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INTRODUCTION AND PURPOSE

The purpose of this study was to evaluate the implinjection mode on the anti-ageing
efficacy of mixture of hyaluronic acid and multiamins injected using the Biophymed
U225 mesotherapy gfinn the rapid-pulse mode.

Study was carried out on an experimental human skidel in which aging was induced
by ultraviolet (UV) irradiation. Evaluation was leason immunohistochemical techniques
(mitotic index), histological examination (visuation of collagen and elastic fibres in the
dermis) and biochemical assay with stimulationalfagen synthesis by fibroblasts.

MATERIAL AND METHODS

1) Experimental photo-aging and injection a mixtur e of hyaluronic acid and
multivitamins

Specimens of normal skin were collected from 5 denduring the immediate post-
operative period. Specimens were immediately edlizo construct an experimental
photo-aging model (oxidative stress) in which wlnéet (UV) A (8 J/cn?) andUV B (2
J/cn®) irradiation was performed in a single sessionntiuce a reduction in fibroblast
metabolism and alterations of macromolecules imeotive tissue.

After constructing the model of aged skin, a migtwontaining hyaluronic acid and
multivitamins was injected into the skin using tB®phymed U225 mesotherapy dun
either in the normal single-pulse mode (point-byapd pulses per cfh or rapid-pulse

mode (high frequency with 8 to 9 pulses per seé¢andB00 pulses per é&n Control tests

were performed using saline solution injected ia thpid-pulse mode. The following
experimental conditions were compared :

Biophymed — Calle San Marcial, 26 — 20005 San Seb astian — Espafia — C.I.F.: B20908059
Tel. : +34 943 46 10 52 — Fax : +34 943 46 42 59

biophymed@biophymed.eu
2




Pitié-Salpétriere Hospital (paris)

GREDECO
Groupe de Recherche et d'Evaluation en Dermatologie et Cosmétologie

> untreated skin

> skin + UV (control skin)

> skin + UV + injection of mixture of hyaluronic acahd multivitamins in single-
pulse mode

» skin + UV + injection of mixture of hyaluronic acahd multivitamins in rapid-
pulse mode

> skin + UV + injection of mixture of hyaluronic acahd multivitamins in single-
pulse followed by rapid-pulse mode

> skin + UV + injection of saline solution in rapiddge mode.

2) Maintenance of human skin in survival

Immediately after injection, skin specimens werpasited on inserts placed over culture
wells. Culture medium designed to maintain humaim sk survival was added to the
bottom of the wells by slow diffusion through a pas membrane (12 um) between two
compartments. The medium was changed 3 times pek.we

Skin samples were collected on experimental dayr 8iétermination of mitotic index and
on experimental day 14 for analysis of collagen agldstic fibres content and
measurement of collagen synthesis.

3) Assessment techniques
Alterations in epidermis on experimental day 3

a) Histological deter mination of mitotic index

Epithelial cell replication on day 3 was evaluabgdimmunohistochemical analysis using
anti-Ki67 antibodies (markers of antigens expreshethg the M, S, G1 and G2 phases of
cell cycle). Immunodetection was achieved using amdirect three-layer
immunoperoxidase technique amplified (DAKO kit) amsdealed with AEC (3-amino-9-
ethyl-carbazole) substrate.

Marked cell count was determined and expressedpascantage of Ki67-positive cells in
relation to basal cell count (between 150 and 208)c
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Alterations in epidermis on experimental day 14

a) Histological determination of eastic fibres content by computer -assisted image
analysis

Elastic fibres were revealed by (+)-catechine stgiland quantified morphometrically
using computer-assisted image analysis. The maaemeof total area occupied by the
elastic network was determined at the superfi@aius and middle-dermis levels.

b) Histological determination of collagen content by computer-assisted image
analysis

Collagen was revealed by Sirius red staining andntfied morphometrically using
computer-assisted image analysis. The percentagabfsuperficial- and middle-dermis
area occupied by collagen was determined.

c) Determination of total collagen content by biochemical assay

At the end of the experiment, skin specimens werargd up to allow evaluation of
collagen content (ng/ml) using a spectrocolorincedissay (Sircol Collagen Assay,
Interchim).

To allow comparison of data, collagen content wgsessed in relation to total protein
content in the specimen. Protein content was datedvspectrophotometrically at 562 nm
(BCA Assay, Pierce). Results were expressed infiegltagen/mg of protein.

4) Statistical analysis

Data obtained from treated specimens and specithahsnderwent only UV photo-aging
were compared.

Mean values were calculated using data obtained &ib5 skin specimens. Statistical
analysis was performed using the Student test datad for standard deviation or test for
paired samples with a significance legebf 5%.
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RESULTS

1) Immunohistochemical assessment of epithelial cel | replication

Data are presented Trable | andFigures 1to 6.

Epithelial cell replication was significantly highafter experimental UV photo-aging only
(control skin) as compared to untreated skin: 3v@¥sus 0.7% (p = 0.007). This finding
suggests an immediate restorative reaction.

In comparison with control skin, a significant iease in epithelial cell replication was
observed after injection of mixture of hyaluronicich and multivitaminseither in the
single-pulse mode (12,65%, p = 0,016) or in thelshpulse mode followed by rapid-
pulse mode (8,45%, p = 0,028).

Injection of saline solution in the rapid-pulse radthd no effect on the replication rate.

2) Histological determination of elastic fibres con tent by computer-assisted
image analysis

Data are listed imablell. Figures 7 to 12 present data obtained at the superficial-dermis
level andfigures 13 to 18 present data obtained at the middle-dermis level.

After experimental photo-aging only, a slight trefod lower elastic fibres content was
observed with mean elastic fibres values of 2.28%he superficial-dermis and 7.5% in
the middle-dermis (p=0.03) versus 5.25% and 7.58paetively in untreated skin.

At the superficial-dermis level, injection of mix&uof hyaluronic acid and multivitamins

in the single-pulse mode followed by the rapid-puisode led to a significant increase in
the percentage of elastic fibres in comparison wahtrol skin submitted to UV photo-

aging only: 4.9% versus 2.23% (p = 0.02). Injatiio the single-pulse mode followed by
the rapid-pulse mode led to a significantly greapieantity of elastic fibres than injection
by the single-pulse mode alone (2.9%; p=0.049).
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Similar results were observed at the middle-derieigel. Injection of mixture of
hyaluronic acid and multivitamina the single-pulse mode followed by the rapid-puls
mode led to a significant increase in the percentaigelastic fibres in comparison with
control specimens (UV only): 6.6% versus 3.9% (@G3).

Injection in the single-pulse mode followed by thapid-pulse mode also led to
significantly higher elastic fibres content thanpestion in the single-pulse mode alone
(5.5%; p = 0.02) or in the rapid-pulse mode alagh&%; p = 0.0035).

Injection of saline solution in the rapid-pulse radthd no effect on elastic fibres content.

3) Histological determination of elastic fibre cont ent by computer-assisted
image analysis

Data are listed iable Ill. Figures 19 to 24 present data from donor n° 4.

Collagen content in both the superficial-dermis amddle-dermis decreased significantly
(p = 0.012) after UV photo-aging in our experiméntaodel: 60% versus 78.35% in
untreated skin specimens.

Injection of of mixture of hyaluronic acid and muitaminshad a significant restorative

effect on elastic fibres content in experimentatyed skin: 78% after injection in the
rapid-pulse mode (p=0,045), 78.3 % after injectiothe single-pulse mode (p=0.048) and
75.94 % after injection in the single-pulse folla®y the rapid-pulse mode (p=0.027).

Injection of saline solution in the rapid-pulse raduad no effect on collagen content in
the dermis.
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4) Biochemical assay of collagen content
Data are presented irable IV.

A statistically significant decrease in collagemtsyesis was observed after UV photo-
aging in our experimental model: 198.1 ug/mg oft@roin control (UV only) versus
235.9ug/mg in untreated skin (p=0.016).

Injection of mixture of hyaluronic acid and multaminsled to an increase in collagen
synthesis in comparison with control skin specim@ig only) but the difference was not
significant thanks to standard deviations. Injactio the single-pulse mode followed by
the rapid-pulse mode had the greatest restoratifecteon collagen synthesis:
249.3 pg/mg. Injection in the rapid-pulse mode alalso led to an increase: 210 pg/mg.

Injection of mixture of hyaluronic acid and multaamins in the single-pulse mode and of
saline solution in the rapid-pulse mode had nocefé@ collagen synthesis.

CONCLUSION

The experimental model presented herein, using hustan maintained in survival
provided both visual and quantitative evidence tmection using the Biophymed
mesotherapy gun in the rapid-pulse (high frequenogile increases the anti-aging effect
of mixture of hyaluronic acid and multivitamins. 8lenhancement of the anti-aging effect
associated with gun injection was documented imgeof a significant increase in the
mitotic index in the epithelium (indicative of cettgeneration) and in collagen content
(indicative of dermal reconstruction).

Paris, July 24, 2006
Dr S. Boisnic MC Branchet

The accuracy of unsigned manuscript has been certified by the authors.
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Table | :

Immunohistochemical determination of cell replicati on
(% of epithelial cells labeled by anti-Ki67 antibodies)

%

Untreated skin 0,7+0,9

. , 3,926
Skin + UV (control skin) “p = 0,007
Skin + UV + injection of mixture of hyaluronic acid 6.1+33
and multivitamingn rapid-pulse mode T
Skin + UV+ injection of mixture of hyaluronic acid 12,65 8,5
and multivitaminsn single-pulse mode #p=0,016
Skin + UV + injection of mixture of hyaluronic acid 845428
and muIt|V|tam|_nsn single-pulse mode #’p = 0,028
followed by rapid-pulse mode
Sklp + UV + injection of saline solution in 4.6+33
rapid-pulse mode

* : statistically significant difference with untredtskin (Student test for paired data, p
< 0.05)

# . statistically significant difference with contrekin submitted to photo-aging only
(Student test for paired data, p < 0.05)
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Table Il :

Quantification of percentage of elastic fibresin s uperficial-dermis and
middle-dermis by computer-assisted image analysis

% in surface % in medium
derm derm

Untreated skin 5,25+26 75+33

. . 223+14 3,9+0,65
Skin + UV (control skin) *p=0,02 b= 0,03
Sk_ln + UV + mjgcthn pf mlx_ture of hyaluronic 31+15 41419
acid and multivitamingn rapid-pulse mode
Skin + UV+ mpcponpf mixture of hyaluronic acid 29+15 55 +2,95
and multivitamingn single-pulse mode
SKI(;] + L(jv +I|rlj§ct|qn pf mlxture of hyaluronic 494236 6.6+25
acid and multivitamingn single-pulse mode #p=0,04 #p=004
followed by rapid-pulse mode
Skln + UV + injection of saline solution in 2 86+12 4.4+15
rapid-pulse mode

* . statistically significant difference with untredtskin (Student test for paired data, p < 0.05)

# . statistically significant difference with contrskin submitted to photo-aging only (Student
test for paired data, p < 0.05)
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Table 11l :

Quantification of percentage of collagen content in dermis by
computer assisted image analysis

%

Untreated skin 78,357

. , 60 + 14,35
Skin + UV (control skin) “p=0012
Skin + UV + injection of mixture of hyaluronic acid 78 £6,9
and multivitamingn rapid-pulse mode #p=0,045
Skin + UV + injection of mixture of hyaluronic acid 78,353
and multivitamingn single-pulse mode #p =0,048
Skin + UV + injection of mixture of hyaluronic acid
and multivitaminsin single-pulse mode followed 75,94 = 74

_ single-pulse mode follow #p = 0027

by rapid-pulse mode
Skirl + UV + injection of saline solution in 66,1 +9,6
rapid-pulse mode

* : statistically significant difference with untredtskin (Student test for paired data, p
< 0.05)

# : statistically significant difference with contrekin submitted to photo-aging only
(Student test for paired data, p < 0.05)
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Table IV :

Collagen assay (pg/mg of protein)

Hg/mg
Untreated skin 235,9 £121,9
Skin + UV (control skin) 1?3':15011%5
Skjn +UV + ipjfectio_n_of mix_ture of hyaluronic 210 +107.1
acid and multivitamingn rapid-pulse mode
Skin + UV + injection of mixture of hyaluronic 187,55 + 935

acid and multivitamingn single-pulse mode

Skin + UV + injection of mixture of hyaluronic
acid and multivitaminsn single-pulse mode 249,3 +136,1
followed by rapid-pulse mode

Skin + UV + injection of saline solution in

+95,1
rapid-pulse mode 189,3

* . statistically significant difference with untredtskin (Student test for paired data, p
< 0.05)
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Figure 1 :

Immunohistochemical determination of mitotic index
in epidermis using Ki67 antibodies

Untreated skin
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Figure 2 :

Immunohistochemical determination of mitotic index
in epidermis using Ki67 antibodies

Skin + UV (control skin)
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Figure 3 :

Immunohistochemical determination of mitotic index
in epidermis using Ki67 antibodies

Skin + UV +mixture of hyaluronic acid and multivitamins
injectedin rapid-pulse mode
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Figure 4 :

Immunohistochemical determination of mitotic indexepidermis
using Ki67 antibodies

Skin + UV + mixture of hyaluronic acid and multivitamins
injectedsingle-pulse mode
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Figure 5 :
Immunohistochemical determination of mitotic indexepidermis
using Ki67 antibodies

Skin + UV + mixture of hyaluronic acid and multivitamins
injectedsingle-pulse mode followed by rapid-pulse mode
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Figure 6 :

Immunohistochemical determination of mitotic indexepidermis
using Ki67 antibodies

Skin + UV + saline solution injected irapid-pulse mode
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Figure 7 :

Histological determination of elastic fibres
in epidermis using (+)-catechine

Untreated skin
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Figure 8 :

Histological determination of elastic fibres
in epidermis using (+)-catechine:
decrease in extent of network

Skin + UV
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Figure 9 :

Histological determination of elastic fibres in @pimis using (+)-catechine:
restoration of network

Skin+ UV + mixture of hyaluronic acid and multivitamins
injectedin rapid-pulse mode
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Figure 10 :

Histological determination of elastic fibres in @pimis using (+)-catechine:
restoration of network

Skin + UV + mixture of hyaluronic acid and multivitamins
injectedin single-pulse mode
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Figure 11 :

Histological determination of elastic fibres in @pimis using (+)-catechine:
restoration of network

Skin + UV + mixture of hyaluronic acid and multivitamins
injectedin single-pulse mode followed by rapid-pulse mode
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Figure 12 :

Histological determination of oxytalan-elauninestiafibres in epidermis using (+)-
catechine

Skin + UV + saline solution injectenh rapid-pulse mode
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Figure 13 :

Histological determination of mature elastic fibres
in dermis using (+)-catechine

Untreated skin
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Figure 14 :

Histological determination of mature elastic fibneglermis using (+)-catechine:
extensive fragmentation of fibres

Skin + UV
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Figure 15 :

Histological determination of mature elastic fibneglermis using (+)-catechine

Skin + UV + mixture of hyaluronic acid and multivitamins
injectedin rapid-pulse mode
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Figure 16 :

Histological determination of mature elastic fibneglermis using (+)-catechine:
restoration of network

Skin + UV + mixture of hyaluronic acid and multivitamins
injectedin single-pulse mode
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Figure 17 :

Histological determination of mature elastic fibneglermis using (+)-catechine:
restoration of network

Skin + UV + mixture of hyaluronic acid and multivitamins
injectedin single pulse mode followed by rapid-pulse mode
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Figure 18 :

Histological determination of mature elastic fibneglermis using (+)-catechine

Skin + UV + saline solution injectenh rapid-pulse mode
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Figure 19 :

Histological determination of collagen content gssairius red

Untreated skin
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Figure 20 :

Histological determination of collagen content gssirius red: significantly damaged
collagen with fragmentation and decreased colaraifdhe network

Skin + UV (control skin)
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Figure 21 :

Histological determination of collagen content gsairius red:
restoration of collagen network

Skin + UV + mixture of hyaluronic acid and multivitamins
injectedin rapid pulse mode
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Pitié-Salpétriere Hospital (Paris)
GREDECO

Groupe de Recherche et d'Evaluation en Dermatologie et Cosmétologie

Figure 22 :

Histological determination of collagen content gsairius red:
restoration of collagen network

Skin + UV + mixture of hyaluronic acid and multivitamins
injectedin single-pulse mode
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Pitié-Salpétriere Hospital (Paris)
GREDECO

Groupe de Recherche et d'Evaluation en Dermatologie et Cosmétologie

Figure 23 :

Histological determination of collagen content gsairius red:
restoration of collagen network

Skin+ UV + mixture of hyaluronic acid and multivitamins
injected in single pulse mode followed by rapid-pulse mode
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Pitié-Salpétriere Hospital (Paris)

GREDECO
Groupe de Recherche et d'Evaluation en Dermatologie et Cosmétologie

Figure 24 :

Histological determination of collagen content gssairius red

Skin + UV + saline solution injectedn rapid-pulse mode
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