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SUMMARY

Primary cultures of human keratinocytes were challenged with increasing doses from 10 ng/mL to 2 µg/mL of Loxosceles gaucho
venom, responsible for dermonecrotic lesion in humans. TNF-α was investigated by bioassay and ELISA in the supernatant of the
cultures challenged with 100 ng/mL, 500 ng/mL, 1 and 2 µg/mL of venom. TNF-α was detected by bioassay in the supernatant of
cultures challenged with 100 ng/mL, after 6 h. The cytokine was detected by ELISA in the supernatant of the cells challenged with
doses of l µg/mL, after 6 and 12 h. The results point out the capacity of this venom to activate the keratinocytes in primary cultures
to produce TNF-α. The production of cytokines could contribute to the local inflammatory process in patients bitten by Loxosceles
sp.
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INTRODUCTION

Loxosceles spider causes both a cutaneous necrosis and, less fre-
quently, a cutaneous-visceral form of envenomation in humans where,
besides the local lesion, hemolysis is also present. The bite is relatively
painless and only 2-8 h after bite patients complain of pain. There may
be transient erythema, swelling and mild to severe tenderness. The
erithema turns to a violaceous color. An scar may form, between 3 and
7 days, and drop off, leaving an ulcer that heals in varying lengths of
time (6-8 weeks), but sometimes also require skin grafting9.

Histopathologic changes include edema and thickening of endothe-
lium of blood vessels, collections of inflammatory cells, vasodilation,
intravascular coagulation, hemorrhage into the dermis and even into the
subcutis. The accumulation of polymorphonuclear leucocytes (PMNs)
is especially marked27,28.

Several purified components of Loxosceles venom have been iden-
tified. The most important component is sphingomyelinase D, a 32-35
kDa fraction that may produce necrotic lesions, hemolysis of red blood
cells and death of experimental laboratory animals2,3,4,18,23. The kind
of sphingomyelinase (SMase) of Loxosceles venom that possesses an
optimal activity at pH 7.18, allows us to characterize it as a neutral
sphingomyelinase. This sphingomyelinase hydrolyses the sphin-
gomyelin of the cellular membrane, originating the sphingolipid
ceramide12,13.

PATEL et al.26 demonstrated that L recluse venom activates endo-

thelial cells that express selectin E (CD62a) and causes liberation of IL-8

and GM-CSF. MODUR et al.22, studying endothelial cells in primary

culture, observed that both the synthetic ceramide (C8-ceramide) and

that produced by the action of exogenous sphingomyelinase (sphin-

gomyelinase C) activate synthesis of adhesion molecules by endothelial

human cells, delimiting the inflammatory process. Ceramide, in a similar

way to the sphingomyelinase D of Loxosceles venom, induces the

endothelial cells to link to the activated neutrophils, through the selectin

E and of IL-8. This phenomenon helps explain the exuberant presence

of neutrophils in the dermonecrotic lesions of Loxosceles envenomation.

An important aspect of the phenomenon originates in the epidermis

because it is where the venom takes place primarily, in the transition of

the layer epiderm-derm. In this context, it is justifiable to choose the

keratinocyte as one of the target cells, based on evidences of

NICKOLOFF & TURKA25, that have established the mechanisms of

exogenous aggression of the skin by physical agents as ultraviolet,

contact allergens, microorganisms, etc. Activated keratinocytes convert

exogenous stimuli, by appropriate transcription factors, in coding

cytokines genes, adhesion molecules and chemotatic factors responsible

for the initiation of the cutaneous inflammation1,5,17,21,25.

Rev. Inst. Med. trop. S. Paulo
41 (3): 179-182, May-June, 1999.

Abbreviations: ICAM-1: Intercellular adhesion molecule; IL-1: Interleukin-1; IL-8:Interleukin-8; GM-CSF: Granulocyte-macrophage colony-stimulating factor; LPS: Lipopolysaccharide;
MHC II: Major histocompatibility complex II; UV: Ultraviolet; VCAM-1: vascular cell adhesion molecule 1.This work was supported by CNPq and CAPES.

(1) Laboratório de Investigação Médica (LIM 54), Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo (HCFMUSP), São Paulo, SP, Brasil.
(2) LIM 12, HCFMUSP, São Paulo, SP, Brasil.
Correspondence to: Ceila Maria Sant’Ana Málaque, Hospital Vital Brazil, Instituto Butantan. Av. Vital Brazil 1500, 05503-900 São Paulo, SP, Brazil. Phone: (011) 3061-9809. e-mail:

naputano@uol.com.br



The objective of this study was to describe the keratinocytes cultures
and to assess the presence of TNF-α in the supernatant of human
keratinocytes cultures challenged with Loxosceles gaucho venom.

MATERIAL AND METHODS

Venom: Venom collected from the fangs of Loxosceles gaucho by
electrical stimulation of the spider was provided by Section of Venom
of Instituto Butantan, obtained by electrostimulation by the method of
BÜRCHEL7, with slight modifications, lyophilized and stored at -20 °C.
It was diluted in saline, aliquoted and stored at -20 °C.

Cell Culture: Foreskins obtained from routine circumcisions were
washed in 70% alcohol for 20-30 s and transferred to a medium contain-
ing high concentration of antibiotics, for 15 min31. After separating
derma/epidermis mechanically, the tissue was cut into pieces of 1 x 1
mm and placed into 25 cm2 plastic flasks (Nunc). After 22 h at 37 °C
and in 5% CO2, 4 mL of the culture medium (K-SFM; Gibco) was
carefully added to ensure that all pieces were covered by culture me-
dium. The flasks were then incubated at 37 °C and with 5% CO2. After
5 days, the flasks were inspected to observe epidermal cell growth. The
culture medium was replaced 2 to 3 times per week up to the confluence
of the cells.

Loxosceles gaucho venom diluted in RPMI-1640 (Sigma) and con-
centrations of 10 ng/mL, 100 ng/mL, 200 ng/mL, 500 ng/mL, 1 µg/mL
e 2 µg/mL were added to monolayer cultures of keratinocytes which
were inspected 6, 12, 24 and 36 h after challenge to assess the venom
effects.

Electron microscopy: Cultures of keratinocytes exposed to 2 µg/mL
of L. gaucho venom were detached by trypsin solution (trypsin 0.2%; EDTA
in PBS 0.02% - Instituto Adolfo Lutz). The supernatant was centrifuged and
glutaraldehyde was added to the pellet for 2 h. It was post-fixed in osmium
1%, block stained in 0.5% uranyl acetato, overnight, and dehydrated in a
graded series of ethanol, acetone and araldite resin. The preparation was
examined by electron microscopy (JEOL).

Microbiologic analysis of the contaminated cultures: Of those
culture media that became turbid, 100 µL were removed, placed in tube
contends TSB (Tryptic Soy Broth, DIFCO), and maintained by 24 h for
37 °C. Later, a plate of agar-blood was sowed (middle of Müeller-Hin-
ton, DIFCO, with 5% defibrinated ovine red blood cells, Biotério Boa
Vista) with darkened TSB. Identification of the microorganism was
carried out by analysis of the morphologic characteristics of the colonies
and Gram staining.

Bioassay for TNF-α: Confluent keratinocytes cells were treated
with venom concentrations of 100 ng/mL, 500 ng/mL, 1 µg/mL and 2
mg/mL in RPMI-1640. After different incubation periods (0, 6, 12, 24,
36 h), an aliquot of cell culture supernatant was removed and TNF-α
was investigated by bioassay. Briefly, L929 cells were seeded at the
concentration of 3 x 104 cells/well of a 96-well, in 100 µL culture
medium RPMI-1640 (Sigma), and incubated at 37 °C and at 5% CO2

atmosphere to establish a dense monolayer. Actinomycin D was added
at the concentration of 1 µg/mL and incubated for 2 h. Samples were
tested in duplicate or triplicate. After 24 h incubation at 37 °C, in 5%
CO2, the plates were rinsed and stained with MTT (3-(4,5-dimethylthia-

zol-2-yl)-2,5-diphenyl tetrazolium bromide), 500 µg/mL. The optical
density (O. D.) was measured, after 1 h, at 595 nm on BIO-RAD microplate
reader. Percentage viability was calculated using the formula:

 
O.D. (test)

O.D. (control)
 x 100,

where control cells were incubated with culture medium only. Results
were compared with a standard curve of human recombinant TNF-α and
expressed as pg/mL.

ELISA: Confluent keratinocytes were exposed to venom at
500 ng/mL, 1 µg/mL and 2 µg/mL in RPMI-1640. After different
incubation periods (0, 6, 12, 24, 36 h), an aliquot of cell culture medium
was removed. Human TNF-α (hTNF-α) was investigated in the super-
natant by a commercially available ELISA kit (Boehringer Mannheim).
Detection of standard TNF-α was linear over the range 20-800 pg/mL.
The limit of detection was ≥ 12 pg/mL and limit of quantification was
≥ 20 pg/mL.

RESULTS

Cell culture

Initially contamination was frequent and could be observed from the
4th day of culture, when the culture medium become turbid. The isolated
microorganisms were Candida spp. and Streptococcus spp. We ob-
served that the tissues of children ≥ 2 and < 3 year old children had a
higher contamination rate (56.2%) when compared to other groups.

The beginning of the cellular growth occurred from the 7th to the
10th day of culture. Cells had a polygonal format, with large nucleus,
prominent nucleoli and cytoplasm with variable number of granules. By
electron microscopy, organelle and cytoplasmic filaments were ob-
served in the perinucleus, and intercellular contacts by microvilli.

Development of monolayer, necessary to allow the addition of the
venom, occurred about the 21st day. With K-SFM (GIBCO), no con-
tamination was observed with fibroblasts in the primary cultures. How-
ever, after two passages of some cultures, there was an exuberant growth
of fibroblasts not allowing the continuation of the subcultures.

Effects of Loxosceles gaucho venom on the keratinocytes cultures

There were no changes in cell morphology assessed by optical
microscopy after 36 hour-contact with the venom at concentrations of
10 to 500 ng/mL. Even challenging the cells with 10 ng/mL to 200 ng/mL
of venom, cells continued to be cultured for 4 weeks, denoting its
viability. On the other side, cells incubated with venom at 500 ng/mL
died after 5 days. When using 1 and 2 µg/mL, after 36 h of contact with
venom, the cells showed increase of granulation and cytoplasm vacuo-
lation, cellular death and detached cells when compared to the control.
Cells challenged with 2 µg/mL, observed by electron microscopy after
36 h of incubation, showed vacuoles increase in the cytoplasm.

Detection of TNF-α by bioassay and ELISA

By bioassay, 7.0 pg/mL of TNF-α was detected in the supernatants
of keratinocyte cultures challenged with 100 ng/mL of the toxin for 6 h.
With the other concentrations, we did not detect the presence of TNF-α.
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By ELISA, TNF-α was detected, 6 and 12 h after challenge with 1
µg/mL of venom (Fig. 1). With 2 µg/mL, the levels were below of the
limit of quantification of the test (T36 = 18 pg/mL) (Fig. 2); with 500
ng/mL, no TNF-α was detected.

DISCUSSION

The choice of human keratinocytes as target cells to the action of L.
gaucho toxin is based on two different aspects. One is the hypothesis
that the deposition of the venom occurs in the transition between
epidermis and derma. The other is the fact that keratinocytes have, beside
their coating function, important immunological functions, reacting to
external insult with cytokine production (TNF-to, IL-1, IL-8), expres-
sion of adhesion molecules (ICAM-1, VCAM-1) and of molecules of
the MHC II5,24,25. Cellular culture could facilitate the study of the
interaction of toxin and cells, thus allowing to evaluate its behavior when
challenged by toxins.

Some considerations could be made about the primary cultures of
keratinocytes. Contamination was a limiting factor to the development
of the culture. The source of contamination was the tissue obtained from
foreskin of children submitted to circumcision. The isolated microor-
ganisms were Streptococcus sp. and Candida sp, present in the flora of

genital area. The infections were more frequent in the tissues of 2 to 3
year old-children, the age group where that surgery is mostly indicated.

The cellular growth began from the 7th to the 10th day. In 2 to 3
weeks, the cells were confluent, forming a monolayer as a pavement,
with large nucleus and prominent nucleoli, as referred in the litera-
ture29,31,32. The visualization of the cells by electron microscope re-
vealed cells with perinuclear filaments, similar to those previously
described29. As observed in cultures of mice keratinocytes14, the inter-
cellular contacts are made by microvilli, probably because the culture
medium contained low concentrations of calcium (0.09 mM Ca++), that
inhibited the desmosomes formation.

When the cultures formed a cellular monolayer reaching 60-70% of
the bottle, the cells were challenged with the toxin. Increasing doses of
venom were used, from 10 ng/mL until 2 µg/mL with the purpose of
observing the behavior of the cells. With doses of 500 ng/mL to 2 µg/mL,
cellular damage and death were observed, occurring earlier with larger
doses. The difficulty to obtain a subculture, as referred previously6, did
not allow us to make tests of cellular viability, time and dose dependent
to the challenge with the venom.

The levels of TNF-α detected in the supernatant by ELISA were
comparable to those described when the keratinocytes were stimulated
with UV16 and 1α,25dihydroxyvitamin D311. With 1µg/mL of venom,
42 pg/mL and 34 pg/mL of TNF-α were detected 6 and 12 h after
challenge, respectively. It is interesting to notice that either by bioassay
or ELISA, TNF-α was detected 6 hours after challenge and it is possible
that the detection could be made earlier as referred by GEILEN et al.11.

The presence of the TNF-α, observed in some experiments accom-
plished with keratinocytes cultures, may contribute to the understanding
the role of cytokines to localize the inflammatory process, as mentioned
by NICKOLOFF & TURKA25. The eventual presence of ceramide in
the endothelial cells, resulted from Loxosceles sphingomyelinase activ-
ity26, associated to TNF-α production by keratinocytes, could explain
the synthesis of adhesion molecules and the intense inflammatory de-
viation that are observed in the lesions.

The L. gaucho venom activity on the keratinocytes reveals its
potentiality as agent of cellular death. GEILEN et al.11, using permeable
ceramide in cellular lineage of human keratinocytes (HaCaT), observed
apoptosis induction, measured by fragmentation of DNA and electron
microscopy. The action of the ceramide, resultant of the sphin-
gomyelin’s cleavage of by sphingomyelinase, may lead to death by
apoptosis (a pathway involving caspases) or necrosis. The TNF-α, a
powerful cytotoxic agent, is also responsible for cellular death, using as
intracellular second messenger the ceramide, that leads cytocrome c
production and activation of caspases15,19,20,30. Therefore, it is possible
that, in the lesion caused by Loxosceles spider, signs triggered by
ceramide and action of TNF-α result in cellular death by necrosis and/or
apoptosis10,19,21.

RESUMO

Produção de TNF-α por queratinócitos humanos em cultura
primária após agressão com veneno de Loxosceles gaucho
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Fig. 2 - TNF-α by ELISA in supernatant of keratinocytes challenged with L. gaucho venom

- 2 µg/mL.

Fig. 1 - TNF-α by ELISA in supernatant of keratinocytes challenged with L. gaucho venom

- 1 µg/mL.



Culturas primárias de queratinócitos humanos foram incubadas com
veneno de aranha Loxosceles gaucho, que possui atividade esfingomieli-
nase D, responsável por lesão dermo-necrótica nos acidentes humanos.
As células das culturas primárias foram agredidas com o veneno em
doses crescentes de 10 ng/mL a 2 µg/mL. No sobrenadante das culturas
agredidas com 100 ng/mL, 500 ng/mL, 1 e 2 µg/mL da toxina, foi
pesquisada a presença de TNF-α através de bioensaio e ELISA. Com
100 ng/mL, foi detectado TNF-α no sobrenadante após 6 h, no bioen-
saio; usando o teste de ELISA, detectou-se a citocina no sobrenadante
de células agredidas com doses de 1 µg/mL, após 6 e 12 h. Os resultados
apontam para a capacidade deste veneno em ativar os queratinócitos em
cultura, levando-os a produzir TNF-α. É provável que a produção de
citocinas ative as células endoteliais, auxiliando na localização do
processo inflamatório.
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