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Abstract

:

Ascorbic acid (vitamin C) is a water-soluble vitamin and a recognized antioxidant drug that is used topically in dermatology to treat and prevent the changes associated with photoaging, as well as for the treatment of hyperpigmentation. Ascorbic acid has neutralizing properties of free radicals, being able to interact with superoxide, hydroxyl and free oxygen ions, preventing the inflammatory processes, carcinogens, and other processes that accelerate photoaging in the skin. Current research focuses on the search for stable compounds of ascorbic acid and new alternatives for administration in the dermis. Unlike plants and most animals, humans do not have the ability to synthesize our own ascorbic acid due to the deficiency of the enzyme L-gulono-gamma-lactone oxidase, which catalyzes the passage terminal in the ascorbic acid biosynthesis. To deal with this situation, humans obtain this vitamin from the diet and/or vitamin supplements, thus preventing the development of diseases and achieving general well-being. Ascorbic acid is involved in important metabolic functions and is vital for the growth and maintenance of healthy bones, teeth, gums, ligaments, and blood vessels. Ascorbic acid is a very unstable vitamin and is easily oxidized in aqueous solutions and cosmetic formulations. Ascorbic acid is extensively used as an ingredient in anti-aging cosmetic products, as sodium ascorbate or ascorbyl palmitate. This review discusses and describes the potential roles for ascorbic acid in skin health and their clinical applications (antioxidative, photoprotective, anti-aging, and anti-pigmentary effects) of topical ascorbic acid on the skin and main mechanisms of action. Considering the instability and difficulty in administering ascorbic acid, we also discuss the importance of several factors involved in the formulation and stabilization of their topical preparations in this review.






Keywords:


ascorbic acid; vitamin C; photoprotection; antioxidant; topical












1. Introduction


Ascorbic acid (vitamin C, Figure 1) is the most plentiful and most typically water-soluble nonenzymic antioxidant in human tissue [1,2]. A high percentage of plants and animals synthesize this vitamin in vivo from glucose. However, in humans and some other vertebrates, ascorbic acid cannot be synthesized due to the lack of the enzyme L-glucono-gamma lactone oxidase and must be obtained from the diet [3,4].



The chemically active form of the ascorbic acid used in medical practice is L-ascorbic acid (LAA).



The chemical structure of ascorbic acid determines its physical and chemical properties. It is a weak, water-soluble, unstable organic acid which can be easily oxidized or destroyed by light, aerobic conditions (oxygen), high temperatures, alkali, copper, and heavy metals. Vitamins are organic substances that maintain metabolic functioning and are highly sensitive to different physical and chemical agents. From the study of the chemical structure of ascorbic acid, we can determine some of its physicochemical properties, which is a weak organic acid, water-soluble and easily degraded by changes in temperature, exposure to sunlight, and oxygen concentration [5,6].



The absorption of ascorbic acid in the intestine is limited by an active transport mechanism. Therefore, a finite amount of the drug is absorbed despite the high oral dose [3,7]. The bioavailability of ascorbic acid in the skin is inadequate when administered orally. Consequently, oral route cannot actually provide a source of ascorbic acid to peripheral structures as skin. The only route that can provide an ascorbic acid source for skin is the topical or local routes, demonstrating that the usage of local application promotes the surgical healing and better tissue reconstruction. Consequently, the oral route of administration does not provide a source of ascorbic acid to structures such as the skin. Instead, topical or local routes can provide a source of ascorbic acid, demonstrating that local application promotes surgical healing and better tissue reconstruction [1,3,7].



The main function of the skin is to act as a barrier against external agents, and its unique structure demonstrates this. The skin, a constantly changing dynamic organ, is composed of two main layers. First is the epidermis, which is the outermost, highly cellular layer that protects us against toxins, bacteria, and fluid loss. Second is the dermis, which is a deeper layer that ensures strength and elasticity and provides nutritional support to the epidermis [8,9]. This organ is vital for our health and well-being. In addition to acting as the body’s first defensive line against bacteria and viruses, healthy skin maintains fluid balance and helps regulate body temperature.



Normal skin contains high concentrations of ascorbic acid, with levels comparable to other body tissues and well above plasma concentrations, suggesting an active accumulation of this compound. Ascorbic acid is transported to the cells from the blood vessels present in the dermal layer. There are only a few reports concerning ascorbic acid levels in the skin, and usually they are not concordant. These variations may be due to the difficulty in managing skin tissue, which is very resistant to degradation and solubilization, but may also be due to the location of the skin sample and the age of the donor. Because ascorbic acid is a natural antioxidant soluble in water, it has been used as an ingredient in numerous cosmetic products to protect and rejuvenate the skin. Most of the ascorbic acid in the skin appears to be located in the intracellular compartments, with concentrations likely to be in the millimolar range. Intracellular compartment was the site where the highest concentrations in the millimolar range have been measured [10,11,12]. The ascorbic acid content in mg per 100 g fresh weight in skeletal muscle is approximately 4, in the liver between 10 and 16 [11], in the brain between 13 and 15 [12], in the dermis between 3 and 13 [12,13,14] and in the epidermis between 6 and 64 [12,13,14].



Furthermore, the skin collaborates in other functions such as antioxidant protection against UV-induced photodamage and collagen synthesis. All of the above serves as a basis to demonstrate the essentials of the use of topical ascorbic acid in dermatological practice.




2. Mechanism of Action


Ascorbic acid belongs to the group of enzymatic and non-enzymatic antioxidants that act by protecting the skin of the reactive oxygen species (ROS). Due to its high aqueous solubility, ascorbic acid is available in the aqueous compartments of the cell. Then, after exposure to ultraviolet light, ROS are generated as superoxide ion, peroxide, and singlet oxygen. Ascorbic acid acts to protect the skin from oxidative stress by the sequential donation of electrons to neutralize free radicals, since the oxidized forms of ascorbic acid are relatively unreactive.



Repeated exposure to UV light reduces the availability of ascorbic acid in the skin. Ascorbic acid is involved in synthesis, depigmentation and antioxidant activity in the skin.



As an antioxidant, ascorbic acid acts to protect the skin against reactive oxygen species (ROS) generated by exposure to sunlight. In biological systems, it reduces free radicals based on both oxygen and nitrogen, and therefore delays the aging process. Ascorbic acid in skin care formulations is often used in combination with another redox partner, vitamin E, to slow down its oxidative degradation [3,4,5]. Currently, medicine recognizes that skin flaccidity and other signs of degenerative skin conditions, such as wrinkles and age spots, are mainly due to an oxyradical damage.



2.1. Photographic Damage/Photoaging/Photoprotection


UV radiation produces the generation of free radicals that damage ascorbic acid and can effectively interfere with the appearance of reactive species of oxygen induced by UV rays, reacting or suppressing superoxide anion, hydroxyl radical, and singlet oxygen [14,15,16,17]. Dunham et al. demonstrated that increases in the amount of ascorbic acid in the diet can reduce UV-induced tumors [18]. Murray et al. treated the volar forearms of 10 volunteers with a 10% ascorbic acid solution, a concentration that allows the administration of pharmacological levels of ascorbic acid to the skin. After UVB irradiation, sites treated with topical ascorbic acid showed a significant reduction in the minimum dose of erythema and a less intense erythematous response than controls [19]. Darr et al. investigated the effects of topical ascorbic acid on porcine skin. An increase in ascorbic acid levels was observed in the skin by topical application. Furthermore, they found a marked decrease in ascorbic acid levels in the skin after UV exposure. In other studies, human sunburned cells decreased, and improvement occurred after three days of UVB exposure to sites treated with 10% topical ascorbic acid 15 to 30 minutes before exposure. UVA-mediated phototoxic response was decreased by following this topical ascorbic acid application regimen [20].



Although ascorbic acid has no UV absorption spectra in the UVA (320 to 400 nm) or UVB (290 to 320 nm) range, topical ascorbic acid is able to exert photoprotection against UVR due to its antioxidant and anti-inflammatory properties.




2.2. Wound Healing


Ascorbic acid acts as a cofactor for several enzymes, such as lysyl hydroxylase and prolyl hydroxylase. It is a stabilizing collagen and is fundamental in wound healing. When ascorbic acid is deficient, fibroblasts produce unstable collagen, providing a weak framework for repair, which makes wound healing difficult.



Phillips and Pinnell showed that ascorbic acid counteracted the reduced proliferative capacity of in vivo fibroblasts in older people [21]. Finglas et al. reported lower plasma ascorbic acid concentrations in the elderly (64–74 years) compared to healthy adults (20–64 years) [22]. Ascorbic acid levels are usually low in older patients, which may contribute to slower and more difficult wound healing.



The role of ascorbic acid supplementation in wound healing remains controversial. Levenson and Demetriou found no evidence that wound healing is improved by ascorbic acid supplementation, although critically ill patients may benefit from supplements because their reserves are depleted [23]. When patients have low levels of ascorbic acid, it is usually observed to a slower and more difficult wound healing.



At present, the role of ascorbic acid supplementation in wound healing is still being discussed. In their studies, Levenson and Demetriou found no evidence that wound healing improves with ascorbic acid supplementation, although critically ill patients benefited from the supplements because their stores are depleted [23].




2.3. Anti-Pigmentary


Ascorbic acid also plays a role as anti-pigmentary agent. It interacts with copper ions at the active site of the tyrosinase enzyme thereby inhibiting the action of the enzyme. Tyrosinase is the main enzyme responsible for converting tyrosine into melanin, thereby decreasing melanin formation [24]. A clinical study examining the effect of a topical formulation containing 25% ascorbic acid and a chemical penetration enhancer reported a significant decrease in pigmentation caused by melasma after 16 weeks [25].





3. Topical Formulations of Ascorbic Acid


The optimal concentration of ascorbic acid depends on its formulation. In most cases, for a product to be biologically important, it needs to have an ascorbic acid concentration greater than eight percent [26]. Studies have shown that a concentration greater than 20 percent does not increase its biological importance and, conversely, may cause some irritation [27].



The optimal concentration of ascorbic acid depends on its formulation. For a product containing ascorbic acid to have the desired effect, it must have an ascorbic acid concentration greater than eight percent [26]. Studies have shown that a concentration greater than 20 percent does not increase its activity, but may cause some irritation [26].



Ascorbic acid is present in many cosmetic formulations. It can be used alone or in combination with other active ingredients. The first ascorbic acid products contained only the active form of ascorbic acid. These formulations often turned yellow due to the formation of dehydroascorbic acid, an oxidant byproduct of ascorbic acid which formed after to an exposition to air.



Because L-ascorbic acid is a hydrophilic, unstable and charged molecule, its penetration into the skin is poor due to the hydrophobic nature of the horny layer. For optimal penetration of the epidermal barrier, aqueous formulations of ascorbic acid must be at a pH which is below the pKa (4.2) of ascorbic acid itself. There is a product of L-ascorbic acid currently available to which ferulic acid was added, thus allowing the stabilization of the molecule as a reduction to a pH lower than 3.5.



High pH or temperature, the presence of dissolved oxygen, and catalytic amounts of metal ions are other factors that increase the rate of degradation of ascorbic acid [27,28].



Some strategies can be considered to solve the issue, such as encapsulation, low pH, oxygen-impermeable packaging, and the inclusion of electrolytes and other antioxidants [29,30,31].



For the instability of LAA, the cosmetic industry turned to more stable and easier to formulate derivatives such as ascorbyl 6-palmitate, tetra-isopalmitoyl ascorbate, magnesium ascorbyl phosphate, sodium ascorbyl phosphate, ascorbyl 2-glucoside, ascorbyl 2-phosphate-6-palmitate, and 3-O-ethyl ascorbate.



Within the group of non-saline derivatives of ascorbic acid are ascorbyl 6-palmitate, ascorbyl-2-glucoside, and tetra-isopalmitoyl ascorbate, which, to a greater or lesser extent, demonstrate superior stability and greater ease of formulation. Ascorbyl 2-glucoside is one of the most important L-ascorbic acid derivatives because of its resistance to reduction and oxidation. It is also easily degraded by a-glucosidase to release L-ascorbic acid and glucose.



The synthetic ester of ascorbic acid, the ascorbyl 6-palmitate, is a compound stable in cosmetic formulas at neutral pH. As a result of the hydrolysis of ascorbyl palmitate, ascorbic acid and palmitic acid are obtained. It was observed that burns caused by UV radiation in patients who applied ascorbyl palmitate obtained a reduced redness by 50%, suggesting that the derivative acts as an antioxidant and anti-inflammatory agent [32].



Ascorbyl 2-phosphates are usually formulated as their sodium and magnesium salts. These are stable in solution at pH 7.0 and their effectiveness depends upon their conversion in vivo to ascorbic acid.



Magnesium-L-ascorbyl-2-phosphate, the most stable and preferred ascorbyl ester, generates protection against UVB radiation induced by lipid peroxidation in hairless mice. In vitro studies show evidence that magnesium ascorbyl phosphate penetrates the epidermis and forms ascorbic acid through the dephosphorylation of the cell membrane [33,34]. Kameyama et al. demonstrated a clinical improvement in an in vivo study in melasma and senile freckles when a 10% topical formulation of ascorbyl phosphate and magnesium was applied [35]. It is also a free radical scavenger that is photoprotective and increases collagen production under laboratory test conditions. Besides being a free radical scavenger, it is a photoprotective agent that allows to increase the levels of collagen production in laboratory assays.



Ascorbyl 2-phosphate 6-palmitate can penetrate through the skin and can be converted to ascorbic acid after delivery, showing skin absorption limited by topical application.



The lipophilicity of 3-O-ethyl ascorbate appears to be greater than for ascorbyl 2-glucoside. This is due to chain-breaking agents with markedly affinity for biomembranes [36,37]. Due to these lipophilic and hydrophilic properties of the molecule, it is more easily absorbed through the skin than other ascorbic acid derivatives. It is used as skin-conditioning agent, but is also considered to have whitening and antioxidant properties, which are particularly interesting for anti-aging cosmetics.




4. Safety


Ascorbic acid is safe at high levels of usage for long periods of time, in part due to its solubility in water.



No adverse effects have been observed in any of the well-controlled studies reviewed that indicated daily intakes of more than 100 times the U.S. recommended daily amount of vitamin. Any excess consumption tends to excrete from the body in the urine [38]. This is the reason why concentrations of ascorbic acid and other water-soluble vitamins can rarely accumulate to toxic levels.



Some research suggests that ascorbic acid intake between 1000 mg and 1500 mg per day may impact the body negatively, such as by causing gastric pain, diarrhea, and flatulence. However, these effects have not been demonstrated in laboratory tests and the toxicity risks of ascorbic acid with high levels of use appear to be relatively small compared to the positive health benefits associated with the use of ascorbic acid.



Ascorbic acid and its derivatives, such as 3-O-ethyl ascorbate or tetra-isopalmitoyl ascorbate, are used as anti-aging cosmetic products. There are few cases reported in the literature regarding contact dermatitis caused by ascorbic acid derivatives in cosmetic topical formulations. Belhadjali et al. reported a case of allergic contact dermatitis caused by ascorbic acid used in an anti-aging topical formulation while the oral ascorbic acid formulation was well tolerated [39]. Allergic contact dermatitis caused by ascorbyl tetraisopalmitate in topical formulations used to treat atopic dermatitis and in an anti-aging lotion has also been reported [40,41]. Allergic contact dermatitis related to 3-O-ethyl ascorbate in cosmetics has already been described in three previous cases in skin-whitening and skin-lightening cosmetics [42,43,44].




5. Future Developments


Due to the inherent hydrophilicity of ascorbic acid, there is great interest in finding effective transepidermal delivery methods for the stable active compound. If antioxidants could be administered at high concentration through the stratum corneum barrier, then a dermal reservoir of protective antioxidant could be increased, resulting in an improved photoprotection. The use of stable lipophilic esterified derivatives of ascorbic acid is being studied with this objective [3]. At the same time, different studies are being carried out to investigate multilayered microspheres, nanoparticles, and microemulsions for graduated topical administration. Vitamin C and vitamin E have been tested in the same multilayer emulsions together. Electroporation and iontophoresis have also been used to improve the penetration of ascorbic acid through dermis [45,46]. Ascorbic acid is a good preparation agent and a postoperative agent for the prevention of erythema after laser resurfacing. Smoking-related skin aging is another area in which the effectiveness of ascorbic acid is being explored, with smokers found to have low levels of ascorbic acid in the dermis, similar to those of UV-damaged skin. Another very useful application of ascorbic acid can be stretch marks, where a study has shown that daily application of ascorbic acid combined with 20% glycolic acid for three months can significantly improve striae [47].




6. Conclusions


The role of ascorbic acid to promote healthy skin has been under discussion since its discovery in the 1930s as a treatment for scurvy, a disease that is caused by deficiency of ascorbic acid. From there arises the fundamental role of this vitamin in skin health. The first function attributed to ascorbic acid was to cofactor collagen hydroxylases, but understanding the importance of this function for the maintenance of skin health throughout human life led to the hypothetical health benefit of ascorbic acid to skin health. In addition, the antioxidant activity of ascorbic acid made it a candidate for protection against UV irradiation. These recognized activities have driven most of the research on the role of ascorbic acid and skin health to date.



Ascorbic acid has many important biochemical functions. From numerous investigations on the role of ascorbic acid in skin health we can summarize the following:




	(1)

	
Administration of ascorbic acid to the skin through topical application remains a challenge due to its instability and aqueous solubility. Although some human studies have suggested a beneficial effect with respect to UV protection, the most effective formulations contain vitamins C and E in addition to a distribution vehicle.




	(2)

	
The intake of vegetables and fruits is beneficially related to good skin health. Although the active component of fruits and vegetables responsible for this benefit has not been identified since it is probably a multifactorial effect, it was demonstrated that the presence of ascorbic acid is closely related to the intake of these foods.




	(3)

	
Although skin changes are difficult to follow (some research incorporates objective measurements of the depth of wrinkles), it has been shown that the signs of aging in human skin can be improved by ascorbic acid, and administering ascorbic acid to the skin markedly aids wound healing by minimizing the appearance of elevated scars.









Clinical studies on the efficacy of topical ascorbic acid formulations remain limited, and the challenge is to find the most stable and permeable formulation to achieve optimal results.
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Figure 1. Chemical structure of ascorbic acid. 
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