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Abstract: Envenomation by Loxosceles bites is characterized by dermonecrotic and/or systemic features 
that lead to several clinical signs and symptoms called loxoscelism. Dermonecrotic lesions are preceded by 
thrombosis of the dermal plexus. Recent studies show that atheromatous plaque is prone to thrombosis 
due to endothelial cell apoptosis. To the best of our knowledge, there are no reports of microscopic dermal 
lesion and endothelial cell apoptosis induced by Loxosceles similis venom in the literature. Thus, the aim 
of the present study is to describe histological lesions induced by L. similis venom in rabbit skin and to 
elucidate whether apoptosis of endothelial cells is involved in the pathogenesis of loxoscelism. Forty male 
rabbits were split into two groups: the control group (intradermally injected with 50 µL of PBS) and the 
experimental group (intradermally injected with 0.5 µg of L. similis crude venom diluted in 50 µL of PBS). After 
2, 4, 6 and 8 hours of injection, skin fragments were collected and processed for paraffin or methacrylate 
embedding. Sections of 5 µm thick were stained by HE, PAS or submitted to TUNEL reaction. Microscopically, 
severe edema, diffuse heterophilic inflammatory infiltrate, perivascular heterophilic infiltrate, thrombosis, 
fibrinoid necrosis of arteriolar wall and cutaneous muscle necrosis were observed. Two hours after venom 
injection, endothelial cells with apoptosis morphology were evidenced in the dermal plexus. Apoptosis was 
confirmed by TUNEL reaction. It seems that endothelial cell apoptosis and its consequent desquamation 
is an important factor that induces thrombosis and culminates in dermonecrosis, which is characteristic of 
cutaneous loxoscelism.
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INTRODUCTION

Loxoscelism is a set of clinical signs and 
symptoms that result from the bite of spiders of 
the genus Loxosceles (1). Clinical manifestations 
are generally characterized by dermonecrosis 
at the bite site and sometimes followed by 
systemic effects, which may cause an acute renal 
failure and possible death (2-5). Accidents with 
spiders of the genus Loxosceles have been already 
described in all continents (2, 4, 6-10). In Brazil, 
loxoscelism is regarded as a serious public health 
problem with 51,865 accidents notified from 
2001 to 2008 (11). In Minas Gerais, from 2001 to 

2008 the number of Loxosceles accidents notably 
increased. Twenty-one accidents were reported in 
2001 but the number rose to 269 and 229 cases in 
2007 and 2008, respectively (data not published). 
From 2005, specimens of L. similis have been 
found inside residences in Belo Horizonte (Minas 
Gerais state) increasing the risk of domestic 
accidents (12). 

Reports of L. similis lesion are scarce in 
the literature. Histopathological studies with 
three Loxosceles species of clinical importance, 
L. intermedia, L. laeta and L. recluse, showed 
that the venom induces vasodilation, edema, 
inflammatory infiltrate (mainly neutrophilic), 



Pereira NB, et al. Histopathology of cutaneous loxoscelism induced by Loxosceles similis

J Venom Anim Toxins incl Trop Dis  |  2012  |  volume 18  |  issue 3	 278

hemorrhage, cutaneous muscle necrosis, 
thrombosis and arteriolar walls degeneration 
(6, 13-15). It is necessary to elucidate whether 
the histological lesion induced by the Loxosceles 
similis venom is similar to that observed in other 
species of medical importance. Furthermore, it is 
important to determine the pathogenesis of the 
loxoscelic dermonecrotic lesion. 

A previous study showed that L. intermedia 
venom has a cytotoxic effect on the endothelium 
and causes a basal membrane lesion (16). This 
structure is important to maintain the vessels 
integrity. According to Zanetti et al. (17) and 
Nowatzki et al. (18) who studied the action of 
the L. intermedia venom in vitro on endothelial 
cells, it was observed that 18 hours after the 
venom action, cells showed plasmatic membrane 
convolutions and chromatin condensation. 
These morphological aspects are characteristic of 
apoptosis, which is an active, energy-dependent 
kind of cell death that requires protein synthesis 
and degradation to take place. The necrosis of the 
cutaneous loxoscelism occurs due to thrombus 
formation in dermal plexus. 

Recent studies have shown a strong relationship 
between endothelial apoptosis, denudation of the 
endothelium and the occurrence of thrombosis 
(19). Therefore, the present work, using an 
intradermal injection of 0.5 µg of L. similis crude 
venom in rabbits as an experimental model, had 
the following purposes: 
•	 to report a histological lesion caused by the 

venom; 
•	 to evaluate morphometrically the vasodilation, 

edema and dermal inflammatory infiltrate 2, 
4, 6 and 8 hours after venom injection; 

•	 to evaluate if the venom induces apoptosis in 
dermal endothelial cells.

MATERIALS AND METHODS

Venom
The venom used was extracted according to 

previous works and stored at –80°C (20-22). The 
protein content of the samples was determined 
by the Bradford method and confirmed by the 
Lowry method. 

Animal Groups and Samples
Forty male New Zealand rabbits, Oryctolagus 

cuniculus, weighing between 3.0 and 3.5 kg were 
submitted to trichotomy on the interscapular 

dorsal region. Animals were divided in two 
groups: the control group (n = 20) – received an 
intradermal injection of 50 µL PBS (phosphate-
buffered saline); and he experimental group 
(n = 20) – received intradermal injection of 0.5 
µg of crude venom diluted in 50 µL PBS. Five 
animals per group were submitted to euthanasia 
in intervals of 2, 4, 6 and 8 hours after injection. 

Histology and Morphometry
At necropsy, skin fragments were collected and 

fixed for 48 hours in 10% buffered formalin (pH 
= 7.4). Then, they were sectioned and processed 
routinely for paraffin inclusion. Sections of 5 µm 
were stained in HE and PAS (23). Skin fragments 
were also fixed in 4% paraformaldehyde and 
processed for methacrylate inclusion using 
embedding kit (Historesin Leica – specification 
7022 31731) according to da Silva (24) and 
manufacturer’s instructions. Semi-thin sections 
of 3 μm thick were stained with toluidine blue 
and HE (hematoxylin andeosin). 

Edema measurement
Skin thickness was measured in order to 

quantify the edema. Skin slides were digitalized 
in stereo microscope, under a 4x objective and a 
3.3 telemetric, which resulted in a final increase 
of 12x. The Pro-plus software calibration was 
performed by digitalization of a millimeter 
ruler. Fragment measurement was adapted (25). 
Skin thickness was calculated by measuring the 
distance between the epidermis and the muscle 
layer. Measurements were calculated in three 
random points of each skin fragment.

Vasodilation measurement
Vasodilation was quantified by measuring the 

mean diameter of the blood vessels of HE-stained 
skin sections from both experimental and control 
groups. Images were captured using an Olympus 
BX-640 microscope and digitalized with a JVC 
TK-1270/JGB camera with an increase of 10x. 
Images were transferred to an image analyzer 
software (Kontron Electronic, Carl Zeiss – 
KS300, version 2), where the mean diameter of 
vessels was measured in micrometers. Ten fields 
were used per animal both for control and for 
experimental groups, totalizing 50 fields per time 
interval of 2, 4, 6 and 8 hours (n = 5 animals per 
group).
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Inflammatory infiltrate 
In order to measure the inflammatory infiltrate, 

the minimal representative number of microscopic 
fields per sample was determined using one slide 
from which the number of inflammatory cells 
per field was analyzed and registered (26). Images 
were captured from sections stained with HE 
using a 40x objective. The mean and respective 
standard errors and coefficients of variation were 
calculated. Sample size was considered as the 
minimum representative number of 25 fields (27).

In situ DNA Fragmentation
In order to identify the in situ DNA 

fragmentation, TUNEL (terminal 
deoxynucleotidil transferase uracil nick end 
labeling) (Calbiochem Kit catalog QIA33) was 
used according to Gavrieli et al. (28) and the 
manufacturer’s instructions. 

Statistical Analysis
Results were presented as mean ± standard 

error, as they presented a normal distribution or 
not, respectively, according to the Kolmogorov-
Smirnov test. When the distribution was normal, 
the analysis of variance (ANOVA) and the 
Newnam Keuls test were applied in order to 
compare groups. When data distribution was 
not considered normal, non-parametric Kruskal-
Wallis test was applied and Dunn’s post-test. Values 
of p < 0.05 were considered significant. Statistical 
analysis was carried out using GraphPad Prism 
program version 5.

RESULTS

Macroscopy
Macroscopically, the area injected with 0.5 µg 

of Loxosceles similis venom presented a purple, 
swollen, and touch-sensitive lesion which radius 
spread out over time (Figure 1). 

Histology and Morphometry
Microscopically, a dissociation of fibers and 

cells in all dermal layers, which characterizes 
an edema, was observed in all animals of the 
experimental group and in all time intervals 
(Figure 2 – B). Angiectasis (Figure 2 – B), 
hyperemia, hemorrhage (Figure 2 – D), fibrin 
exudation (Figure 2 – D), occluding and 
semi-occluding thrombus (Figure 2 – F), on 
superficial, medium and deep plexus and 

fibrinoid degeneration of vascular wall were also 
observed. In all time intervals, the presence of a 
multi-focal, inflammatory infiltrate was observed 
(Figure 2 – B and C), particularly in the medium 
and deep dermis, whose intensity increased over 
time. The inflammatory infiltrate spread through 
the muscular layer, followed by muscle necrosis 
(Figure 2 – H). From 6 hours after the venom 
injection, the infiltrate became more severe 
with the formation of perivascular cuffs, which 
infiltrated into the arteriolar walls characterizing 
vasculitis (Figure 2 – E).

Edema Measurement
Means of skin thickness from the control 

animals were 3.45 ± 0.12; 3.50 ± 0.20; 3.38 ± 0.17 
and 2.85 ± 0.10 µm for intervals of 2, 4, 6 and 8 
hours, respectively. Means of skin thickness of 
animals from the experimental group were: 4.54 
± 0.15 µm; 4.75 ± 0.21 µm; 5.08 ± 0.27 µm and 
5.10 ± 0.28 µm for intervals of 2, 4, 6 and 8 hours, 
respectively (Figure 3). The difference between 
control and experimental groups was significant 
in all time intervals.

Vasodilation Measurement
In order to verify the presence of angiectasis, 

the mean vessel diameter was measured. Data 
have shown that mean vessel diameters were 
50.97 ± 5.7 µm, 55.73 ± 6.4 µm, 57.61 ± 5.53 
µm and 55.94 ± 5.45 µm for intervals of 2, 4, 6 
and 8 hours for control groups (Figure 4). In the 
experimental groups, the mean vessel diameters 
were 91.91 ± 5.89 µm, 101.7 ± 8.90 µm, 109.80 
± 10.2 µm and 109.90 ± 9.42 µm for intervals of 
2, 4, 6 and 8 hours, respectively. The difference 
between control and experimental groups was 
significant in all time intervals.

Inflammatory Infiltrate 
Morphometric data of the inflammatory 

infiltrated from the skin of control animals were 
as follows: 0.77 cells ± 0.14; 2.50 cells ± 0.59; 1.67 
± 0.56 cells and 2.85 ± 0.89 cells for intervals 
of 2, 4, 6 and 8 hours, respectively. The data for 
experimental animals were: 28.61 cells ± 1.79 
cells; 50.12 ± 1.63 cells; 64.75 ± 1.82 cells and 
105.2 ± 1.53 cells for intervals of 2, 4, 6 and 8 
hours, respectively (Figure 5). The difference 
between control and experimental groups was 
significant in all time intervals.
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In situ DNA Fragmentation
From two hours of venom injection, the 

presence of shrunken endothelial cells was 
observed in some vessels, with loss of cell adhesion 
(anoikis), retracted nucleus, irregular karyotheca 

and condensed chromatin (compacted against 
the karyotheca) characterizing apoptosis (Figure 
6 – A and B). Furthermore, apoptotic endothelial 
cells were present in the thrombus-vessel interface 
from two hours of venom injection. Besides, 

Figure 1. Macroscopic picture of rabbit skin: (A) control group – note the site of injection of 50 µL de PBS 
(white arrow); (B) experimental group – note the site of venom injection (white arrow) and the purple area 
(black arrow) two hours after injection of 50 µL (0.5 µg) of crude venom of L. similis; (C) experimental group 
- 8 hours after the injection of 50 µL (0.5 µg) of venom, note how the lesion spreads radially (black arrows); 
(D) experimental group – 8 hours after the injection of 0.5 µg of venom, note the edema (white arrow) and 
hemorrhage (black arrow) on the hypodermis. Bar = 1 cm.
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Figure 2. Microscopic picture of rabbit skin: (A) control group – the black arrow indicates the integrity of 
the collagen fibers; (B) experimental group – note the dissociation of fibers and cells characterizing edema 
(black arrows), angiectasis (blue arrow), intense inflammatory infiltrate, predominantly heterophilic (white 
arrow); (C) details of the inflammatory infiltrate (methacrylate, semi-thin section); (D) experimental group 
– fibrin deposition (white arrows) and hemorrhage (black arrow); (E) perivascular cuff observed 6 hours 
after venom injection (black arrows), (F) occluding thrombus (black arrows), (G) control group – cutaneous 
muscle; (H) experimental group – necrosis of the cutaneous muscle (white arrow) and heterophilic 
infiltration (black arrow). Staining: A, B, C, E and F = HE; D = PAS counter-stained with hematoxylin. Bar = 
10 µm.
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Figure 3. Skin thickness measurement for the edema 
quantification of the control and experimental 
groups 2, 4, 6 and 8 hours after injection of PBS 
or venom. The difference is statistically significant 
(***p < 0.001/ANOVA and Newman-Keuls tests). 
C2h, C4h, C6h and C8h = control groups 2, 4, 6 and 8 
hours after PBS injection, respectively. T2h, T4h, T6h 
and T8h = experimental groups 2, 4, 6 and 8 hours 
after the venom, respectively.

Figure 4. Diameter vessel measurement of control 
and experimental groups at 2, 4, 6 and 8 hours after 
PBS or venom injection. The difference is statistically 
significant (***p < 0.001/Kruscal-Wallis/Dunn’s post-
test). C2h, C4h, C6h and C8h = control groups 2, 4, 
6 and 8 hours after PBS injection, respectively. T2h, 
T4h, T6h and T8h = experimental groups 2, 4, 6 and 
8 hours after venom injection, respectively.

Figure 5. Quantitative analysis of the number of 
inflammatory cells 2, 4, 6 and 8 hours after PBS 
(control group) or venom (experimental group) 
injection. The difference is statistically significant 
(***p < 0.001/Kruskal–Wallis/Dunn’s post-test). C2h, 
C4h, C6h and C8h = control groups 2, 4, 6 and 8 
hours after PBS injection, respectively. T2h, T4h, T6h 
and T8h = experimental groups 2, 4, 6 and 8 hours 
after venom injection, respectively.

dermal endothelial cells, positively labeled by 
TUNEL reaction, were observed and confirmed 
the morphological evaluation (Figure 6 – C and 
D). The same did not occur in the skin of control 
animals. 

DISCUSSION

In the present study, the intradermal injection 
of 0.5 µg of Loxosceles similis venom in rabbits 
induced a warm, swollen, purplish-red and 
touch-sensitive lesion (acute inflammation), 
also described by other authors for cutaneous 
loxoscelism (6, 29). Macroscopically, the radius of 
the injured area increased over time as previously 
related in loxoscelism induced by other Loxosceles 
species (1, 6, 9). Notably, the venom concentration 
used in this work was very low (0.5 µg) compared 
with our previous study of 3 µg of venom, but it 
was enough to induce a very similar and severe 
lesion (22). Microscopically, a severe fibrinous-
hemorrhagic multi-focal acute dermatitis and 
a necrotic acute myositis were observed. The 
edema was intense and thrombosis was observed 
as early as two hours after injection. These lesions 
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are similar to those observed for other medically 
important species of Loxosceles (13-15). 

In this study, morphometric analyses were 
carried out in order to follow the progression of 
the histological lesion through the measurement 
of edema, vasodilation, and inflammatory 
infiltrate present in the lesion, considering since 
there are few reports in the literature regarding 
these phenomena in loxoscelism. The average 
diameter of blood vessels was significantly higher 
(p < 0.05) in experimental animals compared 
with the control ones, in all time intervals. These 
data show that L. similis venom has a vasodilator 

action, already observed for other Loxosceles, and 
which is mediated by histamine (30, 31). The 
edema was significantly greater at 2 hours after 
venom injection. The present results are similar to 
those of Rattmann et al. (30) using L. intermedia 
venom in rat experimental model. 

According to our data, the inflammation 
increases progressively from two hours and 
then becomes severe eight hours post L. similis 
crude venom injection corroborating the already 
existing studies with L. laeta and L. intermedia 
venom (15, 17, 32). Morphometrical parameters 
showed here can be used to monitor the process 

Figure 6. Microscopic picture of rabbit skin: (A) control group – blood vessel – endothelial cell (black arrow); 
(B) apoptotic endothelial cells (black arrows), (details – insertion on the top right corner); (C) experimental 
group, two hours after venom injection – presence of apoptotic endothelial cells, labeled positive with 
TUNEL reaction (black arrow) (details – insertion on the top right corner); (D) experimental group – two 
hours after venom injection – positive cells for TUNEL reaction in the thrombus-vessel interface (details 
– insertion on the top right corner). Stainings: toluidine blue (A and B) and TUNEL reaction (C and D) DAB 
chromogen counter-stained by methyl green. Bar = 10 µm.
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dynamics, and also any treatment and sera 
effectiveness studies (22, 31, 33, 34). In the 
present study, the heterophils/neutrophils were 
the predominant cells observed as mentioned 
by others for loxoscelism. The term heterophil 
was used instead of neutrophil in the results 
of this study, as in rabbits and in other species 
such as guinea pigs, chickens, reptiles and birds; 
the heterophil is functionally analogous to 
neutrophils (35-37).

Apoptotic endothelial cells, surrounded by 
a halo, with shrunken and fragmented nuclei, 
containing condensed chromatin were observed as 
early as two hours after the L. similis crude venom 
injection. The morphology was corroborated by 
means of a positive labeling of the endothelial 
cells through the TUNEL reaction. In addition, 
endothelial cells in apoptosis were present in the 
thrombus-vessel. Under transmission electron 
microscopy, Veiga et al. (38) observed the presence 
of endothelial cell degeneration, characterized by 
vacuoles on the vessel walls of rabbits skin, four 
hours after the injection of 30 µg of L. intermedia 
crude venom. Despite of the morphological 
evidences of apoptosis, the authors did not 
consider the occurrence of this kind of death cell 
in that study (38). According to them, loxoscelic 
venom has a deleterious effect due to destruction 
of components that are responsible for endothelial 
cells adhesion. As stated by Bombeli et al. (39), 
apoptotic endothelial cells become procoagulant 
due to increased expression of phosphatidylserine 
and loss of anticoagulant components of 
the cytoplasmic membrane. Thus, apoptotic 
endothelial cells contribute to the development 
of a pro-thrombogenic state (38). Consequently, 
the presence of apoptotic endothelial cells can 
contribute to the thrombosis pathogenesis on 
the cutaneous loxoscelism. According to the 
Virchow’s triad, thrombus formation results 
from the pathological activation of the blood 
coagulation process due to rheological blood flow 
alterations, hypercoagulability and/or endothelial 
cell lesions. 

In the cutaneous loxoscelism, thrombus 
formation is related to endothelial lesion by 
the venom direct effect and subendothelial 
basal membrane alteration (16). Some authors 
observed that there is a strong relationship 
among endothelial cell apoptosis, endothelium 
denudation and thrombosis (19). Besides, they 
showed that the atheroma plaque desquamation 

via apoptosis predisposes to thrombosis which is 
a common consequence of atherosclerosis. So, we 
suggest that the apoptotic process may also induce 
loss of cell adhesion and desquamation from 
the vessel wall, which causes denudation of the 
vascular surface, exposure of the subendothelial 
collagen that induces platelet adhesion and 
aggregation and coagulation cascade activation 
(40). Once thrombi are formed, dermal necrosis 
with ulceration takes place and characterizes the 
loxoscelism cutaneous lesion. 

CONCLUSION

The present data show that the experimental 
injection of the crude venom of the Loxosceles 
similis, intradermally in rabbits, induce a 
histological lesion pattern very similar to that 
related in the literature for other species of 
Loxosceles. 

Additionally, the results suggest that the 
induction of endothelial cells apoptosis by the 
Loxosceles similis crude venom is involved in the 
pathogenesis of the thrombosis, necrosis and 
ulceration all characteristics of the cutaneous 
loxoscelism. Moreover, the dermal inflammation 
that intensifies over time seems to be an 
aggravating factor that may contribute to the 
development of a hard-to-heal ulcer observed in 
humans.
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