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Original Article 
Thinning of dermas with the increasing age may be 
against by tetrahydroxystilbene glucoside in mice
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Abstract: Objective: To research and reveal Tetrahydroxystilbene glucoside (TSG) anti-thinning effect of dermas 
on skin of ageing mice. Methods: The dermal layer thickness was measured with hematoxylin-eosin (HE) staining; 
the levels of collagen and elastic fibers were measured with immunohistochemical staining; the levels of insulin, 
insulin-like growth factor-1 (IGF-1), and two receptors of insulin and IGF-1 were measured with Elisa kits; the levels 
of Ca2+ and P were measured with ELISA kits. Results: TSG and Polygonum multiflorum extract (PME) made thicken 
dermal layer thickness (P<0.01, vs. control group); promoted collagen fiber expression (P<0.01, vs. control group, 
22.94% and 28.26% vs. 20.41%); reduced the levels of insulin (P<0.01, vs. control group, 2.50 ng/ml and 2.69 ng/
ml vs. 3.04 ng/ml), insulin like growth factor 1 (IGF-1, P<0.01, vs. control group, 154.75 ng/ml and 155.60 ng/ml 
vs. 209.28 ng/ml), receptors of insulin (P<0.01, vs. control group, 0.423 ng/ml and 0.426 ng/ml vs. 0.648 ng/ml) 
and IGF-1 (P<0.01, vs. control group, 71.96 ng/ml and 81.68 ng/ml vs. 87.02 ng/ml) in aging mice skin; raised the 
levels of Ca2+ and P in serum in mice (P<0.01, vs. control group, 1.24 mol/ml and 1.30 mol/ml vs. 1.08 mol/ml; 
P<0.01, vs. control group, 2.00 mol/ml and 2.03 mol/ml vs. 1.197 mol/ml). Conclusion: TSG and PME showed their 
protections to skin aging in mice challenged with control groups. It ensured the anti-thinning effect of dermas of TSG 
and provided two potential factors (insulin/IGF-1 signal pathway and the level of Ca2+) related to skin senescence 
of aging mice.
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Introduction

Skin senescence was characterized as a classi-
cal performance of aging mammals or human. 
The degree of skin senescence depends on 
high content collagen fiber, natural elastic fiber, 
and slowly thinning dermal layer that are inflict-
ed on skin senescence symptoms (wrinkle, 
loose skin, etc). One of the most effective fac-
tor combatants in this battle to maintain skin 
younger is collagen fiber, which locates undesir-
able senescence symptoms bases in skin’s der-
mal layer and then heals the ditches made by 
the bases with increasing age, initiating the 
“time return” process of skin [1-3]. Strong sup-
port force of collagen fiber is essential for pre-
vention of senescence arising from collagen 
protein loss in skin, and for growing thinner der-
mal layer during skin aging [4, 5]. It has been 
reported that collagen loss and decreased bio-

synthesis are accompanied with low level of 
IGF-1 in serum in connective tissue cell [6, 7], 
and insulin administration in vivo can reverse 
decreased collagen in diabetic rats [8]. In addi-
tion to aforementioned information, more 
research would be needed in aging related fac-
tors IGF-1, insulin, especially the signal pathway 
they made in while they have so much influence 
in aging process in other areas on aging men-
tioned below. Weaken signals of insulin/IGF-1 
pathway extended the lifespan of diverse living 
organisms [9, 10], reduced the toxic effects 
induced by excessive ROS [11].

Anti-aging effect related to insulin/IGF-1 signal 
pathway tetrahydroxystilbene glucoside (TSG) 
has been proved in vivo in our prior work [12], 
and its other benefits: a strong antioxidant in 
vitro [13-15], a modifier of sirtuin family [16] 
and a useful treatment for brain injury of mice 
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in vivo in aging progress [17-19] were also 
reported, so we wondered the effect of TSG 
against skin aging in mice.

If collagen loss, elastic degeneration, dermal 
thinner, and the signals of insulin/IGF-1 signal 
pathway response to skin aging are affected by 
TSG, medication of TSG should ensure these 
beneficial effects. We ensured the effect on 
Klotho protein of TSG in aging mice induced by 
d-galactose and the effect on both Klotho pro-
tein and insulin/IGF-1 signal pathway in aging 
mice, which proved the TSG and PME’s dosage 
used in this study. In this study, we tested the 
hypothesis aforementioned by assessing the 
effects of TSG on skin aging of mice.

Materials and methods

Animals

Male Kunming mice aged 18 months were pur-
chased from the Center of Experimental 
Animals of Fourth Military Medical University. 
All of the animal care and handling procedures 
were approved by the Institutional Animal Care 
and Use Committee of the Fourth Military 

Medical University. Animal Certificate No. SXCK 
Jun 2007-007; experimental environment level: 
SPF.

Reagent

PME (TSG≥57%, and the remaining portion is 
anthraquinone, No. 2012030302) and TSG 
(≥95%, No. 2012030502) were provided by 
Department of Natural Medicine, School of 
Pharmacy, and Fourth Military Medical 
University. The purities of reagents abovemen-
tioned were determined by HPLC. Trizol (Dalian 
TaKaRa Biotechnology Co. Ltd.), Mice ELISA 
Kits (Shanghai Bogoo Biotechnology Co. Ltd.).

Treatment protocol

24 aging male mice were divided into three 
groups randomly: control group treated with 
saline, TSG group treated with 180 mg·kg-1 
(according to preliminary experiment’s data) 
TSG and PME group treated with 280 mg·kg-1 
PME by gastric lavage for 8 weeks after the 
body weight recording at eight every morning. 
The animals were sacrificed on the 57th day 
after blood donation under anesthesia.

Figure 1. A. The thickness of dermal layer was much 
thicker in TSG group than the other two groups 
(×200). And TSG group had more flattered edge than 
the control group and PME group. B. The result of im-
age scan showed that the thickness of dermal layer 
in TSG group was significantly thicker than control 
group and PME group (p<0.01, vs. Control group, 
p<0.01, vs. PME group).
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Sample collection

Aging skin of mice was resected 2×2 cm, and 
parts of them were fixed with paraformalde-
hyde and prepared for paraffin. Skins used for 
making tissue homogenate were kept in para-
formaldehydes which had been added with 
Trizol. They were ground into powder using liq-
uid nitrogen; 200 µL phosphate buffer saline 
(PBS) was added and the solution was first 
homogenized and then centrifuged (3000 rpm 
for 15 minutes). Supernatant was discarded 
and a lysate containing proteinase inhibitor 
(Shanghai Bogoo Biotechnology Co. Ltd., Sha- 
nghai, China) was added to the pellet and it was 
stored at 4°C for 30 minutes. Supernatant was 
collected after centrifuging at 15000 rpm for 
45 mins at 4°C.

ELISA kits analysis

The levels of insulin, IGF-1, and their receptors 
were measured by sandwich ELISA with the 
Mice ELISA Kit (Shanghai Bogoo Biotechnology 
Co. Ltd., Shanghai, China) and according to the 
requirements of the specification of operation.

Immunohistochemical analysis

Immunohistochemical analysis was performed 
using the Enhance Labeled Polymer System 
(ELPS). Portions of organs were embedded in 
paraffin for immunohistochemistry. The paraf-
fin sections were deparaffinized and washed 
thrice with PBS (0.01 moL/L pH 7.4) for 3 mins 
each, repaired with thermal induction (pH 6.0 
0.01 M, CB 20 mins), cooled at ambient tem-
perature, washed with PBS. Endogenous per-
oxidase was inhibited by treating with 0.3% 
H2O2 for 20 mins at ambient temperature. Then 
the samples were then washed with PBS, incu-
bated with 20% serum of sheep for 30 mins at 
room temperature without washing, incubated 
with SKL 1:100 at 37°C for 2 h, washed with 
PBS (3×3 mins), treated with EnVision agent 
(HRP-M) at 37°C for 30 min, washed again with 
PBS (3×3 mins), stained with DAB (50 mg of 
3’-3-diaminobenzidine added to 100 ml of TBS, 
agitated, and added to 0.03% H2O2) for 10 
mins, and with hematoxylin blue in hot water. 
The samples were then blow-dried, mounted 
with balsam, and observed under microscope, 

Figure 2. A. TSG and PME increased the thickness 
of dermal layer (×200). Collagen fiber was shown by 
blue color in three pictures which proved that TSG 
and PME groups had larger distrubution and more 
orderly than the control group. B. The result of image 
scan showed more cleared that the contant of col-
lagen fiber in TSG and PME groups were significantly 
more than control group (p<0.01, vs. Control group).
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then analyzed the photo with MIQAS (medical 
image quantitative analysis system) and the 
software (Medical image quantitative analysis 
software).

Statistical analysis

The SPSS10.0 analysis statistics software was 
used. Results are expressed as means ± S.E. 
Statistical differences between each two 
groups were tested by one way ANOVA, p<0.05 
was considered statistically significant.

Results

TSG protects the dermal layer from getting 
thinner in skin

The thickness of dermal layer in TSG group was 
significantly thicker than the other groups 
(p<0.01, vs. control group). The results are 
shown in Figure 1A and 1B.

TSG improves the collagen content in skin

The collagen content of TSG group and PME 
group were significantly increased than the 
control group compared with control group 
(p<0.01, vs. control group). The results are 
shown in Figure 2A and 2B.

PME increases the elastic fiber in skin

There was no difference in levels of elastic fiber 
between TSG group and control group. PME 
increased the level of elastic fiber (P<0.05, vs. 
control group). The result is shown in Figure 3A 
and 3B.

TSG reduces the levels of insulin, IGF-1 and 
their receptors in skin

The levels of insulin, the receptor of insulin 
(insulin-R), IGF-1, and the receptor of IGF-1 (IGF-
1R) were significantly decreased than control 

Figure 3. A. PME increased the thickness of dermal layer (×200). Elastic fiber was shown by red color in three pic-
tures which proved that PME groups had larger distrubution than the other two groups, but TSG group had more 
orderly elastic fibers and flatter edge than the control group and PME group. B. The result of image scan showed that 
the content of elastic fiber in PME group was higher than control group (p<0.05, vs. Control group).
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group (p<0.01, vs. control group). The results 
are shown in Figure 4A-D.

TSG raised the levels of Ca2+, P in serum

The levels of Ca2+ was significantly increased in 
TSG and PME groups than control group 
(p<0.01, vs. control group), and the levels of P 
also raised accompanied with increased Ca2+ 

level. The results are shown in Figure 5A and 
5B.

Discussion

This study was performed to determine the role 
of collagen fiber, insulin/IGF-1 signal pathway 
and Ca2+ in the anti-aging effects of TSG, and 
compare with PME on against skin senescence 

effect in mice. Because the collagen fiber is the 
central point of convergence for cues related to 
aging and insulin/IGF-1 signal pathway play 
critical roles in this task [8, 20-22], we employed 
these two factors with dermal layer to assess 
the role of TSG in mediating downstream ben-
eficial effects of skin aging. We also invited 
Ca2+ and P in because the Ca2+ props skin 
structure [23] and P has a balance with Ca2+ 
[24]. Massive loss of collagen fibers are the 
main characteristic of skin aging, and the anti-
skin-aging effect of TSG may be exerted via 
suppressing signals levels of insulin/IGF-1 sig-
nal pathway and thickening the dermal layer. 
The current findings further suggest that TSG is 
integral in mediating at least some of the ben-
eficial effects associated with skin aging, and 

Figure 4. TSG decreased the levels of insulin, IGF-1, and the receptors of insulin and IGF-1 in skin of mice. A. 
Showed significant differences in the level of insulin between TSG, PME groups, and control group (P<0.01, vs. Con-
trol group). B. Showed the reduction in the level of insulin-R made by TSG and PME (P<0.01, vs. Control group). C. 
Showed that TSG and PME decreased the levels of IGF-1 (P<0.01, vs. Control group). D. Showed the level of IGF-1R 
was lower in TSG and PME groups than control group (P<0.01, vs. control group).
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that collagen fiber, dermal layer and insulin/
IGF-1 signal pathway are key components in 
response to its anti-skin-aging effect.

The role of TSG’s anti-skin-aging effect is not 
yet well understood, but TSG distributed in 
extending the lifespans of mice, and has been 
shown to be repressive to radicals in vitro and 
in vivo [13, 25]. The current data appear to sup-
port the repressive role for TSG in aging [12, 
26]. Moreover, aging progression in aged mice 
skin corroborates the involvement of the colla-
gen fiber, dermal layer [27] and insulin/IGF-1 
signal pathway [28-30]. Given that the aged 
mice are not only deficient in collagen fiber but 
also in other factors involved in skin aging 
metabolism, further studies are needed to 
determine the extent of involvement of other 
factors besides insulin/IGF-1 signal pathway in 
aging process under TSG. It should be noted 
that while our data indicate reduced signals of 
the insulin/IGF-1 signal pathway and increased 
collagen fiber can exert a significant effect on 
TSG’s ability to mitigate aging-induced skin inju-
ry, and the extent of insulin/IGF-1 signal path-
way involved in other factors of skin aging relat-
ed also warrants further study.

Our study indicates that TSG exerted beneficial 
effects on skin senescence via increasing col-
lagen fiber and suppressing the insulin/IGF-1 
signal pathway. Another critical finding of this 
study was the anti-skin-aging effect of TSG is 
better than PME. While TSG led to increase the 
collagen fiber, as would be expected, TSG lead 

to show thicker dermal layer in aged skin of 
mice. While it has been shown that aged skin of 
mice have reduced collagen, thinner dermal 
layer, some findings that collagen reduced was 
reversed by insulin [8] and companied with 
increased IGF-1 [7] suggests that skin aging 
may be related with the insulin/IGF-1 signal 
pathway.

The decrease of IGF-1 inhibited the collagen 
synthesis in chick embryo chondrocytes and 
adult human skin fibroblasts, and the function 
of insulin on collagen mechanism in diabetic 
animals, which are the two major factors of 
insulin/IGF-1 signal pathway, further support 
the hypothesis that the insulin/IGF-1 signal 
pathway signaling impacts degradations of the 
physiological functions because anti-skin-aging 
effects are characterized by less collagen loss 
[6]. It has been hypothesized that the insulin/
IGF-1 signal pathway involved in skin aging pro-
cess through its action on collagen loss, which 
is consistent with the results of this study. In 
normal modals, thinner dermal layer during 
skin aging process would aggravate skin senes-
cence. While TSG makes thicker dermal layer in 
these age mice skin, it exerts effect on mouse 
skin aging because increased collagen and 
thicker dermal layer are characteristic signals 
to delay skin aging coming. In ageing modals, 
weaken signals of the insulin/IGF-1 signal path-
way during aging process would ease mammals 
aging symptoms to extending their lifespans. 
Given that TSG has been proposed to contrib-
ute to anti-skin-aging, the effect of TSG on 

Figure 5. TSG increased the levels of Ca2+, P, in serum. A. Showed significant differences in the level of Ca2+ between 
TSG, PME groups, and control group (P<0.01, vs. Control group). B. Showed the increase in the level of P made by 
TSG and PME (P<0.01, vs. Control group).
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aging mice proved in our previous work 
strengthens this assertion [12].

It is important to note that the aforementioned 
changes occurred despite equivalent anti-skin-
aging effects in TSG group compared with con-
trol group. Furthermore, the TSG group had sig-
nificant reductions in signals of the insulin/
IGF-1 signal pathway, increase in collagen fiber 
and thicker dermal layer in mouse skin. 
Regarding functional implications of aforemen-
tioned factors in the skin aging, the TSG-treated 
mice did show reverse to skin aging process. 
These results enhanced that TSG was suffi-
cient to suppress skin aging and the regulation 
on collagen fiber, dermal layer, and the insulin/
IGF-1 signal pathway may be one important 
mechanism for its anti-skin-aging effects.

Taken together, the current results show some 
of the protective effects associated with TSG 
are contingent upon the collagen fiber response 
to the insulin/IGF-1 signal pathway, and in par-
ticular where other unknown factors are con-
cerned. It is of further interest to elucidate the 
mechanisms behind the association between 
TSG, collagen fiber, dermal layer, and the insu-
lin/IGF-1 signal pathway onset skin aging. The 
extent of involvement of TSG actions and con-
tributions from related aforementioned factors 
like the insulin/IGF-1 signal pathway in skin 
aging also warrant additional studies. Re- 
gardless, the regulation of TSG to the insulin/
IGF-1 signal pathway is a promising target in 
the search against aging.

The hypothesis aforementioned is ensured by 
increased collagen fiber, thicker dermal layer, 
and lower levels of insulin, IGF-1 and their 
receptors’ expression in aging skin of mice, and 
increasing collagen fiber and suppressed insu-
lin/IGF-1 signal pathway may be important 
mechanisms to exert anti-skin-aging effect of 
TSG.
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