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A B S T R A C T   

With the emergence of social aging problem, people’s demand for active ingredients for skin health protection 
and therapeutic efficacy increases. Bioactive peptides are the optimal substances for skin anti-aging with its great 
diversity of biological activities and high security, such as antioxidation, anti-aging, anti-diabetes, anti- 
hypertension, and antibacterial. In recent years, natural and synthetic anti-aging peptides have been exten-
sively studied in vitro, in vivo and clinically. Anti-aging peptides, such as collagen peptides, can affect various 
physiological pathways of skin, and have significant skin protection effect when applied locally and eaten. These 
characteristics show that bioactive peptides can improve skin health by providing specific physiological func-
tions. In this review, we summarized the research of anti-aging peptides and the finishing of anti-aging peptides 
on improving skin health which is mainly based on the collagen peptides and the related synthetic peptides.   

1. Introduction 

Bioactive peptides, as natural antioxidant active peptides, have been 
widely recognized for its positive effects on human body in recent years. 
The extraction of bioactive peptides from food or other natural sub-
stances has been researched and reported largely around the world. 
Bioactive peptides are linear or cyclic polymers composed of amino 
acids that are covalently linked by peptide bonds in different combi-
nations and arrangements. Commonly, bioactive peptides include both 
oligopeptides and polypeptides. The former consists of 2–20 amino acids 
and more than 20 are called polypeptides (Karami and Akbari-adergani, 
2019). Bioactive peptides are inactive specific protein fragments in 
parent proteins that have positive functions and benefits to the human 
body after being released such as anti-diabetes, anti-hypertension, and 
antibacterial activity (Ogori et al., 2019). 

As the emergence of aging population and the healthy consciousness 
gradually deepens, people pay more attention to their skin health. A 
series of bioactive compounds, such as plant extracts (Ko et al., 2020), 
microbial metabolites (Ji et al., 2020), minerals (Hengke et al., 2020) 
and vitamins (Praça et al., 2020), is useful to make the skin in an ideal 
situation. Whereas, some side-effects include the high cost, skin irrita-
tion, inflammatory reaction, and allergic limit their usage. Fortunately, 
some researchers found that bioactive peptides were highly safe and 

hypoallergenic (Bhandari et al., 2019) which have been widely used in 
cosmetics, medicine, functional foods, and other fields (Michalek et al., 
2019; Zhang et al., 2020). 

According to previous literatures, some bioactive peptides can 
regulate various biological processes in the skin epidermis and dermis to 
affect different functions of the skin by increasing the production of 
collagen, instead of the lost extracellular matrix, and improving skin 
wrinkles, fine lines, and tone (Malerich and Berson, 2014). At the pre-
sent, a large number of literatures to discuss the studies and applications 
of anti-aging peptides in the prevention and treatment of skin aging. 

With the growth of people’s knowledge on cosmeceutical, the pro-
duction of bioactive peptides with natural resources cannot meet the 
increasing demand of people. Therefore, some researchers use biotech-
nology to synthesize bioactive peptides (Bolhassani, 2019; Gorouhi and 
Maibach, 2015). On the one hand, it can increase the production effi-
ciency of the bioactive peptide. On the other hand, researchers used a 
variety of methods to remedy the disadvantage of poor stability and low 
skin permeability, such as peptide structure modification, adjust the 
molecular weight of the peptide, or derivatization methods (Wu and 
Huang, 2018). In this work, we summarized the collagen peptides and 
the related synthetic peptides with the emphasis in vitro, in vivo and 
clinically to give a general understanding on improving skin health 
bioactive peptides. 
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2. Skin aging 

Skin, as the main barrier, is one of the main organs in our body. 
Similarly, skin, as a general term, plays an important role in balancing 
our temperature and dealing with environmental stimuli such as sun-
light and pollutants (Tobin, 2006). As time goes by, our skin will 
through the process of aging naturally which will become dry, lack 
elasticity, and appear lines and wrinkles. The mechanism of skin aging is 
relatively complex. According to the causes of skin aging, it can be 
divided into internal aging and external aging. Compared with external 
aging, internal aging is due to the changes in cell metabolism, hormones, 
and metabolic processes, resulting in the decrease in the content of 
elastin, collagen, fibroblasts, hyaluronic acid, and other substances in 
the skin (Madiha et al., 2018). Thereby leading to skin wrinkles 
increased, dark skin, dry appearance, decreased elasticity and other 
obvious external aging phenomena. Lan et al. found that most external 
aging is mainly caused by long-term illumination without protection 
(Lan et al., 2019) and another study recovered that ultraviolet irradia-
tion can increase free radicals and activate matrix metalloproteinases 
(MMPs) to degrade extracellular matrix, resulting in aging problems 
such as wrinkles (Quan and Fisher, 2015). Besides, other factors can also 
have certain effects on skin aging inside and outside, such as natural 
aging, heredity, malnutrition, pollution, diseases, and sub-health life-
style, for example, smoking and sedentary (Tobin, 2017). External aging 
can be prevented and treated by changing skin structure and appear-
ance. Compared with external aging, it is difficult for people to interfere 
with skin internal aging except using hormones (Aldag et al., 2016). 

Based on these, bioactive peptides play an important role in the 
following aspects: (1) as enzyme inhibitors, inhibiting the enzyme ac-
tivity directly or indirectly. For example, Pyun H-B et al. had shown that 
collagen peptide can reduce collagenase (matrix metalloproteinases: 
MMP-3 and MMP-13) and gelatinase activity (MMP-2 and MMP-9) 
(Pyun et al., 2012); (2) triggering signal cascade which can stimulate 
the proliferation of collagen, elastin, proteoglycans and glycosamino-
glycans directly or indirectly (Proksch et al., 2014; Tałałaj et al., 2019); 
(3) inhibiting the transmission of neurotransmitters. Tetrapeptide-9 and 
tetrapeptide-11 can increase the chances of acetylcholine to bind with 
acetylcholine receptors on the surface of muscle cells by inhibiting the 

fusion of vesicles containing acetylcholine with the neuron membrane. It 
can enhance the muscle contraction and reduce the common signs of 
aging, such as wrinkles (Schagen et al., 2017); (4) as a carrier, delivering 
or stabilizing trace elements like manganese, contribute to wound 
healing (Ruiz et al., 2007). Therefore, bioactive peptides play an 
important role in the field of anti-aging. 

Different sources of bioactive peptides have different biological ac-
tivity, for example, the ACE inhibitory activity (IC50) of bovine collagen 
peptide (Val-Gly-Pro-Val) was significantly higher than synthetic pep-
tide (leu-thr-Glu-Gln-Glu-ser-Gly-val-pro-val-met-Lys) in Table 1. Some 
researchers studied in vitro, in vivo and clinically to screen the biological 
activity of bioactive peptides which are from different sources. This 
review is based on the vitro, in vivo and clinical trials to explore the 
applications of collagen peptides and their synthetic peptides in cos-
meceutical field and functional foods. 

3. Anti-aging peptides with skin 

The anti-aging peptides is the active peptides with anti-aging effect 
which can be divided into natural and synthetic anti-aging peptides. 
With the development of modern analysis technology, natural peptides 
and synthetic peptides were developed and utilized as a novel anti-aging 
produce. Most of the research centered on the treat and prevent skin 
external aging, researchers have found that collagen peptides play an 
important role in food supplements and cosmetics which can improve 
skin problems (Bolke et al., 2019; Kim et al., 2018). Synthetic peptides 
such as palmitoyl peptide and acetyl peptide can also improve skin 
health (Han et al., 2020; Han et al., 2021). Collagen peptides and syn-
thetic peptides have been widely used in the production of anti-aging 
cosmetics and functional foods. 

3.1. Collagen peptides 

Collagen is one of the most widely distributed and abundant proteins 
in mammals. Generally used collagen types include I, II, III, IV, and other 
various collagen types. As a structural protein, it plays an important role 
in organizational structures, for example, the structural integrity and 
strength of tissues. Additionally, collagen protein can also support 

Table 1 
Different sources of anti-aging peptides with biological activities.  

Type Source Sequences Preparation Antioxidant activity Reference 

Collagen 
peptides 

Bullfrog skin Leu-Glu- Glu- Leu-Glu- 
Glu- Glu-Leu-Glu-Gly- 
Cys-Glu 

Six enzyme (Alcalase, neutrase, pepsin, papain, a- 
chymotrypsin and trypsin) 

DPPH radical (IC50 = 16.1 μM); 
Hydroxyl radical (IC50 = 12.8 
μM) 

Qian et al. (2008) 

Bovine hair Cys-Glu-Arg-Pro-Thr- 
Cys-Cys-Glu-His -Ser 

Hydrolyzed at 90 ℃ for 24 h Hydroxyl radical (IC50 = 35.40 
μM) 

Zeng et al. (2015) 

Duck processing 
by-products 

Asp-Val-Cys-Gly-Arg- 
Asp-Val-Asn-Gly-Tyr 

Nine proteases (Alcalase, Collaganase, 
Flavourzyme, Neutrase, Protamex, papain, pepsin, 
trypsin and -chymotrypsin) 

Hydroxyl radical (IC50 = 59.56 
μM) 

S. J. Lee et al. (2010) 

Duck processing 
by-products 

His-Thr-Val-Gln-Cys- 
Met-Phe-Gln 

DPPH radical (IC50 = 20.28 
μM); Hydroxyl radical (IC50 =
29.13 μM) 

S. J. Lee et al. (2012) 

Oreochromis 
niloticus scales 

Asp-Pro-Ala-Leu-Ala- 
Thr-Glu-Pro-Asp-ProMet- 
Pro-Phe 

Alcalase, pronase E, trypsin and pepsin DPPH radical (IC50 = 8.82 μM); 
Hydroxyl radical (IC50 = 7.56 
μM) 

Ngo et al. (2010) 

Salmon byproduct Phe-Leu-Asn-Glu-Phe- 
Leu-His-Val 

Serial digestion (Alcalase, Flavourzyme, Neutrase, 
pepsin, Protamex, and trypsin) 

DPPH radical (IC50 = 486 μM) Ahn et al. (2014) 

Synthetic 
peptides 

– Trp-Tyr-Pro-Ala-Ala-Pro Chemical synthesis DPPH radical (IC50 = 18.5 μM); 
Hydroxyl radical (IC50 = 45.2 
μM) 

Seung Jae Lee et al. 
(2013) 

– Leu-Thr-Glu-Gln-Glu-Ser- 
Gly-Val-Pro-Val-Met-Lys 

Chemical synthesis DPPH radical (IC50 = 144.1 
μM); Hydroxyl radical (IC50 =
172.4 μM) 

Tanzadehpanah 
et al. (2016) 

Thr-Glu-Gln-Glu-Ser-Gly- 
Val-Pro-Val-Met 

DPPH radical (IC50 = 136.4 
μM); Hydroxyl radical (IC50 =
140.3 μM) 

Thr-Glu-Gln-Glu-Ser-Gly- 
Val-His-Val-Met 

DPPH radical (IC50 = 134.6 
μM); Hydroxyl radical (IC50 =
162.9 μM)  
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connective tissues such as tendons, skin, teeth and stabilize cell struc-
tures in body tissues and strengthen them (Sliva et al., 2014; Gelse et al., 
2003). Previous studies have shown that collagen can release bioactive 
peptides with a variety of physiological functions after enzymatic hy-
drolysis. These collagen hydrolysates and collagen-derived peptides 
obtained have positive effects in improving skin conditions (Kim et al., 
2018; Song and Li, 2017). 

Collagen can become water-soluble gelatin when heating. And the 
gelatin can prepare collagen peptides by enzymolysis. Pyun H-B et al. 
had shown that collagen peptide had different kinds of biological 
functions such as antioxidation, cell proliferation and chemotaxis. For 
example, it can inhibit dermal collagen decomposition by reducing 
collagenase (matrix metalloproteinases: MMP-3 and MMP-13) and 
gelatinase activity (MMP-2 and MMP-9), reducing skin moisture loss and 
wrinkling significantly, regulating skin hydration, increasing skin elas-
ticity, and recovering collagen degradation and elastic fiber abnormal-
ities caused by ultraviolet radiation (Pyun et al., 2012). Kang et al. used 
hairless mice exposed to ultraviolet radiation and some of them were fed 
collagen peptide of 1000 mg/kg for 9 weeks. They found that collagen 
peptide can increase the expression of hyaluronic acid synthase mRNA 
and skin moisturizing factor filaggrin, increase the content of hyaluronic 
acid in skin tissue, and down-regulate the expression of hyaluronidase 
(HYAL-1 and HYAL-2) mRNA (Kang et al., 2018). In other words, 
collagen peptide intake has a potential effect on avoiding skin moisture 
loss induced by ultraviolet (UVB) (Asserin et al., 2015). Animal tissue 
from livestock and poultry is the main way for people to obtain natural 
collagen and collagen peptides (Ahmed et al., 2020) (Fig. 1). In recent 
years, aquatic animals have the further in-depth developed and utilized 
due to their special advantages, such as low resistance and 
hypoallergenic. 

Different sources of collagen peptides have different effects on anti- 
skin aging. Proksch et al. found that type I collagen-derived collagen 
peptide can stimulate the synthesis of procollagen I, elastin, and fibrin in 
the skin, increase the synthesis of dermal matrix and reduce the gener-
ation of eye wrinkles by ingesting collagen peptide derived from pig 
collagen I for 4–8 weeks (Proksch et al., 2014). Offengenden et al. 
indicated that the chicken-derived collagen peptide has significant ef-
fects on inflammatory changes, oxidative stress, collagen I synthesis, and 
cell proliferation through studying the effect of chicken-derived collagen 
peptide on human skin fibroblasts (Offengenden et al., 2018). Besides, it 
was also reported that oral administration of collagen peptide from 
bovine bone can improve skin relaxation by increasing skin collagen 
content and changing the ratio of type I and type III collagen, but it has 
no significant effect on skin moisturizing (Song et al., 2017). Addition-
ally, the extraction of collagen peptides from aquatic animals has also 
been developed and used to improve skin problems. Some researchers 
had extracted collagen peptide whose sequence was YGDEY (Tyr-Gly- 
Asp-Glu-Tyr) from tilapia collagen hydrolysate. They found that it had 
various advantages such as increase the expression of antioxidation 
factor [superoxide dismutase (SOD) and glutathione (GSH)], maintain 
the balance between reduced glutathione and oxidized glutathione, 

enhance the generation of type I procollagen, reduce the level of reactive 
oxygen species (ROS) significantly in human keratinocytes (HaCaT), 
prevent DNA oxidative damage, and inhibit the expression of MMP-1 
(collagenase) and MMP-9 (gelatinase), etc. In a word, YGDEY had the 
function of preventing ultraviolet (UVB)-induced damage to cells and 
inhibiting UVB-mediated photoaging of skin (Xiao et al., 2019). Addi-
tionally, Tkaczewska et al. found that Ala-Tyr dipeptide extracted from 
the carp skin hydrolysate had a high antioxidant capacity that can be 
used as an antioxidant. Compared with other antioxidant peptides, 
dipeptide has the advantages of small molecular weight, absorbed and 
can be utilized easily. It can be seen that dipeptide has certain advan-
tages in the skin aging resistance. Thus, further in-depth research and 
development are necessary (Tkaczewska et al., 2019). 

Different sources of collagen peptides have different effects on the 
skin. When the different sources of the collagen peptides among pig, 
cow, hen, and tilapia were compared for protecting against ultraviolet 
(UVA) induced fibroblast damage by acting them on human dermal fi-
broblasts (HDF), hen collagen peptides were found to be better than 
other collagen peptides (Wang et al., 2019). 

Yaga Yuki et al. used stable isotope labeling and liquid phase mass 
spectrometry (LC-MS) technology to track oral collagen hydrolysate in 
vivo, indicated that collagen hydrolysate was hydrolyzed and absorbed 
in sequence in the gastrointestinal tract. Since collagen usually existed in 
a triple helix form in the Gly-Xaa-Yaa repeat form, the collagen hydro-
lysate absorbed into plasma was affected by the special structure. They 
usually existed in two forms: one is free amino acids such as proline 
(Pro), hydroxyproline (Hyp), X-Hyp dipeptide, X-Hyp-Gly tripeptide, 
and X-Hyp cyclic peptide, the other is various oligopeptides containing 
hydroxyproline, such as Pro-Hyp, Ala-Hyp, Gly-Pro, Hyp-Gly, Gly-Pro- 
Hyp and Ala-Hyp-Gly, Pro-Hyp-Gly (Taga et al., 2019). Shigemura 
et al. had studied that collagen hydrolysate has been taken continuously 
for 4 weeks. And they found a large number of protein hydrolysates 
produce dipeptides and tripeptides containing Hyp after digestion which 
was absorbed into the blood through peptide transporters on intestinal 
cells and distributed to various tissues through the blood circulation 
system. Since daily intake of collagen hydrolysate can promote the 
distribution and accumulation in tissues, it produced for the long-term 
corresponding biological activity on skin and joint cells (Shigemura 
et al., 2018). Similarly, Kamiyama et al. also proved that through oral 
administration of low molecular weight collagen hydrolysate to rats that 
dipeptides and tripeptides containing Hyp generated by protein hydro-
lysate after digestion reach various tissues through blood circulation. 
And compared with other tissues, skin was the final and most lasting site 
that they can even exist in the skin for up to 14 days (Watanabe- 
Kamiyama et al., 2009). 

When the collagen hydrolysate and the collagen peptide show the 
anti-aging effect on the skin, the collagen peptide containing hydroxy-
proline has good stability under the action of the enzyme due to the 
property of hydroxyproline in the collagen hydrolysate after oral 
administration. It allows the collagen peptide to still exist in the form of 
the peptide after gastrointestinal digestion and can be better and stably 

Fig. 1. Different sources of the collagen.  
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used in the skin anti-aging and other effects. Yazaki et al. found that the 
amount and type of collagen peptides in plasma and skin may be 
different due to the various source of ingested collagen peptides. And 
compared with other collagen peptides, the Pro-Hyp and Hyp-Gly se-
quences may be more important because they had certain biological 
activity on the skin (Yazaki et al., 2017). Shigemura et al. and Ohara 
et al. had proved that Pro-Hyp can stimulate the growth of mouse skin 
fibroblasts on collagen and also promote the production of hyaluronic 
acid by human skin fibroblasts (Ohara et al., 2010; Shigemura et al., 
2009). Shigemura et al. found that Hyp-Gly can also increase the growth 
of mouse skin fibroblasts (Shigemura et al., 2011). And they also re-
ported that it had a higher promotion effect on collagen gel growth of 
fibroblasts than Pro-Hyp in their other studies (Kusubata et al., 2015). 
Lee et al. prepared fish scale collagen peptide and studied its physio-
logical function and they had proved that Gly-Pro dipeptide, as a 
representative low molecular weight peptide in fish scale collagen hy-
drolysate, was beneficial to skin health. Additionally, they had further 
research by feeding fish scale collagen hydrolysate, Gly-Pro, and Pro- 
Hyp separately to hairless mice whose dorsal skin exposed to ultravio-
let. And they found that intake all of them could reduce the production 
of matrix metalloproteinase − 1 and promote the synthesis of type I 
procollagen in human fibroblasts. What’s more, the experimental results 
for 12 consecutive weeks showed that both Gly-Pro and Pro-Hyp could 
also improve ultraviolet-induced skin aging (Lee et al., 2019). 

Only using natural resources to produce bioactive peptides cannot be 
enough to meet the growing needs of people. To solve the problem, 
people use biotechnology tools and processes to synthesize bioactive 
peptides. Compared with the traditional bioactive peptide, the synthe-
sized bioactive peptide not only meets the needs of consumers, but the 
efficacy is higher. 

3.2. Synthetic peptide 

The polypeptide has good pharmacokinetic characteristics and can 
be absorbed, distributed, and metabolized in organisms. What’s more, 
the polypeptide has strong biological activity. However, plenty of amide 
bonds which were as hydrogen bond donors and acceptor groups and too 
large molecular weight have led to the polypeptide cannot smoothly 
pass through the skin barrier, resulting in a low diffusion rate in the skin 
or its inability to diffuse into the skin inside which can make a certain 
negative effect on its usage (Christopher and Guy, 1992; Wu and Huang, 

2018). Polypeptides have some characteristics; when applied topically, 
such as instability on the skin and low skin permeability which made 
challenges in the application of polypeptides for dermal, particularly 
delivery in the dermis. Along with the deepening of research, re-
searchers used a great diversity of methods to resist peptidase degra-
dation and improve low permeability, such as peptide structure 
modification, adjust the molecular weight of the peptide, or derivati-
zation methods (Fig. 2). For example, the polypeptide can be modified 
by acetylation, glycosylation, and amidation at the N-terminal and the 
C-terminal. And after modification, the polypeptides have various ad-
vantages, such as increase the penetration of the polypeptide on the skin, 
the binding ability with special receptors, and the stability and solubility 
of bioactive peptide. Additionally, the polypeptide also can bind with 
palmitic acid to improve the low permeability when used topically. It 
thus prompted synthetic peptides can be utilized in local treatment 
(Bolhassani, 2019; Gorouhi and Maibach, 2010). 

3.2.1. Palmitoyl peptide 
Combination of fatty acids and peptides, as an effective method, has 

great potential in improving the stability and permeability of peptides 
(Benson and Namjoshi, 2008). As the highest abundance of fatty acid, 
palmitate can be used as a connecting element to the covalent modifi-
cation of protein molecules. Foldvari et al. conducted a deep study on 
palmitoyl-derived α-interferon and indicated that it can increase by five 
times the penetration of natural protein into human skin due to the 
lipophilicity of palmitate residues (Foldvari et al., 1998). What’ more, 
other studies indicated that palmitoyl binding polypeptide can also 
improve the penetration of the polypeptide in the skin. And compared 
with common polypeptide, the permeation rate can be increased by 
100–1000 times (Dominik et al., 2015). 

The pentapeptide with sequence Lys-Thr-Thr-Lys-Ser (KTTKS) in 
palmitoyl peptide is a carboxyl-terminal derived fragment of type I 
procollagen. Previous studies had shown that KTTKS can inhibit colla-
genase activity, stimulate the synthesis of elastin, fibronectin, glycos-
aminoglycan, and type I, type III, and type IV collagen, and it can 
significantly enhance extracellular matrix (ECM) and promote skin 
wound healing (Tałałaj et al., 2019). Taking advantage of its hydro-
philicity and low skin permeability, Mortazavi et al. combined penta-
peptide with 16-C fatty acid palmitate to form palmitoyl pentapeptide 
− 4 (Pal-KTTKS-OH). And compared with KTTKS, the results showed 
that the permeability after modification increased, and the physical and 

Fig. 2. Structure of the main synthetic anti-aging peptides.  
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chemical properties were also improved (Mortazavi et al., 2019). 
Additionally, Guttman et al. selected 49 women for a 4-month double- 
blind test using Pal-KTTKS twice a day. The results showed that Pal- 
KTTKS increased the density and thickness of elastin fibers, improved 
the regulation of type IV collagen at the dermal-epidermal junction, and 
significantly improved skin roughness, wrinkle volume, and wrinkle 
depth (Guttman, 2002). Additionally, Pal-KTTKS is one of the earliest 
polypeptides used in cosmetics. 

In recent years, researchers have explored many polypeptides that 
are still active after binding with palmitic acids, such as Lys-Val-Lys 
(KVK), Lys-Met-Lys (KMK), Gly-His-Lys (GHK), Pal-Gly-Gln-Pro-Arg 
(GQPR), and Val-Gly-Val-Ala-Pro-Gly (VGVAPG). It has been proved 
in animal and clinical experiments that the combination of polypeptide 
and palmitic acid can reduce the generation of fine lines and wrinkles 
and resist the wrinkle effect. And both PAL-KVK (PALMITOYL TRI 
PEPTIDE-3/5) and Pal-GHK (Palmitoyl Tripeptide-1) can promote the 
formation of collagen protein. Besides, PAL-VGV APG (PALMITOIL 
HEXA PEPTIDE-12) can improve skin elasticity, tone, fatigue, and 
tightness by transforming skin cells, keratinocytes into cells, and fibro-
blasts and reducing the production of interleukin -6 (IL-6) (Schagen, 
2017). Researches have developed many short and stable synthetic 
peptides that play an excellent role in extracellular matrix synthesis, 
pigmentation, innate immunity, and inflammation. In addition to pal-
mitic acid, the modification of peptides by acetyl (Ac-) has great po-
tential for using in anti-aging peptides. 

3.2.2. Acetyl peptide 
The majority of protein acetylation involves the binding of the acetyl 

group to lysine residue by acetyl donor, such as acetyl-CoA, through 
acetyl-converting enzyme (Allfrey et al., 1964; Narita et al., 2019). And 
the mostly acetylation of synthetic peptides occurs at the N-terminal of 
peptides. Overwhelming evidence indicates that acetylated peptides 
with anti-aging function have been developed and utilized. As shown in 
Table 2, as antioxidants, acetyl tetrapeptides (tetrapeptide-9, 
tetrapeptide-11) with the sequences of Gln-Asp-Val-His and Pro-Pro- 
Tyr-Leu have proven effective in stimulating the synthesis of type I 
collagen protein and basement membrane glycan, urging the growth of 
human keratinocytes and other advantages. Schagen et al. have found 
that tetrapeptide-9, tetrapeptide-11 can make the skin thicker and 
tighter through clinical research (Schagen et al., 2017). And compared 
with placebo, the effect of these peptides on the skin can be increased by 
5%–10% (Gorouhi and Maibach, 2010). A similar trend was also re-
ported by Wang Y et al., who investigated that sixty subjects were ran-
domized to treatment with Glu-Glu-Met-Gln-Arg-Argacetyl hexapeptide 
(Argireline) and placebo, and the results showed that Argireline 
inhibited the docking of vesicles and affected the formation of wrinkles 
by interfering with the release of catecholamine which resulted in an 
effective rate up to 48.9% (Wang et al., 2013). What’ more, Hajem et al. 
found that the acetyl tetrapeptide with the sequence of Ser-Asp-Lys-Pro 
could prevent skin aging and alopecia, and promote skin regeneration 
and hair growth (Hajem et al., 2013). Other studies also found that 
heptapeptide substance with sequence N-ACETYLASP-Glu-Glu-Thr-Gly- 
Glu-Phe-OH (ACETYL-DEET GEF-OH) can be applied in cosmetic for-
mulations to protect skin cells from ultraviolet rays (Suter et al., 2016). 

3.2.3. Copper/manganese tripeptide 
Copper peptide is a small peptide with a molecular weight of 700 

Daltons (da) chelated with Cu2+ and has good safety. In 1973, Picart 
et al. isolated copper tripeptide (Cu-GHK) and he found that the copper 
peptide with the sequence Gly-His-Lys can be used as human albumin 
active substance to synthesize protein which can make the liver tissue 
synthesizer in elderly population to be similar with the young people 
(Pickart, 2008). At present, the Cu-GHK complex is one of the most 
studied anti-aging peptides among copper peptides, which has the ef-
fects of promoting wound healing, and skin regeneration, reducing 
wrinkles, skin sagging, and pigmentation. What’s more, it can stimulate 

the synthesis of collagen, elastin and glycosaminoglycan to improve the 
skin condition evidently (Pickart and Margolina, 2018). Leyden et al. 
and Finkley et al. discovered that skin elasticity, skin humidity, and 
wrinkles can be affected by adding Cu-GHK to the formula and applying 
it to women’s skin. Thereby, it can significantly improve the appearance 
of damaged aging skin (Finkley et al., 2005; Leyden et al., 2002). Trace 
elements are necessary for the wound healing process, such as manga-
nese (Mn). Interestingly, peptides can be used as transporters of trace 
elements. Ruiz et al. found that manganese tripeptide (GHK-Mn2+) can 
also treat the light injury of the facial skin by adding it into facial serum 
preparations for 12 weeks (Ruiz et al., 2007). 

3.3. Application of polypeptides in cosmeceutical skin products 

A polypeptide sequence is a chain consisting of more than 20 amino 
acids. In recent years, a variety of natural polypeptides and synthetic 
polypeptides which was obtained after modification by collagen have 
been confirmed to improve skin health. As time goes by, the under-
standing of anti-aging peptides has gradually deepening. As is shown in 
Table 3, these works demonstrated that so many anti-aging polypeptides 
can make the skin stromal cells regenerate, reduce UVB-induced skin 
pigmentation, decrease the fine lines and wrinkles, increase skin 

Table 2 
The anti-aging peptides derived from synthetic source.  

Sequence Abbreviation Model Function Reference 

N-Acetyl- 
Gln- 
Asp- 
Val-His 

Acetyl 
tetrapeptide- 
9 

Randomized 
clinical study 

Stimulate the 
synthesis of type I 
collagen and 
basement 
membrane glycan 

Rodrigues 
et al. (2009) 

N-Acetyl- 
Pro- 
Pro- 
Tyr-Leu 

tetrapeptide- 
11 

Randomized 
clinical study 

Stimulates the 
growth of human 
keratinocytes and 
the synthesis of 
transmembrane 
protein- 
polysaccharide 

Rodrigues 
et al. (2009) 

Acetyl- 
Glu- 
Glu- 
Met- 
Gln- 
Arg- 
Arg- 
NH2 

Ac-EEMQRR- 
NH2 
/Argireline 

Placebo- 
controlled 
clinical trials 

Inhibition of 
neurotransmitter 
release, anti- 
wrinkle, and 
moisturizing 

Blanes-Mira 
et al. (2002) 

N-Acetyl- 
Ser- 
Asp- 
Lys-Pro 

Acetyl-SDKP Ex vivo 
human skin- 
explant and 
hair follicle 

Repair injured skin Hajem et al. 
(2013) 

N-Acetyl- 
Asp- 
Glu- 
Glu- 
Thr- 
Gly- 
Glu- 
Phe-oH 

Acetyl- 
DEETGEF- 
OH 

Double-blind 
clinical trials 

Protect skin cells 
from UV damage 

I. M.  
Michalek 
et al. (2019) 

Pal-Lys- 
Thr- 
Thr- 
Lys-Ser 

pal-KTTKS Double-blind 
and placebo 
controlled 
clinical study 

Anti-wrinkle, and 
moisturizing 

Robinson 
et al. (2010) 

Pal-Val- 
Gly- 
Val- 
Ala- 
Pro-Gly 

pal-VGVAPG murine 
embryonic 
skin 

Anti-aging and 
moisturizing 

Chang et al. 
(2008) 

Mn-Gly- 
His-Lys 

Mn-GHK Normal 
human 
fibroblasts 

Skin renewal Ruiz et al. 
(2007) 

Cu-Gly- 
His-Lys 

Cu-GHK Normal 
human 
fibroblasts 

Skin renewal Y., 
Wegrowski 
et al. (1992)  
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elasticity, and make the skin look smoother and firmer. Kim et al. found 
that carnosine can decrease the circulating levels of corticosterone and 
increase PI3K/Akt phosphorylation by establishing in vivo mouse aging 
model and injecting carnosine daily for 8 weeks, which indicating that 
carnosine had the potential to promote wound healing in aging skin 
(Kim et al., 2019). Trookman studied female subjects who applied SYN- 
AKE continuously for 12 weeks and found that SYN-AKE can increase the 
synthesis of collagen and significantly improve skin fine lines and 
wrinkles (Trookman, 2009). Liang et al. investigated the UVB-induced 
photoaging in human dermal fibroblasts and a 3D reconstituted 

human full skin model and found that tetrapeptide (Pro-Lys-Glu-Lys) 
could suppress the formation of matrix metalloproteinase-1 (MMP-1) 
and increase the expression level of collagen-1 and fibronectin-1 (Liang 
et al., 2019). Zhmak et al. researched the placebo-controlled clinical 
study and found that the pentapeptide -3(Gly-Pro-Arg-Pro-Ala) could 
increase the skin elasticity by enhancing the chances of acetylcholine to 
bind with acetylcholine receptors on the surface of muscle cells (Zhmak 
et al.,2015). 

With the active peptide have been increasingly used in skin anti- 
aging since 2000, it has been found that a variety of sequence of 

Table 3 
Bioactive peptide for resisting skin aging.  

Name Sequence Abbreviation Model Functions Reference 

Carnosine β-Ala-His AH Eleven-week-old male mice Antioxidants, skin healing Kim et al. (2019) 
SYN-AKE β-Ala-Pro-Dab- 

NHBn-2-Acetate 
AP- Dab-NHBn-2- 
Acetate 

Female subjects with moderate fine and 
thick wrinkles around the eyes 

Reduce wrinkles Trookman et al. 
(2009) 

Trifluoroacetyl 
tripeptide − 2 

TFA-Val-Try-Val- 
OH 

TFA-Vwv Randomized clinical study Affect skin wrinkles, firmness, elasticity, and 
sagging 

LOING et al. 
(2012) 

Citrulline tripeptide 
− 10 

Lys-α-Asp-Ile- 
Citrulline 

KDI-Citrulline Human skin tissue models Increase skin elasticity Michalek et al. 
(2019) 

Tetrapeptide − 21 Gly-Glu-Lys-Gly GEKG Randomized clinical study Reduce skin roughness and increase skin 
elasticity 

Jeong et al. 
(2020) 

Tetrapeptide Pro-Lys-Glu-Lys PKEK Human dermal fibroblasts and a 3D 
reconstituted human full skin model 

Whitening and reducing UVB-induced skin 
pigmentation 

Liang et al. 
(2019) 

Pentapeptide − 3 Gly-Pro-Arg-Pro- 
Ala 

GPRPA Placebo-controlled clinical study Reduce wrinkles and skin roughness Aguilar-Toalá 
et al. (2019) 

Pentapeptide − 18 Tyr-D-Ala-Gly- 
Phe-Leu 

WAGFL Randomized clinical study Reduce fine lines and wrinkles, moisturize 
skin, improve skin firmness and skin color 

Schagen (2017) 

Hexapeptide − 11 Phe-Val-Ala-Pro- 
Phe-Pro 

FVAPFP Placebo-controlled clinical study Improve skin elasticity Sklirou et al. 
(2015)  

Table 4 
Patents of synthetic peptides for anti-skin aging.  

Sequence Abbreviation Model Functions Reference 

X-Thr-Thr-Lys-Y X-TTK-Y Placebo-controlled 
clinical study 

Stimulate healing, replenish water and improve wrinkles Lintner (2003) 

Lys-Leu-Asp-Ala-Pro-Thr KLDAPT Human fibroblasts and 
keratinocytes 

Promoting skin cell adhesion to treat skin relaxation Dal Farra and 
Domloge (2004) 

(Gly-Pro-Gln)2-NH2 (GPQ)2-NH2 Human fibroblasts and 
keratinocytes 

Promoting skin cell adhesion to treat skin relaxation Dal Farra and 
Domloge (2007) 

Leu-Lys-Lys-Thr-Glu-Thr LKKTET A subject with age spots Increase skin elasticity and improve skin dullness due to aging Goldstein (2004) 
Lys-Val-Ile-Pro-Tyr-Val-Arg-Tyr- 

Leu 
KVIPYVRYL Human fibroblasts and 

keratinocytes 
Alleviate or prevent skin aging Smith (2009) 

Val-Glu-Ile-Pro-Glu 
Tyr-Pro-Ile-Pro-Phe 

VEIPE 
YPIPF 

Placebo-controlled 
clinical study 

Increase skin sensitivity Lersch and 
Farwick (2010) 

Pal-Lys-Thr Pal-KT Human fibroblasts Skincare, improve skin condition Lintner (2011) 
Arg-Phe-Lys RFK Human fibroblasts Reduce wrinkles Ziegler et al. 

(2011) 
Asp-Leu-Lys-Lys DLKK Human epidermis 

melanocytes 
Limited the damage of UVB radiation to DNA of normal 
epidermal melanocytes 

Domloge et al. 
(2016) 

Pro-Arg-OH 
Pal-Pro-Arg-OH 

PR-OH 
Pal-PR-OH 

Human epidermis 
melanocytes and 
keratinocytes 

Anti-aging peptide Peschard and 
Mondon (2017) 

Ala-Glu-Cys-Lys AECK Human dermal 
fibroblasts 

Increase hyaluronic acid production of human dermal 
fibroblasts by 90–150% 

Idkowiak-Baldys 
et al. (2017) 

Glu-Leu-Lys-Leu-Ile-Phe-Leu- 
His-Arg-Leu-Lys-Arg-Leu-Arg- 
Lys-Arg-Leu-Lys-Arg-Lys 
His-Arg-Leu-Lys-Arg 
Leu-Lys-Arg-Leu-Arg 
Arg-Leu-Lys-Arg-Leu 

ELKLIFLHRLKRLRKRLKRK 
HRLKR 
LKRLR 
RLKRL 

Human dermal 
fibroblasts 

Promote the growth of fibroblasts, promote the production of 
hyaluronic acid and collagen gel contraction 

Nakagami et al. 
(2018) 

Ile-Trp-Ser-Leu-Asp-Thr-Gln- 
Tyr-Gly-Arg-Gly-Asp 

IWSLDTQYGRGD Human dermal 
fibroblasts and 
melanoma cell 

Inhibiting melanin production, tyrosinase activity, the 
expression of melanin related factors and the transfer of melanin 
bodies, and having a good skin whitening effect 

Chung et al. 
(2018) 

His-D-Trp-Ala-Trp-D-Phe-Lys- 
NH2 

HWAWFK Human dermal 
fibroblasts 

Stimulating the expression of collagen I in human fibroblasts 
can reduce or delay cell senescence 

Domloge et al. 
(2018) 

β-L-Asp-L-Arg 
β-L-Asp-L-Lys 

DR 
DK 

Human keratinocytes Stimulate basal keratinization and cell proliferation Sallam et al. 
(2019) 

NH2-Cys-Thr-Lys-Ile-Tyr-Asp- 
Pro-Val-Cys-COOH 
NH2-Cys-Pro-Arg-His-Phe- 
Asn-Pro-Val-Cys-COOH 

CTKIYDPVC 
CPRHFNPVC 

Human fibroblasts and 
keratinocytes 

Inhibition of MMP2 activity, collagen degradation, and melanin 
transfer 

Chung and Kim 
(2019)  
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bioactive peptides can be used in products. These bioactive peptides 
have extremely strong compatibility. They can not only be used in 
combination with a variety of antioxidants, such as ascorbic acid and its 
derivatives, catechins, curcumin, and ferulic acid derivatives, but 
chelate with trace elements such as copper and manganese (Idkowiak- 
Baldys et al., 2017; Nakagami et al., 2018). And the methods of the 
usage is easy. On the one hand, they can directly add into cosmeceutical 
skin products, such as milky lotions, facial essences, facial packs. On the 
other hand, they can be embedded by using a physiologically acceptable 
carrier to produce the pharmaceutical products (Nakagami et al., 2018). 
As shown in Table 4, a variety of bioactive peptides have been applied 
for many a patent due to their significant anti-aging properties. Lintner 
et al. randomly investigated 15 female subjects who treated with milky 
lotions contained tripeptide derivative (X-Thr-Thr-Lys-Y), compare with 
placebo, tripeptide derivative (X-Thr-Thr-Lys-Y) can induce the forma-
tion of partial collagen and glycosaminoglycan, protect and repair skin 
damage caused by ultraviolet radiation, and reduce skin surface wrin-
kles (Lintner et al., 2003). Goldstein et al. studied a subject with an age 
spot on the back of hand that used gel formulation containing Leu-Lys- 
Lys-Thr-Glu-Thr for consecutive 28 days and found that the age spot 
significantly fades within 7 days and noticeably decrease in size after 28 
days. The results showed that the polypeptide with sequence Leu-Lys- 
Lys-Thr-Glu-Thr could reduce or reverse skin aging and enhance skin 
elasticity by inducing terminal deoxynucleotidyl transferase (a non- 
template-oriented DNA polymerase) (Goldstein et al., 2004). Lersch 
et al. selected 10 volunteers to conduct Placebo-controlled clinical study 
who should use the O/W cream containing oligopeptides (Val-Glu-Ile- 
Pro-Glu) or placebo twice a day with 10 days to the left volar forearm, 
respectively. The results showed that the synthetic peptide with the 
sequence of Val-Glu-Ile-Pro-Glu could be used as a neurotransmitter 
inhibitor to increase the neuronal perception of the skin and skin 
sensitivity and repair skin damaged cells timely (Lersch et al., 2010). Dal 
Farra et al. studied the human fibroblasts and keratinocytes incubated 
with synthetic peptide (Lys-Leu-Asp-Ala-Pro-Thr) and found that syn-
thetic peptide (Lys-Leu-Asp-Ala-Pro-Thr) could increase adhesion be-
tween skin cells, provide curative and preventive treatment for ageing 
skin symptoms (of physiological or solar origin) and enhance skin 
appearance (Dal Farra and Domoge, 2007). Nakagami et al. found that 
synthetic peptide (Glu-Leu-Lys-Leu-Ile-Phe-Leu-His-Arg-Leu-Lys-Arg- 
Leu-Arg-Leu-Leu-Lys-Arg-Lys) achieved the excellent anti-aging effect 
by promoting human fibroblast growth, hyaluronic acid production, and 
contracting collagen gel contraction (Nakagami et al., 2018). What’s 
more, Domlog et al. found that the synthetic peptide (His-D-TRP-Ala- 
TRP-D-Phe-Lys-NH2) could stimulate the production of matrix proteins, 
such as collagen, fibronectin, laminin, and decrease the compounds 
which modulated skin pigmentation to reduce or delay the appearance 
of cell senescence and signs of skin aging (Domlog et al., 2016). 
Nowadays, the amounts of peptides used in cosmeceutical products have 
dramatically increased which results in peptide sequences with cosmetic 
activity (such as anti-aging, anti-oxidation, whitening) have great 
commercial potential. As shown in Table 4, the patents for bioactive 
peptides for anti-skin aging, a variety of bioactive peptides are widely 
used in topical or cosmetic applications to improve the skin and the 
skin’s nature. 

4. Conclusions 

Bioactive peptides have several advantages, including high activity, 
abundant sources, good absorption, and utilization in vivo. They are thus 
recognized by consumers due to their safety, high efficiency, and other 
characteristics. After topical application and oral administration, the 
natural and synthetic bioactive peptides can regenerate skin stromal 
cells, thereby reducing UVB-induced skin pigmentation, decreasing the 
fine lines and wrinkles, increasing skin elasticity, and promoting the skin 
to look smoother and firmer. In recent years, anti-aging peptides applied 
to skin local or integral has been extensively studied. Previous studies 

demonstrated that bioactive peptides have great potential in the cos-
meceutical field. However, some of them are only in vitro and cell studies 
that have no clinical trials as guidance, and the protective mechanism 
has not been fully clarified. Previous reports have shown that poly-
peptides are beneficial in clinical treatment, but they still need to be 
further studied to obtain more details about the effectiveness of poly-
peptides and other mechanisms of action. At the same time, the large- 
scale screening, purification, and production of bioactive peptides still 
facing great challenges because amino acids and their order have certain 
effects on the activity of bioactive peptides. With the deepening of the 
bioactive of peptides and the gradual maturing production technology, 
the anti-aging function of bioactive peptides will have a great value in 
anti-aging. 
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