
«Фундаментальні та прикладні дослідження у галузі фармацевтичної технології:» (25 жовтня 2024 р., м. Харків)

RATIONALE FOR THE USE OF CAFFEINE IN THE GEL
FOR CORRECTION OF AGE-RELATED CHANGES IN THE

PERIORBITAL ZONE
Moroz K. E., Kovalova T. M.

National university of pharmacy, Kharkiv, Ukraine

Introduction. Gel forms of therapeutic and cosmetic skin care products for
different skin areas are becoming increasingly common due to their light texture, the
ability to combine a large number of active pharmaceutical ingredients (APIs) of
different nature, and high consumer properties. Literature data and analysis of the
pharmaceutical market of products in this area indicate the expediency of the
complex use of APIs that have anti-edematous, antioxidant, moisturizing, capillary
strengthening, muscle relaxant effects and the ability to inhibit the action of free
radicals. In previous studies conducted at the Department of Pharmacy Drug
Technology, we substantiated the use of acetyltetrapepide-5 in a gel for the periorbital
area. However, the desire to create a comprehensive care product prompted us to
continue research on other APIs that we consider necessary to include in the gel.

Caffeine is a well-known purine alkaloid that is used not only as a component
of tonic drinks, but also as an active ingredient in medicinal and cosmetic products
due to its wide range of effects. Due to the high biological activity of caffeine and its
ability to penetrate the epidermal barrier, there are currently a large number of topical
caffeine-based products aimed at solving problems ranging from cellulite to alopecia
[1].

Objective of the study. To screen the literature sources on the effect of
caffeine on the physiological processes of the skin and to confirm its potential for the
development of a domestic therapeutic and cosmetic gel.

Materials and methods. The research methods included a comprehensive
analysis of scientific literature, empirical research, theoretical generalization of the
data obtained and their logical analysis.

Results and discussion. Caffeine is
1,3,7-trimethyl-3,7-dihydro-1H-purine-2,6-dione, a purine derivative, an alkaloid
found in coffee seeds (1-2 %), tea leaves (2 %), and kola nuts [2]. It exhibits powerful
antioxidant and anti-edematous properties; protects cells from carcinogenesis caused
by UV radiation and photoaging, prevents excessive accumulation of fat in cells [3].

The mechanism of lymphatic drainage action of caffeine is explained by its
ability to tone blood vessels, increase blood microcirculation in the skin, which leads
to the removal of excess fluid and thus reduces swelling and inflammation. Caffeine
strengthens the structure of cell membranes, retaining moisture in the upper layers of
the skin. Due to its antioxidant properties, the ability to deactivate free radicals,
caffeine protects the skin from ultraviolet radiation, which leads to the destruction of
collagen and accelerated aging with the appearance of premature wrinkles and
sagging skin.

The lipolytic effect of this alkaloid is explained by the inhibition of
phosphodiesterase activity, which results in the stimulation of fat breakdown during
lipolysis [1].
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For the use of caffeine in cosmetic products, one of the important factors is the
ability to penetrate the skin. It has been established that the maximum rate of caffeine
absorption through human skin is 2.24 ± 1.43 μg/cm2/h, and the peak absorption is
reached 100 minutes after topical application in vivo [11, 12].

Anti-carcinogenic properties. Numerous scientific studies have shown that
caffeine is a pro-apoptotic agent that counteracts cancer processes caused by UV
radiation [4, 5, 6]. Thus, topical application of caffeine to the dorsal skin of mice that
had been previously exposed to UV radiation for 20 weeks led to increased apoptosis
in foci of basal epidermal hyperplasia (probably precancerous lesions), but not in
areas with diffuse hyperplasia. Oral administration of green tea (6 mg of dry matter
per 1 ml) or caffeine (0.4 mg/ml) as the only source of water during UV irradiation,
which was performed twice a week for 20 weeks, reduced the formation of mutant
areas by about 40%. The administration of green tea (6 mg dry matter per 1 ml) orally
or daily topical application of caffeine (6.2 μmol) 5 times a week after the completion
of UV irradiation accelerated the disappearance of mutant p53-positive areas and
increased the degree of their elimination. This study showed that the
chemopreventive effect of caffeine or green tea may occur due to the pro-apoptotic
effect mainly on early precancerous lesions [7].

Subsequent studies have confirmed that topical application of caffeine
(dissolved in acetone at 1-2% by weight by volume) to the skin of mice after UV
irradiation helps to remove DNA-damaged keratinocytes and can partially reduce
photodamage and photocarcinogenesis [8].

Another study in 2016 showed that the use of caffeine in solution protected
mouse skin from UV-induced photoaging by downregulating matrix
metalloproteinases, which are known to be responsible for collagen breakdown [9]. A
study of the antioxidant properties of caffeine in 2019 showed that the combination of
this alkaloid with sunscreens increased in vivo protection against UV exposure by
about 25% [10].

Anti-edematous properties. According to scientific studies using computed
tomography, it was found that caffeine can change the microcirculation of blood
vessels. Oral administration of the alkaloid in a dose of 250 mg leads to a 30%
increase in blood flow in the brain. It has also been found that a lower dose of
caffeine (100 milligrams) has a positive effect on blood microcirculation in the
vessels of the human fundus [13, 14].

A study of the effectiveness of an anti-cellulite preparation containing a 7%
caffeine solution showed that the use of this product led to a decrease in
lipodystrophy and improved thigh microcirculation in all women who participated in
the study [15].

In addition, clinical trials of cosmetic forms such as patches and gels
containing the active ingredient caffeine have shown its ability to reduce swelling due
to its vasoconstrictor effect and lighten dark skin under the eyes [16,17].

Safety of caffeine in cosmetics. A study of the effect of caffeine and hyaluronic
acid on collagen biosynthesis in human skin fibroblasts showed that caffeine can
inhibit this process by blocking β1-integrin and insulin-like growth factor receptors.
However, the results of the study show that the use of caffeine in a concentration of
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up to 3% is considered safe, non-toxic, and easily penetrates human skin and does not
damage liver cells [18, 19].

Physical properties. Caffeine is moderately soluble in water (1:60), readily
soluble in boiling water (1:2), and slightly soluble in ethanol and ether (1:100) [2].
The introduction of this active ingredient into the gel composition increases its
permeability through the epidermal barrier [29].

Conclusions. The scientific literature on the effect of caffeine on the
physiological processes of the skin was analyzed. It was found that the introduction
of caffeine into the composition of the gel for the periorbital zone will help reduce
edema by increasing microcirculation, protect the skin from photoaging due to the
antioxidant properties of caffeine and help reduce hyperpigmentation. The high
potential of caffeine for the development of a domestic medical and cosmetic gel for
comprehensive skin care has been confirmed.
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