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OMICS International Conferences
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OMICS International is a pioneer and leading science event
organizer, which publishes around 500 open access journals and
conducts over 500 Medical, Clinical, Engineering, Life Sciences,
Pharma scientific conferences all over the globe annually with the
support of more than 1000 scientific associations and 30,000
editorial board members and 3.5 million followers to its credit.

OMICS Group has organized 500 conferences, workshops and
national symposiums across the major cities including San
Francisco, Las Vegas, San Antonio, Omaha, Orlando, Raleigh, Santa
Clara, Chicago, Philadelphia, Baltimore, United Kingdom, Valencia,
Dubai, Beijing, Hyderabad, Bengaluru and Mumbai.
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* Structure of skin

* Transport through skin
* Chemical penetration/permeation enhancers
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* Alaptide derivatives as CPEs



Transdermal administration

e ability to maintainlong-lasting steady- :
concentration of active substances (including drug: short
biological half-lives)

* reduction of undesirable side effects occurring as a result of
considerable fluctuations of drug plasma concentration

* protection from presystemic elimination of the applied drug
(first-pass effect) and from pH change in GIT and interactions
with other simultaneously applied pharmaceutics or food

* possibility to apply drugs with a narrow therapeutic window and
to interrupt drug delivery into the system immediately when an
undesirable effect occurs

* very simple and painless application

* non-invasive alternative to parenteral, subcutaneous and
intramuscular injections



Transdermal administration

possibility of local skin‘irritation or allergisz
substance or excipient -

* variable intra and interindividual absorption depending on skin
conditions and on the place of application
(differences in skin structure and thickness on different body
parts cause absorption diversity)

* long-term transdermal application on the same place can
damage the skin by affecting its microflora and enzymes

* longer time of effect onset connected with the need to
overcome the skin barrier
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nicotine 1991

approved by FDA =i 1993

estradiol/noretisterone acetate [JleIst:
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Transdermal administration

The ideal properties of a molecule that effectively
penetrates through the skin include drug:

* solubility

* penetrability (drug gets into the skin)

* permeation (drug passing through the skin)

* resorption in blood or lymphatic vessels



Transdermal administration

* biological half-life <10 h ———__

* molecular weight <500 Da

* log P 1- 3 (ideal 2.5)

* melting temperature <200°C

* saturated aqueous solution pH 5-9

* should not cause any skin irritation or immunity reactions

Only about 5% of drugs are suitable for administration through
the skin.



* skin surface of adult is 1.6-2 m?, thickn .5—4 mm,
its weight is 3 kg

* contains ca 72% of water

The skin has a number of different functions; the most
important is protection from:

* excessive water loss

* mechanical, chemical, microbial and physical impacts.



-impermeable to water and chemica
against mechanical damage, drying and penetraglon of
microbes, xenobiotics

- consists of four layers: stratum basale, stratum spinosum,
stratum granulosum, stratum corneum

* dermis (curium) — is formed by fibroblasts and extracellular
matrix and is rich in capillaries and nerve endings; fibroelastic
layer ensures mechanical strength, elasticity, tensibility and
tensile strength thanks to tangled structure of collagen fibres

* hypodermis (subcutaneous tissue)
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outermost layer of skin (responsible for

* formed by 18-21 cell layers and intercellular substance consisting
of specific lipids (50% ceramides, 25% cholesterol, 10% free fatty
acids, cholesterol esters, cholesterol sulfate and
glucosylceramides)

* have “brick and mortar” structure, where corneocytes
represent “bricks” and lipid matrix in intercellular space
represents “mortar”

* horned layer is formed by proteins (75-80%), lipids (5-15%), other
organic compounds and water



erceliular way (through interc

* through dCCESSory skin organs (follicles, sebaceous/ sweat glands)

Intracellular route o 2Ppendageal route
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To solve this critical issue variou es for
overcoming the skin barrier were developed.

These approaches can be classified as:

* chemical (modification of drugs (prodrugs), using transdermal
chemical permeation enhancers)

+ physical (modification of drug particles size to nanosize,
physical enhancement techniques).



C modification. \

Optimization of drug/vehicle consists in
preparation/application of:

* lipophilic prodrugs or ion pairs

* eutectic systems

* complexes of drugs with cyclodextrins

* liposomes and other vesicles (transfersomes, ethosomes,
niosomes, etc.)

* solid lipid nanoparticles and other nanoparticles and/or
nanodelivery systems

* saturated and supersaturated solutions



2. SC modification. \-

Modification (i.e., hydration/lipid fluidization/disrupting)
of SC, means:
* application of transdermal chemical permeation enhancers

* overall optimization of formulation using non-hydrophobic
excipients

* application of physical enhancement techniques (electrically
assisted methods), such as iontophoresis, electroporation,
acoustic methods - ultrasound (phonophoresis, sonophoresis),
microneedles, magnetophoresis or photomechanical wave



Chemical penetration/

permeation enhancers (CPEs)

intercellular space between corn ying
corneocytes by hydration or denaturation of keratin.

CPEs can be divided into 10 categories:

1. anionic surfactants (e.g. sodium lauryl sulfate)

2. cationic surfactants (e.g. alkyl ammonium bromides)
3. zwitterionic surfactants (e.g. dodecyl betain)

4. non-ionic surfactants (e.g. polysorbate, poloxamers)
5. fatty acids (e.g. oleic acid, palmitic acid)

6. sodium salts of fatty acids (e.g. sodium octyl sulfate)
/
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. fatty esters (e.g. isopropyl myristate)
. fatty amines (e.g. long-chain alkyl amines)
. Azone-like compounds

10.others (e.g. menthol, urea, cyclodextrins)



everal possible mechanis

. . i
hypothesized, but exact mechanisms have not been
elucidated. It is almost certain that CPEs exhibit

multiple effects:

* interact with the intercellular lipid matrix (especially ceramides)

* interact with proteins (influencing the conformation of keratin
in corneocytes or proteins in desmosomes)

* promote partitioning (influencing the SC nature leads to raising
the penetrant concentration gradient and thus increasing the
flux, i.e. increasing the concentration of the drug in the skin)



have reversible influence on the ski

i
* possess rapid onset of action, predictable and repeatable effect
* be pharmacologically and chemically inert
* act one way (ensuring drug entrance to the body)

* be physically and chemically compatible with drugs and other
excipients

* be cosmetically acceptable with convenient organoleptic
properties

* have uncomplicated and inexpensive synthesis

* meet recently imposed additional biodegradability
requirements



Testing of CPEs

skin of different animals (snake,
guinea pig, pig, monkey) or human skin

* different drugs T e
(theophylline — the most
frequent model drug;
hydrocortisone,
indomethacin, RO
5-fluoruracil, e
antipsychotics, 1
cardiovascular drugs,
etc.)

* HPLC

Sampling Port

Skin Spicemen
Donor Chamber

Water In

Samling

Acrylic Cell

olds Magnetic
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Testing of CPEs

surface area of 0.635 cm? anc

receptor compartment filled with phosphm fered saline
(pH 7.4),37%0.5°C
donor samples were prepared by dissolving the tested

enhancer, theophylline or drug in medium (propylene
glycol/water (1:1), formulations)

control sample was prepared in the same manner without
enhancers

samples (0.5 ml) of the receptor phase withdrawn at time
intervals 1, 2, 4, 6, 8, 12 and 24 h and the cell refilled with an
equivalent amount of fresh buffer solution

* five determinations were performed using skin fragments from

2 animals for each compound



Testing of CPEs

with a diode array detection (DAD) system; ¢ cquisitic
performed using ChemStation chromatography?oftware

* Waters Symmetry® C8 5 um, 4.6x250 mm (Waters Corp.,
Milford, MA, USA) chromatographic column was used

* The cumulative amounts of theophylline/drug that penetrated
through the skin into the receptor compartment [ug/cm?] were
corrected for sample removal and plotted against time [h].

* Steady state fluxes [ug/cm?/h] were calculated using the linear
region of the plots.

* Enhancement ratios (ERs) were calculated as ratios of
theophylline flux with and without the enhancer.



Why alaptide?




Alaptide

/nthesized  c - NS
Biochemistry (former Czechoslovakia N ublic)
in the 80s of the 20th century

— designed as analogues of melanocyte-stimulating hormone
release-inhibiting  factor (MIF-1, known as L-prolyl-L-
leucylglycinamide)

- showed significant curative effect in different therapeutic areas

— demonstrated very low acute toxicity; no subchronic and
chronic toxicity, genotoxic, teratogenic and embryotoxic
effects were observed

— its enantiomers do not induce the biotransformation enzymes
of the cytochrome P450 superfamily 1A1, 1A2 and 1B1 in
hepatocytes

e

Kasafirek E. et al. CS 231227, 1986
Kasafirek E. et al. Drugs Fut. 1990, 15, 445-447.
Jampilek J. et al. WO/2014/019556 At.



Alaptide — effects

embryonic cells without tran natiol of
morphology -

— increased cell proliferation and epidermal regeneration

— regenerated fast in vivo experimental skin injury in pigs and
accelerated curing of experimental skin injuries in rats

Probable mechanism of action (under investigation):
alaptide negatively affects the inhibition of the release of
melanocyte-stimulating hormone and thus increases the
concentration of melanocytes in epidermis. Melanocytes
significantly influence the creation and function of keratinocytes

by means of melanosomes. 5 “P
H3CiH o)



eir structure. They often conta
moisturizing factor (NMF), which is physiolo present in
highly differentiated flattened keratinocytes.

The NMF is a mixture of hygroscopic compounds that help to
maintain skin hydration and is capable of retaining water in the
horny layer.

Other substances contained in the NMF with a special water
binding capacity are derived from sweat and sebaceous oils, e.g.,
urea, proline, oxoproline, histidine, glutamine, urocanic acid.
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urea proline histidine glutamine urocanic acid oxoproline
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=this fragment can be found in many CPEs.

A hypothesis was proposed that small polar molecules may break
the intermolecular H-bonds that hold the ceramide molecules

together in the SC.
Also small molecules derived from NMF components can increase

the water binding capacity, and hence moisten the skin and
facilitate permeation of compounds through the skin.



other groups of CPEs we decided to evaluate alaptide as a
potential transdermal permeation enhancer.
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Jampilek J. & Brychtova K. Med. Res. Rev. 2012, 32, 907-947. alaptide



Alaptide

system —

— expressed no skin irritability and excellent enhancement effect
(till the 3rd hour by several orders of magnitude higher

compared with drugs without alaptide)

Jampilek J. et al. Czech Patent PV 2011-232, 2011
Jampilek J. et al. Czech Patent PV 2012-72, 2012.
Jampilek J. et al. Czech Patent PV 2012-511, 2012.
Jampilek J. et al. WO/2013/020527 A1, 2013.

Jampilek J. et al. Czech Patent PV 2013-1000, 2013.
Jampilek J. et al. Czech Patent PV 2013-1001, 2013.
Jampilek J. et al. Sci. World J. 2013, Article ID 787283.
Jampilek J. et al. WO/2014/019556 A1, 2014.

Jampilek J. et al. Czech Patent PV 2014-416, 2014.
Jampilek J. et al. ADMET 2014, 2, 56-62. 0
Jampilek J. et al. Mil. Med. Sci. Lett. 2014, 83, 34-39.

Jampilek J. et al. ADMET 2014, 2, 248-253. i
Jampilek J. et al. Czech Patent CZ 304915 B6, 2014.
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Alaptide
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Aryl alaptide derivatives
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Aryl alaptide derivatives

40.0
%
35.0
30.0
25.0
20.0
15.0
10.0
5.0
0.5 1 1.5 2 3 4
MW Theo 0.00 0.10 0.24 0.43 0.95 1.52 3.00
M Theo+1 2.50 3.92 7.27 10.93 17.55 23.03 35.17
M Theo+2 0.48 0.89 1.91 3.05 548 8.08 13.82
B Theo+3 0.18 0.43 0.78 1.69 2.74 5.11 7.75
M Theo+4 0.20 1.19 2.53 4.18 7.36 10.31 16.33
® Theo+5 141 2.22 3.99 5.84 9.78 13.61 21.53
W Theo+6 2.16 3.64 6.55 9.23 14.79 19.98 28.51
™ Theo+7 2.55 458 6.72 11.73 16.88 25.84 34.07
Theo+8 0.96 2.16 3.64 6.55 9.23 14.79 19.98

Time [h]




Aryl alaptide derivatives

4-hydroxybenzyl

(8) derivatives in time.
14.0
%
° 120
10.0
8.0
6.0
4.0
2.0
0.0
N gel 0.27 0.33 0.30 0.29
Hgel+1 4.92 7.55 10.01 11.66
N gel+5 2.57 4.43 6.73 7.96
N gel+6 2.02 4.09 6.03 7.40
N gel+7 3.00 5.16 7.77 8.80
W gel+8 143 2.93 4.69 7.13

Time [h]



Aryl alaptide derivatives

of phenyl (1) and 4-fluorober

14.0
%

12.0

10.0

8.0

6.0

4.0

2.0

0.0
N gel 0.26 0.46 0.62 0.78
Hgel+l 4.14 6.09 10.08 13.33
N gel+7 3.82 541 9.34 12.46
M cream 0.20 0.25 0.31 0.37
M cream+1 2.42 3.98 4.74 7.23
M cream+7 2.90 4.87 7.19 9.94

Time [h]



Aryl alaptide derivatives

and 4-fluorobenz| (7)

10.0
% 90
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0

0.0

deriva

1

HTTS

0.53

1.13

1.54

1.86

FTTS+1

5.50

6.40

7.20

7.50

BTTS+7

5.26

7.35

8.40

9.20

Time [h]




amino acids and characterized.
’

All discussed compounds were tested for their in vitro
transdermal permeation enhancement effect using a vertical
Franz diffusion cell and full-thickness pig ear skin.

Some of the tested compounds expressed significant permeation
enhancement effect though the skin.

They also expressed no skin irritability (in vivo test on mice) and
no in vitro toxicity (IC50 >50 umol/l) against cervical cancer cells
Hela, T-lymphoblastic leukaemia CEM, breast adenocarcinoma
MCF7, human Caucasian malignant melanoma G361 and human
foreskin fibroblasts BJ.
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Let us meet again..

.‘
We welcome you all to our future conferences of OMICS
International

4 Annual Conference on European Pharma Congress
June 18-20,2016, Berlin, Germany.
http://europe.pharmaceuticalconferences.com/
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