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The Use of Polyhydroxy Acids (PHAs)

in Photoaged Skin

Pearl E. Grimes, MD; Barbara A. Green, RPh; Richard H. Wildnauer, PhD: Brenda L. Edison

The beneficial effects of alpha-hydroxyacids
(AHAs) on skin were discovered by Drs. Van
Scott and Yu in the early 1970s, including exfoli-
ation, skin smoothing, and antiaging effects. A
new generation of AHAs, called polyhydroxy
acids (PHAs), was discovered that provide simi-
lar effects as AHAs but do not cause the sensory
irritation responses that can limit the use of clas-
sical AHAs. PHAs have been found to be com-
patible with clinically sensitive skin, including
rosacea and atopic dermatitis, and can be used
after cosmetic procedures. PHAs provide addi-
tional humectant and moisturization properties
compared with AHAs and can enhance stratum
corneum barrier function, therefore increasing
the skin's resistance to chemical challenge. Most
PHAs also possess antioxidant properties. PHAs
such as gluconolactone or lactobionic acid may
be used in combination with other products,
ingredients, or procedures such as laser and
microdermabrasion to provide additional bene-
fits to therapy or to enhance the therapeutic
effect. Several studies were conducted in sup-
port of this, and methods and results are dis-
cussed. In summary, PHA-containing products
were used /n combination with retinoic acid in
treating adult facial acne and were found to be
well tolerated. PHAs plus retinyl acetate (pro-
vitamin A) in a cream base exhibited significant
antiaging skin benefits such as skin smoothing
and plumping. PHAs plus hydroguinone showed
excellent improvement in antiaging and skin
lightening parameters. Finally, PHA-containing
products were shown to be compatible with
African American, Caucasian, and Hispanic/
Asian skin and provided significant improve-
ments in photoaging in these populations.
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he beneficial effects of alpha-hydroxyacids

(AHAs) on skin prompted a new category of

skin care products. Initially, when AHAs
were discovered by Drs. Van Scott and Yu in the
early 1970s, AHAs were used to treat severely dry
skin and ichthyosis. AHAs were found to normal-
ize irregular keratinization and thus alleviate these
conditions.!”® Shortly thereafter, it was noted that
AHAs had a profound effect in aiding to reverse
the signs of aging. AHAs have been shown to pro-
vide beneficial effects to the skin such as exfolia-
tion, skin smoothing, and antiaging effects.'®
However, AHAs also can cause sensory irritation
such as stinging and burning.’

A new generation of AHAs, called polyhydroxy
acids (PHAs), has been discovered that provide
similar effects as traditional AHAs but do not cause
the sensory irritation responses that can limit their
use.!%13 PHASs also have been found to have addi-
tional benefits to skin compared with traditional
AHAs. PHASs such as gluconolactone have a larger
molecular structure than do AHAs; thus, PHAs are
expected to be absorbed into the skin somewhat
more gently and more gradually than traditional
AHAs and without the usual stinging and burning
associated with AHAs. Thus, PHAs have been
found to be compatible with clinically sensitive
skin, including rosacea and atopic dermatitis,!® and
can be used after cosmetic procedures.'*!> Some of
the other benefits of PHAs compared with AHAs
include additional humectant and moisturization
properties. Moreover, most PHAs possess antioxi-
dant properties.>!? PHAs also can enhance stratum
corneum barrier function, increasing the skin’s
resistance to chemical challenge.'¢

As the discipline of dermatology evolves, there
is an increasing interest in demonstrating the com-
patibility of various dermatologic products and the
ability to use these products adjunctively with
medications or procedures in physicians’ offices.
Also, the population of the United States is

becoming more ethnically diverse, and questions
regarding efficacy of products for all skin types are
being posed more frequently.
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Figure 1. Total acne lesion counts in subjects using the combination therapy of tretinoin 0.1% gel and a poly-
hydroxy acid regimen. Asterisk indicates statistically significant improvements vs baseline (P<.05).

Studies supporting the important beneficial
properties of PHAs will be discussed, including
PHAs’ compatibility with retinoic acid, their effects
when combined with other cosmetic and active
ingredients, and their use in ethnic skin.

Compatibility of a PHA Regimen With
Topical Retinoic Acid
PHAs are used adjunctively with topical drug
therapies for the treatment of inflammatory skin
conditions including psoriasis, rosacea, acne, and
seborrheic dermatitis; various hyperkeratotic con-
ditions including xerosis and keratosis pilaris; fun-
gal infections; and hyperpigmentation. PHAs also
are used pretreatment and posttreatment for laser
resurfacing.'>®

A study was conducted to determine the com-
patibility of a PHA regimen with topical tretinoin
in the treatment of mild to moderate facial acne.!”
Similar studies have shown compatibility of AHAs
with tretinoin!®!® and maintained efficacy of the
drug therapy when used in combination with

AHAs to treat acne.?% Skin care products that con-
tain beneficial ingredients that can impart addi-
tional cosmetic benefits to the skin commonly are

4 CUTIS®

combined with topical drug therapies. PHAs have
been shown to exhibit similar cosmetic benefits to
AHAS but are more gentle and nonirritating, thus
perhaps making them a better alternative for use
with retinoids. .

This study was a single-center, 4-week, controlled-
use study of the combination of a PHA skin care
regimen with topical tretinoin. Product effects were
compared statistically to baseline conditions. All
products were provided in blinded packaging.'’

Healthy men and women who exhibited mild to
moderate facial acne were enrolled in the study.
Subjects were excluded for use of the following:
any acne therapy (including topical over-the-
counter [OTC], topical prescription, or systemic
medications) one month prior to the study; PHA
or AHA products one month prior to the study; or
topical retinoids within 3 months or oral retinoids
within 6 months of study initiation.!”

Test products were applied to the entire face in a
controlled-use manner. Products contained the PHA
gluconolactone and were applied in the morning and
evening. In the morning, subjects washed their
face with a cleanser containing gluconolactone 4%
(pH 3.5) and applied a day lotion containing a sun
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Figure 2. Percentage improvement in clinical grading of photoaging in subjects using polyhydroxy acid plus retinyl
acetate (pro-vitamin A) cream. All attributes were significantly improved at weeks 6 and 12 vs baseline (P<.05).

protection factor (SPF) of 15 with gluconolactone 4%
(pH 3.9); in the evening, subjects washed with the
cleanser and applied a tretinoin 0.1% gel followed
by application of a night cream with gluconolac-
tone 15% (pH 3.3) over the tretinoin gel.!?

Acne lesion counts for papules, pustules, open
comedones, and closed comedones were conducted
by a board-certified dermatologist. Total lesion
counts represent the sum of the number of cach
type of lesion. In addition, the dermatologist con-
ducted an assessment of objective irritation (dry-
ness and erythema) and inquired about subjective
irritation (itching, burning, stinging, tightness)
using a 5-point scale (none, barely perceptible,
mild, moderate, severe). Self-assessment also was
conducted to gain consumer perception of efficacy
and product tolerability."”

Twenty-seven subjects aged 19 to 54 years com-
pleted the study. Total acne lesion counts signifi-
cantly decreased (P<.05) throughout the study

compared with baseline (Figure 1), and mean scores
for both objective and subjective irritation
remained minimal (less than “barely perceptible”)
after 4 weeks of product use.!”

Self-assessment correlated with the dermato-
logic evaluation for improvement in the degree of
acne and amount of skin oiliness; 92% and 100% of
the subjects, respectively, believed their condition
improved. In addition, more than 85% of the sub-
jects reported that the test products, cleanser, day
lotion with SPF 15, and night cream, which all
contained gluconolactone, were compatible with
the use of topical tretinoin."?

The PHAs have gained important clinical uses as
aresult of their ability to provide the benefits of AHAs
but with additional gentleness and antioxidant char-
acteristics resulting from the polyhydroxy molecule.

The study indicates that tretinoin 0.1% gel in combi-
nation with a gluconolactone (a PHA) regimen is well
tolerated when used in the treatment of acne.
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Figure 3. Percentage improvement in visual clarity in subjects using polyhydroxy acid plus retinyl acetate

(pro-vitamin A) cream. Asterisk indicates significant improvements vs baseline (P<.05)

Effects of Ingredient Combinations With PHAs
Numerous combinations of PHAs with cosmetic
and OTC ingredients exist; and there are strong
rationales for many of these mixtures. PHAs have
been used post—cosmetic procedure because they
are very gentle to the skin, and they can comple-
ment the procedure by providing additional antiag-
ing, antioxidant, and moisturizing benefits from
homecare products. Some data suggest that com-
bining AHAs or PHAs with drug substances can
enhance the therapeutic effect more than when
either ingredient is used alone.! Two recent stud-
ies demonstrate the strong antiaging benefits of
PHAs when combined with topical retinyl acetate
(pro-vitamin A),? and when combined in a regi-
men that included OTC-strength hydroquinone.??

PHASs Plus Retinyl Acetate—This was a single-
center, 12-week, controlled-use study.?? Statistical
comparisons were made to baseline for facial eval-
uations. Product effects on skin thickness of the
arm were compared statistically to an untreated
control arm. All products were provided in
blinded packaging.2

Twenty-two healthy women aged 35 to 55 years
with Fitzpatrick skin type I, I, or 11l who exhibited

6 CuTIS®

moderate photodamage on the face completed the
study. Visits were conducted at baseline and afrer
6 and 12 weeks of product use. There was a 3- to
5-day washout period prior to the study during
which no topical products were applied to the face.
Subjects were allowed to continue using their regu-
lar fagial cleanser and glamour products.?

Each woman applied the test cream 2 times
daily to her face and 3 times daily to one forearm.
The other arm served as an untreated control. The
test cream contained gluconolactone 12% and
retinyl acetate 1% (1%=15,000 U/g)(pH 3.2).22

Clinical grading was conducted for the follow-
ing parameters: photoaging (fine lines, wrinkles,
pore size, laxity, roughness, sallowness, mottled pig-
mentation, and clarity) using a 10-cm scale; objec-
tive irritation (erythema, edema, and dryness); and
subjective irritation (stinging, burning, itching,
tightness, and tingling). A 4-point scale (none,
mild, moderate, severe) was employed for objective
and subjective irritation grading. In addition, sili-
cone replicas of the crow’s-feet area were obtained
with subsequent image analysis at baseline and
12 weeks. Total skin thickness measurements of
both forearms were obtained via digital calipers** to
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Figure 4. Percentage improvement in double skin thickness measurements in subjects using polyhydroxy acid plus
retinyl acetate (pro-vitamin A) cream on one arm vs contralateral untreated control arm. Asterisk indicates significant

improvement vs baseline (P<.05); dagger, significant improvement vs the untreated control (P<.05)

compare treated and untreated skin. Self-assessment
also was collected to gain consumer perception of
efficacy and product tolerance.??

Data collected from clinical grading of photoag-
ing and irritation were compared with baseline
measurements using a paired ¢ test at the P<.05 sig-
nificance level. Mean percentage changes for aging
parameters were calculated by averaging each sub-
ject’s percentage change from baseline.??

Clinical grading showed statistically significant
improvement (P<.05) in all photoaging parameters
at both 6 and 12 weeks. Fine lines improved by 36%
and coarse wrinkles by 26% (Figures 2 and 3). Sili-
cone replicas were analyzed and showed significant
improvements in nearly all of the parameters repre-
senting the depth, number, and spacing of fine lines
and coarse wrinkles (Rz, Ra, FNum, spacing,
breadth, shadows, and NumWr), providing strong
support for the clinical grading scores. In addition,
76% of the subjects self-assessed their skin to look
and feel younger after just 2 weeks of product use.
The irritation grading showed the product to be well
tolerated at the recommended use of once daily.2

Results of product use on the forearms showed
a statistically significant increase (P<.05) in skin

thickness measurements at 12 weeks compared
with the untreated control arm and baseline. The
untreated control arm was not different from base-
line (Figure 4).22 Increases in skin thickness are
attributed to plumping of the skin, which is caused,
in part, by increasing epidermal thickness and the
amount of dermal glycosaminoglycans.”® As a
result, the texture/topography of the skin becomes
smoother, with a corresponding reduced appear-
ance of fine lines and wrinkles on the face.

PHAs Plus Hydroquinone—This single-center,
12-week, controlled-use study evaluated a PHA-
containing skin-care regimen in conjunction with a
skin-lightening product containing hydroquinone,
kojic acid, gluconolactone, and lactobionic acid.
Product effects were compared statistically with
baseline conditions. All products were provided in
blinded packaging.®

Thirty-five healthy women aged 35 to 60 years
with Fitzpatrick skin type I, II, or Il who exhibited
moderate photodamage on the face completed the
study. Visits were conducted at baseline and after
6 and 12 weeks of product use. There was a 3- to
5-day washout period prior to the study during
which no topical products were applied to the face.

VOLUME 73, FEBRUARY 2004 7
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Figure 5. Percentage improvement in clinical grading of photoaging after 6 and 12 weeks of using a polyhydrexy
acid and hydroquinone regimen. All attributes were significantly improved at weeks 6 and 12 vs baseline (P<.05).

Subjects were allowed to continue using their regu-
lar facial cleanser and glamour products.?’

The therapeutic regimen ‘included a cleanser
with gluconolactone 4% (pH 3.4); a skin lightener
with gluconolactone 5%, lactobionic acid 5%, kojic
acid 3%, and hydroquinone 2% (pH 3.9); a day
lotion with SPF 15 with gluconolactone 4% (pH 3.9);
and a night cream with gluconolactone 15% (pH 3.3).
Products were applied in the morning and evening
as follows: subjects washed their face with the
cleanser, applied the skin lightener to pigmented
areas, and then applied the appropriate moisturizer
to the entire face.?

Clinical grading was conducted for the follow-
ing parameters: photoaging (fine lines, wrinkles,
pore size, laxity, roughness, sallowness, mottled
pigmentation, and clarity) using a 10-cm scale;
skin lightening in a selected area of hyperpigmen-
tation; objective irritation (erythema, edema, and
dryness); and subjective irritation (stinging, burn-
ing, itching, tightness, and tingling). A 5-point
scale with half-point increments (equal, slightly,
moderately, markedly, and extremely darker) was

8 CUTIS"

employed to grade skin lightening compared with
surrounding skin; and a 4-point scale (none, mild,
moderate, severe) was used for objective and sub-
jective irritation grading.”’

In addition, pinch recoil was conducted in this
stuly. Pinch recoil has been correlated to skin elas-
ticity and is a measure of the time it takes for the
skin to recover (recoil) after mechanical distortion
(pinching).2 Photographs were taken to capture the
changes in skin condition. Self-assessment also was
collected to gain consumer perception of efficacy
and product tolerance.?’

Data collected from clinical grading of photo-
aging, skin lightening and irritation were compared
with baseline measurements using a paired t test at
the P<.05 significance level. Mean percentage
changes were calculated by averaging each subject’s
percentage change from baseline.”’

The therapeutic regimen showed significant
improvement for clinical grading (P<.05) at both
6 and 12 weeks for all photoaging artributes. The tar-
geted pigmented spot showed a 52% improvement
(Figure 5), and mean scores showed an improvement




Figure 6. Before (A) and after (B) a 6-week therapeutic regimen containing polyhydroxy acids and hydroquinone.

PHAs in Photoaged Skin

Improvements are noted in the appearance of fine lines in the under-eye area and in the fightening of pigmentation.

Figure 7. Before (A) and after (B) a 12-week therapeutic regimen containing polyhydroxy acids and hydroquinone.

Improvements are noted in melasma.

of an entire grade after 12 weeks (from moderate to
slight pigmentation, on average). In addition, 83%
of the subjects self-assessed their pigmentation spot as
being lighter at 12 weeks. Seventy-four percent of the
subjects also noticed improvement in skin elasticity
after 12 weeks. Pinch recoil, as a measure of skin
elasticity, also was significantly improved (P<.05)
from baseline after 6 and 12 weeks, thus providing
further support for the clinical grading and con-
sumer perception.?’

The therapeutic regimen was very well tolerated.
Objective and subjective irritation was low overall,
and subjects reported significant improvements in
facial tightness at week 12,

Photography showed a smoothening in skin tex-
ture, especially in diminishing the appearance of
fine lines and wrinkles in the eye area. Notable

improvements also were seen both in the lightening
of dark spots and in skin clarity (Figures 6 through 9).

The combination of PHAs with other topical
dermatologic ingredients into one product formula-
tion provides added benefits, as well as simplicity of
use for the patient. This, in turn, may enhance
compliance and gives the physician better control
over the patient’s use of the product at home. Thus,
a better result for both physician and patient may
be achicved.

PHA Use in Ethnic Skin

Typically, antiaging studies are conducted on fair-
skinned individuals (Fitzpatrick I, I1, or I1I); therefore,
little information exists on the efficacy and tolerance of
antiaging products in darker skin types. A study com-
paring 3 groups of patients with skin color ranging from

VOLUME 73, FEBRUARY 2004 9
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Figure 8. Before (A) and
after (B) a 12-week thera-
peutic regimen containing
polyhydroxy acids and
hydroquinone. Improve-
ments are noted in hyper-
pigmentation.

& . 5

Figure 9. Before (A) and after (B) a 12-week therapeutic regimen containing polyhydroxy acids and hydroquinone.

Improvements are noted in clarity and appearance of fine lines and wrinkles.

light to dark was conducted to assess their response to
application of a PHA-containing regimen.'

This was a singls-center, 12-week, controlled-use
regimen study. Product effects were compared statis-
tically with baseline conditions. Products were pro-
vided in blinded packaging. Healthy women aged 35

10 cums:

to 65 years with moderate facial photodamage were
enrolled in the study. The 3 ethnic groups assessed
were African Americans (n=18), Caucasians (n=19),
and Hispanic (n=9)/Asian (n=6). Visits were conducted
at baseline and after 2, 6, and 12 weeks of product
use. There was a 2-day washout period prior to the
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Figure 10. Percentage improvement in clinical grading of photoaging after 12 weeks of using a polyhydroxy acid
regimen. Asterisks indicate significant improvement vs baseline (P<.05).

study during which no topical products were
applied to the face. Patients were allowed to con-
tinue using their regular facial cleanser and glam-
our products.™
The regimen included a foaming cleanser with
gluconolactone <1% (pH 3.8); a day lotion with
SPF 15 with gluconolactone 4% (pH 3.9); and a
| night cream with gluconolactone 8% (pH 3.8).
Patients washed their face with the cleanser twice
daily followed by application of the appropriate

4 moisturizer to the entire face.!
| A board-certified dermatologist assessed the
, following parameters using a 5-point scale (none,
| mild, moderate, marked, severe): photoaging
r (roughness, uneven tone, hyperpigmentation, lax-
; ity, fine lines, wrinkles, oiliness, and overall photo-

R R RRRRRRRRERRERRBD=ZRD=__IIRRER——————

damage); objective irritation (erythema, edema,
dryness, and overall irritation); and subjective irrita-
tion (stinging, burning, and itching). Self-assessment
also was collected to gain patient perception of effi-
cacy and product tolerance.'*

Data collected from clinical grading of photo-
aging and irritation were compared with baseline
measurements using a paired t test at the P<.05
significance level. Mean percentage changes for pho-
toaging parameters were calculated by averaging
each patient’s percentage change from baseline.'

Patients in all 3 groups showed significant
improvements (P<.05) in the clinical grading of
many of the photoaging parameters assessed
(Figure 10). Women in the darker-skinned groups,
however, seemed to exhibit greater improvements

VOLUME 73, FEBRUARY 2004 11
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Figure 11. Patient self-assessment of the number of days
acid regimen.

in the photoaging parameters overall compared
with women in the Caucasian group. Physician
assessment at baseline showed patients with darker
skin to have more severe hyperpigmentation and
uneven skin tone than patients in the lighter-
skinned group. Thus, it seems that greater improve-
ments were observed in the pigmentation
irregularities that started in a worsened condition.
Conversely, the Caucasian group was assessed at
baseline to exhibit the most severe condition for
surface textural parameters such as fine lines. The
African American and Hispanic/Asian groups,
however, showed greater improvement in surface
textural condition even though they started with a
less severe condition. Thus, the more severe pig-
mentation irregularities improved to a greater
extent than the more severe textural conditions.
This seems to correlate with the location of the
condition—conditions originating in the epider-
mis, such as hyperpigmentation, should respond
more quickly and more easily to topical products
than conditions that have their origin in the der-
mis, as is the case with fine lines and skin laxity.'*

The PHA regimen was well tolerated by ali eth-
nicities. Objective irritation was low, and there was
no subjective irritation reported after 12 weeks of
product use. Self-assessment of product effects and

12 CUTIS”

to younger-looking skin with the use of a polyhydroxy

skin compatibility support the clinical data. Mean
scores indicate that patients rated improvements in
photodamage and product compatibility with their
skin from good to excellent. Self-assessment results
also showed that after approximately 2 to 3 weeks
of product use, patients reported that their skin
looked younger (Figure 11). [t is interesting to note
that women in the Caucasian group reported the
longest time to younger-looking skin. This is in
agreement with the clinical grading. The data show
that this finding was apparent both to the physi-
cians and patients in this study.'*

Conclusion

The gentleness of PHAs, along with their moistur-
izing abilities and antioxidant effects, make them a
solid choice for use on any skin type. They may be
used in combination with other products, ingredi-
ents, or procedures to provide additional benefits
to therapy or to enhance therapeutic effect.

This article discusses various aspects of PHA com-
binations and assesses their compatibility and efficacy.
The combination of tretinoin and gluconolactone-
containing products was well tolerated in treating

adult facial acne,
Combinations of ingredients and regimens includ-
ing retinyl acetate (pro-vitamin A) and hydro-
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quinone were shown to be effective in providing anti-
aging benefits to the skin. The gluconolactone and
retinyl acetate combination cream exhibited signifi-
cant skin benefits including skin smoothening and
plumping and was assessed through a variety of
methods. The therapeutic regimen of PHAs (glu-
conolactone and lactobionic acid) and hydroguinone
showed excellent improvements in antiaging and
skin lightening paramecters. The regimen was well
tolerated and was well received by the study partici-
pants as evidenced by positive self-assessment.
Finally, gluconolactone-containing products were
shown to be compatible with skin of various ethnici-
ties and were shown to provide significant improve-
ments in photoaging in these populations.

These studies collectively support the use of
PHAS to provide antiaging benefits either when used
alone, regardless of skin type or ethnicity, or in com-
bination with therapeutic products or ingredients.
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