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ABSTRACT

Tranexamic acid (TSA) is widely used as an antiaging treat-
ment for reducing melasma and wrinkles. There are various
mechanisms for wrinkle formation, and one of them is due to
damage of the mitochondria. Research on mitochondria in
the skin is very limited, so we are interested to see the
changes that occur after application of TSA cream. We
explored the effect of TSA on mitochondrial protein levels
(PGC1a, Tom20, COX IV), which had affected to skin histo-
logical structure. Thirty male, 6-week-old, Balb/C mice were
divided into five groups (negative control, positive control,
TSA 3%, TSA 4% and TSA 5%). After 10 days of acclimati-
zation, four groups of mice were exposed to UVB light, of
which three groups were given TSA cream for 10 weeks. The
skin tissue was excised for protein and histological studies.
H&E staining was performed for evaluating histological
changes in epidermal thickness and dermal elastosis. TSA
treatment on the mice skin increased mitochondrial marker
levels and epidermal thickness while decreasing dermal elas-
tosis for all the treatment groups. Topical application of TSA
significantly increased mitochondrial biogenesis which may
cause alteration in epidermal thickness and reduced dermal
elastosis in the histology of mice skin.

INTRODUCTION
The skin is the most visible indicator of age in the aging process
(1). Skin aging involves intrinsic and extrinsic factors. Photoag-
ing can caused by extrinsic factors such as chronic UV B expo-
sure (2). UVB increases the production of reactive oxygen
species (ROS), which is responsible for oxidative damage to pro-
teins, DNA, RNA and lipids, dysregulated pathways that modu-
late the inflammatory response and apoptosis (3). Excessively
increased ROS causes accumulative damage to biological struc-
tures over time, which causes loss of cellular function and aging,
especially mitochondria (4).

Mitochondria is an organelle that has a primary function as an
energy producer through a series of oxidative phosphorylation
processes or electron chain transport that occurs in the inner
membrane of the mitochondria. Physiologically, this oxidative
phosphorylation will produce ROS in mitochondria complexes I
and III as side product, and therefore, mitochondria is responsi-
ble as the highest ROS producer in cells (5,6). Mitochondria has
a risk of mutation because mitochondrial DNA (mtDNA) is
located close to where ROS is produced in the inner membrane
of the mitochondria. In addition, mtDNA does not have histones,
so that mtDNA has a risk of up to 50 times of mutation com-
pared with that of nucleus DNA (7,8). MtDNA is very important
in carrying out mitochondrial function, in which accumulation of
mtDNA mutations can cause mitochondrial dysfunction and
plays a role in the aging process (9,10).

Aging induced mtDNA damage via many stimulators like rad-
ical ROS. Aging increases ROS production, and its process is
similar to induction by UV radiation. ROS sporadically attacks*Corresponding author email: ronny@unpad.ac.id (Ronny Lesmana)
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cell DNA, and mtDNA is more susceptible to damage compared
with nucleus DNA (11). MtDNA damage will affect mitochon-
drial biogenesis. Reduced biogenesis of mitochondria will affect
the respiratory chain and disruption of the protein transport pro-
cess from the cytoplasm to enter the mitochondria. Damage to
the respiratory chain as a sign of mitochondrial dysfunction will
result in more ROS and oxidative damage accumulation and pro-
duce faster mtDNA mutations and mtDNA damage (12). This is
the basis of the "mitochondrial theory of aging," in which there
is a vicious cycle due to the accumulation of oxidative damage
from time to time as a result of increased ROS. MtDNA damage
and mitochondrial dysfunction cause a decrease in cell function
and a characteristic feature of aging that appears on the skin, one
of which is wrinkles (6,9,13,14). Mitochondrial damage can be
described by a decrease in the number of mitochondria described
by Tom20 (15) and impaired mitochondrial function described
by COX IV (16).

Chronic exposure to UVB rays can result in the formation of
wrinkles on the skin. Wrinkles caused by photoaging give histo-
logical features of changes from the epidermal thickness, der-
moepidermal junction and dermal elastosis as the gold standard
of photoaging (17,18). There are many therapeutic modalities
used for preventing wrinkles, one of those modalities is tranex-
amic acid (TSA), which has previously been widely used for the
treatment of melasma (19,20). It had been reported that TSA oral
administration can reduce the formation of wrinkles (21).

However, there is limited information about the effects of
TSA on wrinkles and its potential mechanism on mitochondria.
Our study will elaborate the effect of TSA cream on mitochon-
dria, which plays a role in aging and its correlation to

histological changes in the form of changes in epidermal thick-
ness and dermal elastosis.

MATERIALS AND METHODS
Thirty, 6-week-old male Mus musculus species Balb/C strain, each
weighing 20-30 g, were used in this experiment. Animals were housed in
the animal house in Department of Pharmacology and Therapy,
Universitas Padjadjaran, under a controlled room temperature and photo-
periodicity of 12 h light/dark system. The animals were acclimatized for
ten days prior to the study and randomly divided into five groups (n = 6
mice per group). The animals were assigned into five groups: negative
control group (not exposed to UVB light and not treated with TSA
cream), positive control group (exposed to UVB), TSA 3% group
(exposed to UVB and treated with TSA 3% cream), TSA 4% group
(exposed to UVB and treated with TSA 4% cream) and TSA 5% group
(exposed to UVB and treated with TSA 5% cream) for ten weeks
(Figure S1). All procedures were approved by Ethical Committee,
Faculty of Medicine, Universitas Padjadjaran (Animal Ethics Number:
473/UN6.KEP/EC/2019).

UV irradiation. Mice were exposed to UV lamp (Kernel KN-4003,
China) on their back skin with suberythemal doses of 166 mJ cm�2,
three times a week, for 10 weeks in all treatment groups and positive
control. The total dose received by each mouse is 166mJ/ cm2. UVB
lighting used a holder, 3 cm apart from the skin of mice, and it was
exposed to UVB for 100 s per session (Figure S2).

Tranexamic acid cream. TSA cream was applied on back skin of
experimental animals of 0.1 g cm�2. TSA cream was applied immediately
after UVB exposure, once a day, for 10 weeks. The dose of TSA cream
for the mice in this study was taken based on the dose of TSA cream for
melasma in humans, which is between 3%, 4% and 5%. TSA cream with
concentrations of 3%, 4% and 5% used in this study had the following
basic cream compositions: water, butylene glycol, glycerin, PEG-6 esters
almond oil, PEG-40 hydrogenated castor oil, phenoxyethanol,
hydroxyethyl cellulose, PCA zinc and cetylpyridinium chloride.

Figure 1. The morphological appearance of mice's skin in all groups after 10 weeks of UVB exposure with tranexamic acid application. There is wrinkle
reduction found in all treatment groups (TSA 3%, 4% and 5%) compared with positive control group.
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Skin sample collection. Twenty-four hours after the last UV exposure,
mice were sacrificed CO2 chamber. Skin samples were excised using
sterile surgical blade and collected from gluteal area with size 3 9 3
cm2. For Western blot sample, the skin was snap frozen using liquid
nitrogen then stored at �80�C, and as for hematoxylin–eosin (HE)
staining, the skin was stored in neutral buffer formalin in room
temperature.

Protein extraction and Western blotting. Skin samples were lysed
using RIPA lysis buffer (20 mM Tris-HCl pH 7.5; 150 mM NaCl; 1 mM

Na2EDTA; 1 mM EGTA; 1% NP-40; 1% sodium deoxycholate; 2.5 mM

sodium pyrophosphate; 1 mM b-glycerophosphate; 1 mM Na3VO4; and
1 µg mL�1 leupeptin) with 1 mM protease inhibitors cocktail (Sigma,
Merck KGA, Darmstadt, Germany). The skin tissue lysates were
centrifuged for 5 min at 15 000 g in temperature 4°C. Tissue lysates were
added with sample buffer contained b-ME boiled for 5 min in 95°C. Equal
amount of protein samples was resolved by SDS-PAGE gels and then
transferred to nitrocellulose membranes. The nitrocellulose membranes
were immunoblotted with anti-PGC-1a antibody (Cat no. PA5-38022),
anti-Tom20 antibody (Cat no. sc-11415) and anti-COX IV antibody (Cat
no. PA5-17511). The equality of protein loading was confirmed by probing
blots with anti-GAPDH antibody (Cat no. AM4300). The secondary
antibodies used were goat anti-mouse IgG secondary antibody HRP (sc-
2005; Santa Cruz Biotechnology Inc., CA). The antigen–antibody
complexes were detected by Western Sure ECL Substrate (LI-COR
Biotechnology, Lincoln, NE) and visualized using LICOR Odyssey
Western Blot Scanner (LI-COR Biotechnology). Densitometric analysis
was performed using Image J software (NIH Image).

Histological examination by H&E staining. Five micrometer thick
sections were collected from paraffin-embedded skin tissues. The sections
were stained with hematoxylin (Cat no. GHS316; Sigma) and eosin
solution (Cat no. HT110116; Sigma). H&E staining was performed as
follows: hematoxylin staining for 10 min, water rinse for 10 min, eosin

staining for 2 min, decoloring in 90% ethanol for 5 min, 95 % ethanol
for 5 min and clearing in xylene solution for 5 min. After mounting, the
tissues were observed by light microscopy Leica MD500.
Histopathologic review was performed using Leica Application Suite E2
V2.0.0 for Windows (Carl Zeiss, German). Histological examination of
the skin tissue was reviewed by a single expert anatomy pathologist
(RW) who was blinded to all other features of the samples
characteristics. All samples were evaluated for measuring epidermal
thickness and dermal elastosis. Epidermal thickness was examined by
measuring epidermal length from stratum corneum to stratum basale in
six fields with 400-fold magnification (9400), representing the epidermal
thickness, and then, the mean was calculated for each sample. Dermal
elastosis was determined based on elastic fibers changes in skin tissue
with 100-fold magnification (9100). Changes in elastin fibers were
scored based on the Kligman score as follows: 0 thin and slightly wavy;
+1 thin and simple increase in number; +2 thickened and numerous; +3
thickened, curling and dense; and + 4 almost complete replacement of
the dermis by a dense tangle of thickened, amorphous masses (17). This
score is modified into 3 degrees: 0 and + 1 as mild; +2 as moderate;
and + 3 and + 4 as severe degrees (18,22).

Statistical analysis. Quantitative values were determined in at least
three independent experiments and expressed as means � standard error
of mean (SEM). A statistical comparison of PGC1a, Tom20, COX IV,
epidermal thickness and dermal elastosis in all groups was determined
using one-way analysis of variance (ANOVA) or Kruskal–Wallis test and
further tested with post hoc LSD or Mann–Whitney analysis using
GraphPad Prism 5.01. A statistical comparison of dermal elastosis found
in all groups was determined with chi-square, exact Fisher and
Kolmogorov–Smirnov. P-value < 0.05 was considered as statistically
significant, while P-value < 0.01 was considered as statistically very
significant. All statistics were computed using SPSS 23.0 software for
windows.

Figure 2. Evaluation of mitochondrial marker from Western blot after 10 weeks exposure of UVB with tranexamic acid cream application. (A) Expo-
sure to UVB increased protein expression of PGC1a, Tom20 and COX IV in mice skin. (B) A significant increase in COX IV protein expression was
found in TSA 3% and 5%, while Tom20 increased in TSA 5%, and PGC1a increased in all the treatments (TSA 3%, 4%, and 5%) compared with posi-
tive control. Data were presented as average mean � standard error of mean (SEM) with P < 0.05 considered as significant (*) and P < 0.01 considered
as very significant (**).
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RESULTS

Macroscopic appearance

The physical examination showed variations among the groups
which can be seen either macroscopically or manual palpation.
On the negative group, it was observed the normal skin outlook
and smooth. Whereas on the positive group, the wrinkled and

rough skin outlook were observed. However, on the treatment
group, improvement of the wrinkled skin was observed (Fig. 1).

Protein expression

Application of tranexamic acid cream increased protein expres-
sion levels of mitochondrial marker in mice skin. After 10 weeks
of exposure to UVB and TSA cream application on mice skin,

Figure 3. Evaluation of microscopic epidermal thickening following 10 weeks of UVB exposure with tranexamic acid treatment in mice skin with
H&E staining. (A) Representative photomicrograph of epidermal thickness changes in all groups. [A1] No changes in epidermal thickness found in nega-
tive control group. [A2] There is a depletion of epidermal thickness found in positive control group. [A3-5] TSA cream application increased epidermal
thickness in TSA 3%, 4% and 5% groups. (B) Significant increase in epidermal thickness was found in TSA 3%, 4% and 5% groups compared with
positive control group. Data were presented as average mean � standard error of mean (SEM) with P < 0.05 considered as significant (*) and P < 0.01
considered as very significant (**).

Figure 4. Representative photomicrograph of dermal elastosis with different degrees evaluated in all groups. (A) Mild dermal elastosis was found in
negative control and TSA 4% group. Moderate dermal elastosis was found in all treatment groups. Severe dermal elastosis was found in positive control
group. (B) TSA cream 4% reduced dermal elastosis to a group not exposed to UVB light.
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protein level of PGC1a was significantly increased in all TSA
groups (1.4-fold for TSA 3%, 1.6-fold for TSA 4% and 1.7-fold
for TSA 5%), while Tom20 was only significantly increased in
TSA 5% group (1.7-fold for TSA 3%, 1.6-fold for TSA 4% and
2.5-fold for TSA 5%), and COXIV was significantly increased in
TSA 3% and 5% groups (1.6-fold for TSA 3%, 1.3-fold for TSA
4% and 2.9-fold for TSA 5%), compared with positive control
(Fig. 2B).

Histological changes

Tranexamic acid cream improved epidermal thickness and dermal
elastosis. Hematoxylin- and eosin-stained sections from skin
samples were analyzed for thickening of the epidermis and der-
mal elastosis. A significantly increased epidermal thickness
(Fig. 3A) (2.92-fold for TSA 3%; 2.40-fold for TSA 4%; and
2.82-fold for TSA 5% group) (Fig. 3A,B) and reduction in the
degree of dermal elastosis (16.7% for TSA 3%, 83.3% for TSA
4% group) (Fig. 4A,B) were found after application of TSA
cream to negative controls.

DISCUSSION
Recently, TSA is widely used in antiaging products as antime-
lasma (23). Oral TSA administration in NOA type hairless mice
(Naruto Research Institute Otsuka Atrichia) had been reported
improved wrinkles by reducing transepidermal water loss
(TEWL), increased skin hydration capacity, increased type I col-
lagen levels and decreased matrix metalloproteinase-1 (MMP-1)
levels. In addition, administration of oral TSA also increased b-
endorphin levels, fibroblast cell proliferation and type I collagen
production (21).

Wrinkles on the skin provide a histological picture of epider-
mal thinning, abnormal elastin tissue deposition in the dermal
layer and hypodermic atrophy (24). Environmental factors such
as air pollution, smoking history and chronic sun exposure exer-
cise are considered important in wrinkles (25). The accumulation
of UVB exposure caused loss of skin elasticity, which is one of

the causes of wrinkles (26,27) (Fig. 1). In our study, we found
that TSA cream could improve wrinkle repair by increasing epi-
dermal thickness (Fig. 3 [A3-5]) and degeneration of dermal col-
lagen fiber bundle lead to decrease in dermal elastosis (Fig. 4A,
B) in mice skin exposed to UVB. UVB exposure increases ROS
formation in the skin, and its accumulation causes mitochondrial
dysfunction (28). Photoaging skin, which is characterized by
wrinkles, is closely related to the reduction in mitochondrial
function (29). Our study had showed that TSA treatment could
abolish or at least partly reduce UV-induced mitochondrial dam-
age which reflected from level PGC1a, Tom 20 and COX IV
(Fig. 2). Therefore, improvement in the function and regeneration
of mitochondria may be able to correct or improve the wrinkling
process that occurs during aging (30). UVB exposure induces
the decrease in mitochondrial marker levels, and by giving TSA
cream 3%, 4% and 5%, the markers are observed to be increased
(Fig. 2).

Taken together, our study had revealed that TSA cream had
an effect as an antiwrinkle agent via control of mitochondrial
biogenesis which influenced epidermal thickness and decreased
degeneration of dermal collagen fiber bundle lead to dermal elas-
tosis (Fig. 5). In summary, TSA cream application on the mice
skin after exposure to UVB reduces epidermal thickness and der-
mal elastosis, while increasing mitochondrial marker levels of
PGC1a, Tom20 and COX IV.
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