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Loxoscelism

Clinical condition caused by the bite of Loxosceles spiders

CUTANEOUS FORM

« Early signs and symptoms are:
burning pain, erythema and local
induration.

* An eschar may form in 3 to 7 days
after the bite.

« Healing of the ulcer often requires

months. Photo: Vital Brazil Hospital

Butantan Institute



Loxoscelism

SYSTEMIC FORM

Mild systemic effects such as fever,

pruritus and exanthema are common.

Intravascular haemolysis,
intravascular coagulation and renal

failure occur in 16% of the cases.

Photo: Toxicological Center, SC, Brazil



Cosmopolitan
There are more than one hundred species recorded in temperate and tropical
areas of various continents.

World Spider Catalog 2017



Brazil: important public health Loxosceles species

Loxosceles intermedia

Loxosceles laeta

Photos: Rafael Marques Porto
\ Butantan Institute

Loxosceles gaucho



Loxoscelism

Treatment

Different treatment approaches have been proposed
such as:
» Hyperbaric oxygen, dapsone, antihistamines,

corticosteroids, curettage, surgical excision etc.

« In Brazil, serum therapy combined with
corticosteroids constitute the most employed
intervention for the loxoscelism.

 There is no consensus concerning the efficacy

Of any reported thera py. Photo: Vital Brazil Hospital
Butanian Institute



Sphingomyelin

The toxin responsible for cutaneous i
and systemic loxoscelism: \N\/\/\/\/\/\)\ n e
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Cartoon representation of Loxosceles SMase D
o.8[38 barril

SMase D crystal
X ray diffraction

Murakami et al, 2005 - J. Biol. Chem.

Zela et al, 2004
Acta Crystallographica



DNA sequences and amino acid sequences from SMases D

Loxosceles sp (20

species)
| N 194 162
| N 46 43
| 2~ 3 3
N 2 2
| N @ 3 3
| N @ 1 1

Pedroso et al - BMC Evol Biol. 2015



SMase D binding is an important step for the action mechanism of
the Loxosceles spider venom
SMase D binds to...

* Erythrocytes from different species

O human
sheep
rats

¢ rabbits
guinea pigs

® . several types of nucleated cells
keratinocytes, fibroblasts

® endothelial and kidney cells
monocytes, neutrophils
B and T lymphocytes




SMase D: binding ability plus its hydrolytic activity leads to...

* Change of cell membrane lipid composition by cleavage of sphingomyelin
* Loss of membrane asymmetry
* Exposition of Phosphatidylserine (PS) on the external lipid layer of the cell

membrane



SMase D binding Anexin V binding

- Phosphatidylserine is found preferentially in the inner leaflet of the cell membrane.

- Disruption of this asymmetry leads to the appearance of Phosphatidylserine (PS) on the
surface of the cell.

- Anexin V binds to PS



SMase D: binding ability plus its hydrolytic activity leads to...

Change of the microenvironment of the membrane.

Activation of endogenous metalloproteinases

Tambourgi et al. Blood 2000

Tambourgi et al. Immunology 2002

van den Berg et al. Immunology 2002

Tambourgi et al. J. Invest. Dermatol. 2005

Paixdo Cavalcante et al. J. Invest. Dermatol. 2006
Paixdo Cavalcante et al. J. Invest. Dermatol. 2007
Tambourgi et al. Mol. Immunol. 2007

van den Berg et al. J Thromb Haemost. 2007

van den Berg et al. Immunobiology 2012

Correa et al. Plos One 2016

Okamoto et al. Toxins 2017



Loxosceles venom and SMase D induce activation of

Matrix Metalloproteases (MMPs) and cell death by apoptosis
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Loxosceles venoms and SMase D induce cell death by apoptosis

- keratinocytes, fibroblasts, kidney cells -
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Matrix Metalloproteinases (MMPs)

Zinc-dependent neutral secreted or Furn-activted MMPs

e

MMP-7 and MMP-26 Transmembrane type |: MMP-14, -15, 16, -24

surface-bound endopeptidases

They are involved in the degradation of

the extracellular matrix.

MMP-1, -3, -8, -10, -12, -13, -19, -20, -27 Transmembrane type II: MMP-23
Physiological conditions i 0000 -,
- fetal tissue development; il g G GPI anchored: MMP-17 and MMP-25

- postnatal tissue repair. ﬂ\m

MMP-11, -21 and MMP-28

Pathological condiitions B 5o oot < Hinge regon ) 1ok comain
- autoimmune disorders of skin; I Prodomain @ teermoporincoman @ Cystinearay
i I C:talytic cent Fibronectin repeat . Cytosolic
- dermal photoaging; D (
I Furin cleavage NU GPIanchor . N-terminal signal anchor
- chronic Ulcerations; () Transmembrane domain

- wound healing.

Loffek et al. Eur. Resp. J. 2011



Tetracycline family
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They exert a number of anti-

inflammatory and
immunomodulatory activities,
independent of their antibiotic METAL CHELATION

IONOPHORES INFLAMMATION PROTEOLYSIS

properties. |

TETRACYCLINES AND
DERIVATIVES

These include the ability to inhibit

metalloproteinases.

APOPTOSIS ANGIOGEMESIS
BONE

METABOLISM



Tetracycline, an inhibitor of MMPs, can prevent human

keratinocyte apoptosis induced by Loxosceles venoms
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In vivo, tetracycline controls
the dermonecrosis development
induced by
Loxosceles venom

Correa et al, Plos One 2016

-~ \/enom
-= Venom+lanadlin /

-+ \enom+tetracycline

Venom
Lanolin

Rabbit skin




Clinical Trial
Phase 3

Can tetracycline control the development of the
dermonecrosis induced by Loxosceles venom in humans?

Human Ethical y
Comission
Brazil




Clinical Trial
Phase 3
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Guidance materia

COMO FOTOGRAFAR
A LESAQ?
FOTOGRAFAR DUAS IMAGENS:

1 - Uma com distancia entre 20-30
cm da lesdo.

2 - Outra de corpo inteiro permitindo
identificar o local da les&o.

LOCAL BEM ILUMINADO
UTILIZAR FLASH

COLOCAR A REGUA AO
LADO DA LESAO

QUANDO FOTOGRAFAR A LESAO?
- No dia do atendimento;

- No 2° dia do tratamento;

- No 5¢ dia do tratamento;

- No 10° dia do tratamento.

o 70 ©

7 HOSPITAL GOVERNO
umverstoaoe repera.  UNIVERSITARIO

DE SANTA
D& SANTA CATARINA CATARINA

s
X mapesp

CeTICS BUTANTAN

ONDE ENCAMINHAR A IMAGEM?

Ao Centro de Informacéo e
Assisténcia Toxicologica de Santa
Catarina (CIATox/SC) através do
aplicativo WhatsApp e envie para:

(48) 99902-2683 (©)

Sempre que necessario procure a
Unidade de Satde mais proxima
de sua residéncia ou a Unidade de
referéncia indicada neste cartdo ou
ligue gratuitamente para o
CIATox/SC no

0800 643 5252

Plantdo 24horas

ciatox.se.hu@contato.ufsc.br

www.ciatox.sc.gov.br

Dietua deViglanda
e e BRE  CENTRODE NFORMAGAOE ASSSTENCI

TOXIGOLOGICA- CIAToxSC.

A
LSS

picada da

aranha marrom

PROJETO LOXOSCELES

Tetraciclina no tratamento
da lesdo cutinea

cartao do
participante

Nome (completo)

Nome da mae

Data de nascimento: / / Idade:

Enderego:

Unidade de Sadde:

Data de inicio do tratamento: VR R

Numero do Envelope

SOROTERAPIA ANTIVENENO
Nio realizado ( )

Soro Antiloxosélico — SALox ( )

Soro Antiaracnidico - SAA ()

Namero de Ampolas ()

Data: / / Hora i

CORTICOTERAPIA VIA ORAL (PREDNISONA)
Tempo uso () dias)

Datainicio | [

Datafim___ [ |

MEDIDAS DE SUPORTE
Analgésico () Sim () Nao

Quial:

Compressas frias () Sim () Nao
Antibiotico () Sim () Nao
Qual:

Datainicio [ |
Datafim___ [ |

Desbridamento (retirada de tecido necrosado):
( )Sim( )Nao

Data___ | [

Curativo ( ) Sim ( ) Nao

Qual:,

MEDIDA DA INTENSIDADE DA DOR
Dor fraca (intensidade igual ou menor que 3)
Dor moderada (intensidade de 4 a 6)
Dor intensa (intensidade de 7 a 9)
Dor insuportavel (intensidade 10)
Escala Verbal Numérica (0 a 10)
0 1 2 3 4 5 6 7 8 9

L \ ' L

sem dor dor leve dor moderada dor intensa

| for the clinical trial

APLICACAO DO CREME:

(Anote o dia e marque com um X o periodo da aplicagdo do creme).

COMO E QUANTO APLICAR DE CREME?
Aplicar o creme levemente e cuidar até a sua absorgao.
Uma unidade de ponta de dedo para uma area de

pele duas vezes o tamanho da palma da mao.

S 4 4

1 Unidade de ponta de dedo = 0,5g;
Data___ /| manhd( )noite( )
Data__ [ | manha( )noite( )
Data__ [/  manhd( )noite( )
Data__ /| manhd( )noite( )
Data__ [/  manhd( )noite( )
Data___ /| manha( )noite( )
Data__ [/ manhd( )noite( )
Data___ /| manhd( )noite( )
Data___ | | manhd( )noite( )
Data___ /| manhd( )noite( )

ACOMPANHAMENTO COM
O PARTICIPANTE:

(Anote o dia da fotografia da lesdo -
veja no verso como proceder)

Foto1-Data:__ [ [
Foto2-Data: | [
Foto3-Data:___ /[
Foto4-Data:___ [ [

Unidade de Referéncia:
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Can tetracycline control the development of the
dermonecrosis induced by Loxosceles venom in humans?
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Sphingomyelinase D inhibitor

=



Sphingomyelinase D

V¢

Dermonecrosis and
haemolysis _l

Inhibition of main toxin of the venom
» Tool for structure x function studies
» Therapeutic intervention

Selection of
R chemical compounds by
SMase D from L. laeta venom Virtual docking
(Murakami et al., 2005) .
based screening

‘ Compounds capable

of interfering with
the SMase D activity




Zinc Database
More than one hundred thousand compounds evaluated

Compounds

selection

Selection of top fifty
Goldscore values

o/ Systemic

Inhibition of the — \

{1 loxoscelism

4 ; ]

« Hidrolytic activity on SM and LPC { muitro \ " models /)
\  assays l“-q 4

* Hemolyti Vi | =
emoltic activty Cutaneous

loxoscelism
* Cell death > models

» Binding of SMase D to cell membranes

« Citokynes secretion
: : three compounds selected for
» Dermonecrotic lesion

in vivo assays

Journal of Enzyme Inhibition and
Medicinal Chemistry — in press



The selected inhibitors belong to the Action of inhibitors on
dermonecrosis induced by

benzene sulfonate class of organic R
Loxosceles venom in vivo

compounds
« 1: 6-amino-2-((4-cyanobenzyl)thio)pyrimidin- 1500
4-yl 4-methylbenzenesulfonate o
* 5: 4-bromo-N-[(E)-(2-methyl-1H-indol-3-yI) E 1000
methyleneamino]benzenesulfonamide E
=
° u - e 3 -)-(3- =
6: 4-methyl-3-oxo0-2-(3 % —
pyridylmethylene)benzo[ 3,4-b]furan-6-yl 4- .
chlorobenzenesulfonate
l] L I I

24 48 72
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Venom + Inhibitor 5

V=532.48 A3 = 447.59 A3 V=519,39 A3 i
V=AELEIR Venom + Inhibitor 6

Journal of Enzyme Inhibition and
Medicinal Chemistry — /in press



SMases D inhibitors

Compound 5

NH
\ )—CH;  4-bromo-N-[(E)-(2-methyl-1H-indol-3-yl)methyleneamino]benzenosulfonamida
Molecular weight: 392.3 g/mol

N Goldscore value (12°): 89.82
. NH
\S<
\O . . . . .
Q Uncompetitive inhibitor
Br K; = 0.49 pM

This research is under the scope
of the international patent
WO 20150801407A1

Compound 6

4-methyl-3-oxo-2-(3-pyridylmethylene)benzo[3,4-b]furan-6-yl4-
chlorobenzenosulfonato

Molecular weight: 427.9 g/mol

Goldscore value (13°): 89.76

Uncompetitive inhibitor
K; = 0.59 upM

Journal of Enzyme Inhibition and
Medicinal Chemistry — in press



SMase D: synthesis and optimization of inhibitors

INSTITUTO .
BUTANTAN == Thierry Le Gall

\ SCBM, Institut Joliot
CEA (COMMISSARIAT- A L'ENERGIE ATOMIQUE ET Saclay - France

\ .
AUX ENERGIES ALTERNATIVES)

o D
BUTANTAN INSTITUTE

°

- 64 new compounds synthetized
- 30 from Compound 5

- 34 from Compound 6
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