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Abstract 
 
Topical application of vitamin C has an established history of use in skincare. A large body of literature from 
clinical and laboratory studies supports a scientific basis for its use in improving both the appearance and health 
of the skin. Ascorbic acid (AA) is the naturally-occurring chemical form of vitamin C that is most familiar, and it is 
commonly used in topical products. But AA has limited permeation through the stratum corneum, and this has 
led to the use of very high concentrations that are associated with side effects such as tingling, irritation and 
redness in some people. Dehydroascorbic acid (DHAA) is the other naturally-occurring form of vitamin C, and 
has chemical properties that suggest its skin permeation rate would be higher than AA. In this study, the rates of 
AA and DHAA permeation were compared by a clinically relevant, in vivo method on human subjects. 
Specifically, a solution containing equal parts of AA and DHAA was applied in amounts and for time periods likely 
to be achieved in common use of a topical product by consumers. The amount absorbed was determined by 
subtracting the amount recoverable in skin washings. The results show that DHAA permeates stratum corneum 
at a rate up to 12 times faster than AA. This supports the concept that lower concentrations of DHAA in topical 
preparations can enhance skin vitamin C levels with less potential for side effects. 
 
Introduction 
 
Topical application of vitamin C is reported to provide many benefits for the health and appearance of skin 
[1,2,3,4,5].  These benefits have been attributed to a number of well-known functions of vitamin C, including its 
antioxidant activity, its function as an enzyme cofactor in collagen hydroxylation, and its stimulation of collagen 
production.  These functions occur mostly within the cells, and the transport of vitamin C across the cell 
membrane is an important aspect of its functionality. Transport mechanisms have been and remain the subject 
of intense study. 
 
Vitamin C occurs naturally in one of two chemical forms, ascorbic acid (AA) or dehydroascorbic acid (DHAA). It 
has been shown that DHAA is transported across the cell membrane at higher rates and accumulates to higher 
levels in many cell types, including human skin keratinocytes [6] and human skin fibroblasts [7]. About 50% of 
the vitamin C in normal skin is DHAA [8], therefore vitamin  C uptake in the form of DHAA may be very 
significant in skin cells.  Taken together, these facts suggest that DHAA might be superior to AA as a form of 
vitamin C for topical application. 
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A major barrier to absorption of topically applied AA is its ability to permeate the stratum corneum [9]. AA is 
absorbed through the stratum corneum at a higher rate than would be expected of such a hydrophilic substance 
[10], but nevertheless its permeation is slow. For example, it has been reported that only about 12% of the AA in 
a topically applied 10% solution was absorbed after 72 hours [1].  This slow absorption poses practical 
limitations, since AA applied to the skin surface is subject to being rubbed off or washed away before it can be 
absorbed. In order to provide an effective amount of AA that is actually absorbed, high concentrations are used 
in topical products; 10% and greater concentrations are common. Such high concentrations can have side 
effects in some people, including skin tingling, irritation and redness.  
 
DHAA is a more lipophilic compound than AA, and it is not ionized in aqueous solution [11]. Both of these 
properties suggest that DHAA would permeate the stratum corneum more easily [12]. The aim of the present 
study was to compare the rate of AA versus DHAA absorption in order to assess whether or not DHAA actually 
does permeate more easily. A solution containing both AA and DHAA in approximately equal concentrations was 
used to compare their absorption rates in vivo, using a simple, non-invasive technique on human subjects. To 
assess permeation into the stratum corneum, the solution was applied to delineated skin surfaces and allowed 
0, 2 or 4 hours for absorption. Each skin surface was then washed with deionized water, and the skin washings 
were collected and measured for AA and DHAA content. The amount absorbed at 2 and 4 hours was determined 
by subtraction from the amount present in the 0 hour washings. The aim of the study was achieved, since 
measurable differences in AA versus DHAA absorption were observed, and the DHAA absorption rate was found 
to be significantly greater than that of AA. 
 
The concentrations, application rates, and time frames used in this study are consistent with the practical use of 
topical vitamin C by consumers, and are therefore clinically relevant.  
 
Methods 
 
Objectives 
 
To assess topical AA versus DHAA absorption into the stratum corneum of human subjects under clinically 
relevant conditions; and, to assess certain limitations of the method, specifically to determine the influence of 
chemical instability or binding of the vitamin C components to the skin. 
 
Participants 
 
Testing was conducted on 4 human volunteer subjects, selected to represent both younger and older adults of 
both genders. The gender and age of subjects were: subject 1, male, 59 years; subject 2, female, 27 years; 
subject 3, male, 25 years; and, subject 4, female, 55 years. Test solution application and sample collection were 
performed in an examination area adjacent to the laboratory to provide comfort and privacy to the subjects 
while allowing rapid access for laboratory analysis. All subjects signed written informed consent forms, and the 
investigation was conducted in accordance with Declaration of Helsinki principles. 
 
Description of Procedures 
 
One day prior to testing, selected areas on the backs of each subject were delineated using a 32 cm2 template 
and a semi-permanent marker. Skin surfaces were shaved with a safety razor to preclude interference by hair in 
permeation or collection of washings, and the surfaces were gently washed with mild soap and rinsed. Subjects 
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were instructed to shower normally before coming to the test facility. All of the test areas were rinsed 
thoroughly with distilled water, patted with absorbent paper, and allowed to air dry just prior to application of 
test solution.  
 
A goal of the study was to assess absorption under clinically relevant conditions, so an application rate of test 
solution was used that was consistent with typical rates recommended by manufacturers of commercial vitamin 
C serums (e.g., 3-5 drops to the surface of the face). The amount applied per unit of skin area (1.4 mg/cm2) was 
also consistent with the application rate recommended for testing of sunscreen products by the FDA (2 mg/cm2) 
[13]. The time frames were selected to be reasonable in the context of consumer use, the rationale being that a 
topical product will eventually be rubbed off or washed away after an extended period (e.g., 24 hours), but can 
reasonably be expected to be available on the skin for periods of 2 to 4 hours. The solution was spread onto a 
standard area of skin and massaged into the surface for 60 seconds to mimic typical consumer application 
technique. A smooth glass applicator was used for spreading and care was taken to use similar pressure and 
spreading pattern on each application. To normalize the carry-over effect of residual solution on the glass 
applicator, test solution was applied and spread on a non-test area first, and then the same applicator was used 
to spread the solution on each test area, moving from one to the next without wiping the applicator in between. 
 
As a stock solution a preparation of AA and DHAA from a commercial source (ReCverin 50/50™, ReCverin LLC, 
Salt Lake City, UT) was used. The product contains approximately equal parts AA and DHAA at nominal 
concentrations of 2.5%, representing a total vitamin C concentration of 5%. The stock solution was mixed 1:1 by 
volume with deionized water immediately prior to application, to produce a working test solution containing 
about 1.25% AA and 1.25% DHAA in about 50% glycerin. The pH of the working solution was 3.0. Aqueous 50% 
glycerin solution has been previously used to assess AA skin permeation, and it has been shown that glycerin 
does not change the skin permeation properties of AA such as steady state permeation rate or lag time [10]. AA 
concentrations of 1.2% and 1.3% in aqueous 50% glycerin have been previously used in absorption studies 
[10,14].  
 
For pre-saturation tests, test solution was applied at 10 times the amount used in the absorption testing to skin 
areas; these areas were covered with plastic food wrap, and left for 4 hours to pre-saturate the skin. Then the 
test areas were washed thoroughly with distilled water, gently pat-dried with absorbent paper, and allowed to 
air dry before conducting absorption testing for 4-hour time frames as described above. 
 
AA and DHAA concentrations were determined by differential spectrophotometry using a Pharmacia Ultrospec 
2000 spectrophotometer at 262nm wavelength. The differential spectrophotometric method for determination 
of AA and DHAA is a common and well-known method [15,16,17] that utilizes the strong UV absorption peak of 
AA at about 260 nm for measurement of AA, and DHAA is determined by the difference in UV absorption at the 
same wavelength after treating the test solution with a strong reducing agent to convert DHAA in the solution 
into AA. The method in this study utilized phosphoric acid at 15 mM to protect AA from oxidation in the diluted 
test solutions prior to measurement, and the reducing agent TCEP (Tris(2-carboxyethyl)phosphine HCl). 
Phosphoric acid, l-ascorbic acid, and glycerin were from Sigma-Aldrich (St. Louis, MO). TCEP was obtained from 
Gold Biotechnology (St. Louis, MO).  
 
Skin blanks, prepared by applying 40 uL of vehicle (50% glycerin in distilled water) and then collecting skin 
washings in the same manner as the tests, were used to blank the spectrophotometer for the skin test readings.  
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The collection apparatus consisted of a modified polyethylene funnel inserted into the mouth of a 50 mL Pyrex 
graduated cylinder. Specifically, the funnel was trimmed and smoothed such that a planar edge perpendicular to 
the plane of the funnel’s mouth could be pressed against the vertical skin surface of a standing subject to seal 
the funnel against the skin and channel washings into the cylinder. A squeeze bottle with a fine dispensing tip 
was used to dispense approximately 19.5 mL distilled water. The fine stream of water was directed across the 
test surface in a “wash-down” pattern, and each test surface was completely washed top-to-bottom 4 times for 
each collection. 20 uL of 85% H3PO4 was added to the bottom of the cylinder prior to each collection, such that 
the washings were protected in phosphoric acid with a final concentration of 15 mM. The washings collected 
into the pre-weighed cylinder were brought to a final standard weight of 20 g by adding distilled water. 
 
For chemical stability tests, 40 uL amounts of test solution were placed into flat bottom dishes on a magnetic stir 
plate which was temperature controlled at 32˚C. Small stir bars in contact with the solution in each dish were 
rotated at about 100 rpm to assure constant exposure of the solution to ambient air. The dishes were not 
covered so that the solutions were constantly exposed to ambient light. Tests were performed in triplicate at 
both 2 hours and 4 hours exposure. At the end of each time period, 15 mM H3PO4 diluent was added directly to 
each dish to bring the total weight of fluid to 20 g, and spectrophotometric measurements were taken. 
Reference dilutions of the same test solution were prepared by identical technique, except that 
spectrophotometric measurements were taken immediately. Normal skin surface temperature has been 
reported to range from 30 – 34˚ C. [18,19,20], and the skin surface temperature on the backs of two volunteers 
tested in-house was 32˚C. 
 
In preliminary studies the efficiency and reproducibility of the collection technique was evaluated by applying 
test solution and then washing as quickly as possible (within less than 5 minutes) on three skin areas. These 
measurements were compared to three reference dilutions made by directly diluting the same amount of test 
solution into plastic vials. Total vitamin C recovery was 98.1 +/ – 0.5% and the ratio of AA versus DHAA was not 
significantly different from the reference dilutions.  Some amount of loss was expected due to crevices, pores 
and hair follicles in the skin surface which could physically trap a portion of the solution. It was assumed that this 
loss would not necessarily represent actual permeation of vitamin C into the stratum corneum.  Therefore, 
results of 2 and 4 hour tests were reported as the percentage of 0 hour (baseline) tests collected in the same 
manner to eliminate the effect of non-specific losses on test results. 
 
Statistical Methods 
 
Student’s t-test, paired, single-tailed analysis was used to determine statistical significance in the absorption and 
stability data. Two-tailed analysis was used to determine statistical significance in the pre-saturation data.  
 
Results and Discussion 
 

Absorption results of AA and DHAA are shown in Figure 1. A small but measurable amount of AA absorption was 
found at both 2 and 4 hours. DHAA absorption was substantially higher than AA, by a factor of 4 at 2 hours, and 
by a factor of 12 at 4 hours. These results indicate that the chemical properties of DHAA, being more lipophilic 
than AA and non-ionized, contribute to a greater permeation rate through stratum corneum as would be 
expected. The results support the concept that DHAA can provide vitamin C enhancement to skin using topically-
applied solutions of much lower concentrations than solutions of AA. Furthermore, once absorbed into the 
extracellular fluids, the vitamin C (as DHAA) is in a chemical form that has been shown to cross the cell 
membranes of living skin cells at a higher rate and to higher levels than AA. 
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Figure 2 shows stability test results of AA and DHAA 
when the test solution was exposed to heat, light and 
air at the same magnitude as expected when the 
solution is present on the skin. AA and DHAA are both 
unstable in aqueous solutions and can be lost via 
oxidation and/or hydrolysis reactions. Exposure to 
heat, air and light can accelerate these reactions. Since 
the permeation measurements in this study would be 
affected by any losses due to chemical instability, it 
was important to assess the stability of the compounds 
under the test conditions. Chemical degradation of 
either compound over the tested time periods was not 
significant, and the results indicate that the high rate of 
DHAA permeation shown in Figure 1 was not an artifact 
explainable by DHAA degradation. 
 
Figure 3 shows the rate of absorption of both AA and 
DHAA when test solution was applied to untreated skin as 
opposed to skin which had been pre-saturated with test 
solution for 4 hours prior to testing. If AA and/or DHAA were to “bind” to the skin surface rather than being 
absorbed into the stratum corneum, this effect would interfere with the permeation measurements. 
Hypothetical “binding sites” would be saturated by exposing skin to great excess of the test solution, and it 
could be expected that absorption tests conducted on pre-saturated skin areas would show greater recovery of 
vitamin C if binding of AA and/or DHAA was significant.  The lack of significance between the absorption on 
untreated versus pre-saturated skin indicates that the high rate of DHAA permeation shown in Figure 1 was not 
an artifact explainable by DHAA binding to the surface of skin. 

 
 
 
 
 
 

 

Figure 3.  Stability of AA and DHAA after Exposure to Skin 
Surface Conditions of Heat, Air and Light. Test solution 
containing AA and DHAA exposed for 2 and 4 hours to heat 
at 32˚ C, ambient air with mixing, and ambient light, as 
percent recoverable compared to 0 hour (reference) sample 
which was not exposed. Mean +/- SD of triplicate assays. 

Figure 2.  AA and DHAA Absorption after 4 Hours on 
Untreated and Pre-Saturated Skin. Percent of 0 hour 
(baseline) absorbed after 4 hours, mean +/- SD of triplicate 
analyses on 4 subjects. Differences between untreated and 
pre-saturated skin are not statistically significant for either 
AA or DHAA. 

Figure 1 Absorption of AA and DHAA into Skin. Data points 
are the mean +/- SD of triplicate analyses on 4 subjects. 
The 2 and 4 hour values are the difference as percentage 
from the 0 hour (baseline) values, determined by analysis 
of skin washings. *Statistically significant at P < 0.05. 
**Statistically significant at P < 0.01. 
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