Propylparaben

A

1 Nonproprietary Names

BP: Propyl hydroxybenzoate

JP: Propyl parahydroxybenzoate
PhEur: Propylis parahydroxybenzoas
USPNEF: Propylparaben

2 Synonyms

E216; 4-hydroxybenzoic acid propyl ester; Nipasol M; propa-
gin; propyl p-hydroxybenzoate; Propyl parasept; Solbrol P;
Uniphen P-23.

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

4 Empirical Formula
C10H1203

Molecular Weight
180.20

5 Structural Formula

/\/CH3
(e)

HO

6 Functional Category

Antimicrobial preservative.

7 Applications in Pharmaceutical Formulation
or Technology

Propylparaben is widely used as an antimicrobial preservative
in cosmetics, food products, and pharmaceutical formulations;
see Table 1.

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

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

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

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

See Methylparaben for further information.
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Table - Uses of propylparaben in pharmaceutical preparations.
Use Concentration {%)
IM, IV, SC injections 0.005-0.2
Inhalation solutions 0.015
Intradermal injections 0.02-0.26
Nasal solutions 0.017
Ophthalmic preparations 0.005-0.01

Oral solutions and suspensions ~ 0.01-0.02
Rectal preparations 0.02-0.01
Topical preparations 0.01-0.6
Vaginal preparations 0.02-0.1

8 Description

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

9 Pharmacopeial Specifications

See Table II.
Table Il:  Pharmacopeial specifications for propylparaben.
Test JP 2001 PhEur 2002  USPNF 20
(Suppl 4.2)
Identification + + +
Melting range 96.0-99.0°C — 95.0-98.0°C
Acidity - + -
Loss on drying <0.5% - <0.5%
Residue on ignition <0.1% — <0.05%
Sulfated ash - <0.1% —
Appearance of solution — + -
Chloride <0.035% - -
Sulfate <0.024% - -
Parahydroxybenzoic  + - -
acid and salicylic
acid
Heavy metals <20ppm — -
Related substances — + -
Readily carbonizable  + - -
substances
Organic volatile - — +
impurities

Assay (dried basis) >99.0% 98.0-102.0% 99.0-100.5%

10 Typical Properties

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



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

Reported minimum 1nh1b1tory concentratlons (MICs) for
propylparaben are provided in Table L.

Table ll:  Minimum inhibitory concentrations (MICs) for propylpar-
aben in aqueous solution.?

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

Boiling point: 295°C

Density (bulk): 0.426 g/cm

Density (tapped): 0.706 g/cm

Density(true): 1.288 g/cm

Dissociation constant: pK, = 8.4 at 22°C

Flash point: 140°C

Partition coefficients: values for different vegetable oils vary
considerably and are affected by the purity of the oil; see
Table IV.

Table IV:  Partition coefficients for propylparaben in vegetable oil
and water.®!

Solvent Partition coefficient oil : water
Corn oil 58.0

Mineral oil 0.5

Peanut oil 51.8

Soybean oil 65.9

Refractive index: nby = 1.5049
Solubility: see Table V.
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Table V:  Solubility of propylparaben in various solvents.?

Solvent Solubility at 20°C
unless otherwise stated

Acetone Freely soluble

Ethanol Tin 1.1

Ethanol (50%) 1in5.6

Ether Freely soluble

Glycerin 1in 250

Mineral oil 1in 3330

Peanut oil 1in70

Propylene glycol 1in3.9

Propylene glycol (50%) 1in 110

Water 1in 4350 at 15°C
1in 2500
1

in 225 at 80°C

11 Stability and Storage Conditions

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

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

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

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

Initial pH of Rate constant Half-life

solution k+ o9 h t/2 + o' (day)

1 (1.255 + 0.042) x 10 230 + 7.6

2 (1.083 + 0.081) x 107° 2670 + 200

3 (8.41 + 0.9¢) x 107 34 300 + 3900
4 (2.23 + 0.37) x 107 130 000 + 22 000

@ 5 indicates the standard error.

The predlcted amount of pro;s)ylparaben remaining after
autoclaving is given in Table VIL

Table VII:  Predicted amount of propylparaben dissolved in hydro-
chloric acid, after autoclaving.
Initial pH of solution Rate constant Predicted residual

k + o9 h) amount after

sterilization (%)

1 ([4.42 + 0.10) x 107" 86.30 + 0.30
2 (4.67 + 0.19) x 102 98.46 + 0.06
3 (2.96 + 0.24) x 10° 99.90 + 0.01
4 (7.8 £ 1.1) x 10®* 99.97 + 0.004

© & indicates the standard error.

12 Incompatibilities

The antimicrobial activity of propylparaben is reduced
considerably in the presence of nonionic surfactants as a result
of micellization.‘® Absorption of propylparaben by plastics
has been reported, with the amount absorbed dependent upon
the type of plastic and the vehicle.””” Magnesium aluminum
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silicate, magnesium trisilicate, yellow iron oxide, and ultra-
marine blue have also been reported to absorb propylparaben,
thereby reducing preservative efficacy.(®

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

See also Methylparaben.

13 Method of Manufacture

Propylparaben is prepared by the esterification of p-hydroxy-
benzoic acid with n-propanol.

14 Safety

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

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

Systemically, no adverse reactions to parabens have been
reported, although they have been associated with hypersensi-
tivity reactions. The WHO has set an estimated acceptable
total daily intake for methyl, ethyl, and propyl parabens at up
to 10 mg/kg body-weight.1?

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

15 Handling Precautions

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

16 Regulatory Status

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

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

Accepted as a food additive in Europe. Included in the FDA
Inactive Ingredients Guide (IM, IV, and SC injections; inhala-
tions; ophthalmic preparations; oral capsules, solutions, sus-
pensions, and tablets; otic, rectal, topical, and vaginal
preparations). Included in parenteral and nonparenteral med-
icines licensed in the UK.

17 Related Substances

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

Propylparaben potassium

Empirical formula;: C;yH ;KO3

Molecular weight: 218.30

CAS number: [84930-16-5]

Synonyms: potassium propyl hydroxybenzoate;
4-hydroxybenzoate potassium salt.

propyl

Propylparaben sodium
Empirical formula: C;oH;{NaO3;

Molecular weight: 202.20

CAS number: [35285-69-9]

Synonyms: E217; propyl 4-hydroxybenzoate sodium salt;
sodium propyl hydroxybenzoate; soluble propyl hydroxy-
benzoate.

Appearance: white, odorless or almost odorless, hygroscopic
crystalline powder.

Acidity/alkalinity: pH = 9.5-10.5 (0.1% w/v aqueous solution).

Solubility: 1 in 50 of ethanol (95%); 1 in 2 ethanol (50%); 1 in
1 of water; practically insoluble in fixed oils.

Comments: propylparaben sodium may be used instead of
propylparaben because of its greater aqueous solubility.
However, it may cause the pH of a formulation to become
more alkaline.

18 Comments

The EINECS number for propylparaben is 202-307-7.
See Methylparaben for further information and references.
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