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ABSTRACT

CopyRIGHT © 2011 JOURNAL OF Drucs i DERMATOLOGY

Efficacy of Cream-Based Novel Formulations of

Hyaluronic Acid of Different Molecular Weights in

Anti- Wrinkle Treatment

Tatjana Pavicic,® Gerd G. Gauglitz,® Peter Lersch,’ Khadija Schwach-Abdellaoui,*
Birgitte Malle,* Hans Christian Korting,” Mike Farwick®

“Bvonik Goldschmidt GmbH, Essen, Germany
5Department of Dermatology and Allergology, Ludwig Maximilians University, Munich, Germany
‘Novozymes Biopharma DK A/S, Bagsvaerd, Denmark

Background: Due to its strong water-binding potential, hyaluronic acid (HA) is a well-known active ingredient for cosmetic applications.
Native HA is proposed to help the skin to retain and maintain elasticity, turgor and moisture.

Objective: To observe the efficacy of topical application of 0.1% hyaluronan formulations of different molecular weights (MW) (80, 130,
300, 800 and 2000 kDa, respectively) in the periocular area as anti-wrinkle treatment. -
Material and Methods: Seventy-six female subjects between 30 and 60 years of age with clinical signs of periocular wrinkles applied
one of the formulations twice-daily to the area of interest in a randomized fashion for 60 days. Around the other eye, a vehicle control
cream was applied. Measurements of skin hydration and skin elasticity were performed before treatment, 30 and 60 days thereafter. At
similar time points negative replicas were taken and evaluated by semi-automated maorphometry.

Results: All HA-based creams utilized in this study demonstrated a significant improverent in skin hydration and overall elasticity vaiues
(R2) when compared 1o placebo. Measurements of wrinkle depth using mean roughness {Ra) and maximum roughness (Rz) values
revealed significant improvement in the 130 and the 50 kDa HA group after 60 days of treatment compared to placebo-treated area.
Conclusion; Topical application of all 0.1% HA formulations used in this study led 1o significant irmprovement in skin hydration and efas-
ticity. Application of low-molecular-weight (LMW) HA was associated with significant reduction of wrinkle depth, which may be due

better penetration abilities of LMW HA,

J Drugs Dermatol. 2011;1 0(9):‘990-1 000.

INTRODUCTION

vidence of the clinical signs associated with skin aging
often first appears in the periorbital area and includes

wrinkles, eyelid bags, circles around the eye, or a "tired"
appearance.' Very few cosmetic preparations were shown to
improve this situation using objective quantitative methods.

The physiological changes observed in chronologic aging skin
are barrier function impairment, xerosis, loss of elasticity, slower
turnover of epidermal cells and atrophy. There is a progressive
reduction in water-binding capacity and changes in cutaneous
permeability for chemical substances and increased production
of free radicals. Moisturizers decelerate the loss of water from
the surface of skin, maintain an appropriate level of skin humid-
ity and minimize the aspect of fine wrinkles 2

The glycosaminoglycan hyaluronic acid (HA) is a major com-
ponent of the extracellular matrix of the skin and plays an

Important role in the metabolism of the dermis.? HA is esP®
cially important in the skin because these macromoleculesar®
!’"va hydrophilic and can bind up to 1,000 times their volum®
o W_ater. In the skin, this property is likely to be relevantin co7
trolling tissue hydration.* Due to these characteristios, HA B
often used as a moisturizing agent in cosmetic formulations.

In t.he skin, HA might also act as a scavenger of free radicals and
antioxidants under physiological conditions. Spectroscopic St
I€s even indicate that a double bond in the D-glucuronic aoid unt
:anﬁ f_e"“ a complex with reactive oxygen species and reduc® théf ;
iXICIW of radicals.® Furthermore, it plays a major role in theé B
;ei;g::te?ee-n fixed tissue cells and blood and in cell ':”igraﬁ;;
of increas?n o8 Sggest th'at HA, via the CD44 receptor. IS cap:nﬁ.
Enﬂammatog cell dlffe_rentlat(on and cell motility.fHA also NS &
'Y Properties and promotes wound healing.’
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Native HA has been employed for several years to help the skin
regain elasticity, turgor and moisture.® In a clinical study, an
increase in elasticity and turgor following repeated injections
of HA could be demonstrated, but this treatment approach is
discussed controversially.

Most HA preparations used either as topical formulations,
wound dressings, native HA injections or as fillers contain
non-animal-based HA molecules produced by bacterial fermen-
tation from a specific strain of Streptococci.®

In this study, for the first time, the HA molecules used were pro-
duced by Bacillus subtilis, thus also representing a non-animal
derived raw material generally recognized as safe {GRAS).

Furthermore, according to our literature search using PubMed,
this is the first publication addressing the effects of cream prepa-
rations containing hyaluronic acid of different molecular weights
on skin hydration, skin elasticity and periorbital wrinkles in a
group of volunteers using intraindividual comparison to the cor-
responding placebo cream. ‘

PATIENTS, MATERIALS & METHODS

Study Cream Samples

Placebo cream represents an oil-in-water emulsion containing:
aqua, hydrogenated polydecene, steareth-2, cetearyl alcohol,
steareth-21, phenoxyethanol, methylparaben, butylparaben, iso-
butylparaben, diazolidinyl urea and disodium EDTA {according
to the INCI declaration). '

HA cream formulations contain the same ingredients as placebo
cream and additionally 0.1% sodium hyaluronate of different
molecular weights (50, 130, 300, 800 and 2000 kDa, respectively).

HA used in these formulations was obtained through a protein-
free process of fermentation based on a novel fermentation
strain of the species Bacillus subtilis. Minimal medium with
sucrose as the carbon source was used for culture and HA-
macromolecules secreted into the medium without any cell
association were obtained through a water-based recovery
process. The HA-macromolecules generated this way are char-
acterized by very high purity without any cell wall impurities,
endo- or exotoxins, haemolytic activity and very low protein
levels. The structure of Bacillus HA is identical to that of natu-
ral HA, which has been confirmed by enzymatic hydrolysis and
MALDI-TOF analysis, Fourier-Transformation-Infrared-" (FTIR-)
and High-Performance-Liquid-Chromatography- (HPLC-) Spec-
troscopy for moenomer composition.

Study Design

Patients included in this study were divided into five groups.
The inclusion criteria were Caucasian race, age between 30 and
60 years, either sex, and healthy physical state. The exclusion

criteria were taking topical or systemic drugs that could affect
; the results of the test, pregnancy or breast-feeding, presence of
“skin diseases, history of intolerance to drugs and/or cosmetic
products as well as not fulfilling inclusion criteria. For the entire
duration of the study, the subjects were instructed not to use
other products on the tested areas and to avoid exposure to UV
radiation. Participation in the study was terminated earlier than
foreseen either by decision of the subject or because of rea-
sons correlated with treatment {exceptional irritant or allergic
reactions). At the beginning of the study, each subject signed
an informed consent declaration. Twelve women were treated
either with the 0.1% formulation of HA of 50, 130 or 300 kDa
and 20 women with the 0.1% formuiation of HA of 800 and 2000
kDa, respectively.

In each group, the volunteers were randomized to apply twice-
daily a topical cream formulation with HA of defined, yet
differing molecular weights (50, 130, 300, 800 or 2000 kDa) to the
periocular area of one side of the face and the placebo cream as
a control to the other side for two months. The side of applica-
tion (left or right) on the face of the two creams was randomized.

The study was carried out in compliance with quality assurance
system requirements, according to the principles of good labo-
ratory practice (GLP) and good clinical practice (GCP), as well
as the principles established by the World Medical Association
in the Declaration of Helsinki.

The study investigations were carried out in a bioclimatic room
(24°C; 50% room humidity} in order to keep the temperature
and the humidity during the measurements constant. The pa-
tients were asked not to wash their face for at least three hours
before performing the measurements. Instrumental measure-
ments of skin hydration and elasticity were taken in the left and
right periocular areas, marked out in a reproducible way, at the
beginning of the study, after one month of treatment and at the
end of the study. In the same areas, the micro-relief of stratum
corneum was assessed by the image analysis of plastic replicas
of the skin surface. Furthermore, digital photographs of the in-
vestigated areas were taken. The study was carried out in two
subtrials: the measurements for 50, 130 and 300 kDa HA topical
cream formulations were performed together and for 800 and
2000 kDa HA cream separately.

The data obtained were then recorded and later analysed and
statistically compared.

Measurements

Skin Hydration

The measurements of skin hydration were performed using
the Corneometer CM 825 {Courage & Khazaka, Cologne, Ger-
many) as recommended by the manufacturer and described in
former publications.”"
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Skin Elasticity

Skin elasticity was assessed with a Cutometer SEM 575 (Cou;—
age & Khazaka), which measures the vertical deformation of
the skin when sucked into the loop of a measuring probe and
reversed into its original condition. The skin surface is sucked
into the opening of a measuring probe, in which a constant
level of depression is created (350 mbar) for an established
time {one second). The air depression is then annulled and the
released skin can return to its original position. Three mea-
surement cycles were performed on the same spot. An optical
system measures the variations in electrical capacitance. They
are proportional to the rise of the skin surface which has been
measured (expressed in mm). The skin rises were shown on
Cartesian axes, where the deformation of the skin (expressed
in mm) is a function of time (expressed in seconds). According-
ly, the three suction/release cycles were represented as three
successive curves, which allow the measurement of the defor-
matien parameters relating to the elastic features of the skin.

In the final calculation of the results, the following parameters
were considered (Figure 1):

FIGURE 1. Skin deformation in mm as a function of time as measured
with the Cutometer.

skin deformation

-du._c,_—b-

& T Ua
Ue
| e
t=0 Time *

Ua = Total deformation recovery at the end of the stress-
off period;

Uf = Total extensibility of the skin;

Uv = Viscoelastic creep occurring after the elastic deformation;
Ur = Elastic deformation recovery due to the stress-off period;
Ue = Elastic deformation of the skin due to the application of stress;
R = Amount of deformation not recovered by the end of the
stress-off period.

In the final calculation of the results, the parameter:
Uf (maximal deformation of the skin) was referred to as RO
parameter;
Ua / Uf ratio referred to as parameter R2 representing the
overall elasticity; T
Uv [ Ue ratio referred to as R6 parameter representing the
viscoelastic ratio.

T, Pavicic, G. G. Gauglitz, P. Lersch, et al.

Wrinkfe Depth

The anti-wrinkle effects of the various preparations were analyzed
using replicas with the help of a profilometer equipped with an
image analyzer. In order to obtain negative imprints of the skin
surface (skin replicas), the following materials were used: a fast-
hardening synthetic polymer (Silflo, Flexico Developments Ltd,
London, UK) and adhesive discs (24x40, 3M, Neuss, Germany).

The adhesive discs were put onto the subject’s skin in order fo
delimit the investigated area and to avoid skin stretching dur
ing the polymer application. A small amount of polymer was
then spread into the internal circular area of every disc and left
in situ for a few minutes until it became dry. The disc was then
removed and processed further.

For the calculation of Ra, the mean roughness value and Rz,
the maximum roughness value, especially describing the deep
wrinkles, the silicon replicas of the cutaneous surface weré
lightened by a grazing light source with a defined incident an-
gle (35°), with the purpose of generating shadows which ar
wider when furrows are higher. The main wrinkles fust be
oriented perpendicularly to the incident light. Using the High
Performance Charge Coupled Device (CCD) camera {COHU,
Inc., Electronics Division, San Diego, CA, USA) an image of the
skin replica covering an area of 12x9 mm was taken.

The anti-wrinkle efficacy of a treatment can be judged by a d&
crease of Ra and/or Rz values at the end of the treatment.

Digital photographs of the periocular area were also taken @
the beginning of the test and after one respectively two months
of treatment. The images were taken by means of a Niken Cook
Pix5000 digital camera (Nikon Corporation, Tokyo, Japan).

Statistical Analysis

'ijhe mean value of three corneometry readings taken in com
tiguous spots of the same area was considered for furthé
calculations. Mean values and standard deviations weré cal
culated for initial and final instrumental values (addressing
hydration, elasticity and image analysis) recorded in the 440
areas (verum, placebo) at the three checks.

FfthTmOre. the variation of the parameter was calculated 3¢
difference between the mean values obtained at the end of the
tr.e atment or after one month and the mean values at the begif
ning of the treatment for the left and right periocular area- T1°
difference is reported as percentage of variation, 0.

l:z Sz::_‘d”u), intermediate (T,,) and final values (_Tsc) of taI:
fOfmulati:) ered areas (one treated with the HA topical &%

°N and another with the placebo cream) Were o
pfred to each other by means of the paired samples t-test Th: |
groups of data wers considered significantly different for @ :
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TABLE 1.

SR T

59.8£10.5

130 kDa HA 59,2:10.8 64.8£10.0
300 kDa HA 55.8+9.4 60.7+8.1
800 kDa HA 52.7+6.0 55.9:5.6
2000 kDa HA 855.7+7.1 52.8+8.1

*P=0.05; **P<0.01.

probability value of P<0.05 ({T,-T,) treated area vs. (T,,-T,) pla-
cebo area and (T,,-T,) treated area vs. {T_-T ) placebo area).

Skin Hydration

In comparison to the values found before treatment with 800
kDa HA cream formulation, there was an increase in skin hy-
dration of 6.1 percent after one month of treatment (P<0.05)
and also at the end of the study of 5.1 percent (P<0.01). In
the areas treated with HA formulations of 2000, 300, 130 or
50 kDa, respectively, an increase, equal to 2.9 percent, 13.8
percent, 9.8 percent and 15.8 percent in the mean basal skin
hydration was achieved after two months of application when
compared to the beginning of the study (P<0.05, except for the
2000 kDa HA formulation; Table 1).

In comparison to the placebo-treated area in the same
subject, significant differences in skin hydration could be re-
ported for cream-based HA formulations of all sizes except
50 kDa. While treatment with a 130 kDa HA cream formula-
tion resulted in a significantly increased hydration at one and
two months thereafter, application of cream formulations
containing 300, 800 and 2000 kDa HA (P<0.05), respectively,
was only associated with significantly increased hydration at
the two month time point (Figure 2a-e).

Skin Elasticity

The values for maximal skin deformation (RO) showed a
prominent decrease for 800 kDa HA cream after one month
and two months of treatment, equal to 7.2 percent (P<0.01),
as well as for 50 kDa HA cream (-21.8%) after one month
(P<0.05) when compared to the values before treatment. All
the other treated areas did not show any major changes in
RO values (P>0.05; Table 2a). When compared to the place-
bo-treated areas, only the treatment with 800 kDa HA.cream
resulted in prominent changes after one as well as after two
months (P<0.05; Table 2b).

After one month (T, in all areas treated with HA-based creams
an increase in the overall elasticity values (R2 = Ua / Uf ratio),

The Effects of Topical HA Formulations on Skin Hydration [Corneometric Units) in Comparison to an Untreated Area: Mean Values

I s

T. Pavicic, G. G. Gauglitz, P. Lersch, et al.

+4.7 {7.9%) +9.4* (15.8%)

65.0+8.0 +5.6%(9.5%) +5.8% (9.8%)
63.5+8.5 +4.9 (8.8%) +7.7%(13.8%)
55.4+5.5 +3.2%(6.1%) +2.7%%(5.1%)
573490 -2.9 (-5.2%) +1.6 (2.9%)

equal to 14.5 percent for 50 kDa, 20.0 percent for 130 kDa, 8.9
percent for 300 kDa, 6.4 percent for 2000 kDa (all P<0.05) and 6.1
percent for 800 kDa (P<0.01) was measured in comparison to the
start of the study. At the end of the study (T ) the areas treated
with 50, 800 and 2000 kDa showed an increase (P<0.05) and even
more for 130 and 300 kDa HA creams (P<0.01) in the R2 values
(Table 3). In comparison to the placebo-treated area, treatment
with HA formulations of different molecular weights revealed
significant increased R2 values for all HA fragments examined.
While application of 50, 130, 800 and 2000 kDa HA cream for-
mulations resulted in significantly higher R2 values at both time
points {P<0.05), the 120 kDa group only showed significant dif-
ferences at the one-month time point (Figure 3a-e).

The values for the viscoelastic ratio (R6 = Uv / Ue ratio) showed
a decrease for 50 kDa HA cream by 20.2 percent after one month
(P<0.05) and at the end of the study for 50 kDa HA cream by 36.2
percent and 2000 kDa HA cream by 18.8 percent (P<0.01). The
application of HA creams with other molecular weights had no
major effect (P>0.05; Table 4a). Compared to the placebo treat-
ment, there were no major differences between R6 values either
after one or after two months (P>0.05; Table 4b).

Wrinkle Depth

The areas treated with the formulation of HA of 800 kDa showed
in comparison to the untreated area a decrease in the mean
roughness values (Ra) after one month (-8.4%) and with 130 kDa
(-10.8%) after two months, respectively {P<0.01; Table 5a). At the
end of the study, the application of cream with HA of 800 kDa
(-9.9%) as well as 300 kDa (-17.7%) resulted in a clear decrease
(P<0.05) in Ra values compared to the start values (Table 6a).
Compared to the placebo treatment, only the topical application
of 130 kDa HA-based cream resulted in a significantly lower Ra
value after two months of treatment {P<0.05; Figure 4a).

in comparison to the values for untreated areas, the maximum
roughness values (Rz = wrinkle depth) showed a major decrease
after the application of 50, 130 and 800 kDa HA cream after one
{(-10.2%, -5.3% and -4.9%) as well as after two months {-11.0%,
-8.1% and -6.2%; P<0.05). No such changes were detected in the
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FIGURE 2. The effects of topical HA formulations containing A} 50, B} 130, C} 300, D) 800 and E) 2000 kDa HA, respectively, on skin hydration
(reported as percentage of variation) in comparison to a placebo-treated area.
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areas treated with other HA formulations either after one or two
months (Table 5b). In comparison to the placebo-treated area,
only the treatment with 50 kDa HA cream resulted in significant-
ly smaller Rz values and clinical improvement at one and two
months of treatment (P<0.05; Figures 4b and 5a-¢).

The effects of cream-based HA formulations of different molec-
ular weights on different parameters after one month and two
months of treatment compared to placebo are summarized in
Table 6a and b. Even though no close correlation between the
molecular weight of the respective HA molecules in the formula-

hydration (§%)

D N treated area
placebo area

hydration (§%)
o

T60-TO

Bars represent means; error bars correspond to S.E.M. Asterisks denote statisticd
significance: P<0.05 for évery com-parison between groups.

tior} and its anti-aging and anti-wrinkle potential in the periorbitd
region could be detected, topical application of only LMWHA did
show a notable effect on mean roughness values and maximum
roughness values compared to HA of higher molecular weight

DISCUSSION |

Aging is a multifactorial process defined as the accumulation®
damages over time. ' Skin changes associated with aging, sucf

as loss of hydration, elasticity and turgor might have a negativé
psychosocial impact, #

It is well known that skin hydration is highly related 10 e
content and distribution of dermal glycosaminoglycén®
(GAGs), especially HA, Photoaged skin has been shown 0 ke
characterizeq by reduced levels of HA and elevated levels .
chondroitin sulphate Proteoglycans, resulting in 2 paradoﬂ‘
cal.GAGs increase in photoaged skin compared with e
or Intrinsically aged skin, Meyer and Stern' reported v
\si\;f:wacr:fj::?g age, hya'luronan polymers became progre:r;
released afte 'Ssue-.aSs(.)C]ate.d' The proportion of hyalum’;m
Vil F Papain digestion increased from seven P erck‘n :
The enh In fetal t‘? 23 percent of the total in senesceﬂ.ts ]
nhanced bonding with other tissue constituents 15 R
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TABLE 2a.

The Effects of Cream-Based HA Formulations of Different Molecular Weights on Maximal Skin Deformation (RD) in Comparison to

Untreated Area: Mean Values

i

50 kDa HA

0.160£0.048 0.125+0.047
130 kDa HA 0.133+0.043 0.135+0.034
300 kDa HA 0.118+0.028 0.114+0.036
800 kDa HA 0.166x0.044 0.154+0.040
2000 kDa HA 0.153+0.067 0.141+0.053

*P<0.05; **F<0.01.

TABLE 2b,

The Effects of Topical HA Formulations on Skin Elasticity Parameter Maximal Skin Deformation (R0} in Comparison to Placebo-

Treated Area

T. Pavicic, G. G. Gauglitz, P. Lersch, et al.

i
il

0.166x0.049

-0.035* (-21.8%) 0.006 (3.8%)

0.134+0.027 +0.002 (1.5%) +0.0017 {0.7%)
0.118x=0.024 -0.004 (-3.4%) 0.000 (0%)

0.154+0.052 -0.012%* (-7.2%) -0.012%(-7.2%)
0.147+0.050 -0.012 (-7.8%) -0.006 (-3.9%)

(T,y-T,) verum-treated area versus (T,,-T,) placebo-treated area
(Tgy-T,) verum-treated area versus (T, -T ) placebo-treated area

e : gg | i
I i

(T et e
Sﬁg“%ﬁjé

50 kDa HA vs. placebo P>0.05 P>0.05
130 kDa HA vs. placebo P=0.05 P>0.05
300 kDa HA vs. placebo P=0.05 P>0.05
800 kDa HA vs. placebo P<0.05 {¥) P<0.05 (*)
2000 kDa HA vs. placebo P>0.05 P>0.05

*P=0.08; **P<0.071.
TABLE 3,

The Effects of Topical HA .Formulations on Skin Elasticity Parameter Overall Skin Elasticity (R2) in Comparison to Untreated Area:

Mean Values

50 kDa HA 0.508+0151 0.582x0.164

130 kDa HA 0.469+0.097 0.563x0.149
300 kDa HA 0.529+0.118 0.576+0.134
800 kDa HA 0.678x0.062 6.720¢0.076
2000 kDa HA 0.640+£0.152 0.681x0.138
*P<0.05; **F<0.01.

sumably mediated through hyalurenan-binding proteins and
alterations in the localization of hyluronans with a steady
decline of HA in the upper epidermal layer and concomitant
increases in the basal layer of the epidermis and the upper
portions of the papillary dermis. The consequence of these
age-dependent changes of hyaluronans is probably a declined
water binding capacity.

Furthermore, confocal laser microscopy reveals that .GAGs
in photodamaged skin are abnormally deposited on elas-
totic material in the superficial dermis, rather than diffusely
scattered as in young skin.' This aberrant localization may
interfere with normal water binding capacity of GAGs, es-

+0.067* (13.2%)

0.575+0.133 +0.074% {14.5%)

0.583+0.128 +0.094* {20.0%) +0.114*% (24.3%)
0.598+0.152 +0.047* (8.9%) +0.069**(13.0%)
0.717+0.071 +0.042%* (6.1%) +0.039*%(5.8%) :
0.684+0.135 +0.041* {6.4%) +0.044* (6.9%)

pecially of HA, despite their increased general levels. These
factors likely contribute to increased xerosis and withered ap-
pearance of aged skin.'®

Correspondingly, many topical anti-aging products contain HA
and many companies claim its efficacy, but so far unequivocal
evidence for the efficacy in the treatment of facial wrinkles has
been missing. Furthermore, HA has been considered to be un-
able to penetrate the skin upon topical application.”

In this in vivo study examining objectively the anti-aging and anti-
wrinkle properties of HA-based creams of different HA molecular
size, all HA-based creams showed an improvement of skin hy-
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FIGURE 3. The effects of topical HA formulations containing A) 50, B) 130, C) 300, D) 800 and E} 2000 kDa HA, respectively, on overall skin elastic-
ity (R2, reported as percentage of variation) in comparison to a placebo-treated area.
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dration. The parameter of elasticity did not change in the same
way for all HA formulations. After two months of treatment, t.he
maximum skin deformati_on (RO) was improved only for 800 kDa,
the overall elasticity values (R2) for all HA-based creéms, and vis-
coelastic ratio (R6) for 50 and 2000 kDa. The Mmeasurements of
wrinkle depth also revealed differences between the creams with
HA of different molecular weights. After 60 days, mean roughness
values (Ra) showed an improvement for 130, 300 and 800 kDa HA.
The values of maximum roughness (corresponding to the deepest
wrinkle) were improved even after one month of treatment with
cream-based formulation with 50, 130 and 800 kDa,

lierly)

B RN treated area

2 7 placebo area

:

-
L]
fitbney,

104

overall elasticity R, (8%)

T6G-TO

B treated area

overall elasticity R, (5%)
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Bars represent means; error bars carrespond to S.E.M. Asterisks denote sté-

tistical significance: P<0.05 for every com-parison between groups.

With respect to the anti-wrinkle properties, only the 50 and
130 kDa HA-based creams showed marked effects in compari-
son to the placebo cream after two months. Interestingly, al
HA formulations showed a strong difference when comparéd
to placebo for the overal] elastic values after two months.

One -possible mechanism explaining this effect may be the
classical role of HA as a potent water-binding agent explainéd
before. Another may be the action of HA as an anti-inflamma
tory agent. Chronig inflammation is a well-known contributorto
the degradation of collagen, elastin and genuine HA? Skin i
flammation is also known as sequelas of free radicals dir actly
acting on.cvtokine and growth factor receptors in dermal cells
ia::gd I:j;at;nocytes. These are known to olay a role in skin a@
Cla;ified ;t Pe exact nau.xre of their significance has not yet bee‘:
exDGSur;e vae;ent[y, this process is thought to be induced by U
Contribut;n t:c:h affects growth factor and cytokine rec‘eptors:»:
tqun_angat Odd°W”9ftream signal transduction by spurring {"“
the matrix- Pl .{MAP) kinase pathways and triggennd
fore reducir:n E{talloprote{nase_-l (MMP-1) and MMP-2.° The™®
app;’oach to g mﬂam'manon may very well be another reward‘lng
high_mmecmzre_ve_ntmg wrinkle formation. In previous studle..sr;
an anti-ana; r*wie;ght HA (HMWHA) has been reported to et in
I-angiogenic manner, whereas low-molecular-weight HA
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FIGURE 4. The effects of topical HA formulations containing A) 130 and B) 50 kDa HA on roughness values (Ra, a)) and maximum roughness
values (Rz, B)) reported as percentage of variation) in comparison to a placebo-treated area.
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Bars represent means; error bars correspond to S.E.M. Asterisks denote
statistical significance: P<0.05 for every com-parison between groups.
TABLE 4a.

The Effects of Topical HA Formulations on Skin Elasticity Parameter Viscoelastic Ratio (R6) in Comparison to
Untreated Area: Mean Values

50 kDa HA ' 0.243=0.054 0.194+0.046 0.155+0.030 -0.049%(-20.2%) -0.088** (-36.2%)

130 kDa HA 0.141+0.057 0.162x0.058 0.141x0.026 +0.021 (14.9%) 0

300 kDa HA 0.156x0.047 0.174+0.089 0.136+0.023 +0.018 (11.5%) -0.020 {-12.8%)
800 kDa HA 0.251+0.040 0.242+0.036 0.237+0.040 -0.009 (-3.6%) -0.014 (-5.6%)
2000 kDa HA 0.213£0.099 6.19010.102 0.173+0.089 -0.023 (-10.8%) -0.040** (-18.8%-)

*P<0.05; **F<0.01.

TABLE 4B,

The Effects of Topical HA Formulations on Skin Elasticity Parameter Viscoelastic Ratio (R6) in Comparison to Placebo-Treated Area

{T,-T,) verum-treated area versus (T, -,,) placebo-treated area

307 T0

(Tey-Ty) verum-treated area versus (T,;-,) placebo-treated area

50 kDa HA vs. placebo

130 kDa HA vs. placebo ; P>0,05
300 kDa HA vs. placebo E P>0.05
800 kDa HA vs. placebo P>0.05
2000 kDa HA vs. placebo L ¢ P>0.05

*P<0.05; **P<0,01,
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FIGURE 5. Photographs of right periorbital area a} before, b} after 4
and ¢) after 8 weeks of treatment with 50 kDa HA cream 0.1%.

(LMWHA) is highly angiogenic, attracting inflammatory cells and
also inducing expression of inflammatory cytokines.?

UV light, the main causal factor for the extrinsic component
of skin aging, significantly upregulates the synthesis of sev-
eral types of collagen-degrading enzymes known as MMPs,
specifically collagenase MMP-1 and gelatinase MMP-2.' By
characterizing the wide-ranging effects of UV in activating
cell surface growth factor and cytokine receptors, researgh-

T. Pavicic, G. G. Gauglitz. P. Lersch, et al.

ers have been able to ascertain that skin ageing {extrinsic,
but also intrinsic) is marked by elevated AP-1 activity and
MMP expression, inhibited transforming growth factor &
(TGFR) signalling, as well as reduced collagen synthesis and
greater collagen degradation.?

In several studies, HA has been shown to be able to reduce the
inflammatory reaction in different tissues.* In synovium, ex-
pression of MMP-3 and interleukin-12 (IL-18) was suppressed
in the mild grades of osteocarthritis after the intra-articular in-
jection of HA.?' The inhibition of IL-1R action by HA has been
shown to be mediated by CD44, the principal HA receptor?
Furthermore, it has been demonstrated that HA SUppPresses
IL-B1-enhanced MMP-1 and MMP-3 synthesis in rheumatoid
synovial fibroblasts via intercellular adhesion molecule-!
{ICAM-1) through downregulation of NF-kB and p38.

In this in vivo study examining the anti-
aging and anti-wrinkle properties of HA-
based creams of different HA molecular
sizes, all HA-based creams showed an
mmprovement of skin hydration and some
in skin elasticity and wrinkle depth in

the periorbital region as compared to the |
placebo cream, some of them as earlyas
after one month of application. A

ST PR Al e, L

In this in vivo study examining the anti-aging and anti-wrinkle
Praperties of HA-based creams of different HA molecular sizes, 4l
HA-based creams sh owed an improvement of skin hydration and
some in skin elasticity and wrinkle depth in the periorbital region
as compared to the placebo cream, some of them as early as aitel
one month of application. Furthermore, objective measurement
methods were used to document the effects—and not only & pht-
to documentation and subjective assessment by the investigator
and_ the volunteer. Although the epidermal and dermal concer
ration of HA were not examined before or after the treatment
the reported data suggest that these novel HA molecules are able
i Penetrate into the skin after topical application and reduce thé
49eing process, contrary to the claims of Bauman and Rieger*”

One possible explanation for this might be a novel sourcé of
HA; the structyral identity of B, subtilis-generated HA wi{h'thﬁ-.
natural HA might well be of note, '

According to our not Yet published data, the LMWHA with &
MW of 50 kDa ha

e s been demonstrated to have the best peﬂ- 4
S anti-inflammatory potential of all exam.ine:‘.-"ﬁa-
molecules (130, 300, 800 and 2000 kDa) in vitro. ;
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TABLE 5a.

The Effects of TD]'cha| HA Formulatmns on the Mean Roughness (Ra) Values in Companson to Untreated Area: Mean Values

50 kDa HA 29 62, 6 Ax5. 27.1+5.6 ~1 2 (-4, 1%) -2.5 (-8.4%)

130 kDa HA 27.9+3.3 26.1x2.3 24.9+1.8 -1.8 (-6.5%) ' -3.0"*(-10.8%)
300 kDa HA 27.6+5.1 24.8+4.1 22.7+4.4 -2.8 (-10.1%) ~4.9% (-17.7%)
800 kDa HA 35.80=x7.45 32.81+7.53 32.24+6.86 -2.99%* (-8.4%) -3.56™ (-9.9%)
2000 kDa HA 24.66x3.32 24.64+2.60 24.55+3.19 -0.02 (-0.1%) -0.11 (-0.4%}

*P<0.05; **P<0.01.

TABLE 5b.

The Effects of the Topical HA Formulations on the Maximum Roughness (Rz) Values in Comparison to an Untreated Area: Mean Values

- w@@ —
4l vrﬂf L

50 kDa HA 156.7+13.6 140.7+25.0 139.4+13.0 -16.0%(-10.2%) -17.3* (-11.0%)

130 kDa HA 105.1+9.8 - 99.5x8.4 96.6x12.2 -5.6* (-5.3%) -8.5%(-8.1%)
300 kDa HA 161.30+£23.91 157.98+19.26 162.22+20.06 -3.32 (-2.1%} +0.92 (0.6%)
800 kDa HA : 177.4+17.2 168.7+16.3 166.4x+17.9 -8.7% (-4.9%) -11.0* (-6.2%)
2000 kDa HA 115.98x17.28 115.67+18.21 114.98+16.74 -0.31 (-0.3%) -1.00 (-0.9%)
*P<0.05; **P<0.01

TABLE 6a.

The Effects of Cream-Based HA Formulations of Different Molecular Weights on Different Parameters After One Month in
Comparison to Placeho

50 kDa. o o @ :
130 kDa 1 @ i1 @ @ (6]
300 kDa o g i @ 0 o
800 kDa @ t @ @ @ @
2000kDa 4 6} 9] t 9] (o) @

@: P>0.05; t: P<0.05; 1 t: P<0.01

TABLE 6b.
The Effects of Cream-Based HA Formulations With Different Molecular Weights on Different Skin Parameters After Two Months

Comparison to Placebo

50 kDa [0}

;z; 1 9] @ i
130 kDa tt @ ) o} 1 @
300 kDa ‘ t 2 t 2 @ o
800 kDa 1 1 tt @ @ 7}
2000kDa ) 9] L1 @ @ (o)

@: P>0.05; t: P<0.05: t t: P<0.01
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Although in this study the relation between the molecular weight
of HA molecules in the formulation and its anti-aging and anti-
wrinkle potential in the periorbital region did not show a generally
close correlation (Table 6a and b), the molecular weight might
nevertheless play an important role, especially in the UV-induced
inflammatory changes in the aging process. Future clinical in-
tra-individual comparative studies of HA formulations with HA
molecules of different molecular weights as well as in vivo exami-
nation of HA-induced changes addressing molecular parameters,
like MIMPs, different cytokines and growth factors and their recep-
tors, are needed to bring more light into this complex field.
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