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Benzoic Acid

101

LDso {mouse, oral): 0.338 g/kg
LDso (rat, IP): 0.0165 gikg
LDsq (rat, IV): 0.019 g/kg
LDso (rat, oral): 0.368 g/kg
LDso (rat, SC): 0.119 g/kg

15 Handling Precautions

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

Benzethonium chloride 1s highly flammable and should be kept
away from sources of ignition. When heated to decomposition it
emits very toxic fumes of hydrogen chloride, ammonia (NHj3), and
nitrogent oxides (INO,). Suitable eye, skin, and respiratory protec-
tion are recommended.

16 Regulatory Status

Included in the FDA Inactive Ingredients Database (IM and IV
injections; nasal, ophthalmic, and otic preparations). Included in the
Canadian Natural Health Products Ingredients Database.

17 Related Substances
Benzalkonium chloride; cetrimide; cetrimonium bromide.

18 Comments

. Benzethonium chloride has been used therapeutically as a disin-
i fectant and topical anti-infective agent.'’ """ However, its use in
- these applications has largely been superseded by other more
it effective antimicrobials and it is now largely used solely as a
i preservative in a limited number of pharmaceatical and cosmetic

i formulations.
The FINECS number for benzethonium chloride is 204-479-9.
2070 The PubChem Compound ID (CID) for benethonium chloride
i inchudes 8478 and 547429,

19 Specific References

1 Herdova P, et al. [Influence of temperature and concentration of a
surfactant on pharmaceutical availability] {In Czech]. Ceska Slov Farm
2013; 62(5): 223-226,

2 Wallhdusser KH. Benzethonium chloride. In: Kabara JJ, ed. Cosmetic
and Drug Preservation Principles and Practice. New York: Marcel
Dekker, 1984; 734-735.

3 Gennaro AR, ed. Remington: The Science and Practice of Pharmacy,
20th edn. Baltimore: Lippincotr Williams and Wilkins, 2000; 1508.

4 DaoH J, et al. Sensitization prevalence for benzalkonium chloride and
benzethonium chloride. Dermatitis 2012; 23{4): 162166,

§  The Expert Panel of the American College of Toxicology. Final report
on the safety assessment of benzethonium chloride and methylben-
zethonium chloride. ] Am Coll Toxicol 1985, 4: 65-106.

6 Lewis R], ed. Sax’s Dangerous Properties of Industrial Materials, 12th
edn. New York: Wiley, 2012; 507-508.

7 - Shintre MS, et al. Efficacy of an alcohol-based healthcare hand rub
containing synergistic combination of farnesol and benzethonium
chloride. Int | Hyg Environ Health 2006; 209(5): 477-487.

8 Bearden DT, et al. Comparative in vitro activities of topical wound care
products against community-associated methicillin-resistant Staphylo-
coccus avreus. | Antimicrob Chemother 2008; 62(4): 769-772.

9 Suzuki T, et al Bactericidal activity of topical antiseptics and their
gargles against Bordetella periussis. ] Infect Chemother 2012; 18{2):
272-275.

10 Czerwinski SE, et al. Novel water-based antiseptic lotion demonstrates
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Public Health 2014; 7(3): 199204,
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Lonza. Material safety data sheet: Hyamine 1622, 2012,

21 Author
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Benzoic Acid

. 1 Nonproprietary Names
BP: Benzoic Acid
2 JP: Benzoic Acid
“. PhFur: Benzoic Acid
USP-NF: Benzoic Acid

. 2 Synonyms

" Acidum benzoicum; benzenecarboxylic acid; benzene formic acid;
carboxybenzene; dracylic acid; E210; phenylcarboxylic acid;
phenylformic acid; Purox B.

3 Chemical Name and CAS Registry Number
" Benzoic acid [65-85-0]

4 Empirical Formula and Molecular Weight
CGHO, 12212

Page 10

5  Structural Formula

OH

6  Functional Category

Antimicrobial preservative.

7  Applications in Pharmaceutical Formulation or
Technology

Benzoic acid is widely used in pharmacenticals {see Table I), as an

antimicrobial preservative.’"™® The greatest antimicrobial activity is

seen at pH values between 2.5-4.5; see Section 10.

e
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102 Benzoic Acid

Benzoic acid has been investigated for use in co-crystal formu-
lations for improved ghysicochemical properties, such as solubility
and dissolution rate.~% Benzoic acid spherical agglomerates have

been studied for nse in direct tabletting. 7

Oral solutions 0.01-0.1
Oral suspensions 0.1

Oral syrups 0.15
Topical preparations 0.1-0.2
Vaginal preparations 0.1-0.2

8 Description

Benzoic acid occurs as feathery, light, white or colorless crystals or
powder. Tt is essentially tasteless and odorless or with a slight
characteristic odor suggestive of benzoin.

9  Pharmacopeial Specifications
See Table II.

Test JP XV PhEur 9.2 USP 40-
NF 35 51

identification + -+ +

Characters — + -

Melting point 121-124°C 121-124°C 121-123°C

Waier - — <0.7%

Loss on drying <0.5% - -

Sulfated ash — <0.1% -

Residue on ignition <0.05% — <0.05%

Readily carbonizable  + + +
substances

Readily oxidizable + + +
substances

Heavy metals <20 ppm - <10ug/g

Halogenated - <300 ppm —
compounds and
halides

Chlorinated + - —
compounds

Appearance of - + —
solution

Phthatic acid + — -

Assay (anhydrous >99.5% 99.0-100.5% 99.5-100.5%
basis)

10 Typical Properties
Acidity/alkalinity pH=2.8 (saturated aqueous solution at 25°C)
Antimicrobial activity Only the andissociated acid shows anti-
microbial properties; the activity therefore depends on the pH of
the medium. Optimum activity occurs at pH valunes below 4.5; at
values above pH 3, benzoic acid is almost inactive.® It has been
reported that antimicrobial activity is enhanced by the addition
of protamine, a basic protein.t
Bacteria Moderate bacteriostatic activity against most species
of Gram-positive bacteria. Typical MIC is 100 pg/mL. Activ-
ity is less, in general, against Gram-negative bacteria. MIC for
Gram-negative bacteria may be up to 1600 pg/mL.

Molds Moderate activity. Typical MICs are 400-1000 pg/mL
at pH 3; 1000-2000 pg/mlL at pH 5.

Spores Inactive against spores.

Yeasts Moderate activity. Typical MIC is 1200 pg/mL. The
addition of propylene glycol may enhance the fungistatic
activity of benzoic acid.

Autoignition temperature 5 70°C

Boiling point  249.2°C

Density
1.311 glem?® for solid at 24°C;

1.075 glem® for liquid at 130°C.

Dissociation constant The dissociation of benzoic acid in mixed
solvents is dictated by specific solufe—solvent interactions as well
as by relative solvent basicity. Increasing the organic solvent
fraction favors the free acid form.1%
pK.=4.19 at 25°Cs
pK,=3.541n methanol 60%.

Flash point 121-131°C

Melting point  122°C {begins to sublime at 100°C)

Moisture content  0.17-0.42% wiw

Partition coefficients
Benzene : water =0 00441
Cyclohexane : water = 0.30;1%

Octanol : water = 1.87.1%

Refractive index
nly =1.5397 for solid;

i =1.504 for liquid.

Solubility Apparent aqueous solubility of benzoic acid may be
enhanced by the addition of citric acid or sodium acetate to the
solution; see Table TIL

Solvent

Solubility ot 25°C unless otherwise stated
Acetcne 1in2.3
Benzene 1in%.4
Carbon disulfide }in 30
Carbon tefrachlaride 1in15.2
Chloroform 1ind.5
Cyclohexane 1in 14.67
Ethanol 1in2.7 ot 15°C
1in2.2
Ethanol [76%) 1in 372014
Ethanol (54%) Vine. 2714
Ethanol {25%) 1 in 6804
Ether 1in3
Fixed oils Freely soluble
Methanol 1in1.8
Toluene Tin 11
Water 1in 300
Spectroscopy

IR spectrum see Figure 1.
NIR spectrum see Figure 2.
Raman spectrum see Figure 3.

11 Stability and Storage Conditions

Aqueous solutions of benzoic acid may be sterilized by autoclaving
or by filtration.

A 0.1% wiv aqueous solution of benzoic acid has been reported
to be stable for at least 8 weeks when stored in polyvinyl chloride
bottles, at room temperature.

When added to a suspension, benzoic acid dissociates, with the
benzoate anion adsorbing onto the suspended drug particles. This
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Figure 1 Infrared specirum of benzoic acid measured by diffuse
reflectance. Adapted with permission of Informa Healthcare.
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Figgure 3: Raman spectrum of benzoic ccid measured in the 180°
: reflectance mode. Adapted with permission of Informa Healthcare,

adsorption alters the charge at the surface of the particles, which
© may in tarn affect the physical stability of the suspension.” ¢ The
.. addition of sodium azide has been shown to increase the stability of
benzoic acid in skin permeation experiments.!*’
The bulk material should be stored in a well-closed container in a
1 cool, dry place.

Page 12

12 Incompatibilities
Benzoic acid undergoes typical reactions of an organic acid, e.g.

with alkalis or heavy metals. Preservative activity may be reduced
by interaction with kaolin.?”

13 Method of Manufacture

Although benzoic acid occurs natuarally, it is produced commercially
by several synthetic methods. One process involves the continuous
liguid-phase oxidation of toluene in the presence of a cobalt catalyst
at 150-200°C and 0.5-5.0 MPa {5.0-50.0 atm) pressure to give a
yield of approximately 90% benzoic acid.

Benzoic acid can also be produced commercially from benzo-
trichloride or phthalic anhydride. Benzotrichloride, produced by
chlorination of toluene, is reacted with 1 mole of benzoic acid to
yield 2moles of benzoyl chloride. The benzoyl chloride is then
converted to 2moles of benzoic acid by hydrolysis. The vield of
benzoic acid is 75-80%.

In another commercial process, phthalic anhydride is converted
to benzoic acid, in about an §5% vield, by hydrolysis in the presence
of heat and chromium and disodium phthalates.

Crude benzoic acid is purified by sublimation or recrystalliza-
o8,

14 Safety

Ingested benzoic acid is conjugated with glycine in the liver to yield
hippuric acid, which is then excreted in the urine;*"! care should be
taken when administering benzoic acid to patients with chronic liver
disease.” Benzoic acid is a gastric irritant, and a mild irritant to the
skin.®* 2 It is also a mild irritant to the eyes and mucous
membranes.”” Allergic reactions to benzoic acid have been
reported, although a controlled study indicated that the incidence
of urticaria in patients given benzoic acid is no greater than in those
given a factose placebo,”® It has been reported that asthmatics may
become adversely affected by benzoic acid contained in some
antiasthma  drugs.® Benzoic acid may also cause genotoxic
effects.®

The WHO acceptable daily intake of benzoic acid and other
benzoates, calculated as benzoic acid, has been set at up to 5 mg/kg
body-weight.”1** The minimum lethal human oral dose of benzoic
acid is 500 mg/kg body-weight,333%

LDso {cat, oral): 2 grkgB¥

LDs; {dog, oral): 2 g/hkg®¥

LD (mouse, IP): 1.46 g/lg®®

LD s, {mouse, oral): 1.94 g/kg™>

LDsy (rat, oral): 1.7 g/kg®¥
See also Sodium benzoate.

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Benzoic acid may be harmful by
inhalation, ingestion, or skin absorption and may be irritant to the
eves, skin, and mucous membranes. Benzoic acid should be handled
in a well-ventilated environment; eye protection, gloves, and a dust
mask or respirator are recommended. Benzoic acid is flammable.

16 Regulatory Status

GRAS listed. Accepted as a food additive in Europe. Included in the
FDA Inactive Ingredients Database (IM and IV injections; irrigation
solutions; oral solutions, sprays, suspensions, syrups and tablets;
rectal, topical, and vaginal preparations). Included in nonparenteral
medicines licensed in the UK. Included in the Canadian Health
Products Ingredients Database.
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17 Related Substances
Potassium benzoate; sodium benzoate.

18 Comments
Benzoic acid is also used as an antimicrobial preservative in
cosmetics and foods.”

Benzoic acid is known to dimerize in many ponpolar solvents.
This property, coupled with pH-dependent dissociation in aqueous
media, comprises a classic textbook example of the effects of
dissociation and molecular association on apparent partitjoning
behavior. The principles involved may be practically applied in
determination of the total concentration of benzoate necessary to
provide a bacteriostatic level of benzoic acid in the aquecus phase of
an oil-in-water emulsion.

Benzoic acid also has a long history of nse as an antifungal
agent® in topical therapeutic preparations such as Whitfield’s
ointment (benzoic acid 6% and salicylic acid 3%).

A specification for benzoic acid is contained in the Food
Chemicals Codex (FCC).%%

The EINECS number for benzoic acid is 200-618-2. The
PubChem Compound 1D (CID) for benzoic acid is 243.
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1  Nonproprietary Names
BP: Butylated Hydroxytoluene
PhEur: Butylhydroxytoluene
USP-NT: Butylated Hydroxytoluene

2 Synonyms

Agidol; BHT; 2,6-bis(1,1-dimethylethyl)-4-methylphenol; butylhy-
droxytoluene; butylhydroxytoluenum; Dalpac; dibutylated hydro-
xytoluene; 2,6-di-tert-butyl-p-cresol; 3,5-di-tert-butyl-4-
hydroxytoluene; E321; Embanox BHT, Impruvol; Ionol CP;
Nipanox BHT, OHS28890; Sustane; Tenox BHT; Topanol; Vianol.

3 Chemicol Name and CAS Registry Number
2,6-Di-tert-butyl-4-methylphenol [128-37-0j

4  Empirical Formula and Molecular Weight
CisHpO 22035

5  Structural Formula
OH

{HsC):C C(CH3z)s

CH3

6 Eunctional Category
Antioxidant.
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Butylated Hydroxytoluene

7  Applications in Pharmaceutical Formulation or
Technology

Butylated hydroxytoluene is used as an antioxidant (see Table I} in

cosmetics, foods, and pharmaceuticals.“‘s ' 1t is mainly used to

delay or prevent the oxidative rancidity of fats and oils and to

prevent loss of activiry of oil-soluble vitamins.®

Antioxidant use Concentration (%)
p-Carotene 0.01

Edible vegetable oils 0.01

Essentici oils and flavoring agents 0.02-0.5

Fats and oils 0.02

Fish oils 0.01-0.1
Inhakitions 0.01

M injections 0.03

IV injections 0.0009-0.002
Topical formulations 0.0075-0.1
Vitamin A 10mg per million vnits

8  Description

Butylated hydroxytoluene occurs as a white or pale yellow
crystalline solid or powder with a faint characteristic phenolic odot.

9  Pharmacopeial Specifications
See Table I1.

10 Typical Properties
Boiling point  265°C

Density (bulk) 0.48-0.60 em®
Density (true) 1.031glcm

Flash point  127°C {open cup)
Melting point  70°C
Moisture content  <0.05%
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NIR spectrum see Figure 2.
: Raman spectrum see Figure 3.
- Vapor density (relative) 7.6 (air=1}
. Vapor pressure
: 1.33Pa {0.01 mmHg) at 20°C;
: 266.6Pa (2 mmHg) at 100°C.,
Viscosity (kinematic) 3.47 mm>fs (3.47 cSt) at 80°C.

11 Stability and Storage Conditions

. Bxposure to light, moistuare, and heat causes discoloration and a loss
- of activity. Butylated hydroxytoluene shouid be stored in a well-
closed container, protected from light, in a cool, dry place.

12  Incompatibifities

Butylated hydroxytoluene is phenolic and undergoes reactions
. characteristic of phenols. It is incompatible with strong oxidizing

agents such as peroxides and permanganates. Contact with
- oxidizing agents may cause spontaneous combustion. Iron salts
cause discoloration with loss of activity. Heating with catalytic
i amounts of acids causes rapid decomposition with the release of the
¢ flammable gas isobutene.

13  Method of Manufacture

Butylated hydroxytoluene is prepared by the reaction of p-cresol
with isobutene.

14 Safety

. Butylated hydroxytoluene is readily absorbed from the gastro-
. intestinal tract and is metabolized and excreted in the urine mainly
. as glucuronide conjugates of oxidation products. Although there
. have been some isclated reports of adverse skin reactions, butylated
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Figure 22 Nearinfrared spectrum of butylated hydroxytoluene measured

by reflectance.
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Figure 3: Raman spectrum of butylated hydroxytoluene measured in the
180° reflectance mode. Adapted with permission of Informa Healtheare.

hydroxytoluene is generally regarded as nonirritant and nonsensi-
tizing at the levels employed as an antioxidant, "
The WHO has set a temporary estimated acceptable daily intake
for butylated hydroxytoluene at up to 125 pgrkg body-weight.®!
Ingestion of 4 g of butylated hydroxytoluene, although causing
severe nausea and vomiting, has been reported to be nonfaral.?

Wavenumbers/cm™!

LDsg (guinea pig, oral): 10.7 grkg™?

LD50 (mOl}SE, IP)

0.14 g/kg
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LDso (mouse, IV): 0.18 g/kg
LDsq (mouse, oral}: 0.65 g/kg
LDjsq (rat, oral): 0.89 glkg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Butylated hydroxytoluene may be
irritant to the eyes and skin, and on inhalation. It should be handled
in a well-ventilated environment; gloves and eye protection are
recommended. Closed containers may explode owing to pressure
build-up when exposed to extreme heat.

16 Regulatory Status

GRAS listed. Accepted as a food additive in Europe. Included in the
FDA Inactive Ingredients Database (IM and IV injections, nasal
sprays, oral capsules and tablets, rectal, topical, and vaginal
preparations). Included in nonparenteral medicines licensed in the
UK. Included in the Canadian Natural Health Products Ingredients
Database.

17 Related Substances
Butylated hydroxyanisole.

18 Comments

Butylated hydroxytoluene is also used at 0.5-1.0% wiw concen-
tration in natural or synthetic rubber to provide enhanced color
stability.

Butylated hydroxytoluene has some antiviral activity®® and has
been used therapeutically to treat herpes simplex labialis."®

A specification for butylated h;fdroxytoluene is contained in the
Food Chemicals Codex (FCC).1M*

The EINECS number for butylated hydroxytotuene is 204-881-
4, The PubChem Compound ID (CID) for butylated hydroxyto-
luene is 31404.
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Butylene Glycol

1  Nonproprietary Names
USP-NF: Butylene Glycol

2  Synonyms
1,3-Butanediol; butane-1,3-diol; 1,3-butylene glycol; B-butylene
glycol; 1,3-dihydroxybutane; methyltrimethylene glycol.

3  Chemical Name and CAS Registry Number
Butane-1,3-diol [107-88-0]

4  Empirical Formula and Molecular Weight
C4H;00, 90.12

5  Structural Formula
HC OH

CH3

6  Functional Category

Antimicrobial preservative; humectant; solvent; transdermal deliv-
ery component.
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a4 12 Excipient: citric acid monohydrate; manufacturer: Pfizer Lid;

--iig!nificaﬁon: 60x.

Test JPXVII PhEur 9.2 USP 40-NF 35 51

Identification + + +
Characters!® — + —
Appearance of + + +

solution
Water

{hydrous form) 7.5-90% 7.5-9.0% 7.5-9.0%
[anhydrous form)  <1.0% <1.0% <1.0%

Sterility!® — — +
Bacterial — <0.5/mg® 4+

endotoxins'™
Residue on ignition  <0.1% - <0.1%
Sulfated ash - <0.1% -
Calcium — - —
Aluminum - <0.2 ppm <0.2 ppm®
Oxalic acid <360 ppm <360 ppm <0.036%
Sulfate <150 ppm <150 ppm <0.015%
Heavy metals!® <10ppm — <10pg/g
Readily + + +

carbanizable

substances

- SEMA 2: Excipient: citric acid monohydrate; manufacturer: Pfizer Ltd; Assay (anhydrous 99.5-100.5% 99.5-100.5% 99.5-100.5%
magnification: 600 basis]

(a} These tests have not been fully harmonized at the fime of publication.
{b] IF intended for use in parenteral preparations.
{c] Where it is labelad as Intended for use in dialysis.

Heat of solution  —16.3 kJ/mol (—3.9 kcal/mol) at 25°C

Hygroscopicity At relative humidities less than about 65 %, citric
acid monohydrate effloresces at 25°C, the anhydrous acid being
formed at relative humidities less than about 40%. At relative
humidities between about 65% and 75%, citric acid mono-
hydrate absorbs insignificant amounts of moisture, but under
more humid conditions substantial amounts of water are
absorbed.

Melting point  ~100°C (softens at 75°C)

FParticle size distribution Various grades of citric acid monohy-
drate with different particle sizes are commercially available.
Solubility Soluble 1 in 1.5 parts of ethanol (95%) and 1 in less

than 1 part of water; sparingly soluble in ether.
Spectroscopy

IR spectrum see Figare 1.
NIR spectrum see Figure 2,

Raman spectrurm see Figure 3, :
Viscosity (dyramic) 6.5mPas (6.5¢P) for a 50% wiv aqueons
solution at 25°C.

See also Section 17.

©  Pharmacopeial Specifications

The pharmacopeial specifications for citric acid monohydrate have
undergone harmonization of many attributes for JP, PhEur, and 11  Stability and Storage Conditions
USP-NF. ’
See Table II. See also Sections 17 and 18.
Note that the JP XVII, PhEur 9.2 and USP 40-NF 35 $1 have
separate monographs for the monohydrate and anhydrous marerial.

Citric acid monohydrate loses water of crystallization in dry air or

when heated to about 40°C. It is slightly deliquescent in moist air.

Dilute aqueous solutions of citric acid may ferment on standing,
The bulk monohydrate or anhydrous material should be stored

10 Typical Properties in airtight containers in a cool, dry place.

Aciditylalkalinity pH = 2.2 (1% wiv aqueous solution) 12 Incompatibilities

Dissociation constant - PR . . . .
Citric acid is incompatible with potassium tartrate, alkali and

pKap: 3.128 at 25°C; alkaline earth carbonates and bicarbonares, acetates, and sulfides,

pKao: 4.761 at 25°C; Incompatibilities alse include oxidizing agents, bases, reducing

pKaa: 6.396 at 25°C. agents, and nitrates. It is potentially explosive in combination with
Density 1.542 glem® metal nitrates. On storage, sucrese may crystallize from syrups in
Heat of combustion —1972kJ/mol (—471.4 keal/mol) the presence of citric acid.
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252  Cifric Acid Monohydrate
1.00 —5e73500 14 Safety
ﬂ Citric acid is found naturally in the body, mainly in the bones, and ;g
\\ commonly consumed as part of a normal diet. Orally ingested citri,
= 075+ \ acid is absorbed and is generally regarded as a nomtoxic materiy|
s lL when used as an excipient. However, excessive or frequen;
s : consumption of citric acid has been associated with erosion of the
¥ 050 ! \% 1700 1391 teeth.
z T AN Citric acid and citrates also enhance intestinal aluminygy,
z j \ 7380 Tse 592 absorption in renal patients, which may lead to increased, harmfy|
= 925l " serum aluminum levels. It has th.e[efore been suggested that patientg
\ il % with renal failure taking aluminum compounds to control phog.
| d d\ﬁ phate absorption should not be prescribed citric acid or citrare.
0.00 j ] N W 1y containing Products, o . -
000 3000 2000 1000 0 See Section 17 for anhydrous citric acid animal toxicity data,
Wavenumbers/cm™!

Figure 12 Infrared spectrum of citric acid maneh{ydmfe measured by
diffuse reflectance. Adapted with permission of Informa Healtheare.
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Figure 2t Nearinfrared spectrum of ciric acid monohydrate measured
by reflectance.
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Figure 3 Raman spectrum of citric acid monohydrate measured in the
180° reflectance mode. Adapted with permission of Informa Healtheare.

13 Method of Manufacture

Citric acid occurs naturally in a number of plant species and may be
extracted from lemon juice, which contains 5-8% citric acid, or
pineapple waste. Anhydrous citric acid may also be produced
industrially by mycological fermentation of crude sagar solutions
such as molasses, using strains of Aspergillus niger. Citric acid is
purified by recrystallization; the anhydrous form is obtained from a
hot concentrated aqueous solution and the monohydrate from a
cold concentrated aqueous solution.

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handied. Bye protection and gloves are
recommended. Direct contact with eyes can cause serious damage,
Citric acid should be handled in a well-ventilated environment or 4
dust mask should be worn. It is combustible.

16 Regulatory Status

GRAS listed. The anhydrous form is accepted for use as a food
additive in Europe. Included in the FDA Inactive Ingredients
Database (inhalations; IM, IV, and other injections; ophthalmic
preparations; oral capsules, solutions, suspensions and tablets;
topical and vaginal preparations). Included in nonparenteral and
parenteral medicines licensed in Japan and the UK. Included in the
Canadian Natural Health Products Ingredients Database.

17 Related Substances
Anhydrous citric acid; fumaric acid; malic acid; sodium citrate
dihydrate; tartaric acid.

Anhydrous citric acid

Empirical formula  CsHgO~

Molecular weight 192.12

CAS number [77-92-9]

Syronyms Acidum citricum anhydricom;  citric acid; E330
2-hydroxy-p-1,2,3-propanetricarboxylic acid; 2-hydroxypro-
pane 1,2,3-tricarboxylic acid.

Appearance Odorless or almost odorless, colorless crystals or a
white crystalline powder. Crystal structure is monoclinic
holohedral.

Dissociation constants
pKar: 3.128 at 25°C;
pKya: 4.761 at 25°C;
pKas: 6.396 at 25°C.

Density 1.665 glcm®

Heat of combustion —1985kj/mol (-474.5 keal/mol)

Hygroscopicity At relative humiditics between about 25-50%,
anhydrous citric acid absorbs insignificant amounts of water at
25°C. However, at relative humidities berween 50% and 75 Yo, It
absorbs significant amounts, with the monohydrate being
formed at relative humidities approaching 75%. At relative
humidities greater than 75% substantial amounts of water at¢
absorbed by the monohydrate.

Melting point  153°C

Solubility Soluble 1 in 1 part of ethanol (95%) and 1 in 10f
water; sparingly soluble in ether.

Safety
LD, (mouse, IP): 0.9 glke'™
1LDso (mouse, IV}): 0.04 g/kg
LDsg (mouse, oral): 5.04 g/kg
LDsp {(mouse, SC): 2.7 g/kg
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' LDso rabbxt V): 0.33 ghkg

(
¢ LDsp (rat, IP): 0.88 g/kg
" LDso (rat, oral): 3.0 g/kg
LDso (rat, SC): 5. 5g/kg
C suments  Anhydrous citric acid is listed in the PhEur 9.2 and
woo USP 40-NF 35 S1. Anhydrous citric acid 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 USP-NF the General
Chapter 5.8 in PhEur, along with the *State of Work’ document
on the PhEur EDQM website, and also the General Information
* Chapter G10 in the JP.

. 18 Comments

Citric acid monohydrate has undergone harmonization of many
attributes for [P, PhEur, and USP-NF by the Pharmacopeial
Piscussion Group. For further information see the General Chapter
5 8 in PhEur, along with the ‘State of Work’ document on the PhEur
: EDQM website, and also the General Information Chapter G10 in
he JP.
Citric acid monohydrate has been used experimentally to adjust
“the pH of tablet matrlces in enteric-coated formulations for colon-
i-gpecific drug delivery.®
Therapeutically, preparations containing citric acid have been
~ised to dissolve renal caleuli.
i A specification for citric ac1d monochydrate is contained in the
Food Chemicals Codex (FCC).¥

The EINECS number for citric acid is 201-069-1. The PubChem
Compound ID (CID) for citric acid monohydrate is 22230.

“1¢ Specific References

"1 Anderson NR, ef al. Quantitative evafuation of pharmaceutical
effervescent systems II: stability monitoring by reactivity and porosity
measurements. [ Pharm Sci 1982; 71(1): 7-13.

2 Yanze FM, et al. A process to produce effervescent tablets: fluidized bed
dryer melt granulation. Drug Dev Ind Pharm 20005 26{11): 1167-
1176.

3 Nykdnen P, et al. Citric acid as excipient in maltiple-unit enteric-coated
tablets for targering drugs on the colon. It | Pharm 2001; 229{1-2):
155-162.

4 Todo H, et al. Improvement of stability and absorbability of dry insulin
powder for inhalation by powder-combination technique. Iz | Pharm
2004; 271[1-2): 41-52.

5 Ancnymous. Citric acid: tooth enamel destruction. Clin Alerr 1971;
151.

6 Main I, Ward MK. Potentiation of aluminium absorption by efferves-
cent analgesic tablets in a haemodialysis patient. Br Med [ 1922; 304:
1686.

7 Lewis R], ed. Sax’s Dangerous Properties of Industrial Materials, 12th
edn. New York: Wiley, 2012: 11635.

§ Nykaenen P, et al. Citric acid as & pH-regulating additive in granules
and the tablet matrix in enteric-coated formulations for colon-specific
drug delivery. Pharmazie 2004; 59(4): 268-273.

9 Foaod Chemicals Codex. [online] Bethesda, MD: United States Pharma-
copeia. http:/publications.usp.org (accessed 31 March 2017).

20 General References

Cho MY, et al. Citric acid as an adjuvant for transepithelial wansport. Int J
Pharm 1989; 52; 79-81.

European Directorate for the Quality of Medicines and Healthcare
(EDQM). European Pharmacopoeia — State Of Work Of International
Harmonisation, Pharmeuropa 2011; 23(4): 713-714. www.edqm.eu/
site/-614.html (accessed 13 December 2011).

Timko RJ, Lordi NG. Thermal characterization of citric acid solid
dispersions with benzoic acid and phenobarbital. J Pharm Sci 1979;
68: 601-605.
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Coconut Qil

1 Nonproprietary Names
BP: Coconut Oil

JP: Coconut Oil

PhEur; Coconut Oil, Refined
USP-NF: Coconut Oil

2 Synonyms

i Aceite de coco; cocots oleum raffinatum; coconut butter; coconut
- palm oil; copra oil; oleum cacois; Pureco 76; refined coconut oil.

2  Chemical Name and CAS Registry Number
o Coconut oil [8001-31-8]

4 Empirical Formula and Molecular Weight

- Coconut oil contains triglycerides, the fatty acid constituents of
which are mainly lauric and myristic acids with smaller proportions
of capric, caproic, caprylic, oleic, palmitic and stearic acids.

Page 19

The PhEur 9.2 and USP 40-NF 35 51 state that the fatty acid
composition for coconut oil is caproic acid {<1.5%), caprylic acid
(5.0-11.0%), capric acid (4.0-9.0%), lauric acid (40.0-50.0%),
myristic acid (15.0-20.0%), palmitic acid (7.0-12.0%), stearic acid
{1.5-5.0%), arachidic acid (£0.2%), palmitoleic acid (£1.0%)},
oleic acid (4.0-10.0%), linoleic acid {1.0-3.0%), linolenic acid
{<0.2%), and eicosenoic acid (<0.2%).

5  Structural Formula
See Section 4.

6  Functional Category
Emollient; ointment base.

7  Applications in Pharmaceutical Formulation or
Technology

Coconut oil has traditionally been used in ointments where it forms

a readily absorbable base. It has been used particularly in

preparations intended for application to the scalp, where it could
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Test FCC 1052 JPE 2004
Description + +

i |dentification + +

. Acid value <1.0 <0.5

Refractive index at 20°C 1.435-1.438 1.435-1.437
Spec]fic gravity at 25°C 0.960-0.965 0.958-0.948
Ester value - 411-435
lodine velue - <0.5

© Heavy metals - <20 ppm
Arsenic - <2 ppm
Residue on ignition - <0.10%
Assay >98% -

2 Yamanaka M, et a/. Development and evaluation of a tacrolimus cream
formulation using a binary solvent system. Inzt | Pharm 2014; 464(1-2):
19-26.

3 Takahashi K, et af. Effect of fatty acid diesters on permeation of anti-
inflammatory drugs through rat skin. Drug Dev Ind Pharm 2002; 28:
1285-1294.

4 Matsui R, ef al. Skin permeation of lidocaine from crystal suspended
oily formulations, Drug Dev Ind Pharm 2005; 31: 729-738.

5 Food Chemicals Codex. [online] Bethesda, MD: United States Pharma-
copeta. http://publications.usp.org {accessed 31 March 2017).

& Soga F, er al. Contact dermatitis due to lanaconazole, cetyl alcohol and
diethyl sebacate in lanoconazole cream. Comtact Dermatitis 2004;
50(1): 49-50.

7 WNarita T, et al. Allergic contact dermatitis due to diethy! sebacate in a
hand cream. Contact Dermatitis 2006; 55{2): 117.

8 Lewis RJ, editor. Sax’s Dangerous Properties of Industrial Materials,
11th edn, New York: John Wiley and Sons Inc, 2004: 1286.

9 Zhang X, er al. Micelles of enzymatically synthesized PEG-poly{amine-
co-ester) block copolymers as pH-responsive nanocarriers for docetaxel
delivery. Colloids Surf B Bioinierfaces 2014; 115: 349-358.

10 Japan Pharmaceutical Excipients Council. Japanese Pharmaceutical
Excipients 2004. Tokyo: Yakuji Nippo, 2004; 237.

20 General References

ScienceLab.com, Inc. Material safety data sheet: Diethyl sebacate, June
2008.
Sigma-Aldrich. Material safety data sheet: Diethyl sebacate, December 2012,

21 Authors
ME Quinn, RC Rowe.

22 Date of Revision
4 May 2017.

©1  Nonproprictary Names

- BP: Dicthylene Glycol Moncethyl Ether

;" PhEur: Diethylene Glycol Monoethyl Ether
. USP-NF: Diethylene Glycol Monoethyl Ether

2  Synonyms

Carbitol; DEGEE; DGME; diethylengiycoli aether monoethilicus;
3,6-dioxa-1-octanol; ethoxydiglycol; ethyl carbitol; ethyl digol;
ethyl dioxitol; 1-hydroxy-3,6-dioxaoctane; Transcutol HP; Trans-
cutol P,

3 Chemical Name and CAS Registry Number
2-(2-Ethoxyethoxy)ethanol [111-90-0]

© 4  Empirical Formula and Molecular Weight
CeH, 05 13417

5  Structural Formula

e N O/\/O\/\OH

6  Functional Category
Solubilizing agent; solvent.
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Diethylene Glycol Monoethyl Ether

7  Applications in Pharmaceutical Formulation or
Technology

Diethylene glycol monoethyl ether is a solubilizing agent with broad
chemical compatibility and widely used in oral, dermal, and
parenteral pharmaceutical preparations. It is used as a cosolvent
in oral drug delivery systems to enhance drug solubility, with the
level of use limited to 10%. Purified diethylene glycol monoethyl
ether is also used in some injectable products.'

Diethylene glycol monoethyl ether has been reported to enhance
skin penetration for a variety of drugs, and is used in creams,
lotions, microemulsions, and aqueous gels.”™* Diethylene glycol
monoethyl ether is also used in cosmetic formulations.

8  Description

Diethylene glycol monoethyl ether is a clear, colorless, hygroscopic
liquid with a miid odor.

9  Pharmacopeial Specifications
See Table L.

10 Typical Properties
Autoignition temperature
201°C for Carbitol*
204°C for Transcutol./*%!
Boiling point
201°C for Carbitol;
198°C for Transcutol.
Density  0.988 g/em?®
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322

Diethylene Glycol Menoethyl Ether

Test PhEur 9.2 USP 40-NF 35 St
Identification + +

Characters + -

Relative density ~0.991 -

Refractive index at 20°C 1.426-1.428 1.426-1.428
Acid value <0.1 <0.1
Peroxide value <8.0 <8.0

Limit of free ethylene oxide <1ppm <lpg/g
2-Methoxyethanal <50 ppm <50ug/g
2-Ethoxyethanol <160 ppm <160ug/g
Ethylene glycol <620ppm <620pg/g
Disthylene glycol <250ppm <150ug/g
Total impurities <0.2% -

Water <0.1% <0.1%
Assay - 99-101%

Evaporation rate

1.00 117

> 0751 2870
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Figrure 1¢ Infrared spectrum of diethylene glycol monoethyl sther
measured by transmission. Adapted with permission of Inferma
Healthcare.

0.01 for Carbitol,
0.02 for Transcutol (n-butyl acetate = 1.0),

Explosive limit
1.2% volume at 135°C {lower limit);

23.5% volume at 182°C (upper limit) for Transcutol.

Flash point
90°C for Carbitol;
96.1°C for Transcutol.

Freezing point
-43°C for Carbitol,
~105°C for Transcutol.

Hygroscopicity At a relative humidity of 8-50% the equilibrium
moisture content at 25°C is approx. 8% w/w, but at a relative
humidity of 70% it is approx. 24% wiw.

Partition coefficient Log P (octanol : water) = —0.54

Solubility Soluble in water; miscible in acetone, benzene, chloro-
form, ethanol (95%), ether, and pyridine; partially soluble in
vegetable oils; insoluble in minera] oils.

Specific beat  2.193 Jig/°C (0.52 cal/gi°C) at 25°C for Carbitol

Spectroscopy
IR spectrum see Figure 1.

Raman spectrum see Figure 2.

Vapor density 4.6 {air=1)

Vapor pressure
9.33Pa (0.07 mmHg) at 20°C for Carbitol;

16.0Pa (0.12 mmHg) at 20°C for Transcutol.
Viscosity 4.5mPa s (4.5cP) at 25°C for Carbitol.

11 Stability and Storage Conditions

Diethylene glycol monoethyl ether is very stable and inert in its
original container. It is hygroscopic and sensitive to water uptake
and oxidation, If the drug being formulated is sensitive to oxidation,
the addition of a suitable antioxidant prior to processing is required.

Store in a cool, dry, well-ventilated area in a tightly closed
container filled with nitrogen. Keep away from sources of ignition.

12

incompatibilities

13 Method of Manufacture

Diethylene glycol monoethyl ether is obtained by O-alkylation of
ethanol with two ethylene oxide units.

1.00

293112872
0.75 | 1458
]
|
5 0501 | 840 321
= 1276 986] “mfg
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0.25| \ I J
J
3519 | \ J
0.00 1 L~/ 1 1
4000 3000 2000 1000 0
_ Wavenumbers/cm™!

Figure %: Raman spectrum of diethylene glycol manasthyl ether
measured in the 180° reflectance mode. Adapted with permission of
Informa Healtheare.

14 Safety

Diethylene glycol monoethyl ether is used in a wide variety of
pharmaceutical formulations for oral, dermal, and parenteral
administration, and as a cosmetic ingredient, It is generally regarded
as nonirritant and nontoxic.

The Cosmetic Ingredient Review (CIR} Expert Panel has
evaluated diethylene glycol monoethyl ether and found it to be
safe as ;)resently used In cosmetics at a maximum concentration of
50%.%7

The acute toxicity of diethylene glycol monoethyl ether after
oral, IV, and dermal application as well as inhalation has been
studied and can be regarded as very low in all species investigated.
The LDy, values for acute oral, acute IV, and acute dermal toxicity
were found to be generally much higher than 2 gikg body weight,
and the available LCs value for acute inhalation was >5 mg/L. (i.e.
524mg/l) in rat,"™ in each casc above the limit doses for
classification.

LDsg (rat, oral): >5 g/kg™®

LDsg {mouse, IV): 3.2 g/kg2®

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantities of material handled. Diethylene glycol monoethyl ether
should be used with adequate ventilation. Avoid contact with eyes,
skin, and clothing. Wear suitable protective clothing.
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16 Regulatory Status

facluded in the FDA Inactive Ingredients Database (topical and
: t:rﬂnsderrnali gels). Approved in the US as an indirect food additive.
'Included in nonparenteral formulations available in the UK and
-~ France. Included in the Canadian Natural Health Products Ingre-
' dients Database.

17 Related Substances

18 Comments

A number of studies have shown that the inclusion of diethylene
S+ glyool monoethyl ether can improve localized drug delivery by
“ncreasing drug retention in the skin. This is associated with the
swelling of lipid bilayer structures which subsequently acr as a depot
for drug-solvent complexes, which enables the slow and localized
diffusion of the drug over time.?>14
The EINECS number for diethylene glycol monoethyl ether is
'503-919-7. The PubChem Compound ID {CID) for diethylene
~ glycol monoethyl ether is 8146.

19 Specific References

1 Stickley RG. Solubilizing excipients in oral and injectable formula-

: tions. Pharm Res 2004; 21(2): 201-230.

© 2 Puglia C, Bonina E Effect of polyunsaturated fatry acids and some
conventional penetration enhancers on transdermal delivery of
atenolol. Drug Deliv 2008; 15(2): 107-112.

3 Rimschel WA, et al. Influence of selected solvents on penetraton of
griseofulvin in rat skin, in vitro. Pharm Ind 1988; 50(4): 483-486.

4 Ritschel WA, et al. Development of an intracutaneous depot for drugs
binding, drug accumulation and retention studies, and mechanism of
depot. Skin Pharmacol 1991; 4: 235-248.

5 Yazdanian M, Chen E. The effect of diethylene glycol monoethy! ether
as a vehicle for ropical delivery of ivermectin. Vet Res Commun 1995;
19(4): 309-319.

6 Dixit N, ef 4l. Nanoemulsion system for the transdermal delivery of a
pootly soluble cardiovascular drug. PDA J Pharm Sci Technol 2008;
62(1): 46-55. '

7 Gungor S, et al. Effect of penetration enhancers on in witro
percutancous penetration of nimesulide through rat skin. Pharmazie
2004; 59(1): 39-41.

8 Papakostantinou E, et al. Bfficacy of 2 weeks’ application of theophyl-
line ointment in psoriasis vulgaris. ] Dermatolog Trear 2007; 16(3}:
169-170.

9 Touitou E, et al. Modulation of caffeine skin delivery by carrier design:
liposomes versus permeation enhancers. Int [ Pharm 1994; 103(2):
131-136.

10 Touitou E, et al. Enhanced permeation of theophylline through the skin
and its effect on fibroblast proliferation. Fret J Pharm 1991; 70(12):
159-166.

i1 Harrison JE, ef al. The relative effect of azone and transcutal on
permeant diffusivity and solubility in human stratum corneum. Pharm
Res 1996; 13(4): 542-546.

12 Watkinson C, et al. Aspects of the transdermal delivery of prostaglan-
dins. Int J Pharm 1991; 74(23): 229-236.

13 Minghetti P, ef al. Development of patches for the controlled release of
dehydroepiandrosterone. Drug Dev Ind Pharm 2001; 27(7): 711-717.

14 Mura P, et al. Evaluation of transcutol as a clonazepam transdermal
permeation enhancer from hydrophilic gel formulations. Eur J Pharm
Sci 2000; 9(4): 365-372.

15 Dow Chemical Company. Product information: Carbitol, March 2004.

16 Gartefossé. Technical literature: Lipid excipients for oral dosage forms
and dermal drug delivery, 2010.

17 Anonymous. Final report on the safety assessment of butylene glycol,
hexylene glycol, ethoxydiglycol, and dipropylene glycol. | Am Coll
Toxicol 1985; 4: 223-232.

18 Palmer AK. Sporadic malformations in laboratory animals and their
influence on drug testing. Adv Exp Med Biol 1972;27: 45-60.

19 Gattefossé. Transcutol HP: Evaluation of the acure roxicity in mouse
after intravenous administration. Report Phycher TAIs-PH-08/0477,
2009.

20 Gattefossé. Transcutol: Acute toxicity following a single oral admin-
istration (limit test) in the rat. Report No. WPAT94-177/0T2225;
Gattefosse No. GAT-94205. New City, NY, USA: GAT, AMA Labora-
tories, 13 April 1994,
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European Commission. Scientific Committee on Consumer Products
(SCCP): Opinion on diethylene glycol monoethyl ether (DEGEE),
2007. http:/fec.europa.ewhealth/ph_risk/committees/04_sccp/docs/
scep_o_082.pdf {accessed 29 February 2012).
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Difluoroethane (HFC)

1  Nonproprietary Names
None adopted.

2  Synonyms

Dymel 152a; ethylene fluoride; Freon 152aGenetron 132a;
halocarbon 152a; HFC 152a; propellant 152a; R-152a; refrigerant
1522; Solkawne 152a.

3  Chemical Name and CAS Registry Number
1,1-Difluoroethane [75-37-6]
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4  Empirical Formula and Molecular Weight
CHF,  66.05 '

5  Structural Formula
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Edetate Disodium

1 Monproprietary Names
BPI Disodium Edetate
i Disodium Edetate Hydrate
phEur: Disodium Edetate
sp-NF: Edetate Disodium

2' Synenyms

Dinatrii edetas; disodium edetate; disodium EDTA; disodium
sthylenediaminetetraacetate; edathamil disodium; edetic acid, dis-
jum salt; Versene.

Chemical Name and CAS Registry Number
. Ethylenedianﬁnetetraacctic acid, disodium salt [139-33-3]
- Disodium ethylenediaminetetraacetate dihydrate [6381-92-6]

4 Empirical Formula and Melecular Weight

CioH14N2Na,04 336.2 {for anhydrous)
CioH1eN2Naz2 04 372.2 {for dihydrate)

Structural Formula
o

‘6  Functional Category
- Complexing agent.

7 Applications in Pharmaceutical Formulation or
Technology

Edetate disodium is used as a complexing agent in a wide range of
pharmaceutical preparations, including mouthwashes, ophthalmic
preparations, and topical preparations,’™ typically at concentra-
7 tions between 0.005 and 0.1% w/v.

: Edetate disodium 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,

++ Edetate disodium has been used experimentally to investigate the
stabitity and skin penetration capacity of captopril gel, in which
 edetate disodium was shown to exert a potent stabilizing effect, and
may be used in the development of a transdermal drug delivery
2 system.™ A chitosan-EDTA conjugate has been investigated as a
- novel polymer for use in topical gels. The conjugate was shown to
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be stable, colorless, and transparent, and it also demonstrated
antimicrobiaf effects.” Studies have shown that ederate disodium
may be effective in retarding microbial growth in propofol
formulations'® and for the prevention of biofilm formation in
catheters.”!

Research has also been done to prepare and characterize hot
melt dispersion formulations of mini-pellets containing EDTA.S A
salt complex of iron and EDTA has been used to develop chewable
and orodispersible tablets in studies in humans and rats.”

See also Edetic Acid.

8  Description

Edetate disodium occurs as a white, crystalline, odorless powder
with a slightly acidic taste.

9  Pharmacopeial Specifications
See Table L.

USP 40~
NF 35 51
Identification + + +
Characters + + —_
Appearance of + + -
solution
pH 4.3-4.7 4.0-5.5 4,0-6.0
Iron - <80ppm -
Calcium - — +
Heavy metals <10ppm - <0.005%
Cyonide + - —
Arsenic <2 ppm - —
Limit of nitrilofriacetic  — <0.1% <0.1%
acid
Residue on ignition 37.0-39.0% - -
Loss on drying - - 8.7-11.4%
Assay >99.0% 98.5-101.0% 99.0-101.0%

10 Typical Properties
Aciditylalkalinity pH 4.3-4.7 {1% wiv solution in carbon diox-
ide-free water)
Density (bulk) 980kg/m® (for Versene)
Freezing point depression  0.14°C (1% wiv agueous solution)
Melting point Decomposition at 252°C for the dihydrate.
Refractive index 1.33 {1% wiv aqueous solution}
Solubility Practically insoluble in chloroform and ether; slighely
soluble in ethanol (95%); soluble 1 part in 11 parts water.
Specific gravity 1.004 (1% w/v aqueous solution)
Spectroscopy
IR spectrum see Figure 1.
NIR spectrum see Figure 2.
Raman spectrum see Figure 3.
Viscosity (kinematic) 1.03 mm>/s (1.03cSt) (1% wiv aqueous
solution).

11 Stability and Storage Conditions

Fdetate salts are more stable than edetic acid (see also Edetic Acid).
However, edetate disodium dihydrate loses its water of crystal-

347
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348  Edetate Disodium
1.00 3028 12 Incompatibilities
é 16671476 Edetate disodium behaves as a weak acid, displacing carbon dioxid,
1620~ /1404 from carbonates and reacting with metals to form hydrogen. [y s
= 075~ j 1369 incompatible with strong oxidizing agents, strong bases, metal g,
E — 1327 and metal alloys. ?
5 ; 2783 l 002 The addition of edetate disodium to phenylmercuric nitratei10
X~ 050 \j‘ ; 552 and thimerosal ™' has also been reported to reduce the
z [\/\ i 1} \ antimicrobial efficacy of the preservative.
o V\\/ | . g I See also Fdetic Acid.
£ 025) | U k‘
' 13 Method of Manufacture
‘/ .,l Edetate disodium may be prepared by the reaction of edetic acid ang
0.00 | ozl § sodium hydroxide.
4000 3000 2000 1000 0
Wavenumbers/cm™! 14 Safety

Figure 1: Infrared spectrum of edetate disodium dihydrate measured by
diffuse reflectance. Adapted with permission of Informa Healthcare.
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Figure 2: Nearinfrared spectrum of edetate disodium dihydrate
measured by reflectance.

1.00 2559 1399 11323
1470,4 1105 9fj9,é
1430 I/BW
075 | i
2975 J
= |
£ 0501
=
0.25 - d

_J

2000

Wavenumbers/cm!

JU
4000 3000 1000 0

Figurs 31 Raman specirum of edetfate disodium dihydrate measured in
the 180" reflectance mode. Adapted with permission of Informa
Healthcare.

lization when heated to 120°C. Aqueous solutions of edetate
disodium may be sterilized by autoclaving, and should be stored in
an alkali-free container.

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

Bdetate disodium is used widely in topical, oral, and parentery|
pharmaceutical formulations; it is used extensively in cosmetic ang
food products. Edetate disodium and edetate calcium disodium gpe
used in a greater number and variety of pharmaceutical formuyl,.
tions than is edetic acid. Both edetate disodium and edetate calciyp,
disodium are pootly absorbed from the gastrointestinal tract ang
are associated with few adverse effects when used as excipients iy
pharmaceutical formulations.

Edetate disodinum, 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. K used in
preparations for the mouth, they can also leach calcium from the
teeth. However, edetate calcium disodium does not chelate calcium,

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

Although edetate disodium is generally considered safe, there
have been reports of edetate disodinm toxicity in patients receiving
chelation therapy,™ and between 1971 and 2007, four deaths
attributed to the therapeutic use of edetate disodium were reported
to the FDA.*¥

Nasal formulations containing benzalkonium chloride and
edetate disodium, 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 epitheliumf
although these effects were subsequently shown to be reversible.

The WHO has set an estimated acceptable daily intake for
disodium EDTA in foodstaffs of up to 2.5 mg/kg body-weight.!”
See also Edetic Acid.

LD (mouse, IP): 0.26 gikg?
LDsg {(mouse, IV): 0.056 g/kg(m
LD (mouse, OP): 2.05 kg™
LDso (rabbit, IV): 0.047 grkg™™!
LDsg (rabbit, OP): 2.3 g/kg'!¥!
LDgq {rat, OP): 2.0 ghkg™™

15 Handling Precautions

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

16 Regulatory Status

Included in the FDA Inactive Ingredients Database (inhalations
injections; ophthalmic, otic, oral, rectal, topical, intranterine, asas
transdermal, urethral, iontophoresis and vaginal preparatons.
Included in nonparenteral and parenteral medicines licensed il} the
UK. Included in the Canadian Natural Health Products Ingredients
Database.
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17 Réialed Substances
o Edetic acid.

18 Comments

“ Many solutions used for the cleaning, storage, and wetting of
contact lenses contain edetate disodium. "' Therapeutically,
1 edetate disodium is used as an anticoagulant as it will chelate
. calcium and prevent the coagulation of blood # vitro.""® Concen-
* grations of 0.1% wiv are used in small volumes for hematological
testing and 0.3% w/v in transfusions. Studies have shown how

" edetate disodium is facilitated by methylsulfonylmethane to cross

piological membranes for regional chelation therapy."’”" It is also
used therapeutically in the treatment of hypercalcemia. 3!

. Edetate disodium is used as a water softener as it will chelate

calcium and magnesinm ions present in hard water.

% A specification for edetate disodium is contained in the Food
 Chemicals Codex (FCC).?%

The FINECS number for edetate disodium is 205-358-3. The
“pubChem Compound ID (CID} for edetate disodium includes 8759

and 636371,

19 Specific References

1 Ungphaiboon S, Maitani Y. Iz uitro permeation studies of triamcino-

; lone acetonide mouthwashes. Int | Pharm 2001; 220: 111-117.

2 Kaur IP, et ¢l. Formulation and evaluation of ophthalmic preparations

: of acetazolamide, It | 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%. Int J

: Pharm 1997; 152: 67-73.

i1 4 Huang YB, et al. Effect of antioxidants and anti-irritants on the

stability, skin irritation and penetration capacity of captopril gel. Inz |

Pharm 2002; 241: 345-351.

25 Valenta C, ef al. Chitosan-EDTA conjugate: novel polymer for topical
gels. J Pharm Pharmacol 1998; 50: 445452,

6 Fukada T, Ozaki M. Microbial growth in propofol formulations with
disodium edetate and the influence of venous access system dead space.
Anaesthesia 2007, 62(6): 575~580.

7 Raad II, et al. The role of chelators in preventing biofilm formation and
catheterrelated bloodstream infections. Ciurr Opin Infect Dis 2008;
21(4): 385-392.

8 Hibbins AR, et 4l. Physicomechanical characterization and optimiza-
tion of EDTA-mPEG and Avicel-EDTA-mPEG i sitx melt dispersion
mini-pellets. AAPS PharmSciTech 2013; 14(3): 935-949.

.79 Noorjahan A, et al. In vivo evalnation of taste masking for developed
chewable and orodispersible tablets in humans and rats. Phatm Dev
Technol 2014; 19(3): 290-295.

10 Richards RME, Reary JME. Changes in antibacterial activity of

» thiomersal and PMN on autoclaving with certain adjuvants. | Pharm
Pharmacol 1972; 24(Suppl.): 84P-89P.
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Pharm 1985; 23: 357-358.

12 Morgan BW, et al. Adverse effects in 5 patieats receiving EDTA at an
outpatient chelation clinic, Vet Hum Toxicol 2002; 44{5): 274-276.

13 US Food and Drug Administration. Questions and answers on edetate
disodium (marketed as Endrate and generic products). https:/
www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformation-
forPatientsandProvidersfucm113738.htm (accessed 27 March 2017).

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

15 Lewis R], ed. Sax’s Dangerous Properties of Industrial Materials, 12th
edn. New York: Wiley, 2012: 2020-2021.

16 Ward M. Can rewetting drops really relieve dry eye? RCCL: Review of
Cornea and Contact Lenses, 24 January 2011. hitp:/fwww.reviewof-
contactlenses.com/content/c/26337 {accessed 27 March 2017).

17 McBride R], Mackie MAL. Evaluation of the antbacterial activity of
contact lens solutions. J Pharm Pharmacel 1974; 26(11): 829-900.

18 Tilbrook GS, Hider RC. Iron chelatars for clinical use. Met Tons Biol
Syst 1998; 35: 691-730.

19 Zhang M, et al. Assessment of methylsulfonylmethane as a permeability
enhancer for regional EDTA chelation therapy. Drug Deliv 2009; 16(5):
243-248.

20 Food Chemicals Codex. [online] Bethesda, MD: Unired States Pharma-
copeia. hrrpi//publications.usp.org (accessed 31 March 2017).

20 General References

Dow Chemical Company. Technical data sheet: Verseme NA Disodium
EDTA Chelating agent. www.versene,com (accessed 21 June 2015).
Morrison PW, Khutoryanskiy VV. Enhancement in corneal permeability of
riboflavin using calcium sequestering compounds. Irt | Pharm 2014,

(1-2): 472: 56-64.

Singh K, et al. Ethylenediaminediacetic acid bis{carbido amide chitosan):
synthesis and evaluation as sold carrier to fabricate nancemulsion.
Carbobydr Polym 2013; 95(1): 303-314.
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substrate for the oral delivery of amphotericin B. Inz | Biol Macromaol
2013; 58: 310-319.
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liposomes loaded via NH4EDTA gradient. Int ] Nanomedicine 2014; 9:
3611-3621.
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minutes, with no significant increase in blood-glucose levels during
this time,®

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and

quantity of the marerial handied.

16 Regulatory Stafus

Included in the FDA Inactive Ingredients Database (oral, tablet).
Included in the Canadian Natural Health Products Ingredients
Database.

17 Related Substances

Dextrose; mannitol.

18 Comments

Included in the BP 2017 as a general reagent. D-Mannose is a
naturopathic remedy for urinary tract infections.

D-Mannose has recently been investigated as a surface modifier
for nanoparticles and liposomes to enhance oral and alveolar
delivery by macrophage targeting.!*™”" Research has also shown
that D-mannose is useful in freeze-dried suspensions to prevent
aggregation.®

The EINECS number for D-mannose is 222-392-4. The
PubChem Compound ID (CID) for b-mannose is 18950.

19 Specific References

1 Danisco. Product information: D-mannose. http:l/www.daniscg\co
WpSl'WCIn/COﬂl'lECt/WWW/COt‘pOIate/prOduCtS/pIoduCt__range/rare__sw
gars/d_mannose {accessed 16 October 2015).

2 Steinhardt RG, et al. Taste-structure correlation with o-D-Mann,
f-D-Mannose. Science 1962; 135: 367-368.

3 Alten G, et al. Direct utilization of mannose for ma alia.
glycaprotein biosynthesis. Glycobiology 1998; 8(3): 285-295. n

4 Nimije N, er al. Mannosylated nanoparticulate carriers of rifabutip ¢,
alveolar targeting, J Drug Targer 2009; 17: 777-787. r

5 Fievez V, et al. Targeting nanoparticles to M cells with non-peptid;.
ligands for oral vaccination. Eur | Pharm Biopharm 2009; 73, 16-24

6 Chono S. Effect of surface-mannose modification on aerosolized
liposomal delivery to alveolar macrophages. Drug Dev Ind Py,
2010; 36: 102-107.

7 Nahar M, ez al. In vitro evaluation of surface functionalized gelatin
nanoparticles for macrophage targeting in the therapy of viscerg]
leishmaniasis. J Drug Target 2010; 18: 93-105.

8 Kamiya S. Physical properties of griseofulvin-lipid nanoparticles in
suspension and their novel interaction mechanism with saccharide
during freeze-drying. Eur J Pharm Biopharm 2010; 74: 461-466,
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20 General References

21 Avuthors
ME Quinn, RC Rowe.

22 Date of Revision
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1  Nonproprietary Names

BP: Medium-chain Triglycerides
PhEur: Triglycerides, Medium-Chain
USP-NF: Medium-Chain Triglycerides

2 Synonyms

Bergabest; caprylic/capric triglyceride; Captex 300; Captex 355;
Coconad; Crodamol GTCC; Delios; glyceryl tricaprylate/caprate;
Kollisoly MCT; Labrafac CC; Labrafac Lipo; Labrafac WIL1349,
MCT oil; Miglyol 810; Miglyol 812; Myritol; Neobee MS; Nesatol,
oleum neutrale; oleum vegetable tenue; ProKote 2855, Stelliesters
MCT; thin vegetable oil; triglycerida saturata media; Waghnol 3/
9280,

3 Chemical Name and CAS Registry Number
Medium-chain triglycerides [438544-49-1]

4  Empirical Formula and Molecular Weight

=500 {average)

The PhEur 9.2 describes medium-chain trigiycerides as the fixed
ail extracted from the hard, dried fraction of the.endosperm of
Cocos nucifera L. or from the dried endosperm of Elaeis guineenis
Jacq. They consist of a mixture of triglycerides of saturated fatty
acids, mainly of caprylic acid and of capric acid. They contain not
less than 95% of saturated faccy acids.

Medium-chain Triglycerides

5  Structural Formula
H

H—C—0—R' where R, RZang R® = ——C——(CH),CH;

H—C-—0—R? =68
H—~C—0—FR?
H

See also Section 4.

6  Functional Category

Emulsifying agent; solvent; suppository base; suspending agent;
tablet and capsule diluent.

7  Applications in Pharmaceutical Formulation or
Technology

Medium-chain triglycerides have been used in a variety of pharma-
ceutical formulations including oral, parenteral, and topical prep-
arations.

In oral formulations, medium-chain triglycerides are used as the

‘base for the preparation of oral emulsions, microemulsions, self-

emulsifying systems, solutions, or suspensions of drugs that are
unstable or insoluble in aqueous media, e.g. calciferol. Medium-
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" ZHain triglycerides have also been investigated as intestinal absorp-
‘tion enhancerst™™® and have additionally been used as a filler in
“ capsules an_d sugar-coated tablets, and as a lubricant or antiadhe-
sion agent in tablets.
0 fn parenteral formulations, medium-chain triglycerides have
similarly been used in the production of emulsions, solutions, or
sospensions intended for intravenous administration.®* In rectal
- formulations, medium-chain triglycerides have heen used in the
‘preparation of suppositories containing labile materials. In cosmet-
s and topical pharmaceutical preparations, medium-chain trigly-
cerides are used as a component of ointments, creams, and liquid
' emulsions. )
An emulsion of medium-chain triglycerides has shown signifi-
“cant potential as an effective antimicrobial alternative to chlorhex-
idine- and xylitol- based products for use against animal
pathcgens.(m) :
Although similar to long-chain triglycerides, medium-chain
riglycerides have a number of advantages in pharmacentical
formulations, which include better spreading properties on the
Jin; no impedance of skin respiration; good penetration properties;
“good emollient and cosmetic properties; no visible film on the skin
surface; good compatibility; good solvent properties; and good
“etability against oxidation.

8 Description

colorless to slightly yellowish oily liquid that is practically
“pdorless and tasteless. It solidifies at about 0°C. The oil is free from
:catalytic residues or the products of cracking,

‘9 Pharmacopeial Specifications
‘See Table L

for medium-chain friglyceric

PhEur 9.2 USP 40-NF 35 51
Identification + +
haracters + —
ppearance + +
+Alkaline impurities + +
Relative density 0.95 0.93-0.96
Refractive index 1.446 1.440-1.452
. Viscosity 25-33mPas 25-33 mPas
Acid value <0.2 <0.2
‘Hydroxyl value <10 <10
% lodine value <1.0 <1.0
-Peroxide value <1.0 <1.0
Saponification value 310-360 310-360
Unsaponifiable matter — <0.5%
-Compoasition of fatty acids
Caproic acid <2.0% <2.0%
Caprylic acid 50.0-80.0% 50.0-80.0%
Capric acid 20.0-50.0% 20.0-50.0%
Lauric acid <3.0% <3.0%
Myristic acid <1.0% <1.0%
: Chain length >C1 4 <1.0% —
Heavy metals - 101g/g
Woiter <0.2% <0.2%
Sulfated ash <1.0% -
Total ash - <0.1%
Chromiym' <0.05 ppm <0.05 ng/g
- Copper' <0.1 ppm £0.1ug/g
. Lead® <0.1ppm <0.1vg/g
: Ni?k}el(“’ <0.2 ppm <0.1pg/g
3 )
o Tinbt <0.1 ppm <0.1pg/g

o) For medium-chein triglycerides intended for use in parentaral nutrition,
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10 Typical Properties
Acid value
<0.1 for CGrodamol GTCC;
<0.1 for Miglyol 810
<0.1 for Mighol 812;

<(.05 for Neobee MS5.
Cloud point

<5°C for Crodamo!l GTCC;
210°C for Miglyol 810;
~10°C for Miglyol 812.
Color
<60 {(Hazen color index) for Crodarmol GTCC;
<90 (Hazen color index) for Miglvol 810,
<60 (Hazen color index) for Miglvol 812;

<100 (Hazen color index) for Neobee M35,
Density

0.94-0.96 gfem? for Crodamol GTCC at 20°C;
0.94-0.95 gfem?® for Mighyol 810 at 20°C;
0.94-0.95 g/em® for Miglyol 812 at 20°C;

0.94 glem® for Neobee MS at 20°C.
Freezing point  —5°C for Neobee M5
Hydroxyl value <8 for Neobee M5
Todine number

<1.0 for Crodamol GTCC;
<0.5 for Miglyol 810;
<0.5 for Mighyo! 812;

<0.5 for Necbee MS5.
Moisture content

<0.15% wiw for Crodamol GTCC;
<0.10% wiw for Miglyol 810;
<0.10% wiw for Miglyol 812;

<0.15% wiw for Neobee MS5.
Peroxide value

<1.0 for Miglyol 810
<1.0 for Miglyol 812;

<0.5 for Neobee MS5.
Refractive index

1.4485-1.4500 for Crodamol GTCC at 20°C; |
1.4485~1.4505 for Miglyol 810 at 20°C;
1.4490-1.4510 for Miglyol 812 at 20°C;
1.4480-1.4510 for Neobee MS at 20°C,

Saponification value
325345 for Crodamol GTCC;

335-355 for Miglyol 810;
325-345 for Miglyol 812;
335-360 for Necbee MS.

Solubility Soluble in all proportions at 20°C in acetone, benzene,
2-butanone, carbon tetrachloride, chloroform, dichloro-
methane, ethanol, ethanol (25%), ether, ethyl acetate, petrolenm
ether, special petroleun: spirit (boiling range 80-110°C), propan-
2-0l, toluene, and xylene. Miscible with long-chain hydrocar-
bons and triglycerides; practically insoluble in water.

Surface tension

32.2mN/m for Crodamol GTCC at 25°C;
31.0mN/m for Miglyol 810 at 20°C;
31.1 mN/m for Miglyol 812 at 20°C;

32.3mN/m for Neobee M5 at 25°C.
Viscosity (dynamic)
27-30mPas (27-30cP) for Miglyol 810 at 20°C;
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28-32mPas (28-32 cP} for Miglyol 812 at 20°C;
23 mPas (23 cP) for Neobee M$ at 25°C.

11 Stability and Storage Conditions

Medium-chain triglycerides are stable over the wide range of
storage temperatures that can be experienced in tropical and
temperate climates. Ideally, however, they should be stored at
temperatures not exceeding 25°C and not exposed to temperatures
above 40°C for long periods. At low temperatures, samples of
medium-chain triglycerides may become viscous or solidify. Sam-
ples should therefore be well meited and mixed before use, although
overheating should be avoided.

In the preparation of microemulsions and self-emulsifying
systerts, emulsions, or agueous suspensions of medium-chain
triglycerides, care should be taken to avoid microbiological
contamination of the preparation, since lipase-producing micro-
organisms, which become active in the presence of moisture, can
cause hydrolysis of the triglycerides. Hydrolysis of the triglycerides
is revealed by the characteristic unpleasant odor of free medium-
chain fatty acids.

Medium-chain triglycerides may be sterilized by maintaining at
170°C for 1 hour.

Medium-chain triglycerides should be stored protected from
light in a well-filled and weli-closed container. When stored dry, in
sealed containers, medium-chain triglycerides remain stabie for
many years.

12 Incompatibilities

Preparations containing medium-chain triglycerides should not
come into contact with polystyrene containers or packaging
components since the plastic rapidly becomes brittle upon contact.
Low-density polyethylene should also not be used as a packaging
material as the mediam-chain triglycerides readily penetrate the
plastic, especially at high temperatures, forming an oily film on the
outside. High-density polyethylene is a suitable packaging material.
Closures based on phenol resins should be tested before use for
compatibility with medium-chain triglycerides. Polyvinyl chloride
packaging should also be tested for compatibility since medium-
chain triglycerides can dissolve some plasticizers, such as phtha-
lates, out of the plastic.

Materials recommended as safe for packaging medinm-chain
triglycerides are low-density polyethylene, polypropylene, glass,
and metal.

13 Method of Manufacture

Medium-chain triglycerides are obtained from the fixed oil
extracted from the hard, dried fraction of the endosperm of Cocos
nucifera L. Hydrolysis of the fixed oil followed by distillation yields
the required fatty acids, which are then re-esterified to produce the
medium-chain triglycerides.

Although the PhEur 9.2 specifies that medium-chain fatty acids
are obtained from coconut oil, medium-chain triglycerides are also
to be found in substantial amounts in the kernel oils of certain other
types of palm-tree, e.g. palm kernel oil and babassu oil. Some
animal products, such as milk-fat, also contain small amounts (up
to 4%) of the medium-chain fatty acid esters,

14 Safety

Medium-chain triglycerides are used in a variety of pharmaceutical
formulations including oral, parenteral, and topical products, and
are generally regarded as essentially nontoxic and nonirritant
materials.

In acute toxicology studies in animals and humans, no irritant or
other adverse reactions have been observed; for example, when they
were patch-tested on more than 100 individuals, no irritation was

produced on either healthy or eczematous skin. Medium.chaiﬂ
trigiycerides are not irritating to the eyes. .

Similarly, chronic toxicology studies in animals have showy o
harmful adverse effects associated with medinm-chain triglycerideg
following inhalation or intraperitoneal, oral, and parenters|
administration.

In humans, administration of 0.5 glkg body-weight mediypy,_
chain triglycerides to healthy individuals produced no change i,
blood or serum triglycerides compared to subjects receiving the
same dose of the long-chain triglyceride triolein. )

In patients consuming diets based on medium-chain triglycer.
ides, adverse effects reported include abdominal pain and diarrhes,

LDsg (mouse, IV): 3.7 g/kg
LDso (mouse, oral): 29.6 gtke
LDy {rat, oral): 33.3 g/kg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled.

16 Regulatory Status

Included in the FDA Inactive Ingredients Database (oral, sublingual,
topical and transdermal preparations). Included in nonparenteral
and parenteral medicines licensed in Europe. Incladed in the
Canadian Natural Health Products Ingredients Database.

17 Related Substances

Coconut oil; suppository bases, hard fat; vegetable oil, hydro-

genated.

18 Comments

Medium-chain triglycerides may also be known as fractionated
coconut oil, which contains three saturated lipid chains bound to a
glycerin backbone, and are distinguished from other triglycerides by
the length of the carbon chains, normally between 6 and 10.

Therapeutically, medium-chain triglycerides have been used as
nutritional agents."'!! Diets containing medinm-chain triglycerides
are used in conditions associated with the malabsorption of fat,
such as cystic fibrosis, since medium-chain triglycerides are more
readily digested than long-chain triglycerides. Medium-chain
triglycerides have been investigated particularly for their use in
total parenteral nutrition regimens in combination with long-chain
triglycerides. !> ‘

A specification for medium-chain fatty acid triglycerides is
included in the Japanese Pharmacentical Excipients (JPE).0®
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1986; 13: 87-95.

3 Bach A, ¢t al. Metabolic effects following a short and medium-chain
triglycerides load in dogs I infusion of an emulsion of short and
medium-chain triglycerides. Arch Sci Physiol 1972; 26: 121-129.

4 Hatton ], et ol Safety and efficacy of a lipid emulsion containing
medium-chain triglycerides. Clin Pharm 1990; 9: 366-371.

5 Adams U, Neuwald £ Comparative studies of the release of salicylic
acid from medium-chain triglyceride gel and paraffin ointment bases: i
vitro and in vivo, Pharm Ind 1982; 44: 625-629.

6 Pietkiewicz J, Sznitowska M. The choice of lipids and surfactants for
injectable extravenous microspheres. Pharmazie 2004; 59: 325-326.

7 Schaub F, et al. Pain on injection: a double-blind comparison of
propofol with lidocaine pretreatment versus propofol formulated with
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Meglumine

1’ Nonproprietary Names
“BP: Meglumine

.JP; Meglumine

PhEur: Meglumine

USP-NF: Meglumine

2 Synonyms
Meglumin; meglumina; megluminum; 1-methylamino-1-deoxy-D-
glucitol; N-methylglucamine; N-methyl-D-glucamine.

Chemical Name and CAS Registry Number
I-Deoxy-1-(methylamino)-p-glucitol [6284-40-8]

4 Empirical Formula and Molecular Weight
C7H;7NO; 195.21

Structural Formula

Functional Category
B‘.lffering agent.

7. Applications in Pharmaceutical Formulation or
-+ Technology

=Megll§mine is an organic base used as a pH-adjusting agent and
_folgblliziug agent, primarily in the preparation of soluble salts of
19dinated organic acids used as X-ray contrast media.

Page 29

8  Description

Meglumine occurs as a white to slightly yellow-colored crystalline
powder; it is odorless or with a slight odor.

9  Pharmacopeial Specifications
See Table L.

RS
Test PhEur 9.2
NF 35 51

Identification + + +
Appearance of solution  + + +
Melting range 128-131°C i28°C 128-132°C
Specific opfical rotation  —16.0° to -16.0° to -157°to

-17.0° —17.0° —17.3°
Redueing substances - <0.2% -
Loss on drying <0.5% <0.5% <1.0%
Residue on ignition <0.1% <01% . <0.1%
Absence of reducing + - -+

substances

Bacterial endotoxins - <1.51U/g -
Heavy metals <10 ppm <10ppm <0.002%
Iron - <10ppm -
Arsenic <1ppm - —
Chloride <0.009% <100 ppm -
Sulfate <0.019% <150 ppm -
Nickel — <5 ppm -
Aluminum — <5 ppm -
Assay (dried basis) >99.0% 99.0-101.0% 99.0-100.5%

10 Typical Properties

Acidity/alkalinity pH = 10.5 (1% w/v aqueous solution).

Dissociation constani pK, = 9.5 at 20°C

Melting point  128-132°C

Osmolarity A 5.02% w/v aqueous solution is iso-osmotic with
serum.

Solubility see Table IL

Specific rotation  [a]E = —16.5° (10% w/v agqueous solution)

Encube Exhibit 1031




Propylene Glycol

.1 Nonproprietary Numes

BP: Propylene Glycol

ij: Propylene Glycol Use Dosage form Concentration (%)
phEur: Propylene Glycol Humectant Topicals =15
USP-NF: Propylene Glycol Preservative Solutions, semisalids 15-30
Solvent or cosolvent Aerosol solutions 10-30
Oral solutions 10-25
2 Synonyms Parenterals 10-60
1 2-Dihydroxypropane; E1520; 2-hydroxypropanol; methyl ethy- Topicals 5-80

lene glycol; methy! glycol; propane-1,2-diol; propylenglycolum.

: Chemical Name and CAS Registry Number
‘1,2-Propanediol [57-55-6] :
‘{=)-1,2-Propanediol [4254-14-2]

{+)-1,2-Propanediol [4254-15-3]

“{#)-Propane-1,2-diol [4254-16-4]

9  Pharmacopeial Specifications
See Table L See also Section 18.

Test JP XVl . PhEur 9.2 USP 40-

Empirical Formula and Molecular Weight NF 35 51
2HgOs 76.09 |dentification + + +
Appearance - + —
Structural Formula Specific gravity 1.035-1.040 1.035-1.040 1.035-1.037
Acidity + + +
OH Water <0.5% <0.2% <0.2% .
Residue on ignition  <0.005% - <3.5mg/50g
Sulfeted ash - <0.01% -
OH Chloride <0.007% — <70ppm
HsC Sulfate <0.002% - <60 ppm
Heavy metals <5ppm - <5ppm
Refractive index — 1.431-1.433 -
g . Cxidizing substances  — + -
§ Functional Category Reducing substances  — + -
Antimicrobial preservative; humectant; plasticizing agent; solvent.  Arsenic <Z2ppm - -
: Glycerin + — -
-7 Applications in Pharmaceutical Formulation or Boiling paint 184-189°C 184-189°C -
, Technology Assay - = 299.5%
‘Propylene glycol has become widely used as a solvent, extractant,
‘humectant, and preservative in a variety of parenteral and . .
nonparenteral pharmaceutical formulations, See Table 1. 10 Typical Properties
© Ttis a better general solvent than glycerin and dissolves a wide Awutoignition temperature 371°C
“Variety of materials, such as corticosteroids, phenols, sulfa drugs, Boiling point  187- 188 C
“barbiturates, vitamins {A and D), most alkaloids, and many local ~Density 1. 0361 gicm® at 20°CHY
“anesthetics. Dissociation constant pKa = 14.8 at 25 sCHe
Prapylene glycol is commonly nsed as a plasticizer in aqueous Flammability
film-coating formulations. Upper limit, 12.5% v/v in air;
The effect of propylene glycol on the freeze-thaw of injectable lower limit, 2.6% v/v in air.
formulations has been 1nvesngated (.2} An investigation into skin  Flash point
': E:{lf.tranon en_hancers found propylene glylrcol alFered the skin 99°C (open cup); ¥
ier properties, therefore may have potential use in treatment of 104°C {closed (18)
‘impaired skin barrier conditions.”! closed cup).
e Heat of combustion  1803.3 kJ/mol (431.0 keal/mol)

 Propylene glycol has also been investigated in various delivery  pp..; of vaporization  705.4)fg (168.6 callg) at bp
i systems, inciuding self-emulsifying and mucoadhesive systems, 12 Melting point —59°C

as a plasticizer in hot-melt extruded sustained-release formula- Osmolarity A 2.0% viv aqueous solution is iso-osmotic with
‘tions,'* and in a formulation to improve the stability of serum.

: 14)

: Photosens1t1ve drugs.t Partition coeffi czent Log P (octanol : water) = -0.92071%)

Refractive index n¥ = 1.4324
‘8  Description Specific rotation
:Propylene glycol is a clear, colorless, viscous, practically odorless [ = —15.0° {neat) for (R)-form;

liquid, with a sweet, slightly acrid taste resembling that of glycerin. []E = +15.8° (neat) for (S)-form.

795

Page 30 Encube Exhibit 1031



796  Propylene Glycol

1.00

337513
\
%

075 |

8
§

1045

050+ z
1079 4

1138;4]924
025+ 1} 178 11\ 3¥%s0
/ | 1 rﬁ&\ ! Y
i ,/&‘ v A 4
1 !
2000 1000 0
Wavenumbers/em™!

Intensity {absorbance units)

0.00 Luetd L
4000 3000

Figure T: Inhared specirum of propylene glycol measured by
transmission. Adapted with permission of Informa Hedlthcare.

1.00

839

Q.75+
£
£ 0501 1460 op2fp0a T
£ 991\ l

1081
025 293436880 ; 385
! i
000 A
4000 3000 2000 1000 c

Wavenumbers/cm™!

Figure % Raman spectrum of propylene glycol measured in the 180°
reflectance mode. Adapted with permission of Informa Healthcare.

Solubility Miscible with acetone, chloroform, ethanol (95%]),
methanol; glycerin, and water; soluble at 1 in 6 parts of ether;
not miscible with light mineral oil or fixed oils, but will dissolve
some essential oils.

Specific beat 247 J/g (0.590 cal/g) at 20°C.

Spectroscopry
IR spectrum see Figure 1.

Raman spectrum see Figure 2. ‘

Surface tension 40.1 mN/m {40.1 dynesfcm) at 25°C.

Vapor density (relative) 2.62 (aix = 1}

Vapor pressure  9.33Pa (0.07 mmHg) at 20°C,

Viscosity (dynamic) 58.1mPas (58.1cP) at 20°C.

11 Stability and Storage Conditions

At cool temperatures, propylene glycol is stable in 2 well-closed
container, but at high temperatures, in the open, it tends to oxidize,
giving rise to products such as propionaldehyde, lactic acid, pyruvic
acid, and acetic acid. When heated to decomposition, propylene
giycol emits acrid smoke and toxic fumes of CO and CO,.

Propylene glycol is chemically stable when mixed with ethanol
(95%), glycerin, or water; aqueous solutions may be sterilized by
autoclaving.

Propylene glycol is hygroscopic and should be stored in a well-
closed container, protected from light, in a cool, dry place.

12 Incompatibilities

Propylene glycol is incompatible with oxidizing reagents such as
potassium permanganate.
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13 Methéa of Manufacture

Propylene is converted to chlorohydrin by chlorine water 4y
hydrolyzed to 1,2-propylene oxide. With further hydrolysis, 1 5.
propylene oxide is converted to propylene glycol.”? ’

14 Safety

Propylene glycol is used in a wide variety of pharmaceuticy
formulations and is generally regarded as a relatively nontoxic
material. It is also used extensively in foods and cosmetics. Ag 4
likely consequence of its metabolism and excretion, propylene
glycol is less toxic than other glycols. Propylene glycol is rapidiy
absorbed from the gastrointestinal tract; there is also evidence that it
is absotbed topically when applied to damaged skin. It is extensively
metabolized in the liver, mainly to lactic and pyruvic acids, and jg
also excreted unchanged in the urine.?%2Y

In topical preparations, propylene glycol is regarded as minim.
ally irritant,®? aithough it is more irritant than glycerin. There have
been some reports of contact dermatitis associated with propylene
glycol,?3*% and some local irritation is produced upon application
to mucous membranes or when it is used under occlusive condi-
tions.”® Systemic dermatitis has been documented after ingestion
of propylene giycol through food or medicine,?” while parenteral
admgnistration may cause pain or irritation when propylene glycol
is used in high concentration.

Propylene glycol is estimated to be one-third as intoxicating as
ethanol, with administration of large volumes being associated with
adverse effects most commonly on_the central nervous system,
especially in neonates and children.?831 Other adverse reactions
reported, though generally isolated, include: ototoxicity;**? cardi-
ovascular effects; seizures; and hyperosmolarity® and laciic
acidosis, both of which occur most frequently in patients with
renal impairment. Adverse effects are more likely to occur following
consumption of large quantities of propylene glycel or on admin-
istration to neonates, children under 4 years of age, pregnant
women, and patients with hepatic or renal failure. Adverse events
may also occur in patients treated with disulfiram or metronida-
zole.?¥

An intravenous acetaminophen preparation containing propy-
lene glycol was administered to 60 neonates in a prospective cohort
study; it was found that a median exposure of 34.1 mgikg a day was
tolerated well. ™ However, the same authors caution that neonates
have a lower tolerance limit to propylene glycol than adults, and
more researeh is needed in neonates.®® On the basis of metabolic
and toxicological data, the WHO has set an acceptable daily intake
of propylene glycol at up to 25 mg'kg bedy-weight.®” Formula-
tions containing 35% propylene glycol can cause hemolysis in
humans.

In anima) studies, there has been no evidence that propylene
glycol is teratogenic or mutagenic. Rats can tolerate a repeared ozal
daily dose of up to 30 mL/kg body-weight in the diet over 6 months,
while the dog is unaffected by a repeated oral daily dose of 2 glkgin
the diet for 2 years.®¥

LDso (mouse, IP): 9.72 gkg®”
LDso (mouse, IV): 6.63 g/kg
LDs, {mouse, oral): 22.0 g'kg
LDs, (mouse, SC): 17.37 g/kg
I Dsq (rat, IM): 14.0 g/kg
LDgsq (rat, IP): 6.66 gikg

LDgq (rat, IV): 6,42 g/kg

LDgg (rat, oral): 20.0 g'kg

LDsg (rat, SC): 22.5 g/kg

15 Handling Precautions

Observe normal precautions appropriate to the circumstances affd
quantity of material handled. Propylene glycol should be handled in

Encube Exhibit 1031



Propylene Glycol 797

well-ventilated environment; eye protection and gloves are
recommended. In the UK, the long-term (8-hour TWA) workplace
exposure limit for propylene glycol vapor and particulates is
474 mg/m° (150 ppm) and 10 mg/m® for particulates.™*”

16 Regulatory Status

GRAS listed. Accepted for use as a food additive in Europe.
“mncluded in the FDA Inactive Ingredients Database (buccal films,
 dental preparations; IM and IV injections; inhalations; ophthalmic,
oral, otic, percutaneous, rectal, topical, photopheresis, and vaginal
preparations). Included in nonparenteral and parenteral medicines
ficensed in the UK. Included in the Canadian Natural Health
Products Ingredients Database.

17 Related Substances
. Propylene glycol alginate.

18 Comments

Propylene glycol is one of the materials that have been selected for
Farmonization by the Pharmacopeial Discussion Group. For further
information see the General Chapter 5.8 in PhEuz, along with the
“tate of Work” document on the PhEur EDQM website, and also
the General Information Chapter G10 in the JP.

simifar to glycerin and only slightly less effective than ethanol. In
zddition to its uses as an excipient, propylene glycol is used in
veterinary medicine as an oral glucogenic in ruminanis.

" A possible hepatoprotective effect of propylene glycol due to the
hibition of CYP2E1 has been found in a single-blinded crossover
study in 15 healthy subjects taking liquid and solid preparations of
“dcetaminophen.

' Propylene glycol is also used in cosmetics and in the food
industry as a carrier for emulsifiers and as a vehicle for flavors in
preference to ethanol, since its lack of volatility provides a more
aniform flavor.

A specification for potassium glycol is contained in the Food
Chemicals Codex (FCC).1™

.- The EINECS number for propylene glycol is 200-338-0, The
PubChem Compound ID {CID) for propylene glycol is 1030.

19 Specific References

1 Mensch CD, et al. Characterization of propylene glycol-mitigated
freeze/thaw agglomeration of a frozen liquid nOMV vaccine formula-
tion by static light scattering and micro-flow imaging. PDA J Pharm Sci
Technol 2015; 69(4): 477-498.

Xue H, et al. A freeze-stable formulation for DTw?P and DTaP vaccines.
Hum Vaccin Immunother 2014; 10: 3607-3610.

Mohammed D, et al. Influence of skin penetration enhancers on skin
barrier function and skin protease activity. Eur | Pharm Sci 2014; 51:
118-122.

Bhattacharyya A, Bajpai M. Oral bicavailability and stability study of a
self-emulsifying drug delivery system (SEDDS) of amphotericin B. Curr
Drug Deliv 2013; 10: 542-547.

Tamilvanan S, et al. I vitro evaluation of polyethylene glycol based
microparticles containing azithromycin. Drug Deliv Trans! Res 2014;
4{2): 139-148.

ime proxetil containing tocopherol polyethylene glycol succinate. Drag
Dev Ind Pharm 2013; 39(5): 635-645.

Gee CM, ef al. The effect of formulation excipients on the penetration
and lateral diffusion of ibuprofen on and within the stratum corneum
following topical application to humans. | Pharm Sci 2014; 103(3):
909-919.

Idrees A, et al. In vitro evaluation of transdermal parches of
flurbiprofen with ethyl cellulose. Acza Pol Pharm 2014; 71: 287-295.
Kesavan K, et al. Muccadhesive chitosan-coated cationic microemul-
sion of dexamethasone for ocular delivery: in wvitro and in vivo
evaluation. Curr Eye Res 2013; 38(3): 342-352.

Page 32

As an antiseptic it is similar to ethanol, and against molds it is

Bajaj A, et al. Self-nanoemulsifying drug delivery system of cefpodox-.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Li G, et al. In vitro and in vivo evaluation of a simple microemulsion
formulation for propofol. Int J Pharm 2012; 425(1-2): §3-61.

Réeff J, et al. New sustained-release intraarticular gel formulations
based on monolein for local treatment of arthritic diseases. Drug Dev
Tred Phaym 2013; 39(11): 1731-1741.

Balakrishnan P, et al. Inclusion complex effect on the bioavailability of
clotrimazele from poloxamer-based solid suppository. Arch Pharm Res
20125 35(7): 1169-1175.

Ma D, et al. Development of a HPMC-based controlled release
formulation with hot melt extrusion (HME). Drug Dev Ind Pharm
2013; 39(7); 1070-1083.

Khames A. Liquisolid technique: a promising alternative to conven-
tional coating for improvement of drug photostability in solid dosage
forms. Expert Opin Drug Deliv 2013; 10(10}): 1335-1343.

Ullman’s Encyclopedia of Industrial Chemistry. Propanediols. Wein-
heim, Germany: VCH, 2006.

Riddick JA et al. Organic Solvents. In: Technigues of Chemistry, 4th
edn, vol. I, New York: John Wiley and Sons, 1985; 266.

Hansch C et al. Exploring QSAR - Hydrophobic, electronie, and steric
constants. Washington, DC: American Chemical Society, 1995; 7.
Forkner MW, et al. Glycols. In: Kirk-Othmer Encyclopedia of Chemical
Technology. Online. New York: Wiley, 2011.

Dow Chemical Company. Product Safety Assessment: Propylene giycol,
October 2013.

Yu DK, et al. Pharmacokinetics of propylene glycol in humans during
multiple dosing regimens. | Pharm Sei 1985; 74: 876-879.

Speth PAJ, et al. Propylene glycol pharmacokinetics and effects after
intravenous infusion in humans. Ther Drug Monit 1987; 9: 255-258.
Lessmann H, et al. Skin-sensitizing and irritant properties of propylene
glycol. Contact Dermatitis 2005; 53(5): 247-259.

Kuznetsov AV, et al. Contact allergy to propylene giycol and dodecyl
gallate mimicking seborrheic dermatitis. Contact Dermatitis 2006;
$5(5): 307-308.

Lowther A, et al. Systemic contact dermatitis froia propylene glycol.
Dermatitis 2008; 19(2): 105-108.

Tocci EM, et al. Excipients in oral antihistamines can perpetuate allergic
contact dermatitis. Pediatr Dermatol 2015; 32(6): e242-c244,
Motoyoshi K, et al. The safety of propylene glycol and other
humectants. Cosmet Toilet 1984, 99(10); 83-91.

McEnery-Stonelake M, Sifvestri DL. Contact allergens in oral antihis-
tamines. Dermatitis 2014; 25(2): 83-88.

Arulanantham K, Genel M., Central nervous system toxicity associated
with ingestion of propylene glycol. | Pediatr 1978; 93: 515-516.
MacDenald MG, et al. Propylene glycol: increased incidence of seizures
in low birth weight infants. Pediatrics 1987; 79: 622-615.

Martin G, Finberg L. Propylene glycol: a potentially toxic vehicle in
liquid dosage form. [ Pediatr 1970; 77: 877-878.

Kapitein BS, et al. Prepylene glycol-related delirium after esmolol
infusion. Ann Pharmacother 2014; 48: 7940-942.

Morizono T, Johnstone BM. Ototoxicity of chloramphenicol ear drops
with propylene glycol as solvent. Med | Asust 1975; 2: 634-638.
Fligner CL, et al. Hyperosmolality induced by propylene glycol: a
complication of silver sulfadiazine therapy. J Am Med Assoc 1985;253:
1606-1609.

Ancnymous. US warning on HIV drug excipient. Pharm | 2000; 264:
6835,

Kulo A, ef al. Biochemical tolerance during low dose propylene glycol
exposure in neonates: A formulation-controlled evaluation. Daru 2012;
20: 5.

Kulo A, et al. The propylene glycol research project to illustrate the
feasibility and difficulties to study roxicokinetics in neonates. Int J
Pharm 2012; 435: 112-114,

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

Clayton GD, Clayton FE, eds. Patry’s Industrial Flygiene and Toxicol-
ogy, 3rd edn. Chichester: Wiley, 1987,

Lewis R], ed. Sax’s Dangerous Properties of Industrial Materials, 12th
edn. New York: Wiley, 2012: 3765.

Health and Safety Executive, EH40/2005: Workplace Exposure Limits.
Sudbury: HSE Books, 2011. www.hse.gov.uk/pubns/priced/eh4¢.pdf
{accessed 13 October 2015).

Bishop Y, ed. The Veterinary Formulary, 6th edn. London: Pharma-
ceutical Press, 2005: 420,

Encube Exhibit 1031




Page 33

798 Fropylene Glycol Alginate

42 Ganetsky M, et al. Effect of excipients on acetaminophen metabolism
and its implications for prevention of liver injury. J Clin Pharmacol
2013; 53(4); 413420,

43 Food Chemicals Codex. |online] Bethesda, MD: United States Pharma-
copeia. http://publications.usp.org (accessed 31 March 2017},

20 General References

Doenicke A, et al. Osmolalities of propylene glycol-containing drug
formulations for parenteral use: should propylene glycol be used as a
solvent? Anesih Analg 1992; 75(3): 431-435.

European Directorate for the Quality of Medicines and Healthcare
{EDQM). PDG State Of Work. July 2015. Available at: https://
www.edqm.eu/sites/default/files/pdg_state_of work_july_2015_en-
glish.pdf (accessed 13 October 2015).

Krzyzaniak JE et @l Lysis of human red blood cells 2: effect of contact time
on cosolvent induced hemolysis. Int J Pharm 1997; 152: 193-200.

ScienceLab.com. Material safety data sheet: Propylene glycol, 2013.

Strickley RG. Solubilizing excipients in oral and injecrable formulationg,
Pharm Res 2004; 21(2): 201-230.

Wells JI, et al. Improved wet massed tableting using plasticized binder, j
Pharm Pharmacol 1982; 34(Suppl.): 46P.

Williams AC, Barry BW. Penctration enhancers. Adv Drug Delivery Rep,
2004; 56{5): 603-618.

Yu CD, Kent JS. Effect of propylene glycol on subcutaneous absorption of 5
benzimidazole hydrochloride. J Pharm Sci 1982; 71: 476-478.

21 Author

S Driver.

22 Date of Revision
4 May 2017.

1  Nonproprietary Names
USP-NF: Propylene Glycol Alginate

2  Synonyms

Alginic acid, propylene glycol ester; E405; hydroxypropyl alginate;
Kelcoloid; Kimiloid; Manucol Ester; PGA; Profoams; propane-1,2-
diol alginate; TIC Pretested.

3  Chemical Name and CAS Registry Number
Propylene glycol alginate [9005-37-2]

4  Empirical Formula and Molecular Weight

Propylene glycol alginate is a propylene glycol ester of alginic acid, a
linear glycuronan polymer consisting of a mixture of B-(1-+4}-p-
mannosyluronic acid and o-{1—4)-L-gulosyluronic acid residues.

5  Structural Formula
See Section 4.

6  Functional Category
Emulsifying agent; foam stabilizing agent; suspending agent;
viscosity-increasing agent.

7  Applications in Pharmaceutical Formulation or
Technology

Propylene glycol alginate is used as a stabilizing, suspending,
gelling, and emulsifying agent in oral and topical pharmaceutical
formulations. Typically, a concentration of 0.3-5.0% w/v is used,
although this may vary depending upon the specific application and
the grade of propylene glycol alginate used.

8 Description

Propylene glycol alginate occurs as a white to yellowish colored,
practically odorless and tasteless, fibrous or granular powder.

Propylene Glycol Alginate

9  Pharmacopeial Specifications
See Table L. See also Section 18.

Test USP 40-NF 35 51
idenfification +
Microbial limits <200cfu/g
Loss en drying <20.0%
Ash <10.0%
Arsenic <3 ppm -
Lead <10ppm
Heavy metals <40ppm
Free carboxyl groups +

Esterified carboxyl groups +

Assay (of alginates) +

10 Typical Properties

Solubility Soluble m dilute organic acids and water, forming
stable, viscous, colloidal solutions at pH 3. Depending upon the
degree of esterification, propylene glycol alginate is also soluble
in aqueous ethanol/water mixtures containing up to 60% wiw of
ethanol (95%). The interfacial and foaming properties of
propylene glycol alginate aqueous solutions have been studied,
and were found to be affected by the degree of esterification and
molecular weight."!

Spectrascopy
NIR spectrum see Figure 1.

Viscosity (dynamic) The viscosity of aqueous solutions depends
upon the grade of material used. Typically, a 1% w/v aqueous
solution has a viscosity of 20-400 mPa s (20-400 cP). Viscosity
may vary depending upon concentration, pH, temperature, 0f
the presence of metal ions. See also Sodium Alginate.

11 Stability and Storage Conditions

Propylene glycol alginate is a stable material, although it wiil
gradually become less soluble if stored at elevated temperatures for
extended periods.
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1  Nonproprietary Names
BP: Sodium Citrate

JP: Sodium Citrate Hydrate
PhEur: Sodium Citrate

USP-NE: Sodium Citrate

2  Synonyms

Citric acid trisodium salt; E331; natrii citras; sodinm citrate tertiary;
trisodium citrate.

3 Chemical Name and CAS Registry Number

Trisodium  2-hydroxypropane-1,2,3-tricarboxylate  dihydrate
[6132-04-3]

4  Empirical Formula and Molecular Weight
CgH;3Na;072H,0 294.10

5  Structvral Formula

NaO. o]

+2H,0
NeO OH ONa

6  Functional Category
Alkalizing agent; buffering agent; complexing agent; emulsifying
agent.

7  Applications in Pharmaceutical Formulation or
Technology

Sodium citrate, as either the dihydrate or anhydrous material, is
widely used in pharmaceutical formulations; see Table I It is also
used as a complexing agent to bind metal ions in solution. The
anhydrons material is used in effervescent tablet formulations.

)

Use Concentration (%)
Buffering agent 0.3-2.0
Injections 0.02-4.0
Ophthalmic solutions 0.1-2.0
Complexing agent 0.3-2.0

8 Description

Sodium citrate dihydrate consists of odorless, colorless, monoclinic
crystals, or a white crystalline powder with a cooling, saline taste. It
is slightly deliquescent in moist air, and in warm dry air it is
efflorescent. Although most pharmacopeias specify that sodium
citrate is the dihydrate, the USP 40-NF 35 S$1 states that sodium
citrate may be either the dihydrate or anhydrous material.

858
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Sodium Citrate Dihydrate

SEM T: Excipient: sodium citrate dihydrate (granular}; manufacturer:

O x

Pfizer Lid; magnification: &

$EM 21 Excipient: sodium citrate dihydrate (granular]; manufocturer:

f

Pfizer Ltd; magnification: 600,

9  Pharmacopeial Specifications
See Table 11

10 Typical Properties

Aciditylalkalinity pH = 7.0-9.0 (5% w/v aqueous solution)

Density (bulk) 1.12glem®
Density (fapped) 0.99 glom?®
Density (true) 1.19 glem®

Melting point Converts to the anhydrous form at 150°C.
Osmolarity A 3.02% wfv aqueous solution is iso-osmotic

seram.

with
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NIR spectrum see Figure 2.
Raman spectrum see Figure 3.

" 11 Stability and Storage Conditions

Sodium citrate dihydrate is a stable material. Aqueous solutions
may be sterilized by autoclaving. On storage, agueous solutions
may cause the separation of small, solid particles from glass
containers.

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

12 Incompatibilities

Aqueous solutions are slightly alkaline and will react with acidic
substances, Alkaloidal salts may be precipitated from their aqueous
ar hydro-alcohol selutions, Calcium and strontium salts will cause
precipitation of the corresponding citrates. Other incompatibilities
inclade bases, reducing agents, and oxidizing agents.

13 Method of Manufacture

Sodium citrate is prepared by adding sodium carbonate to a
solution of citric acid until effervescence ceases. The resulting
solution is filtered and evaporated to dryness.

14 Safety

After ingestion, sodium citrate is absorbed and metabolized to
bicarbonate. Although it is generally regarded as a nontoxic and
nonirritant excipient, excessive consumption may cause gastro-
intestinal discomfort or diarrhea. Therapeutically, in adults, up to
15 g daily of sodium citrate dihydrate may be administered orally, in
divided doses, as an aqueous solution to relieve the painful irritation
caused by cystitis.
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Sodium Citsate Dihydrate 859
1.00 345113269
— 075 J )
.:—;{'cqfion + + + E i
{denfill
Characters - + — é 0501 W()S 1740
oH 7.5-8.5 - >~ j 2924 1588 /1403
Appearance of solution  + + - # i 1681 | #hsos
Acidity or alkalinity — + + g fy1283
. Loss on drying 10.0-13.0% — - = 0251 | {n
L Water — 11.0-13.0%  10.0-13.0% 4
£ Oxalate + <300 ppm — / \ﬁ\
Sulfate <0.048% <150ppm - 0.00 l
' Heavy metals <10ppm - <10ppm 4000 3000 2000 1000 ¢}
- Arsenic <Zppm - - Wavenumbers/cm™!
Chloride <0.015% %50 ppm —
Tartrate . + - + Figure 11 Infrared spectrum of sodium citrate dihydrate measured by
Readkl,b; carbonizable  + + - diffuse reflectance. Adapted with permission of Informa Healtheare.
oo substances )
© Pyrogens - ol — = 1.5 N 7285 733, 08
+* Assay {anhydrous 99.0-101.0% 99.0-101.0% 99.0-100.5% ~ i 2203 S
i basis) 5 H
: [s) h
{a} if intended for use in largevolume preparations for parenteral use, compliance with - N
i @ test for pyrogens may be required. .= 0.0 YAy e
. _g o
" Particle sizé distribution Various grades of sodium citrate - ?
dihydrate with different particle sizes are commercially avail- & -
: able =
y X
. Solubility Soluble 1 in 1.5 of water, 1 in 0.6 of boiling water; o ; 1953
practically insoluble in ethanol (95%). 8 .
- Speciroscopy Y Y SN I T Y N W 0.2
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Figgre 22 Nearinfrared spectrum of sodium citrate dibydrate measured
by reflectance.
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Figure 3: Raman spectrum of sodium citrate dihydrate measured in the
180° reflectance mode. Adapted with permission of Informa Healtheare.

Citrates and citric acid enhance intestinal aluminum absotption
in renal patients, which may lead to increased, harmfal serum
aluminum levels. It has therefore been suggested that patients with
renal failure taking aluminam compounds to control phosphate
absorption should not be prescribed citrate- or citri¢ acid-contain-
ing products.®!

See Section 17 for anhydrous sodium citrate animal toxicity
data.
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860 Sodium Cyclamate

15 Handling Precautions

Observe normal precautions appropriate to the circumstances and
quantity of material handled. Sodium citrate dihydrate dust may be
irritant to the eyes and respiratory tract. Eye protection and gloves
are recommended. Sodium citrate should be handled in a well-
ventilated environment or a dust mask should be worn.

16 Regulatory Status

GRAS listed. Accepted for use as a food additive in Europe.
Included in the FDA Inactive Ingredients Database (inhalations;
injections; ophthalmic products; oral solutions, suspensions, syrups
and tablets; nasal, otic, rectal, topical, transdermal, and vaginal
preparations), Included in nonparenteral and patrenteral medicines
licensed in the UK. Included in the Canadian Natural Health
Products Ingredients Database.

17 Related Substances
Anhydrous sodium citrate; citric acid monohydrate.

Anhydrous sodium citrate

Empirical formula CgHsNa;05

Molecular weight 258.07

CAS number [68-04-2]

Synonyms Anhydrous trisodium citrate; citric acid trisodium salt
anhydrous; trisodium  2-hydroxy-1,2,3-propanetricarboxylic
acid.

Appearance Colorless crystals or a white crystalline powder.

Safery
LDs {mouse, IP): 1.36 gkg™

LDjy (mouse, IV): 0.17 g/kg

LDsy (rabbit, IV): 0.45 g/kg

LDsg (rat, IP): 1.55 g/kg

18 Comments

Each gram of sodium citrate dihydrate represents approximately
10.2mmol of sodium and 3.4mmol of citrate. Fach gram of
anhydrous sodium citrate represents approximately 11.6 mmol of
sodium and 3.9 mmol of citrate.

Therapeutically, sodium citrate is used to relieve the painfy]
irritation caused by cystitis, and also to treat dehydration and
acidosis due to diarrhea; see Section 14.

Sodium citrate, as either the dihydrate or anhydrous material, jg
used in food products, primarily to adjust the pH of solutions.

Sodium citrate is additionally used as a blood anticoagulant
either alone or in combination with other citrates such as disodium,
hydrogen citrate.

The EINECS number for sodium citrate is 200-675-3. The
PubChem Compound ID (CID) for sodium citrate dihydrate is
71474.

19 Specific References

1 Anderson NR, et @l Quantitative evaluation of pharmaceutical
effervescent systems I stability monitoring of reactivity and porosity
measurements, | Pharm Sci 1982; 71: 7-13. ’

2 Main J, Ward MK. Potentiation of aluminum absorption by efferves-
cent analgesic tablets in a haemodizlysis patient. Br Med [ 1992; 304
1686.

3 Lewis R], ed, $Sax’s Dangerous Properties of Industrial Materials, 12th
edn. New York: Wiley, 2012: 4464.
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Sodium Cyclamate

1 Nonproprietary Names
BP: Sodium Cyclamate
PhEur: Sodium Cyclamate

2 Synonyms

Cyclamate sodium; cyclohexylsulfamic acid monosodium salt
E952; natrii cyclamas; sodium cyclohexanesulfamate.

3  Chemical Name and CAS Registry Number
Sodium N-cyclohexylsulfamate [139-05-9]

4  Empirical Formula and Molecular Weight
CgHizNNaOg,s 201.22

5  Structural Formula ,

NH—SOzNa®

6  Functional Category

Sweetening agent.

7  Applications in Pharmacevutical Formulation or
_ Technology

Sodium cyclamate is used as an intense sweetening agent in
pharmaceutical formulations. In dilute solution, up to about
0.17% wfv, the sweetening power is approximately 30 times that
of sucrose, However, at higher concentrations this is reduced and at
a concentration of 0.5% w/v a bitter taste becomes noticeable.
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714 Safety B

Microcrystalline wax is mainly used in topical pharmaceutical
formulations but is also used in some oral products. It is generally
regarded as a nontoxic and nenirritating material.

15 Handling Precautions

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

16 Regulatory Status

Accepred for use as a food additive in Europe. Included in the FDA
Inactive Ingredients Database {oral capsules; topical and vaginal
preparations). Included in nonparenteral medicines licensed in the
UK. Included in the Canadian Natural Health Products Ingredients
Database.

17 Related Substances

Paraffin; wax, white; wax, yellow.

18 Commenis

Rheological studies of a model ointment containing microcrystal-
line wax, white petroleum, and mineral oil showed that while the
latter two substances control the rheology of the ointment,
microcrystalline wax incorporates itself into the existing white
petroleum structure and builds up the structure of the ointment. !

Waxes have been combined in melt-extruded drug delivery
systems.

A specification for refined microcrystalline wax (get{oleum wax)
is contained in the Food Chemicals Codex (FCC).

19 Specific References

1 De Brabander C, er al. Bioavailability of ibuprofen from matrix
minitablets based on a mixture of starch and microcrystalline wax. I |
Pharm 2000; 208: 81-86.

2 De Brabander C, et al. Matrix minitablets based on starch/microcrystal-
line wax mixtures. Int ] Pharm: 2000; 199: 195-203.

3 Vergote GJ, et al. Oral controlled release matrix pellet formulation
containing nanocrystalline ketoprofen. Int J Pharm 2001; 219: §1-87.

4 Motycka S, Nairn J. Influence of wax coatings on release rate of anions
from ion-exchange resin beads. ] Pharm Sci 1978; 67: 500-503.

5 Pena LE, et al. Structural rheology of a model ointment. Pharm Res
1994; 11: 875-881.

6 Food Chemicals Codex. {online] Bethesda, MD: United States Pharma-
copeia. http://publications.usp.org (accessed 31 March 2017).
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1  Nonproprietary Names
BP: Cetomacrogol Emulsifying Wax
USP-NF: Emulsifying Wax

2  Synonyms

Collone NI; Crodex Ny Emulgade 1000NI; Kerawax; Lipowax P;
Masurf Emulsifying Wax; Permulgin D; Polawax; Ritackol 2000;
T-Wax.

3  Chemical Name and CAS Registry Number

Nonionic emulsifying wax [97069-99-0]
See also Section 4

4  Empirical Formula and Molecular Weight

The USP 40-NF 35 S1 designates nonionic emulsifying wax as
emulsifying wax that is prepared from cetostearyl alcohol and
contains a polyoxyethylene derivative of a fatty acid ester of
sorbitan. However, the BP 2017 describes nonionic emulsifying wax
as cetomacrogol emulsifying wax prepared from cetostearyl alcohol
and macrogol cetostearyl ether (22). The UK and US materials are
therefore constitucionally different. See also Section 18.

Wax, Nonionic Emulsifying

5  Structural Formula
See Section 4.

6  Functional Category
Emulsifying agent; solubilizing agent; stiffening agent.

7  Applications in Pharmaceutical Formulation or
Technology

Nonionic emulsifying wax is used as an emulsifying agent in the

production of oil-in-water emulsions that are umaffected by

moderate concentrations of electrolytes and are stable over a wide

pH range. The concentration of wax used alters the consistency of a

product owing ta its ‘self-bodying action’; at concentrations up to .

about 5% a product is pourable. §
Concentrations of about 15% of nonionic emulsifying wax are

commonly used in creams, but concentrations as high as 25% may

be employed, e.g. in chlorhexidine cream BE. Nonionic emulsifying

wax is particularly recommended for use with salts of polyvalent

metals and medicaments based on nitrogenous compounds. Creams

are susceptible to microbial spoilage and should be adequately

preserved. ;
Nonionic emulsifying wax is also used in nonaqueous ointment :

bases, such. as cetomacrogol emulsifying ointment BP, and in barrier

creams. It has also been investigated for its effects on the physical
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1024 Wax, Nonionic Emulsifying

properties of ceryltrimethyl ammonium bromide {(CTAB}-based
solid lipid nanoparticles.

8  Description

Nonionic emulsifying wax occurs as a white or off-white waxy solid
or flakes, which melt when heated to give a clear, almost colorless
lignid. Nonionic emmlsifying wax has a faint odor, which is
characteristic of cetostearyl alcohol.

9  Pharmacopeial Specifications

See Table I

Test BP 2017 USP 40-NF 35 51
identification + -
Characters + -
Melting range — 50-54°C
Solidifying point 45-53°C -

pH {3% dispersion} - 5.5-7.0
Alkalinity + -

Acid value <05 —
Hydroxy! value 175-192 178-192
lodine value — <3.5
Refractive index {at 60°C) 1.435-1.439 —
Saponification valve <2.0 <14
Sulfated ash <0.1% —

10 Typical Propetties

Density 0.94g/cm?

Flash point  >150°C for Masurf Emulsifying Wax NF

Solubility The BP 2017 specifies that cetomagrocol emulsifying
wax is practically insoluble in water, forming an emulsion, and is
moderately soluble in ethanol (96%), and partly soluble in ether.

Spectroscopy

NIR spectrum see Figure 1.

11 Stability and Storage Conditions

Nonionic emulsifying wax is stable and should be stored in a well-
closed container in a cool, dry place.

12

Nonionic emalsifying wax is incompatible with tannin, phenol and
phenolic materials, resorcinol, and benzocaine. It may reduce the
antibacterial efficacy of quaternary ammonium compounds.

Incompatibilities

13 Method of Manufacture

The BP 2017 specifies that cetomacrogol emulsifying wax {nonionic
emulsifying wax) may be prepared by melting and mixing together
800 g of cetostearyl alcohol and 200 g of macrogol cetostearyl ether
{22). The mixture is then stirred until cold.

The USP 40-NF 35 51 formula for nonionic emulsifying wax is a
mixture of unstated proportions of cetostearyl alcohol and a
polyoxyethylene derivative of a fatty acid ester of sorbitan.

14 Safety

Nonionic emulsifying wax is used in cosmetics and topical
pharmaceutical formulations, and is generally regarded as a
nontoxic and nonirritant material.

15 Handling Precautions

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

o
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Figure 15 Nearinfrared specirum of nonienic emulsifying wax measureq
by refleciance.

16 Regulatory Status

Included in the Canadian Natural Health Products Ingredients
Database.

17 Related Substances

Cationic emulsifying wax; cetostearyl alcohol; polyoxyethylene
alkyl ethers; wax, anionic emulsifying.

It should be noted that there are many similar nonionic
emulsifying waxes composed of different nonionic surfactants and

fatty alcohols.

Cationic emulsifying wax

Synonyms cetrimide emulsifying wax; Crodex C.

Method of manufaciure Cetrimide emulsifying wax is prepared
similarly to nonionic emulsifying wax and contains ¥g of
cetostearyl alcohol and 10g of cetrimide.

Comments Cationic emulsifying wax is claimed to be of particular
value in cosmetic and pharmaceutical formulations when
cationic characteristics are important. Thus it can be used in
medicated creams, germicidal creams, ointments and lotions,
hair conditioners, baby creams, and skin care products in which
cationic compounds are included. Cationic emulsifying wax is
compatible with cationic and nonionic materials, but is incom-
patible with anionic surfactants and drugs. Additional anti-
microbial preservatives should be included in creams. Cetrimide
may cause icritation to the eye; see Cetrimide.

18 Comments

The nomenclature for emulsifying wax is confusing since there are
three groups of emulsifying waxes with different titles in Europe, the
UK, and US; see Table II.

Tablell'l\!omencfnfure :.fbrﬁ emU|5|fymgW

Europe UK 4U~5_
Nonienic - Cetornacrogol Emulsitying
emulsifying wax wox
Anionic  Cetostearyi alcoho Emulsifying wap -
{type A}, emulsifying
Cetostearyl alcohol
{type B), emulsifying
Cationic ™~ — Cefrimide emulsifying -~
wax [ ——

The waxes have similar physical properties but vary in the tYP:iezf

surfactant used, which, in turn, affects the range of compatibili
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Emulsifying wax BP and emulsifying wax USP-NF contain anionic
and nonionic surfactants, respectively, and are therefore not
interchangeable in formulations.

19 Specific References

1 Siddiqui A, et gl. The effect of emulsifying wax on the physical
properties of CTAB-based solid lipid nanoparticles {SLN). Pharm Dev
Technol 2014; 19(1): 125-128.
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waxes. In: Florence AT, ed. Materials Used in Pharmaceutical Formu-
lation: Critical Reports an Applied Chemistry. 6. Oxford: Blackwell
Scientific, 1984; 124-156.

Eccleston GM. Functions of mixed emulsifiers and emulsifying waxes in
dermatological lotions and creams. Colloids Surf A Physicochem Eng
Asp 1997, 123-124; 169-182.

Hadgraft JW. The emulsifying properties of polyethyleneglycol ethers of
cetostearyl alcohol. f Pharm Pharmacol 1954; 6: §16-829.
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Lake OA, et al. Analysis of creams. Il Application of gas-liquid
chromatography. Part L, Pharm Weekbl Sci 1982; 4: 42(2): 48.
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Wax, White

1 Nonproprietary Names
BP: White Beeswax

JP: White Beeswax

PhEur; Beeswax, White

USP-NF: White Wax

2  Synonyms
Bleached wax; cera alba; £901.

3  Chemical Name and CAS Registry Number
White beeswax [8012-89-3]

4  Empirical Formula and Molecular Weight

White wax is the chemically bleached form of natural beeswax; see
Section 13. '

Beeswax consists of 70-75% of a mixture of varions esters of
straight-chain monohydric alcohols with even-numbered carbon
chains from Cy4 to Csg esterified with straight-chain acids. These
straight-chain acids also have even numbers of carbon atoms up to
Csg together with some Cqg hydroxy acids. The chief ester is myricyl
palmitate. Also present are free acids (about 14%) and carbohy-
drates (about 12%) as well as approximately 1% free wax alcohols
and stearic esters of fatty acids.

5  Structural Formula
See Section 4.

6  Functional Category

Coating agent; emulsion stabilizing agent; modified-release agent;
stiffening agent.

7  Applications in Pharmaceutical Formulation or
Technology

White wax is a chemically bleached form of yellow wax and is used

in similar applications: for example, to increase the consistency of

creams and ointments, and to stabilize water-in-oil emulsions.

Page 39

White wax is used to polish sugar-coated tablets and to adjust the
melting point of suppositories.

White wax is also used as a film coating in sustained-release
tablets.t?) White beeswax microspheres may be used in oral dosage
forms to retard the absorption of an active ingredient from the
stomach, allowing the majority of absorption to occur in the
intestinal tract. Wax has been incorporated in dosage forms
intended to float in the stomach fluids to prolong drug release,
with mixed results.” Wax coatings can also be vsed to affect the
release of drug from ion-exchange resin beads.®™

See also Wax, Yellow and Microcrystaliine Wax.

8  Description

White wax consists of tasteless, white or slightly yellow-colored
sheets or fine granules with some translucence. Its odor is similar to
that of yellow wax but is less intense.

9  Pharmacopeial Specifications
See Table L

Test JP XVil PhEur 9.2 USP 40—

NF 35 §1
Characters + + -
Melting range 60-67°C 61-66°C 62-65°C
Relotive density - ~0.960 -
Acid value 5-9or 17-24 17-24

17-22
Ester value - 70-80 72-79
Saponification value 80-100 87-104 -
Ceresin, paraffins, and — + -
cerfain other waxes

Purity + — -
Glycerols and other polyols  — + -
Saponification cloud fest — — +
Fats or fatty acids, Japan - - +

wax, rosin, and soaop
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Edetate Disodium

1 Nonproprietary Names
BP: Disodium Edetate

JP: Disodium Edetate Hydrate
PhEur: Disodium Edetate
USP-NF: Edetate Disodium

2 Synonyms

Dinatrii edetas; disodium edetate; disodium EDTA; disodium
ethylenediaminetetraacetate; edathamil disodium; edetic acid, dis-
odium salt; Versene,

3  Chemical Name and CAS Registry Number
FEthylenediaminetetraacetic acid, disodium salt [139-33-3]
Disodium ethylenediaminetetraacetate dihydrate [6381-92-6]

4 Empirical Formula and Molecular Weight
CyoH14N3Na,0g 336.2 (for anhydrous)
C1oH1sNoNayOg9  372.2 (for dihydrate)

5  Structural Formula
o
) NaO o
Ho v T
N
\/\N
ONa
o oH
o

6  Functional Category
Complexing agent.

7  Applications in Pharmaceutical Formulation or
Technology

Edetate disodium is used as a complexing 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.

Edetate disodium 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.

Edetate disodium has been used experimentally to investigate the
stability and skin penetration capacity of captopril gel, in which
€detate disodium 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
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be stable, colorless, and transparent, and it also demonstrated
antimicrobial effects.’ Studies have shown that edetate disodium
may be effective in retarding microbial growth in propofol
formulations'® and for the prevention of biofilm formation in
catheters.!”)

Research has also been done to prepare and characterize hot
melt dispersion formulations of mini-pellets containing EDTA.®) A
salt complex of iron and EDTA has been used to develop chewable
and orodispersible tablets in studies in humans and rats. '

See also Edetic Acid.

‘8  Description

Edetate disodium occurs as a white, crystalline, odorless powder
with a slightly acidic taste.

9  Pharmacopeial Specifications
See Table I. :
| Table I: Pharmacopeial specifications for edetate disodium.

Test JP XVl PhEur 9.2 USP 40-
NF 35 §1
Identification + + +
Characters + + -
Appearance of + + =
solution
pH 4.3-4.7 4.0-5.5 4.0-6.0
Iron — <80ppm -
Calcium - - +
Heavy metals <10ppm - <0.005%
Cyanide + — =
Arsenic <2ppm - -
Limit of nitrilofriacetic  — <0.1% <0.1%
acid
Residue,on ignition 37.0-39.0% — -
Loss on drying - — 8.7-11.4%
Assay >99.0% 98.5-101.0% 99.0-101.0%

10 Typical Properties

Aciditylalkalinity pH4.3-4.7 (1% wl/v solution in carbon diox-
ide-free water)
Density (bulk) 980 kg/m?® (for Versene)
Freezing point depression  0.14°C (1% w/v aqueous solution)
Melting point Decomposition at 252°C for the dihydrate.
Refractive index 1.33 (1% wiv 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% wlv aqueous solution)
Spectroscopy
IR spectrum see Figure 1.
NIR spectrum see Figure 2.
Raman spectrum see Figure 3.
Viscosity (kinematic) 1.03mm*s (1.03cSt) (1% w/v aqueous
solution).

11 Stability and Storage Conditions

Edetate salts are more stable than edetic acid (see also Edetic Acid).
However, edetate disodium dihydrate loses its water of crystal-

347
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348 Edetate Disodium
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Figure 1: Infrared spectrum of edetate disodium dihydrate measured by
diffuse reflectance. Adapted-with permission of Informa Healthcare.
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Figure 2: Near-infrared spectrum of edetate disodium dihydrate
measured by reflectance. ' ’
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Figure 3: Raman specirum of edetate disodium dihydrate measured in

" the 180° reflectance mode. Adapted with permission of Informa

Healthcare.

lization when heated to 120°C. Aqueous solutions of edetate
disodium may be sterilized by autoclaving, and should be stored in
an alkali-free container.

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

ito the FDA.H

1

12 Incompatibilities

Edetate disodium behaves as a weak acid, displacing carbon dioxide
from carbonates and reacting with metals to form hydrogen. It j5
incompatible with strong oxidizing agents, strong bases, metal ions,
and metal alloys.

The addition of edetate disodium to phenylmercuric nitrate®)
and thimerosal’®) has also been reported to reduce the
antimicrobial efficacy of the preservative.

See also Edetic Acid.

Ty

13 Method of Manufacture

Edetate disodium may be prepared by the reaction of edetic acid and
sodium hydroxide.

14 Safety

Edetate disodium is used widely in topical, oral, and parenteral
pharmaceutical formulations; it is used extensively in cosmetic and
food products. Edetate disodium and edetate calcium disodium are
used in a greater number and variety of pharmaceutical formula-
tions than is edetic acid. Both edetate disodium and edetate calcium
disodium are poorly absorbed from the gastrointestinal tract and
are associated with few adverse effects when used as excipients in
pharmaceutical formulations. .
Edetate disodium, 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.
Edetate disodium should be used with caution in patients with
renal impairment, tuberculosis, and impaired cardiac function.
- Although edetate disodium is generally considered safe, there
have been reports of edetate disodium toxicity in patients receiving
chelation therapy,®® and between 1971 and 2007, four deaths
attributed to the therapeutic use of edetate disodium were reported

Nasal formulations containing benzalkonium chloride and
edetate disodium, 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 epithelium.
although these effects were subsequently shown to be reversible. f

“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.

LDsg (mouse, IP): 0.26 gfkg™>
LDjsg (mouse, IV): 0,056 g/kg™®)
LDjs (mouse, OP): 2.05 g/kg™S!
LDysq (rabbit, IV): 0.047 g/kg*s
LDyq (rabbit, OP): 2.3 g/kg!®
LDsg (rat, OP): 2.0 g/kg!'®

15 Handling Precautions

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

16 Regulatory Status

Included in"the FDA Inactive Ingredients Database (inhalations;
injections; ophthalmic, otic, oral, rectal, topical, intrauterine, nasal,
transdermal, urethral, iontophoresis and vaginal preparations).
Included in nonparenteral and parenteral medicines licensed in the
UK. Included in the Canadian Natural Health Products Ingredients
Database.
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17 Related Substances
Edetic acid.

18 Commenis

Many solutions used for the cleaning, storage, and wetting of
contact lenses contain edetate disodium.“'”) Therapeutically,
edetate disodium is used as an anticoagulant as it will chelate

calcium and prevent the coagulation of blood in vitro."® Concen-
trations of 0.1% wi/v are used in small volumes for hematological ~

testing and 0.3% w/v in transfusions. Studies have shown how
edetate disodium is facilitated by methylsulfonylmethane to cross
biological membranes for regional chelation therapy.® 1t is also
used therapeutically in the treatment of hypercalcemia.

Edetate disodium is used as a water softener as it will chelate
calcium and magnesium ions present in hard water.

A specification for edetate disodium is contained in the Food
Chemicals Codex (FCC).??

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