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UNSCreens

= The purpose of a sunscreen is to absorb light
in the correct wavelength range to protect
the skin. Modern sunscreens protect from
both UVB and UVA

= In order to achieve this goal the molecular
structure of the sunscreen molecule must
allow it to absorb light at the required
wavelengths.
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Sun protection factor (SPF)

i value

eRepresents the ability of a sunscreen to delay sun-induced
erythema

eThe UV energy required to produce an MED on protected
skin divided by the UV energy required to produce an MED on
unprotected skin

*SPF value = MED (protected skin (PS))/MED (unprotected
skin (US)), where MED (PS) is the minimal erythema dose for
protected skin after application of 2 milligrams per square
centimeter of the final formulation of the sunscreen product,
and MED (US) is the minimal erythema dose for unprotected
skin, i.e., skin to which no sunscreen product has been

applied
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i Sun Protection Factor (SPF):

= There is a popular misconception that SPF relates to time of
solar exposure. For example, many consumers believe that,
if they normally get sunburn in one hour, then an SPF 15
sunscreen allows them to stay in the sun 15 hours (i.e., 15
times longer) without getting sunburn

= Rather, SPF is a relative measure of the amount of sunburn
protection provided by sunscreens. It allows consumers to
compare the level of sunburn protection provided by
different sunscreens. For example, consumers know that
SPF 30 sunscreens provide more sunburn protection than
SPF 8 sunscreens.
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i Sun Protection Factor (SPF):

= SPF is not directly related to &/ime of solar exposure but to
amount of solar exposure

. AIthouEh solar energy amount is related to solar exposure
tlme there are other factors that impact the amount of
solar energy

. |Mor<|a UVB reach the earth’s at higher altitude than at sea
eve

= Forexa ?Ie the intensity of the solar enerlgy impacts the
amount. The following exposures may result in the same
amount of solar energy:

one hour at 9:00 a.m.
15 minutes at 1:00 p.m.
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i Sun Protection Factor (SPF):

= Generally, it takes less time to be exposed
to the same amount of solar energy at
midday compared to early morning or late
evening because the sun is more intense at
midday relative to the other times.

= Because clouds absorb solar energy, solar
intensity is generally greater on clear days
than cloudy days.



i Sun Protection Factor (SPF):

= The internationally agreed upon standard
quantity of sunscreen per unit of skin
surface required to measure SPF in humans
IS 2mg/cm? of skin

= For an adult to apply this amount of

sunscreen to the entire body, 30 ml of
sunscreen is required
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i Measurement of SPF

Determine the MED on at least 20 but not more than 25 qualified
subjects

= The MED is that amount of UV radiation required to produce the first
Eerceptlble redness reaction with clearly defined borders at 22 to 24
ours after irradiation

= To determine the MED, a series of 5 exposures of increasing energy is
administered to the sub]ects unprotected skin

= Each exposure is 25% greater than the previous exposure

= At 22 to 24 hours after exposure, a trained grader other than the
person who conducted the irradiation or who applied the sunscreen
evaluates the redness of each exposure site

= The MED on unprotected skin is used to calculate the radiation
exposure for the sunscreen-protected site
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i Measurement of SPF

= To determine the water resistance of a sunscreen
formulation you must first subject the skin with
sunscreen test material to repeated exposures to
fresh water maintained at 23 to 32 C.

= The sunscreen is applied to the skin and allowed
to dry

= The subject enters the water and engages in
moderate activity for 20 minutes, the subject exits
the water to rest for 20 min, being careful to
avoid rubbing off the sunscreen
L ¥ Y5 sunscreen water resistance J) 2 43 | ghay aan Wl LS
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i Measurement of SPF

= For a water-resistant claim, the 20 minutes
in the fresh water is repeated once more
(total 40 minutes in water)

= For a very water resistant claim the 20
minutes in fresh water is repeated three
more times (total of 80 minutes in water)
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.very water resistance
= For the water-resistant sunscreen:

- The lipophilic base allows the products to
adhere well to the skin

- Greasy feel

- The higher SPF formulations tend to be
oilier or more opaque

- " waterproof”: Not allowed in the labeling

¢ water resistance sunscreen J) Jexi lia) (as
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L Sun Protection Factor (SPF):

= Points to note:

- It is a system based mainly on ultraviolet B
exposure

- UVA exposure and dose are not accounted

for in the current methods of measuring
SPF

- Most people do not apply the sunscreen as
thickly as it is applied in the testing

by (S sale axiiudl light J SPF Jl g sase g 2SU a5 () 58
o2 UVB Jl oo (Say4dl SPF (Sal W Ul « VB
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= A study demonstrated that most users
probably achieve a mean SPF of between
20 and 50% of that expected from the
product label because they do not apply
the sunscreen as thickly as is done in
laboratory conditions

(Stokes & Diffey: How well are sunscreen users protected?
Photodermatol Photoimmunol Photomed, 13: 186, 1997)




SPF JI (e 20-25 % oOf SPF daaay (alill (pe S 43 Ciaa g il 2 (8
ol Bl i Le S il ) 310 (e 58 AL 30aS | glansy g Ada slaadll
.( protection JI Jlit L JS Ledaasy

= A useful-rule-of-thumb is that the
protection most people get from a
sunscreen is equal to about one-third of
the SPF

= SPF 15 sunscreen at a typical application
thickness to the face provide about fivefold
protection
aaSl) ) shany Lo g pesie (S uadl) 815 padiiadty Lo (ulill ) ol Say sale
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Sunscreen Ingredients
i Classification:

1.Physical sunscreen ingredients (more
correctly known as inorganic (mineral)
sunscreen ingredients): zinc oxide and titanium
dioxide.

2. Chemical sunscreen ingredients (more
correctly known as organic sunscreen
ingredients).
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Sunscreen Ingredients
i Classification:

= At present, all organic UV absorbers
used in sunscreens possess aromatic
moieties.

= The substitutions at the aromatic ring
are of great importance for the UV
spectroscopic properties. An increase in
the number of resonance structures
stabilizes the excited state

aromatic rings e petl | b Lls 03 5a 5all organic sunscreen J!
Jaxiy 580 b5 iSIV) W3 absorption Jexd Ll W saclu J e
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Sunscreen Ingredients
Classification:

= You can have sunscreens containing
only organic filters, only inorganic
filters, or a combination of both.

chemical sunscreen and physical sunscreen and both Le &
. physical and chemical



Sunscreen Ingredients
Classification:

= The basic requirements for all UV filters
that are used in sunscreens are:

1) efficacy,
2) Safety
3) registration, and

4) freedom-to-operate with respect to the
status of intellectual property
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Sunscreen Ingredients
Classification:

Both ingredients absorb UV at certain
wavelength range

Inorganic sunscreens also scatter and
reflect about 5-10% of the incoming UV,

Some particulate organic sunscreens like
Tinosorb M also scatter and reflect UV light

better to be classified as both chemical
and physical.
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Sunscreen Classification:
i A. Physical sunscreens

For these UV filters, the term ‘physical UV filters’ was
initially used, attributed to their first known mechanism of
sun blocking through the physical manner of reflection and
scattering. However, small inorganic UV filter particles also
absorb part of the incident light

= Are rarely associated with allergic reactions. They remain
on the skin’s surface and are not systemically absorbed

= People with sensitive skin are more likely to tolerate this
type of sunscreen than the chemical type

= Are recommended when intense sun exposure is expected
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Sunscreen Classification:
h A. Physical sunscreens

= Titanium dioxide (TiO,)
= Zinc oxide (ZnO)

» Cosmetically acceptable translucent or
colloidal suspension that consist of
micronized preparations of ZnO and TiO,
have been developed
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Sunscreen Classification:

h A. Physical sunscreens

» Titanium dioxide and zinc oxide impart high

SPF values, provide broad spectrum
protection, and relatively inexpensive

» The difficulty in formulating with them is

creating a product with acceptable
consumer qualities

by A€ 45Y L formulation J) agilSén s Alle SPF & shanyy J s
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Sunscreen Lilassirication.

i A. Physical sunscreens

Metal oxides may produce oxygen free radicals at their surface
when irradiated

However to affect skin, the particles would have to traverse
the SC

They are too large to enter the skin

Most companies minimize the photoreactivity of these agents
by coating the surface with dimethicone or silicone

They’re processed to get rid of toxic contaminants, and often
need to be coated in synthetic chemicals to stop them from
being photocatalytic, and prevent them from clumping up and
causing patchy protection-> that’s why the natural claim is
questionable.

Saja Hamed, Ph.D il
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 helps prevent sunburn

* if used as directed with other sun protection L TRA LIGHT SUNSCREEN FLUID
measures (see Directions), decreases the risk ¢ 100% mineral UV filter system
skin cancer and early skin aging caused bythe s Matee finish. Universal tint

Warnings A e

For external use only -
Do not use on damaged or broken skin L,
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with water to remove.
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Sunscreen Classification:
i B. Chemical sunscreens

= They are usually combined with physical
sunscreens or with each other to form high-SPF
products

» Chemical sunscreens absorb ultraviolet radiation

= The absorbed radiation must then be dissipated
as either heat or light.

= In most cases, the radiation simply is emitted
again at a longer wavelength and does not lead
to free radical formation
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Sunscreen Classification:
i B. Chemical sunscreens

= Organic UV absorbers used in sun-
screens possess aromatic moieties.
The substitutions at the aromatic ring
are of great importance for the UV
spectroscopic properties.

= An increase in the number of
resonance structures stabilizes the
excited state

_man s aromatic moiety as benzene ring e s ik g3 Jé LiSs
. UV absorption J) dalexy 2l lie substitution le

Sunscreen Classification:
* B. Chemical sunscreens

Absorbs High
Ermgy UV Rays
250 - 350 nm)

Moleculo
Vory Low E (over BO0 nm)
' Excued State \ IR Reglon (Heat)
Intermediate E (450.800 nm)
Visidle Reglon (Flourescence)
Low UV Reglon (380.450 nm)
(Cis/Trans Isameriam)

Emm Low Energy Rays
(Longer A

Moloculo Molecule
In Returns 1o
l Ground State Ground State

l
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Chemical structures of common UV filters

0

Zinc Oxide

0

0 ~

Titanium Dioxide Oxybenzone Avobenzone Octocrylene Homosalate

Electron transitions in UV filters

Excitation Relaxation

Electron
Higher energy level --._
™ UV light

Energy level at rest \. \. \.. \ . isesi '.
- \  Chemical energy \\
. ' . ' » . ! . ' . .

Sunscreens contain UV filters that absorb UV light and convert it into different
forms of energy that are less harmful to the skin. (Chemical structures from

PubChem)

https://ftloscience.com/soaking-up-sun-chemistry-behind-sunscreen/
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Sunscreen Classification:
i B. Chemical sunscreens

= They are synthetically prepared organic
chemicals that can be labeled as UVB or
UVA absorbing substances or both

= Colorless and often odorless agents that
prevent UV radiation from penetrating the
epidermis by acting as filters as they
absorb and reflect UV radiation
salan ;b L8 A resde y uriias J 50 Gl Rapdall e e J 58
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Sunscreen Classification:
B. Chemical sunscreens

= Drawbacks:

Many chemical sunscreens have been reported to cause
allergic or photoallergic reactions in susceptible people

- In addition, some of them are unstable when exposed to
ultraviolet radiation. E.g. 15 minutes of solar-simulated
light destroys 36% of avobenzone

- Some are systemically absorbed and levels have been

demonstrated in the urine of humans using the product
(Hayden et al.: Systemic absavﬁrian of sunscreen after topical application.

Lancet, 350: 863, 1997) = chemical sunscreens should not be
used in children under 2 years of age
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THE CHEMISTRY OF SUNSCREEN

Summer sun brings with it the risk of sunburn, so we'll all be slapping on the sunscreen 1o guard against it. But what
are the chemicals that keep you from turning as red as a lobster? This graphic looks at them and how they work.
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Accounts for 95% of solar UV redistion resching & INGREDIENTS

Earth's surfece. Penetrates despest into skin, and  « APPROVED
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SUNSCREEN ACTIVE

and as & result does Not reach the surfece of the 7
Eurth, and dowsn't cause skin damege. -

S Inorganic chemicals in sunscreen, such as - cle and tiear “
(° . both absorb and scatter UV light. © oo i als are also used —
e —— the chemical bonds In these absorb UV radlatlon wlth the chemical
structure affecting whether they absorb UVA, UVB, or both. Several

— different chemicals are used in sunscreen to ensure full protection.
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Table 1. Common UV filters approved in Australia (AUS), Europe (EU), Japan (JP), and United States (USA)

 Womanclsture of (Cosmetics States Adopted wa buiividotlasiitosil
Cosmetic ingredients) Europe)  Names) Trademark abbreviation Form AUS EU P UsA
Broad-Spectrum Bis-ethylhexyloxyphenol 581 Bemotrizinol Tinosort® § BEMT ] 10 10 3 X
and UVAI methoxypheny! triazine
l (340-400 nm) Butyl 566 Avobenzone Parsol® 1789 BMBM P 5 s 10 3
methoxydibenzoylmethane
Diethylamino hydroxybenzoyl S 83 - Uvinu® A Plus DHHB ] 10 10 10 -
" hexyl benzoate
Disodium pheny! 580 Bisdisulizole Disodium Neo Heliopan® AP DPDT P 10 10 - -
dibenzimidazole
tetrasulfonate
Drometrizole trisiloxane 573 Drometrizole Mexory!® XL DTS P 15 15 - -
Trisiloxane
Menthyl anthranilate - Meradimate B MA P 5 - - 5
Methylene bis-benzotriazolyl 579 Bisoctrizole Tinosorb® M (active) MBBT d 10 10 10 *
tetramethylbutylphenol
Terephthalylidene dicamphor sn Ecamsule Mexoryl® SX TDSA P 10 10 10 A ¢
sulfonic acid
Zinc oxide 576 Zinc Oxide Z-Cote® HP1 Zn0 p.d nolimt 3 no limit 25
UVB (290-320 nm) 4-Methylbenzylidene camphor 5 60 Enzacamene Eusolex® 6300 MBC P 4 4 - »
and UVAII Benzophenone-3 538 Oxybenzone - BP3 P 10 10 S 6
° (320-340 nm) Benzophenone-4 S 40 Sulisobenzone Uvinul® MS40 8P4 P 10 S 10 10
~ Polysilicone-15 574 - Parsol® SLX PS15 ! 10 10 10 -
E Diethylhexyl butamido triazone 578 Iscotrizinol Uvasorb® HEB DBT P - 10 - o
> Ethylhexyl dimethyl PABA s08 Padimate O Eusolex® 6007 EHOP I 8 8§ 10 8
3 53 Ethylhexyl methoxycinnamate 528 Octinoxate Uvinul® MC 80 EHMC L} 10 10 20 75
3 Ethylhexyl salicylate $13 Octisalate Neo Heliopan® OS EHS 1 5 S 10 5
R Ethylhexyl triazone 569 Octyltriazone Uvinut® T150 EHT P 5 5 3 .
- F] Homomenthyl salicylate s12 Homosalate Eusolex® HMS HMS 1 15 10 10 15
%3 Isoamyl p-methoxycinnamate 527 Amiloxate Neo Heliopan® E1000 IMC 1 10 10 - »
2 § Octocrylene $32 Octocrylene Uvinul® N539 T OCR 1 10 10 10 10
ﬁ g Phenylbenzimidazole sulfonic  §45 Ensulizole Eusolex® 232 PBSA ] 4 8 3 4
= aad
§ 5 Titanium dioxide S75 Titanium Dioxide Eusolex® T2000 TiOy p.d 25 25 no limit 25
g § Tris biphenyl triazine 584 - Tinosorb® A28 T8PT d 1 1 1
32
3 3 *Time and Extent Application (TEA), Proposed Rule on FDA approval expected not before 2014
- 2 tApproved in certain formulations up 10 3% via New Drug Application (NDA) Route
:Er g positive opinion by Scentific Committee on Consumer Safety (SCCS).
53 the EU and may be delisted
:.E ~ EU or anywhere else (but positive Safety Opinion on 1,3,5-Triazine, 2.4, 6-1ris(1, 1" -bipheryl}-4-41-, SCCS Sept/Dec. 2011)
L1 i wmerly COUPA): Mttpiiwww cosmeticseurope.ew, order number shows chronology of UV filter development
; ” Trademarks: Tinosorb®, trademark of BASF SE, Ludwigshafen Germany; Parsol®, trademark of DSM, Kaiseraugst, Switzerland; Uvasorb®, trademark of 3V Sigma, Bergamo, italy; Uvinul®, trademark of BASF SE,
« @ Ludwigshafen Germany; Neo Meliopan®, trademark of Symrise AG, Holzminden Germany; Mexory!®, trademark of L'Oréal, Paris France; Z-Cote®, trademark of BASF SE. Ludwigshaten Germany, Eusolex®, trademark !
8 &  Merck, Darmstadt Germary.
"_ ~ P, powder; |, liquid; d, dispersion
a8
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