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Summary

Background: Ascorbic acid is a substance with confirmed anti-free-radical proper-
ties. It triggers the collagen synthesis, has a depigmenting effect and seals blood
vessels. All these properties have a significant effect of the skin’s appearance. The
characteristic traits of capillary skin include telangiectasias as well as erythema,
which might consolidate in the future, along with the feeling of burning and
increased skin sensitivity.

Obijectives: Study and evaluation of selected parameters of capillary skin after the
application of 5% vitamin C concentrate throughout the period of 6 weeks with the
use of instrumental tests and questionnaires.

Methods: The research was conducted on a group of 30 women ranging from 30
to 60 years of age with capillary skin indicating visible signs of erythematous pla-
ques. The concentrate was applied once a day. Analyses of skin conditions were
conducted four times: before the launch of the research D(0), after two 2D(14),
after four 4D(28), and after 6 D(42) weeks of application. The research was con-
ducted with the use of Mexameter MPA equipment, which was used to measure
changes in the intensity of erythematous plaques. The depth of wrinkles was mea-
sured by PRIMOS system (two times DO and 6D(42). The research also used VISIA
system which allowed to perform visual and numeral skin analyses. Each research
was finalized with a questionnaire which provided a subjective evaluation of the
examined product among participants.

Results: Significant reduction in erythema has been widely recorded. After 2 weeks,
erythema dropped by 9%. After 4 weeks, it decreased by 16% and by 21% after
6 weeks. The concentrate’s efficiency in diminishing erythematous plaques was con-
firmed by photographs generated by VISIA photograph system. Thanks to PRIMOS,
decrease in both depth and volume of nasolabial folds was recorded in 87% of par-
ticipants after 6 weeks of research.

Conclusion: 5% vitamin C concentrate is effective in treating capillary and pho-
tograph-aging skin. It decreases erythema and telangiectasias as well as triggers the

shallowing of skin wrinkles.
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1 | INTRODUCTION

At the beginning of the 19th century, Albert Szent-Gyorgyi discov-
ered ascorbic acid—also known as vitamin C. As a result, he was
awarded the Nobel Prize for Medicine in 1937. This event had a sig-
nificant impact and thus resulted in numerous subsequent researches
on vitamin C conducted worldwide. It was observed that ascorbic
acid has a great influence on skin. Vitamin C is mandatory for appro-
priate synthesis of collagen, where it acts as a co-factor during the
hydroxylation process.>? Furthermore, it seals blood vessels and pre-
vents telangiectasias as well as subcutaneous effusions.® Further-
more, the vitamin also plays a great role in reducing depigmentation
—it blocks melanogenesis and has a depigmenting effect.* Ascorbic
acid is also regarded as one of the most important free radical catch-
ers.>”’
The properties of vitamin C provide an opportunity to use it for
treatments on capillary skin, characterized by appearance of either
persistent or interim erythema as well as telangiectasias. The vascu-
lar system of facial skin is a dense network of blood vessels and
intrapapillary loops distributed on a relatively small space, which
determines a large capacity of skin’s vascular bed in the area. Fur-
thermore, thin walls of vessels and location of subpapillary venular
plexus directly under the epidermis (thinning of upper layers of der-
mis) result in the facial skin’s vulnerability to develop erythema and
telangiectasias.®?

The aim of the research was to evaluate selected capillary skin
parameters after applying 5% vitamin C concentrate throughout the
period of 6 weeks, with the use of instrumental tests and subse-

quent questionnaires.

2 | MATERIALS AND METHODS

The research was conducted on healthy participants with capillary
skin with visible erythematous plaques and telangiectasias. The
research was performed on 30 women (n = 30). The age limit was
balanced between 30 and 65 years. Average age was 45.

Criteria qualifying to the participants’ group included type of
complexion, capillary, intensity of erythema >300 (measured by Mex-
ameter®), and age above 30 years.

Criteria disqualifying from the participants’ group included preg-
nancy and lactation, active viral changes on facial skin (herpes gesta-
tionis), active fungal and bacterial conditions, use of tanning beds,
and undergoing skin lighting therapies during the research.

The study included a control group consisting of 11 patients.
Measurements were performed in March and April, with the use of
Mexameter®.

The tested product contains 5% Vitamin C as well as trace
quantities of 0.008250% Daucus Carota Sativa Extract and
0.008250% Beta-Carotene. The properties of the product are asso-
ciated solely with the presence of ascorbic acid as the amount of
other ingredients is too low to significantly change skin parameters

whatsoever.

The research had been conducted throughout the period of
6 weeks and included 4 evaluations taken after every 2 weeks. The
participants received the concentrate and were instructed to use it
once a day—during the evening—and apply it on their facial skin.
The participants were asked to fill out a questionnaire where they
evaluated the properties of the applied concentrate. Furthermore,
following each meeting, the same parameters were examined with
the use of same testing equipment. The examined parameters can
be found pinpointed below. The measurements were taken in the
same room, in stable conditions (temperature 20°C and humidity of
45% + 5%). Prior to the measurements, the participants were subject
to acclimatization to the ambient conditions for a period of 15 min-
utes. Appropriate instruments were used for the research, and as a

result, it was possible to check the following parameters:

® The erythema level was measured with the use of Mexameter®
MPA 580 probe (Courage+Khazaka Electronic GmbH). The
parameters that describe erythema are measured by the charac-
teristic waves of length corresponding to the maximum spectral
absorption of pigment and presented in the form of index num-
bers balanced between O (white) and 1000 (black). Measuring
accuracy is +5%.

® The depth and volume of wrinkles—nasolabial fold in particular—
were measured with the use of Primos GFMesstechnik GmbH.
The instrument allows for optical and tridimensional imaging of
selected skin areas. The area that subjects to Primos during the
examination comprised a fragment of 30 x 40 mm?. The method
of measurement used in the device was the stripline digital pro-
jection. The analysis of photographs was available thanks to an
original software installed on the computer to which the equip-
ment was connected. Primos allows for quick and precise 3D
imaging of both micro- and macrostructures of the examined skin
fragment. Measuring accuracy amounted to 0.1 pm with duration
<0.1 second.

® Skin parameters such as wrinkles, texture, pores, porphyrin, UV
plaques, brown spots, and red areas were measured with the use
of VISIA photograph system. The instrument allows for compar-
ison of photographs taken in different times, for example, before
and after the research. Selected parameters were described with

the following:

I/ Number of traits—the amount of measured traits, exclud-
ing its intensity.
I/ Result—overall size and intensity of the measured trait.

The study was approved by the Bioethics Commission.

2.1 | Statistical analysis

Continuous variables were shown as median and interquartile range,
whereas numerical data were shown as percentage. To show the
time change of analyzed parameters for each volunteer, we calcu-
lated the percentage change dividing time point measurement by
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TABLE 1 The level of erythema (red areas) intensity after 2, 4, and 6 weeks of applications. Research was conducted with the use of
Mexameter® MPA 580. Median with interquartile range was provided in the table

Baseline 2 wk 4 wk 6 wk
Erythema Median: 378.5 Median: 343.5 Median: 329.5 Median: 295
Range of measure Range of measure Range of measure Range of measure
(330-421) (314-370) (284-344) (275-331)
Erythema—percentage 100% 91% (84%-96%) 84% (75%-92%) 79% (73%-91%)
Erythema—change —-9% —16% —21%
baseline values. For four time points’ analysis of parameters change, 440
we used Friedman ANOVA. P values lower than .05 were considered
as statistically significant. Analyses were carried out using Statistica 420
12.5 (Statsoft, Tulsa, OK, USA). 400
380 I
3 | RESULTS w0
£
2 N
3.1 | Results of questionnaires 53 o
320
The product was well-tolerated among participants, 83% of them did e
not observe any adverse reactions related to the use of the concen- 300
trate. About 10% of participants noted the feeling of discomfort in 280 1
the form of dryness of skin which lasted from 20 minutes to 3 days -
. . . . e . 260 Medi
(differently among different participants). Eye irritation and pustular baseline 2 weeks 4 weeks 6 weeks t%259:%,?;5"/0

and grain changes as well as redness were recorded by one of the
participants, which accounts for 3% of all women taking part in the
study. The results disappeared after the first week of application.
Burning sensation and the feeling of warm skin were also recorded
by one of the participants (3% of participants—it lasted through sev-
eral minutes). Despite minor adverse effects noted by some of the
participants, none of the women decided to cease the application
and withdraw from the research.

Along with the research’s progress, the number of participants,
who indicated high efficiency of the product, increased. They under-
lined reduced erythema and decreased visibility of telangiectasias as
well as decreased oversensitivity of skin. In the questionnaires, the
participants favorably evaluated the product’s efficiency in decreas-
ing the frequency and intensity of erythematous plaques resulting
from different conditions, such as weather conditions (frost, sun
exposure, wind) and emotional factors (stress) as well as alcohol con-
sumption and consumption of hot spices.

3.2 | Results of instrumental tests

Measurements of erythema intensity made with the use of Mexame-

ter®

confirmed high efficiency of the applied product. During the
research, the following results were obtained (Table 1 and Figure 1)
—erythema decreased by 9% after 2 weeks, by 16% after 4 weeks,
and by 21% after 6 weeks (P < .0001).

The results of the control group confirmed increase in the level
of erythema by 7% (19.83 units) compared to the study group
undergoing vitamin C treatment, at the level of significance P > .05,

was P = .22.

FIGURE 1 The level of erythema intensity after 2, 4, and

6 weeks of applications. Research was conducted with the use of
Mexameter® MPA 580 probe (Courage + Khazaka Electronic GmbH)
P < .0001

The concentrate’s efficiency in preventing erythematous plaques
was confirmed by photographs taken with the use of VISIA system
(Figure 2). After 6 weeks of the study, it was found that the amount
of red areas (without its intensity) was reduced by 16.06% (Table 2),
while the overall surface and intensity of red areas dropped by
19.51% (Table 3).

Instrumental tests indicated favorable effects of vitamin C con-
centrate on photograph-aging skin. With the use of PRIMOS, it was
possible to reduce the volume and depth of nasolabial folds as pre-
sented in graph 2.3. Improvement was recorded among 87% of par-
ticipants (Figures 3 and 4).

4 | DISCUSSION

Ascorbic acid is commonly used in cosmetics, most often in skin care
products dedicated to photograph-aging skin as well as pigmented
skin and skin with erythematous plaques.*°

The use of ascorbic acid in cosmetics and its application in skin
are hindered due to its physicochemical properties. Therefore, its
derivatives are used in products aimed at external use—most often
esters of ascorbic acid, characterized by average lipophilicity. The
ester, which meets all requirements necessary to effectively pene-

trate the skin, used in the research is ascorbyl palmitate. It is
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FIGURE 2 Evaluation of reduction of capillary changes after 6 weeks of product application in VISIA system

TABLE 2 The level of objective assessment in the number of
attribute (the amount of measured attribute, excluding it intensity) of
red areas after 6 wk in VISIA system

Before
Number—red application After 6 Difference after
areas (participant) D(0) wk D(42) 6 wk D(42)

Average out of 259 219 —40 (16.06%)

all three profiles

TABLE 3 The level of objective assessment (overall size and
intensity of measured attribute) of red areas after 6 wk in VISIA
system

After 6 wk Difference

after 6 wk D(42)

—8(19.51%)

Before
application D(0) D(42)

Average out 41 33
of all three profiles

Result—red
areas (participant)

04

552,8 (um)

0,0 0,5 1,0 15 2,0
(mm)

FIGURE 3 The level of objective assessment of nasolabial fold
after 2 weeks of applications—evaluation in Primos system
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FIGURE 4 The level of objective assessment of nasolabial fold
after 6 weeks of applications—evaluation in Primos system

characterized by great fat solubility and high stability, which allows
to use it in different physicochemical forms. Furthermore, it shows
convenient bio-accessibility of pure ascorbic acid released in the
hydrolysis process within viable epithelial layers as well as anti-free-
radical properties.**

Collagen is responsible for proper functioning and appearance of
the skin. Type | collagen is most prominent in skin (80%) and acts as
a fibrous support along with type Ill collagen (15%), responsible for
proper alignment of collagen | fibers and skin resilience. Further-
more, type Il collagen is the main ingredient of blood vessel
walls 1214

Vitamin C is directly responsible for proper collagen synthesis. It
takes part in the process of hydroxylation of proline to 4-hydroxy-
proline, acting as a co-factor.'>¢ Ascorbic acid also has a stimulating
effect on the processes of transcription and stabilization of mMRNA
for pro-collagen | and Il in fibroblasts. This has been confirmed by
in vitro studies.**” Furthermore, in vivo studies also confirm that
applying vitamin C can increase the levels of mRNA of collagen |
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and 111.1*8 |n addition, vitamin C also has a stimulating effect on the
synthesis of tissue inhibitor of metalloproteinases TIMP and there-
fore reduces the intensity of collagen degradation.’

Scientific research confirm that vitamin C improves skin with vis-

ible traits of photograph-aging,2°

reduces the frequency of erythe-
matous plaques resulting from UV radiation, improves the
appearance of capillary skin, and protects keratinocytes by prevent-
ing the occurrence of sunburn cells.?*?? Ascorbic acid also has a
positive influence on healing of wound and sores.?®

Philippe G. Humbert et al conducted a research on the effects of
vitamin C on photograph-damaged skin by applying a creme with 5%
vitamin C. The research confirmed the high efficiency of the product
with good tolerance recorded among participants. The research
included two groups of patients, out of which one was a blind test. The
evaluation of skin conditions conducted by the researcher at the begin-
ning of the study, and afterward after 3 and 6 months of everyday
application, was compared with self-assessment among treated
women. Furthermore, the skin was also examined by taking a sample
for histopathological research from patients who completed the appli-
cation of vitamin C. The research underlines the stimulation of cyto-
plasmic structures of fibrocytes, which might result in increased
production of collagen and elastin. Clinical assessment conducted by
dermatologists, based on a worldwide scale and focused on hydration,
roughness, elasticity, pigmentation spots, and wrinkle depth, confirmed
the product’s effectiveness in all mentioned parameters. In addition, a
significant improvement of microstructure density of skin and decrease
in depth of nasolabial folds were also observed. Ultrastructural evi-
dence confirming improvement of tissue elasticity, confirmed further
by clinical research on the skin surface, was also obtained.?*

Another research conducted by Xu TH et al confirmed the posi-
tive influence of vitamin C on photograph-aging skin. The research
included 20 patients. A 23.8% vitamin C serum was applied by ion-
tophoresis on one part of patients’ face once a day throughout the
period of 2 weeks. The other side of patients’ face did not undergo
any treatment. The results were presented in a 5-point scale (0-4)
created by Dover, describing the level of photograph-aging of skin
(Global Score for Photoaging).?®> The researchers recorded an aver-
age drop of results from 3.37 before the treatment to 1.68 after the
treatment. About 75% of patients evaluated the results as Very
Good. On the treated side of the face, patients confirmed reduced
pigmentation and roughness as well as slighter wrinkles, without any

adverse effects.?®

5 | CONCLUSIONS

The research confirmed that vitamin C is very effective in treating
erythema as well as decreasing the visibility of telangiectasias. This
was also confirmed by questionnaires, focusing on patients’ self-eva-
luation and instrumental results. After 6 weeks of everyday applica-
tion of vitamin C concentrate, erythema was reduced by 21% and
skin’s vulnerability due to environmental factors dropped. This con-

firms ascorbic acid’s positive influence on increasing mechanical

CD 5
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resistance of blood vessels to cracking as well as its protective effect
on endothelial cells. What is more, comparison with the control
group indicates that the absence of skin care caused increase in ery-
thema. Visible improvement in the form of reduced depth of nasola-
bial fold, conducted with the use of Primos, was also observed.
Summing up, the abovementioned research confirmed that 5%
vitamin C concentrate is effective in the treatment of capillary and
photograph-aging skin. It reduces erythema and the visibility of

telangiectasias as well as shallows skin wrinkles.

ACKNOWLEDGMENT

Financial support from the Medical University of Lodz (grant No
503/3-066-02/503-31-001) is gratefully acknowledged.

ORCID

Malwina Zasada http://orcid.org/0000-0002-4226-881X

REFERENCES

1. Murard S, Grove D, Lindberg AK, Reyndols G, Sivarajah A, Pinnell
SR. Regulation of collagen synthesis by ascorbic acid. Proc Natl Acad
Sci USA. 1981,78:2879-2882.

2. Kishimoto Y, Saito N, Kurita K, Shimokado K, Maruyama N, Ishigami
A. Ascorbic acid enhances the expression of type 1 and type 4 colla-
gen and SVCT2 in cultured human skin fibroblasts. Biochem Biophys
Res Commun 2013;430:579-584.

3. Farris PK. Topical vitamin C: a useful agent for treating photoaging
and other dermatologic conditions. Dermatol Surg. 2005;31:814-818.

4. Taylor MB, Yanaki JS, Draper DO, Shurtz JC, Coglianese M. Success-
ful short-term and long-term treatment of melasma and postinflam-
matory hyperpigmentation using vitamin C with a full-face
iontophoresis mask and a mandelic/malic acid skin care regimen. J
Drugs Dermatol. 2013;12:45-50.

5. Duarte TL, Lunec J. Review: when is an antioxidant not an antioxi-
dant? a review of novel actions and reactions of vitamin C. Free
Radic Res. 2005;39:671-686.

6. Sies H, Stahl W, Sundquist RR. Antioxidant functions of vitamins.
Ann N'Y Acad Sci. 1992;669:7-20.

7. Traikovich S. Use of topical ascorbic acid and its effects on photo-
damaged skin topography. Arch Otolaryngol Pharmazie Head Neck
Surg. 1999;125:1091-1098.

8. Gessert CE, Bamford JT. Measuring the severity of rosacea: a review.
Int J Dermatol. 2003;42:444-448.

9. Huff JC, Weston WL, Tonnesen MG. Erythema multiforme: A critical
review of characteristics, diagnostic criteria, and causes. J Am Acad
Dermatol. 1983;8:763-775.

10. Baumann L, Duque DK, Schirripa MJ. Split-face vitamin C consumer
preference study. J Drugs Dermatol. 2014;13:1208-1213.

11. Uner M, Wissing SA, Yener G, Muller RH. Skin moisturizing effect
and skin penetration of ascorbyl palmitate entrapped in solid lipid
nanoparticles (SLN) and nanostructured lipid carriers (NLC) incorpo-
rated into hydrogel. Pharmazie. 2005;60:751-755.

12. Chung JH, Seo JY, Choi HR, et al. Modulation of skin collagen meta-
bolism in aged and photoaged human skin in vivo. J Invest Dermatol.
2001;117:1218-1224.

13. Uitto J, Perejda AJ, Abergel RP, Chu ML, Ramirez F. Altered steady-
ratio of type I/1ll procollagen mRNAs correlates whit selectively


http://orcid.org/0000-0002-4226-881X
http://orcid.org/0000-0002-4226-881X
http://orcid.org/0000-0002-4226-881X

s wiLEy

14.
15.

16.

17.
18.
19.

20.

21.

JCD

JAROS ET AL

Co:;:]rg:i‘cmDermatology
increased type | procollagen biosynthesis in cultured celoid fibrob-
lasts. Proc Natl Acad Sci USA. 1985;82:5935-5939.

Park JH, Ock MS, Kim JH, et al. Vitamin C attenuates ERK signaling
to inhibit the regulation of collagen production by LL-37 in Human
dermal fibroblasts. Exp Dermatol. 2010;19:258-264.

Lyons BL, Schwarz RI. Ascorbate stimulation of PAT cells causes an
increase in transcription rates and a decrease in degradation rates of
procollagen mRNA. Nucleic Acids Res. 1984;12:2569-2579.
Shibayama H, Hisama M, Matsuda S, et al. Effect of a novel ascorbic
derivative, disodium, isostearyl 2-0-L-ascorbyl phosphate, on normal
human dermal fibroblasts against reactive oxygen species. Biosci
Biotechnol Biochem. 2008;4:1015-1022.

Gessin JC, Darr D, Kaufman R, Murad S, Pinnel SR. Ascorbic acid
specifically increases type | and type Ill procollagen messenger RNA
levels in human skin fibroblast. J Invest Dermatol. 1988;90:420-424.
Nusgens BV, Humbert P, Rougier A, et al. Topically applied vitamin
C enhances the mRNA level of collagens | and Ill, their processing
enzymes and tissue inhibitor of matrix metalloproteinase 1 in human
dermis. J Invest Dermatol. 2001;116:151-155.

Linder J. The science behind vitamins. Plast Surg Nurs. 2012;32:180-
181.

Masaki H. Role of antioxidants in the skin anti-aging effects.
J Dermatol Sci. 2010;19:258-264.

Kora¢ RR, Khambholja KM, Hahn A. Potential of herbs in skin pro-
tection from ultraviolet radiation. Pharmacogn Rev. 2011;5:164-173.

22.

23.

24,

25.

26.

Pawlaczyk M, Korzeniowska K, Rokowska- Waluch A. Witamina C i
skéra. Farmacja wspotczesna. 2012;5:174-178.

Ellinger S, Stehle P. Efficacy of vitamin supplementation in situations
with wound healing disorders: results from clinical intervention stud-
ies. Curr Opin Clin Nutr Metab Care. 2009;12:588-595.

Humbert PG, Haftek M, Creidi P. Topical ascorbic acid on photo-
aged skin. Clinical, topographical and ultrastructural evaluation: dou-
ble-blind study vs. placebo. Exp Dermatol. 2003;12:237-244.

Dover JS, Bhatia AC, Stewart B, et al. Topical 5-aminolevulinic acid
combined with intense pulsed light in the treatment of Photo-aging.
Arch Dermatol. 2005;141:1247-1252.

Xu TH, Chen JZ, Li YH, et al. Split-face study of topical 23.8% L-
ascorbic acid serum in treating photo-aged skin. J Drugs Dermatol.
2012;11:51-56.

How to cite this article: Jaros A, Zasada M, Budzisz E,
Debowska R, Gebczynska-Rzepka M, Rotsztejn H. Evaluation
of selected skin parameters following the application of 5%
vitamin C concentrate. J Cosmet Dermatol. 2018;00:1-6.
https://doi.org/10.1111/jocd. 12562



https://doi.org/10.1111/jocd.12562

