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Improving the Appearance of Facial Pores
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onspicuous pores are a perennial problem for women
Cof various ages and concern about them is increasing. In
our own survey of 1,781 women in Japan, more than half
of women in their twenties or thirties complained of
conspicuous pores. An international attitude survey of
women in their twenties revealed that enlarged or highly
visible pores are also a major concern among women
outside of Japan®.

*Present address: Cutaneous Biology Research Center, Massachusetts General
Hospital, MA, USA

“Shiseido survey of 50 women in New York and Paris in 2002. More than
70% of women answered to concern about conspicuous pores in both cities.
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Figure 1. Model of a pore

mm

Figure 2. Skin replicas of inconspicuous facial pores (left) and
conspicuous facial pores (right) with large pores shown in green
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In general, people who secrete a
large amount of sebum have large facial
pores. However, there has been little
scientific study of noticeable facial
pores. Therefore, we investigated the
physiological characteristics of the
cheek skin of healthy women volun-
teers in their twenties and thirties.

Structure of Conspicuous Pores

Skin texture is created by furrows
and ridges. Pores are located where
furrows intersect. Each pore is linked
with a sebaceous gland as shown in
Figure 1, and sebum is secreted through
it. It is probable that pore size is directly
related to sebaceous gland size. Large
poresindicate larger glands, which will
produce more oil. It has been known
that women with larger pore size may
make more oil than women with smaller
pore size.

Pores are found all over the skin
surface of the body, except for the
palm and sole. By examining conspicu-
ous pores and inconspicuous pores
under a magnifying glass or micro-
scope, we concluded that large cone-
shaped hollows around sebaceous
ducts seem to be shadowed and conse-
quently appear as conspicuous pores.
To confirm the structure, we made
replicas of cheek skin. In the replicas,
the large pores resemble mountains or
barnacles (Figure 2).

Next, we compared the condition
of corneocytes around pores to that
of corneocytes in other areas. When
nuclei were stained with hematoxy-
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In this study of
pore size and
sebum
composition, the
authors report that
topical application
of polyoxyethylene/
polyoxypropylene
dimethyl ether
improves skin
texture and
reduces
parakeratosis in
Jacial skin,

making large pores
less visible.
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lin or bisbenzimide H 33342°, nucle-
ated cells (see sidebar) were fre-
quently found only in the corneocytes
around pores.

The significance of this finding will
be described in a moment. In general,
approximately 90% of nucleated cells
seemto be located around poresamong
tape-stripped corneocytes.

We visually examined the cheeks
of 20 healthy Japanese women and
classified them into two groups:
those with conspicuous pores and
those with inconspicuous pores. We
counted nearly five times as many
nucleated cells around the conspicu-
ous pores as we counted around the
inconspicuous pores (3500 versus
700 inanarea 23 mm x 34 mm around
each measured pore). These results
confirm that skin with conspicuous
pores has abundant nucleated cells
compared to that with inconspicu-
ous pores.

This skin condition of abundant
nucleated cells is called advanced par-
akeratosis. Thisisa condition in which
inflammation, stimuli or other causes
accelerate the keratinization process,
giving rise to abundant incomplete
corneocytes in which the nucleus is
retained. Namely, the skin condition
around such pores is relatively poor.
Parakeratosis around pores is found
especially in the cheek and forehead

Nucleated cells

The term nucleated cells refers to cells that have
nuclei. As described, parakeratosis is a condition in
which inflammation, stimuli or a similar cause acceler-
ates the keratinization process, giving rise to incom-
plete horny cells with the nucleus retained. Horny
cells developed through normal keratinization do not
have a nucleus.

area, and is less frequent in other places such as the arm,
where pores are inconspicuous.

Effect of Sebum Components

We recruited 94 healthy volunteers (59 Japanese fe-
males and 35 Caucasian females living in Japan) in their
twenties and thirties and classified them into three groups
on the basis of apparent facial pores: A - inconspicuous
pores; B - ordinary pores; C - conspicuous pores (Figure 3).

The relationships between noticeable pores and skin
parameters such as transepidermal water loss (TEWL) value
or the amount and composition of sebum were investigated
instrumentally. Because similar results were obtained in
both Caucasians and Japanese, only typical data obtained
from Japanese are shown here. The data were mainly ana-
lyzed by using the unpaired t-test.

Average TEWL values of subjects with unconspicuous
and average pores were slightly lower than those of subjects
with conspicuous pores (22.3, 21.3 and 23.9 g/m? per hr for
groups A, B and C, respectively).

Sebum was collected with glass filter paper and extracted
with acetone, and the amount and components of sebum
were analyzed by gas-chromatography*.

"Hoechst 33342 is a product of Sigma, St. Louis,
MO USA.

TM210 TEWA meter, Courage & Khazaka, Cologne, Germany
4 HP6890 gas chromatograph, Hewlett Packard Co., Palo Alto, CA USA.

Figure 3. Classification on the basis of pore visibility
Class A = Inconspicuous

Class B = Ordinary

Class C = Conspicuous
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The amount of sebum increased in parallel with the pore
size (53, 100 and 135 pg of sebum for groups A, B and C,
respectively). This result is consistent with suggestions in
cosmetics magazines and technical books that excessive
sebum may be related to noticeable pores.! However, it is
not known which component of sebum is most associated
with conspicuous pores.

We found no marked differences in components such
as triacylglycerol, squalene, wax and saturated fatty acids.
However, unsaturated free fatty acids, such as oleic acid
and palmitoleic acid, were more abundant in sebum of
women with conspicuous pores (2.3, 3.4 and 4.4% unsat-
urated free fatty acids in the sebum for groups A, B and C,
respectively).

Oleic acid (C18:cis-9) is one of the major components
among unsaturated fatty acids in sebum. This may be
synthesized from saturated fatty acid by desaturases or it
may also be produced from triacylglycerides by lipases as
palmitoleic acid (C16:c¢is-9). These substances are known
to cause roughness of the skin surface, inflammation,
acne and comedo.*? Although the composition of fatty
acids on human face has been reported,* this is the first
finding on the relationship between pore size and the
sebum composition.

Effects of Unsaturated Fatty Acids on Human Skin

We next examined the effects of unsaturated free fatty
acids on human skin by applying 30% oleic acid to the human
forehead for three days to induce parakeratosis. This con-
centration is very high compared to the content of the skin
surface lipid. Parakeratosis in the horny layer was then
examined by tape-stripping corneocytes and staining the
nucleosomes. Many nucleated cells, stained purple, were
seen only in the forehead to which oleic acid had been
applied. The TEWL value also increased.

Next, we applied 3% oleic acid to human cheek for four
weeks (twice a day); this concentration is equal to that in
sebum. The degree of parakeratosis of corneocytes in the
skin to which oleic acid was applied was greater than that in
the skin to which ethanol was applied (1100 versus 800
nucleated cells in a 12 mm by 34 mm area). Because oleic
acid was resolved in the final concentration 3%, not in water,
we used ethanol as a negative control. Similar results were
obtained with palmitoleic acid, which also contains a single
double-bond in its structure, like oleic acid.

Other components, including squalene, triolein (a kind of
triacylglycerol), cholesterol and saturated fatty acids such as
palmitic acid (C16) and stearic acid (C18), did not cause
parakeratosis or an increase of TEWL value. Linoleic acid
(C18: cis-9, 12), which has two double-bonds, caused weak
parakeratosis. These results suggest that fatty acids that
contain one double bond, such as oleic acid and palmitoleic
acid, cause parakeratosis around pores on the cheek after
being secreted from sebaceous glands. The reason for this is
now under investigation.
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Table 1. VC1 and TEWL values raised by the application of
oleic acid

VC1 value TEWL value
Oleic acid 0.094 2.33
Oleic acid +POP/POE-14/7 0.043 -0.45

CH,0- (CH,CH,0) ,/(CH-CH,0) ,-CH,
CH,

Figure 4. Structure of POE/POP-14/7 dimetbyl etber

Unsaturated fatty acids cause dam-
age to the skin texture. We applied 30%
oleic acid on human arm skin for six
days (n=4), then took a replica of the
applied areaand measured® VC1 (a mea-
sure of skin homogeneity).’

Compared to ethanol, oleic acid
increased the value of VC1 compared

¢ Confocal microscope HD100D, Lasertec,
Yokobhama, Japan.
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Parakeratosis Skin texture
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Figure 5. Improvement of skin condition after topical application of 5% POE/POP-14/7 dimethyl etbher solution

(EPDME) for four weeks

to similar ethanol treatment (VCI read- higher, the pores of the cheek are more conspicuous.
ings of 0.017 for ethanol versus 0.093), Among the 94 members of our three classifications based on
which reflects increased anisotropy pore visibility, the VC1 values averaged 0.275, 0.330 and
of the skin furrows, i.e., a deteriora- 0.425 respectively, for A, B and C classifications. A possible
tion of skin texture. explanation is that when the skin is plumped and the skin

Furthermore, when the VC1 value is texture pattern is well aligned, pores are inconspicuous.
When the ridges are flat and furrows
are shallow, the skin texture is irregu-
lar, and the pores look conspicuous.
The above results suggest that unsat-

urated free fatty acids, such as oleic acid,
may be one of the main causes of con-
spicuous pores through induction of par-
akeratosis around the pores and impair-
ment of skin texture (increase of VC1
value).

A Treatment for
Conspicuous Pores

To treat conspicuous pores, we
looked for compounds that suppress
the effect of oleic acid on the skin.
Among more than 50 kinds of sub-
stances examined, polyoxyethylene
(POE)/polyoxypropyrene (POP)-14/7
dimethyl ether was the most effec-
tive.°Its structure is shown in Figure 4.
This compound contains both hydro-
phobic and hydrophilic regions, and
decreases the VC1 and TEWL values
raised by the application of oleic acid
(Table 1).

The mechanism of the repression
of parakeratosis and the improvement
of skin texture is not yet clear, but
POE/POP-14/7 dimethyl ether may
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absorb oleic acid, thereby suppressing
the interaction between oleic acid and
corneocytes.

Next, we prepared a solution of 5%
POE/POP-14/7 dimethyl ether and ap-
plied this for four weeks to the cheeks
of 34 women volunteers in their twen-
ties or thirties. After the application, a
decrease of nucleated cellsand improve-
ment of cheek skin texture were again
detected Figure 5. Visual examination
was also carried out and the rate of
persons judged as having conspicuous

pores was decreased from 21% to 3%, and those judged as
having inconspicuous pores increased from 6% to 29%.

POE/POP-14/7 dimethyl ether was found to be an effec-
tive substance against conspicuous facial pores. However, it
did not produce a clear decrease of the area of cone-shaped
hollows. Further investigation to find more effective com-
pounds is in progress.

Summary

Conspicuous pores are one of the most frequent skin
problems for women of various ages. A study of the relation-
ship between the extent of conspicuous pores and the skin
condition revealed that females with conspicuous pores have

a slightly increased transepidermal
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water loss (TEWL) value, and a high
skin sebum content, especially in re-
gards to unsaturated fatty acids. Ex-
perimental application of oleic acid,
an unsaturated fatty acid, to the fore-
head of humans promoted parakera-
tosis and increased the TEWL value.

Polyoxyethylene (POE)/polyoxy-
propylene (POP)-14/7 dimethyl ether
was effective in improving the parak-
eratosis caused by oleic acid, and
reducing skin roughness. Application
of a solution containing POE/POP-
14/7 dimethyl ether improved skin
texture and parakeratosis on human
cheek, resulting in skin with less ob-
vious pores.

Reproduction of all or part of this article is
strictly probibited.
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