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Improvement Effects on Human Skin Condition and Elucidation of Its Mechanism
Through the Intake of Fish-Derived Collagen Peptides
Seiko Koizumi

There are two prominent types of skin aging: physiological aging caused by aging and photoaging caused
by external factors such as UV rays and reactive oxygen species. Physiological aging is caused by a reduction
in water retention and elasticity of the skin caused by a reduction in the extracellular matrices (ECM), such
as collagen, elastin, and hyaluronic acid, and causes sagging and wrinkles. In addition, delayed epidermal
turnover and thickening of the stratum corneum results in the loss of skin transparency. In addition, the final
glycation products (AGEs) generated by the nonenzymatic reaction of proteins and sugars cross-link and bind
to collagen and elastin fibers, thereby causing fiber degradation and degeneration. As a result, skin elasticity
decreases, wrinkles increase, and makes the skin dull.

In photoaging, UV rays produce reactive oxygen species, which in turn stimulates epidermal keratinocytes
and secrete endothelin-1 (ET-1) and other substances that further stimulate and activate melanocytes. The
activation of melanocytes activates enzymes such as tyrosinase and dopachrome tautomerase (DCT), resulting
in an increased production of eumelanin pigment, which causes spots, dullness, and pigmentation. In addition,
UV rays also damage the collagen and elastin fibers in the dermis, causing wrinkles, sagging, and loss of
elasticity due to the destruction of the fiber structure.

Collagen is a structural protein with a triple helical structure that is insoluble in water and accounts for
about 30% of the proteins in the body. The primary structure of collagen consists of a repeating sequence of
Gly-X-Y (X and Y are amino acids) tripeptides starting with glycine (Gly) and having proline (Pro) at the X
position and hydroxyproline (Hyp), a hydroxylated proline specific to collagen, at the Y position. Collagen
peptide (CP) is a low-molecular-weight collagen degradation product obtained by the enzymatic degradation
of gelatin extracted from bovine, porcine, fish, and other collagen sources. CP varies with regards to odor
and other characteristics depending on the source. CP derived from fish skin is said to possess a strong odor.
However, if the functionality of the CP can be confirmed to be equivalent to that of the fish scale, it can be
termed as an effective use of fish skin.

CP is absorbed by oral intake and exhibits several physiological functions. The effects of CP on skin
moisturizing, elasticity, and wrinkle improvement have previously been reported; however, its comprehensive
effects on skin condition remain unclear. These peptides are predicted to act on the skin and stimulate dermal
fibroblasts by promoting the genes responsible for synthesizing hyaluronic acid and enhancing cell migration.
Despite comparisons having been made between animal species, the differences in the effects of CP on human
skin based on the source and the detailed mechanisms of action have not been completely elucidated. In
addition, there have been no reports regarding the effect of differences in the amount of Hyp -containing di-

and tripeptide on dermal and epidermal cells. Thijs study compared CPs with different concentrations of Hyp-
containing di- and tripeptides, specifically HCP (high-content CP, average molecular weight approximately 800 Da),
which contains >8,000 ppm of Hyp-containing di- and tripeptides, and LCP (low-content CP, average molecular
weight approximately 6,000 Da), which contains approximately 50 ppm of these di- and tripeptides. The CPs were
manufactured using two different methods.

This study is composed of Chapters 1 through 4. Chapter 1discusses the verification of the comprehensive
effects of fish scale CP ingestion on the skin through clinical trials. Chapter 2, consists of the examination of
the differences in the effects of CP obtained from fish scales and that obtained from fish skin on human skin
based on the site of the raw material by clinical trials. Chapter 3 discusses the evaluation of the effects of
intake of fish scale CP on advanced glycation end products (AGEs) in the skin through clinical trials. Chapter
4 evaluates the mechanism of action of CP on the skin based on the amounts of di- and tripeptides containing
Hyp through an in vitro study.

In Chapter 1, a clinical trial revealed that after 12 weeks of 3 g/day fish scale CP ingestion, a comprehensive



improvement was observed in skin wrinkles, water content, and elasticity. The product was demonstrated to
be safe and no adverse effects were reported [1]. In Chapter 2, the clinical study comparing fish scale CP and
fish skin CP, which had different raw material parts but an identical manufacturing method, demonstrated that
the improvement effects exerted by both products on skin moisture content, elasticity, wrinkles, transparency,
and smoothness were equivalent [2]. This finding can lead to the effective use of fish skin. In Chapter 3, the
significant reduction in AGE related effects on the skin caused by the ingestion of 5 g/day of fish scale CP
for 12 weeks was confirmed in healthy subjects [3]. These results, in conjunction with the outcomes presented
in Chapters 1 and 2, are significant findings in understanding part of the mechanism of the skin condition-
improving effect of fish-derived CP. In Chapter 4, CP with higher amounts of Hyp-containing di/tripeptide
(HCP) was demonstrated to be more effective in in vitro studies, and part of the mechanism of action was
elucidated. Specifically, this study demonstrated that with or without UV irradiation, CP may contribute to
the improvement of skin firmness and elasticity by promoting the ECM production of collagen, hyaluronic
acid, and elastin in the dermis. In the epidermis, CP contributes to enhanced moisture retention in human skin
by promoting the expression of the bleomycin hydroxylase gene that degrades filaggrin, aquaporin 3, and
filaggrin genes; promoting the expression of epidermal turnover-related genes including keratin 10,
involucrin, and transglutaminase 1; and promoting antioxidative activities, such as SOD-like activity. The
results of this study demonstrated that the contribution of CP improved the expression of those genes, leading
to enhanced skin moisture retention, reduced roughness, and improved smoothness and transparency. In
addition, the findings of the study indicated that the suppression of the E7-/ gene and DCT gene expression
could possibly inhibit the hyperpigmentation of human skin.

CP is rapidly gaining importance due to the scientific evidence of its functionality in response to growing
evidence-oriented consumer needs. This study demonstrates the effectiveness of fish-derived CP ingestion in
improving skin conditions and contributes to consumer understanding. Furthermore, effective skin care
improves consumers’ quality of life (QOL); therefore, the results of this study will play a role in improving
the consumers’ QOL and, ultimately, benefit society. In addition, the effective utilization of fish skin CP
indicates the possibility of contributing to society in terms of SDGs and sustainability. Based on these findings,
CP consumption is expected to contribute to the global social contribution.
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