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Clinical condition caused by the bite of Loxosceles spiders

Loxoscelism

Photo: Vital Brazil Hospital
Butantan Institute

• 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.
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Loxoscelism

• 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
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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 gaucho

Loxosceles laeta

Photos: Rafael Marques Porto 
Butantan Institute



Treatment

Loxoscelism

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 therapy.
Photo: Vital Brazil Hospital
Butantan Institute



The toxin responsible for cutaneous
and systemic loxoscelism:

Sphingomyelinase D
+

+

Sphingomyelin

Ceramide phosphate Choline

Sphingomyelin
phosphodiesterase D
EC 3.1.4.41 Tambourgi et al. J. Immunol. 1995

Tambourgi et al. BBRC 1998
Tambourgi et al. Toxicon 1998
Tambourgi et al. Blood 2000
Fernandes Pedrosa et al. BBRC  2002
Tambourgi et al. Mol Immunol 2004

SMase D is endowed with
Sphingomyelinase and
Lyso-PLD activities

van Metereen et al. JBC 2004



Cartoon representation of Loxosceles SMase D
a8b8 barril

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

SMase D crystal

X ray diffraction

Zela et al, 2004
Acta Crystallographica



DNA sequences and amino acid sequences from SMases D

Pedroso et al - BMC Evol Biol. 2015

TAXA SMase D - DNA SMase D - PROT

Loxosceles sp (20 
species)

N 194 162

Sicarius sp (5 species)
N 46 43

Corynebacterium sp
N 3 3

Arcanobacterium sp
N 2 2

Ixodes sp
N 3 3

Rhipicephalus sp
N 1 1

Total 249 229



SMase D binding is an important step for the action mechanism of 

the Loxosceles spider venom

• Erythrocytes from different species 
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 



Anexin V bindingSMase D 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

Human erythrocytes



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 

• 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
Paixão Cavalcante et al. J. Invest. Dermatol. 2006
Paixão 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 

surface-bound endopeptidases

• They are involved in the degradation of 

the extracellular matrix.

• Physiological conditions

- fetal tissue development; 

- postnatal tissue repair.

• Pathological conditions

- autoimmune disorders of skin;

- dermal photoaging;

- chronic ulcerations;

- wound healing. Löffek et al. Eur. Resp. J. 2011



Tetracycline family

• They exert a number of anti-

inflammatory and 

immunomodulatory activities, 

independent of their antibiotic 

properties.

• These include the ability to inhibit 

metalloproteinases.

R1

R2



Tetracycline, an inhibitor of MMPs, can prevent human 

keratinocyte apoptosis induced by Loxosceles venoms

Tetra
Paixão Cavalcante et al. JID 2006, 2007

Venom



In vivo, tetracycline controls
the dermonecrosis development

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

Human Ethical 
Comission
Brazil 
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Can tetracycline control the development of the 
dermonecrosis induced by Loxosceles venom in humans?



Sphingomyelinase D inhibitor



SMase D from L. laeta venom
(Murakami et al., 2005)

Selection of
chemical compounds by
virtual docking
based screening

Compounds capable 
of interfering with 

the SMase D activity 

Sphingomyelinase D

Dermonecrosis and 
haemolysis

Inhibition of main toxin of the venom
• Tool for structure x function studies

• Therapeutic intervention



Zinc Database
More than one hundred thousand compounds evaluated

Selection of top fifty
Goldscore values

Inhibition of the

• Hidrolytic activity on SM and LPC

• Hemolytic activity

• Cell death

• Binding of SMase D to cell membranes

• Citokynes secretion

• Dermonecrotic lesion

Compounds
selection

three compounds selected for 

in vivo assays

Cutaneous 
loxoscelism 

models

In vitro 
assays

Systemic
loxoscelism

models

Journal of Enzyme Inhibition and 
Medicinal Chemistry – in press



The selected inhibitors belong to the 

benzene sulfonate class of organic 

compounds

• 1: 6-amino-2-((4-cyanobenzyl)thio)pyrimidin-

4-yl 4-methylbenzenesulfonate

• 5: 4-bromo-N-[(E)-(2-methyl-1H-indol-3-yl) 

methyleneamino]benzenesulfonamide

• 6: 4-methyl-3-oxo-2-(3-

pyridylmethylene)benzo[3,4-b]furan-6-yl 4-

chlorobenzenesulfonate

Journal of Enzyme Inhibition and 
Medicinal Chemistry – in press

Action of inhibitors on 
dermonecrosis induced by 
Loxosceles venom in vivo
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4-bromo-N-[(E)-(2-methyl-1H-indol-3-yl)methyleneamino]benzenosulfonamida
Molecular weight: 392.3 g/mol
Goldscore value (12º): 89.82

Compound 5

Uncompetitive inhibitor
Ki = 0.49 µM
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4-methyl-3-oxo-2-(3-pyridylmethylene)benzo[3,4-b]furan-6-yl4-
chlorobenzenosulfonato
Molecular weight: 427.9 g/mol
Goldscore value (13º): 89.76

Compound 6

Uncompetitive inhibitor
Ki = 0.59 µM 

SMases D inhibitors

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

Journal of Enzyme Inhibition and 
Medicinal Chemistry – in press



SMase D: synthesis and optimization of inhibitors

Thierry Le Gall
SCBM, Institut Joliot

Saclay - FranceCEA (COMMISSARIAT À L’ÉNERGIE ATOMIQUE ET

AUX ÉNERGIES ALTERNATIVES)

AND

BUTANTAN INSTITUTE

64 new compounds synthetized

- 30 from Compound 5

- 34 from Compound 6
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