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ABSTRACT

Introduction: Skin aging, particularly photoaging, is a widely experienced problem. The therapies for photoaging 
are continuously evolving. For example, the application of topical antioxidants, such as vitamin C, has been widely 
used with satisfactory outcomes. Stem cell therapy, including amniotic membrane stem cell-conditioned medium 
(AMSC-CM), is a promising alternative because it contains growth factors and cytokines that aid wound healing 
and skin rejuvenation. The aim of this study was to evaluate the efficacy of AMSC-CM and vitamin C combination 
therapy following CO

2
 fractional laser as laser-assisted drug delivery for photoaging treatment. Methods: This was an 

analytical experimental study conducted on 30 patients with photoaged skin treated with AMSC-CM and vitamin C. 
The treatment was repeated three times with an interval of 4 weeks. The final evaluation included Janus skin analysis 
to assess wrinkles, pores, spots, and skin tone. Results: Among the 30 participants with photoaged skin who met the 
inclusion criteria, the mean age was 50.53 (± 5.39) years and the mean Glogau score was 2.77 (± 0.43). The treat-
ment resulted in significant improvements (P <.05) on wrinkles from evaluation I to evaluations II and evaluation I 
to evaluations III, pores from evaluation I to evaluation II, and spots from evaluation I to evaluation II. Conclusion: 
Clinical improvements were observed on the participants’ photoaged skin in terms of wrinkles, pores, and spots after 
the combined topical therapy of AMSC-CM and vitamin C following CO

2
 fractional laser therapy.
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INTRODUCTION

A number of factors, both intrinsic and extrinsic, can 
induce skin aging. Intrinsic factors are the result of 
continuous cellular processes and are influenced by 
genetics, whereas extrinsic factors are environmental, 
including ultraviolet (UV) and infrared radiation, air 
pollution, cigarette smoke, alcohol, sunlight, medications, 
stress, and diet. Skin aging is most frequently caused 
by the accumulation of UV exposure (photoaging) on 
unprotected skin areas, such as the face, neck, hands, 

arms, and lower legs. More than 80% of skin aging is 
caused by chronic exposure to UV radiation. UVA and 
UVB contribute to skin aging and the occurrence of 
skin cancer. The clinical manifestations of photoaging 
include rough wrinkles, rough skin texture, reduced skin 
moisture, pale skin, appearance of pigmentation spots, 
loss of skin elasticity, and telangiectasia (1,2,3).

The therapy for photoaging varies, including the use 
of sun protection, such as clothes, hats, sunglasses, 
and sunscreens (4). Topical retinoid-based agents and 
other topical agents, including alpha-hydroxy acid, are 
first-line therapy for photoaging. Antioxidants, such 
as vitamin C (ascorbic acid), either oral or topical, 
are also used in the therapy of photoaging. Other 
therapies include chemical surgery, electrosurgery, 
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microdermabrasion, microneedling, Botox injection, 
filler injection, radiofrequency, ultrasound, intense 
pulsed light, and lasers, both ablative and non-ablative 
(5,6).

Stem cell-based therapy has recently been studied as a 
promising therapy for photoaging. Amniotic membrane 
stem cells (AMSCs) are a type of stem cell acquired 
from the unused placental amniotic membrane after 
childbirth; foetal tissues are rich in mesenchymal stem 
cells (7). The AMSC-conditioned medium (CM) contains 
various growth factors and cytokines and has been 
reported to increase the proliferation and migration 
of dermal fibroblasts and epidermal keratinocytes and 
the synthesis of collagen and fibroblasts. Studies that 
have evaluated the use of AMSC-CM on photoaged 
patients after YAG erbium fractional laser 2940 nm have 
reported clinical improvements in terms of skin pigment, 
moisture, and elasticity (8,9).

The application of the combination of AMSC-CM and 
vitamin C after microneedling in photoaged skin has 
been studied and the results show clinical improvements 
in wrinkles, UV spots, and pores. Topical vitamin C is an 
antioxidant that promotes depigmentation and collagen 
synthesis, whereas microneedling facilitates molecule 
penetration, thereby aiding drug absorption (10).

The CO
2
 fractional laser is an ablative laser that can 

be utilised to treat photoaged skin. Moreover, this 
fractional laser creates microscopic columnar holes in 
the treated tissue (microscopic treatment zone), which 
ease the absorption of topical medications, in a process 
known as laser-assisted drug delivery (LADD). LADD 
effectively aids the absorption of topical medications 
into the dermis (11,12,13).
 
The aim of this study was to evaluate the efficacy 
of topical AMSC-CM combined with vitamin C on 
photoaging after CO

2
 fractional laser therapy.

METHODS AND MATERIALS

Research design and subject
This was an experimental study with a pre- and post-
test study design. A topical mixture of AMSC-CM 
and vitamin C was applied after CO

2
 fractional laser 

therapy (Fraxis Duo, Ilooda, Suwon, Korea) three 
times with an interval of 4 weeks. The CO

2
 fractional 

laser was used for LADD. The participants, who were 
patients with photoaged skin at the outpatient clinic 
of the Dermatology and Venereology Department, 
Dr. Soetomo General Academic Hospital Surabaya, 
Indonesia, were acquired by consecutive sampling. 
The inclusion criteria were patients with a Glogau 
score of II–III who had used tretinoin (0.25%) cream 
prior to therapy. The exclusion criteria were a history of 
keloid scars; active eczema; herpes simplex infection; 
a history of Botox injection, filler injection, chemical 

peels, or microdermabrasion; the use of cream or oral 
antioxidants; and uncooperative behaviour. The final 
number of participants was 30. Based on the formula 
calculation, with standard deviation 2,43 (14). 
    
 n = 2{Zα+Zβ)s  }2

 = 30
       (x1-x2)

n : sample size
zα = magnitude 1.96 at the level of significance α = 0.05
zβ = magnitude 0.842
s = standard deviation = 2.43 (14)
x1-x2 = the difference between the minimum mean 
which is considered significant, the amount is 1,75

Preparation of AMSC-CM and vitamin C mixture
AMSC-CM is a liquid culture product of AMSC that 
contains cytokines and growth factors that aid in wound 
healing and skin rejuvenation. In this study, the AMSC-
CM was acquired from the Tissue Bank and Regenerative 
Medicine Department, Dr. Soetomo General Academic 
Hospital, Surabaya, Indonesia. The AMSC-CM and 
vitamin C mixture consisted of 3 mL of AMSC-CM and 
0.09 g of sodium ascorbyl phosphate. Three millilitres 
of the AMSC-CM and vitamin C mixture was applied to 
the whole face (10).

Procedure
This research was approved by the ethical committee 
of Dr. Soetomo General Academic Hospital, Surabaya, 
Indonesia. The ethical clearance number is 0616/
KEPK/Ix/2018. All participants received an explanation 
regarding the study procedure and signed informed 
consent and medical approval forms. Priming therapy 
with tretinoin cream (0.025%) and sunscreen (sun 
protection factor 30) was applied for 2 weeks prior to 
AMSC-CM and vitamin C treatment. Tretinoin cream 
(0.025%) was initiated 1 week after treatment. Tretinoin 
as a priming before laser action to reduce the side effects 
of hyperpigmentation after laser treatment and tretinoin 
is the standard therapy for antiaging.The baseline skin 
conditions, including wrinkles, spots, pores, and skin 
tones, were evaluated using the Janus 3D Facial Analysis 
System prior to treatment (evaluation I). The AMSC-CM 
and vitamin C mixture was applied after treatment with 
a CO2 fractional laser for LADD. The laser parameter 
was 6.6–10 mJ with 1 stack, 1 pass, and 1 mm distance. 
The therapy was performed three times with an interval 
of 4 weeks. All participants were provided sunscreen to 
apply every morning to afternoon and tretinoin cream 
(0.025%) to apply every night. The progressive changes 
in wrinkles, spots, and pores were evaluated 4 weeks 
after the first treatment, before the second treatment 
(evaluation II), and 4 weeks after the third treatment 
(evaluation III).

Statistical analysis
The accumulated data were analysed using SPSS 
software version 21 (SPSS, Chicago, IL, USA), with the 

-------------
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level of significance set at P < .05.

RESULTS

This study was conducted on 30 women with photoaged 
skin who met the inclusion criteria. The mean age was 
50.53 (SD 5.39) and the mean baseline Glogau score 
was 2.77 (SD 0.43). All patients work indoors; the most 
common outdoor activity was motorbike riding (100%), 
followed by morning exercise (50%; Table I).

whether between evaluation I and evaluation III (P 
= .180), evaluation II and evaluation III (P = .794), or 
evaluation I and evaluation II (P = .109). 

Table I. Patient characteristics

Variable Total n = 30 
n (%)

Mean (SD)

Age 

- Min–max: 42–63 
(years)

50.53 (5.39)

Glogau score

- II   

- III  

6 (20)

24 (80)

2.77 (0.43)

Occupation

- Indoor

- Outdoor 

30 (100)

0 (0)

Outdoor activity

- Motorbike mobil-
ity

- Sport 

- Morning exercise

- Swimming 

- Gardening 

- Grocery shopping 
at the market

30 (100)

-

15 (50)

4 (13.3)

3 (10)

12 (40)

SD = Standard deviation

Figures 1 and 2 illustrate the clinical improvements in 
photoaging manifestations after AMSC-CM and vitamin 
C therapy following CO

2 
fractional laser therapy. In 

terms of wrinkles, there were significant improvements 
(P = .000) from evaluation I (baseline) to evaluation II 
(9.7 ± 4.51 vs. 6.3 ±  3.11) and significant improvements 
(P = .012) from evaluation I to evaluation III (9.7 ± 4.51 
vs. 7.33 ± 3.99). There was no significant improvement 
in pores (P = .061) between evaluation I and evaluation 
III (53.4 ± 5.88 vs. 51.13 ± 4.98); however, a significant 
improvement was observed (P = .004) from evaluation I 
to evaluation II (53.4 ± 5.88 vs. 50.63 ± 4.89). Spots did 
not significantly improve (P = .466) between evaluation 
I and evaluation III (31.4 ± 6.32 vs. 31.3 ± 7.79), 
although a significant improvement (P = .000) was 
observed between evaluation I and evaluation II (31.4 
± 6.32 vs. 29.57 ± 6.63). In terms of skin tone, none 
of the evaluations exhibited significant improvements, 

Figure 2: Comparison p-value of variables between evaluations

DISCUSSION

In this study, we found significant improvement in 
the wrinkles appearance on the period of evaluation I 
to II and evaluation I to III, improvement of pore size 
from evaluation I to II, improvement in dark spots on 
the evaluation I to II, while skin tone did not improve 
significantly in all of our patients. Most of the patients 
were in Glagow III scale, where the wrinkle, pore size 
and dark spot were dominant, that could be the reason 
our AMSC-CM and vitamin C therapy following CO

2 

fractional laser may showed significant improvement, 
especially in evaluation I to evaluation II. Meanwhile, 
the period of evaluation II to evaluation III didn’t show 
significant improvement in wrinkle, pore, spot and skin 
tone. Our result also showed throughout evaluation I 
to III the only significant improvement of all variable 
studied was the wrinkle appearance, even though if the 
parameters studied independently on each evaluation, 
all improvements occurred in each evaluation, either 
in wrinkle, pore, spot or skin tone. The skin types in 

Figure 1: Score Evaluation Wrinkle, Pore, Spot and Skin tone
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this study were Fitzpatrick IV and V skin types, that is 
caused by the effect of sun exposure in our country 
(Indonesia) which is located on the equator, it leads into 
insignificant results in skin tone improvement. Previous 
study conducted by Zhu and colleagues evaluated 
the efficacy of Botulinum Toxin Type A (BTX-A) 
therapy combined with fractional CO

2
 laser on facial 

rejuvenation, the results of melanin index did not show 
significant changes between the two sides of the face 
at baseline, one, two, and twelve weeks after treatment 
(15).

The manifestations of photoaging investigated in 
this study were wrinkles, enlarged pores, spots or 
pigmentation dots, and skin tone or blanched skin 
because, clinically, photoaging appears as rough or 
soft wrinkles, pigmentation spots, actinic lentigines, 
rough texture, paleness, and telangiectasias. The main 
difference between Asian and Caucasian skin is related 
to its melanocytic function. The Asian skin type is highly 
pigmented; therefore, its response to UV differs from 
that of the Caucasian skin type. In aging skin of the 
Asian skin type, pigment changes are more visible than 
wrinkle appearance. Histological changes in photoaged 
skin include epidermal thinning (in acute sunlight 
exposure, the initial response is epidermal thickening), 
increased intraepidermal melanin deposition, epidermal 
Langerhans cell depletion, decreased collagen I, III, and 
VII levels, increased matrix metalloproteinase levels, 
elastotic material accumulation, and the presence of 
glycosaminoglycans in the dermal layer. Furthermore, 
photoaged skin has typical manifestations, such as the 
presence of a periappendageal inflammatory infiltrate 
that consists of lymphocytes and neutrophils, decrease 
in the number of blood vessels in the dermal papillary 
layer, and development of thick and tortuous blood 
vessels (6,16).
 
Recently, cell-based therapy, which utilises stem cells 
and growth factors, has been used as a strategy to restore 
damaged tissue, including for skin rejuvenation. Stem 
cells offer tissue regeneration properties through a 
paracrine mechanism, via the synthesis and secretion of 
various extracellular matrix proteins, cytokines, growth 
factors, and other bioactive proteins that participate in 
the healing process (17).  The human umbilical cord 
blood-derived mesenchymal stem cell-conditioned 
medium (USC-CM) contains multiple growth factors 
for skin rejuvenation, such as epithelial growth factor, 
basic fibroblast growth factor, platelet-derived growth 
factor, hepatocyte growth factor, collagen type 1, and, 
importantly, a rejuvenation factor, growth differentiation 
factor-11. The topical application of USC-CM exhibits 
anti-wrinkle property by significantly increasing the 
dermal density (18).  Prakoeswa et al. conducted a study 
using 60 patients with photoaged skin who were treated 
with the topical application of the AMSC-PM and vitamin 
C mixture after microneedling treatment and observed 
significant improvement in terms of wrinkles, ultraviolet 

spots, and pores (10). Another study by Widianingsih 
et al. in nine patients with photoaged skin who were 
treated with topical AMSC-PM after erbium:yttrium 
aluminium garnet fractional laser therapy also showed 
improvements in terms of pores and UV spots compared 
with the control group that was not treated with AMSC-
PM (19).

Topical vitamin C (L-ascorbic acid) is a form of 
biologically active vitamin C that acts as both a preventive 
and photoprotective antioxidant. Vitamin C neutralises 
the oxidative stress damage caused by UV exposure, 
pollution, and smoking. Additionally, vitamin C is a 
key cofactor in collagen biosynthesis, vital for prolyl 
hydroxylase and lysyl hydroxylase enzymes, and has a 
substantial role in wound healing. Serum vitamin C has 
been shown to penetrate the epidermal layer. Normally, 
the skin contains plenty of vitamin C, which acts as an 
antioxidant for overall skin health. However, under 
certain stresses, such as those caused by a fractional 
laser, the amount of skin antioxidants decreases. Based 
on this premise, we supplied additional vitamin C to the 
skin to expedite wound healing. Furthermore, serum 
antioxidants at a low pH can inhibit the growth of 
Candida albicans after laser therapy (20,21).

Hydrophilic molecules larger than 500 Da have less 
capability to penetrate the stratum corneum. Most growth 
factors weigh more than 20 kDa; thus, the penetration of 
a pharmacologically effective amount into the epidermal 
layer is difficult (15). Therefore, in this study, we used a 
CO

2
 fractional laser for LADD to aid the administration of 

the topical agent, an AMSC-CM and vitamin C mixture, 
to penetrate the dermis. Therapy with a CO

2
 fractional 

laser induces the transdermal delivery of vitamin C, as 
observed with conventional CO

2
 lasers, but causes less 

skin peeling, thereby reducing the incidence of side 
effects (22). The limitation in this study is the absence of 
histopathological examination on the research subjects 
to see more clearly the changes in the structure of the 
skin after receiving AMSC-CM and vitamin C therapy 
mixture after treatment with a CO

2
 fractional laser.

CONCLUSION

The application of topical AMSC-CM and vitamin C 
after CO

2
 fractional laser therapy results in significant 

improvements in wrinkles, pores, and spots in patients 
with photoaged skin.
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