the complete
contents of The Merck Manual Seventéenth Edition,
Stedman's Medical = Dictionary, and -Stedman's
Spelichecker. For anyone who wants to run a fast double
check on a proposed prescription, there’s also the PDR®
Drug Interactions and Side Effects System™ — saphisti-
cated software capable of automatically screening a 20-
drug regimen for conflicts, then proposing alternatives for
any problematic medication. This unique decision-mak-
ing tool now comes free with the PDR Electronic Library.

For more information on these or any other members of
the growing family of POR products, please call, toll-free,
1-800-232-7379 or fax 201-722-2680.

A Fond Farewell .

With this edition, the publishers of PDR bid goodbye and
good wishes to the editor, Dave Sifton, who for the past
two decades has been writing and managing the editori-
al sections of PDR and its family of products. Over the
past 15 years, Dave has played an instrumental role in
the development of many of the new products introduced
by PQR to help practitioners in their daily prescribing,
These products include PDR’s first venture into electron-
ic publishing, the 1988 edition of PDR on CD-ROM, and
PDR’s first handheld electronic drug database, Pocket
PDR. Dave helped launch the foremnner to. the :PDR
Companion Guide, and in the ‘90s, he created a series
of PDR Family Guides.to provide consumers with plain-
spoken information on healthcare and drugs, many of
which remain available today, both in print and on the
Web. Dave retires at the beginning of 2003. We extend
to him our sincere appreciation for an extraordinary con-
tribution, and wish him the best in the years ahead.

i)F

How to Use This Book ¥ WK !
Physicians' Desk Reference is published by Thomson PDR
in cooperation with participating manufacturers. Each full-
length entry provides you with an exact copy of the
product’s FDA-approved labeling. Under the federal Food,
Drug and Cosmetics (FD&C) Act, a drug approved for mar-
keting: may be labeled, promoted, and advertised by the
manufacturer for only those uses for which the drug's, safe-
ty and effectiveness have been established. The Code of
Federal Regulations 201.100(d)(1) pertaining to labeling for
prescription products requires that for PDR content “indica-
tions, effects, dosages, routes, methods, and frequency
and duration of administration-and any relevant warnings,
hazards, contraindications, side effects, and precautions”
must be “same in language and emphasis™ as the
approved labeling for the products. The Food and: Drug
Administration (FDA) regards the words same-in language
and emphasis as requiring VERBATIM use of the approved
labeling providing such information. Furthermore, informa-
tion that is emphasized in the approved labeling by the use
of type set in a box, or in capitals, boldface, or italics, must
be given the same emphasis in PDR. |

The FDA has also recognized that the FD&C Act does
not, however, limit the manner in which a physician may
use an approved drug. - Once a product has been
approved for marketing, a physician may choose to pre-
scribe it for uses or in treatment regimens or patient
populations that are not included in approved labeling.
The FDA also observes that accepted medical practice
includes drug use that is not reflected in approved drug
labeling. For products that do not have official package
circulars, the publisher has emphasized the necessity of
describing such products comprehensively, so that
physicians can have access to all information essential
for intelligent and informed decision-making. Particularly
in the case of overthe-counter dietary supplements, it
should be remembered that this information has not
been evaluated by the Food and-Drug Administration,
and that such products are not intended to diagnose,
treat, cure, or prevent any disease.

The function of the publisher is the compilation, organi-
zation, and distribution of this information. Each product
description has been prepared by the manufacturer, and
edited and approved by the manufacturer's medical
department, medical- director, and/or medical -consu-
tant. In organizing and presenting: the material in
Physicians’ Desk Reference, the publisher does not war-
rant or guarantee any of the products described, or per-
form ‘any independent analysis in connection with any of
the preduct information contained herein. Physicians’
Desk Reference does not assume, and expressly dis-
claims, any obligation to obtain and include any informa-
tion other than that provided to. it by the manufacturer.
it should be understood that by making this material
available, the publisher is not advocating the use of any
product described herein, nor is the publisher responsi-
ble for misuse of -a product dueto typographical error.
Additional information on any product may be obtained
from the manufacturer.
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DRUG INFORMATION CENTERS

ALABAMA CALIFORNIA COLORADO _ FLORIDA
BIRMINGHAM LOS ANGELES DENVER FT. LAUDERDALE

Drug Information Service Los Angeles Regional Rocky Mountain Poison and Nova Southeastern University
University of Alabama Drug Information Center Drug Consuitation Center College of Pharmacy

UAB Hospital Pharmacy LAC & USC Medical Center 1001 Yosemite St. Drug Information Center

Drug Information-JT1720 1200 N. State St. Denver, CO 80230 3200 S. University Dr.

619 S. 19th St Trailer 25 7 days/week, 24 hours Ft. Lauderdale, FL 33328

Birmingham, AL 35249-6860

Mon.-Fri. 8 AM-5 PM
205-934-2162

Fax; 205-934-3501

www.health.uab.edu/pharmacy

Global Drug
Information

Samford Unlveuﬂy

McWhorter School

of Pharmacy

B0O Lakeshore Dr.

Birmingham, AL 35229-7027

Mon.-Fri. 8 AM-4:30 PM
205-726-2659

Fax: 205-726-4012

www.samford.edu

HUNTSVILLE

Huntsville Hospital Drug

Information Center

101 Siviey Rd.

Huntsville, AL 35801

Mon.-Fri. 8 AM-5 PM
256-517-8288

Fax: 256-517-6558

ARIZONA

TUCSON -

Arizona Poison and Drug

Information Center

Arizona Health

Sciences Center

University Medical Center

1501 N. Campbell Ave.

Room 1156

Tucson, AZ 85724

7 days/week, 24 hours
520-626-6016
800-362-0101 (AZ)

Fax: 520-626-2720

www.pharmacy.arizona.edu

ARKANSAS

LITTLE ROCK

4301 West Markham St.,
Slot 522-2
Little Rock, AR 72205
Mon.-Fri. 8:30 AM-5 PM
501-686-5072 |
(for heaithcare
ssionals only)
800-228-1233
(AR only - for healthcare
professionals only)
Fax: 501-686-7357

Los Angeles, CA 90033
Mon.-Fri. 8 AM-4:30 PM
323-226-7741

Fax: 323-226-4194

MARTINEZ

Drug Information Service
VA Northern California
Health Care System
Pharmacy Service 119
150 Muir Rd.
Martinez, CA 94553
Mon.-Fri. 8 PM-4:30 PM
925-372-2000 x2167
Fax: 925-372-2168-
cherie.dillon@med.va.gov

Drug Information Service

University of California

San Diego Medical Center

200 West Arbor Dr.

MC 8925

San Diego, CA 92103-8925

Mon.-Fri. 9 AM-5 PM
900-288-8273

Fax; 858-715-6361

SAN FRANCISCO
Drug Information Analysis
Service

University of California,
San Francisco
521 Pamassus Ave.,
Room C152
San Francisco, CA 94143-0622
Mon.-Fri. 8:30 AM-4:30 PM
415-502-9540
(for healthcare
professionals only)
Fax: 415-502-0792
E-mail: DIAS@itsa.ucsf.edu

STANFORD

Drug Information Center

University of California

Stanford Hospital and Clinics

300 Pasteur Dr.

Room H-0301

Stanford, CA 94305

Mon.-Fri. 8 AM-4 PM
650-723-6422

Fax: 650-725-5028

303-893-3784
(For Denver County
residents only)
Fax: 303-739-1119
www.rmpdc.org

School of Pharmacy

4200 E. 9th Ave., Box'C239

Denver, CO 80262

Mon.-Fri. 8:30 AM-4:30 PM
303-315-8489

Fax: 303-315-3353

CONNECTICUT

FARMINGTON

Drug Information Service

University of Connecticut

Health Center

263 Farmington Ave.

Farmington, CT 06030

Mon.-Fri. 7:30 AM-4 PM
B860-679-2783

Fax: 860-679-1231

E-mail: badore @ uchc.edu

HARTFORD

Drug Information Center

Hartford Hospital

P.O. Box 5037

80 Seymour St.

Hartford, CT 06102

Mon.-Fri. 8:30 AM-5 PM
860-545-2221
860-545-2961 (After 5PM)

Fax; 860-545-4371

www.harthosp.org,

NEW HAVEN

Drug Information Center

Yale-New Haven Hospital

20 York St.

New Haven, CT 06504

Mon.-Fri. 8:30 AM-5 PM
203-688-2248

Fax: 203-688-3691

www.ynhh.com

DISTRICT OF
COLUMBIA -

Drug Information Service

Howard University Hospital

Room BB06

2041 Georgia Ave. NW

Washington, DC 20060

Mon.-Fri. 8 AM-4 PM
202-865-1325
202-865-7413

Fax: 202-865-7410

Mon.-Fri. 9 AM-5 PM
954-262-3103

Fax: 954-262-3170

www.pharmacy.nova.edu

GAINESVILLE
Drug Information &
Pharmacy Resource Center
Shands Hospital at
University of Florida
P.O. Box 100316 1
Gainesville, FL. 32610-0316
Mon.-Fri. 9 AM-5 PM
352-265-0408
({for healthcare
professionals only)
Fax: 352-338-9860
www.cop.ufl.edu/vdis

JACKSONVILLE
Drug Information Service
SHANDS Jacksonville
655 W. 8th St.
Jacksonville, FL 32209
Mon.-Fri. 8:30 AM-5 PM

904-244-4185

(for healthcare

professionals only)

904-244-4700

(for consumers,

Mon.-Fri. 9 AM-4 PM)
Fax: 904-244:4272

ORLANDO

Orlando Regional Drug _

Information Service

Orlando R nal

Healthcare System

1414 Kuhl Ave., MP 192

Orlando, FL 32806

Mon.-Fri. 8 AM-4 PM
321-841-8717

Fax: 407-649-1827

E-mail: druginfo@orhs.org

TALLAHASSEE

Drug Information
Education Center
Florida Agricultural and

Mon.-Fri. 9 AM-5 PM
850-488-5239

850-599-3064
800-451-3181
Fax: 850-412-7020
www.pharmacy.samu.edu

Nalox1065

Nalox-1 Pharmaceuticals, LLC

Page 101 of 138



WEST PALM BEACH
Drug Information Center
Nova Southeastern University
- West Palm Beach
3970 RCA Blvd., Suite.7! -
Palm Beach Gardens, FL\ 0
Mon.-Fri. 8 AM-5 PM
561-622-0658 ~ 1 ¢

(for healthcare
professionals only)
Fax: 561-627-0972

GEORGIA

ATLANTA
Emory University Hospital:
Demmuﬂm
Information
1364 Clifton Rd-NE
Atlanta, GA 30322
Mon.-Fri. 8:30 AM-5 PM =
404-712-7150
(for healthcare
professionals only)
Fax: 404-712-7577

Drug Information Senr!ca

Northside H

1000 Johnson, Fande NE

Atlanta, GA 30342 )

Mon.-Fri. 9 AM-4 PM
404-851-8676 (GA only)

Fax: 4%851%10

AUGUSTA

Drug Information Center

Medical College of Georgia

Hospital and Clinic

BI2101

1120 15th St

Augusta, GA 30912

Mon.-Ffi. 8:30 AM-5 PM
706-721-2887 |

Fax: 706-721-3827

COLUMBUS
Columbus Regional Drug : |
Information Center -
710 Center St. .
Columbus, GA 31902
Mon.-Fri. B AM-ﬁ PM
706-571-1934
(for healthcare
professionals only)
Fax: 706-571-1625

IDAHO

POCATELLO

Campus Box'8092 g
Pocatello, ID 83209 .
Mon.-Thur. 8:30 AM-5 PM
Fri. 8:30 AM-2:30 PM
208-282-4689
800-334-7139 (ID only)
Fax: 208-282-3003
hitp://re.isu.edw/services_
contacts/fidis/

ILLINOIS % . - “INDIANA . ' * KENTUCKY
CHICAGO INDIANAPOLIS LEXINGTON
Drug Information Center Drug Information Center Drug Information Center
Northwestern Memorial | | St. Vincent H At L Chandler Medical Center
Hospital and Health College of Pharmacy
251 E. Huron 2001 W. 86th St. University of
Feinberg LC-700B Indianapolis, IN 46260 800 Rose St., C-117
Chicago, IL 60611 Mon.-Fri. 8 AM-4 PM Lexington, KY
Mon.-Fri. 8 AM-5:PM: 317-338-3200 Mon.-Fri. 8 AM<5 PM
312-926-7573 {for healthcare 859-323-5320
Fax: 312-926-7956 professionals only) Fax: 85&32&2%@
- 317- E-mail: cgwhit1 ;
Dmglmmcrm Fax: 317-338-3041 mail: cgwhit1 @uky.edu
University.of m Drug Information Service :
Hospitals - Clarian Health Partners LOUISIANA
5841 S. Maryland Ave. Pharmacy Department 1-65
gr?icggLOlL 60637-1470 i MONROE
h f R CG04 - ”
Mon.-Fri. 8 AM-5 PM Indianapoli, IN 46202 LoUNE N Daeon
773-702:1388 ", Mon.-Fri. 8 AM-4:30 PM University of Louisiana st
Fax: 7737026631 ot 317-962-1750" M:mmcc M;I’I:
m <" Fax: 317-962-1756 RSty
Drug Information Center g Monroe, LA #1209-6430
University of lllinois at Mon.-Fri. 8 AM-4:30 PM
Chicago MUNCIE 318-342-1710
833 S. Wood St. Drug Information Center Fax: 318-342-1744
MC 886 Ball Memorial Hospltal E-mail: wross@ulm.edu

Chicago, IL 60612

Mon.-Fri. 8 AM-4 PM
312-996-3681

Fax: 312-996-0448

www.uic.eduw/pharmacy/
services/difindex.htm|

HARVEY

Drug Information Center

Ingdls Memorial Hospital

1Ingalls Dr.

Harvey, IL 60426

Mon.-Fri. 8 AM-4:30 PM
708-915-4430

Fax: 708-915-3108

HINES = "

Drug Information Service
Hines Veterans Administration
Hospital
Pharmacy Services
MC119
P.O-Box 5000 -
Hines, IL 60141-5000
Mon.-Fri. 8 AM-4:30 PM

708-202-8387,

ext. 23780

Fax: 708-202-2675 ,,

PARK RIDGE
Drug Information Center
Lutheran General Hospital
1775 Dempster St.
Park Ridge, IL 60068-
Mon.-Fri. 7:30 AM“4 PM
847-723-8128
(for,healthcare
ionals onl -
Fax: B4 2326 ” Ve

2401 University Ave.

Muncie, IN 47303

7 days/week, 24 hours
765-747-3035"

Fax: 765-751-2522

E-mail: kwolfe @chs.cami3.com

IOWA

DES MOINES
Regional Drug
Information Center
Mercy Medical Center-
Des Moines

1111 Sixth Ave.

Des Moines, IA 50314
Mon.-Fri. 8 AM-4:30 PM
515-247-3286

(answered 7 days/week,
24 hours)
Fax: 515-247-3966

IOWA CITY

Drug Information Center

University of lowa

Hospitals and Clinics

200 Hawkins Dr.

lowa City, |A 52242

Mon.-Fri. 8 AM-4:30 PM
319-356-2600

KANSAS

KANSAS CITY -
Drug Information Center
University of Kansas
Medical Center
3901 Rainbow Bivd.
Kansas City, KS 66160
Mon.-Fri. 8:30 AM-4:30 PM
913-588-2328
(for healthcare
professionals only)
Fax: 913-588-2350
E-mail: druginfo @kumc.edu

NEW ORLEANS

Xavier University Drug
Information Center
Tulane University
Hospital and Clinic
Box HC12
1415 Tulane Ave.
New Orleans, LA 70112
Mon.-Fri. 9 AM-5 PM
504-588-5670
Fax: 504-588-5862
E-mail: mharris6 @tulane.edu

MARYLAND

ANDREWS AFB

Drug Information Services

89 MDTS/SGQP

1050 W. Perimeter Rd.

Suite D1-119

Andrews AFB, MD 20762-6660

Mon.-Fri. 7:30 AM-5 PM
240-857-4565

Fax: 240-857-8882

ANNAPOLIS
The Anne Arundel
Medical Center

Dept. of Pharmacy

64 Franklin St.

Annapolis, MD 21401 -

7 days/week, 24 hours
443-481-4155
443-481-1000

“(switchi
Fax: 443-481-4844 .
www.aahs.org

BALTIMORE

Drug Information Service

Johns H

600 N. Wi

Halsted 503 - .

Baltimore, MD-21287-6180

Mon.-Fri. 8:30'AM-5 PM
410-955-6348 -

Fax: 410-955-8283
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Drug Information Service DETROIT SPRINGFIELD " ;1 NEW MEXICO
mgtvgnw Drug Information Center Drug Information Center -
Pharmacy Hall R 280, w of MW St Johg::.:rglml ALBUQUERQUE
20 North Pine St. Detroit Receiving Hospital and 1235 E. Cherokee St. . New Wexico-Polson &
Man.-Frl. 599 AMkh PAY 4201 St. Antoine Bivd. Mon.-Fri. 7:30 AM-4:30 PM University of New Mexico
410-706-7568 Detroit, M| 48201 417.885-3488 . .~ oaith Sciences Certor
consumers only Mon.-Fri. 9 AM-5 PM Fax: 417-886-7788 et o ity
410-706-0898 313-745-4556 E-mail: tbarks @sprg.smhs.com aygg_’;?"é gl
st sl e ‘ 800-222-1222 (NM only)
Fax: 410-706-0754 WAWANTICNE oy 0t ST. .{SSEPH_ Fax soorzseoz
WWW, T .umaryland. D’ﬂlg lormation Service Jnsc.unm. larmacy.
aﬁuum e LANSING Heartland Hospital West poison
s ) Drug Information Services gT Famﬂnﬁ!& 3450
ETH Sparrow Hospital : 1
BETHESDA 1215 East Michigan Ave. Mon.-Fri. 9 AM-5:30 PM NEW YORK
Drug Information Service Lansing, M| 48912 816-271-7582
National Institutes of Health 7 days/week, 24 hours Fax: 816-271-7590 BROOKLYN -
Building 10, Room 15-259 517-364-2444 : international Drug -
10 Center Dr. (MSC1196) Fax: 517-364-2088 Information Center
Bethesda, MD 20892-1196 MONTANA LOW Island unm"y i
2044962407 PONTIAC MISSOULA College of Pharmacy & Health
Fax: 301-496-0210 Drug Information Center 0 Sclences
wvw.cc.niLgawpher St. Joseph Mercy Ho e e o 1 University Plaza
: ek 44405 Woodward A University of Montana School
2 Y3 of Pharmacy and Allied Health ~ RM-HS509
EASTON Pontiac, Ml 48341 Selenoad 75 Dekalb Ave.
Drug Information g Lo ol Missoula, MT 598121522 ¢ Brooklyn, NY 11201
Phlrmacy Dept. o e ar s Mon.-Fri. 8 AM-5 PM Mon.-Fri. 9 AM-5 PM
y ax. 406-243-5254 . 718-488-1064
219 S. Wi Fax: 406-243-5256 Fax: 718:780-4056
Easton, MD 21601 ROYAL OAK " " wwwumtedwdruginfo - wwwlivedu -
7 days/week, 7 AVL5:20 PM Drug Information Services E-mair’ W™ Drug Information Center
Fax: 410822:1000.€xt. 5645 william Beaumont edu Brookdale University Hospital
X 410D2IEE 3601 West 13 Mile Rd. and Medical Center
Royal Oak, M 48073-6769 _ 1 Brookdale Plaza
MASSACHUSETTS Vonriomussoru  NEBRASKA Brookn Y 11212
: 248-551-4077 Mon.-Fri. 8 AM-4 PM
: Fax: 248-551-3301 OMAHA 718-240-5993
Burugos;g:m Services Sctmlal of P‘t:m e
Brigham and Women's SOUTHFIELD Creighton University
Hospital Drug Information Service 2500 California. Plaza COOPERSTOWN
75 Francis St. Providence Hospital Omaha, NE 68178 - Drug Information ‘Center
Boston, MA 02115 16001 West 9 Mile Rd. Mon.-Fri. 8:30 AM-5:00 PM Bassett Healthcare
Mon.-Fri. 7 AM-3:30 PM Southfield, M| 48075 , 402-280-5101 1 Atwell Rd.
617-732-7166 Mon.-Frl. 8 AM-4 PM Fax: 402-280-5149 Cooperstown, NY 13326
Fax: 617-566-2396 248-849-3125 www.druginfo.creighton.edu 7 days/week, 24 hours
Fax; 248-849-5364 607-547-3686
WORCESTER NEW JERSEY %77
Drug Information Centear MISSISSIPPI
H:l:as Han::lal : : NEWARK NEW HYDE PARK
ithcare Ipﬂa y -t -
55 Lake Ave. North JACKSON : New Jersey Poison ; yfm Long
Worcester, MA 01655 mﬂ [ﬂ'omoﬂ Center Information and Eduutlpn ] Island Jewish Medical Center
Mon.-Fri. 8:30 AM-5 PM University of Mississippi System ' 270-05 76th Ave. . -
508-856-3 Medical Center .. 65 Bergen St New Hyde Park, NY "040
508-856-2775 (24 hour) 2500 N. State St. Newark, NJ, 07107 Mon.-Fi. 8 AM-3 PM

Fax: 508-856-1850

Jackson, MS 38216

7 days/week, 24 hours

718-470-DAUG (3784)

e L0 s Fax: 718-470-1742

MICHIGAN Fax: 601-084-2064 (poison cantrol)” 1250 A ik
Fax: 973-643-2679 NEW YORK CITY

ANN ARBOR . www.njpies.org Drug Information Center
Do o g MISSOURI E-mail: bruck@nipies.org Memorial Sloan-Kettering
Pharmacy Services ; Cancer Center
University of Michigan KANSAS CITY NEW BRUNSWICK 1275 York Ave.
Health System University of Drug Information Service EM ij ey
1500 East Medical Missouri-Kansas City Robert Wood Johnson o ‘:I’ Rl
Center Dr. Drug Information Center University Hospital Mon.-Fi 5 9 W'gsz
UHB2 D301 Box 0008 2411 Holmes St., MG-200 Pharmacy Department e L 2'539‘; =
Ann Arbor, MI 48109-0008 Kansas City, MO 64108-2792 1 Robert Wood Johnson P, ax: 212-639-2171

Mon.-Fri. 8 AM-5 PM

Mon.-Fri. 8 AM-5 PM

New Brunswick, NJ 08901

734-936-8200 816-235-5480 Mon -Fri. 8:30-AM-4:30 PM
Fax: 734-936-7027 Fax: 816-235-5491 732-037-8842
www.pharm.med.edu/public www.umke.edu/druginfo Fax: 732-937-8584
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Drug Information Center

Mount Sinai Medical Center

1 Gustave Levy Pl

New York, NY 10029

Mon.-Fri. 9 AM-5 PM
212-241-6619

Fax: 212-348-7927

Drug Information Service

New York Presbyterian

Hospital

Room K04

525 E. 68th St.

New York, NY 10021

Mon.-Fri. 9 AM-5 PM
212-746-0741

Fax: 212-746-4434

ROCHESTER

Rochester, NY 14642
7 days/week, 24 hours
585-275-3718

ROCKVILLE CENTER
Drug Information Center
Medical Center

1000 North Village Ave.

Rockville Center, NY 11570

Mon.-Fri. 8 AM-4 PM
516-705-1053

Fax: 516-705-10?1

AR]HTTICVUHOlﬂEA

BUIES CREEK
Drug Information cemer
School of
Campbell University
P.O. Box 1090
Buies Creek, NC 27506 .
Mon.-Fri. 8:30 AM-4:30 PM
910-893-1200
%2701
B800-760-8697 (Toll free)

x2701
800-327-5467 (NC only)
Fax: 910-893-1476
E-mail: dic@mailcenter.
campbell edu

CHAPEL HILL

University of North

Carolina Hospitals

Drug Information Center

101 Manning Dr.

Chapel Hill, NC 27514

Mon.-Fri. B AM:=4:30 PM . .
919-966-2373 . .

Fax: 919-966-8480 "

E-malil: jphilli2 @ unch.unc.edu

DURHAM

Drug Information Center

Duke University l'lﬂl‘lh .

Systems "

DUMC Box 3089

Durham, NC 27710

Mon.-Fri. 8 AM-5 PM
919-684-5125

Fax: 919-681-3895

GREENVILLE i
Eastern Carolina Drug
Information Center

Pitt County

Memorial Hospital

Dept. of Phurmwy Service

P.O. Box 6028

2100 Stantonsburg Rd. '

Greenville, NC 27835

Mon.-Fri. 8 AM-5 PM
252-816-4257

Fax: 252-816-7425

E-mail: rbshafer @pcmh.com

WINSTON-SALEM
Drug Information.
Service Center

Medical Center Blvd.
Winston-Salem, NG 27157 |1
Mon.-Fri. 8 AM-5 PM
336-716-2037
(for healthcare
professionals only)
Fax:1386-716-2186

OHIO

Mon.-Fri. 9 AM-5 PM =
419-772-2307 - A

Fax: 419-772-2289

WWW.oNu. eduphanﬂaqr‘

druginfo

CINCINNATI

Drug Information Center

Children's Hospital

Medical Center

3333 Bumet Ave. MLS004

Cincinnati, OH 45229

Mon.-Fri. 9 AM-5 PM
513-636-5054
513-636-5111 (24 hour)

Fax: 513-636-5069 *

CLEVELAND

Drug Information Service
Cleveland Clinic Foundation
9500 Euclid Ave.
Cleveland, OH 44195
Mon.-Fri. 8:30 AM-4:30 PM
216-444-6456
(for healthcare |
professionals only)
Fax: 216-444-6157

COLUMBUS

Drug Information Center

Ohio State University Hooplhl

Dept. of Pharmacy .

Doan Hall 368

410 W. 10th Ave, ,

Columbus, OH 43210-1228

Mon.-Fri. 8 AM-4 PM
614-293-8679

Fax: 614-293-3264

E-mail: visconti-1@

medctr.osu.edu

Drug Information Center

Riverside Methodist Hospital

3535 Olentangy River Road

Columbus, OH 43214

Mon.-Fri. 8:30 AM-4 PM
614-566-5426

Fax: 614-566-5850

TOLEDO

Drug Information Services

St. Vincent Mercy Medical

Center

2213 Cherry St.

Toledo, Ohio 43608-2691

Mon.-Fri. 8 AM-4 PM
419-251.4227

Fax: 419-251-3662

www.rnx.medctr.chio-state.edu

OKLAHOMA

OKLAHOMA CITY

Drug Information Service

I Health

3300 Northwest Expressway

Oklahoma City, OK 73112

Mon.-Fri. 8 AM-4:30 PM
405-949-3660

Fax: 405-951-8274

On.lg Information Center
OU Medical Center

Presbyterian Tower

700 NE 13th'St.

Oklahoma City, OK 73104

Mon.-Fri. 8 AM-4:30 PM
405-271-6226

Fax: 405-271-6281

TULSA
Drug Information CBntar
Saint Francis
6161 S. Yale Ave.
Tulsa, OK 74136
Mon.-Fri. 8 AM-4 PM
918-494-6339
(for healthcare
professionals only)
Fax: 918-494-1893

PENNSYLVANIA

PHILADELPHIA
Drug Information Center -
Templ:fUnmw Hospital-

Dept. of Pharmacy
3401 N, Broad St.
Philadelphia, PA 19140
Mon.-Fri. 8 AM-4:30 PM
215-707-4644
Fax: 215-707-3463

Drug Information Service
Tenet Health System
Hahnemann University

Hospital
Dopnrtmml of Pharmacy

Broad and Vine Streets
Philadelphia, PA 19102
Mon.-Fri. 8 AM-4 PM
215-762-DRUG (3784)
(for healthcare
professionals only)'
Fax: 215-762-7993

Drug Information Service
Dept. of Pharmacy
Thomas Jefferson

Uni

111 S. 11th St.

Philadelphia, PA 18107-5098

Mon.-Fri. 8 AM-5 PM
215-955-8877

Fax: 215-823-3316

Philadelphia, PA 19104
Mon.-Fri. 8:30 AM-4 PM
215-662-2903

Fax: 215-662-4319

Duguesne University
431 Mellon Hall .
Pittsburgh, PA 15282
Mon.-Fri. 8 AM-4 PM
412-386-4600
Fax: 412-396-4488

Drug Information Center
University of Pitisburgh
137 Victoria Hall
200 Lothrop St.
Pittsburgh, PA 15261.
Mon.-Fri. 8:30 AM-4:30 PM
412-624-3784 .
(for healthcare
professionals unlv)
Fax: 412-624-8350
E-mail: druginfo@msx.
upmc.edu

UPLAND
Drug Information Center
Crozer-Chester Medical Center
Dept. of Pharmacy
1 Medical Center Bivd.
Upland, PA 19013
Mon.-Fri. 8 AM-4:30 PM
610-447-285
610-447-2862
(after hours)

professionals only)
Fax: 610-447-2820

WILLIAMSPORT

Rural Avenue Campus

Williamsport, PA 17701

7 days/week, 5 AM-Midnight
570-321-3083

Fax: 570-321-3230

Nalox1065
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PUERTO RICO TENNESSEE
PONCE KNOXVILLE

Centro Informacion Drug Information Center
Medicamentos University of Tennessee
Escuela de Medicina de Ponce  Medical Center at Knoxville
P.O. Box 7004 1924 Alcoa Highway

Ponce, PR 00732-7004

Mon.-Fri. 8 AM-4:30 PM
787-259-7085
(Spanish and English)
787-840-2575
(switchboard)

Fax: 787-842-0461

SAN JUAN

Centro de Informacion de

Medicamentos-CIM

Escuela de Farmacia-RCM

P.O. Box 365067

San Juan, PR 00936-5067

Mon.-Fri. 8 AM-4:30 PM
787-758-2525, ext. 1516

Fax: 787-763-0196

E-mail: cimrem @rem.upr.edu

SOUTH CAROLINA

CHARLESTON

Drug Information Service

Medical University of

South Carolina

150 Ashley Ave.

Rutiedge Tower

Annex, Room 604

P.O. Box 250584

Charleston, SC 28425-0810

Mon.-Fri. 9 AM-5:30 PM
843-792-3896
800-922-5250

Fax: 843-792-5532

COLUMBIA

Drug Information Service

University of South Carolina

College of Pharmacy

University of South Carolina

Columbia, SC 29208

Mon.-Fri. 8 AM-Midnight
803-777-7804

Fax: 803-777-6127

www.pharm.sc.edu

SPARTANBURG
Drug Information Center
Spartanburg Regional
Medical Center
101 E. Wood St.
nburg, SC 29303

Mon.-Fri. 8 AM-5 PM

864-560-6910
Fax: 864-560-7323

Knoxville, TN 37920-6999

Mon.-Fri. 8 AM-4:30 PM
B65-544-9124

Fax: 865-525-0326
B865-544-8242

MEMPHIS

South East Reglonal Drug

Information Center

VA Medical Center

1030 Jefferson Ave.

Memphis, TN 38104

Mon.-Fri. 6:30 AM-3 PM
901-523-8990, ext. 6720

Fax: 901-577-7306

Drug Information Center

University of Tennessee

875 Monroe Ave.

Suite 116

Memphis, TN 38163

Mon.-Fri. 7 AM-7 PM
901-448-5555

Fax: 901-448-5419

E-mail: utdic @utmem.edu

TEXAS

AMARILLO
Drug Information Center
Texas Tech University
School of Pharmacy
1300 Coulter Rd.
Amarillo, TX 79106
Mon.-Fri. 8 AM-5 PM
806-356-4008
(for healthcare
professionals only)
Fax: B06-356-4017

GALVESTON

Drug Information Center

University of Texas

Medical Branch

301 University Blvd. - GO1

Galveston, TX 77555-0701

Mon.-Fri. 8 AM-5 PM
409-772-2734

Fax: 409-747-5222

HOUSTON

Drug Information Center

Ben Taub General Hospital

Texas Southern

University/HCHD

1504 Taub Loop

Houston, TX 77030

Mon.-Fri. 8 AM-5 PM
713-873-3710

Fax: 713-873-3711

LACKLAND A.F.B.

Drug Information Center

Dept. of Pharmacy

Wilford Hall Medical Center

2200 Berquist Dr.

Suite 1

Lackland A.F.B., TX 78236

7 days/week, 24 hours
210-292-5414

Fax: 210-292-3722

LUBBOCK

Drug Information and

Consultation Service

Covenant Medical Center

3615 19th St,

Lubbock, TX 79410

Mon.-Fri. 8 AM-5 PM
806-725-0408

Fax: 806-725-0305

SAN ANTONIO

Drug Information Service
University of Texas
Health Science Center
at San Antonlo
ment of Pharmacology

7703 Floyd Curl Drive
San Antonio, TX 78229-3900
Mon.-Fri. 8 AM-4 PM

210-567-4280
Fax: 210-567-4305

TEMPLE

Drug Information Center

Scott and White

Memorial Hospital

2401 S. 31st St.

Temple, TX 76508

Mon.-Fri, 8 AM-6 PM
254-724-4636

Fax: 254-724-1731

UTAH

SALT LAKE CITY

Drug Information Service

University of Utah Hospital

Dept. of Pharmacy Services

Room A-050

50 N. Medical Dr.

Salt Lake City, UT 84132

Mon.-Fri. 8:30 AM-4:30 PM
801-581-2073

Fax: 801-585-6688

E-mail: drug.info @hsc.utah.edu

VIRGINIA

HAMPTON

Drug Information Service

Hampton University School
P

of Pharmacy

Kittrell Hall Room 208

Hampton, VA 23668

Mon.-Fri. 8 AM-5 PM
757-728-6687
757-728-6693
(drug info hotline)

Fax: 757-727-5840

S&umali: druginfo @ hamptonu.

WEST VIRGINIA

MORGANTOWN

West Virginia Drug

Information Center

WV University-

Robert C. Byrd

Health Sciences Center

1124 HSN, P.O. Box 9550

Morgantown, WV 26506

Mon.-Fri, 8:30 AM-5 PM
304-293-6640
800-352-2501 (WV)

Fax: 304-293-7672

WYOMING

LARAMIE

Drug Information Center

University of Wyoming

P.O. Box 3375

Laramie, WY 82071

Mon.-Fri. 8 AM-5 PM
307-766-6988

E-mail: rinfo@uwyo.edu
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MK REFERENCE® -

Imitrex lr_rj-eilon——-(‘.‘ont.

Injection: 3
if the answer to any of the following questions iz YES or if
you do niot know the answer, then please discuss with your
doctor before you use IMITREX Injection.
* Are you pregnant? Do you think you might be pregnant?
Anmmmbemml?mmmm
te
yuuhﬂvvauyduﬂ.pnin,hmﬂmm shortness of
bmthwhqn}umh?ummbdahm:b

tack?
ommhwrﬂhﬁwvﬁrmmtmhnhmh

IMITREX® B
[bm” ptréx”)

(sumatriptan)

Nasal Spray

DESCRIPTION
IMITREX (ummpm) Nasal Epny wnl.uins mmatnp-

Tha swallowed intranasal dose is small, however, compared
to the usual oral dose, wthltihimptctlhwﬂhminind.

Age: The ph kinetics of oral tri tha el
derly(mennm,ﬂmimhumd!&malal}ndu
patipnts with migraing (mean age, 38 years, 26 males and
155 females) were similar to that in healthy male subjects
(mmmyml.lnumnd bas not been

tan, a selective b-hy yiry

agonist. S chemically d-ﬂgnahd as B—ﬂ-{d»
methylamino) :x;ll! -N-methyl-1H-indole-5-methanesul-
fonamide.

The empirical formula is €y Hy,NyOgS, representing a mo-
lecular weight of 205.4. Sumatriptan is & white to off-white
powder that is readily soluble in water and in saline, Each
mﬂﬂmms«mmdm
hllDD«annit.dnu q!

+ Twd

dibaeic so-
dinmphnphmﬂﬂ?m]ﬁn-i:uﬁﬂﬂ? sodium hydroxide
Wfﬂwﬁﬁﬂwuﬂmpﬂd&nhﬂnnhap—

biood high cholest obesity, d

mg,m;&mﬂyiimnfhemdim m*yonmpnw

menopaussl or a male over 40)7

-mwmmm.mmmwnmmmx

* Do you have high hlood pressure?

= Have you ever had to stop taking this or any other medi-

uhmbmleﬂ'mausrgyuruummbhnu?

*® Ard you taking any

ather ugwid:wmmhrmniauhmmmning
dihy

Ry

iar‘ ion (mono-

tely 5.5. The Inlity of the solution is 372 or 742
mDmdﬁrtbel—mdM—mgﬂ(ﬂﬂHleS‘pﬂyw-
spactively.

CLINICAL PHARMACOLOGY

Hml-nuncﬁan: Smwmnhmqmmfwam
5-hydroxytryptamine, receptor subtype (probably &

mnnhtnfm&m‘m!mmhamuu]ylwnknﬁm

ﬁn&m.bﬁmwaud&m,mpwnmdmmmm
ty (as

d binding
anayn? or pbum-wloti&el activity at 5-HT,, 5-HT,, or
5-HT, receplor un.b:y-peuor at n]phn, , alphag-, or beta-

1 "

-Ammwkm;m dicati
amine oxidase inhik or

inhibitors (BSRIa]?
* Have you had, or do you have, any disease of the liver or

kidney?
= Have you had, or do you have, epilepsy or seizures?
headache different

# Is this from your usual migraine at-
Remember, if you answered YES 10 any of the above ques-
ﬂumlbmdumntwl&hwwduhx .
3. The Use of IMITREX Injection Pragnanay:
Do not use IMITREX Injection if you are pi think

you might be pregnant, are trying to become pregnant, or
are not using adequate contraception, unless you have dis-

Injection:

injecting check with your doctor on ae-
ceptable injection sites and see the instructions (on or inside
ij)nm‘mwmdwm“

Never reuss o syringe.
F«ndulu.thumwdmi;nmlelﬂuﬁmsimjm
below the akin. It should be given as soon as the
of ‘mpﬂmnppqnbmitmhmvmutmhm
dm-ingn:bhck. second injection may be given if your
symptoms nﬂpﬁamu&_!fywnmmmdnm
fll do not give 8 second
nnudimforthnmmackmﬂmutﬁntcmnmﬂth
mrd::;rnnnmhlvemt}mZMhn:mmy%

wt:niﬂnﬂmﬂt!dnahr

azeping ¥
The lar 5-HT, recep pe that sumatriptan ac-
tivates is present on cranial arteres in both dog and pri-
mate, on the human basilar artery, and in the vasculature of
human dura mater and mediates vasoconstriction. This se-
hmmhmmwm}.ammﬂﬂhnrehafurwhud
ache, In ition to causing

data from animal studies show that sumatriptan alsg acti-
vatea 5-HT, receptors on peripheral terminals of the trigem-
inal nerve innervating cranial blood vessels. Such an sction
may contribute to the antimigrainous effect of sumatriptan
in humans.

sumatriptan
d for sge differences (see PRECAUTIONS: Geriat-
ric Use).

Aace: The 1 and C of
mmmhrinhheh(n-Sl)anﬂCum(n-ﬂl
healthy male subje has oot been
evaluated for race diffarences.
Drug | ions: Mo ine Oxidase Treat-
ment with i ‘nﬂ hibi lly leads ta
an increase of plmmal!vdlmﬂom
DICATIONS and PRECAUTIONS).
MAOI interaction studies have hot been performed with in-
tranasal sumatriptan. Due to gut and hepatic motabolic
first-poss effects, the i 150 of i aftar
coadministration of an MAO-A inibitar with oral
tan is greater than after condministration of the MAGI with
whmunmnaumnl-rrphn.ﬂuafmo(mmmmm
tan would be ex-
pmﬂlnhepuurthanwaa&'utnﬂermhcum
sumatriptan but smaller than the effect after oral sumatrip-
tan because only swallowed drug would be subject to fiest-
pass effects.
l.naahaiyufuhdthyrmm!u pmhnmw:.mﬂnm
MAQ-A inhibi d the of
sumatriptan. Under the conditions of this experiment, the
result was a 2-fold increase in the area under the
tan plasma concentration x time curve (AUC), correspond-
ing to a 40% increase in elimingtion half-life. This interac-
tion was not evident with an MAO-B mhibitar,
A small study evaluating the effect of pretreatment with sn
MAO-A inhibitor on the bioayailability from a 25-mg oral
sumatriptan tablet resulted in an approximately 7-fold in
ereage in gystemie exposure,
Xylometazafine: Anunm mteraction study indi-
cated that 3 drops of xylometazoline (0.1% wi/v), a deconges-

e

Ttk /s d dog, tant, admi 165 mi prior to u 20-mg nasal dose of

the carotid arterial blood flow with Iits or no eficct on ar. | Sumetriptan did oot alter the pharmacokinetics of

mﬂhhmdmmumﬁpmmdm In.the sumatriptan.

cat, selectively the carotid CLINICAL TRIALS

mamdmmuwhﬂehnﬂnghhhﬁ?:.mhlmdhm mmummnm Sm'ulnthﬁmleuul-
or, ues, d in 8, ran:

Phermacokinetis: mamﬁmunhvdmmm mm; double-blind, plmmunudamur;m:

in- recommaendad doaing Tegimen
trnnn.ldolewuﬁmd 16 ng/mL, respectively. The mean :;:dﬂh lation. Patients enrolk ‘hﬂ::;::dtx
Cpg following a 6-mg subcutanecus injection is- 71 ng/mL

(range, 49 to 110 ng/mL). The mesn C,,., is 18 ng/mL
{range, 7 to 47 ng/mL) following oral dosing with 25 mg and
61 ngiml (range, 28 to 100 ng/mL) following oral doging
mwlbomsolmmnmpmhnmdﬂmhwlun-
.=......,rn
was low, app Iy 17%, Iy due to presyst
mohhnimnmdp-rthdmmmmphmnhmyhm
Proldnhn!l:u; determined by dialysi

predominately female (86%) and Caucasian (95%), with n
mean age of 41 (range of 18 to 65). Patients were instructed
um;mmmmmnmm
defined as a reduction in headach
ormmpnnhmﬂdarmpnm,wuumaduphﬂmn
after dosing. Associated symptoms such as nausen, photo-
piutu.mdphmwbnhawmabumud.mm

aver
rangeof 10 to 1,000 nglmL, is low, approx-

wu.!hmdhumutwiu\mdmbﬁmmngnny
more IMITREX Injection. If the chest pain is severe or
does not go away, call your doctor immediately.

* If you have sudden and/or severs abdominal pain follow-
ing IMITREX Injection, call your docter immediately.

» Shortogss of breath; wheeziness; heart throbhing; swoll-
ing of eyelids, face; or lips; or a skin rash, skin lumps, or
hives happens rarely, If it happens to you, then tell your
doctor immadiately. Do not take any more IMITREX In-
jection unless your doctor tells you to do so.

* Some people may have feelings of tingling, heat, fushing
{redness of face lasting a short. time), heaviness or pres-
sure after treatment with IMITREX Injection. A few-peo-
ple may feel drowsy, dizzy, tired, or gick. Tell your doctor
of these symptama st your nexi. visit,

* You may experience pain or redness at the site of injec-
hnu.butthuusuﬂyhﬂllenthmmhwu

# If you feel unwell in any other way or have any symptoms
lhalmdnnutunﬁemhnd,mﬂymlﬂmtqﬂmrdep

tor immediately,
& What to Do If an Overdose Js Taken:
1f you have taken more medication than you bave besn told,
contact either your doctor, hospital emergency department,
ar nearst poison control center immediately. *
7. Storing Your Medicine:
Keep your medicine in a safe place where children cannot
reach it. It may be harmful to children.
Mwuﬁuﬁmawwmmtmdhﬂﬁ Keep your
medication in the case provided and do mot store at tem-
peratures above B6"F (30°C).
If your medication has expired (the expiration date is
printed on the treatment pack), throw it away as instructed.
Do not throw away your autoinjector.
1f your doctor decides to stop your treatment, do not keep

imately 14% to 21%. The effect of sumatriptan on the pro-

was d for up to 24 hours pastdose. A sec-
MMMMNMMMNMW&W
allowed 2 to 24 hours after the initial treatment, for recur-

tein binding of other drugs has not been evaluated, but
wonld be expacted to be minar, given the low rate of protein
binding. The mean volume of distributi Iﬂlt b

ous dosing is 2.7 L/kg and the total plasma el

inap-

mt' dache. The fi nndﬁmtnunufthnlld.-
were also d d. In all studies,
dmetui'lﬂmdiﬂmgmmmpusdhp&nubuwm

proximately 1,200 mL/min.

The elimination half-life of sumatriptan administered as s
nasal spray is approximately 2 hours, similar to the half-life
seen after subcutaneous injection. Only 3% of the dose is
excreted in the urine as.unchanged sumatriptan; 42% of the
hmmummmhlhmmm
ld.dl.nabgudmm

Clinical and d:umdjuhahntnﬂminh-
tration of two 6-mg doses, 1 dose in each nostril, is equiva-
lent to administration of a single 10-mg dose in 1 nostril.
Spacial Populations: Renel Imp The effect of renal
impairment on the phnmmhum of i has

tment of 1 to 3 attacks. Patients received
Muawnwmlmmsnu&u a §-mg

dose was also evalunted
Inaﬂitrtﬂtmﬂmngthmaﬁlhwuhmmﬂm
d dosage the p achiev-

m;wnmmﬂhmluhwmimlﬂﬂ
eantly greater among patients receiving IMITREX Nasal
Ew-yalalldmstwﬂhmmm) to those
who received placebo. In 4 of the 5 studies, there was s sta-
tistically significant greater percentage of patients with
‘headache response at 2 hours in the 20-mg group when com-
pnrdwthshmdmmlsmd lum Thers were no

not ‘been examined, but little clinical effect would be ex-
wummmawymmmmmm
substance.

mlnwlmmt‘ Thneﬁhetu{'hmhcdlmuonﬂu

significant the G- and
Wudmmmmwm&ymmlhmmnﬁmA
tnlhddmmalhmlammmnu‘lmmbl Note that,
in general, isons of results ot d in studies con-
ducted wdu-dﬁmmtwndimmbydifmnt mvuhpun

.lllﬂ-l i

with diffs of

leredmuhmhnhubhm erlluated but ‘the intranasal
dosage form has not been studied in hepatic impairment.
Thmweu ﬂomﬁmuyaignmemt dilhnnm Lnehe

Sl

e s i
[&auﬂelathotm::fnutp.gel
MMNManM

sumatriptan in i impaired patient: d to
healthy controls. Hunm lhu liver plays t rale
in the presystemic clearance of on]ly admmutercd
sumatriptan, In 1 small study invelving oral in

over the 2 hours d in

Figure 1.

[See ﬁgum 1 at top of next column|

For patients with nausea, photaphobia,
ok

hepatically impamdpnﬂmh{n-mmhhdﬁrm,np,
mmtrﬂhhullhy the h

an approximately 70% increase mAUc:ml
O e 2nd & T, 40 minutes parlier compared to the healthy

hobia at baseline, there was a lower incidence of
these symptoms at 2 hours leingulmmhmmf
IMITREX Nasal

any leftover 1 muﬂmmwrmnammnm wh:ew The bioavailability of nasally sumatrip- | pain relief in the form of a second dose of study treatment or
away your medicing as instrucied. which wouald not d probability of patients tak-
WMWWMNCMTM mdmﬂrﬂ-pulmhhhm,uhwﬂ not be altered in he- mgasemddmwuﬂ:mmdnhmhmigrﬁmmh
©2001, GlaxoSmithKline. All rights ilability of the swal- | 24 hours following the initial dose of study treatment is
March 2001/RL-915 mmamwmmmmwm summarized in Figure 2.
wawnmﬁvdmﬁﬁmﬁmtmnﬂmde page 316 been determined, but would be increased in these patients. | [Seefigure 2 at top of next column)]
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Figure 2, The deﬁmm
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Study Trestment®
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* Kaplin-Meser plot bared on data cbtamed in the 3 chinical

also includes patients who hnd no response to the initial dose.
Nam&mawdmﬂmhmzhmmm

Mmmmmmmmgdnmmm.

cardisc syndromes include, but are not limited to, angina
pectoris of any type (e.g., stable angina of effort and vaso-
spastic forms of angina such as the Prinzmetal variant), all

ische-

ischemic
sttacks. Peripheral vascular disease includes, but is not lim-

sidering the extent of use of sumetriptan in patients
ihnmddmdﬁnumuhmly]v:‘*
mfauthnmmmmnmmmmnmm

may increase blood pres- | there has been known coronary artery disease,
sure, it should not be given to patients with uncontrolled | the relationship is uncertain. i
hypertension. Pr kating Experi. With S ip Among ap-
Concurrent administration of MAO-A or use | pr ly 4,000 pati with partic d
within 2 weeks of of MAO-A ther- | in premarketing controlled and uncontrolled clinical trials

apy is contraindicated (see CLINICAL PHARMACOL-
mmmwmmm&mm

mmmwmmmuu
got-type (like dibydr

of lnmn'ripm nuul wrw 1 patient experienced an
dial ibly subse-
qwmw-mmmwmmL

Of 6,348 patients with migraine wha partici
k d and ““clmullﬂahut’wui

iy

MMM“MMMMI#“MW

sumstriptan, 2 experienced clinical adverse events shortly
mmgom:mﬁwmtwmm
coronary vasospasm. Neither of these adverse events was
associated with a serious clinical outeome,
Amang the, more than 1,900 patients with migraine whe

who sus-

artery vaso-

P sitivity to or any of its components. mmhmmkmwnhvn-d:hudwhuf
IMITREX Nasal Spray is tients with se- tan, there were 8 pati
vere hepatic tained clinical events during or shortly after receiving
wm sumatriptan that may have reflected coronary

spasm. Six of these 8 patients had ECG changes congistent
mmwf‘“"“‘“‘;‘:“"{ﬂ{*' with transient ischemia, but without sccompanying clinical

Risk of Myocardial lschemia and/or Infarction and Other
Mmm&mﬂmﬂnmhw
to with d

or gigns. Of these 8 patients, 4 had either find-
ings suggestive of CAD or risk factors predictive of CAD
plinrhnd.udwenm}.lmmt.
Serious car-

onary artary ﬂuu- (CAD) tl.un CDN'I'BAH\IDIGA-
TIONS). It is g d that

With
dwumh.rmh,mumﬂhncmduth.h‘mhmmn—
mﬁadhmemﬁmwithlheuedmanmmnr

be given to inw!nm ‘-‘mb» Tod .
St by o prevran otk et (o ypriomiors il 3. The Rncisipial aabupn of posmace
AoBinibicnt ey ﬂﬂﬂ

Tamity history of CAD, fomale with surgica) o physilogien i | g g ity

SMPIINL SE SN AUNE % Wt 4 st ke e~ unu:nmdwﬂuz]m()n:h.mulpuund! the longer the

that the patient is ressomably res of eoromary artery amd | 12607 betwoea the SE ETRA. U

ahamls nbasn o ks mtuftheehmulmthalmbhlyﬂnmhnnu
o significant to be Accordingly, interest has focused on events

mmmuﬂdndnm
1o detect dissase or predis-
ta coronary vasospasm Is modest, at best.

Bl Bl oat

vasospasm or mynsmlnl helnmh. mlmbun should
not be administered [ses CONTRAINDICATIONS).

beginning within 1 hour of the administration of IMITREX.
Cardiac events that hlv' bun uburved ta hlw onset
within 1 hour of

corn-
nary artery i dial in-
ﬁr:hnn. ventricular ud:mﬁn mﬂ mu‘imhr fibrilla-
tion, cardine arrest, and death.

Smed&eumhmumdmpmﬁwhhﬁnoﬂnd-
ings of CAD and appear to represent consequences of coro-

greater effect than 20 mg. Thers was no evidence to suggest h' i m dwm nmmrmﬁmvw.mldnmuﬁcmamd
N e associated with an i | tion, it is strongly recommended that administration of the | $Tious cardiac events within 1 hour of sumatrs
1 the theadachies. Tha ivof | first dose of it i abe plaos Te 15 wad im-mum-nownuumummmm
IMITREX Nasal Spray was unaffected by presence of aura; md.mn"mwmlim i ﬂwdcﬂ‘@?mnfww
d to ! .age. or | equipped facility unless the patient P 4 TlONS). in most cases (see CONTRAINDICA-
weight of the patient; or B ischemia can occur in the ab- : .
graine prophylactic drugs (c.g., bata—hlndm calnumchan— senca of clinical symptoms, consideration should ba given | CTYO C Events and Fatalities:
ﬂ'du‘uw the impact of ﬂim‘;" = ahsiling o0 e o ow ol iiin v o :ndoﬂﬂrmuhwmnluevmnhwhmumdmu
BBEESS race on el =
gram (ECG) during the interval lmmulinﬂv following Siante it oral o oid

uu-llmv.ln m«m fnun

Itis

taneous sumatriptan,
some have resulled in fatalities. The relationship of

IMITREX Nasal Spray ia not intended for the prophylactic
wdw«hmhhmmﬂhuﬁ-
plegic or basilar migraine (sea CONTRAINDICATIONS),
Safety and effectivaness of IMITREX Nasal Spray have not
hneﬂhihhadhrdmrhandnh.whkhmpruaﬂm
an older, pred male
CONTRAINDICATIONS
IMITREX Nasal Spray should not be given to patients with
mmudgudmm

pa-

memm -~ dis-

Pop

to these events is uncertain. In 8 number of
ible. thet: the careh 1

i T e | STk E

L.? as they to | . bnhlaﬁhatﬂu were & con-

The sy 4 pprosch described sbove Is w sequence of migraine when they were not. As with other
tients not previously

mwmmmmdmm and
mmmwm.hmrmm

eases should not receive IMITREX Nasal Spray. Ischemic

of IMITREX® (sumatriptan succinate) In-
Jection or IMITREX® (sumatriptan suecinate) Tablets. Con-

Table 1. Percentage of Petients With Headache Response (No or Mild Pain)
Trestment

serous
conditions. Tt should also be noted that patients with mi-
gnm-mqylunmmlnd mkat'mm.nw
events (o.g., icat
tack),

Other Related E 8 iptan may

cmevamsﬁ:nuﬁm-ﬂnlh-nmmm

mmmmwmmw»—
with abdominal pain and bloody diarrhes have been

2 Hours Following rupwhd.
r In Blood P y in blood
IMITREX Nasal IMITREX Nasal IMITREX Nusal , including crisis, has been et
Spray Spray Spray on rare occasions in patients with and without a history of
Placcho b mg 10 mg 20 mg e emhn?hd is co i in patients
un (see CONTRAINDICA-
Study 1 25% 49%* 46%* 64% TIONS). Sumatriptan should be with caution
(n = 63) (n =121} n=112) {n = 118) to patients with controlled b jon as transient in-
creases in blood pressure and peripheral
Study 2 ( i.ﬁ‘ﬁm Not applicable % 56%*+ bhave been observed in & small proportion of patients.
n (n = 278) (d=277) Local Irritation: Of the 3,378 patients using the nasal
Stody 3 35% Not applicable 54%° 63%" oy B30 "'m“""‘"“‘.""’.”g:m”“‘.'“!“'
(n = 100) (4 = 106) (o= 208) thlmnuiﬂnu&.hﬂhhumplmmnhuhmm;
Study 4 29% Nota 0% 625 ik
I pplicable e Porci st moted t% bu afvers 1 abeut 1% Of pitleats Sasted. The
Stady 5§ 36% 45%° 5a%* B0%*¢ Continued on next page
(n = 198) (n = 296) {n = 281) (n = 286)
* ps0.06 in comparison with placebo. = This p inft ion is based on labeling in effect
Mmmnnm'wi.hmm ' on August 1, 2002, Further Information is available at:
: comparison Smg GlaxoSmithKline, PO Box 13398, Research Triangle Park, NC
lﬂ are for attack 1 only of multiatéack study for com 27709, 1-888-825-5249, Corporate Web Site: www.gsk.com
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PHYSICIANS' DESK REFERE

Imitrex Nasal Spray—Cont.

symptoms were transient and in approximately 60% of the
cases, the symptoms resolved in less than 2 hours. Limited
examinations of the nose and throat did not reveal any clin-
ically noticeable injury in these patients. The consequences
of extended and repeated use of IMITREX Nasal Spray on

the nassl andinr reaniratere munnes heve nod ko eate

Corneal Opacities: Sumstriptan causes corneal opacities
and defects in the corneal epithelium in dogs; this raises the
possibility that these changes may occur in humans. While

recommendations
for monitoring are being offered, prescribers should be
;garndthepuhlhty ummmmm}c—

Q.. DAmTDRET T s LT

= DA AnCOT TESpITaloTY MUCUSs O8VE Lol O88h BY

See rmm'i' INFORMATION
ﬂhﬂﬁ%whﬂ:mﬁmmmﬂ
provided for patients,

atically evaluated in patients,

Ne in the incid of locad i ion was observed
mumuwmﬂlmm peatedly for np | Lab
to 1 year.

In inhalation studies in rats dosed daily for up to 1 month at
exposures a8 low as one half the maximum daily human ex-
posure (based on dose per surface ares of nasal cavity), ep-
ithalin] hyperplasia (with and without keratinization) and
squamous metaplasia were observed in the larynx at all
doses tested. These changes were partially reversible after a
2-week drug-free period. When dogs were dosed daily with
various formulations by intranasal instillation for up to 13
weeks at exposures of 2 to 4 times the maximum daily hu-
mwmndmdmwmdmmdmu!m-
ity), mdnnntmmuﬂﬂhiudeﬂdemoup
nhdin! , focal
mmmmumumnmd_
wasd not established. The changes observed in both species
are not cansidered to be signs'of either preneoplastic or neo-
plastic transformation.
laﬂl!ﬁﬂlmnlu]mdmsplnmnhmmthm
intranasal dosing in mhahhavembmmm
Concomitant Drug Use: In patients taking MAO-A inhibi-
levels attained after trentment

ted

MAOOLOGY and CONTMMIGAT]ONB)

itivity: itivity (anaphylaxis/anaphy-
hmﬂlnlcﬂnuhiwaumdunrmmlmpn-
tients receivi Such reactions can be life
threatening or fatal, In general, hypersensitivity reactions
to drugs are more likely to oceur in individuals with a his-
%d‘(}ﬂsm ivity to multiple allergens (see CONTRAINDI-

).

PRECAUTIONS

General: dmh-tmdywnrnmkmhmhnn
been d 'infr the administration of
IMITREX Nasal 8pray and have also been reported follow-
ing use of IMITREX Tablets. Chest, jaw, or neck tightness is
relatively common after administration of IMITREX Injec-
m Onlynrelyhlvammumptm: Imnuo:medwlﬂs

experiencs
signs or symptoms suggestive m&ﬂmgm
mﬂﬂ‘hmkhmimwlm
disposition to Prinzmetal variant angina before receiving
additional doses of sumatriptan, and should be monitored
electrocurdiographically if dosing is resumed and similar
mmmmrﬁmm,mwmw
-;-mmmarmnmaﬁn d.emnmlarwml!w
such as i bowsl or R fol-

purwd to couse pmlnng«! ti B
a theoretical basis that these effects may be addi-

ﬁn. mofunummmhmhxmmtnumdmﬁm-

like dihyd and sumatriptan
wﬂhnuhm-ul'n:had:-r should be avaided (see CON-
TRAINDICATIONS).
MAO-A mlnhnm reduce sumatriptan clearance, signifi-
cantly i Therefore, the use of
IMITREX Nasal Spray in patients receiving MAO-A inhibi-
tors is contraindicated (see CLINICAL PHARMACOLOGY
and CONTRAINDICATIONS),
Seleetive serotonin reuptake inhibitors (SSRIs) (e.g., fuox-
etine, fluvoxamine, paroxetine, sertraline) have hum re-
mﬁ. mel}g huunvnhm- hswnv&uu.

warranied, approprinte observation of the patient is ad-

Drug/Laboratery Test Interactions: IMITREX Nasal
Spray is not known to interfere with commonly employed
clinical laboratory tests.

Cardil mesis, M iw, of Fertility: Car
i it cinogenicity studies, rats and mice
were given sumatriptan by oral gavage (rats, 104 weoks) or
drinking water (mice, 78 weeks). Average exposures
achieved in mice receiving the highest dose (target dose of
160 mg/kg/day) were spproximately 184 times the exposure
ttained in b after the Ci ded sin-

gle intranasal dose of 20 mg. The highest dose admini

maximum
ummmuﬂmdmuulm

y: Oral treatment of t rats with
sumatriptan during the perind of organogenesis resulted in
an increased incidence of blood vessel abnormalities (cervi-

T, "

ing| A 'hmnuhgmﬁdnd'
20 mg on a mg/m® basis. Oral treatment of pregnant rabbits
-im:mtﬂphndmngﬂnnwu!mwn
sulted in an i vascular
and skelotal abnormalities. mwmduh
xum-mquwwmuﬂ—
u(iﬁunamdm'bmn.
Amhwmmwmduuddulywnbumlmmp—
tan prior to and through
hyuﬁtﬂh:mty(dmmdtodswmght.&mnndmﬁ-
cation, increased incidence of rib variations) and an in-
creased malformations (short
vertebral disorganization) at 500 mghy
wmh@utmﬁmdmvmﬁﬂmy.wm
imataly 24 times the i ded human
intranasal doge of 20 mg on & mg/m’ mhlstudyhnh
dosed daily with subcutaneous sumatriptan prior to snd
throughout pregnancy, at a dose of 60 mg/kg/day, the max-
mium dose tested, there was no evidence of teratogenicity.
This dose is aguivalent to approximately 29 times the max.
imum recommended single human intranasal dose of 20 mg
on a mg/m* basis.
Pup Oral af
sumatriptan during the period of organogenesis resulted
ldncrmumpupmﬂbehunbﬂthlnﬂmhlh
4 at doses of 250 or higher.
highest no-effect dose for this effact was lpprnﬂm.luly
MW&;}I or 20 times the maximum single recom-

rats -'ith

to rats (160 mg/kg/day, reduced from 380 mg/kg/day during
week 21) was approximately 76 times the maximum recom-
mended single intranasal dose of 20 mg on & mg'm® basis.
There was no evidence of an incresse in tumors in either
species related to sumatriptan administration. Local effects
on 'nasal and respiratory tissue after chronic intranasal dos-
ing in animals have not been evalualed (see WARNINGS).
Mutaganesis: Sumlmphnwnnntmuupmnmﬂmw
ence or ab ion when tested in 2
mnmmhmmmtﬂummdminwmm
Chinese hamster VI9/HGPRT assay). In 2 cytoge-

lowing should be eval d for ath

or predisposition to vassspasm (see WARNINGS)

IMITREX Nasal Spray should also be administered with

caution to patients with diseases that may alter the absorp-

tion, metaboligm, or excretion of drugs, such as impaired he-

patic or renal function.

There have been rare reports of seizure following adminis-

tration of sumatriptan. Sumatriptan should be used with

eaution mwmummnhmnnfmlmormumm
brain lesions that lower their seizure threshold,

Cmalmldbuhkmhaulndaoﬂwrpuunﬂlﬂyuﬂm
mmmmmmmgmhmn
L 3 with migrad
mm.mmmnmmmmmmmhm
bmrmmwmwhmpnhmureedvdmﬂﬂmﬁr
severe headaches that were sut tly shown to have
mmuwmmunmmmmm

mawmf-mmm?mmdh&aﬁm
doai tigr
should be | idered before admini ufl_gsmnr]

dose

llndlqtuul‘lmin-co @ Tissues: In rats treated
mgaluhmhnuudmmﬁm@wnrddm

ﬂm"kﬁ t half-

dﬂﬁu&v@ﬁmhmwummashy&m

pn’l’mnndbyﬂamh'mawm  Boetuse there could be
an secumulation in melanin-rich tissues over time, this
rdmthepuuﬂ:llltyt.hnlaumaﬁ‘:punmuklmwﬁﬂty
in these tissues after extended use, However, no effects on
the retina related to treatment with sumatriptan were
noted in any of the oral or subcutaneous tmnty}tudm
Altbough no of ophthal fune-
hmwnundcrhkmhcﬁwﬂlmahmdmmﬁcm
seribars bnnwmurthpmib\htynfhngumopb—
i :

mhmnnddnndﬂmgmumfn'bu&.llum
clear whether the problem is associated with trestment of
the males or fernales or both eombined. hlll.mllntudyby
the of i

Pregnancy:

ity studies in rats and rabbits, oral treatment with

sumatriptan was associated with embryolethality, fetal ab-
iti . When administered

by the
intfavinous route to rabbits, n‘lmltl’l “been shown
to be embryolethal. Reproductive J:;:mar studies for
sumatriptan by the intrunasal route have not been con-
ducted. ‘
There are no adequate and well-cantralled studies in preg-
nant women. ore, Nasal Spray should be
used only if the' 1 benefit justifies

during p
ﬂnpm‘hllnlkwth!ﬁmm lnlmnstlulmfumhm "
the nhmkl

tha mm]];nrmmnuudyw
mbht!dlﬁyﬂ:mnsbau!lhnpm’wdnfmw
‘esis, sumatriptan caused mbryaleduh at doses at or
close to those producing maternal toxicity. In the oral stud-
ies this dose was lmw-hy.ndm m:nu-wm

1 dose of 20 mg on &8 mg/m® basis.
Oulb‘lhmtufpregnnntmhmthmmmﬁnfnm
muona!lnyl"-‘dwm | day 21 d

decrease in mvﬂmmredltpoﬁnltuldulil.
Mmu&.d«-oflwumdkdda;.'!’hew
dmeﬁ;elhmlndhgm 100 mp‘kddu lpmm:lmh!_rdﬂ
times i

dose of 20 mg on & mg/m* hm,inamﬂ:ntndyi.nnhbr

single
mﬁimnﬁ&n-nfmmgm-mdm’h-.
of p women
lmmnx, Ghmﬂmith‘mlu “maintains a Sumatriptan
Pregnancy Registry. Physicians are encouraged o register
pnﬁmhbxﬂmﬂt(M) 335-2178

i in human
brnltmﬂhl?urd‘muwﬁmuﬁmﬁdhmsdm
of IMITREX Nasal Spray to

lnmnng-nmm

Pediatric Use: Safety and effectiveneas of IMITREX Nasal
Spray in pediatric patients have not besn established.
Completed placebo-controlled clinical trials evaluating oral
m(ﬂthlﬂI}tﬂ]ﬁhh’hmmﬂh
migraineurs.

adults. The frequency of all adverse events in these patients
appeared to be both dose- and ¢ dilhswnp
zlﬁcnhupommtnmmebmmly older adolos-

experience includes a limited number
ﬁmﬂhwmmmwﬁmhwhhnm
anced adversa events, same clinically serious, after use of

Since clinical data to determine the frequency of serious ad-
wverse events in pediatric patients who might receive inject-
-hle. oul. or intranasal aumlnphnmmlprmuﬂy
the use of nged younger
thlnlﬂyemhnotmwmmdﬂl-
Geriatric Use: ﬂwu-ufmnhipbanmeldsri}plm
s not r elderly pati are mare
Htulywhunm-adhmncfnmhmthymlthw
forCAD and blood increases may be more

studies this dose was 2.0 mg/kg/day. The of the
embryolethality is not known, The highest no-effect dose for
ty by the oral route was 60 , which

is approximately 48 times the maximum single ‘recom-
mended human intranasal dose of 20 mg on a mg/m? basis,
By the intravenous route, t.hehighnstnb—efmdmewu

pressure
d in the lldjtly (see WARNINGS).

Serious cardisc events, including some thet have been fs-
tal, have ocourred following the use of IMITREX Injection o
mmmmmmaﬁmm

0.75 mg/kg/day, or approximately 0.7 h‘.meuth;
ded homan | dose of 20 mg on a

mg/m® basis.
The intravenons administration of

d in with risk factors predictive of
GAD EvmwnmmMUﬂfmﬂ
spasm, Y infre-
tion, di i

top
mh&mughmﬂmm!ﬂluwmmpmﬂ
imum dose tested, did not cause embryolethality. This dose

fibrillation
(see ODI'I'I'RAB'I'DICM'IBNS WARN'[NG& and PRECAU-
TIONS).
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