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Abstract
Background: The deterioration of the skin accentuates over time, affecting its aes-
thetic appearance. This is characterized by the weakening of the mechanisms in-
volved in the regeneration and repair of the dermal matrix. Consequently, the skin 
losses elasticity and smoothness resulting in the formation of wrinkles. The alterna-
tives for facial rejuvenation include surgery, injection of botulinum toxin, and the 
application of masks. Topic products are less invasive, can be self-applied, and have 
an increased benefit/risk relationship.
Aim: We developed a liquid formulation containing collagen hydrolyzed and evaluated 
the product by cutting-edge technology in order to define proper its quality attributes.
Methods: We employed nuclear magnetic resonance (NMR), size-exclusion chroma-
tography (SEC), and mass spectrometry (MS). Additionally, we analyzed its cosmetical 
effect in five volunteers and we demonstrate the product safety.
Results: Our results demonstrate the following: (a) a stable secondary structure iden-
tity associated to the known triple helix arrangement in liquid and solid states; (b) a 
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1  | INTRODUC TION

Advances in medicine have increased the global life expectancy at 
birth. The natural aging produces progressive loss of functionality of 
all organs and tissues, including the skin (the body's largest organ). In 
the face, aging produces wrinkles and expression lines, mainly in the 
forehead region, rictus, frown, and around the eyes.1 Several factors 
are involved in the aging process of the skin, which include exposure 
to the ultraviolet light and pollution, repetitive facial expressions, 
gravity, sleeping position, loss of subcutaneous support, tooth loss, 
and smoking.2 The mechanisms involved in skin aging include the fol-
lowing: (a) The oxidative stress, which has the greatest impact, caused 
by reactive oxygen species (ROS) produced by UV-radiation, xeno-
biotics, and environmental influences (pollution)3; (b) Mitochondrial 
DNA (mtDNA) mutations in genes encoding key enzymes in the respi-
ratory chain, thus disrupting oxidative phosphorylation and increas-
ing ROS4; (c) Telomere shortening that occurs during DNA replication 
and prevents aberrant cell proliferation in the skin could be affected 
by UV-radiation; and (d) Hormonal changes during menopause and 
andropause decline the level of testosterone, resulting in decreased 
elasticity, density, and collagen content of the skin.5

To date, there are several treatment options available for the 
rejuvenation of skin, being the most common: (a) Surgery, which 
despite presenting significant advances in the field, requires a long 
recovery period and still remains invasive and painful. Further, it can 
produce a temporary or permanent injury to the peripheral nerves 
resulting in negative functional and psychological consequences for 
patients.6 (b) Injection of botulinum toxin, where a broad spectrum 
of adverse effects may occur, from the lack of effect, local reactions 
in the site of injection, ptosis, or even deaths associated to allergic 
reactions.7 (c) Non-invasive mask-based treatments, performed with 
formulations containing complex mixtures of components (plasticiz-
ers, moisturizers, preservatives, surfactants, fragrances, and active 
substances) in the same application. Although the formulations are 
commonly safe, their beneficial effect on the skin is variable and 
commonly it is unclear which component is most important in the 
effect.8

The resistant solid state of tissues and joints is partially provided by 
collagen; thus, it is a common component of mask-based treatments. 
Collagen administration using liquid formulations requires its solubiliza-
tion since it naturally occurs in a fibrillar structure.9 The most effective 
treatment to solubilize collagen is achieved by chemical or enzymatic 
partial hydrolysis, a critical process that generates a distribution of colla-
gen fragments. The physicochemical characteristics of those fragments 
are key to obtain the desired physicochemical properties for its in-
tended use and to increase their preservation in the formulation. Thus, 
it is necessary to have an analytical platform capable to properly deter-
mine their distribution profile. Currently, there are advanced analytical 
methodologies suitable for this purpose such as mass spectrometry 
(MS), nuclear magnetic resonance (NMR), and size-exclusion chroma-
tography (SEC), which have been previously employed for establishing 
the quality attributes of collagen hydrolysates in liquid formulations.10

Furthermore, defining the physicochemical characteristics of the 
collagen-derived peptides allows the production of batches with hy-
poallergenicity, as is required for any cosmetic product.11

Herein, we report the development of a partially hydrolyzed colla-
gen in a liquid formulation to be employed as a mask for skin care. The 
quality of the mask was evaluated by cutting-edge technology, includ-
ing NMR (nuclear magnetic resonance), size-exclusion chromatography 
(SEC), and mass spectrometry (MS). The results allowed to define the 
physicochemical properties of the product as quality attributes. The 
safety of its formulation was tested on rabbits and healthy volunteers, 
and its effectiveness was demonstrated by applying the product to five 
healthy volunteers and evaluating the beneficial effect on the skin.

2  | MATERIAL S AND METHODS

2.1 | Materials

Colagenart Beauty Mask® was acquired from LEMAR SAPI de CV. 
Sodium chloride, and monobasic/dibasic sodium phosphate were 
acquired from J. T. Baker. Water, formic acid, and acetonitrile (MS 
grade) and dimethyl sulfoxide (DMSO) (analytical grade) were 

typical conformational flexibility depending on its hydration state; (c) thermal stabil-
ity confirmed by liquid- and solid-state nuclear magnetic resonance schemes; and (d) 
a molecular mass distribution of peptides between 0.5 and 19.5 kDa. The product 
faded wrinkles in the forehead, an effect that remained after removing the mask. The 
formula was non-irritating and hypoallergenic.
Conclusion: We characterized, using state-of-the-art methodologies, the quality at-
tributes that are critical for the safety and beneficial effect of a new collagen-con-
taining formula.

K E Y W O R D S
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skin aging
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acquired from Sigma-Aldrich. Deuterated water solution (99.98%) 
was acquired from Cambridge Isotope Laboratories, Inc.

2.2 | Quality attributes

2.2.1 | Appearance

The appearance was evaluated by visual inspection according to in-
ternational pharmacopoeias.12

2.2.2 | Structural properties and thermostability 
by NMR

Both liquid- and solid-state NMR (ls-NMR and ss-NMR) spectros-
copy were carried out in an NMR spectrometer at 14.1 T of magnetic 

field (equivalent to 600 MHz of proton frequency). CPMG acquisition 
parameters comprises a pseudo-2D experiment constructed with TD 
(F1) points equal to the number of t delays (26 points). T2 calculations 
were done with the program Bruker Biospin Dynamics Center®.

ls-NMR: Sample treatment and data acquisition were performed 
according to our previous study.10 The following set of NMR experi-
ments were conducted:

a. {1Hwater_presat NMR}: 1D single pulse NOESY was done as previ-
ously described.10

b. {1H-1H} short-range homonuclear correlation spectra with a 
water presaturation module [COSYwater_presat] NMR.10

c. the experimental details of {1H-13C} HMBC and 1H Carr-Purcell-
Meiboom-Gill (CPMG) pulse sequence are described in Appendix S1.

ss-NMR: About 5mL of Colagenart Beauty Mask® was dried in an 
opened Petri dish under a laminar flow cabinet during 24 hours, after 

F I G U R E  1   13C one-dimensional spectra of Colagenart Beauty Mask® in the liquid (red) and solid state (black) regimes. Solid-state NMR 
13C spectra comprise, respectively, a carbon direct excitation with 1H decoupling scheme (top) and {1H-13C} CPMAS experiment (middle), 
both at 10 kHz MAS. Carbon spin systems were assigned from {1H-13C} correlation spectra and reference in the solid state was done by 
matching the 13C resonance at 72.0 ppm with its liquid-state counterpart that corresponds to a sharp glycerol buffer signal (upper spectrum)
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that 60 mg of them were mixed with inert powder (KBr) as bulk agent 
and packed in a 4 mm ss-NMR zirconium rotor. All spectra were re-
corded on a Bruker 600 AVANCE NEO equipped with a 4 mm MAS 
double-resonance probehead.

Experimental details of standard 1H-one dimensional NMR, 
13C-direct irradiation, {1H-13C} Cross-polarization and 1H Carr-
Purcell-Meiboom-Gill spin-echo trains in the solid state are de-
scribed in the SI.

2.2.3 | Size distribution by SEC and MS

The size exclusion analysis was performed using ultraperformance 
liquid chromatography (SE-UPLC), and intact mass of Colagenart 
Beauty Mask® was determined on a Vion ESI-IMS-Q-TOF spec-
trometer (Waters®) coupled to an Acquity UPLC Class-I sys-
tem, as previously described for the characterization of collagen 
hydrolysates.10

F I G U R E  2   Proton spin-spin relaxation times (T2) of Colagenart Beauty Mask® in the liquid (left curves) and solid state (right curves) 
regimes of three assigned resonances: Phe aromatic proton signal at 7.13 ppm (top), Pro NH residual signals at 8.51 ppm (middle) and glycerol 
signal at 3.3 ppm (bottom). T2 values were obtained from the signal attenuation decay, fitted with the expression M(t) = M0[exp(−t/T2)], and 
calculated T2 values (in milliseconds) are highlighted at each decay curve
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2.3 | Safety test

2.3.1 | Skin and ocular irritability

The skin irritability and ocular irritability test was performed on six 
New Zealand rabbits of 2-3.5 kg, maintained under controlled con-
ditions at 16-26°C, and 40%-70% of relative humidity according to 
NOM-062-ZOO-1999.

The back area of each rabbit was shaved and divided into four 
quadrants, two as intact skin and two as abraded skin. About 
0.5 mL of Colagenart Beauty Mask® was applied on the designed 
areas and covered with a sterile gauze secured with adhesive tape. 
After 24 hours, the patches were removed. The skin reactions 
were observed and scored at 24 and 72 hours.13 About 0.1 mL of 
Colagenart Beauty Mask® was applied in one eye, keeping another 
eye untreated as control. Irritability was evaluated at 24, 48, and 
72 hours.

2.3.2 | Skin irritation and partial sensitization tests

Skin irritation test in humans was performed in ten volunteers who 
met the requirements established in NOM-039-SSA1-1993. The sam-
ple of Colagenart Beauty Mask® (0.3 mL) was applied in three areas 
on the lateral surface of the arm cleaned with 95% of ethanol, be-
tween the shoulder and elbow and removed after 24 hours. The skin 
irritation was evaluated between 48 and 72 hours post-application, 
as well as every seven days, while partial sensitization was assessed 
until day 28.

2.4 | Effectiveness

The test to evaluate the tensor effect in facial skin was performed in 
five volunteers (one male and four females between 35 and 55 years 
old). Before the application of Colagenart Beauty Mask®, the face, 

F I G U R E  3   1H one-dimensional spectra of Colagenart Beauty Mask® at different temperatures T: 25°C (black), 35°C (blue), 45°C (green), 
55°C (magenta), 65°C (red), and 75°C (brown) and with the following projection: (A) Full spectra with absolute signal intensity at the level of 
water and glycerol resonances; (B) Full spectra with absolute signal intensity at the level of amino acid resonances; (C) Expansion at the NH 
backbone and aromatic signals (9.0-7.7 ppm); and (D) Expansion at the protons’ side-chain resonances (3.8-0.5 ppm)
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neck, and neckline were cleaned with soap (pH 4.5-5.5), using dis-
posable cotton pads and physiological saline solution to remove the 
soap. The mask was applied using two fingers with circular move-
ments. After 8 minutes, the mask was removed with physiological 
saline solution.

3  | RESULTS AND DISCUSSION

3.1 | Quality attributes

3.1.1 | Appearance

The liquid formulation is free of visible particles containing a mixture of 
stabilized peptides in a citrate buffer solution with glycerol (10%), pH 
5.0, in congruence with previous studies that demonstrated solubility 
favoring at low pH.14 After its application on the face skin, this for-
mula changes from the liquid state to solid state. This change is owed 
to a modification of the environment of collagen peptides, resulting 
in structural rearrangements due to electrostatic and hydrophobic 
interactions between inter- and intra-molecular peptides.15 The pep-
tides are exposed to a hydrophobic environment by the generation of a 
thin film on the face skin, which increases the surface area, promoting 
the exposure of the hydrophobic continuous repeating amino acid se-
quence constituted by Gly-X-Y-, in where X (Pro) is mostly proline and Y 
is mostly trans-4-hydroxyproline (Hyp).16 Similarly as those sequences 
containing hydrophobic amino acids presented in collagen sequence, 
such as phenylalanine, valine, leucine, isoleucine, and methionine,17 
this hydrophobic environment is also promoted by water evapora-
tion contributing in structural changes that allow the formation of the 
mask, as was demonstrated by NMR.

3.1.2 | Structural properties by NMR

Previous magnetic resonance studies comprising collagen have aware 
that (a) secondary structure associated to a triple helix arrangement is 

F I G U R E  4   Peptide polydispertion distribution by size-exclusion 
chromatography. Molecular weight of Colagenart Beauty Mask® 
peptides (black) in the range 1.35-17 kDa according to the 
molecular weight standards (gray) thyroglobulin/gamma-globulin 
(>80 kDa), ovalbumin (44.2 kDa), equine myoglobin (17.0 kDa), and 
B12 vitamin (1.35 kDa)

TA B L E  1   Skin irritability tested in rabbits

Rabbit

Intact skin Abraded skin

24 h 72 h 24 h 72 h

Edema Erythema Edema Erythema Edema Erythema Edema Erythema

1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

2 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0

3 0 0 0 0 1 0 0 0

0 0 0 0 1 0 0 0

4 1 0 0 0 1 0 0 0

1 0 0 0 1 0 0 0

5 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0

6 1 0 0 0 1 0 0 0

0 0 0 0 1 0 0 0

ΣX 3 0 0 0 8 0 0 0

X 0.25 0 0 0 0.67 0 0 0

ΣX/n 0.06 0.17
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conservative, but rigid in dry samples and mobile as collagen's hydra-
tion is increased; (b) hydration level in collagen is intrinsically linked to 
its local backbone and side-chain dynamics,18 whereas an increase of 
hydration will promote faster local dynamics; (c) slowly diffusing and 
highly mobile water molecules are made up of H2O “bounded” moi-
eties, which pass through the collagen fibers, to be linked in turn to 
hydroxyl functional groups from Hyp residues; (d) said H2O-4-hydroxy-
Hyp interaction by hydrogen bridges19 promotes an important increase 
on the ensemble molecular mobility of collagen in the solid state.

The present study includes liquid and solid state analyses that 
reveal structural properties of collagen peptides contained in the 
Colagenart Beauty Mask® formulation with respect to our previous 
analysis in liquid state.10 Assignment strategy first comprised the ac-
quisition of {1H-1H} short-range intra-residual correlation spectrum 
(COSY) which showed Gly, Pro, Hyp, Phe, Ala, Arg, Asp, Glu, Val, Leu, 
and Ile spin systems (Figure SI.1). In turn, 13C resonances were assigned 
with the aid of {1H-13C} scalar long-range intra-residual HMBC correla-
tion spectrum in liquid state (Figure SI.2, Table SI.1). 13C NMR finger-
prints in the liquid state were compared with those corresponding to 
solid-state NMR studies.20 While 13C-MAS direct irradiation produced 
a spectrum with narrow signals corresponding to mobile glycerol ma-
trix, the 13C-CPMAS revealed a spectrum that roughly matches its liq-
uid-state counterpart (Figure 1). Deeper analysis of 13C stacked plots 
in both hydrated (liquid) and dehydrated (solid) collagen peptides re-
vealed that glycine's Cα frequency region (39.37-44.8 ppm Figure 1) 
is showed as a set of visible resonances in the solid-state, despite its 
dehydrated condition. These results confirm the approximately 30% 
of glycine as major content in collagen species18 and even, its rigid 
property mainly in the backbone regions with lack of water “bounded” 
moieties, in agreement with previous works in collagen fibrils.21

The hydration-dependent aggregation of collagen species from tri-
ple helix tropocollagen microfibrils, larger fibrils up to fibers, has been 

associated to the local dynamics of both water and collagen macromo-
lecular species and experimentally observed by both T2 transverse re-
laxation times and translational diffusions,22 with the following typical 
trend: Shorter T2 values are related to slower translational diffusion at 
different collagen aggregation states. The assigned resonances in liq-
uid state of Colagenart Beauty Mask® to Phe, Pro, and glycerol buffer 
showed a T2 values of 197 ± 1.1, 111 ± 1.0 and 118 ± 7.2 ms, respec-
tively; while in solid state the T2 values were 7.66 ± 0.42, 1.1 ± 0.24 and 
34.8 ± 0.25 ms, respectively (Figure 2). In the solid state, an expected 
order of magnitude of T2 decreased as a function of its change of the 
physical state associated to dehydration, mainly a fast T2 relaxation 
value of Pro moieties indicates the key role of these amino acids during 
gelation. Additionally, as the T2 value signal of glycerol buffer is slower 
with respect to Phe and Pro moieties of collagen, demonstrates that the 
excipients contained in the formulation do not participate in the faster 
translational dynamics of collagen peptides (Figure 2). Unlike, T2 relax-
ation values of Phe, Pro and glycerol citrate buffer solution showed the 
same order of magnitude in liquid state, suggesting a co-participation of 
glycerol in the stability of collagen in liquid formulation.

3.1.3 | Thermostability by NMR

In order to obtain site-specific information related to the thermostabil-
ity of the Colagenart Beauty Mask® liquid collagen formulation, a set 
of temperature-dependent proton NMR schemes were carried out.

The standard one dimensional 1H NMR spectra of Colagenart 
Beauty Mask® in the range 25-75°C with increments of 10°C re-
vealed a systematic shift of resonances of glycerol and side-chain 
residues of partially hydrated moieties (Figure 3D, 3.8-0.5 ppm). 
However, residual NH backbone resonances does not suffer a signif-
icant change (Figure 3C, 9.0-7.7 ppm), which showed a conservation 

F I G U R E  5   Exact mass analysis. Deconvoluted mass spectrum of the peptide distribution of Beauty Mask® shows a peptide distribution 
from 0.5 to 19.5 kDa
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of the secondary structure that shall confer stability in the present 
proposed liquid formulation (Figure 3).

3.1.4 | Size distribution by SEC and MS

According to SEC, the size distribution of a complex mixture of pep-
tides was found in the range 1.35-17 kDa (Figure 4). It was confirmed 
using a cutting-edge MS analytic technique, which showed a mass 
range 0.5-19.5 KDa (Figure 5). The size distribution determined by 
SEC is a routine analytical method used as release test to demon-
strate the consistency of the product between batches, similar as 
was done for oral collagen hydrolyzed.10

3.2 | Safety

Skin irritability results showed collagen mask product safety, it was 
based on the observed average score of 0.06 and 0.17 after 72 hours 
for intact and abraded skin, respectively (Table 1); where the mini-
mum grade is 0 which means no erythema or no edema and the maxi-
mum grade is 4 which means severe erythema or edema.23 Equally, 
the results obtained from ocular irritability showed non-positive re-
action for all of the observed times at 24, 48, and 72 hours (data not 
shown). These results reduce the uncertainty of an unexpected reac-
tion when the mask is used in humans, and also provide information 
to demonstrate product safety. It is well known that collagen is well 
tolerated when is used orally.24 Here, we demonstrated that also it is 
well tolerated when is used topically.

Mask safety results in healthy human volunteers showed to be 
hypoallergenic and non-irritating (Table SI.2). Equally, partial sensi-
tization results showed non-positive reaction for all of the observed 
times (data not shown)

3.3 | Effectiveness

The non-invasive treatment of the collagen mask for routinely use in 
the face skin care showed a high performance, since revealed an ef-
fective reduction of wrinkles and expression lines after 8 minutes of 
application in five volunteers. In all cases, Colagenart Beauty Mask® 
provided a tensor effect, a radiant and luminous appearance and im-
provement of the quality and softness of skin, similarly to another 
products which have shown an immediate positive effect and im-
provements in the appearance of fine and coarse wrinkles.25

4  | CONCLUSIONS

According to results of liquid- and solid-state NMR, SEC and MS re-
sults, Colagenart Beauty Mask® showed a set of physicochemical 
properties that support their quality attributes, which can be related 
to its appearance and formulation stability in liquid state. Further, 

the Colagenart Beauty Mask® effectiveness as a cosmetic product 
was demonstrated in volunteers, as an alternative to reduce the nat-
ural effects of skin aging in face, neck and neck line. In accordance 
with international guidelines for cosmetics, irritability and hypoal-
lergenicity tests demonstrated that Colagenart Beauty Mask® safe 
for its topical administration in healthy users.
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