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Skin Layers



B Semi-permeable barrier Thie M Edyers

between body and
environment
B Contains three layers: Epiderris — =g
epidermis, dermis and S
subcutaneous |
subcutaneous

Source: http://cancer.healthcentersonline.com/skincancer/basalcellcarcinoma.cfm



Epidermis

B The outermost layer of
the epidermus 1s the

stratum corneum

» Approximately 20 cell
layers thick

» [.ocation 1n which
desquamation occurs

@ Desquamation 1s the shedding
of the top layer of cells in the
stratum corneum

@ Approximately 1 layer per day
1s released

Source: www.eucerim.co.uk



- Stratum Corneum

B Contains hydrophilic cells
(keratinocytes) surrounded
by a hydrophobic lipid

. . . Brick-like pattern of the
bllaYGI' (hpld lamellae) strratum -::c-rneunl?l (skin barrier)

B Contains natural
moisturizing factors (NMF)
which are responsible for

Clim cells [“bricks)

Lipids ["mortar”)

the absorption and

retention of water.

www.cerave.com/barrier.htm



Eltects on Skin Barner

B Reduced or low water content 1n the Stratum Corneum results
i a compromised barrier (chapping)

B This compromised barrier must be restored in order to prevent
transepidermal water loss

Compromised Barrier Intact Barrier

Source: http://www.cetaphil.com.au/importance_of_your_skin_more.asp



Skin Disorders



B Natural moisturizers
Stratum Corneum are
removed

B Caused by overexposure
to water, sun, or cold
weather

B Symptoms mnclude dry,
itchy skin

Source: Umiversity of California, San Fransico, www.uscf.edu



B Incurable, genetic disorder
affecting production and/or
desquamation of cells

B Caused by

» low water content 1n Stratum
Corneum

» enzymatic reactions controlling
desquamation are inhibited

B Symptoms include dry,
thickened, scaly skin

Source: Geneva Foundation for Medical Education and Research, www.gfmer.ch



‘Treatment Therapy



Treatment Strategy

Three key steps to ettectively treat the disorders
B Promote desquamation
B Deliver moisturizing agents to underlying skin

B Restore the skin’s lipid bilayer



- Transdermal Diffusion

B Percutaneous absorption mostly occurs via transcellular
diffusion (Pathway 2)

m Other pathways are
» Intercellular diffusion (Pathway 1)
» Diffusion through skin appendages (Pathway 2)

keratinocytes

@Sg/g Sy

S C?Ci ls/ lipid lamellae
— > I |l

Y S appendage

1 2 3 (follicle or
sweat duct)

Source: A Geoscience Approach to Modeling Chemical Transport Through the Skin




Moisturizer Formulation

B The simplest vehicle for skin Continuous phase
moisturizers are emulsions

B I'or lotions, oil-in-water Water
emulsions are used

B Water 1s the continuous phase

B O1l 1s the dispersed phase

Qil droplet

Source: http://www.pg.com/science/skincare/Skin_tws_101.htm



' s Lotion Composition

B | .otions have active and mactive ingredients

W Ingredients are characterized by a
combination of properties (e.g. eftectiveness,
smoothness, thickness, etc.)



Product Design

Lotion Composition



Product Regulations

B Since skin moisturizers are considered
cosmetic products, they do not have to
adhere to FDA regulations

B Cosmetics are subject to restricions on the
concentration of certain igredients
determined by the Cosmetic Ingredient
Review

Source: http: www.cfsan.fda.gov/~ dms/cos-206.html



LLotion Composition

- Replenish Skin’s Health -

Se®®




LLotion Composition

- Other Lotion Properties -




Product Design

Customer Satisfaction Assessment



Consumer Satistaction Assessment

B A model was developed to assess the consumer needs

B | he model measures how satishied the consumer 1s
with the properties of the lotion

B Consumer rates lotion characteristics correlated to a
physical properties

S; = ZWi Yi
S; = satisfaction (0-100)
w. = weight of property (0-1)
y. = property satisfaction (0—100)

Source: http://www.ou.edu/class/che-design/a-design/Pricing%200f9%20Consumer%20Products.pdf



*, Consumer Surveys

B Consumer surveys were used
to determine the satisfaction
of the consumer for each

property
B The consumers rated the
lotion properties based upon

extremes (1.e. very thin to
very thick)

B Consumer ratings were then
correlated to the physical
properties of the lotion
(surface tension, viscosity,
etc.) to ind consumer
satisfaction




Consumer Satistaction Assessment

B Ordained surveys were completed to determine the
best product and the importance of each property.

Please imdicate your preference for each property on the indicated scale (Scale of 1-X). With 1
being your desired product, and the highest number (X) being your worst product.

Thickness: Thickness of the Lotion (Scale of 1-4)
Extremely Thick:__ Moderately Thick:__ Moderately Thin:___ Very Thin:___

Durability: The ability for the lotion to wash off or rub off. The Lotion lasts for...(Scale of 1-7)
30 mimutes:_~ lhr:  2hrs:. 3hrs:_ 4hrs:. Shrs:. 6hrs:

Absorption Rate: How long it takes the moisturizing chemicals to officially absorb into the skin (Scale of 1-7)
Imm: 2mm: _  4mm:__ Smn:___ 6mun:___ 8mun:___ 10mn:__




Survey Results

Property Weight of Property

Effectiveness 24.36%
Thickness 10.16%
Durability 15.19%
Absorption Rate 13.92%
Smoothness 14.61%
Greasiness 11.44%
Spreadability 10.31%

Study Population: 48 Males, 50 Females, 2 Not Specitied, Total = 100



Product Design

Property Correlations



'y Assessed Lotion Properties

-

Spontaneity of the lotion to spread across the skin

»
»

Spreadability

Smoothness

Absorption
Rate



Effectveness

B T he effectiveness of a lotion 1s determined by how
well the lotion can treat the skin problems
assoclated with Xerosis and Ichthyosis Vulgaris.

»Severely dry skin
» Thickened skin
» Dismantled lipid bilayer
B Depends on percutaneous absorption modeled by

( DSCn27Z'2t

\
Cu_q_ X —ZZ Loin| e Rt
C, L. #z45|n L.

L )




Effectiveness

Consumer Rating

B Best Product: Preference (1), Concentration (0.5)

1 | No Skin Scales Present
2 | Few Skin Scales Present
3 | Some Skin Scales Present
4 Skin Moderately Scaly
5 Skin Very Scaly

Consumer Satisfaction

100.00%

80.00%

60.00%

40.00%

20.00%

0.00%

Consumer Preferences: Adjusted Effectiveness

*

*
y = -0.2282x + 1.2699 \
R® = 0.9914
2 3 4

Consumer Rating




Wetting

B Wetting 1s an application of
adsorption at a hquid-solid

Yse =75 —7.C0SO imterface.
7. = surface tension of skin—emulsion M Wetting 1s defined as the
v, = surface tension of skin displacement of one fluid by

another on a given surface.

B Durability and Spreadability

depend on wetting properties

B For solid surfaces, like the skin,
the contact angle of the hquid
must determined using Young’s
Equation

-y, = surface tension of emulsion
@ = contact angle

Source: The Handbook of Cosmetic Science and Technology
Image Provided From: The Water Break Test



* Durability

B Durability 1s how easily the lotion rubs or washes oft and
depends on adhesional wetting

B The adhesional wetting 1s the ability of a fluid to adhere to a
surface

B The adhesional wetting 1s quantified by the work of adhesion,
\Y\%

a
B The work of adhesion 1s the reversible work required to
separate the unit area of hquid from a surface

W, =y, (cos@+1)
@ = contact angle
7. = surface tension of emulsion

Source: Surfactants and Interfacial Phenomena



Durability

Consumer Rating B Best Product: Preference (7), Contact Angle (0°)
! 30 min Consumer Preferences: Adjusted Durability
2 1 hr
3 2 hrs 120.00%
y = 0.3725Ln(x) + 0.2799
4 (; hrs R2 =0.9874
5 Ahrs 100.00% - »
c L)
6 Shrs o
S 80.00% -
7 6hrs %
S
) 60.00% -
)
= o
a 0,
2 40.00% /
(@]
(@]
20.00%
0.00% ‘ ‘ ‘ ‘ ‘
1 2 3 4 5 6 7
Consumer Rating: Durability




Spreadability

B Spreadability 1s characterized by how easily the lotion spreads over
the skin and depends on spreading wetting

B Spreading wetting 1s how well one fluid displaces another fluid on a
gven surface (The two fluids are air and lotion) and 1f the spreading
1S spontaneous

B Spontaneity depends on the free energy, the interfacial area and the
surface tension

B The Spreading coeflicient 1dentifies the spontaneity of a fluid to
spread

Sse =7s _(7se +7/e)
7., = surface tension of skin—emulsion
7 = surface tension of skin

7. = surface tension of emulsion

Source: Comparison of surface free energy between reconstructed epidermis and in situ human skin



Spreadability

Consumer Rating
1 09% Spreading

B Best Product: Preference (4.5), Contact Angle (72°)

2 7% Spreading Consumer Preferences: Adjusted Spreadability
3| 25% Spreading
: : 100.00% o
4 | 509 Spreading
5| 75% Spreading
. . : 80.00%
6| 93% Spreading < ’ e
) g y = 0.0025x* - 0.0412x® + 0.1875x? - 0.1107x + 0.4399

7 | 1009 Spreading S R? = 0.9996

S 60.00%

© /

s 4

g 40.00%

>

(2}

c

@]

O

20.00%
O-OO% I I I I I
1 2 3 4 5 6 7
Consumer Rating




Thickness

B Thickness 1s the viscosity and shear rate of the lotion

77 :1+ I(ﬂ,)¢ . iscosity vs. Shear Rate
¢ =volume fractionof dispersed phase

5.5{417 +10— G‘l‘jﬂf + (ﬂ(l— py )}
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o

[=}

o
I

Visocosity
(Poise)

100

10 A

1(1)=

_ 10(1— £°)-252°(1- *)+ (15)(1—/13)(1—/17)

1 T T T T T ;
0.0001 0.001 0.01 0.1 1 10 100 1000

Shear Rate (1/s)

A = (the volume fraction)*1/3
x =Vviscosity of dispersed phase/viscosity of continuous phase

B Shear rate can be related to film thickness

p-&

dy
where D is the shear rate
dv is the change in velocity

dy is the film thickness

Source: Evaluation of theoretical viscosity models for concentrated emulsions at low capillary numbers



Thickness

B Best Product: Preference (2.3), Film Thickness (0.25c¢m)

Consumer Rating
1 | Extremely Thick
2 | Moderately Thick
3 | Moderately Thin
4 Very Thin

Consumer Satisfaction

100.00%

80.00%

60.00%

40.00%

20.00%

0.00%

Consumer Preferences: Adjusted Thickness

y = 0.0733x> - 0.8218x? + 2.5355x - 1.37
R2=1

Consumer Rating

Viscosity v. Shear Rate: http://www.rheologyschool.com



- Smoothness

B Smoothness 1s based on how the skin feels after the
lotion 1s applied.

B The skin becomes rough and chapped when the
moisture level of the skin 1s below 10%.

B Smoothness 1s based on the amount of fatty oils
present 1n the lotion.

B Smoothness 1s a function of the greasiness of the
lotion. This correlaion was found experimentally.
S = 1(~0.0174G + 2.098)

where S iIs the smoothness
4 1s the skin friction coefficient = 0.236
G Is the concentration of fatty oils



Smoothness

Consumer Rating | @ Best Product: Preference (1), Smoothness (0.37)

1 Very Smooth
2 | Moderately Smooth :
- Consumer Preferences: Adjusted Smoothness
3 | Moderately Rough
4 Very Rough 100.00%
.
80.00% :
y = -0.0514x“ - 0.0613x + 1.12/76
R* = 0.9916
60.00%
.
40.00%
20.00% \
0.00% ; ;
1 2 3 4




Absorption Rate

The Absorption Rate 1s how long 1t takes the mgredients
to absorb mto the skin and 1s characterized by the
steady state mtercellular dittusion time

_ 0.45L%R,,
SS D

Diffusion S.S time
effective diffusion coefficient of 3— phase stratum corneum continuum

retardation factor of the 3— phase stratum corneum continuum
distance into stratum corneum from the surface

t

SC

tSS
DSC
RSC
LSC

Source: A Geoscience Approach to Modeling Chemical Transport through Skin



Consumer Rating

B Best Product: Absorption Rate (Imin-2min)

1 Imin
2 2min
3 4min
4 Smin
5 6min
6 8min
7 10min

Consumer Satisfaction

120.00%

100.00%

80.00%

60.00%

40.00%

20.00%

0.00%

Consumer Preferences: Adjusted Absorption Rate

y = 0.0026x° - 0.0449x? + 0.1008x + 0.943
R? = 0.9927

Absorption Rate (min)

12




(Greasiness

B The greasiness 1s characterized by the look/feel of the
skin after the lotion 1s applied

B The greasiness can be determined by the amount of
fatty o1ls present in the lotion

B Fatty oils leave the skin looking greasy/oily because of
its high concentration of triglycerides or fatty acids

B If a lotion 18 too greasy the stratum corneum can
become swollen and inflamed

W If the loion does not have enough oils, the skin can
remain rough and chapped.



- (Greasiness

Consumer Rating B Best Product: Preference (2.8), Greasiness (13% Fatty Oils)
1 Very Greasy
Consumer Preferences: Adjusted Greasiness
2 | Moderately Greasy
3 Moderately Dry 100.00% ¢
4 Very Dry
.
80.00%
e
2
E
1z 60.00%
©
n
o = -0.3122x2 + 1.6109x - 1.0568
£ 40.00% y . ¢
> / R? = 0.9936
[
@}
O
20.00%
0.00% ; '
1 2 3 4
Consumer Ratings




Maximum Satistaction Product

Lotion Satisfaction
Property Score
Durability 87%
Greasiness 95%
Smoothness 74%
Thickness 95%
Effectiveness 1009%
Spreadability 99%
Absorption Rate 82%

Product Satisfaction: 81%
Competitor Satisfaction: 77%

B~ NPW-



Product Design

Manufacturing



Manufacturing Procedure

B '|'wo separate phases make up lotion:
aqueous and o1l phases

B Must completely combine two phases

B Steps in loton formation:

1) Heat and mix aqueous and o1l phases
separately

2) Combine both phases mto one batch

3) Perform post treatment modifications (1.e.
decrease particle size)



Tank 1: Water

_ ! Tank 2: Oil
hase Mixer wit Phase Mixer

Homogenizer
g e /

E;2

Pump

Pump

Bath Sonicator

P-13

Colloid Mill

Packing Section




s Equpment Costs

Equipment Cost

Storage Tanks $10,000
Water Phase Mixing Tank $8,000
O1l Phase Mixing Tank $4,000
Bath Sonicator $60,000
Homogenizer $11,000
2 Pumps $11,500
Colloid Mill $25,000
Total Cost $129,500

Source: Various Vendors




Buckeye, AZ

B 37 miles from Phoenix, AZ.
m Population: 25,406

B [ .ocated within the
southwest market

B Inexpensive property value
H High Productivity
B Low Labor costs

Source: http://www.rlmartin.com/photos/scenic/arizona/default.htm



Competiion Model

S = (O‘dl)p T (/de)p

Unsaturated Market Saturated Market
D>d,+d, D=d, +d,
D

P _ I-p Jd = —

dlz(aj P, |:Y p1d1:| (dl)p 1 1_|_7/
ﬂ pl p2 Yo

d2 _ Y — pldl 7/ o ﬂ
P,

prOﬁtl = (pl - ai)dl



Target Market

1.5 Million People will buy Lotion .5 *500,000 *12.13
6 Million Bottles per year $3,000,000 per month

500 Thousand Bottles per month



H, = .75 H, =91

Imax

Beta TPC

82  $4.30/bottle
85 $4.80/bottle
.9 $5.00/bottle
95 $5.50/bottle
| $5.50/bottle



> Summary ot Parameters

D =500,000 TPC (a,)
Y ~ 3,000,000 82  $4.30/bottle
o =1 85  $4.80/bottle
=75 9 i&()();oott.e
95 5.50/bottle
=%$12.13
P, =% 1 $5.50/bottle

p, =$8 — $15



NPW (millions)
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Price Response

= (adl)p T (:de)p
Unsaturated Market  Saturated Market Price Changes
— d o= d 0%2
D>d, +d, D=d, +d, pz=pz,o—¢(p2,o—az{ﬁ s 2]

2,0

p _ 1-p D ’
dlz(gj P, {Y p1d1} (dl)p d, :1—

£) Pl P T Max( profit, = (p, —a,)d,)
g _Y-rpd [ajp’l
P, 2
Ourprice  p; p; Pg Py Ps Ps Py Py P5s P5s Ps Do

Theiwr price p; Py Pe Ps Ps Py Py P5; Ps Ps Ps P



* . Summary of Parameters

k|
D =500,000
Y ~ 3,000,000
a=1 $4. 80/ hottle
0 =.75 85  $4.80/bottle
=$12.13 9 $5.00/190tt.€
a, =$7 95 $5.50/ﬂoott.e
$5.50/bottle
0, =$8 - $15
D maxp = =$7 —> $20




NPW (millions)
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Price Response

S= (adl)p T (:de)p

Unsaturated Market  Saturated Market Price Changes
D>d, +d, D=d, +d, D'>d; +d,
d1 _ (gjp P, |:Y - p1d1 :|lp(d1)p dl — L d’ = a' 4 p2 Y'— p1d1’ e (d’)pr
B) P P, 1+y 1 B P1 P, 1
v
d2:Y_p1d1 _[gjp—l , Y’_pld:{
P V= d, =
p P,

Max( profit, = (p, —a, )d,) Max( profit, = (p, —a,)d;)



Summary of Parameters Perfect Information

D =500,000

Y ~ 3,000,000
o TPC (a,)
82  $4.30/bottle
p=.12 85  $4.80/bottle
P, =$12.13 9 $5.00/bottle
Pomaxp = $7—$20 95  $5.50/bottle
a, =$7 1 $5.50/bottle
p,; =%$8 — $15

plmax P = $7 — $20



NPW with Perftect Information

NPW vs Starting Price with Beta as a Parameter
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Summary of Parameters Imperfect Information

Y =~ $3,000,000 Y'~$3,600,000

$4. 80/ bottle
85  $4.80/bottle

a=1 p=.75 1
0, =$12.13 0. =98 5 $15 9 $5.00/bottle
Pomecp =37 >$20 i, =$7>$20 .90 $5.50/bottle
8, = %7 | $5.50/bottle
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NPW vs Starting Price with Beta as a Parameter
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Any Question?



