
ABSTRACT

Argireline, a  peptide with the sequence: Ac-Glu-Glu-Met-
Gln-Arg-Arg-NH2, also known as Acetyl Hexapeptide-8, re-
duces facial lines and wrinkles by destabilization of the for-
mation of the SNARE complex (SNAP Receptor, soluble N–
ethylmaleimide sensitive factor (NSF) attachment protein 
receptor), thus preventing muscle contraction. It is a  bio-
safe cosmetic alternative to the botulinum toxin. The meth-
od of choice in bioactive peptide analysis is reversed-phase 
high performance liquid chromatography coupled with 
mass spectrometry (LC-MS). 

The aim of this work was to present the properties of Ar-
gireline and the  analysis of cosmetic products containing 
this peptide.

 Previous reports on possible Argireline transformations 
in cosmetic formulations have not confirmed deacetylation, 
whereas the oxidation of methionine residue was detected 
by our team. As the biological activity of the oxidized Ar-
gireline is not known, further biological studies, as well as 
efficient analytical procedures for transformation monitor-
ing and quality control in cosmetic products, are necessary.

Keywords: Argireline, anti-wrinkle activity, LC-MS, 
methionine oxidation

STRESZCZENIE

Argirelina, peptyd o sekwencji: Ac-Glu-Glu-Met-Gln-Arg-Ar-
g-NH2, znana także pod nazwą acetyloheksapeptyd-8, redu-
kuje zmarszczki mimiczne poprzez destabilizację powsta-
wania synaptycznego kompleksu SNARE (receptor SNAP, 
receptor białka wiążącego czynnik wrażliwy na N-etyloma-
leimid), co zapobiega skurczom mięśni. Argirelina jest więc 
bezpieczną alternatywą dla Botoksu. Najczęściej wykorzy-
stywaną metodą badania bioaktywnych peptydów jest wy-
sokosprawna chromatografia cieczowa w odwróconym ukła-
dzie faz, sprzężona ze spektrometrią mas (LC-MS). 

Celem pracy było przedstawienie właściwości Argireliny 
oraz wyników wykrywania tego peptydu w produktach ko-
smetycznych. 

Badania stabilności Argireliny w produktach kosmetycz-
nych nie wykazały deacetylacji jednak udało się wykryć 
utlenienie atomu siarki w reszcie metioniny. Nie jest zna-
na aktywność biologiczna utlenionej Argireliny, co sugeruje 
potrzebę przeprowadzenia badań biologicznych oraz opra-
cowania skutecznych metod monitorowania składu pro-
duktów kosmetycznych. 

Słowa kluczowe: Argirelina, efekt przeciwzmarszczkowy, 
LC-MS, utlenienie metioniny
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Chemical and biological properties  
of anti-wrinkle peptide Argireline

Argirelina – peptyd przeciwzmarszczkowy.  
Właściwości chemiczne i biologiczne

INTRODUCTION
A significant part of society recognizes a youthful, aesthet-
ically appealing face as a sign of health and prosperity. The 
methods to fulfill the dream range from facial surgery, Bot-

ulinum toxin and dermal filler injections to the topical cos-
metics application [1-3]. The procedure of choice depends 
on age, preferences and finances, with the level of invasive-
ness being one of the significant factors.
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Cosmeceuticals are defined as cosmetic products applied 
topically (creams, lotions, serums, and ointments), special-
ly designed to improve the appearance of aging skin. They 
are usually not tested nor approved as drugs that alter cel-
lular functions, but rather appear in the consumer arena 
based on theoretical benefits from in vitro studies of active 
ingredients. Specific regulations based on concentration 
of discussed components and activity claims differ among 
countries and organizations.

Peptides, short sequences of amino acids, have a  broad 
range of biological functions and are a  rapidly expanding 
category of cosmeceuticals with growing evidence support-
ing their beneficial use in the treatment of aging skin  [4]. 
Peptides are important in many natural processes relevant 
to skincare, such as the modulation of cell proliferation, in-
flammation, cell migration, melanogenesis, angiogenesis, 
and protein synthesis and regulation. In the United States 
alone there are more than 25 different peptides routinely ap-
plied in various skincare products and many more are under 
development by cosmetic companies worldwide. Several ex-
cellent review articles are available describing peptides used 
in cosmeceuticals [5-10]. Cosmeceutical peptides are usually 
categorized into three groups: signal peptides, neurotrans-
mitter-affecting peptides, and carrier peptides. Fig. 1 pres-
ents representative examples of each of these groups.

BIOLOGICAL ACTIVITY OF ARGIRELINE
The ingredients indicated as responsible for the wrin-
kle-free effect of cosmeceuticals include agents affecting 

general skin condition by rehydration, stimulation of col-
lagen production and increase of dermal thickness (for ex-
ample, retinoic acid, alpha-hydroxy acids, antioxidants, 
estrogens, and growth factors) whereas selected natural 
products and peptides (e.g. Argireline) influence muscle 
tone [11, 12].

The activity of Argireline, one of the neurotransmitter-af-
fecting peptides, is similar to botulinum toxin (Botox). Both 
of them function topically to relax muscles by inhibiting 
vesicle docking through prevention of the synaptosome-as-
sociated protein receptor (SNARE) complex formation [13]. 
Although properly administered Botox is safe, there are sys-
temic side effects and contraindications that have to be an-
alyzed before treatment [14]. The popularity of Botox is sig-
nificantly undermined by the fear of the needle, therefore 
a whole range of “botox-like needle-free” cosmetic products 
(creams, sera, fillers) has been developed. Their advantages 
include self-administered topical application, milder effects 
allowing prolonged use and a lack of side effects. 

Argireline is classified as a  neurotransmitter which in-
hibits the release of receptors (e.g. acetylcholine receptor) 
[14, 15]. The search for data on Argireline activity and ap-
plications is complicated by several names used to describe 
this peptide [16]. They include formal peptide names: L-Ar-
gininamide, N-Acetyl-L-Alpha-Glutamyl-L-Alpha-Glutamyl- 
-L-Methionyl-L-Glutaminyl-L-Arginyl- and Acetyl-Glu-Glu-
Met-Gln-Arg-Arg-amide, as well as [616204-22-9] (CAS sys-
tem), UNII L4EL31FWIL (Global Substance Registration 
System Unique Ingredient Identifier), acetyl hexapeptide-3 

Fig.	1 Selected examples of cosmeceutical peptides
Source:	Based on [5, 7]
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(WHO-DD) and acetyl hexapeptide-8 (INCI). In this text we 
use the common name Argireline to describe the peptide, 
although there is a product offered under this trade name 
by Lipotec, an aqueous solution containing 0.5 g/l of the 
powder (i.e., 0.05% aqueous solution; pure active peptide 
in solution estimated at ~0.56 mM) [17].

The amino acid sequence of Argireline comes from the 
N-terminal end (residues 1-12) of the synaptosome-asso-
ciated 25 kDa protein (SNAP-25) protein [14]. Argireline in-
hibits the formation of the soluble SNARE complex, which is 
made up of vesicle associated membrane protein (VAMP), 
syntaxin, and SNAP-25 protein [15, 18]. The SNAP-25 is nec-
essary for the successful release of acetylcholine vesicles 
(Fig. 2). The SNARE complex is responsible for the fusion of 
vesicles with the plasma membrane. The result of this pro-
cess is a  Ca2+-dependent neurotransmitter release. Argire-
line competes with SNAP-25 for a  position in the SNARE 
complex. The destabilization of SNARE complex stops the re-
lease of the neurotransmitters by the vesicle, consequently 
abrogating Ca2+-triggered exocytosis. Then the muscle con-
traction is attenuated and as a result the muscle is relaxed 
preventing formation of facial lines and wrinkles [15]. 

Fig.	2 Schematic representation of Argireline’s mode of action
Source:	Own study, based on [17]

Argireline is a  biosafe cosmetic alternative to reduce fa-
cial lines and wrinkles [15]. There are many reports confi rm-
ing the anti-wrinkle effects of Argireline [5, 6, 15, 19, 20]. In  
one of them 10 women used the oil/water (O/W) emulsion 
with 10% of Argireline twice a day for 30 days. The results 
of this experiment suggest that the applied product reduc-
es the depth of wrinkles by 30% [15]. In another study, a 2% 
solution of Argireline reduced wrinkles after just one week. 

The roughness and depth of wrinkles were also reduced [19]. 
A 27% reduction of wrinkles was observed in 10 women af-
ter application of a cream with 5% Argireline twice a day [5]. 
In the study by Ruiz et al. a group of 20 people tested an emul-
sion containing Argireline, with a  signifi cant reduction of 
wrinkles ranging between 41.83 and 78.25% [20]. 

According to U.S. National Library of Medicine (NLM) at 
the National Institutes of Health (NIH) Argireline activity 
was investigated in clinical trials [21]. Two trials were di-
rected at blepharospasm, a focal dystonia affecting primar-
ily the orbicularis oculi muscles. Argireline as a  competi-
tive SNAP-25 inhibitor is considered as a replacement for 
injectable botulinum neurotoxin used regularly in blephar-
ospasm treatment. Although the trial did not provide statis-
tically relevant signifi cance, the safety profi le and the trend 
for improvement suggest that Argireline may fi nd medical 
application [22]. 

It is worth knowing that the effect of Argireline on hu-
man cell proliferation was studied in several cell lines. The 
evident antiproliferative effect (67% inhibition) has been 
observed at 100 µM (90 µg/ml) concentration, whereas at 
a lower concentration no difference between Argireline and 
the control was observed. The cytotoxic activity against hu-
man skin fi broblasts was also detected only for relatively 
high concentrations after prolonged exposure [23]. 

There are also reports on trials directed at the application 
of topical Argireline in the treatment of periorbital wrinkles 
and cosmetic appearance of oily skin, as well as the wrin-
kle reduction potential of a  novel compounded skincare 
cream, containing, among other components, Argireline. 
The latest trial, conducted by Wayne State University, Mich-
igan, U.S., is to be completed in 2021 [21]. A thorough report 
on Argireline activities was published by the Expert Panel 
for Cosmetic Ingredient Safety [34].

SKIN PENETRATION
Active substances contained in cosmetics, e.g. peptides, 
must be delivered to the skin in a stable form and be capa-
ble of producing the desired biological effect in vivo. A sig-
nifi cant problem in transdermal deliveries is the barrier of 
the stratum corneum. Due to the skin barrier, the molecu-
lar weight of the peptides used should be less than 500 Da, 
so it is not surprising that the penetration of Argireline mol-
ecule (888 Da) into the skin is limited, although it depends 
on the composition of the formulation applied [23, 24, 28].

Hairless guinea pig skin and human cadaver skin were 
used in the study of the degree of skin penetration by Ar-
gireline. The results of the in vitro experiment showed that 
the Argireline penetrated into the skin and remained main-
ly in the stratum corneum (for hairless guinea pig skin it 
was 0.54%, for human skin 0.22% of the applied dose). The 
amount found in the epidermis was similar in both cases 
(0.01%). It has not been conclusively confi rmed whether 
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small amounts penetrating the epidermis are suffi cient to 
cause a physiological effect. In addition, the peptide was not 
detected in the dermis, and no Argireline metabolites were 
detected in any of the skin layers, neither in hairless guinea 
pig nor in human skin studies [26].

Wrinkles appear deep in the dermis, and anti-aging cos-
metics often poorly penetrate the stratum corneum, hence 
their limited activity. Therefore, professional cosmetic treat-
ments support the penetration of cosmetics by using addi-
tional methods - iontophoresis, microneedles, sonophore-
sis, thermal ablation, and radiofrequency ablation [27, 28].

ARGIRELINE ANALOGS – STRUCTURE-
-ACTIVITY RELATIONSHIPS
Structure-activity relationships (SARs) can be used to pre-
dict the physicochemical or biological properties of sub-
stances. Such information may be helpful in discovering 
which parts of the molecule are important in biological ac-
tivity. Unfortunately, there is very little literature describing 
structure-biological activity study of Argireline. In Fig. 3 Ar-
gireline analogs with various modifi cations are presented. 

An example of Argireline derivative is acetyl octapep-
tide-3 with the sequence: Ac-Glu-Glu-Met-Gln-Arg-Arg-
Ala-Asp-NH2. This peptide is more effective in wrinkle im-
provement than Argireline [29].

Argireline analogs modifi ed in position 6 of the pep-
tide chain have been the object of investigation of Krael-
ing and co-workers [26]. In this series of analogs, the Arg 
residue was replaced by the isotopically labeled amino 
acid: (13C6,15N4)Arg. These compounds were used as inter-
nal standards (IS) for quantitation of Argireline in cosmetic 
products by LC-MS. In our work we used another analog of 
Argireline: H-Asp-Glu-Met-Gln-Arg-Arg-NH2 as IS to moni-
tor oxidation during sample preparation [30].

To explain the interaction of copper(II) ions with Argire-
line, three of its derivatives have been described: H-Glu-
Ala-Met-Gln-Arg-Arg-NH2, H-Glu-Ala-His-Gln-Arg-Arg-
NH2 and H-Glu-Ala-Met-Gln-Ala-Arg-NH2 [31]. Among 
these analogs the most stable copper(II) complex was 
formed with H-Glu-Ala-His-Gln-Arg-Arg-NH2, in which the 
nitrogen atom from histidine imidazole is bound to a met-
al ion. Moreover, this study indicates that the acetylation of 
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Fig.	3 Structures of Argireline (A) and of its derivatives (B-K). B: Ac-Glu-Glu-Met-Gln-Arg-Arg-Ala-Asp-NH2, C: Ac-Glu-Glu-Met-Gln-Arg-(13C6,15N4)Arg-NH2, D: H-Glu-Glu-Met-Gln-Arg-(13C6,15N4)
Arg-NH2, E: H-Asp-Glu-Met-Gln-Arg-Arg-NH2, F: H-Glu-Ala-Met-Gln-Arg-Arg-NH2, G: H-Glu-Ala-Met-Gln-Ala-Arg-NH2, H: H-Glu-Ala-His-Gln-Arg-Arg-NH2, I: Ac-Glu(OMe)-Glu(OMe)-Met-Gln-
Arg-Arg-NH2, J: Ac-Glu(OMe)-Glu(OMe)-Met-Gln-Arg(Boc)2-Arg(Boc)2-NH2,K: Ac-Glu(OMe)-Glu(OMe)-Met-Gln-Arg(Ac)2-Arg(Ac)2-NH2. “N” represents isotope 15N; “C”: isotope 13C
Source:	Own study, structures based on sequences presented in: [26, 29, 30-32]
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the N-terminal amino group does not affect the structure of 
the complex formed.

In another study, new analogs of Argireline (Fig. 3, struc-
tures I, J, K) were analyzed for their abilities to permeate 
through skin and reduce winkles [32]. Chemical modifica-
tion of these compounds was carried out by increasing the 
lipophilicity and molecular weight of peptides. The results 
suggest that peptides: Ac-Glu(OMe)-Glu(OMe)-Met-Gln-
Arg(Ac)2-Arg(Ac)2-NH2 and Ac-Glu(OMe)-Glu(OMe)-Met-
Gln-Arg(Boc)2-Arg(Boc)2-NH2 may be an alternative for the 
treatment of wrinkles.

Finally, it should be pointed out that the structure-biolog-
ical activity studies of Argireline, especially concerning oth-
er biological activity, including toxicity, should be continued.

THE CONTENT OF ARGIRELINE  
IN COSMETIC PRODUCTS
Although there are numerous cosmetic products contain-
ing Argireline, the information on the actual amount of the 
peptide in the composition is difficult to establish. Among 
the 354 products reported in the FDA Voluntary Cosmetic 
Registration Program, the Argireline concentration range is 
0.000005-0.005% [33, 34]. The regulations require the ar-
ranging of major components of cosmetic product accord-
ing to diminishing content down to 1%, whereas the order 
of other components depends on the decision of the pro-
ducer. The examples presented in Table 1 include prepa-
rations used in clinical trials, described in patents or de-
clared by producers. The Expert Panel for Cosmetic Ingre-
dient Safety concluded that Argireline (listed in INCI as 
Acetyl Hexapeptide-8 Amide) is safe in cosmetics at con-
centrations up to 0.005% [34]. 

Table	1 The content of Argireline in selected cosmetic products

Product Argireline content Reference

as declared in 100 g  
of the product

HydroGold 9 
(patch)

0.01 mg/100mg 10 mg [35]

Argireline Solution 10% 
(The Ordinary)

10% * 5 mg [36]

Laser Rejuvenation 
restoring damage skin 
(cream)

0.0001 mL/1 mL ** [37]

Scinic Peptide  
Ampoule 95

1 ppm 0.1 mg [33]

Patent example
(Compounds which 
inhibit neuronal 
exocytosis)

0.005% 5 mg [38]

  * 10% Argireline® (0.05% peptide solution) 
** not enough data for recalculation
Source:	Own study

Recent recommendations on analysis of cosmetic in-
gredients do not include methods of peptide determina-
tion [39]. The number of scientific reports concerning pep-
tide analysis in cosmetic products is limited. In the case of 
Argireline, a systematic study based on hydrophilic interac-
tion liquid chromatography with tandem mass spectrom-
etry (HILIC–MS/MS) was conducted [40, 41]. The sample 
preparation involved extraction of a  test portion of a  cos-
metic product using a  mixture of acetonitrile, water, tri-
fluoroacetic acid, and formic acid (85:15:0.1:01, v:v), fol-
lowed by solid-phase extraction. Internal standards in the 
form of isotopically labeled peptides (Argireline and its 
deacetylated analog, Fig. 3, structures C and D, respective-
ly) were used for recovery studies and quantitative analysis. 
The highest detected concentration was 42.30 µg/g, which 
corresponds to 4.23 mg/100 g and is in the range of con-
centrations reported in Table 1. It is worth noting that the 
deacetylated form of Argireline was not detected. 

Relatively simple sample preparation procedure was used 
in Argireline permeability studies, when 0.1% aqueous for-
mic acid was used to fill the receptor chamber and to extract 
the strip tapes. The resulting solutions were analyzed by LC-
MS/MS [28]. Argireline was used as an internal standard in 
the development of the analytical LC-MS/MS procedure for 
SNAP-8 peptide (Fig. 3, structure B) determination in biode-
gradable microneedle patches. The sample preparation con-
sisted of extraction with water and filtration, due to the rela-
tively simple matrix of microneedle load [29].

ARGIRELINE TRANSFORMATIONS – OXIDATION
So far, deacetylation is the only degradation reaction that 
has been studied in commercially available Argireline-con-

taining cosmetics [40]. However, there is a  methi-
onine residue in Argireline sequence, which is prone 
to oxidation. It can undergo oxidation under mild 
conditions, therefore we wanted to analyze if and to 
what extent it oxidizes during storage [30]. The iden-
tification of the oxidized Argireline by mass spec-
trometry is facilitated by a characteristic neutral loss 
of CH3SOH observed during collision-induced disso-
ciation (CID) (Fig. 4) [42].

Therefore, in our study we tried to develop a sim-
pler and more cost-efficient method for analyzing 
Argireline and its possible oxidation products with-
out isotopically labelled standards [30]. To perform 
a  quantitative analysis we spiked the samples with 
a  peptide analog of Argireline H-Asp-Glu-Gln-Met-
Arg-Arg-NH2 (Fig. 3, structure E) as an internal stan-
dard. The glutamic acid of Argireline was exchanged 
for aspartic acid in the analog to introduce a  mass 
difference, while retaining similar ionization effi-
ciency. The acetyl group was removed to increase the 
hydrophilicity of the peptide and thus shorten its re-
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Fig.	4. Mass spectra (top panels) and collision-induced dissociation spectra (bottom panels) of Argireline (445.2185 m/z) and its oxidized form (453.2145 m/z) (Shimadzu IT-TOF mass spectrometer) 
Source:	experimental data from authors’ research

Fig.	5 LC-MS chromatograms of synthetic Argireline (top panel) and selected sera (Products 1-4). Gray line represents total ion current, blue and red lines represent Argireline and oxidized 
Argireline, respectively (these traces were magnified 3 times for increased visibility).
LC-MS conditions: Shimadzu Nexera and IT-TOF instruments, Aeris Peptide XB-C18 column (50×2.1 mm, 3.6 µm, Phenomenex), 5-80% gradient of acetonitrile in water, 0.1% HCOOH.  
Detailed procedures are described in [30]
Source:	Experimental data from authors’ research
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tention time in RP-HPLC. The peptide still contained a me-
thionine residue, and was used as an oxidation probe.

Preparing the sample for analysis by liquid chromatog-
raphy and mass spectrometry (LC-MS) is a major issue, due 
to a complex matrix of cosmetic products, which contains 
many MS-incompatible species, such as fatty acids, emul-
sifiers and preservatives (Table 2) [30]. Moreover, the for-
mulation of the cosmetics is designed to prevent the disso-
lution and separation of phases, which makes it difficult to 
extract peptides from the products. Therefore, we have de-
veloped a sample preparation protocol in which an aliquot 
of the sample was suspended in a mixture of 5% aqueous 
trifluoroacetic acid and extracted with α,α,α-trifluorotolu-
ene. The mixture was then sonicated for 3 hours and centri-
fuged to facilitate layer separation. The upper aqueous lay-
er was then collected and lyophilized, and the residue was 
dissolved in water for LC-MS analysis [30].

Table	2 Key ingredients present in tested cosmetics (in alphabetical order)

Cosmetic 
product

Ingredients

Cream 

Aqua, Argireline, Butylene Glycol, Butyrospermum Parkii 
Butter, C12-15 Alkyl Benzoate, Caprylic/Capric Triglyceri-
de, Caprylyl Glycol, Carbomer, Centella Asiatica Leaf Extract, 
Ceramide NG, Cetearyl Alcohol, Chlorhexidine Digluconate 
Dextran, Citric Acid, Dimethicone, Dipeptide Diaminobuty-
royl Benzylamide Diacetate, Disodium Oleate, Glycerin, Gly-
cine Soja Oil, Heptapeptide-7, Hydrogenated Lecithin, Hy-
droxypropyl Cyclodextrin, Lactic Acid, Leuconostoc/Radish 
Root Ferment Filtrate, Magnesium PCA, N-Prolyl Palmitoyl 
Tripeptide-56 Acetate, Oligopeptide-68, Olus Oil, Palmitoyl 
Hexapeptide-12, Palmitoyl Tripeptide-1, Palmitoyl Tripepti-
de-38, Palmitoyl Tripeptide-8, Panthenol, Parfum (Fragran-
ce), Peg-10 Phytosterol, Pentylene Glycol, Persea Gratissima 
Oil, Phenoxyethanol, Polysorbate 20, Potassium Sorbate, Pro-
panediol, Snail Secretion Filtrate, Sodium Benzoate, Sodium 
Citrate, Sodium Lactate, Spilanthes Acmella Flower Extract, 
Steareth-20, Tetrapeptide-4, Tocopherol, Tocopheryl Acetate, 
Triethanolamine, Undaria Pinnatifida Cell Culture Extract, 
Xanthan Gum

Serum 
Aqua, Argireline, Caprylyl Glycol, Ethylhexyl Glycerin, Glyce-
rin, Lecithin, Phenoxyethanol, Ubiquinone

Source:	Analysis based on information presented in supporting information to [30]

Both Argireline and its oxidized form were detected in 
the LC-MS chromatograms (Fig. 5), as the oxidation produc-
es both a characteristic mass difference in the mass spec-
tra, and a characteristic neutral loss of in CID fragmenta-
tion spectra (Fig. 4). Since some oxidation was detected in 
the reference peptide as a result of the sample preparation 
protocol, the procedure was modified to minimize this ef-
fect. Omitting the sample evaporation step was the key dif-
ference and resulted in a negligible oxidation of the internal 
standard. However, Argireline was still oxidized to a  high 
degree. Depending on the sample, the oxidation was often 
complete [30]. The process mentioned may be a  result of 
not only the air oxygen but also the presence of some ingre-

dients present in the cream formulation playing the role of 
oxidants. 

To prepare a skincare product presenting the desired ef-
fect, different substances with determined cosmetic acti vity 
are added to the cream or serum formulation, as well as var-
ious stabilizers and preservatives (Table 2) [43, 44]. The dy-
namic development of analytical method makes it possible 
to quickly identify decomposition products [45, 46]. Detec-
tion and characterization of any modification of the amino- 
-acid side chain or backbone level are crucial for both regu-
latory compliance and the reliability of the cosmeceutical 
potency assessment. Due to the inherent reactivity of pep-
tides and proteins, various spontaneous chemi cal chang-
es may occur. The stability of cosmetic formulations con-
taining Argireline was tested by Ruiz and co-workers [20]. 
It was found that Argireline is stable during storage at 25 
ºC, however, a significant decrease to 59% and to 41% was 
observed after heating for 24 hours at 40ºC or 60ºC, re-
spectively. These results clearly show that higher tempera-
ture is a  factor which should be taken into consideration 
in an effort to improve the stability of an active ingredi-
ent during storage and heating if the process of formula-
tion requires such conditions. Thermal or proteolytic sta-
bility of peptides are not the only factors that determine the 
active peptide ingredient stability and activity [47, 48]. Pep-
tides, especially those containing methionine residue may 
be oxidized. Previously we found that Argireline, due to the 
presence of methionine residue, undergoes such oxidation, 
which may be caused by the air oxidation but also by the 
presence of some ingredients in the cream formulation act-
ing as oxidants [30]. 

THE PROBLEM OF OXIDATION  
IN BIOACTIVE PEPTIDES
The analytical characterization of some bioactive pep-
tides has revealed the presence of contaminants that main-
ly arise from oxidation- and elimination-prone amino acid 
side chains. Oxidation processes may occur during produc-
tion, purification, and storage, leading to the conversion of 
oxidation-prone residues to the corresponding oxidized 
species, and to substantial alteration of biological activi-
ty [49]. Among the 20 natural amino acids, the sulfur-con-
taining Met and Cys, as well as the aromatic His, Trp, Tyr, 
and Phe contain the most oxidation-prone side chains [50]. 
Methionine (Met) oxidation in different biotherapeutics 
has been detected and quantified by applying LC-MS anal-
ysis  [51]. Met oxidation to sulfoxides or sulfones has been 
correlated with several adverse effects, including loss of 
function, decrease of stability or increase in aggregation 
tendency. Oxidation of Met8 in parathyroid hormone (PTH) 
causes a large suppression of the hormone activity and may 
also result in the specific hydrolysis of the peptide bond be-
tween Met8 and His9 [52, 53]. In case of cyclolinopeptides, 
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Met oxidation is responsible for the development of the bit-
ter off-taste in stored flaxseed oil [54]. The oxidative degra-
dation of methionine containing cyclolinopeptides may be 
related to the initial amounts of dissolved oxygen in the oil. 
According to Przybylski and Eskin the usual content of dis-
solved oxygen in edible oil is sufficient to provide a perox-
ide value of 10 meq/kg [55]. Many other examples of the in-
fluence of oxidation on biological activity of peptides and 
proteins are described in recent reviews [14, 49, 56].

CONCLUSIONS
Argireline (also known as Acetyl Hexapeptide-8) is a  bio-
safe cosmetic alternative to botulinum toxin which reduc-
es facial lines and wrinkles. Using an anti-wrinkle cream is 
a potentially less invasive, but short-term alternative to oth-
er non-invasive treatments such as chemical peels or laser 
treatments. The only downside to these topical remedies is 
that they must be used daily. There are many reports con-
firming the anti-wrinkle effects of Argireline. This peptide 
is safe in cosmetics at concentrations up to 0.005%. Higher 
concentrations and prolonged use of Argireline require fur-
ther studies to ascertain its safety. The stability of Argireline 
in cosmetic formulation was studied. Whereas the deacetyl-
ated form was not detected, we managed to identify the oxi-
dized form of this peptide in creams and sera by LC-MS. Due 
to the presence of methionine residue, Argireline may un-
dergo such oxidation, caused by the air or by some ingredi-
ents in the cream formulation acting as oxidants.

The biological activity of the oxidized Argireline has nev-
er been studied, therefore its impact on the effect of cosme-
ceuticals is unknown. This highlights the need to develop 
efficient analytical procedures for transformation monitor-
ing and quality control in cosmetic products.
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