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FOCUS ON PROPYLENE GLYCOL

Personal care products and topical medicaments, especially topical corticosteroids, are the most common sources of PG allergy.
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llergic contact dermatitis (ACD)
is a significant health problem for

many North American patients,

affecting some 4.5 million persons each
year.! The economic impact of this dis-
ease is high in terms of both patient
morbidity and loss of income, school
and work, not to mention significant
expenditures for visits to healthcare pro-
viders and for medicaments.! A correct
diagnosis of ACD will improve, prevent
or “cure” the dermatitis and decrease
overall costs to the healthcare system.'
Once patch testing is performed and a
culprit has been identified, education
becomes the critical intervention to
ensure adherence to an avoidance regi-

men. With allergen avoidance, remission
of the dermatitis ensues. Quality of life
is improved with correct identification
of the offending allergen(s), especially
when the dermatitis is present for less
than 3 years.! If patients are unable to
comply with the avoidance regimen,
they become at risk for recurrent or
sustained dermatitis or progression to a
systematized presentation.*?

Contact dermatitis is commonly sepa-
rated into 2 categories based on the type
of exposure — either irritant or allergic.
Irritant contact dermatitis (ICD) is the
most common cause of contact derma-
titis and may occur in anyone who is
exposed to the irritant with significant
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duration or in significant concentra-
tions. Common irritants include chron-
ic or frequent water exposure, abrasive
cleansers, detergents and soaps. It is im-
portant to note that ICD can at times
precede or be a concomitant diagnosis
with ACD.*> Unlike ACD, ICD is not
immune mediated, but occurs second-
ary to contact with an irritating or abra-
sive substance. Contact urticaria (wheal
and flare reaction), on the other hand,
represents the least prevalent form of
CD. It is important to note that it is an
immune-mediated phenomenon whose
hallmark is an IgE and mast cell-medi-
ated immediate-type hypersensitivity
reaction. We acknowledge this form of
hypersensitivity due to the severity of
the potential deleterious anaphylactic
type reactions and direct the reader to
key sources.®’

The most common sites of ACD are
also those with the most common con-
tact with the allergen-containing topi-
cal products or source, such as the hands,
face and scalp, though any body region
may preferentially develop an ACD re-
action, or ICD for that matter. At times,
another primary dermatosis is present
and the ACD is a secondary phenome-
non due to symptomatic treatment with
a myriad of topical products, as can oc-
cur with propylene glycol (PG).

Confirmatory diagnosis of ACD
is through the use of the epicutane-
ous patch test procedure. Once a pa-
tient’s spectrum of allergy is defined,
education regarding their specific set
of chemicals and products to avoid is
of the utmost importance. Although
ACD is not “curable,” many individu-
als will achieve complete remission
with assiduous avoidance. ICD, on the
other hand, does not have a specific di-
agnostic procedure, but it is “curable”
through complete avoidance of the
inciting agent(s). Correct identifica-
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tion of ACD and/or ICD is essential
for successful long-term management
of dermatitis. In this section focus, we
highlight ACD and explore top rel-
evant allergens, regional-based derma-
titis presentations, topic-based derma-
titis presentations and clinical tips and
pearls for diagnosis and treatment.

HISTORY OF PG

Propylene glycol (PG) was de-
scribed by Wurtz in 1859, and it was
first considered for use in pharma-
ceutical preparations in 1932.%? It was
proposed to replace ethylene glycol
as a solvent and vehicle for a bismuth
product used in the treatment of syph-
ilis. Short- and long-term toxicologi-
cal studies have shown that PG has a

HOW TS USED

PG 1is used at concentrations up
to 99%. The highest concentration is
used in products that will be diluted
and concentrations up to 73% are
used in deodorants (which is nota-
bly the highest leave-on concentra-
tion currently in cosmetic products in
the over-the-counter market). PG has
been approved at concentrations up to
98.09% 1n topical drug products and
92% in oral solutions.'*!

In the US, PG is listed as generally
recognized as safe for use in food. In
the European Union, PG is not ap-
proved for use as a “general-purpose
food grade product or direct food ad-
ditive” but it may be used as a “carrier
and carrier solvent in colors, emulsifi-

Propylene glycol, also called 1,2-propanediol or propane-1,2-
diol, is a colorless, odorless, viscous liquid. It has a high degree
of affinity for water and it is freely miscible with water, glycerol,
methyl and ethyl alcohols, ether, chloroform and ethyl acetate.

low toxicity when used as a solvent in
food and pharmaceuticals, compared
to ethylene glycol which could poten-
tially cause harmful effects and fatal
outcomes.'™" PG, also called 1,2-pro-
panediol or propane-1,2-diol, is a col-
orless, odorless, viscous liquid. It has a
high degree of affinity for water and it
is freely miscible with water, glycerol,
methyl and ethyl alcohols, ether, chlo-
roform and ethyl acetate. Overall, PG
has all the excellent solvent properties
of ethylene glycol.?

SOURCES OF PG

It is one of the most widely used
ingredients in cosmetics, fragrances
and various personal care products.
PG functions as a solvent, emulsifier,
preservative, vehicle, humectant and/
or penetration enhancer. PG can be
also found in food (as food additive
eg, solvent for food colors or flavors),
beverages, prepara-
tions, electrocardiogram gels, house-

pharmaceutical

hold cleansers, pet foods, photographic
chemicals, plasticizer and liquid cool-
ing systems."”? It was reported to the
FDA as being used in 5,676 and 9,094
cosmetic formulations in 1984 and
13,14

2009, respectively.

ers, antioxidants and enzymes at a max-
imum content of 1 gram per kilogram
of final foodstuft.” The widespread use
of products containing PG raises the
concerns of sensitization and ACD.

SENSITIZATION TO PG

The North American Contact Der-
matitis [Research] Group (NACDG)
reported 3.5% positive patch reactions
to PG (30% aqueous) for the years
1996-2006 and 2.1% for 2007-2008
with 16.2% definite relevance.'®!” Anal-
ysis of Information Network of Depart-
ments of Dermatology in Germany data
of 45,138 patients who had been tested
with 20% PG in water between 1992
and 2002 showed 2.3% positive reac-
tions.” Occupation-related reactions
were uncommon. The face was most
commonly affected followed by a scat-
tered or generalized pattern in patients
with allergy to only PG.'"® Contact sen-
sitization to PG may be more common
in atopic patients (6.67% positive patch
test to PG in patients with AD vs 3.95%
in nonatopic patients)."” In a study of
contact sensitivity in patients with leg
ulcerations, PG was one of the common
allergens [14% (7/52)] and a wound
care product with a high frequency of
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positive patch tests was hydrogel with
PG [9% (5/54)].° It was proposed that
the allergen in this product is PG be-
cause 60% (3/5) of patients allergic to
this hydrogel were also allergic to PG.
Impaired or disrupted barrier function
and frequent exposure to PG in various
products containing PG are considered
as a potential risk of developing contact
sensitization to PG. The frequency of
cross-reaction to other PG derivatives
remains unknown.

Of interest, PG shows negative re-
sults in the local lymph node assay. A
study of the local lymph node assay for
contact allergenic potency revealed no
sensitization in a local lymph node assay
with PG up to 100%.*!

In terms of patch test concentrations
and vehicles, the appropriate concentra-
tion of PG should be nonirritating but
sensitive enough to elicit a reaction in
the majority of allergic patients. In a
study with healthy volunteers, 100% PG
showed marginal irritant properties.
Twenty percent PG in water was sug-
gested in a study.” The NACDG had
tested initially using 10% PG aqueous
(1992-1996) and then changed to 30%
PG aqueous.™

ACDTO PG

There are many case reports of ACD
to PG in a variety of topical medical
preparations including acyclovir cream,
ketoconazole cream, topical minoxidil,
topical corticosteroids, topical rifamy-
cin, calcipotriene ointment and 5-fluo-
rouracil cream.?**? Reports of ACD also
have been from ultrasonic gel and ECG
electrode.”** Patch testing was done
with the products as is, their compo-
nents and with a wide range of PG con-
centrations from 1 to 50% in petroleum
or aqueous form.

PG has been associated with occupa-
tional contact dermatitis in the printing
industry. A patient had been working as
a press operator and he experienced a
recurrence of a work-related eruption
on his hands and forearms. It was found
that the fountain solution used to en-
sure proper printing and an orange hand
cleaner pumice lotion contained PG.”

Systemic contact dermatitis to PG
following oral ingestion of foods, cap-
sules and intravenous medication con-
taining PG has been published.’**" One
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Table 1. COMMON SOURCES OF PROPYLENE GLYCOL

Type of Product Examples

Personal care products

Shampoos and conditioners, deodorants/antiperspirants, shaving creams, moisturizers, make-up (foundation, concealer, lipstick, lip balm, lip gloss, mascara,
eyeliner), soap, body wash, hand sanitizer, hand leaner, baby wipes, toothpaste, mouthwash, personal lubricant, sunscreen

Medications

Oral medications

Ibuprofen, acetaminophen, coated aspirin, cetirizine, lozenges, vitamins, dietary supplements, clrithromycin, cyclosporing, dipyridamole, mycophenolate mofel

Topical medications

Topical corticosteroids, anfibacterials, antifungals, benzoyl peroxide preparations

Food

Sauces Steak sauce, horseradish, tartar sauce

Desserts/ snack foods Cakes, cookies, cupcakes, cake mix, brownie mix, chocolate, sour creams
Prepared meals Prepackaged meals, frozen pizza, prepackaged salads, prepackaged sandwiches
Condiments/dressings Ketchup, mustard, salad dressings, sauces

case involved a woman with vulvitis
after exposure to PG-containing lubri-
cant that was used on her obstetrician’s
glove and after intravenous injection of
a diazepam preparation containing 40%
PG.* Hannuksela et al reported a peri-
oral challenge test with 2-15 mL of PG
in 38 patients with positive patch tests
to PG.*® Eight of 10 patients with a
positive patch test reaction to 2% PG
and 7 of 28 patients with a positive re-
action to 10-100% PG developed an
exanthem 3-16 hours after ingestion of
PG. None of control subjects showed
any dermatitis after ingesting PG. PG is
one of the common allergens on stan-
dard screening trays that cause systemic
contact dermatitis.”® Flares at sites of
previous contact dermatitis and recall
flares of the positive patch test sites are
clues for diagnosis for systemic contact
dermatitis. As PG is not approved for
use as a “general-purpose food grade
product or direct food additive” in the
European Union, a lack of reporting of
systemic contact dermatitis from the
European Union is expected given the
lower exposure there.

IRRITATION TO PG

According to Cosmetic Ingredient
Review, PG is generally nontoxic and
noncarcinogenic as used in cosmet-
ics in the present practice. The der-

mal irritation potentials of deodorant
formulations containing 68.06% or
69.15% PG were evaluated in as single
insult occlusive patch test that showed
no more irritation than the reference
control. Thirty-day use studies of de-
odorants containing 35%-73% PG did

cal relevance.”! Unlike irritant reactions
which commonly cause “questionable”
reactions at the early reading and are
negative at the final reading, weak late
(day 7) patch reactions to PG may indi-

36

cate relevant allergy.”® Reconsideration

of even questionable day 3 or day 4 re-

It is one of the most widely used ingredients in cosmetics,
fragrances and various personal care products. PG functions
as a solvent, emulsifier, preservative, vehicle, humectant
and/or penetration enhancer. Propylene glycol can be also
found in food, beverages, pharmaceutical preparations,
electrocardiogram gels, household cleansers, pet foods,
photographic chemicals, plasticizer and liquid cooling systems.

not report any potential for eliciting
dermal irritation or sensitization."

PEARLS,/CAVEATS TO TESTING WITH PG

PG patch tests often produce weak
reactions and may be difficult to distin-
guish from irritant reactions. Erythema-
tous reactions with a sharp margin will
favor irritant reactions. R eading day can
also be helpful. Irritant reactions usually
present early, within 24 hours after ex-
posure. It is important to note that weak
late (day 7) reactions may not necessarily
be irritant in nature and may have clini-

action and a negative reaction at day 7
(weak lost reactions) has been suggested
in patients who do not clear with the
avoidance of other identified allergens.
Retests with serial dose dilutions and
repeated open application tests/provoc-
ative use tests may be considered to help
distinguish between irritant and allergic
responses and also for clinical relevance.

SUMMARY

Personal care products and topical
medicaments, especially topical cortico-
steroids, are the most common sources
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of PG allergy. Table 1 shows com-
mon sources of PG. PG can be found
in topical corticosteroids, antibacterials,
antifungals and emollients. PG was the
most common allergen in topical corti-
costeroid vehicles, being present in 64%
(106 of 166) of products.”* ACD to PG
should be considered if dermatitis wors-
ens after use of a topical corticosteroid.
Foods that commonly contain PG are
salad dressings, sauces, sour cream, cake
mixes and prepackaged meals. Read-
ing labels and avoidance of foods in
restaurants when ingredients cannot
be verified should also be emphasized.
Scheman et al reported data on several
food additives extracted from a website
that provides more than 75,000 food
ingredients to help identify potential
food sources eliciting systemic contact
dermatitis. PG was found in 2,001 food
products (~ 2.7%).*
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