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Summary 
Within the skin tissues, acidic mucopolysaccharides such as hyaluronic acid are present in the co
rium layer and play a large part in water retention and skin resilience. Hyaluronic acid is a po lymer 
composed of dimers containing N-acetylglucosamine and g lucuronic acid. Although applications o f 
the use of hyaluronic acid in cosmeceutical food ha ve been reported, the beauty efficacy o f ora lly
ingested hyaluronic acid cannot be predicted adequately because li ttle is known about its digestion 
and absorption in humans. 
The purpose of this study was to in vestigate the effect of long-term ora! N-acetylglucosamine sup
plementation on skin condi tions in females who have a common tendency of xeroderma and rough 
skin. The subjects (average age: 25.5 ± 10.7) were assigned rando mly and double-blind to e ither a 
N-acetylglucosamine group (n= l l ) or a placebo gro up (n= 11 ), and ingested a daily I 000-mg dose of 
N-acetylglucosamine or lactose, respectively, for 60 days. 
Dermato logica( examination by doctors suggested that N-acetylglucosamine supplementation favo
rably affects skin conditions; that is, improvements were observed in the desiccation of facial and 
who le body skin. After N-acetylglucosamine supplementation for 60 days, che moisture contene o f 
the regio n below the left eye was increased significantly; conversely, a sig nificant decrease in the oil 
and fat content was observed. [n addition, cl inical evaluation by a microscopie three-dimensio nal 
skin surface analyzer confirmed that oral N-acetylg lucosamine supplementation is useful for mi tiga
ting the roughness o f the skin and che epidermolys is of the corneum. These results indicate that oral 
N-acetylglucosamine supplementation may be of benefi t in enhancing skin hydration. By contrast, 
no sig nificant improvement was observed in the skin condition of the placebo group, as appraised 
by either dermatological examination or digita i analys is. The beautification effect produced by inge
stion of N-acetylglucosamine indicates that th is compound may be a potential ingredient for cosme
ceutical foodstuffs. 

Riassunto 
I Mucopolisaccaridi, q uali l' acido ialuronico, sono presenti nel derma e svolgono il fondamentale 
ruolo di u·attenere e legare l'acqua a livello della cute. 
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L'acido ialuronico è un polimero composto di dimeri contenenti N-aceti l-glucosamina e acido g lu
curonico. 
Sebbene sia già stato riportato l'uso dell'acido ialuronico quale componente di nutra-cosmeceutici, 
la sua efficacia orale nel migliorare l'aspetto este tico della cute, è d iffic ile da sostenere essendo po
co noti a livello dell ' organismo umano sia i processi digestivi che l'assorbimento di questa macro
molecola. 
Lo scopo di questo studio è stato di verificare l'effetto a lungo termine dell ' assunzione orale di un 
dietetico a base di N-g lucosamina sulla cute di donne con tendenza alla xerosi. 
Ai soggetti (di età media di 25,5± 10,7) è stata assegnata a doppio ceco ed in maniera casuale la 
somministrazione orale per 60 giorni sia di confezioni di prodotto a base di N-acetil-glucosamina 
( 1 OOOmg per dose) che di placebo a base d i lattosio . 
Secondo osservazioni fatte da dermatologi, la sperimentazione con N-aceti l-glucosamina sembra 
mig liorare notevolmente l'idratazione cutanea dopo 60 giorni di trattamento, soprattutto a livello 
dell ' area periorbitale. Questi miglioramenti sono stati evidenziati a li vello cutaneo anche mediante 
l'uso del microscopio tridimensionale. 
Secondo questi primi risultati l' uso orale della N-acetil-glucosamina può essere utile nel ridurre lo 
stato di secchezza della pelle e l'epidermolisi dello strato corneo, potenziando l'idratazione cutanea. 
Al contrario, il placebo non ha modificato l' aspetto della pelle secondo l' osservazione medica e l'a
nalisi digitale. 
L' N-acetil-glucosamina può, quindi, essere considerata quale ingrediente cosmetico uti le per la for
mulazione di nutracosme-ceutici. 
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Abstract 

Twenty-two fe males with a common tendency 
of xerosis and rough skin (average age: 25.5 ± 
10.7) were assigned randomly and double-blind 
to either an N-acetylglucosamine (NAG) group 
(n=ll) or a placebo group (n= ll ). The NAG 
group received supplements of 1000 mg of 
NAG per day for 60 days, and the pl acebo 
group recei ved supplements of an equi valent 
amount of lactose. Before dermatological exa
mination, ali subjects were kept for at least 30 
min in a room under controlled temperature (18-
20 °C) and humidity (45-60%). Dermatological 
examination by a doctor suggested that NAG 
supplementation resulted in a significant impro
vement in the dessication and flushing of facial 
skin. After NAG supplementation for 60 days, 
the moisture content of the region below the left 
eye was increased significantly, whereas the oi l 
and fat content had decreased significantly. The 
surface of the skin was analyzed by a microsco
pie three-dimensional skin surface analyzer, 
which showed that the smoothness had impro
ved and the degree of dryness of the corneum 
was reduced in the NAG group, but there were 
no s ignificant improvements in the placebo 
group. We have confirmed that oral NAG sup
plementati on may enhance skin hydration and 
improve in skin roughness; therefore, NAG may 
be useful as a n ingredie nt of cos meceutical 
foodstuffs . 

INTRODUCTION 

Within the skin tissues, acidic mucopolysaccha
rides and collagen are present mainly in the co
rium layer and play a large part in water reten
tion and skin resilience ( 1, 2). Hyaluronic acid 
(HA), an acidic mucopolysaccharide, is a poly
mer composed of dimers containi ng NAG and 
glucuronic acid, and has high hydration capacity 
owing to its hydrophilic groups. It is reported 
that the HA present in human skin changes 
structurally with aging (3, 4), and that it alters 
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quantitatively in the dorsal skin of hairless mice 
exposed to chronic UV irradiation (5). Some 
studies have demonstrated that there is a distinct 
decrease of HA in skin during maturation (2, 6-
8). Currently, applications of HA have been re
cognized as an effective means by which to 
maintain the moisture retention and resilience of 
skin, thereby diminishing the appearance of rou
gh skin, and fine lines, etc. HA is a good bioma
terial, and has been shown by autoradiography 
to permeate ali layers of intact skin in humans 
(9). A few applications of HA in cosmetics ( 1 O) 
and wound healing materiai (11 ) ha ve been re
ported before now. However, because little is 
known about the digestion and absorption of 
orally- ingested high molecular mass compounds 
such as HA, the beneficiai effects cannot be pre
dicted adequately. 
On the other hand, a report has indicated that 
orally-ingested NAG is absorbed rapidly from 
the intestine and reaches the cutaneous layer 
( 12). Interestingly, it was obser ved that the 
NAG in HA and dermatan sulfate was deacety
lated and quantitatively decreased in aging hu
man skin (3). Breborowicz et al. demonstrated 
that exogenous NAG rapidly stimulated the pro
duction of HA by human peri toneal mesothelial 
cells and fibroblasts (13). According ly, it is pre
sumed that NAG has a role in maintaining the 
amount or the chemical structure of HA. 
The purpose of this study was to investigate the 
effect of 60 days of oral NAG supplementation 
on the skin conditions of females with a com
mon tendency of xerosis and rough skin. The 
moisture content, oi l and fat content, and acidity 
of skin were measured in addition to the doc
tor's dermatological examination. Furthermore, 
the skin conditions (smoothness, dryness, scali
ness, and number of skin wrinkles, etc.) were 
evaluated clinically by a microscopie three-di
mensional skin surface analyzer. 
For thi s study, rather than using "synthetic 
NAG'', we used "natural NAG" as the test mate
riai; that is, natural NAG obtained by partially 
hydrolyzing the high molecular mass polysac
charide, chitin, which is found in the shells of 
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crustacea. By contrast, synthetic NAG is produ
ced by chemical synthesis (N-acetylation) from 
0-glucosamine hydrochloride, which is prepa
red by the complete hydrolysis of chitin with 
concentrated hydrochloric acid. This synthetic 
NAG is not suitable for use as a food additive, 
however, because there is little information on 
its safety in humans. We therefore used the na
tural form of NAG, which had been manufactu
red without chemical synthesis. 

MATERIAL ANO METHODS 

Subjecf 

Twenty-two subjects volunteered for this study. 
The subjects were females with a common ten
dency of xerosis and rough skin (average age: 
25.5 ± 10.7) and the moi sture content of their 
skin on the ins ide of left upper arm was less 
than 50 % when analyzed on l 7th October 1999 
(weather, cloudy; temperature, 20.5 °C; humi
dity, 51 %). We ascertained that they had not 
taken any medications and had not received any 
medicai treatments before the beginning of the 
study. This study was performed according to 
the He ls inki dec laration. Ali subjects were 
informed of the purpose of the study before gi
ving their written, informed consent. 

Experimenfal design 

Before the investigation, subjects were matched 
and divided randomly and double-blind into two 
matched groups: the NAG group (n=ll ) and the 
placebo group (n=l l). No significant differen
ces between the two groups were noted in age, 
height, body mass, daily sack duty, or irradia
tion time of direct sunlight (Table A). The NAG 
group received supplements of 1000 mg of 
N AG per day for 60 days, and the placebo 
group received supplements of an equi valent 
amount of lactose. The supplementary NAG 
was not synthesized by the N-acetylation of glu
cosamine hydrochloride, but instead was a natu-
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ral form (Marine Sweet®, Yaizu Suisankagaku 
Industry Co., Ltd, Japan) separated after the 
partial hydrolysis of chitin. In principle, a der
matologi ca! in spection was carried o ut just 
before the ingestion period, and then 30 and 60 
days after dail y ingestion had begun. Before 
dermatologica! examination, al i subjects remai
ned for at least 30 min in a room under control
led temperature ( 18-20 °C) and humidity ( 45-
60%). The subjects were asked to come to the 
laboratory as near to the same hour as possible, 
wearing a long-sleeved blouse or T-shirt and not 
a sweater. Furthermore, ali subjects were asked 
to refrain from applying cosmetics to the in
spection area of the skin for at least 60 min 
before the examination started. 

INSPECTION PROCESS 

7. Dermatologica/ examinafion 
and docfor's quesfions 

For the whole body, there were four ranks of 
evaluation (0, no symptoms; I, slight; 2, me
dium ; 3, severe) with respect to pruritus, desic
cation, flushing, erosion, desquamation, papula, 
vesicle and tumefaction. For the face, the same 
four ranks of evaluation were used with respect 
to cosmetic dermatitis, desiccation, flushing and 
spread of cosmeti cs. In addition, the ameliora
tion of overall symptoms, including observa
tions of the whole body and face, was evaluated 
as a generai observation. These evaluations we-

TableA 
Physica/ characteristics of subjects in t/1e NAG group 

and the placebo group. 

NAG group Placebo group 
Age (y) 25.5±10.7 25.5±1 1.2 

Height (cm) 157.4±2.6 158.7±4.2 

Body mass (kg) 52.6±5.6 52.9±4.2 

Daily sack duty {h/d) 7.2±1.2 6.4±1. I 

l rradiation time of direct 1.7±1.4 2.6±2.5 

sunlight (h/d) 

Data represe/11 the 111ea11:rsta11darrl deviatio11 for each group (11= 11 ). 
No sig11ifica111 differe11ces were 1101ed betwee11 tlre two groups i11 a11y 
catego1y. 



re conducted by severa! doctors accredited by 
the Japan Dermatologie Science Society. 

2. Moisture content, oil and fat 
content, and acidity (pH) 

The moisture content was measured by a Cor
neometer CM825 (Courage+Khazaka Electronic 
Gmbh, Germany), which determines the moistu
re content of the epidermis by measuring the 
electrostatic capacity of the cornea] layer. The 
oil and fat content was measured by using a Se
bumeter SM810 (Courage+Khazaka Electronic 
Gmbh, Germany), in which a special tape that 
absorbs o nly oil and fat is attached to the mea
suring region for 30 seconds. The o il and fat 
content is then estimated by the change in the li
ght transmittance of the tape. The acidity was 
electrochemically measured by a PH900 (Cou
rage+Khazaka Electronic G mbh, Germany). 
The regions for measuring the moisture content 
and acid ity included an area l cm below the left 
eye, the inside of the left upper arm (3 cm above 
the e lbow), and the poli (3 cm below the spi
nous process of neck region) . The o il and fa t 
content was analyzed in the region below the 
left eye. 

3. Analysis by a microscopie 
three-dimensional skin 
surface analyzer 

This analysis was conducted by using a digitai 
analyzer of the skin surface (YISIONSCAN, 
Courage+Khazaka Electronic Gmbh, Germany). 
The skin surface was irradiated with special ul
travio let ray source, and the image was taken by 
a high performance CCD camera and digitalized 
for evaluation. As in the measurements of moi
sture content , etc, described above, the skin 
areas analyzed included the region below the 
left eye, the inside of the left upper arm, and the 
poli. The following factors were used as para
meters. 
(a) SEsm (skin smoothness): this value is calcu-
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la ted from the average of the width and 
depth of wrinkles, and is an index that indi
cates the smoothness of skin. A lower value 
of SEsm indicates a smoother skin surface. 

(b) SEr (skin roughness): this value is obtained 
by calculating the ratio of po ints that are 
darker than the set-up points across the who
le image, and is an index that indicates the 
roughness of skin. A higher value of SEr in
dicates a rougher skin surface. 

(c) SEsc (skin scaliness): scaly areas are identi
fied as brighter than the set-up values in the 
image. The SEsc value is obtained by calcu
lating the ratio of these brighter areas relati
ve to the whole investigation area, and is an 
index that indicates the degree of dryness of 
the corneum (i.e., the amount of scale). A 
lower value of the SEsc indicates that the 
skin has a greater moisture content and a !es
ser amount of scaliness (epidermolysis). 

(d) SEw (skin wrinkles): this value shows the 
number and width of the smf ace texture or 
the wrinkles in both the vertical and hori
zontal direction of the skin. A higher value 
of SEw indicates that the skin has a greater 
number of wrinkles, and that the wid th of 
these wrinkles is wider. 

Statistica! analysis 

The non-parametric Wilcoxon's rank test was 
used to analyze di fferences between pre- and 
postsupplementation values. Comparison of the 
characteristics for subjects of the NAG group 
and the placebo group was evaluated wi th the 
non-parametric Mann-Whitney test. A p-value 
of less than 0.05 was taken as a significant d if
ference. 
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RESULTS 

Docfor's dermatologica/ 
examinafion 

Table B shows the effect of 30 and 60 days of 
NAG or placebo supplementation assessed by 
the doctor's dermatological examination. Ali 
data represent the mean of scores evaluated on 
the basis of four rank standards. A reduction in 
the score suggests that particular condition of 
the skin has improved. In the NAG group, when 
compared with the conditions of presupplemen
tation , the symptoms of ' desiccation' and ' flu-

shing' of facial sk:in were improved significan
tly after 30 and 60 days of supplementation. 
Furthermore, a significant improvement in the 
'spread of cosmetics' of the NAG group was ob
served after 60 days of supplementation. By 
contrast, no significant improvements were ob
served for any category in the placebo group. 
With respect to symptoms of the whole body, si
gnificant improvements were recognized in the 
category of 'desiccation' in both the NAG group 
and the placebo group. In the overal l asses
sment, significant improvements were observed 
in the NAG group, but not in the placebo group. 

Table B 
Docror's pre- and posrsupplemenrarion dennarological examinationfor rhe NAG group 

and the placebo group 

NAG group Placebo group 

Numberof pre' post' post' Numberof pre• post' post' 
subject with (after 30 d) (after 60 d) subject with (after 30 d)(after 60 d) 
a symptorn asymptom 

Fa cc 

Cosmetic dermatitis 3 1,00 1,00 1,33 o - - -
Desiccation li 2,00 1.18** 1.00* li 2,00 1,73 1,55 

Flushing IO 1,80 I.IO* I.IO* IO 1,60 1,40 1,30 

Spread of cosmetics 6 1,83 1,33 0.83* 6 2,17 1,50 1,67 

Whole body 

Pruritus IO 1,40 0,90 0,60 5 1,80 1,60 1,00 

Desiccation li 2,09 1.36* 1.00* li 2,00 1.55* 1.45* 

Flushing 5 1,40 0,80 0,40 5 1,80 1,20 1,00 

Erosion I 2,00 1,00 0 ,00 I 2,00 1,00 1,00 

Desquamation 3 1,33 1,33 1,00 2 1,00 1,00 1,00 

Papula 2 1,00 1,50 1,50 2 1,00 1,50 1,00 

Vesicle I 1,00 2,00 2,00 I 1,00 1.00 2,00 

Comprehensive observation li 1,82 1.27* 1.09* Il 1,64 1,18 1,27 

Data represent the mean number of subject (s) showing that symptom. 
•at presupplementation of tested sample. 'at postsupplementation of tested sample. 
*p<0.05 from corresponding value at presupplementation. **p<0.01 from corresponding value at presupplementation. 
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Moisture conteni, oil and fai 
conteni, and acidity (pH) 

Changes in the moisture content, oil and fat 
content , and acidity of each region for both 
gro ups are shown in Ta ble C, In the NAG 
group, the moisture content of the region below 
the left eye increased significantly from 48.0 o/o 
to 58.8 o/o and to 56,2 o/o after respectively 30 
days and 60 days of supplementation. Conver
sely, the oil and fat content in the same region 
was decreased significantly from 63.8 o/o to 40,8 
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o/o after 60 days of NAG supplementation. By 
contrast, there was a significant decrease in the 
moisture content of this region in the placebo 
group after 60 days of supplementation, The 
analysis of the skin acidity showed that there 
were no significant changes in the pH of any of 
the measured regions of the NAG group during 
the supplementation period; however, the pH of 
the inside of the left upper arm of the placebo 
group was increased significantly from 5.4 to 
5,7 after 30 days of supplementation. 

Table C 
Moisture conteni, oil andfat content, and acidity in the NAG group 

and rhe placebo group 

NAG group Placebo group 

pre• post• post' pre' post• post• 
(after 30 d) (after 60 d) (after 30 d) (after 60 d) 

Moisture content (%) 

Region below the left eye 48.0±8.8 58.8±14.2* 56.2±8.4** 58.6±11.7 57.8±10.4 48.1±10.2* 

lnside of left upper arm 37.8±7.8 38.7±5.8 36.2±6.8 37.6±9.5 36.5±6.7 32.2±8.5 

Poli 51.3±5.6 51.9±5.4 52. 1±10.9 51.7±18.9 49.2±14.1 53.6±20.8 

Acidity (pH) 

Region below the left eye 6.0±1.0 5.7±0.5 5.8±0.4 5,7±0.6 5.7±0.5 5.8±0,5 

lnside of left upper arm 5.5±0.3 5.6±0.3 5,7±0.4 5.4±0.4 5,7±0.4* 5.6±0.5 

Poli 5.7±1.1 5.4±0.3 5.3±0.4 5.7±0.7 5.5±0.4 5.6±0.4 

Oil and fat content (%) 

Region below the left eye 63.8±42.3 53.0±29.2 40.8±18.7* 37. 1±32.2 30. 1±20.3 42.6±30.1 

Data represent the mean±standard deviation for each group (n= I I). 
•at presupplementation of tested sample. •at postsupplementation of tested sample. 
*p<0.05 from corresponding value at presupplementation. **p<0.0 1 from corresponding value at presupplementation. 
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Analysis by a microscopie 
three-dimensional skin surface 
analyzer 

Table D summarizes the changes in each para
meter obtained by digitai image analysis. In the 
NAG group, a significant decrease compared 
with the values before supplementation was ob
served in the SEsrn value and the SEsc value at 
the poli , whereby it was found that the srnooth
ness of skin was recovered, the dryness of cor-

neum was reduced and the scaliness was decrea
sed. By contrast, no significant irnprovement 
was observed in the SEsm value and the SEsc 
vaJue at any of the investigated regions in the 
placebo group. With respect to the SEr val ue 
and the SEw value, neither the NAG group not 
the placebo group showed significant changes at 
any of the investigated regions. The analysis of 
these pararneters showecl that oral NAG supple
mentation is useful for mitigating the roughness 
of skin ancl epidermolysis of the corneurn. 

Table D 
Pararneters obtained by the microscopie three-di111ensio11a/ ski11 swface ana/yzer in the NAG group 

and the placebo group 

NAG group Placebo group 

Para meter" pre• post' post' pre• post' post' 

(after 30 d) (after 60 d) (after 30 d) (after 60 d) 

SEsm (desired value: lower) 

Region below the left eye 378, 1 337,6 309,4 379,6 398,8 353,7 

Inside of left upper arm 384,7 324,7 379,9 335,7 373, 1 335, 1 

Poli 443,8 338.9* 345.2* 387,2 414,1 366,2 

SEr (desired value: lower) 

Region below the left eye 0,25 0,26 0,2 1 0,24 0,23 0,24 

lnside of left upper arm 0,30 0,22 0,28 0,10 2,51 0,22 

Poli 0,5 1 0,32 0,40 0,35 0,33 0,44 

SEsc (desired value: lower) 

Region below the left eye 238,4 137,0 133,0 166,8 146,7 158,0 

Jnside of left upper arm 342,9 195,8 202,4 2 14, 1 256, 1 246,5 

Poli 352,4 201,6 169.3* 231,8 219,7 202,2 

SEw (desired value: lower) 

Region below the left eye 33,2 29,0 27,8 29,8 33,6 33,7 

lnside of left upper arm 30,2 26,4 3 1,9 23,7 28,I 24,4 

Poli 27,3 23,4 29,5 27,5 26,0 29,3 

Data represent the mean number of subjects in each group (n= 11 ). 
•The parameters are as follows: SEsm, skin smoothness; SEr, skin roughness; SEsc, skin scaliness; SEw, 
skin wrinkles. 
•at presupplementation of tested sample. 'at postsupplementation of tested sample. 
*p<0.05 from corresponding value at presupplementation. 
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DISCUSSION 

Before now, conventional examinations carried 
out by dermatologists have been usually applied 
to appraise clinica! studies on the beautification 
action of sample compounds, including external 
preparations and cosmetics. Thus, for large-sca
le examinations, differences in the appraisal 
methods of each participating doctor has been 
likely to affect the test results, It is assumed that 
the credibility of the test results may depend 
mostly on the sk:ill of the doctor. In this study, 
therefore, we have introduced a non-human cli
nica] evaluation method using a digitai analyzer, 
in addition to the standard evaluation by the 
doctor. 
The doctor's examination suggested that long
term oral NAG supplementation (1000 mg per 
day) favorably affects skin conditions; that is, 
improvements were observed in the desiccation 
of facial and whole body skin. After NAG sup
plementation for 60 days, the moisture content 
of the region below the left eye was increased 
significantly; conversely, there was a significant 
decrease in the oil and fat content. Judging from 
the fact that most females who have oily skin 
are concerned about make-up deterioration, an 
ability to decrease in the oil and fat content of 
facial skin is very desirable. In addition, clinica! 
evaluation by a microscopie three-dimensional 
skin surface analyzer confirmed that oral NAG 
supplementation is usefu l for mitigating the rou
ghness of skin and epidermolysis of the cor
neum. These results indicate that ora! NAG sup
plementation may be of benefit to enhancincr o 
skin hydration . To our knowledge, we have 
shown for the first time that NAG, a constituent 
element of HA, has the capacity to improve the 
skin condition of humans, and we have demon
strated this action per os clinically. 
For the placebo group, either no significant im
provement was observed in skin condition as 
appraised by dermatologica] examinations and 
digitai analysis, or the skin condition got see-

Kazuaki Kikuchi, and Yoshiharu Matahira 

mingly worse; that is, there was a decrease in 
the moisture content of the region below the left 
eye and an increase in the pH of the inside of 
the left upper arm. It is thought that the pH con
dition of the placebo group deteriorated slightly 
because a higher pH value has been reported as 
a characteristic of disturbances in skin physio
logy (14). The present study was carried out in 
autumn (that is, between the end of October and 
the end of December); therefore, environmental 
factors accompanying the alteration in climate 
might influence the results of our study. We 
consider that, owing to the cold climate and 
drier air of the autumn environment, the skin 
conditions of the placebo group showed a ten
dency toward steady deterioration. We presume 
that the ora] supplementation of Jactose (the pla
cebo) did not infl uence the deterioration of skin 
conditions, which were caused by climate alte
ration. 
In summary, we have shown that ora! NAG sup
plementation improved skin conditions. Althou
gh the mechanism for this beneficiai effect of 
NAG on skin conditions is unknown, we hy
pothes ize that NAG may promote the bio
synthesis of mucopolysaccharides, such as HA, 
leading ultimately to an improvement in skin 
conditions. Considering its beautification action 
after ingestion, we conclude that NAG will be 
potentially useful as an ingredient of cosmeceu
ticals. 
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