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Abstract

Collagen and hyaluronic acid presented in skin cells play a critical role in how skin looks. Only
a small portion of collagen and hyaluronic acid contained in skin products can be absorbed
and utilized by skin cells. Topical skin care products containing collagen does not significantly
improve the skin texture, as the collagen molecules cannot penetrate the epidermis, due to
their high molecular weight. Topical skin care products with Astragalus membranaceus and
Centella asiatica display a wide range of beneficial effects, such as improved wound healing,
immunomodulation, and enhanced collagen stimulation. To evaluate the rejuvenating effects of
a proprietary formulation of Astragalus membranaceus and Centella asitica Saponins (ACS) on
human skin, in vitro and human experiments were performed. In vitro studies indicated that ACS
increased the collagen and hyaluronic acid synthesis and secretion and decreased the MMP-1
synthesis induced by UVB in hacat and HDF cells. In addition, ACS enhanced the skin elasticity
by increasing the proline and glucosamine absorption and significantly increased the telomerase
activity. Moreover, ACS reduced wrinkles and melanin in human subjects. In conclusion, the in
vitro and human studies demonstrated that ACS has a rejuvenating effect on human skin due
to its efficacy in enhancing the skin cells’ ability to synthesize greater amounts of collagen and
hyaluronic acid, as well as increasing the uptake of proline and glucosamine in hacat and HDF
cells.
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Introduction L
Astragalus membranaceus and Centella asiatica are

Skin rejuvenation generally refers to the reversal of aging
of human facial dermal areas, namely repair of the damage
that is associated with aging or replacement of damaged
facial tissue with new tissue. The molecular mechanism
of skin aging maybe associated with free radical-induced
damage and over-expression of pro-inflammatory
molecules, leading to a state of chronic inflammation [1].
Various skin rejuvenation techniques have been used with
the aim of restoring a youthful appearance to the face or
other dermal areas. On the face, localized facial concerns
such as wrinkles, pigmentation defects, scars, and looseness
are often the target of treatment. Products marketed to
reduce or prevent signs of skin aging are intended for
topical application due to less invasiveness and ease of use.
Recently, the increased use of natural herbal ingredients
accelerated the developments of new skin care products
[2-4]. Accordingly, there is a rising demand for effective
and natural skin rejuvenating compositions.

popular medicinal herbs for improving various skin
conditions in traditional Chinese medicine [5,6]. They have
been included in topical skin care products even though
their mechanisms of actions are not well-defined. The
main constituents of these two herbs are the cycloartane-
type Saponins [7,8]. Astragalus or astragalosides have
been used as cardioprotective, immune-modulatory, and
wound-healing agents [8,9]. A number of clinical and
physiological effects of Astragalus have been investigated.

The primary active constituents of Centella Asiatica
are saponins, which include asiaticosides, in which a
trisaccharide moiety is linked to the aglycone asiatic acid,
madecassoside and asiatic acid [10]. These triterpene
saponins and their sapogenins are responsible for the
wound healing and vascular effects of Centella asiatica
by inhibiting the production of collagen at the wound site
[11]. They have been reported to possess wound healing
activity by increasing collagen formation and angiogenesis
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[12]. Apart from showing their ability to increase collagen
synthesis in different cell types, the asiaticosides were
shown to increase the tensile strength of the newly formed
skin, furthering the healing of wounds [13]. Overall,
Astragalus membranaceus and Centella Asiatica are
generally considered as safe. Given the potential beneficial
activity of Astragalus membranaceus and Centella Asiatica
for skin health, the rejuvenating effects of a specific
formulation (ACS) consisting of the enriched fractions
of Astragalus membranaceus and Centella Asiatica was
investigated. A series of in vitro studies were performed
using spontaneously transformed human keratinocyte
(HaCaT) and Human Dermal Fibroblasts (HDF) from
healthy human subjects. The knowledge gained from
these studies will provide valuable information for the
development of natural and effective topical rejuvenating
agents.

Materials and Methods

ACS is a mixture of dried extracts of Astragalus
membranaceus and Centella Asiatica roots; its production
is compliant with current Good Manufacturing Practice.
The final blend is Off-white to beige powder and is
standardized to contain = 0.25% of total saponins. The
ACS used in the studies was provided by NuLiv Science
USA, Inc. (Brea, CA, USA). The cream that contains 5%
of ACS formulation was used in this study.

HaCaT and HDF cell culture

Spontaneously transformed human keratinocyte HaCaT
cell line was obtained from American Type Culture
Collection. HaCaT cells were maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM) containing 4.5 g/L
glucose, 0.584 g/L glutamine, 10% fetal bovine serum,
3.7% sodium bicarbonate, 100 IU/mL penicillin, 100 g/mL
streptomycin, and 1% nonessential amino acids. Primary
HDF were cultured in medium 106 (Cascade Biologics,
Portland, USA). The medium 106 was supplemented with
10% fetal bovine serum, 100 IU/mL penicillin, 100 g/mL
streptomycin. The cells from passages 4 to 10 were used
for this study. Both cells grew at 37°C in a humidified
incubator under 5% CO2 and 95% air in culture, and culture
medium was replaced every other day. After confluence,
the cells were sub-cultured following trypsinization.

Endogenesis collagen studies

Collagen I and MMPs secretion assay: The cells were
plated on 6 cm dishes at a density of 0.3 x 106 cells/
dish for 24 h prior to any treatment. The cells were then
treated with ACS at indicated dosages for another 48 h.
The conditioned culture mediums were then centrifuged,
2-fold concentrated and collected for assay of collagen |
and MMPs secreted into the culture medium [14]. Western
blot analysis was carried out on both the cultured medium
and the cell lysates as follows: The cells were washed
and lysed in lysis buffer. Protein concentration of the
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samples was measured using the Bicin-Choninic Acid
(BCA) protein assay kit according to the manufacturer’s
protocol (Pierce, Rockford, IL, USA). Protein samples
of concentrated conditioned medium or cell lysate
supernatants were mixed with an appropriate volume of
SDS sampling buffer and separated by SDS-PAGE gel.
The protein bands separated in the SDS-PAGE gel were
blotted onto a polyvinylidene fluoride membrane. The
blotted PVDF membrane was washed twice and blocked
in freshly prepared Tris-Buffered Saline (TBS) containing
Tween-20 and 7% skim milk at room temperature.
The PVDF membrane was then incubated with either
antibodies against collagen I or the housekeeping protein
o-tubulin (Santa Cruz Biotechnology, Santa Cruz, CA).
Horseradish peroxidase-conjugated anti-goat antibody
was used as secondary antibody. Signals were visualized
by an enhanced chemiluminescence kit (Clonetech, Palo
Alto, CA, USA) followed by exposure to X-ray films.

Proline uptake assay: HaCaT cells were seeded into a 24-
well plate and cultured for 24 h. The cells were then treated
in the absence (solvent control) or presence of the ACS
at various doses for another 48 h. The treated cells were
then washed once with PBS and incubated in Amino Acid
Free Medium (AAFM) for another 30 min. The treated
cells were then replaced with fresh AAFM containing of
ascorbate and total of L-proline containing [3H] Proline
(American Radiolabelled Chemicals Inc, ARC, St. Louis,
MO, USA) [15]. At designated time intervals, the cells
were washed with AAFM containing cold proline and
then lysed in SDS solution. Cell lysates were centrifuged.
Intracellular proline uptaken by the cells was determined
by transferring the cell lysate to filter-bottomed UniFilter
plates (Perkim-Elmer) and counting. The samples were
measured for their protein concentrations using the BCA
protein assay kit as described above. The amount of proline
accumulated in the cells was calculated and normalized
to protein concentration. And cellular uptake rate was
expressed as nmole of L-proline per minute per milligram
of cell protein (nmole/min/pg).

UV irradiation assay: To characterize the effects of
ACS on the expression level of MMPs in HDF cells
were first treated with or without ACS at various doses
for 24 h. The cells were washed with phosphate-buffered
saline (PBS) and irradiated with 10-100 mJ/cm? of UV-B
(312 nm) for HDF and HaCaT cells, respectively, using
the UV light irradiator (UVI tec unlimited, Cambridge,
England). The cells were then washed and incubated
with serum free medium for 24 h before harvested for
analysis. The proteolytic activities of MMPs from HDF
cells were measured essentially as described elsewhere
[16]. The samples were measured for their protein
concentration using the bicinchoninic acid (BCA)
protein assay kit as described. Samples of concentrated
conditioned medium and cell lysates were mixed with
non-reducing electrophoresis loading buffer and subjected
to electrophoresis under non-reducing conditions.



Endogenesis Hyaluronic Acid (HA) studies

Hyaluronic acid measurement: HaCaT cells were seeded
and incubated in 24-well plates to confluency. Immediately
before experiments, cells were washed twice with serum-
free medium to completely remove HA accumulated during
cell growth. The cells were then cultured with or without
different compounds in 0.5 ml serum-free medium for 48
h. At the indicated time, aliquots of medium were removed,
centrifuged, and supernatants were analyzed for HA using
an Enzyme-Linked Immuno Sorbent Assay (ELISA) kit
(Echelon Bioscience, Salt Lake, UT). Relative levels of
transcripts expression in HaCaT cells were determined by
real-time quantitative reverse transcriptase polymerase
chain reaction (QRT-PCR). qRT-PCR was performed using
the Applied Biosystem 7300 system and pre-developed
TagMan Gene Expression Assays (Applied Biosystems,
Foster City, CA, USA). The reaction mixture contained
of serially diluted cDNA, TagMan Universal PCR Master
Mix (Applied Biosystems, Foster City, CA, USA), and
either human HAS-2, MMP-1 or GAPDH primer mix
(Applied Biosystems, Foster City, CA, USA). Two
independent triplicate experiments were performed for the
selected genes. Expression of HAS-2 was normalized to
GAPDH expression in each sample [17,18].

Glucosamine uptake assay: Glucosamine is the primary
building block of HA. Therefore, a measurement of
glucosamine uptake by the cells suggests synthesis of HA
in human cells. In glucosamine uptake test, HaCaT cells
were seeded into 24-well plate and cultured for 24 h. The
cells were then treated in the absence (solvent control)
or presence of ACS at various doses for another 48 h.
The treated cells were then washed twice with PBS and
incubated in Glucose and Serum Free Medium (GSFM).
After 2 h, the cells were replaced with fresh GSFM
containing 0.2 pCi of [14 C]-Glucosamine (American
Radio labelled Chemicals Inc, ARC, St. Louis, MO, USA).
At the designated time interval, the cells were washed
twice with GSFM containing cold glucosamine and then
lysed in SDS solution. The samples were measured for
their protein concentration using the BCA protein assay
kit as described above. The amount of glucosamine
accumulated in the cells was calculated and normalized
to protein concentration and uptake rate was expressed
as counts per minute per microgram of cell protein (cpm/
min/pg) [19].

Telomerase activity assay

In telomerase activity test, HaCaT cells were seeded into
6 well plates for 24 hours. The cells were then treated
in the absence (solvent control) or presence of ACS for
another 24 h. Telomerase of the samples was measured
by TRAPEZE RT Telomerase Detection Kit according to
the manufacturer’s protocol (Merck Millipore, USA). The
reactions were amplified according to indicated condition.
Three independent triplicate experiments were performed
for telomerase assay [20].
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Human studies

Test subjects: The human trial complies with the
guidelines for human studies and was conducted ethically
in accordance with the World Medical Association
Declaration of Helsinki. All subjects have given their
written informed consent and that the study protocol was
approved by the institute’s committee on human research.
Nineteen healthy volunteers, aged 38 years and older,
completed the 4 weeks study. The test subjects were asked
not to put any other cosmetic products on their faces during
the whole period of the study. All the tests were conducted
at a room temperature ranged from about 24°C to 28°C,
and at a relative humidity ranged from about 50% to 60%.
Each measurement was taken from a test spot having a
diameter of about 2 cm at three selected areas (forehead,
corner of the eye and upper cheek). The physical properties
(skin melanin content and skin roughness) of the skin were
evaluated 30 minutes after cleansing the subjects’ faces to
provide the measurements [21]. A suitable amount (e.g.
size of a peanut) of an ACS containing cream was applied
evenly on subject’s face in the morning and evening for 4
weeks.

Skin melanin measurements: The Mexameter® MX18
spectrophotometer (Courage+Khazaka, 91 Mathias-
Bruggen-Str., Cologne, Germany) emits light of three
defined wave lengths (568 nm, 660 nm and 870 nm) and
a receiver measures the light reflected by the skin. The
results correspond to the spectral absorption peaks of
melanin.

Skin roughness (wrinkle) measurement: The skin
roughness was measured using a Skin Visio meter SV
(Courage+Khazaka electronic GmbH, Koln, Germany)
based on light transmission through a thin replica
comprising of blue-dyed two-component silicone of which
the light absorption was known. With the thin replica
inserted in a modified slide projector, light from a neon
lamp penetrated the replica and was absorbed depending
on the thickness of the silicone material. A video sensor
charge couple device and a black and white (b/w) CMOS-
camera with a resolution of 640 x 480 pixels measured the
amount of locally transmitted light, and the light intensity
was calculated according to Lambert and Beer’s law of
absorption.

Calculations and statistical analysis: All data are
presented as the mean + SEM. Significant differences
between group’s means were determined by one-way
ANOVA. Statistical comparisons were made by paired
t-test for paired data. Statistical significance was accepted
at a 0.05 level of probability.

Results
Endogenesis collagen studies

ACS enhances collagen I synthesis in epidermal and
dermal cells: To assess the effects of ACS on collagen-I
synthesis, HaCaT and HDF cells were treated with a
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placebo or ACS. The results indicated that ACS increased
the collagen I synthesis in epidermal and dermal cells.
Twenty-four hours after incubation with ACS, collagen-I
synthesis increased by 60% in HaCaT cells and 80% in
HDF cells, respectively (relative to control cells, p<0.01)
(Figure 1A and 1B).

ACS increase proline uptake in epidermal cells: To
evaluate whether the building block of collagen is increased
in epidermal (HaCaT) cells, the effect of ACS on proline
absorption was studied. We found that ACS significantly
enhanced proline absorption by 27% compared to the
control cells (Figure 1C) (p<0.01).

ACS inhibited MMP-1 synthesis and gene expression in
dermal (HDF) cells under UV irradiation: To assess the
effects of ACS on MMP-1 synthesis and gene expression,
HDF cells were treated with either placebo or ACS. The
results indicated that ACS decreased MMP-1 synthesis
and gene expression in dermal cells. Twenty-four hours
after incubation with ACS, MMP-1 synthesis decreased
by 50% and MMP-1 gene expression decreased by 51%
in HDF cells (relative to control cells, p<0.001) (Figure
1D and 1E).
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Figure 1. Effect of ACS on endogenesis collagen studies in
HaCaland HDF cells.These tests were incubated with or
without the indicated concentrations of ACS for 24 h. (4) The
relative amount of collagen-1was calculated in HaCaT cells. (B)
The relative amount of collagen-1was calculated in HDF cells.
(C) The relative amount of proline accumulated in HaCaT cells.
(D) The relative amount of MMP-1 was synthesized inHDF
cells. (E) The ratio of MMP-1 gene expression was calculated in
HDF cells. These results are presented as the mean + SD (n=3;
**p<0.01, ***p<0.001).

J Biochem Biotech 2021 Volume 4 Issue 4

Endogenesis hyaluronic acid studies

ACS significant increased hyaluronic acid synthesis
and glucosamine uptake in epidermal cells: In addition
to its effect on collagen augmentation, the effects of ACS
on hyaluronic acid level as well as glucosamine which act
as the building block of hyaluronic acid was studied. The
results shown in Figure 2A and 2B indicated a significant
increase of hyaluronic acid synthesis and hyaluronic acid
synthase 2 (HAS2) gene expression in epidermal (HaCaT)
cells by 20% and 30% (p<0.05, p<0.01, respectively)
compared to the control cells. In addition, ACS increased
glucosamine absorption in epidermal (HaCaT) cells by
11% compared to the control cells (Figure 2C), (p<0.05).
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Figure 2. Effect of ACS on hyaluronic acid studies in HaCaT
cells. These tests were incubated with or without the indicated
concentrations of ACS for 24 h. (A) The relative amount of
hyaluronic acid was synthesized in HaCaT cells. (B) The
relative amount of hyaluronic acid synthase 2 (HAS2) gene
was expressed in HaCaT cells. (C) The relative amount of
glucosamine absorption was calculated in HaCaT cells. (D)
The ratio of telomerase activity was assessed in HaCaT cells.
These results are presented as the mean + SD (n=3; *p<0.05,
**p<0.01).

ACS significant increased telomerase activity in
epidermal cells: Increasing evidence indicates that
telomerase plays a significant role in the maintenance of
skin function and proliferation, thus the effects of ACS on
telomerase activity in HaCaT cells was evaluated. ACS
significantly increased the telomerase activity in epidermal
cells by 265% compared to the control cells (Figure 2D),
(p<0.01).

In human studies, ACS has demonstrated to reduce
wrinkle and melanin volume compared to pre-
treatment baseline: To further examine the effects of
ACS on human facial skin, nineteen healthy volunteers,
aged 38 years and older, participated in a 4 week study.
Tests including skin melanin content and roughness were
made based on reflection/absorption of light using specific
instruments. In this human study, ACS reduced wrinkle
volume of the test subjects by 14.8% and melanin by
16.6% (Figure 3), (p<0.05).
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Figure 3. Anti-wrinkle and brightening effectof ACS in
human studies. These tests were conducted with the indicated
concentrations of ACS for 4weeks. (A) The change of the
wrinkle was calculated with the light intensity. (B) The change
of melanin was measured by the light reflected by the skin. (C)
Objective examination of subjects was performed. These results
are presented as the mean = SD (n=3; *p<0.05, **p<0.01,
*HEp<0.001).

Discussion

Collagen is the major building block of human dermis, with
compressibility characteristics, giving the skin a tensile,
hydrated appearance. Specifically, type I collagen are found
in abundance, composing almost 90% of the total collagen
in the skin [22]. Apparently, the abundance of collagen 1
may improve the associated dermal laxity characteristic
of aging skin. Ultraviolet (UV) B irradiation induces the
production of matrix metalloproteinases (MMPs) which
are responsible for the degradation of extracellular matrix
proteins [23]. MMP-1, a collagenase, plays crucial roles
in skin inflammation and wound healing. Over-expression
of MMP-1 results in the delay of re-epithelialization
in dermal cells as there are high levels of MMP-1 in
chronic non-healing wounds [24]. Inhibition of MMP-1
production and gene expression may prove effective in the
treatment of photo-aged skin. Non-essential amino acids
such as proline and hydroxyproline are vital for collagen
biosynthesis, structure, and strength. Their cyclic structure
constrains the rotation of the polypeptide collagen chain,
creating and strengthening the helical characteristic of the
molecule [25]. In our in vitro studies, ACS was shown to
possess positive effects for increasing the collagen 1 and
proline production, lowering the MMP-1 production and
gene expression.

Hyaluronic Acid (HA) appears in the periphery and at
interfaces of collagen and elastin fibers where it facilitates
holding collagen and extracellular matrices in proper
configuration. In aged skin, these connections with
hyaluronic acid are particularly weakened, contributing
to the disorganization of collagen and elastin fibers [26].
HA is naturally synthesized by a class of hyaluronan
synthases, which classify into three types: HAS1, HAS2,
and HAS3 [27]. HAS?2 is able to synthesize high molecular
weight hyaluronic acid, which is thought to have an anti-
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inflammatory effect. In addition, glucosamine plays a key
role in structure and function as well as being a precursor
substrate for the biosynthesis of hyaluronic acid. Enhanced
glucosamine production has been shown to accelerate
wound healing, improve skin hydration, and decrease
wrinkles [28]. Therefore, the increase of hyaluronic acid,
HAS2 gene expression and glucosamine, by ACS has
demonstrated promising effects for rejuvenating aged skin.
Telomere length, a marker of cellular aging that decreases
with age, has been associated with aging-related diseases.
Telomerase activation has been suggested to be an anti-
aging modulator that can play a role in the treatment
of aging-related diseases. Our finding is in accordance
with the fact that Centella asiatica extract significantly
increased telomerase activity in HeLa cells as shown by
Tsoukalas et al. suggesting that Centella asiatica extract
may improve telomere maintenance [29]. Furthermore,
the human trial showed that ACS reduces the wrinkle
by 14.8% and melanin by 16.6% in human subjects
compared to pre-treatment baseline. Aging is a natural
progressive physiological change that results in declines
in biological function and the ability to adapt to metabolic
stressors. The reduction of skin elasticity reduces skin
thickness with concomitant decreases in hyaluronic acid
and collagen beneath the skin. The reduction of wrinkle
formation is likely due to the increased collagen and
hyaluronic acid synthesis and secretion demonstrated
in the in vitro studies. Moreover, our study also showed
that ACS effectively decreased the formation of melanin,
indicating the promising photoprotective effect.

Conclusion

In conclusion, ACS that contains a standardized
blend of natural saponin compounds from Astragalus
membranaceus and Centella asiatica may have skin
rejuvenating effects due to its ability to increase the
endogenous collagen and hyaluronic acid synthesis and
secretion, proline and glucosamine uptake, telomerase
activation, and MMP inhibition.
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