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Healing treatments

* |nthe USA chronic wounds affect about 6 million people per year.
* In Colombia, a prevalence of 10% in diabetic and venous disorders patients.

Current treatments
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Hydrocolloids

Negative pressure
wound therapy dressings

Scaffolds Biomembranes Foams

Challenges in the Treatment of Chronic Wounds. Doi: 10.1089/wound.2015.0635

Uso de terapia con presion negativa en heridas con fistulas entéricas. Doi: 10.1016/j.ciresp.2009.01.029

Future Prospects for Scaffolding Methods and Biomaterials in Skin Tissue Engineering: A Review. Doi: 10.3390/ijms17121974
Introduction to biomaterials for wound healing. Doi: https.//doi.org/10.1016/B978-1-78242-456-7.00001-5

los Andes

/) Universidad de



Ilntroduction GI I N I b

Wound healing natural process

(1) Hemostasis (2) Inflammation (3) Proliferation (4) Remodeling

Epidermis If proper healing is not
o followed, it can cause:
Tlssue
_ ‘ Infections, amputations,
Dermis

cellulitis, abscesses,
necrotizing fasciitis, among
others.
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PDGF GF T-Cell Macrophage Myofibroblast Debris Coccus GAG
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Q Negative Pressure Wound Therapy in Maxillofacial Applications. Doi: 10.3390/dj4030030




I Introduction

Lavandula angustifolia

Lavender essential oil

Properties

Wound healing improvement
* Accelerate the process of granular
tissue formation
* Induction of TGF-3 expression

e Anti-inflammatory
* Immunomodulatory
* Antinociceptive

e Antimicrobial

GINID

Compounds
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a-terpineol  D-limolene (-)-linalool
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Linalyl acetate

Antioxidant, analgesic and anti-inflammatory effects of lavender essential oil. Doi: 10.1590/0001-3765201520150056
Wound healing potential of lavender oil by acceleration of granulation and wound contraction through induction of TGF-8 in a rat model.

Doi: https.//doi.org/10.1186/s12906-016-1128-7
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I CW49 peptide Gl IN I b

Properties
Wound healing improvements * Antimicrobial
e Accelerate the angiogenic e Antiviral
process and the cellular * Anticancer
activity
Structure HNYNHZ
NH
r
Odorrana grahami e Composed of 11 AA X H© X H©
° g . \)L N N = \)J\OH
molecular mass: 1.2kDa /ﬁ( H H :
* Isoelectric point: 8.29 //§ \© \
e Charge: +1 NH2

N
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a A short peptide from frog skin accelerates diabetic wound healing. Doi: 10.1111/febs.12968
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Main objective

Develop stable emulsions from lavender extract and CW49
peptide for regenerative assays on a 2D human keratinocyte
monolayer.
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Methodology O/W emulsions

Objective: Develop stable emulsions from lavender extract and CW49 peptide for regenerative assays on a 2D human keratinocyte monolayer.
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Control emulsion Lavender emulsion Peptide CW49- Lavender emulsion
« Tween 20 * Lavender oil * Lavender oil
e Carbopol « Tween 20 e (CWA49 peptide
 Span 80 e Carbopol e Tween 20
 Span 80 e Carbopol
* Span 80

Formulation of an antimicrobial topical treatment based on magnetite-buforin-I IECBM u n I Ve rS I d a d d e
nanobioconjugates. p://hdl.handle.net/1992/52950 2 02 2 I 0 S A n d e S
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Methodology O/W emulsions

[ [

Sy n t h eSl S Of t h e e m U ISI 0 n S Emulsion Control Lavender Lavender-peptide
Composition ( w/w%)
Oily phase
Essential oil - 0.25 0.25
Span 80 1.60 1.60 1.60
Mineral oil 8.40 8.15 8.15
Agqueous phase
CW49 peptide - - 0.2
Tween 20 2.40 2.40 2.40
Carbopol 0.3 0.3 03
Triethanolamine 0.6 0.6 0.6
Water 86.70 86.70 86.50

Carbopol
&
> S~
Aqueous phase 1200 rom
without Carbopol 15 m!on Lavender  Control Lavender + CW49
peptide

G IECBM Universidad de
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Physicochemical characterization Gi IN | b

Objective: Determine the physicochemical properties of the CW49 peptide and lavender essential oil emulsion

Particle size distribution Rheological analysis Emulsion stability

Frequency test:

MasterSizer® 3000

e Storage and loss modulus. Turbiscan
. : o :

Refractive index: Frequency - sweep ,Wlth 1@ Strain At 25°C 10 sweeps

between 0.01-1Hz with 10 points per
Water: 1.33 per sample
) decade.

Emulsions: 1.47

Flow test:

* Viscosity and share stress.
* Frequency between 0.1-100Hz.

° IECBM Universidad de
2022 /) los Andes




I Results

Particle size distribution

e ~1.10um diameter
* Remains
unchanged when

Physicochemical Characterization

Frequency

GINID

* Viscoelastic
behavior

e Storage  modulus
higher than loss
modulus

* Microestructure is

25+ adding both 103 _ _
— highly organized
§ 20 components
z 1
@ 15-
@
(]
o 10+
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0+ | bl |

101 10’ 10° 10

Size [um] Angular Frequency [rad/s]

—— Lavender + CW49 -=— Control Lavender + CW49 —— Lavender ~=— Control

emulsion emulsion emulsion emulsion emulsion
Design and characterization of topical formulations: Correlations between instrumental and sensorial measurements, DOI: 10.1208/s12249-018-0960-0 . .

e Comé;;)arison between sensory ans instrumental characterization of topical formulations: Impact of thickening agents,”DOI: 10.1111/ics.12302 IECBM 0 u n | Ve rS I d a d d e



t[Pa],n[Pa s]
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Physicochemical Characterization

* Pseudo-plastic behavior

* Resistance to structural
rupture during
exposure to high shear
rate

e Shear rate apparent
Viscosity

Flow

1
101 100 101 102 103
Shear rate [s™]
Lavender + CW49 = Lavender —&=- Control
emulsion emulsion emulsion

GINID

Stability

e Stable in time
most likely due
to the
Carbopol

Stability index

T T T T 71T
0 20 40 60 8 100 120

Time [days]

—— Lavender + CW49 = Lavender = Control

emulsion emulsion emulsion

Universidad de
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Hemolysis

‘. Transfer of
ﬂ supernatant

¥ | [
o7 > ‘ -
= = 1

1hr
Dilution 1:10 37°C 5%CO,
with PBS 1X
Platelet activation
Platelet-rich
plasma (PRP) ~  Expose for
3 minutes
— = —
‘ 70uL ¢ c E ‘
1000 rpm | "\ ' ——
X 15m|n [ oo @ ‘
H— e Read at 620nm
Treatments

GINID

pm—

————
Read at 450nm

Treatments:

* Control emulsion

* Lavender emulsion
 Lavender-CW49 emulsion

e 1SO 10993-5:2009 Biological evaluation of medical devices — Part 4: Selection of tests for interactions with blood

IECBM Universidad de
2022 [) los Andes



I Results

1004

Hemolysis (%)

*kkk

Biocompatibility Assays

Hemolysis
* Lavender emulsion is
hemolytic
* By adding the peptide, the
percentage of hemolysis
decreases
* Emulsions are not intended
G,\@ @6‘3 for direct contact with
&&o"\ human blood

GINID

Platelet activation

1004
°\° -
s 80—-
S o0 * Emulsions are
s . platelet aggregators
5 407 * Promote formation
S 20- of granular tissue in
I wounds
S T
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e ISO 10993-5:2009 Biological evaluation of medical devices — Part 4: Selection of tests for interactions with blood
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Cell viability

24 h, 48h
37°C —
e 5% CO2 :
80% G |
confluence ‘ / 100 pL DMSO/well
: 10 pL MTT/well
] 4 ———
3x1075 cells/well - Lavender oil
- CW49 tid
HaCaT peptiae 595 nm
Treatments: Control:

e Lavender oil + DMEM
« CWA49 peptide - DMS0O

e 1SO 10993-5:2009 Biological evaluation of medical devices — Part 5: Tests for in vitro cytotoxicity IECBM u n IVE rS I dad de
2022 los Andes




I Results

Biocompatibility Assays

CW49 peptide

>

150~
120+
90

60—

Cell viability (%)

30+

100 80 50 | 20 10 5
Concentration (pug/mL)

B 24 hours
| 48 hours

At 20 pg/mL and 10 pg/mL the
viability decreased in about 15%
and 5% after 48 hours.

— "
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Lavender oil
%0 I 24 hours
g [0 48 hours
E 60-
o]
[}
S
T 304
(&
o_
1 0.5 0.25 0.125

Concentration (w/w%)

The 0.25%w/w concentration of lavender
essential oil appears proliferative at 24 and
48 hours.

N

@ I1SO 10993-5:2009 Biological evaluation of medical devices — Part 5: Tests for in

vitro cytotoxicity
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ATCC 25922 Escherichia coli i
ATCC 29213 Staphylococcus aureus ) &
= ey
1 ']
' oleggts;n N b ™ N
. | e
1 x10*7 CFU/ mL i -~ | - | l st ‘l]l l | |
W, i = \ :“e "",, C
ety Treatment ez Serial dilution 1:10

4 | @ CFU Scope v1.4

Treatments: - i }j .
e Control emulsion | | ;

e Lavender emulsion 100 o the Spread witha = - 16

last dilution cotton swab 37°Cx18 hrs Count of CFU

e Formulation of an antimicrobial topical treatment based on magnetite-buforin-I1 IECBM u niversi d d d d e
nanobioconjugates. p://hdl.handle.net/1992/52950 2022 I 0 s An d e S




I Results

Bacterial Growth
Aok
1 koK
Il Lavender
600- emulsion
’:g . " Control
%X 400- T emulsion
o | W Bacteria
&
200+
0_
S.aureus E. coli

Antibacterial Assays

Lavender emulsion inhibits the growth of E. coli
and S.aureus, thus exhibiting bacteriostatic
behavior most likely due to the presence of the
lavender essential oil.

—

E. coli

Control bacteria Control emulsion Lavender emulsion

Control bacteria Control emulsion Lavender emulsion

IECBM Universidad de
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Wound Healing Assay

10% FBS
- OOODOD
OOOOOD
OOOOOD

= | Q00000

Create the wound
1x1075 cells/well

with the mold
80% confluence
Treatments
* Lavender-CW49 peptide o
. i SO
' ' - Lavender 0|.I C ia)( é\é) S
* CW49 peptide \Neoes=—

* Lavender-CW4 i mulsion
Wound Healing avender-C .9 peptide emulsio
Size Tool e Control emulsion Expose to the

by Suarez A. Image acquisition at 0, 4, * Control DMEM treatments
8,20 and 24 hrs.

An image J plugin for the high throughput image analysis of in vitro scratch wound healing assays. Doi:
https.//doi.org/10.1371/journal.pone.0232565

Universidad de
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I Results

Area (um?)

Wound Healing Assay

GINID

 Together Lavender oil at 0.25%w/w and CW49 peptide at 20ug/mL reached almost 93% of closure at 24 hours.

 Each treatment separately reached almost 100% of closure at 20 hours.

* The wound closure exposed directly to the emulsions affect the healing most likely due to the cytotoxic effect of

the surfactants.

Area

-+« Lavender essential oil

1500000 N =¥ CW49 peptide

\ -+ Lavender + CW49

-~ Control emulsion
-~ Lavender + CW49 emulsion
- Control
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-+ Lavender essential oil
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-~ Control emulsion

-~ Lavender + CW49 emulsion
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Time (h) 20

Scratch Width (um)

30000+

20000+
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Scratch width

-« Lavender essential oil

¥ CWA49 peptide

-~ Lavender + CW49

-®- Control emulsion
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- Control
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0 ' 10
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I Results

Wound Healing Assay

GINID

 Deviation of the width appears not as function of the evaluated times or used medium.
*The rate of cell migration of cells exposed to the emulsions is slower.

1500

Rate of cell migration

1

Standard deviation

A Lavender essential oil
¥ CWA49 peptide

4 Lavender + CW49
® Control emulsion

® Lavender + CW49 emulsion
B Control
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I Results

Wound Healing Assay

Lavender-peptide CW49

CWA49 peptide

G

Wound closure reached
~94% for Lavender-CW49
peptide , ~95% for Lavender
oil and ~99% for CWA49

Jﬁgti\de/
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D
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Lavender-CW49 peptide emulsion

Wound closure reached ~
65% for Lavender-CW49
peptide emulsion, ~75% for
Control emulsion and ~75%
for control DMEM 10%FBS

el

Control emulsion

The emulsions are
cytotoxic most likely due
to the added surfactants

—
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Conclusions G||N|b

* The emulsions showed a pseudoplastic fluid behavior, which is a critical attribute to assure skin retention
and ease of application.

 The lavender emulsions are hemolytic and aggregating, but in the presence of the CW49 peptide,
hemolysis is reduced significantly; however, platelet aggregation is beneficial for the wound healing
process.

* The wound healing assays showed promising results for wound closure with the lavender-peptide extracts,
which reached a wound closure percentage of ~ 93% after 24 h.

* The wound healing assays showed results for wound closure with the lavender-peptide emulsion, which
reached a wound closure percentage of 65% after 24 h.

* Taken together, our findings indicate that the formulated emulsion might be considered as a potential
wound healing topical treatment and will therefore undergo further testing in vivo.
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