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Skin Humidity Effects of Strontium on Acute Skin 
Barrier Damage in Hairless Mice

Dae-Ki Min, Yoon-Bum Kim

Department of Ophthalmology, Otolaryngology and Dermatology, 
College of Oriental Medicine, Kyunghee Unversity

Objectives :Since ancient times, Koreans have applied medicinal spabaths for treatment of various diseases. The 

objective of this study was to investigate the effect of strontium, one of the common ingredients of such baths, 

experimentally on acute skin barrier damage.

Materials and Methods :Male hairless mice, average weight 20g, were divided into six groups. Each group 

consisted of five mice. The first was the normal, non-treated group. The second was the control group with acute 
skin barrier damage intentionally induced by TS. The third was the Ba-Sr1 group bathed in 1mg/L strontium chloride 

before and after inducing acute skin barrier damage by TS. The fourth was the Ba-Sr7 group bathed in 7mg/L 

strontium chloride before and after inducing acute skin barrier damage by TS. The fifth was the Sr1 group bathed 

in 1mg/L of strontium chloride only after intentionally inducing acute skin barrier damage by TS. The sixth was the 

Sr7 group bathed in 7mg/L of strontium chloride only after intentionally inducing acute skin barrier damage by TS.

External changes of skin, skin erythema level, transepidermal water loss level, and GOT and GPT level of each 
group were checked immediately before and after TS, 3 hrs, 5 hrs and 24 hrs after inducing acute skin barrier 

damage. Then, tissue samples were made and examined for damage to epithelial cells, stratum corneum, change of 

mucous polysaccharide in dermis and amount of mast cells. 

Statistical analysis was performed by one way-ANOVA, Scheffe and Duncan for a post hoc test and pairwise 

comparison for comparing for difference between each time. Statistical significance was achieved if the probability 

was less than 5% (p<0.05)
Results : 1. From skin erythema and TEWL level indicating the function of the skin barrier, we can know that it 

is helpful to the skin barrier to bathe in a water solution including a low concentration of strontium.

2. In the control group with acute skin barrier damage induced by TS, skin barrier damage persisted until 3-5 hrs 

and recovered after 5-24 hrs. Differently from the control group, in the case of taking a bath in a water solution 

including strontium, skin barrier damage recovered after only 3-5 hrs. Therefore, the bath with a water solution 

including strontium can promote recovery of the skin barrier.
3. Bathing in water solution including a higher concentration of strontium was more beneficial to recovery of skin 

barrier damage.

4. There was no influence on serum GOT and GPT from bathing in a water solution including strontium.

Conclusions :The strontium was effective for recovery and mitigation of acute skin barrier damage induced by tape 

stripping. I suggest that strontium (Sr) can be used as an external treatment medicine, addedinto bath water to treat 

acute skin barrier damage. 
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재료 및 방법 

1. 재료

1) 

20g hairless 

mice( HOSHINO Laboratory Animals )

. 

2) 

, , , 

0.02mg/L 0.9mg/L

6.7mg/L . 

1mg/L 7mg/L

.

2008 2 14

2008 3 4

: , 

(Tel:+82-2-958-9181, Fax:+82-2-958-9180, 

E-mail:kyb6838@hanafos.com)
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2. 방법

1) 

(Strontium carbonate) 

1 1mg, 7mg 

1mg/L 7mg/L 

( Sr )

. 

2) Tape stripping

Tape stripping( TS) (

TM , 3M) , 

2×3Cm

45

stripping

. 3 stripping

30mg/m2h

10 stripping

9 stri- 

pping .

3) 

6

5 30 .

Normal : 

Control : Tape stripping(TS)

Ba-Sr1 : 1mg/L Sr

TS Sr

Ba-Sr7 : 7mg/L Sr

TS Sr

Sr1 : TS 1mg/L 

Sr

Sr7 : TS 7mg/L 

Sr

4) 

Ba-Sr1 Ba-Sr7 TS 48

24 1 / 2

28x45Cm 24 1

1mg, 7mg

5 .

5) 

Melanin-erythema index meter(Courage+Khazaka 

electronic GmbH, Germany) .

6) (TEWL, transepidermal water 

loss) 

24±1 , 46%

. TS 

3 , 5 , 24

Vapometer( Delfin Technology, Finland)

.

7) 

3 , 5 , 24

Vapometer( Delfin Technology, 

Finland) Control , 

2 Ba-Sr1 , Ba-Sr7

Sr1 , Sr7 TEWL

.

Percent of skin recovery after TS =

EWL immediately after barrier disruption 

- TEWL at indicated time point
×100

TEWL immediately after barrier disruption 

- baseline TEWL

8) transaminase(AST&ALT)

1cc

( R.P.M. 3000, 15 )

7170 automatic 

analyzer( Hitachi 7600-110, Japan)

.
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9) 

Tape stripping(TS) 24

ether

. TS 10% 

neutral formalin solution 24

. paraffin 5

. hematoxyline-eosin

, x400 

.

10) 

SPSS ver 13.0 data

repeated-ANOVA

( Post Hoc Test )

. Scheffe Duncan

. 

( pairwise comparision )

. P<0.05 . 

결 과

1. TS 부위의 육안적 관찰 

TS

Normal , 

(Fig. 1).

2. 피부 홍반

TS 

, , 3 , 5 , 24

(p=0.000). 

(pairwise comparison) TS 

TS (p=0.000), 3 ( 

p=0.000), 24 (p=0.001)

, TS TS (p=0.000), 

5 (p=0.001), 24 (p=0.000)

. TS 3 TS 

(p=0.000), 5 (p=0.002), 24 (p= 

0.000) , TS 5

TS (p=0.001), 3 (p=0.002), 

24 (p=0.001) , 

24

TS (p=0.001), TS (p=0.000), 3

(p=0.000), 5 (p=0.001 ) 

(Table 1, Fig. 2).

, Normal

, Control , Ba-Sr1 , Ba-Sr7 , Sr1 , Sr7

(p=0.006). Duncan

(post hoc test) , Control , 

Ba-Sr7, Sr1

, Normal , Ba-Sr1 , Sr7

Fig. 1.
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. Control , Ba-Sr7, Sr1

Normal , Ba-Sr1, Sr7

. Normal

Control , Ba- 

Sr7 , Sr1

, Ba-Sr1 , Sr7 Control 

Normal

. Sr7

(Table 1, Fig. 3).

TS 

(p=0.403) TS 3 (p=0.376)

, TS 

(p=0.003), TS 5 (p=0.004), 24

(p=0.014) . 5 , 

24 Ba-Sr1 Sr7

Ba-Sr7 Sr1 Normal

(Table 1).

Mean±SD group

      group

time

Normal 

Group
a,b)

(n=5)

Control 

Group
c)

(n=5)

Ba-Sr1 

Group
a,b)

(n=5)

Ba-Sr7 

Group
b,c)

(n=5)

Sr1 

Group
b,c)

(n=5)

Sr7 Group
a)

(n=5)
F P

before TS
d) 264.0

±20.24

248.6

±19.19

280.8

±35.70

254.0

±21.30

256.4

±8.20

247.2

±42.50

4.379 0.006
*

after TS
e)*

264.0

±20.24

358.8

±54.27

289.4

±30.66

331.0

±35.95

320.0

±28.73

278.0

±35.80

l h l, m, n h, n h, m, n l, m

3hr
e) 286.0

±32.09

328.0

±91.97

289.0

±52.40

359.2

±86.17

294.0

±47.02

332.8

±40.84

5hr
d)*

229.8

±17.56

339.0

±75.17

243.4

±35.13

265.0

±36.82

309.0

±45.11

243.0

±39.51

l h l l, m m, h l

24hr
f)*

255.0

±23.42

245.0

±51.60

214.4

±53.60

217.0

±18.64

246.2

±11.39

172.0

±43.57

h h l, h l, h h l

time
F 22.521

P 0.000
**

* : Statistically significant as compared with the other groups, P<0.05
** : Statistically significant as compared with the other groups, P<0.001
a, b, c : Duncan(repeated measured ANOVA)
d, e, f : Pairwise comparison
l, m, n, h : Duncan(one way ANOVA)
before TS : just before TS
after TS : just after TS
3hr : after 3 hours since TS
4hr : after 5 hours since TS
5hr : after 24 hours since TS
Normal Group : Intact group
Control Group : only TS induced group
Ba-Sr1 Group : Before 1mg/L Sr bath + TS  + 1mg/L Sr bath group
Ba-Sr7 Group : Before 7mg/L Sr bath + TS  + 7mg/L Sr bath group
Sr1 Group : TS +1mg/L Sr bath group,
Sr7 Group : TS +7mg/L Sr bath group

Table 1.
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TS 

, TS 5

24

, Sr

TS 

5

Eryth
e
m

a

500

400

300

200

100

    0

before TS

Time

after TS after 3hre after 5hre after 24hre

Fig. 2.

Eryth
e
m

a

350.00

300.00

250.00

200.00

150.00

berfore TS 3hr 24hr5hr

Time

group

normal group
control group
Ba-Sr1 group
Ba-Sr7 group
Sr1 goup
Sr7 group

after TS

Fig. 3.
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, TS Sr TS 

Control 3

5 24

(Table 1, Fig. 3).

3. 피부 경피수분손실도

TS , , 3 , 5 , 24

(p=0.000). 

(pairwise comparison)

TS TS (p= 

0.000), 3 (p=0.000), 5 (p=0.000), 24

(p=0.000) , TS 

TS (p=0.000), 5

(p=0.000), 24 (p=0.000)

Mean±SD group

   group

time

Normal 

group
a)

(n=5)

Control 

Group
b)

(n=5)

Ba-Sr1 

Group
c)

(n=5)

Ba-Sr7, 

Group
b,c)

(n=5)

Sr1 

Group
c,d)

(n=5)

Sr7 Group
d)

(n=5)
F P

before TS
e) 13.64

±0.99

11.90

±1.75

12.06

±1.20

11.48

±1.76

12.32

±0.73

13.90

±1.99

30.209 0.000
**

after 

TS
f)**

13.64

±0.99

103.48

±33.01

113.28

±28.91

116.90

±30.50

100.76

±24.25

91.50

±19.70

h l l l l l

3hr
f)**

13.02

±1.20

120.12

±19.32

70.72

±13.30

97.56

±34.86

88.14

±35.50

62.32

±27.19

l h m h, m h, m m

5hr
g)**

11.52

±2.13

78.06

±27.85

68.12

±20.06

66.12

±28.18

49.56

±15.15

44.14

±9.78

l h h, m h, m m m

24hr
h)**

11.06

±1.73

67.74

±44.71

31.36

±5.51

47.80

±28.64

28.02

±8.34

21.10

±4.73

l h l, m h, m l, m l, m

time
F 221.21

P 0.000
**

** : Statistically significant as compared with the other groups
P<0.001, a, b, c, d: Duncan(Post hoc test)
e, f, g, h : Pairwise comparison(Post hoc test)
l, m, h : Duncan(one way ANOVA)
before TS : just before TS
after TS : just after TS
3hr : after 3 hours since TS
4hr : after 5 hours since TS
5hr : after 24 hours since TS, 
Normal Group : Intact group, 
Control Group : only TS induced group
Ba-Sr1 Group : Before 1mg/L Sr bath + TS  + 1mg/L Sr bath group
Ba-Sr7 Group : Before 7mg/L Sr bath + TS  + 7mg/L Sr bath group
Sr1 Group : TS +1mg/L Sr bath group
Sr7 Group : TS +7mg/L Sr bath group

Table 2.
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. 3 TS 

(p=0.000), 5 (p=0.000), 24 (p=0.000)

, 5

TS (p=0.000), TS (p=0.000), 3

(p=0.000), 24 (p=0.001) 

, 24

TEW
L

300.0

250.0

200.0

150.0

100.0

    0

before TS after TS after 3hre

Time

after 5hre after 24hre

50.0

Fig. 4.

TEW
L

125.00

100.00

 75.00

  25.00

    0.00

before TS  after TS 3hr 24hr5hr

Time

group

normal group
control group
Ba-Sr1 group
Ba-Sr7 group
Sr1 goup
Sr7 group

  50.00

Fig. 5.
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TS (p=0.000), TS (p=0.000), 3

(p=0.000), 5 (p=0.001) 

(Table 2, Fig. 4).

, 

Normal , Control , Ba-Sr1 , Ba-Sr7 , Sr1 , 

Sr7 Table 2

(p=0.000). Duncan (post hoc test)

, Control , Ba-Sr7

, Ba-Sr1 , Ba-Sr7 , Sr1

. Sr1

Sr7 (Table 

2). Normal Control

, Ba-Sr7

, Sr7 Sr1 Control

. Sr7

(Table 2, 

Fig. 5).

, TS 

(p=0.084) , TS 

(p=0.000), 3 (p=0.000), 5 (p=0.000), 

24 (p=0.007) 

. TS , 3 , 5 , 24

Control Ba-Sr7 Ba- 

Mean±SD group

group

time    

Control 

Group
a,b)

Ba-Sr 1 

Group
a)

Ba-Sr 7 

Group
a)

Sr 1 

Group
a)

Sr 7 

Group
b) F P

3hr
c)**

-40.23

±81.29

35.70

±31.87

12.39

±46.86

20.11

±76.75

28.53

±116.83

30.013 0.000
**

h h h h l

5hr
d) 21.56

±32.42

39.80

±29.57

48.33

±25.16

58.75

±9.80

60.22

±14.97

24hr
e)*

42.92

±30.64

78.77

±10.80

60.93

±38.98

78.98

±15.91

89.94

±9.34

h l h l h

time
F 5.020

P 0.006
**

* : Statistically significant as compared with the other groups, P<0.05
** : Statistically significant as compared with the other groups, P<0.001
a, b: Duncan(repeated measured ANOVA)
c, d, e : Pairwise comparison
h, l: Duncan(One way ANOVA)
3hr : after 3 hours since TS
4hr : after 5 hours since TS
5hr : after 24 hours since TS
Normal Group : Intact group,
Control Group : only TS induced group
Ba-Sr1 Group : Before 1mg/L Sr bath + TS  + 1mg/L Sr bath group
Ba-Sr7 Group : Before 7mg/L Sr bath + TS  + 7mg/L Sr bath group
Sr1 Group : TS +1mg/L Sr bath group
Sr7 Group : TS +7mg/L Sr bath group

=      ×  100
TEWL immediately after barrier disruption - TEWL at indicated time point

TEWL immediately after barrier disruption - baseline TEWL 

Percent of skin recovery after TS 

Table 3.
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Sr1 Sr1 , Sr7 Normal

.(Table 2)

TS 

, Control

3 TEWL 5

TEWL , Sr7

, 1 TEWL 3

TEWL

Sr1 Ba-Sr1 Control 

3 TEWL

(Table 2, Fig. 5). 

4. 피부 회복율

. 

TS 3 5 (p=0.000), 3

24 (p=0.000), 5 24

(p=0.002) . 3

5

(Table 3).

5

(p=0.108)

, 3 (p=0.000), 24

(p=0.046) 

. Sr7

3

, 24

(Table 3, Fig. 6).

Sr7 Ba-Sr1 , Ba-Sr7 , Sr1

(p=0.006). TS Sr7 

(Table 3, Fig. 7).

5. 혈청 transaminase( AST & ALT ) 활성도

Sr

GOT GPT

Control 4

Normal

(Table 4). 

Skin
 re

c
o
ve

ry ra
te

100.00

after 3hrs

Time

after 5hre

0.00

-100.00

-200.00

-300.00

-400.00

after 24hre

Fig. 6.
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6. 피부 조직소견

Hematoxyline-eosin 

, Tape stripping 9

Hairless mice

(Fig. 9).

TS Sr Ba-Sr1 Ba- 

Sr7 , TS 

Sr Sr1 Sr7

(Fig. 10-13).

24 4 (Ba-Sr1 , Ba-Sr7 , 

Sr1 , Sr7 ) Normal 

(Fig. 8-13).

Mean±SD

GOT GPT

Normal Group 122.40±21.93 34.40±7.26

Control Group 124.60±24.30 34.60±3.44

Ba-Sr1 Group 157.80±31.46 38.40±5.41

Ba-Sr7 Group 121.40±10.88 34.60±5.68

Sr1 Group 127.40±19.15 42.20±7.01

Sr7 Group 157.40±23.84 37.40±4.39

Total 135.17±26.34 36.93±5.92

Normal Group : Intact group
Control Group : only TS induced group
Ba-Sr1 Group : Before 1mg/L Sr bath + TS  + 1mg/L Sr bath group
Ba-Sr7 Group : Before 7mg/L Sr bath + TS  + 7mg/L Sr bath group
Sr1 Group : TS +1mg/L Sr bath group
Sr7 Group : TS +7mg/L Sr bath group

Table 4.

P
e
rc

e
n
t o

f skin
 re

c
o
ve

ry

100

80

60

40

20

0

-20

-40

-60

 Control

 Ba-Sr1

 Ba-Sr7

 Sr1

 Sr7

after 3hr after 5hr after 24hr

Fig. 7.
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Fig. 8. Fig. 9.

Fig. 10. Fig. 11.

Fig. 12. Fig. 13.
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” 
27)

.
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0.2-0.4 /m2hr

22)

29)
.

. 

23-26)
.

, 

, , , , 

, 
1,4)

.

75%
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1)
. 

, 
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, 
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, 
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, 

. 

1,3)
.

tape stripping( TS)

, 

tape stripping
20,36)

. 
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, 3M) , hairless mice 

2×3Cm

45

stripping . 3

stripping

30mg/m
2
hr

10 stripping

9 stripping

.

TS

8,21)
. 

21)
TS

TS 76 

~97%( 88%) , 

, 

70mg/ 

m2hr 

. 

9 TS

.

(TEWL, tra- 

nsepidermal water loss) 
1)
.

38% 

1,37)
. 

, 

, 

. TEWL 0.1~ 

0.4mg/m2hr , 
1)
.

TS

. 

, 

, (

~30 )

(10% ), (3~6 )

(60~70%) , (6~24

) , 

24 85~95%
1)
.

, 

, 

.

Vapometer

, open chamber system

closed chamber system

1)
.

, 

20)
.
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, 
13-15)

.

“

25

”
39)

.

, , , 

13)
, 

29-31)
.

, , , 

.

, , , 

, , , 

, , , 

, . 

(Na
+
), (Ca2

+
), (Mg2

+
), 

(K
+
) (SO2

-4
), 

(Cl
-
), (HCO

3
), (F

-
) . 

(Sr), (Li), (Mn), 

(Fe) (F) (SiO
2
)

33-35)
. 

. 

(Strontium) Sr 

38 2
16)

.

32)
“ ” 

6.75~7.6mg/L 

, 0.9mg/L 

0.1 mg/L, 

0.03mg/L, 0.02mg/L, 

0.02mg/L, 0.01mg/L 

.

1mg/L 7mg/L 

.

TS Control

Sr

, . 

hairless mice

7mg/L

, 1mg/L

Sr

.

GOT GPT

(Table 4). 

400

Sr 4

(Fig. 

10-13).

, , 

, 

.
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, 

1mg/L ( )

, 

7mg/L ( )

. Sr 

.

결 론

Tape stripping(TS) Hairless mice

(Sr )

TS , 

, , 

.

1. Sr

, 

Sr

. 

2. Sr 

24

.

3. 

Sr

.

4. Sr 

.

5. 5

Sr 

3

.

6. 

Sr (3 , 

5 , 24 )

. Sr 

.

7. Sr GOT GPT

.

1mg/L 

, 

7mg/L 

.

.
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