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In vivo and in vitro evaluation of the cuta-
neous anti-aging effi  cacy of a product con-
taining vitamin C, fragmented hyaluronic 
acid, and mannose
Avaliação in vivo e in vitro da efi cácia de um produto com associação 

de vitamina C, ácido hialurônico fragmentado e manose na prevenção 

do envelhecimento cutâneo

ABSTRACT
  Introduction: Skin aging is a complex biological process that is characterized not only by clinical 

but also cellular alterations. The use of effective topical formulations for reducing and preventing oxi-

dative stress is of utmost importance to delay cellular senescence.

  Objective: To evaluate the in vitro and in vivo effi cacy of a formulation containing vitamin C, 

fragmented hyaluronic acid and mannose, in the prevention of skin aging.

  Methods: Clinical, subjective, and instrumental evaluations were carried out in 37 women (mean 

age: 46 years) and in vitro comparative evaluations of a dermal equivalent model contraction.

  Results: Statistical improvement was observed in the clinical parameters of hydration,  sagginess, 

brightness, uniformity of skin color and amount of wrinkles after 3 months of treatment. A reduction 

by 12.6% in the volume of wrinkles 30 minutes after application and by 17.8% after three months 

of use was also evidenced by instrumental evaluation. There was greater contraction of the dermal 

equivalent model when compared to a commercial product for wrinkle reduction containing the same 

active principle.

  Conclusions: The product was proven effective in skin rejuvenation, by signifi cantly reducing the 

amount of wrinkles. The in vitro study showed an increase in collagen synthesis, suggested by the 

greater activation of fi broblasts in the dermal equivalent model.

 Keywords: skin aging; ascorbic acid; hyaluronic acid; mannose

 RESU MO
  Introdução:O envelhecimento cutâneo é processo biológico complexo que se caracteriza por alterações 

não somente clínicas como também celulares. O uso de formulações tópicas efi cazes no combate e 

prevenção do estresse oxidativo é de extrema importância para retardar a senescência celular. 

  Objetivo: Avaliar a efi cácia in vitro e in vivo de formulação contendo vitamina C, ácido hialurônico 

fragmentado e manose na prevenção do envelhecimento cutâneo. 

  Métodos: Avaliações clínica, subjetiva e instrumental em 37 mulheres (média de ida-

de: 46 anos) e avaliações comparativas in vitro da contração do equivalente dérmico. 

Resultados: Melhora estatística nos parâmetros clínicos de hidratação, fl acidez, lumi-

nosidade, uniformidade do tom e quantidade de rugas após três meses de tratamen-

to. Redução de 12,6% no volume das rugas 30 minutos após a aplicação e de 17,8% 

após três meses de uso, por avaliação instrumental. Maior contração do equivalente dérmi-

co, quando comparado a produto comercializado para redução de rugas contendo o ativo. 

Conclusões: O produto em teste mostrou-se efi caz no rejuvenescimento cutâneo, nas avaliações in 

vivo. Nos testes in vitro, observou-se aumento da produção de colágeno pela maior ativação de fi bro-

blastos no equivalente dérmico.

 Palavras-chave: envelhecimento da pele; ácido ascórbico; ácido hialurônico; manose
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 INTRODUCTION
According to the Brazilian Society of Dermatology, aged 

skin is characterized as “thin, inelastic, presenting wrinkles and 

a deepening of expression lines.” 1 In addition, it is possible to 

observe decreased hydration, loss of brightness, increased sag-

ging, and uneven hue.1 Aging occurs both due to genetics or 

environmental factors and lifestyle habits, such as smoking, un-

healthy diet, and lack of physical exercise.2-4 During intrinsic 

cutaneous aging a change in the genetic material takes place, 

with a decrease in cellular proliferation, which results in the loss 

of elasticity and the ability to regulate metabolism, in addition to 

a loss in the replication effi ciency of the tissues.2 Chemical and 

enzymatic oxidations involving the formation of free radicals 

accelerate this phenomenon, generating oxidative stress, an ef-

fect having as its greatest damage the peroxidation of fatty acids 

in the cell membrane’s double lipid layer, leading to apoptosis. 
5 The skin has its own defense mechanism aimed at avoiding 

this process. Nevertheless, this mechanism’s protective ability 

decreases with aging, and exogenous compounds can enhance 

the natural protection.6 Anti-aging products are employed in an 

attempt to minimize these characteristics of aging skin.7

Many antioxidants are currently available in cosmetic 

formulations and medications. The most common are: vitamins 

C and E, retinoids, resveratrol, coenzyme Q-10, idebenone, lipo-

ic acid and fl avonoids, among others.2 

Pure vitamin C, also known as L-ascorbic acid (AA), is vi-

tal for the formation of collagen and elastin, increasing the skin’s 

fi rmness , and is considered to be highly tolerable.8 AA is able to 

stimulate cell proliferation and collagen synthesis by dermal fi -

broblasts, regardless of patient age.9 Data indicate that topical ap-

plication of vitamin C partially restores the anatomical structure 

of the dermal-epidermal junction in young skin and increases 

the number of nutritional capillary loops in the papillary dermis 

(near the epidermal tissue) in the skin of post-menopausal wom-

en.9 Haftek et al. have found signifi cant clinical improvement 

in the clinical rating of superfi cial and deep wrinkles, sagging, 

fi rmness, uneven texture, and moisture levels in the skin of 20 

women after six months of treatment with a dermocosmetic 

containing AA combined with madecassoside (5% stabilized vi-

tamin C and 0.1% madecassoside-Redermic, La Roche-Posay 

Laboratoire Pharmaceutique, La Roche-Posay, France).10 These 

results were obtained by instrumental evaluations of the skin’s 

elasticity and semiquantitative histological evaluations of the 

elastic fi ber network of the papillary dermis.10, 11

Monosaccharides are ingredients widely used in anti-ag-

ing products as well. Among them is mannose,12 a monosac-

charide of vegetal origin with a high water retention capacity, 

which is responsible for the synthesis of glycoproteins.12 It is able 

to alter the skin’s light refl ection properties, causing an optical 

smoothing effect.12

Another active principle that acts on skin rejuvenation 

is fragmented hyaluronic acid (HA). It is a polysaccharide pro-

duced by fi broblasts and keratinocytes, consisting of glucuronic 

acid and N-acetylglucosamine.13 It is one of the main substances 

in the extracellular matrix, in which collagen and elastin fi bers 

are immersed. 14 It has a high hygroscopicity, and is responsible 

for maintaining the extracellular space and tissular hydration. 14

Farwick et al. performed tests with HA of different molec-

ular weights (between 800kda and 20kda), having found that 50 

kda is ideal for topical use, given that fragmented HA permeates 

the skin at three times the rate of non-fragmented HA. 14 Due 

to fragmentation, this active principle is able to act on the skin’s 

rejuvenation, as well as to provide greater skin hydration, reduc-

ing the unwanted effects mediated by Toll-like receptors (TLR), 

which activate proinfl ammatory mediators. 14 Thus, it is clear that 

the topical application of fragmented HA can improve the skin’s 

hydration and rejuvenation functions due to its ability to pene-

trate, which is achieved with the decreased size of its molecules. 14

The active principles vitamin C, mannose, and fragment-

ed HA have a proven effi cacy in reducing skin wrinkles, homog-

enization, and hydration. 10, 12, 14 The present study is aimed at 

investigating whether the association of these active principles 

can provide an improvement in outcomes and an increase in a 

product’s anti-aging benefi ts for patients. 

The study evaluated – in vivo and in vitro – the effects 

of a product containing the combination of these three active 

principles (5% pure vitamin C, 5% mannose, and fragmented 

HA) for the reduction of wrinkles and fi ne lines, in the imme-

diate impression of skin uniformity, in the improvement of skin’s 

fi rmness and hydration, and its comparative effectiveness in the 

contraction of dermal equivalents. 

METHODS
In vivo evaluation

A monocentric, blind study was carried out via clinical, 

subjective, and instrumental evaluations at the Allergisa Pesqui-

sa Dermato-cosmética Ltda’s research center, in Campinas (SP), 

Brazil, from February 14, 2013 to May 22, 2013. It was conduct-

ed in accordance with the Declaration of Helsinki’s principles. 

Having been approved by the Research Ethics Committee of 

the Irmandade de Misericórdia de Campinas – Hospital Irmãos 

Penteado, 45 Brazilian women aged 40 to 50 years (mean = 46 

years +/- 4.6) were recruited to take part in the evaluation. The 

volunteers were healthy and did not have active dermatoses in the 

facial area. They had mild or moderate signs of facial aging, and 

fell into Groups 2 and 3 according to the Glogau aging scale.15 

They had fi ne lines, wrinkles, and signs of facial hyperpigmenta-

tion corresponding to Fitzpatrick skin phototypes I and III.16 All 

volunteers expressed their willingness to participate in the study 

by signing the Term of Free and Informed Consent (FICT) prior 

to undergoing any procedures provided by the protocol.

The volunteers used the test product during the study, 

applying it twice daily to the face for 12 weeks. In order to en-

sure that the product was being used appropriately, the product 

containers were weighed at each experimental visit. In addition, 

daily applications of sunscreen were carried out. 

The test product contained 5% pure vitamin C, 5% man-

nose, and fragmented HA (Redermic Hyalu C, La Roche-Posay 

Laboratoire Dermatologique, La-Roche Posay, France). The as-
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sociated sunscreen was Anthelios AC Cream Gel Dry Touch SPF 

30 E PPD 15 (La Roche-Posay Laboratoire Dermatologique, La 

Roche-Posay, France). 

Visits to the research center took place at baseline (T0) and 

after 28 (T28), 56 (T56) and 84 (T84) days of product use by the 

volunteers, when clinical assessments were performed by a der-

matologist in addition to perceived effi cacy and instrumental tests. 

The clinical characteristics analyzed with a standardized 

visual scale (VAS - Visual Analog Scale)17 were: wrinkles, hydration, 

texture, sagging, brightness, and hue homogeneity. The perceived ef-

fi cacy criteria were determined using a standardized question-

naire with categories for: tonicity, comfort, softness, and dryness. The 

devices used in the instrumental analysis were: Optical 3D Skin 

Measuring Device PRIMOS Compact 5.075 (GFMesstech-

nik GmbH, Teltow, Germany) and Visia CR (Canfi eld Imaging 

Systems, Farfi eld, United States). They were used for evaluating 

wrinkles and fi ne lines in the frontal and lateral region, and for 

taking standardized photographs, respectively. 

Exploratory data analysis was performed (summary ta-

bles, graphs, frequencies and percentages). Results from exper-

imental visits were compared using the paired Student’s t-test, 

with unilateral hypothesis for the instrumental data and via ordi-

nal logistic regression for the effi cacy data. The confi dence level 

considered in the comparative analysis was 95%. Software: XL-

STAT 2013, STATA 10 and MINITAB 14. 

In vitro evaluation

Evaluation of contraction of the dermal equivalents 

The in vitro evaluation of the contraction of the dermal 

equivalents was carried out following the application of the test 

product, in addition to another commercial product for wrin-

kle reduction purposes also containing fragmented HA, and the 

control product. 

The method used followed the ISO 10.993-518 inter-

national standards, based on the reduction of cellular growth 

caused by the exposure to a cytotoxic agent, refl ected in the 

number of cells. The degree of growth inhibition, related to the 

concentration of the test sample, provided an indication of tox-

icity. The cells were kept in a culture, having been exposed to 

various concentrations of the test substance. The cultures were 

visually examined 24 hours after, with the highest tolerated dose 

(HTD) being estimated and the number of viable cells and/or 

total cell content determined. The number of cells present in 

the test substance was compared to that observed in the control, 

and the percentage of growth inhibition calculated. The con-

centration of the test sample, which showed a 50% inhibition 

of cell growth (IC50), was determined and expressed in mg/ml. 

This value allowed the comparison of the analyzed compound’s 

relative cytotoxicity. 18

In order to assess the contraction of the dermal equiva-

lent, the following methodologies were also implemented: 

•  preparation of the dermal equivalent without the presence 

of glycosaminoglycans (GAGs);

•  preparation of the dermal equivalent in the presence of 

GAGs. 

The cell viability calculation – expressed in NRU (Neu-

tral Red Uptake – the measure of the viability of cells in culture) 

– was performed for each concentration of the test substance 

by using the average NRU computed from the values of six 

replicates per test concentration. This value was compared with 

the average NRU of all values of the negative control (NC). The 

relative cell viability was then expressed as a percentage of the 

untreated control. 19

RESULTS
In vivo evaluation

The results of the clinical trial showed that, according to 

the evaluation performed by dermatologists, the criteria wrinkle/

amount of wrinkles, sagging, texture, hydration, and brightness im-

proved signifi cantly over time (Graphs 1 to 5 and Figures 1 to 3). 

The comparative results between experimental stages are shown 

in Table 1. 

According to the evaluation of the perceived effi cacy, 

volunteers reported improvement in tonicity, comfort, smoothness,

and dryness as can be seen in Table 2. 

Based on the instrumental evaluation with the PRIMOS 

device, it was possible to observe reductions of 12.6% in the 

volume and 8.3% in the depth of wrinkles 30 minutes after the 

product’s application. At the T84 measurement (after 84 days of 

use), there were reductions of 17.8% in the volume of wrinkles 

and of 10.2% in the epidermis’ undulation (p<0.05) (Figures 4, 

5 and 6). 
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In vitro evaluation

The in vitro analysis assessed the percentage of retraction 

(or contraction) of the dermal equivalent that was exposed to 

the test product and to the HA-containing commercial product 

for reducing wrinkles. Measurements were taken at 24, 48, and 

96 hours of exposure, after an incubation time of four hours 

(the baseline for the start of the contraction). After 24 hours of 

exposure, the greatest contraction observed for the dermis treat-

ed with 0.01mg/ml test product was that of the control sample. 

Nevertheless, it was possible to observe 8.36% more contraction FĎČĚėĊ 1: Volunteer number 016’s periorbital wrinkles at T0 and T84 days

FĎČĚėĊ 2: Volunteer number 005’s mentum at T0 and T84 days

FĎČĚėĊ 3: Volunteer number 015’s skin relief at T0 and T84
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FĎČĚėĊ 4: Evaluation of the wrinkle volume (Ti) 30 minutes after the fi rst 

application of the product. Equipment: PRIMOS; Volunteer number 005

FĎČĚėĊ 6: Evaluation of the undulation of the epidermis 84 days after the 

beginning of product use. Equipment: PRIMOS; Volunteer number 036

Table 1: Comparative clinical effi  cacy results between experimental evaluation visits

Comparative Clinical Effi  cacy Between Experimental Evaluation Visits

Attributes T28 x T0  T56 x T0  T84 x T0

 P-value Result P-value Result P-value Result

wrinkles/ amount of wrinkles 0,05* T28<t0< p=”> </t0<> 0,03* T56<t0< p=”></t0<> 0,03* T84<t0<p=”> </t0<> 

Sagging 0,031* T28<t0< p=”></t0<> 0,031* T56<t0< p=”> </t0<> 0,030* T84<t0<p=”></t0<> 

Texture of skin’s relief 0,009** T28>T0 <0,001*** T56>T0 <0,001*** T84>T0

Hydration 0,001** T28>T0 <0,001*** T56>T0 <0,001*** T84>T0

Brightness <0,001** T28>T0 <0,001*** T56>T0 <0,001*** T84>T0

* * 5% level of signifi cance, ** 1% level of signifi cance, *** 0.1% level of signifi cance

Table 2: Percentage of volunteers with improvement in the parame-

ters, according to the perceived eff ectiveness at experimental evalu-

ation visits

Percentage of Volunteers with Improvement (N = 45)
EXPERIMENTAL T28 T56 T84
VISIT

Tonicity 71,1 78,9 83,8

Softness  94,7 100 100

Comfort 86,8 92,1 92,1

Dryness 86,8 86,8 92,9

FĎČĚėĊ 5: Evaluation of wrinkle depth (Ti) 30 minutes after the fi rst applica-

tion of the product. Equipment: PRIMOS; Volunteer number 028

T0

T0

T0

Ti

Ti

T84
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than in the control for the dermis treated with 0.1 mg/ml. The 

contraction difference, as compared to the control (untreated 

dermis), was best seen after 96 hours of exposure. For the dermis 

treated with 0.01 mg/ml, it was possible to observe a contraction 

11.99% greater than that of the control, and the dermis treated 

with 0.1 mg/ml, a 23.55% greater contraction. These numbers 

suggest that the test product increased the contraction rate in the 

treated equivalent dermis as compared to the untreated dermis. 

In the dermis treated with the wrinkle-reducing com-

mercial product containing HA, an increase in the contraction 

rate was observed after 24 hours of exposure. When compared to 

the untreated control, the dermis treated with 0.01 mg/ml had 

3.02% more contraction, while the one treated with 0.1 mg/

ml had 7.87% more contraction. On the other hand, less con-

traction (as compared to the untreated control) could be better 

observed after 96 hours of incubation. The dermis treated with 

0.01 mg/ml had 2.51% less contraction than the control, while 

the dermis treated with 0.1 mg/ml had 7.77% less contraction. 

These results suggest that the HA-containing commercial prod-

uct for wrinkle reduction has a slower contraction rate than that 

of the control. 

Thus, the test product showed greater contraction of the 

dermis when compared to the control and to the commercial 

product for wrinkle reduction containing the active principle, 

which is linked to the increased collagen production (as a result 

of the increased activation of fi broblasts) (Gráfi co 6 and Figure 

7). 

DISCUSSION
In vivo evaluation

In the in vivo study, in light of the methodology used to 

assess the test product’s effi cacy, a signifi cant improvement in 

the hydration, texture of the skin’s relief, and brightness was ob-

served after 28, 56, and 84 days of use. The product promoted 
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GėĆĕč 6: The test product leads to greater contraction of the dermis 

as compared to the commercial product for wrinkle 

reduction containing the active principle

FĎČĚėĊ 7: Evaluation of 

the undulation of the epi-

dermis 84 days after the 

beginning of the product 

use. Equipment: PRIMOS. 

Volunteer number 036

Test Product
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Area: 69,4 mm3
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Area: 88,6 mm3

Control - 96h
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the reduction of wrinkles immediately after the application. An 

increase in the skin’s fi rmness and a reduction of transepidermal 

water loss were observed after 28, 56, and 84 days of use. The 

results observed in the present study confi rm the already widely 

proven action of AA in increasing cell proliferation and collagen 

synthesis by dermal fi broblasts. 9, 20 AA also fi gures as an essential 

cofactor in the hydroxylation of proline and lysine, which are 

necessary for collagen structure and function. 21 The fi ndings on 

the action of vitamin C in the skin described in the literature 

corroborate the results obtained in the present study, and can be 

further supported by the cutaneous effects of fragmented HA 

and mannose. 

Hyaluronic acid is one of the main substances of the ex-

tracellular matrix, where the collagen and elastin are soaked. 14 

Another HA characteristic is its high binding capacity with the 

water, contributing to the maintenance of the extracellular space 

and tissular hydration. 14 These properties make HA a valuable 

component in anti-aging cosmetic applications. 14 Mannose also 

has a high hygroscopic capacity due to its molecular structure, 

preventing transepidermal water loss and, therefore, a mitigating 

effect on wrinkles and fi ne lines. 12 In the literature, there is an 

absence of reports on the associated effect of these three active 

principles, however the present study’s fi ndings give evidence to 

their synergistic action on the signs of skin aging. 

In vitro evaluation

The fi rst skin equivalent model described in the litera-

ture used collagen gel and was proposed by Karasek and Charl-

ton in 1971, and was been developed by Bell et al. in 1979.22 

The resistance of the collagen and its insolubility are obtained 

through the retraction of the gel, which is obtained by fi bro-

blasts. This process initiates the formation of a living equivalent 

of the dermis, with a fi nal size that is directly proportional to the 

number of cells and inversely proportional to the concentration 

of collagen, meaning that the greater the number of cells, the 

smaller the area of the dermis.23

A signifi cant increase in collagen production was ob-

served in the test product as compared to the control, due to 

the increased activation of fi broblasts (decrease/contraction of 

the equivalent dermis). On the other hand, the HA-containing 

commercial product for wrinkle reduction signifi cantly reduced 

the contraction of the equivalent dermis when compared to 

the control. The dermis treated with the test product had great-

er contraction when compared to the dermis treated with the 

commercial product for wrinkle reduction containing HA. 

The samples of both the test product and the control 

product had opposite reactions in response to the contraction 

of the dermis. The dermis treated with the test product con-

tracted faster than the control, while the dermis treated with the 

HA-containing commercial product for wrinkle reduction con-

tracted more slowly than the control dermis. These differences 

in the effi cacy of contraction of the dermis may be related to 

the type of the ingredients present in each formulation, as well 

as their concentrations. 

The use of skin models reconstructed in vitro, which has 

the expression of fi broblast as an activity marker, is widely de-

scribed in literature.23-25 The increased activation of fi broblasts 

and collagen production by the test product is supported by the 

already described actions of AA and AH in increasing cell prolif-

eration and collagen synthesis, provided by dermal fi broblasts.9, 20

CONCLUSION
The active principles vitamin C, mannose, and fragment-

ed HA have proven effective in reducing wrinkles, and in ho-

mogenizing and hydrating the skin,10, 12, 14 however their associ-

ated action had not been previously described in the literature. 

The present study has demonstrated the effectiveness of an an-

ti-aging product containing the three active principles in reduc-

ing wrinkles, decreasing the degree of sagging, and improving 

the hydration, brightness, and hue uniformity of the skin. The 

results were obtained both in vivo (from clinical evaluations car-

ried out by dermatologist physicians and through the perception 

of the study’s volunteers) and in vitro (via the analysis of the de-

gree of contraction of the equivalent dermis). The test product 

signifi cantly increased the contraction of the equivalent dermis 

as compared to the control. On the other hand, the HA-con-

taining commercial product for wrinkle reduction signifi cantly 

reduced the contraction of the equivalent dermis when com-

pared to the control. These fi ndings demonstrate the synergic 

benefi ts of active principles in skin rejuvenation. ●
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