
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)
Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)

j. Soc. Cosmet. Chem., 35, 183-195 (July 1984) 

Free amino acids of stratum corneum as a biochemical 
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Synopsis 

In experimentally induced hyperkeratosis, remarkable changes in the composition of free amino acids were 
observed in the stratum comeurn. The metabolites, pyrrolidone carboxylic acid, urocanic acid, citrulline, 
and alanine, are believed to have been formed from glutamic acid, histidine, ornithine, and aspartic acid, 
respectively, at the final stage of keratin formation. The rates of conversion to these amino acid metabolites 
greatly decreased in hyperkeratosis. Accordingly, the conversion rates can be useful parameters to represent 
the extent of hyperkeratosis. 

When skin became dry, rough and sometimes flakey in winter, the rates of amino acid conversion varied 
in the same patterns as seen in the experimentally induced hyperkeratosis. In addition to this, there were 
a number of nucleated cells in the stratum comeurn. These findings indicate that the lesion of rough skin 
in winter involves changes not only limited to the outermost cornified layer, but also in the viable 
epidermis. 

PURPOSE 

It is well known that free amino acids are the main component of water soluble 
substances in the stratum corneum and that the amino acids undergo changes in some 
types of hyperkeratotic epidermis such as psoriatic epidermis (1-3) and hexadecane- 
induced hyperkeratotic epidermis (4). This suggests that changes in free amino acids 
may reflect epidermal changes. The relationship of free amino acids to the keratinization 
process, however, remains to be elucidated. The present study was initiated to deter- 
mine whether free amino acids in the stratum corneum can be an indicator of skin 

condition. Changes in free amino acids in the stratum corneum were studied in human 
skin, to which surfactant solution was applied to experimentally induce hyperkerati- 
nization. 

Dry skin is a skin condition in which the skin surface is dry and rough with visible 
scales. It is frequently encountered during the winter season. Whether the skin lesion 
physically involves only the outermost cornified layer of the epidermis or other layers 
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of epidermis is an interesting question. In order to clarify this point, changes in amino 
acids and occurrence of nucleated cells in the stratum corneum were studied in dry 
skin. 

METHOD 

SKIN MEASUREMENT 

Morphology of the skin surface. A negative replica of the skin surface was taken with 
quick-drying synthetic silicone rubber, and the structure of the skin surface was re- 
constructed with synthetic polysulfide rubber. The positive replica was microscopically 
photographed. The surface of the skin was assigned to one of five classes depending on 
its morphology (Figure 1). Furrows and ridges are indistinct in the skin (1). The skin 
is macroscopically dry and rough and, scales are frequently visible. Furrows and ridges 
are somewhat indistinct in the skin (2). The skin in classes ! or 2 was defined as a dry 
skin (A). The skin shown in 4 has relatively distinct furrows and ridges. In the skin 
shown in 5, the furrows and ridges are distinct and regularly reticulated. These two 
types of skin were defined as normal skin (C). The skin shown in 3 was intermediate 
between (A) and (C) and defined as (B). Based on these criteria, the skin of each subject 
was evaluated. 

Measurement of free amino acids in the stratum corneum. Extraction of water soluble sub- 
stances (mainly amino acids) from the stratum corneum was carried out with a glass 
cup, 1-4 cm in diameter. A glass cup was fixed on the skin. Ethyl ether was applied 
for 30 seconds to remove the skin surface lipids and then amino acids were extracted 
with distilled water for 2 minutes. A high speed amino acid analyzer, Hitachi Model 
835, was used for amino acid analysis. Pyrrolidone carboxylic acid (PCA) and urocanic 
acid (UCA) were determined by reverse phase chromatography (5) with a high-perfor- 
mance liquid chromatograph. 

Histology ofcornidqed layer cells. A sheet (7 X 12 mm) of transparent two-sided Scotch © 
tape was stuck on a slide glass. The reverse side was applied to the skin, pressed for 5 
seconds under a load of 800 g, and then removed. The detached cornified horny cells 
were stained with HE and the nucleated horny cells in each 7 X 12 mm were counted 
under a microscope. The results were classified depending on the number of nucleated 
cells as shown in Table I. 

SUBJECTS 

Experimentally induced abnormal keratinization. Abnormal keratinization was induced by 
applying sodium lauryl sulfate (LAS) solution to the skin of the right forearm in three 
male subjects. A round piece of gauze, 2 cm in diameter, moistened with ! ml of 3% 
LAS solution, was applied to the skin and sealed up with adhesive tape for 24 hours. 
The left forearm served as control. 

Dry skin. In December (mean temperature 7.4øC and mean humidity 57%), cheek skin 
was examined for rough'ness in 77 healthy female subjects, ranging from 20 to 50 years 
of age, 2 hours after being washed. The skin condition was evaluated by the replica 
technique and classified into five types. The degree of parakeratosis was estimated 
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4. 5 

Figure 1. Typical skin surface conditions classified by replica method. Photos 1 and 2 represent dry skin. 
Photos 4 and 5 represent normal skin. Photo 3 represents an intermediate skin condition. (x 25).. 
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Table I 

Classification of Stripped Cornified Cells Based on Degree of Nucleation 

Degree of Nucleation Number of Nuclei per Sample 

No nucleus is present 
One or two nuclei are observed 

3-5 nuclei are observed 
More than 6 nuclei are observed 

depending on the pre-set criteria. Free amino acids in the stratum corneum were 
determined in 46 of 77 subjects. 

RESULTS 

Free amino adds and their metabolites in stratum corneum. Using the glass cup procedure, 
adequate quantities of water soluble substances in the stratum corneum for analysis 
were readily extracted into distilled water from skin pretreated with ethyl ether to 
remove skin surface lipids. When a glass cup, 2 cm in diameter, was used, 100-200 
nmol/cm 2 of amino acids and their metabolites were extracted. A glass cup, 4 cm in 
diameter, was used for the face, because the extracted amount was as small as 30-100 
nmol/cm 2. Although the water soluble substances decreased in the hyperkeratotic epi- 
dermis (4,6), the amount actually extracted from the hyperkeratotic epidermis was 
greater than that extracted from the control skin. This was explained on the basis of 
hyperkeratotic lesions facilitating the extraction. Thus, the extr-action reflects not only 
changes in the amount of free amino acids but also structural changes of the stratum 
corneum. Accordingly, it is irrelevant to discuss the amou•nt of extracted water soluble 
substances. This report deals only with changes in the composition. The free amino 
acid composition was measured by this technique at various sites of the body. The 
results are summarized in Figure 2. The proportions of minor amino acids varied little 
with body sites, whereas other free amino acids varied considerably depending on the 
sites. The variations noted in the composition of Orn, Cit, and Arg were especially 
characteristic, suggesting the importance of selection of the site to serve as control. 
The amino acid composition at one site was compared with that at its counterpart on 
the other side of the body (contralateral site) or at an adjacent site (Table II). The 
composition is practically the same between one site and its contralateral site or between 
two sites adjacent to each other. Even each of the proportions of Arg, Orn, and Cit, 
which vary greatly depending on site, are virtually the same between such a pair of 
sites. In order to determine changes in free amino acid composition due to hyperker- 
atosis, control samples should be taken from a contralateral site or an adjacent site. 

Free amino acid composition in the stratum corneum and abnormal keratinization. The free 
amino acid composition in the stratum corneum changed when hyperkeratosis was 
experimentally induced by applying LAS solution. The composition remained essen- 
tially unchanged at the control site, but the composition varied from 3 to 21 days after 
the LAS application (Figure 3). The greatest change was noticed after 7 days, when 
the proportions of Ser, Cit, Ala, etc. decreased, but those of Asp, Glu, Orn, etc. 
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Figure 2. The free amino acid composition at various body sites. (1) Palm of the hand; (2) Back of the 
hand; (3) Forearm; (4) Upper arm; (5) Back; (6) Cheek. 

increased (Figure 4). In brief, generally, the proportion of each essential amine acid 
increased, while that for non-essential amine acids decreased (Figure 5). Of the non- 
essential amine acids, Asp, Orn, Glu, and His tended to increase. Orn, Cit, PCA, and 
UCA, all of which are non-protein amine acids, have been considered to be formed 
from Arg, Orn, Glu, and His, respectively, in the stratum cerneum. In addition, ASP 
is also converted into Ala. It was attempted to express changes in amine acids in 
hyperkeratetic epidermis in terms of a rate of conversion from an amine acid to the 
metabolite (Figure 6). All of the conversion rates decreased when hyperkeratesis was 
induced, reached the lowest level about 7 days after LAS application, and then recov- 
ered. The histogram, in which the mean conversion rates after 7 days are given, 
indicates suppression of metabolism of amine acids in the stratum cerneum due to 
abnormal keratinizatien. The conversion rates will be useful indicators of abnormal 

keratinizatien. 
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Figure 3. The influence of experimentally induced hyperkeratosis on the free amino acid composition. a) 
= control; b) = treated. 

Dry skin in winter. Of 77 subjects, the cheek skin was estimated as dry skin (A) in 25, 
accounting for 32% of the subjects. This suggests that skin gets chapped in winter in 
a considerable number of people (Table III). Amino acids and their metabolites were 
measured in 46 subjects, including 16 having dry skin (A Group), 22 with an inter- 

30 
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Figure 4. The free amino acid composition of human forearm stratum corneum 7 days after application 
of 3% LAS solution. Open bars = control; solid bars = treated. 
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Figure 5. Changes in the composition of free amino acids and their metabolites in hyperkeratotic as 
compared to normal stratum corneum. 
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Figure 6. The influence of hyperkeratosis on the formation rates of PCA, UCA, Cit, and Ala. (1) PCA/ 
PCA + Glu; (2) UCA/UCA + His; (3) Cit/Cit + Orn; (4) Ala/Ala + Asp. Dotted line = control; 
solid line = treated. Histograms are the average rates of conversion. (n = 3) Values are mean _+ S.E. 

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



AMINO ACID METABOLITES IN DRY SKIN 191 

Table III 

Evaluation of Skin Condition in 77 Subjects by Use of the Replica Method 

Skin Type Evaluation Number of Subjects 

1 

A 25 
2 

B 3 39 

4 
C 13 

mediate skin type (B Group), and 10 with normal skin (C Group). The amine acid 
conversion rates were compared with each other among the groups (Figure 7). The 
conversion rates for each amine acid in Group A are lower than those for Group C. 
The result agrees with the changes seen due to experimentally induced hyperkeratesis. 

Regarding nucleated horny cells, those revealing no nucleated horny cells account for 
only 20% of the subjects. This suggests that nucleated horny cells occur at a very high 
rate (Table IV). The occurrence of nucleated horny cells was classified according to skin 
type (Table V). Nucleated horny cells appear at a low rate in the normal skin group 
(C), but the number increased with the progression of skin roughness. 

DISCUSSION 

Changes in amine acids in abnormal keratinization. A previous study indicated that free 
amine acids in the stratum cerneum are largely attributed to the decomposition of 
histidine-rich proteins in the course of keratin formation. As Orn, Cit, UCA, and PCA 
are not included in the protein structure, their origins could not be directly related to 
protein decomposition like other amine acids (7). They do not reflect the feature of an 
amine acid pool in the epidermis. Therefore, further transformation of amine acids 
generated through the protein decomposition seems to be the only course to afford 
these non-protein amine acids (7). The metabolic pathways as shown in Table VI have 
been known to afford these four amine acids in vive. The metabolism in the skin was 

studied with 3H-arginine and 3H-histidine in hairless mice, and formation of Orn and 
Cit from Arg and UCA from His was confirmed (7). According to Delapp et al., the 
specific activity of epidermal PCA increased in hairless mice injected with 3H-glutamic 
acid, and thus transformation of Glu into PCA was confirmed (8). These facts suggest 
that the amine acids and metabolites of amine acids, four in all, are formed when 
amine acids are metabolized at the final stage of the keratinizatien. Accordingly, the 
correlation was studied among free amine acids contained in the cernified layer of the 
cheek skin in 46 female subjects (Figure 8). As seen in Figure 8, their correlations 
support our view of amine acid metabolism in the stratum cerneum. Besides these four 
compounds, Ala was inversely related to Asp, suggesting a conversion between these 
two amine acids. It has been reported that there is a metabolic pathway from Asp to 
Ala in vive. The conversion of Asp into Ala in the course of keratin formation in the 
epidermis was suggested by the present investigation. Amine acids involved in the 
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Figure 7. Rates of formation of Cit, Ala, PCA, and UCA for various skin types. 1) Cit/Cit + Orn; 2) 
Ala/Ala + Asp; 3) PCA/PCA + Glu; 4) UCA/UCA + His. A -- dry skin; B = intermediate; C = 
normal skin. Values are mean _-4- S.E. Statistical significance of differences between means were determined 
by the use oft test. * = (p < 0.05);** = (p < 0.01). 

Table IV 

Levels of Nucleated Horny Cells Seen in 77 Subjects 

Degree of Nucleation *Number of Subjects 

0 15 

1 29 

2 24 
3 9 

* See Table I for classification scale. 
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Table V 

Levels of Nucleated Horny Cells for Each Skin Type in 77 Subjects 

Degree of Nucleation* 

Skin Type 

A B C 

1 2 3 4 5 

3 4 2 3 0 0 
2 2 10 11 1 0 

1 1 4 17 6 1 
0 1 1 8 3 2 

* See Table I classification scale. 

metabolism related to keratinization varied in the hyperkeratotic epidermis as shown 
in Figure 5. Regarding the four compounds mentioned above, His, Glu, Asp, and Orn 
increased, while their respective metabolites such as UCA, PCA, Ala, and Cit de- 
creased, suggesting that all the conversions were suppressed when keratinization was 
pathologically accelerated. The metabolic behavior of each amino acid during a hyper- 
keratotic period was evaluated in terms of the rate of conversion (Cit/Cit q- Orn, PCA/ 
PCA q- Glu, Ala/Ala q- Asp, and UCA/UCA q- His). The results are shown in Figure 
6. Regarding Cit, which is formed from Arg via Orn, the rate of conversion from Orn 
to Cit was employed because of the higher value of the correlation coefficient. The rate 
of conversion for each metabolic pathway was considerably lowered in association with 

Table VI 

Amino Acid Metabolism In Vivo 

METABOLITE METABOLIC PATHWAY 

PCA • i•;:•'l'fi':•'• '- 
¾-glutamyI-AA ¾-glutamyl 
synthetase cyclotrans•erase 

UCA i'fii'õ'i /NH, : ........... =- :UCA! 
histidase 

carbamoyl 

Orn , ....... ! •,Urea phosphat_,..•½_ Pi 
Cit !Arg. --i'b•:•i -- • ' ...... ' : ........ ornithine ........ 

arginase carbamoyltransferase 
COz 

Ala / 
aspartate 4-decarboxylase 

, , 
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Figure 8. Correlation coefficients showing the inverse relationships between levels of free amino acids and 
their metabolites in cheek skin of 46 female subjects. 

acceleration of keratinization. A similar tendency was observed when hexadecane and 
ultraviolet rays as well as LAS were applied. In addition, the rates fell further as the 
irradiation with ultraviolet rays was prolonged (9). These suggest that the conversion 
rates well reflect the degree of hyperkeratosis. The decreases in the rate of conversion 
may be attributed to a decrease in activity of enzymes which catalyze the conversion 
or a scarcity of time for relevant metabolism due to acceleration of the turnover. The 
precise mechanism, however, remains as yet to be elucidated. In hyperkeratotic epi- 
dermis, at least, free amino acids in the stratum corneum are affected, and the rates of 
amino acid conversion through the four metabolic pathways involved in the keratini- 
zation especially reflect this feature of keratinization. Taking advantage of the process, 
the skin condition could biochemically be estimated with water soluble constituents 
extracted from the skin surface without invasion. 

Dry skin in winter. Each of the four amino acid conversion rates measured in dry skin 
was lower than those in normal skin (p < 0.05), as shown in Figure 7. This suggests 
that keratinization was disordered simultaneously with the skin's getting chapped. Para- 
keratotic changes in the epidermis can be examined by usual histological techniques. 
It is, however, difficult to perform biopsies on many subjects. A new technique reported 
recently provides a simple method of estimating parakeratotic changes, wherein residual 
nuclei in the stratum corneum are counted in a cornified cell specimen detached with 
the aid of adhesive tape (10, 11). In the investigation of parakeratotic changes, the 
residual nuclei were evaluated by the new procedure. The results are shown in Table 
V. In normal keratinization, the nuclei disappear in the process of differentiation, and 
the stratum corneum consists of non-nucleated cells alone. When the keratinization is 

disturbed, the disappearance becomes incomplete, resulting in nucleated cells in the 
stratum corneum. Although all the subjects chosen for the present study were healthy, 
only 19.5% showed stratum corneum consisting of non-nucleated cells alone. Accord- 
ingly the nucleated horny cells were found in a considerable portion of the subjects. 
The degree of parakeratosis was proportional to the roughness of the skin. As described 
above, the studies on changes in the composition of free amino acids in the stratum 
corneum and the extent of parakeratosis suggest changes in the epidermis in association 
with skin roughness and that skin lesions associated with dry skin do not stay within 
the stratum corneum. In experimentally induced hyperkeratosis, the skin surface ex- 
hibited changes similar to the surface of dry skin: the surface became dry, furrows and 
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ridges were indistinct, and scales were visible. These facts suggest that the etiology of 
the superficial lesion of dry skin may partly be interpreted as the stimulatory effects of 
low temperature and dry air in winter. These cause a slight inflammation of the skin, 
accelerating keratinization, leading to abnormal stratum corneum. 

Dry skin encountered in winter may involve only the surface of the stratum corneum 
without changes in viable epidermal levels. Although it is also certain in the present 
study that parakeratosis could not be demonstrated in some cases in which roughness 
of the skin was macroscopically evident, examination with an increasing number of 
panels revealed changes in free amino acid compositions similar to those noted in 
hyperkeratotic epidermis. In addition, parakeratosis was increasingly noted in dry skin. 
All of these results suggest that changes in the epidermis take place in dry skin. Based 
upon this assumption, in order to obtain a good treatment for chapped skin, it is 
necessary to consider improvement of the lesion in the viable epidermis. 
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