Vitamin E Paradigm Shift in Cosmetics

1. Vitamin E

     Vitamin E exists in nature in 8 structurally related forms, 4 tocopherols (, , , and ) and 4 tocotrienols (, , , and ), all of which are potent membrane-soluble antioxidants. Tocopherols have a saturated phytyl side chain with 3 chiral centers that are in an R configuration at positions 2, 4', and 8' in the naturally occurring forms. Tocotrienol have an isoprenyl side chain. Tocopherols differ in the number of methyl groups which they have at the 5- and 7-positions of the chromanol ring. For instance, -tocopherol is unsubstituted at the C-5 position, whereas -tocopherol is fully substituted in the chromanol ring. 

2. Paradigm Shift from -Tocopherol to -Tocopherol
 -Tocopherol, although being the most abundant form (70%) of vitamin E in the US diet, has received little attention since the discovery of vitamin E in 1922 and is not included in the current dietary intake recommendations. This is mainly because the bioavailability and bioactivity of -tocopherol, as assessed in animal studies, are lower than -tocopherol, the predominant form of vitamin E in tissues and the primary form in supplements. The biological activity of vitamin E has traditionally been determined with use of the rat fetal resorption assay, in which such activity is defined as the ability of supplemented tocopherol to prevent embryo death in mothers depleted of vitamin E. In this assay, -tocopherol exhibits the highest biological vitamin E activity, whereas -tocopherol exhibits only ca.10–30% of the activity of -tocopherol. This phenomenon is interpreted as occurring due to difference in the biological disposition between -tocopherol and -tocopherol, as shown bellow.

2-1. Novel Findings of -Tocopherol
     However, in contrast with the previous assumption that -tocopherol is not important, recent evidence in the bioavailability, metabolism, chemistry, epidemiology, and non-antioxidant activities of -tocopherol suggests that -tocopherol may have critical properties for human health and these activities are not shared by -tocopherol. Ames’ laboratory has proposed that -tocopherol deserves more attention. These findings may signal a major paradigm shift in vitamin E.

(1) Absorption and Metabolism of -Tocopherol

     Both - and -tocopherol are taken up without preference by the intestine and secreted in chylomicron particles together with triacylglycerol and cholesterol. The nearly identical incorporation of - and -tocopherol in chylomicrons after supplementation with equal amounts of the 2 tocopherols indicates that their absorption is not selective. During the subsequent lipoprotein lipase–mediated catabolism of chylomicron particles, some of the chylomicron-bound vitamin E appears to be transported and transferred to peripheral tissues such as muscle, adipose, and brain. The resulting chylomicron remnants are subsequently taken up by the liver, where -tocopherol is preferentially reincorporated into nascent VLDL by -TTP, which enables further distribution of -tocopherol throughout the body. However, -tocopherol appears to be degraded largely to the hydrophilic -CEHC by a cytochrome P450–dependent process. The biological disposition of -tocopherol is regulated by a metabolism that is quite different from that of -tocopherol. Chylomicron-associated tissue uptake of vitamin E, which occurs before liver metabolism, is possibly important for the accumulation of -tocopherol in skin, adipose, and muscle tissue. This could explain the strong correlation in human between dietary -tocopherol uptake and -tocopherol concentrations in these tissues. However, hepatic catabolism of -tocopherol appears to be responsible for the relatively low preservation of -tocopherol in plasma and tissues, whereas -TTP-mediated -tocopherol transfer plays a key role in the preferential enrichment of -tocopherol in most tissues. Biological functions of -CEHC, metabolite of -tocopherol, were mentioned bellow. 

(2) Epidemiologic Studies

     Recent epidemiologic studies showed that plasma -tocopherol concentrations are inversely associated with increased morbidity and mortality due to cardiovascular disease (CVD) and with risk of prostate cancer. In contrast, this inverse correlation was not observed with supplemental vitamin E (mainly -tocopherol). Prospective clinical trials in CVD prevention with -tocopherol have not yielded positive results. Because -tocopherol supplementation decrease circulating -tocopherol, both as a result of the function of the hepatic -tocopherol transfer protein, which preferentially incorporates -tocopherol into the plasma, as well as increase -tocopherol metabolism.. 

(3) Antioxidant Property
     The antioxidant activity of tocopherols is rooted in their ability to donate phenolic hydrogens (electrons) to lipid radicals known as a chain-breaking antioxidant for lipid peroxidation. Because of its lack of one of the electron-donating methyl groups on the chromanol ring, -tocpherol is somewhat less potent in donating electrons than -tocopherol. Thus, -tocopherol is generally considered to be more potent than is -tocopherol. 

(4) Scavenger of Reactive Nitrogen Oxide Species

    -Tocopherol, a potent antioxidant, is effective in significantly decreasing protein nitration. The unsubstituted C-5 position of -tocopherol appears to make it better able to trap lipophilic electrophiles such as reactive nitrogen oxide species (RNOS). Excess generation of RNOS is associated with chronic inflammation-related diseases such as cancer, CVD, and neurodegenerative disorders. -Tocopherol reduces nitrogen dioxide to form 5-nitro--tocopherol, this being analogous to the nitration of tyrosine. Nitration of -tocopherol is more extensive than that of tyrosine in lipid environments. The precise location of -tocopherol in the lipid environment may be partially responsible for its different reactivity. 

(5) Natriuretic Activity

     Besides its well-known chain-breaking antioxidant activity, another novel effects of vitamin E were found. In 1996, -CEHC was originally discovered by Wechter et al. in the pursuit of an endogeneous natriuretic factor in human urine. They showed that -CEHC possesses natriuretic activity by way of inhibition of the 70pS potassium channel in the thick ascending limb cells of the kidney. In next year, the same investigators unambiguously established that -CEHC is derived from naturally occurring -tocopherol. -Tocopherol appears to be degraded largely to the hydrophilic -CEHC, which is primarily excreted into urine, by a cytochrome P450-dependent process.

(6) Anti-inflammatory Properties

    In 2000, Ames’ group has documented that -tocopherol and its major metabolite, -CEHC, but not -tocopherol, possess potent anti-inflammatory activity. In these studies -tocopherol was able to inhibit synthesys of PGE2. -Tocopherol and -CEHC directly inhibit COX-2 activity and -tocopherol inhibit biochemical correlates of inflammation, including tumor necrosis factor  and leukotriene B4 generation.

3. -TDMG: Water-soluble Prodrug of -Tocopherol

   -Tocopherol is a highly viscous oil, practically insoluble in water and readily oxidized by atmospheric oxygen. These physicochemical properties of -tocopherol limit its therapeutic applications and these make difficulty for an efficient administration of -tocopherol to patients. Thus, it can be expected that an effective delivery of -tocopherol would be a meaningful method for achieving the adequate bioavailability of -CEHC. When administered in the form of an oil solution or some kind of oil emulsion, lipophilic compounds usually show a poor bioavailability regardless of their administration routes (e.g., parenteral, oral, or topical). In order to achieve the efficient delivery of -tocopherol and -CEHC in vivo, we synthesized -tocopheryl N,N -dimethylglycinate (-TDMG) as a water-soluble prodrug of -tocopherol and a two-step prodrug of -CEHC. -TDMG is a solid (mp 161–163°C) and is quite soluble in water. 

3-1 Cutaneous -Tocopherol level is rapidly increased following topical administration of -TDMG

      In order to evaluate the utility of -TDMG as a prodrug for topical use, the disposition of -tocopherol and -tocopherol in the skin was compared with those after the topical administration of -tocopheryl acetate (-TA). The skin concentration-time profiles after the topical administration of -TDMG (5%) or -TA (10%) are shown in Figure. Following topical administration of -TDMG, the cutaneous -tocopherol level was rapidly increased and achieved 6 times higher than that of -tocopherol at 7 hr after. Based on these results, -TDMG was identified as the most promising water-soluble prodrug of -tocopherol for topical use

4. -TDMG for Skin Care

(1) Protective Effect of -TDMG on UV-induced Apoptosis of Human Keratinocyte

     UV induced phosphation of p-53 in human keratinocyte, which indicate apoptosis. -TDMG reduced the phosphation of p53 in human keratinocyte, indicating -TDMG could protect keratinocyte from UV-induced cytotoxicity

(2) Inhibiting effect of -TDMG on Melanin Synthesis in B16 Melanoma Cells

      To verify the depigmentaion effect of -TDMG in vitro, we compared the depigmenting and melanocytotoxic effects of -TDMG with those of ascorbyl phosphate, hydroquinone, and arbutin, on cultured B16 murine melanocytes. Melanin synthesis was decreased dose-dependently. IC50 of -TDMG for melanogenesis was 26 M and IC50 of -TDMG for cell viability was 2600 M. These results indicate that the depigmentation effect of -TDMG on cultured melanocytes is due to the inhibition of meraninsynthesis but not a melanocytotoxic effect. 

      Hydroquinone, a wellknown depigmenting agent, was shown to be efficient as an inhibitor of melanogenesis in B16 melanocytes; however, hydroquinone was highly toxic with 5 M IC50 for cell viability, indicating that its observed depigmenting action may be due, at least in part, to its melanocytotoxicity. Arbutin, a phenolic compound used as a skin-lightening agent in cosmetics, possesses a hydroquinone moiety bound to glucose. In B16 melanocytes, IC50 for cytotoxicity is 60 M, while inducing a significant decrease of melanin already at 20 M IC50; this indicates that arbutin possesses a specific inhibitory action on melanocytes in vitro at moderate concentrations. Therefore, -TDMG could serve as a lead compound for the discovery of novel safe and efficient skin depigmenting compound.

(3) Depigmenting Activity of -TDMG on UV-induced hyper-pigmentation

      The depigmenting activity of -TDMG was assessed in vivo by using UV-induced hyper-pigmentation of guinea pig skin. The UV-induced hyper-pigmentation of skin was reduced significantly with 0.1% of -TDMG treatment for 6 weeks. 

(4) Protective effect of -TDMG on UV-induced edema/inflammation

     Dosal skin samples that were exposed to UV irradiation displayed a 1.5-fold increase in thickness compared to non-exposed skin after 24 hr. Pretreatment of the skin with -TDMG significantly suppressed the UV-induced edema. In post treated skin, -TDMG similarly had the ability to suppress edema but not -TA. 

(5) Antiinflamatoric activity of -TDMG; Inhibition of COX-2 Enzyme Activity 

     COX-2 activity was increased by 5-fold in UV irradiated skin. The increased COX-2 activity was significantly attenuated by pretreatment with -TDMG, inspite of being less effective in inhibiting COX-2 gene/protein expression. -Tocopherol regenerated from -TDMG directly inhibited COX-2 enzyme activity. 

(6), (7) Effect of -TDMG on iNOS mRNA expression and Generation of Nitrite in UV-exposed Skin

     NO level in skin was increased 4 times by UV irradiation, these being significantly blocked by pretreatment with -TDMG. The iNOS mRNA level in the skin was markedly increased by UV irradiation. The increased iNOS mRNA level was significantly reduced by -TDMG. Thus, the reduction of NO level with -TDMG treatment was a result of reduction of iNOS mRNA expression. NO is known to play major role in UV-induced inflammation in human skin. NO production was reported to be correlated with the expression of iNOS mRNA in keratinocyte. NO derived from keratinocyte also stimulates melanine synthesis in meranocyte. Thus, down-regulation of NO synthesis with -TDMG could lead to an inhibition of melanin synthesis.

(8) Effect of -TDMG on UV-induced lipid peroxidation

    Lipid peroxidation was increased by UV-irradiation and the increased lipid peroxidation was blocked by -TDMG treatment, indicating that -tocopherol decomposed from -TDMG could scavenge reactive oxygen species.  

