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INJECTABLE COLLAGEN IN CORRECTION OF AGE-RELATED SKIN CHANGES:
EXPERIMENTAL AND CLINICAL PARALLELS
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To a large extent, age-related facial skin changes, wrinkles and flabbiness, are attributed to the structural alterations in dermis, including of collagen fibers
fragmentation and disorganization. There are various cosmetological correction methods that aim to activate neocollagenesis and dermal remodeling. From
this perspective, intradermal injections of exogenous collagen preparations seem logical. This study aimed to investigate the efficacy and safety of Collost 7%
collagen complex applied to correct the age-related facial skin changes, as well as clarify the possible mechanisms of skin rejuvenation resulting from a course of
intradermal injections. 35 participants entered the study, 30 of them finished it. A set of indicators describing age-related skin changes was assessed with the help
of clinical scales; the assessment revealed a pronounced improvement in the quality of the patients' skin, including smoothed relief in the area of localization of fine
wrinkles. The therapy resulted in a statistically significant improvement of the skin's elasticity, which, combined with the changes discovered through US scanning
(greater dermis thickness and echodensity), is an indirect indication of skin restructuring associated with accumulation of fibrous protein structures. These results
allow parallels with the experimental data that shows activation of neocollagenesis in the skin of laboratory animals after a course of Collost 7% gel. The research
revealed no serious adverse events. A course of collagen administered intradermally can be recommended as an aesthetic correction procedure, as well as means
of prevention of atrophy that has a significant effect on skin's appearance and health status.
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WHBEKLUMOHHbBIN KONNATEH B KOPPEKLIM BO3PACTHbIX UBMEHEHUIN KOXKMW:
OKCMNMEPUMEHTANbHO-KITMHUYECKUE MAPANNENN
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BogpacTHble 13MeHeHVIst nLa B BIAE MOPLLMH, APSGIOCTY KOXIN BO MHOMOM CBSI3aHbl CO CTPRYKTYPHbLIMU U3MEHEHUSMN AEPMbI, B TOM YiCAe C hparMeHTaumnei
1 OesopraHmnsalmer KoniareHoBbIX BOSIOKOH. PasnnyHble MeTombl KOCMETONOMMHYECKON KOPPEeKUMW HampaBfieHbl Ha akTUBU3ALMIO HeoKomniareHesa u
pemomenpoBaHvie aepMbl. C 3TOM TOYKN 3PEHUS JIOTUYHBIM BUOUTCS MPOBEAEHVE BHYTPUKOXHBIX MHBEKUMIA MPenapaToB 3K30reHHOro kosnnareHa. Llensto
neenefoBaHns Gbi1o 1dyunTb ahEKTVBHOCTL 1 6830MaCHOCTb MPYMEHEHUS KONareHOBOro kommnekca KomnocT 7% B KOPPEeKLN BO3PACTHbLIX U3MEHEHI
KOXM NVLA, & TakxKe YTOUHUTb BO3MOXHbIE MEXaHM3Mbl Pas3BuTUA dPdeEKTa OMOSIOXKEHNST KOXKM MOCNE Kypca BHYTPUKOXHbIX UHBEKUMIA. B nccnenosaque 6biin
BK/IOYeHbl 34 ydacTHMLI, 3aBeplumnn ero 30 ydacTHWL,. OLeHKa KOMMIeKca nokasaTenein Bo3pacTHbIX U3MEHEHUI KOXIN C MOMOLLBIO KITMHNHECKNX LKA
NMPOAEMOHCTPUPOBASIA BbIDXKEHHOE YryHLLIEH/E Ka4ecTBa KOXIM 1 padriaxviBaHve ee penbeda, 0Co6eHHO B 061acTy floKanmaaumm TOHKMX MOpLUVH. Mocne
3aBEPLUEHNS Kypca IeHeHVIst IOCTOBEPHO MOBbICUIACH 3IACTUYHOCTb KOXW SNLA, HYTO BKYME C U3MEHEHMSIMUA, BbISIBIEHHbIMY MpU Y 3-CKaHMpOBaHWM (MOBbILLEHE
TOMNLLMHBI AEPMbl U €€ aKyCTUYECKOMN MIIOTHOCTW), KOCBEHHO CBUAETENbCTBYET O CTPYKTYPHOM MEPECTPONKE KOXM C HAKOMIEHNEM GENKOBbIX BOOKHUCTbIX
CTPYKTYp. MonyyeHHble pesynsTaThbl NO3BOSIOT MPOBOAWTL Mapanien ¢ AaHHbIMY OKCMeprMEHTasbHbIX VCCNeA0BaHNiA, MOKasbiBaOLLMMM aKTUBM3aLMIO
HeokonnareHesa B KOXe 1abopaTopHbIX >XXMBOTHBIX MOCE KypCOBOro BBeAeHWs renist KonnocT 7%. CepbedHbix HexXenaTernbHbIX SBNeHW Mpy NpoBeaeHUn
1CCnefoBaHyvist He BbiSBNEHO. KypcoBOe BHYTPVIKOXKHOE BBELEHME KoslareHa MOXXHO PEKOMEHOBAaThb Kak MPOLEdypy 3CTETUHECKON KOPPEKLMM, a Takxe B
KavecTse NPOUNaKTUKI Pa3BUTUS aTPOUHECKIX MPOLIECCOB, KOTOPbIE CyLLIECTBEHHO CKa3blBalOTCS Ha BHELLHEM BUAE 1 300POBbE KOXW.
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In the body, skin is multifunctional: it is a barrier and thermal
regulator, immune defense forefront and producer of a wide
range of hormones. Lately, its social function has been drawing
much attention, since appearance of the face, its aesthetic
qualities and signs of diseases thereon, largely define the
person's "external' age. Youthfulness and attractiveness of
the face help people communicate, socialize and maintain the
desired level of social life, which, one way or another, affects
their quality of life and determines personal and professional
success [1]. Therefore, medical researchers continue to study
all the aspects of correction of age-related facial skin changes,
with a certain number of such efforts addressing the topics of
efficacy and safety of the products and methods developed.

Assessing external age, people primarily focus on how
noticeable facial wrinkles and skin folds are [2, 3]. The wrinkles
and folds depend on biomechanical properties of skin [4, 5],
which, in turn, are a reflection of the state of dermis' extracellular
matrix, or connective tissue layer.

Collagen is the basic protein of any connective tissue,
and half of its total amount resides in surface tissues, making
up about 70% of the skin proteins [6]. The main structural
components of the dermis are fiber-forming collagens of types
I 'and Illl. Their complex architectonics define skin's sturdiness,
elasticity, ability to repair [1, 5, 7, 8]. With age, collagen matrix
changes significantly. In part, the change is the results of the
predetermined normal ageing processes, but there are other
factors that speed up these processes, including diseases,
endocrine profile alterations, smoking, unhealthy nutritional
habits, UV radiation, pollutants found in the environment
[1, 9-12]. The studies conducted to date show that the content
of collagen in dermis decreases progressively as people age.
After 40, a woman loses approximately 20% of her skin's
collagen every 10 years [7]. Different research contain different
specific data [13-16], but the trend is the same: as people
age, proliferative and synthesizing functions of fibroblasts fade,
their pool diminishes, cells convert to an inactive "collapsed"
phenotype [17]. The quality of collagen fibers changes
together with the quantity: they become compacted due to the
development of additional covalent cross-links of polypeptide
chains. Such structures are more resistant to the action of
matrix metalloproteinases, which catabolize proteins and thus
incite their renewal. Randomly positioned fragmented collagen
fibers that lose focal contacts with fibroblasts accumulate in
extracellular matrix. Cells lose structural and functional contact
with the matrix and convert to an inactive phenotype [9, 12,
17-19]. Thus forms the vicious circle: the changes of the
skin's structure that draw the clinical picture of an "aged face"
consolidate. This thesis is confirmed by the fact that in systemic
scleroderma patients, whose skin is thicker and contains
a greater amount of collagen, age-related facial changes —
wrinkles, folds and enlarged pores — manifest themselves much
later [20].

The above justifies the need for further examination of
various cosmetic methods to restore the collagen framework
of dermis. Along with the aesthetic aspect, it is very important
to work on restoring the skin's reparative resource: as an
organized fiber network, collagen participates in regulation
of migration, proliferation, differentiation of cells and their
interaction [8, 21].

Topical retinoid preparations, laser irradiation and intradermal
injection of fillers (gels of stabilized hyaluronic acid, polylactic
acid, calcium hydroxyapatite particles) were proven to reliably
induce neocollagenesis [22-26]. The action mechanisms
of these means differ, but the result of their application is
the same: affected skin develops a dense fibrous collagen

network. The same purpose drives research of such methods
as intracutaneous injection of active peptides, microgranules
of polycaprolactone, implantation of polycaprolactone threads,
exposure to radio frequencies and microfocused ultrasound,
mechanical microperforation of skin, etc. Injecting the dermis
proper with collagen appears etiologically sound. Aesthetic
collagen therapy has been officially recognized about 40 years
ago: in 1981, FDA (Food and Drug Administration) registered
the first injection material based on this substance. Medical
products developed around cow skin collagen are safe and
show good biocompatibility [27]. The assumed pattern of
action of collagen materials administered intradermally includes
temporary hydration of dermis, optimization of the extracellular
matrix properties, and stimulating effect of short peptides
(matricins), a product of biodegradation of exogenous collagen
[8, 28, 29]. Via the biological feedback mechanism, protein
fragments accumulation per se stimulates synthesis of protein
de novo [30].

Collost 7% and Collost 15% collagen material in the form
of sterile gel products were developed and are produced in
Russia by BioPHARMAHOLDING; the gels find use in various
situations related to medical treatment, including cosmetological
procedures. The collagen for Collost is derived from cattle
hides; it is purified to remove the impurities without breaking the
native fibrous structure and corrupting properties of the protein.
The material is registered as an injectable medical product
(FSR 2008/02112 of February 26, 2016). In cosmetology,
Collost gels are prescribed to counter skin ageing and atrophy.
Intradermal injections of the material instantly eliminate the
soft tissue volume deficiency; administered as a course, it
guarantees lasting results [31, 32]. A test for hypersensitivity to
animal collagen is a mandatory measure before any procedures
involving Collost gels.

Metabolism and biochemical effects of a Collost 7% gel
implanted into the skin were detailed in the context of recent
experimental studies [21]. Laboratory animals (rats) were
injected with the material intradermally twice. Throughout
the entire observation period, which lasted 37 weeks, the
researchers noted constant growth of the levels of total
collagen and its soluble fraction. According to the researchers,
within the several few days after the injection (2 and 7™ days)
collagen level grows due to the presence of exogenous protein,
whereas after a considerable period of time (21t and 37"
days) the same trend signals of activation of neocollagenesis
in the skin. This hypothesis is also confirmed by the fact that
within the same timespans there was registered a significant
intensification of incorporation of radiomarked C14 amino acids
into the skin protein. Through the seven days of observation,
collagenalytic tissue activity was accelerating, which may be
the result of the foreign protein biodegradation. The discovered
processes suggest that exogenous collagen that has its native
structure preserved stimulates synthesis of the skin's native
protein while biodegrading.

One of the objectives of the prospective observational study
"Investigation of efficacy and safety of Collost 7% collagen
recovery complex applied to correct age-related skin changes"
was to clarify, applying non-invasive diagnostic methods, the
possible mechanisms of skin rejuvenation during and after a
course of intradermal injections.

PATIENTS AND METHODS
The study lasted from October 2017 to June 2018; it was

conducted at the Institute of Plastic Surgery and Cosmetology
and lzmerov Research Institute of Occupational Health. Thirty-
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four participants were screened for fitness to accept a course
of Collost injections, 30 were found fit.

Inclusion criteria: female; age 35-65 years; skin phototypes
I-IIl; signs of facial skin age-related changes; no chronic
diseases at the stage of decompensation; abstention from
any cosmetic procedures during the study. Exclusion criteria:
pregnancy; lactation; infection; dermatosis; malignant skin
neoplasms in the supposed correction zone; systemic
connective tissue diseases that damage skin and subcutaneous
tissue (systemic lupus erythematosus, ring granuloma, discoid
lupus erythematosus, scleroderma, dermatomyositis, etc.);
exacerbation or decompensation of chronic somatic diseases;
infectious, oncological diseases; coagulation disorders,
including iatrogenic caused by drugs taken; use of isotretinoin
within the previous 6 months; propensity hypertrophic and
keloid scars; use of antihistamines, glucocorticoids, NSAIDs,
immunosuppressants and other drugs that affect skin reactivity;
hypersensitivity to the components of the studied medical
product.

The participants were 36 to 64 years old, (average age —
48.50; 25" and 75" percentiles — 43.00 and 57.00 years),
Caucasian, with a body weight of 52-80 kg and body mass
index less than 30. To avoid skewing the clinical picture of facial
skin ageing, the participants maintained a stable body weight
(fluctuations of 2 kg max.) through the entire observation
period. No allergies were found in the histories of 93.33%
of participants; all of them had no allergic reaction to local
anesthetics. The majority of patients (24 people, 80.00%) were
non-smoking, all adhered to a mixed diet. The skin of 16.67%
of them was highly sensitive; the thickness and sensitivity of
skin of other participants was normal. The "average" participant
of this study could be described as follows: a woman about
50 years old with fair skin, photoaging picture fitting her age,
with signs of age-related deformational changes on her face
that are largely the result of progressing flabbiness, i. e.,
changes in the skin's biomechanical properties.

Following a detailed examination, the research program
included a description of the overall condition of facial
skin using 8 indicators (scored against the 5-point Gejnic,
Alexiades-Armenakas scale [33, 34]) calculated into an integral
skin condition indicator, as well as assessment of wrinkles
in 7 zones applying the 5-point MAS (Merz Aesthetic Scale)
validated grading scale [35].

The equipment-aided tests were:

« skin elasticity test (cutometry) on forehead, paraorbital
zone, cheek, the devices enabling the test were Multi Skin Test
Center MC-900 and Cutometer Dual MPA-580 (Courage +
Khazaka electronic GmbH; Germany);

» gpidermis and dermis thickness test, dermis acoustic
density test, implying ultrasound scanning of the equivalent
collateral patches of skin using DUB SkinScanner (Taberna
pro medicum; Germany) and DermaScan C-System (Cortex
Technology; Denmark) featuring 20-22 MHz sensors.

Both medical researchers and participants of the study
assessed the efficacy of cosmetological correction course. The
latter applied the universal Global Aesthetic Improvement Scale
(GAIS) [35].

Table 1. Skin quality indicators, screening and post-course (p < 0.05)

ORIGINAL RESEARCH | DERMATOLOGY

The results were documented using the LifeViz system
(QuantifiCare; France) that makes and enables analysis of 3D
images of the face.

To assess the safety of Collost intradermal injections, each
procedure was followed by registration of adverse events,
immediate and delayed, that could be connected to the
individual response to collagen material and/or injection itself.

The study design implied five visits, screening based on
inclusion and exclusion criteria, allergy testing as prescribed by
the Collost gel material leaflet. Allergy history of the participants
and the result of their allergy tests were scrutinized by an
immunologist.

The participants received intradermal injections of Collost
7% three times with an interval of 3 weeks between each.
To make the procedures comfortable, they had Acriol Pro
anesthetic cream applied to their skin 1 hour prior to injection.
The injected amount was 2 ml stored in prefilled syringes
that were preheated in a thermostat at 40 °C. The skin was
cleaned and disinfected with the help of 0.05% chlorhexidine
digluconate solution; Traumeel gel was applied to the patients'
facial skin at the end of each procedure. The participants
underwent full examination before the course, prior to each
procedure (evaluating the results of the previous ones) and 3
weeks after the course was over.

Statistica 6.0 (Statsoft; Russia) software was used to perform
statistical analysis; we used nonparametric methods. The data
are presented as medians (Me), 25" and 75" percentiles. The
two groups of dependent markers were compared through
the Wilcoxon test; the differences were considered statistically
significant at p < 0.05.

RESULTS
Safety profile analysis

During the study, all participants exhibited the expected local
reactions in the form of skin reddening, slight edemas, palpable
pimples at the injection sites. The reactions occurred after the
procedures and lasted several hours to several days. In spite
of the injection being considerably traumatic, in most cases
bleeding took form of petechiae (point hemorrhages), which
may be explained by the hemostatic properties of collagen.

Efficacy analysis

Statistical analysis showed a significant improvement of the
clinical and aesthetic properties of facial skin and face on
the whole. The integral indicator used to assess the changes
decreased significantly (p < 0.05; screening data compared to
data collected after the third procedure) (Table 1): the reduction
median was 24.26%. It should be explained here that the
integral indicator grows together with the level of contribution
of specific markers (wrinkles, folds, rough skin pattern,
telangiectasia, etc.) to the "aged face" picture. Thus, when this
indicator goes down, the face rejuvenates.

We have registered significant positive trend in the wrinkle
depth change (p < 0.05; screening data compared to data

Indicator Screening Post-course
Integral skin condition indicator, points 14 (10; 17)* 11.5(8; 13)
Wrinkle visibility (consolidated indicator, 7 zones), points 12 (11; 16) 8(7;11)

Note: * — this Table and Table 2 provide median values, brackets contain values of 25" and 75" percentiles.
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collected after the third procedure) (Table 1): the reduction
median reflecting the overall visibility of wrinkles on the MAS
scale was 28.57%. The detailed analysis of wrinkles in certain
zones showed that the most visible changes (skin relief
smoothening) occurred on the forehead, paraorbital areas
("crow's feet" wrinkles), lower eyelid and upper lip (Fig. 1).

Skin elasticity in 77% of participants has improved
significantly (Table 2): the indicator growth median was 30.90%
for forehead, 19.10% for paraorbital area and 15.75% for
cheeks. All changes are significant (p < 0.05; screening data
compared to data collected after the third procedure).

According to the results of the sonography, the following
indicators have improved significantly in all participants post-
course: there was an increase in epidermis thickness (by 30.7—
39.3%), dermis thickness (by 18.7-22.3%), dermis acoustic
density (by 28.7-44.5%, all or some zones of the face) (Table 2,
Fig. 2 and 3) (p < 0.05; screening data compared to data
collected after the third procedure).

All (100%) participants considered the COllost 7% gel
injection course to be effective. Applying the GAIS scale, half
of them called the result satisfactory and expressed a wish to
have it improved, while another half was fully satisfied with the
result (Fig. 4). From a medical doctor's point of view, a third
of participants had the result at the optimal level for them,
whereas the majority did not enjoy a full correction but only a
considerable improvement. In 2 participants, the improvement
was insignificant, an opinion shared by the participants
themselves and the medical researcher.

DISCUSSION

This clinical study confirmed the efficacy of Collost 7% as a
correction product for involutional skin changes. The study

-12%

employed non-invasive diagnostic methods exclusively, which
enabled thorough examination of all participants.

The criteria suggested by Gejnic et al, Alexiades-Armenakas
[33, 34] were used to assess the overall condition of skin,
including photodamage / photoaging symptoms (modified
assessment pattern). The integrated indicator combined
scores reflecting the state of micro- and macro-relief of the
skin, its color, texture, pigmentation, vascular pattern, elastosis
and keratosis. Post-course, the indicator has decreased
significantly; detailing the results, the visible changes at the
skin relief and color levels (wrinkle and folds reduction) should
be noted. Two patients with thin skin around eyelids saw the
blues spots under their eyes disappear, which was perceived
extremely positively by the patients themselves and their close
ones. Overall, the skin of most participants, acquired a pink hue
and a healthier look.

In the forehead, paraorbital and upper lip zones wrinkles
smoothed out the best. These zones have superficial wrinkles
associated with the dermal skin layer atrophy/alterations [36].
Restoration of the collagen framework of dermis enables
effective correction of skin relief in these areas. However,
correcting deep folds (e. g., nasolabial furrows) requires
intervention at the level of subcutaneous fat.

Most researchers see a connection between biomechanical
properties of the skin and quality of the dermis' fibrous collagen
framework. It is logical to assume that the significant skin
elasticity improvement registered in the participants may be
the result of neocollagenesis, generation of mature fibers with
intact structure and sufficient hydrophilicity. The other indirect
confirmations of the skin's restructurisation are the increased
thickness of dermis and growth of its acoustic density, which
were detected by ultrasound scanning. According to the earlier
research [37, 38], reduction of dermis thickness and acoustic

I h l

-22%
-36%

Paraorbital areas
M Nasolabial furrows

-33%
-42%
-49%
M Forehead M Intercilium
Lower eyelid M Upper lip

B Labiomental folds

Fig. 1. Wrinkle visibility change dynamics by face zones (screening data compared to post-course data)

Table 2. Structural and functional skin indicators, screening and post-course (p < 0.05)

Screening Post-course
Indicators Zones Zones

Forehead Paraorbital area Cheek Forehead Paraorbital area Cheek

Epidermis thickness 0.128 0.110 0.132 0.177 0.163 0.186
(US scan), mm (0.105; 0.158) (0.105; 0.133) (0.108; 0.158) | (0.151;0.192) (0.150; 0.184) (0.162; 0.199)

Dermis thickness 1.330 1.206 1.592 1.628 1.496 1.855
(US scan), mm (1.195; 1.531) (1.086; 1.376) (1.256; 1.869) | (1.411;1.790) (1.344; 1.672) (1.685; 2.094)

Dermis acoustic density 5.102 5.738 5.794 7.236 9.071 6.611
(US scan), c.u (3.741; 13.190) (8.778; 13.470) (2.877;11.906) | (5.672; 13.540) (6.026; 17.010) (4.739; 13.230)

Skin elasticity 52.63 55.08 55.06 66.75 65.65 63.25
(cutometry), c. u. (46.00; 61.45) (49.85; 62.65) (49.30; 62.00) | (56.03;93.39) (58.00; 74.16) (565.50; 61.50)
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density is an age-related phenomenon, associated with
diseases or steroid-induced atrophy that can be caused by
the decreasing content of structural fibrillar proteins. Thus, the
growing thickness and acoustic density reflect accumulation of
fibrous structures, restructuring of the skin [39, 40]. According
to our research, the manifestation of these changes was most
evident 3 weeks post-course, which allows a parallel with the
afore-mentioned experimental studies that registered the peak
of collagen content in the laboratory animals' skin 2-4 weeks
after the final Collost 7% injection.

[t should be noted that improvement of the skin's
biomechanical properties, the structural changes observed
after a course Collost 7% injections do not only enhance the
appearance but help to prevent the age-related changes
associated with atrophy and contribute to healing of the skin.

CONCLUSIONS

According to our study, the course of intradermal injections
of Collost 7% improves the aesthetic appearance of facial
skin, reliably normalizes its color, reduces visibility of wrinkles.
Moreover, the positive clinical dynamics occur against the
background of improving biomechanical properties of the
skin (better elasticity) and structural changes identified
by US scanning, which indirectly signal of the dermis

39.30%
36%

30.70%

22.30% 21.80%

18.70%

Epidermis thickness (mm)
Bl Forehead

Dermis thickness (mm)
[l Paraorbital area

ORIGINAL RESEARCH | DERMATOLOGY

Fig. 3. US scans of forehead skin: screening (A), post-course (B)

collagen framework remodeling process. Thus, Collost 7%
intradermal injections can be considered an effective and
safe method of aesthetic correction. Perhaps, the results of
this study will contribute to the development of etiologically
and pathogenetically substantiated protocols of combined
correction of age-related skin changes that would include
administration of HA, polylactic acids and high-energy methods.

44.50%
28.70%

I 35.80%

Dermis acoustic density (c. u.)
Cheek

Fig. 2. Dynamics of alteration of skin structure indicators, US scans (post-course median against screening data)

53%

40%

7%

Participants

M Insignificant improvement

B Significant improvement

60%

33%

7%

Doctors

Optimal result

Fig. 4. Injection course efficacy assessment, GAIS, applied by participants and medical researchers
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