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Loxosceles spp. (brown spiders) bites are responsible for the development of a syndrome

consisting mainly of dermonecrotic lesions, and also systemic effects. Rabbits are one

of the main experimental models used for better understanding the systemic and local

effects of Loxosceles venom. The aim of this study is to evaluate the toxic and protective

effects of rabbits immunized with Loxosceles spp. venom. Male New Zealand rabbits

were allocated as a control group (CG; n = 5) that received adjuvant (Montanide)

and phosphate-buffer saline (PBS), or as venom group (VG; n = 5) that received 21

µg of Loxosceles venom using Montanide as adjuvant. After five immunization cycles,

a trial with 7 µg of Loxosceles intermedia (L. intermedia) venom was performed,

and dermonecrotic lesions were measured. The rabbits were then euthanized, and

their organs were collected for histopathology analysis. Rabbits that had undergone

Loxosceles venom immunization protocol showed minor clinical disturbances during the

experimental period. The used immunization protocol protected the rabbits against the

toxic effect of the Loxosceles venom because they showed minor clinical disturbances

during the experimental period.

Keywords: brown spider, dermonecrosis, immunization, loxoscelism, spider bite

INTRODUCTION

The venom of Loxosceles spiders, popularly known as “brown spiders,” is a complex mixture
of toxins enriched by low molecular mass peptides (1), which include phospholipases D,
hyaluronidases, astacin-like metalloproteases, and venom allergens (2–7). Phospholipases D cleave
tissue phospholipids, boosting the tissue injury and inflammation (8, 9). Hyaluronidases and
astacin-like metalloproteases hydrolyze the components of the extracellular matrix (10, 11). The
allergens are the translationally controlled tumor protein (TCTP) and the Loxosceles allergen-like
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toxin (LALLT) that stimulate the release of histamine (12, 13).
The Loxosceles venom also contains numerous other toxins with
toxic effects not entirely known (9).

Loxosceles bites are responsible for the development of a
cutaneous syndrome consisting mainly of dermonecrotic lesions
in at least 80% of cases. Bites are usually painless, and edema
and erythema are formed within 2 to 6 h. After 24 to 36 h,
the vasospasm and ischemia around the bite devolve into pale
and red areas with pain. The lesion may spread by gravitation.
Necrosis may occur days after the bite (2, 7, 14). Other effects
of the venom include fever (2, 14), platelet aggregation (15) and
hematological disturbances (16, 17), acute kidney injury (18),
cardiotoxicity (19), and even brain damage (20). Pets, especially
dogs (21–23) and cats (24), are sensible to the Loxosceles
envenoming (21, 22).

The most effective treatment for the bite is the administration
of the specific antivenom. The production of the antivenom
involves the immunization of an animal, usually horses, to induce
the production of specific neutralizing antibodies (7). However,
little is known about the overall impacts on the health status of
these animals, during and after venom contact, which could aid
in better understanding venom dynamics. Therefore, the aim of
this study is to evaluate the toxic and protective effects of rabbits
immunized with Loxosceles spp. venom.

MATERIALS AND METHODS

Rabbits, Venom, and Immunization
Protocol
All procedures were conducted according to the animal welfare
guidelines and the approval of the Ethical Committee for the
Use of Animals of the Federal University of Minas Gerais
(CEUA/UFMG), under protocol number 388/2017.

Loxosceles venom was obtained from spiders captured within
Paraná and Santa Catarina states, Brazil. Specimens of Loxosceles
intermedia (L. intermedia), L. gaucho, and L. laeta had their
venom extracted after being restrained from feeding for 30 days
and undergoing an electrical stimulus of 12V applied on the
cephalothorax region. The venom pool obtained was dehydrated
and kept at−20◦C, in the dark, until its use.

Ten male New Zealand rabbits (Oryctolagus cuniculus),
weighing ∼2.8 kg, were kept in individual cages, fed twice a
day with commercial ration and water ad libitum, and closely
monitored for any relevant clinical alteration. Five rabbits
composed the control group (CG) and the other five rabbits,
the venom group (VG). Immunization protocol and sampling
moments are described in Table 1.

The CG received 1ml of Montanide (vaccine adjuvant) +

1ml of phosphate-buffer saline (PBS), whereas the VG received
2.5 µg/kg (7 µg) of L. intermedia, 2.5 µg/kg of L. laeta,
and 2.5 µg/kg of L. gaucho venoms diluted in 973.75 µl of
PBS + 1ml of Montanide. The final volume of both groups
was 2.0ml, which was injected subcutaneously in two different
points under the dorsal surface of the skin near the nape of
the neck, after local trichotomy. A total of five immunizations
was performed. On day 68 of the immunization cycle, rabbits

from both the groups were challenged by inoculation with 7
µg of L. intermedia venom on their ear. This amount was
the minimum necrotizing dose, which was determined for
the used venom using the protocol described by Furlanetto
(25). Dermal lesions were measured 24, 48 and 72 h after
the challenge using a ruler as well as ImageJ R© software. To
ensure control over the histopathological analysis of lesions
caused by a high dose of venom, one rabbit in each group
was not subjected to this challenge. On day 75, the rabbits
were euthanized with 100 mg/kg of thiopental intravenously,
according to guidelines established by the Brazilian Guide of
Good Practices in Euthanasia (26).

Hematological Evaluation
Blood samples were collected from the marginal ear vein
before the first immunization and then after 16, 46, and 62
days. Vacuum tubes containing ethylenediaminetetraacetic acid
(EDTA) and clot activator tubes were used for hematological
and biochemical analyses, respectively. Hematological analyses
were performed using an automated hematology analyzer
(pocH-100Iv-Diff, Sysmex), and serum biochemistry was
analyzed by an automatized biochemistry equipment (Cobas
Mira Plus, Roche). Blood parameters evaluated were red
blood cell count (RBC), packed cell volume (PCV), mean
corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration
(MCHC), white blood cell count (WBC), red blood cell
distribution width (RDW), lymphocytes, and sum of other
WBC, such as neutrophils, monocytes, and basophils
(OTH), total platelet count (PLT), mean platelet volume
(MPV), platelet distribution width (PDW), platelet clump
(P-LCR), urea, creatinine, alanine aminotransferase (ALT),
aspartate transaminase (AST), alkaline phosphatase (ALP),
gamma-glutamyl transferase (GGT), glucose, amylase, total
proteins (TP), albumin, globulins, cholesterol, triglyceride,
and lactate.

Electrocardiography
The rabbits underwent an ECG evaluation using a portable 12-
channel digital electrocardiograph (TEB ECG Vet, Tecnologia
Eletrônica Brasileira) before immunization and then after 16,
46, and 62 days. ECG recordings were acquired in a quiet
environment and with rabbits in lateral horizontal decubitus
position. Recordings were made at 25 mm/sec speed and
sensitivity of 1 cm = 1mV. Bipolar (DI, DII, DIII) and
augmented unipolar (aVR, aVL, aVF) leads were recorded. The
following parameters were evaluated: cardiac rhythm; HR; P
(ms); P (mV); PR, QRS, and QT intervals; R and T waves and
ST segment levels. The cardiac axis was calculated according to
Tilley (27).

Histopathology
After euthanasia, an immediate necropsy was performed,
and significant fragments of liver, kidney, spleen, heart,
lungs, and skin were collected for microscopic evaluation.
The fragments were fixated in 10% formaldehyde and
afterward embedded in paraffin. Histological sections
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TABLE 1 | Immunization protocol of rabbits from venom group (VG) using Loxosceles venom.

Immunization

status

Day of the

cycle

Total venom

amount

Venom amount per species of

L. intermedia, L. laeta and L. gaucho

PBS Montanide

T0 0 Clinical examination, blood sampling, ECG recordings

T1 1 21 µg 7 µg 973.75 µL 1 mL

T2 15 21 µg 7 µg 973.75 µL 1 mL

T3 16 Clinical examination, blood sampling, ECG recordings

T4 30 21 µg 7 µg 973.75 µL 1 mL

T5 45 21 µg 7 µg 973.75 µL 1 mL

T6 46 Clinical examination, blood sampling, ECG recordings

T7 60 21 µg 7 µg 973.75 µL 1 mL

T8 62 Blood sampling, ECG recordings

T9 68 Challenge with L. intermedia venom

T10 75 Euthanasia

FIGURE 1 | Measurement of dermonecrotic lesions after challenge using a 7 µg of Loxosceles intermedia (L. intermedia) venom in rabbits that have undergone

immunization protocol using venom from Loxosceles spp. (A) Rabbit V1 from venom group (VG) showing a minimal lesion with absence of necrosis. (B) Rabbit C1

from control group (CG) showing a larger lesion area accompanied by necrosis.

(4µm thickness) of paraffin-embedded fragments were
dyed with hematoxylin and eosin (HE) and periodic
acid Schiff (P.A.S.) for pathological examination under
light microscopy.

ELISA
ELISA from rabbits’ sera was performed in MaxiSorp plates
purchased from NUNC. They were coated overnight at 4◦C with
100 µl of a 5µg/ml solution of L. intermedia, L. gaucho, and L.
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FIGURE 2 | Immunoreactivity of rabbits immunized with Loxosceles spp. venom by ELISA in T0, T3, and T6. Plates were coated with a 5µg/ml of each venom (L.
intermedia, L. gaucho, and L. laeta) and sera was tested in 1/200 dilution and revealed with rabbit anti-IgG 1/5000 and o-phenylediamine dihydrochloride. The CG

received Montanide and PBS and the VG received 21 µg of Loxosceles spp. venom and Montanide. The absorbance of samples was determined at 492 nm.

laeta venoms in 0.02M sodium bicarbonate buffer, pH 9.6. After
blocking (1% skimmed non-fat milk in PBS) and washing (0.05%
Tween 20-PBS), sera from T0 and immune rabbits were added in
serial dilution from 1/400 to 1/256,000 and incubated for 1 h at
37◦C. The plates were washed and incubated with anti-rabbit IgG
conjugated with horseradish peroxidase (HRP, Sigma-Aldrich
A9292) diluted 1/4,000, for 1 h at 37◦C. ELISA was carried out
as described by Chavez-Olórtegui et al. (28). Absorbance values
were determined at 492 nm using an ELISA plate reader (BIO-
RAD, 680 models). Duplicate assays were taken for all samples,
and means were calculated.

Statistical Analysis
Statistical analysis was carried out using the SAS (version
9.0) software program. The obtained data were statistically
analyzed using a mixed linear model approach of SAS (PROC
MIXED), using first-order autocorrelation covariate structure.
Animals were considered a random factor, with each nested
within treatments, andmeasurements carried out repeatedly. The
significance level was set at p < 0.05.

RESULTS AND DISCUSSION

The immunization protocol used in the present study was
the injection of the venom of three brown spider species:
L. intermedia, L. laeta, and L. gaucho. This protocol was

found to promote the production of anti-loxoscelic venom
polyvalent antibodies (29). The vaccine adjuvant was Montanide,
a water-in-oil emulsion, mainly composed of mineral oil and
a surfactant from the mannide monooleate family. Its mode
of action is based on enhancing antigen-specific antibody titers
and responses coming from cytotoxic T-lymphocyte. It was
postulated that depot formation would slowly release antigens at
the immunization site. There were however other mechanisms
of action proposed, such as an inflammation promoter (thus
stimulating the recruitment of antigen-presenting cells - APCs)
and lymphocyte trapping (thereby enhancing lymphocyte
accumulation in lymph nodes and optimizing contact with
APCs) (30–32).

No relevant clinical change was found during immunizations,
except a slight soreness on inoculation sites in some animals.
After challenge with L. intermedia venom, necrotic lesions were
observed on the rabbits’ ear. Rabbits of the VG (Figure 1A)
presented significant smaller dermal lesions (0.08 cm2 of lesion
with 0.01 cm2 of necrosis) than those of the CG (1.08 cm2 of
lesion with 0.11 cm2 of necrosis) (Figure 1B). Thus, an adequate
sera conversion was achieved and neutralizing antibodies were
successfully produced, as was also shown in ELISA assay
(Figure 2).

Skin lesions diagnosed in the present study were characteristic
of the dermonecrotic lesions previously described in loxoscelic
envenomation (4, 33, 34). Rabbits of the CG presented more
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TABLE 2 | Hematological examination of rabbits that underwent immunization

protocols with Loxosceles venom + Montanide (VG) and rabbits that received

Montanide + phosphate-buffer saline (PBS) [Control group (CG)].

Parameter Control group Venom group Reference

values for

rabbits (35)

RBC (cell × 106/µL)

T0

T3

T6

T8

6.59 ± 0.17 a

6.31 ± 0.13 b

6.63 ± 0.15 a

6.61 ± 0.13 a

6.66 ± 0.07

6.54 ± 0.08

6.62 ± 0.07

6.77 ± 0.02

5.4–7.6

PCV (%)

T0

T3

T6

T8

42.6 ± 0.78

41.9 ± 0.86

42.9 ± 0.62

43.2 ± 0.94

42.2 ± 0.57

42.1 ± 0.51

42.2 ± 0.66

43.7 ± 1.11

33.0–50.0

WBC (cell × 103/µL)

T0

T3

T6

T8

8.25 ± 1.16 b

8.28 ± 1.13 b

12.1 ± 0.61 a

11.6 ± 1.32 a

10.3 ± 1.37 c

13.5 ± 0.62 b,*

14.8 ± 0.32 a,b

1

16.7± ± 1.16 a,*

5.2–12.5

Lymphocytes (%)

T0

T3

T6

T8

62.5 ± 4.45

60.6 ± 5.64

53.0 ± 2.94

53.0 ± 1.90

65.2 ± 3.30 a

45.9 ± 3.38 b,*

49.4 ± 3.55 b

47.2 ± 2.19 b

30.0–85.0

OTHR (%)

T0

T3

T6

T8

28.2 ± 3.35

32.5 ± 4.94

33.7 ± 3.33

36.3 ± 4.65

28.2 ± 2.70 b

46.0 ± 3.55 a,*

43.0 ± 2.25 a

44.2 ± 2.18 a

Eosinophils (%)

T0

T3

T6

T8

17.5 ± 4.13 a

9.73 ± 2.89 b

18.3 ± 2.79 a

10.7 ± 3.06 a,b

13.2 ± 4.14

8.12 ± 0.90

7.64 ± 1.98 *

8.65 ± 0.36

1.0–4.0

PLT (cell × 103/µL)

T0

T3

T6

T8

184.7 ± 37.8 b

147.0 ± 39.7 b

341.3 ± 41.1 a

263.7 ± 63.0 a,b

277.8 ± 12.3 a,b

1

185.4± ± 32.4 b

324.2 ± 24.4 a

251.3 ± 21.5 a,b

250.0–650.0

PDW (fL)

T0

T3

T6

T8

8.12 ± 0.55 b

9.17 ± 0.50 a

6.88 ± 0.32 c

6.40 ± 0.30 c

8.10 ± 0.39 b

9.78 ± 0.62 a

7.44 ± 0.40 b

7.05 ± 0.37 b

MPV (fL)

T0

T3

T6

T8

7.94 ± 0.32 b

8.68 ± 0.29 a

7.15 ± 0.26 c

6.83 ± 0.15 c

8.03 ± 0.28 b

8.94 ± 0.33 a

7.52 ± 0.23 b,c

7

7.35± ± 0.30 c

P-LCR (%)

T0

T3

T6

T8

9.00 ± 2.01 b

14.3 ± 2.55 a

5.23 ± 1.05 b

4.53 ± 0.54 b

9.23 ± 1.91 b

14.7 ± 2.80 a

6.66 ± 0.95 b

5.93 ± 1.09 b

RBC, red blood cell count; PCV, packed cell volume; WBC, white blood cell count; OTHR,
sum of other WBC (neutrophils, monocytes, and basophils); PLT, platelets; PDW, platelet
distribution width; MPV, mean platelet volume; P-LCR, platelet clump.
a,b,c Different letters in the same column show statistical difference between experimental
moments in the same group (mixed linear model, p < 0.05).
*Statistical difference to control group in the same day (mixed linear model, p < 0.05).
Data are presented as mean ± SEM.

TABLE 3 | Biochemical panel of rabbits that underwent immunization protocols

with Loxosceles venom + Montanide (VG) and rabbits that received Montanide +

PBS (CG).

Parameter Control group Venom group Reference

values for

rabbits (36)

BUN (mg/dL)

T0

T3

T6

20.6 ± 0.47

16.7 ± 1.28

20.0 ± 4.28

19.8 ± 0.84

15.8 ± 1.27

15.8 ± 1.33

10–30

Creatinine (mg/dL)

T0

T3

T6

1.52 ± 0.06

1.63 ± 0.25

1.51 ± 0.14

1.64 ± 0.10

1.42 ± 0.21

1.43 ± 0.13

0.5–2.5

ALT (U/L)

T0

T3

T6

33.0 ± 6.92 a

29.2 ± 5.18 a

13.4 ± 1.03 b

27.7 ± 3.32 a

15.0 ± 1.60 b,*

13.8 ± 2.70 b

25.0–65.0

AST (U/L)

T0

T3

T6

31.6 ± 6.35

27.0 ± 4.62

17.0 ± 1.80

27.2 ± 3.82

18.3 ± 5.87

21.3 ± 4.12

20.0–120.0

ALP (U/L)

T0

T3

T6

56.2 ± 4.89

48.7 ± 5.54

33.0 ± 8.58

83.9 ± 17.0

63.0 ± 10.6

51.8 ± 10.7

10.0–86.0

GGT (U/L)

T0

T3

T6

14.3 ± 2.55 b

40.2 ± 7.70 a

16.4 ± 1.21 b

13.4 ± 1.85

14.3 ± 3.55 *

16.8 ± 1.90

10.0–98.0

Glucose (mg/dL)

T0

T3

T6

94.2 ± 3.09 a

60.7 ± 9.03 b

105.2 ± 4.03 a

103.3 ± 6.23 b

102.7 ± 10.2 b,*

139.0 ± 18.2 a,*

74.0–148.0

Amylase (U/L)

T0

T3

T6

409.0 ± 28.2

328.8 ± 20.0

322.7 ± 73.4

329.4 ± 86.7

347.5 ± 25.3

295.0 ± 22.6

200.0–500.0

TP (g/dL)

T0

T3

T6

6.10 ± 0.30

6.09 ± 0.19

5.80 ± 0.08

6.87 ± 0.14 a,*

5.93 ± 0.20 b

6.04 ± 0.21 b

5.0–7.5

Albumin (g/dL)

T0

T3

T6

3.61 ± 0.40 a,b 2

2.91± ± 0.24 b

3.76 ± 0.09 a

3.88 ± 0.15

3.75 ± 0.11 *

3.80 ± 0.19

2.7–5.0

Globulins (g/dL)

T0

T3

T6

2.49 ± 0.11 b

3.18 ± 0.13 a

2.04 ± 0.17 c

2.98 ± 0.10 a,*

2.17 ± 0.25 b,*

2.24 ± 0.09 a

1.5–2.7

Cholesterol (mg/dL)

T0

T3

T6

31.2 ± 2.29

42.5 ± 3.85

42.3 ± 5.43

31.2 ± 3.18

30.0 ± 3.82 *

32.4 ± 3.34 *

10.0–100.0

Triglycerides (mg/dL)

T0

T3

T6

73.1 ± 5.47

71.1 ± 13.3

79.5 ± 27.16

75.5 ± 8.77

101.1 ± 24.3

72.7 ± 8.45

50.0–200.0

Lactate (mol/L)

T0

T3

T6

9.81 ± 2.18

10.2 ± 2.57

5.81 ± 0.45

11.7 ± 2.77

6.00 ± 0.97

7.61 ± 1.00

8.11–21.2

BUN, blood urea nitrogen; ALT, alanine aminotransferase; AST, aspartate transaminase;
ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; TP, total protein.
a,b,c Different letters in the same column show statistical difference between experimental
moments in the same group (mixed linear model, p < 0.05).
*Statistical difference to control group in the same day (mixed linear model, p < 0.05).
Data are presented as mean ± SEM.
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TABLE 4 | ECG recordings of rabbits that underwent immunization protocols with

Loxosceles venom + Montanide (VG) and rabbits that received Montanide + PBS

(CG).

Parameter Control group Venom group Reference

values for

rabbits (37)

Heart rate (bpm)

T0

T3

T6

T8

196.2

± 13.11 a,b

199.0± 8.42 b

179.3 ± 6.63 a

192.9 ± 9.75 a,b

226.3 ± 8.86 a

210.5 ± 10.85 b

210.4 ± 18.95 b

220.4 ± 18.99 a,b

198.0–330.0

P (ms)

T0

T3

T6

T8

35.3 ± 2.64 b

38.3 ± 2.49 a,b

3 37.9± 2.22 a,b

4 47.2± 7.33 a

39.4 ± 2.95

39.2 ± 3.10

41.8 ± 2.51

44.8 ± 1.77

10.0–50.0

P (mV)

T0

T3

T6

T8

0.04 ± 0 b

0.05 ± 0.01 a,b

0 0.03± 0 b

0.06 ± 0.01 a

0.03 ± 0.01

0.04 ± 0.01

0.04 ± 0.01

0.05 ± 0

0.04–0.12

PR (ms)

T0

T3

T6

T8

55.2 ± 9.09

57.5 ± 8.07

69.6 ± 8.06

68.3 ± 7.68

67.4 ± 9.58

56.5 ± 7.41

66.0 ± 5.32

75.1 ± 1.94

40.0–80.0

QRS (ms)

T0

T3

T6

T8

47.4 ± 4.34

40.3 ± 2.14

46.3 ± 4.41

40.6 ± 3.56

46.5 ± 2.88

43.3 ± 4.46

44.0 ± 4.25

45.7 ± 3.02

20.0–60.0

R (mV)

T0

T3

T6

T8

0.12 ± 0.07

0.11 ± 0.08

0.04 ± 0.06

0.06 ± 0.11

0.14 ± 0.05

0.15 ± 0.02

0.11 ± 0.01

0.12 ± 0.03

0.03–0.39

QT (ms)

T0

T3

T6

T8

131.6 ± 14.5 b

165.8 ± 13.5 a

142.2 ± 8.10 a,b

145.8± 2.25 a,b

127.8 ± 6.79

139.5 ± 10.5

122.6 ± 17.9

142.1 ± 9.89

80.0–160.0

T (mV)

T0

T3

T6

T8

0.16 ± 0.04

0.11 ± 0.03

0.07 ± 0.01

0.06 ± 0.01

0.12 ± 0.08

0.05 ± 0.02

0.06 ± 0.02

0.08 ± 0.02

0.05–0.17

a,b,c Different letters in the same column show statistical difference between experimental
moments in the same group (mixed linear model, p < 0.05).
Data are presented as mean ± SEM.

extensive lesions than those of the VG, probably because the
immunization protocol was able to confer enough protective
antibody titers. The pathophysiology of dermonecrosis is not yet
fully elucidated. Phospholipase D is the main compound
responsible for dermonecrosis, promoting neutrophilic
infiltration, complement activation, platelet aggregation,
edema, and increased vascular permeability (38, 39). A role for
neutrophils in the inflammatory response is directly linked to
endothelial dysfunction (33), which leads to indirect neutrophil

activation, leading to up-regulation of interleukins (IL) 6
and 8, C-X-C motif chemokine ligands (CXCL) 1 and 2, and
monocyte chemoattractant protein (MCP) 1 (40, 41). Endothelial
dysfunction also plays an important role in dermonecrosis, since
it occurs in both extracellular matrix and cellular surface, leading
to subendothelial vacuoles and fibrin formation, accompanied
by morphologic alterations, such as cellular retraction, reduction
of intercellular adhesion, and disorganization of actin filaments.
These disruptions on endothelial surfaces and cellular adhesion
structures act directly on blood vessel stability and can
cause leukocyte and platelet activation, increase in vascular
permeability, and disseminated intravascular coagulation (42).
As a result of endothelial dysfunction, platelets aggregate, which
can cause dermonecrosis, since occluded dermal veins and
arterioles cause hypoxia and degeneration of cells (43).

The results of the hematological examinations are presented
in Table 2. WBC counts increased after T0 in both groups.
This increase may be attributed to the adjuvant (Montanide)
that increases the antigen uptake by APCs, activates or aids
in maturing APCs (e.g., dendritic cells), besides inducing
the production of immunoregulatory cytokines, activating
inflammasomes, and inducing local inflammation and cellular
recruitment (44). VG showed WBC counts above reference
ranges for the species and significant different from CG in T3
and T8. This difference might be attributed to venom action.
Phospholipase D, the main toxic compound of Loxosceles venom,
is the primary inductor of both expression and secretion of
inflammatory mediators, especially in fibroblasts. This induction
culminates in the fibroblast secreting inflammatory mediators
that contribute to monocyte recruitment, such as IL-6, IL-8,
CXCL1/GRO-α, and CCL2/MCP-1 (41).

A decrease in lymphocytes, accompanied by an increase in
neutrophils and monocytes, was observed in both groups during
all sampling periods and were statistically significant between
the VG and CG, with the VG presenting higher values. It is
likely that this finding is due to the venom, since neutrophils
are largely recruited in acute inflammation (45) and Montanide
itself does not affect the number of circulating leukocytes (46).
An interesting finding, however, was regarding eosinophils. Both
groups kept eosinophil values way above the reference values
for the species. Loxosceles venom has a TCTP toxin, with
a histaminergic effect related to pro-inflammatory properties,
acting as an allergen (12). Allergic reactions are accounted for
eosinophilia, which might explain the results from the VG
but not from the CG. A plausible explanation is that rabbits’
neutrophils have eosinophilic granules, which can make them
be misclassified as eosinophils (35). Thus, a more pronounced
neutrophilia could be happening in both the groups and was
underestimated due to the eosinophil overestimated count.
However, eosinophilia was observed in histopathology analysis
of some organs.

The results of the biochemical panel are presented at Table 3.
Glucose levels showed statistical significance between the VG
and CG in T3 and T6. Increased glucose could be related
to stress and pain (47). In fact, rabbits in the present study
needed to be handled for sampling, which could have caused
stress, and manipulation could trigger a pain response in
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FIGURE 3 | Left ventricle from a rabbit from the VG showing severe and diffuse congestion, with multifocal hemorrhage areas. Multifocal cardiomyocyte degeneration

was also observed. Besides undergoing immunization protocols, this rabbit also underwent the trial period receiving a 7µg of L. intermedia venom (HE, 400X).

Periodic acid Schiff (P.A.S.) stain was not positive.

the already sore injection sites. However, it is plausible to
attribute the variations to chance since glucose levels were within
normal ranges.

Loxosceles intermedia venom may promote cardiotoxic effects
(19). ECG recordingsmade on four occasions revealed that all the
rabbits kept the ECG variables within reference ranges, and no
significant difference was observed between the groups (Table 4).
On the other hand, the histological analysis of heart revealed
lesions in both groups (Figures 3, 4). The CG showed mild
cardiomyocyte degeneration, which suggests that the adjuvant
(Montanide) may be the cause, but this was not previously
reported in the literature. Cardiomyocyte degeneration, in a
more severe degree, was observed in the VG and rabbits
in the CG that had undergone challenge with L. intermedia
venom. VG rabbits also presented lymph-histiocytic infiltrate and
hemorrhagic areas. L. intermedia venom promoted impairment
of cardiac function mainly due to disruptions in calcium flow
and abnormal increase of its intracellular concentration (19).
Rats injected with Loxosceles apachea venom also developed
hemorrhages that were attributed to degradation of laminin
γ (20).

Even though no change was found in the serum levels
of urea and creatinine, kidney damage was observed in
the histopathology analysis of both groups. The CG rabbits
showed mild tubular cell degeneration, which may be due
to Montanide, but this has not been reported previously.

The VG animals presented fibrosis and moderate lymph-
histiocytic infiltrate, inferring a slight renal impairment. In
the same way, rats showed a sudden and significant decline
in glomerular filtration rate, renal blood flow, and urinary
output associated to an increase in renal vascular resistance
after intravenous injection of 240 µg/kg L. gaucho venom
(18). These changes resulted in acute kidney epithelial tubular,
which may be attributed to the high dose of venom and the
intravenous administration.

Loxosceles intermedia venom holds a direct hepatotoxic
effect due to direct venom action in degenerating hepatocytes
membrane and neutrophil infiltration (48). In the present
study, the pathological examination of the liver revealed
glycogenic degeneration in VG rabbits. Glycogenic degeneration
could be due to a decrease in glycogen mobilization, and
its accumulation could cause steatosis that can evolve into
fibrosis. These histopathological alterations in rabbits from
the present study were not accompanied by increased
serum activities of liver-related enzymes (GGT, ALT,
AST, and ALP), allowing to classify these alterations
as mild.

In summary, the used immunization protocol-protected
rabbits against the toxic effect of the Loxosceles venom
because they showed minor clinical disturbances during the
experimental period. These findings were corroborated by the
lack of ECG alterations and the minor histopathological
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FIGURE 4 | Left ventricle from a rabbit from the VG showing severe and diffuse congestion, with lymph-histiocytic infiltrate near blood vessels. Discrete multifocal

cardiomyocyte degeneration was also observed. This rabbit did not partake the trial period and was inoculated with venom only accompanied by adjuvant (HE, 400X).

P.A.S. stain was not positive.

alterations observed in key-organs, such as kidneys
and liver.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by Ethical
Committee for the Use of Animals of the Federal University of
Minas Gerais (CEUA/UFMG), under protocol number 388/2017.

AUTHOR CONTRIBUTIONS

AM, SL, MG, and JM performed laboratory examinations.
AM and AB performed clinical and electrocardiographic
examinations. CE performed and interpreted the pathological
examinations. CC-O and BS-B designed the study. AM, CC-O,
and BS-B drafted the manuscript. All authors critically revised
the manuscript and gave final approval.

FUNDING

This study was partially supported by the Conselho Nacional
de Desenvolvimento Científico e Tecnológico–Brazil (CNPQ)
(Process 311182/2017-8).

Frontiers in Veterinary Science | www.frontiersin.org 8 May 2022 | Volume 9 | Article 852917

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


de Miranda et al. Immunization Against Loxosceles Venom

REFERENCES

1. Senff-Ribeiro A, Henrique da Silva P, Chaim OM, Gremski LH, Paludo

KS, Bertoni da Silveira R, et al. Biotechnological applications of brown

spider (Loxosceles genus) venom toxins. Biotechnol Adv. (2008) 26:210–

8. doi: 10.1016/j.biotechadv.2007.12.003

2. Futrell JM. Loxoscelism. Am J Med Sci. (1992) 304:261–

7. doi: 10.1097/00000441-199210000-00008

3. De Oliveira KC, Gonçalves de Andrade RM, Piazza RMF, Ferreira JMC,

Van Den Berg CW, Tambourgi, et al. Variations in Loxosceles spider venom

composition and toxicity contribute to the severity of envenomation. Toxicon.

(2005) 45:421–9. doi: 10.1016/j.toxicon.2004.08.022

4. Gremski LH, Trevisan-Silva D, Ferrer VP, Matsubara FH, Meissner GO, Wille

ACM, et al. Recent advances in the understanding of brown spider venoms:

from the biology of spiders to the molecular mechanisms of toxins. Toxicon.

(2014) 83:91–120. doi: 10.1016/j.toxicon.2014.02.023

5. Oliveira-Lima KC, Farsky SHP, Lopes PH, Gonçalves de Andrade RM,

van den Berg CW, Tambourgi, et al. Microcirculation abnormalities

provoked by Loxosceles spiders’ envenomation. Toxicon. (2016) 116:35–

42. doi: 10.1016/j.toxicon.2015.08.005

6. Langenegger N, Nentwig W, Kuhn-Nentwig, L. Spider venom: components,

modes of action, and novel strategies in transcriptomic and proteomic

analyses. Toxins. (2019) 11:611. doi: 10.3390/toxins11100611

7. Miranda ALS, Guerra-Duarte C, Lima SA, Chávez-Olórtegui C,

Soto-Blanco, B. History, challenges and perspectives on Loxosceles

(brown spiders) antivenom production in Brazil. Toxicon. (2021)

192:40–45. doi: 10.1016/j.toxicon.2021.01.004

8. Gremski LH, da Justa HC, da Silva TP, Polli N, Antunes BC, Minozzo JC, et

al. Forty years of the description of brown spider venom Phospholipases-D.

Toxins. (2020) 12:164. doi: 10.3390/toxins12030164

9. Gremski LH, Matsubara FH, da Justa HC, Schemczssen-Graeff Z, Baldissera

AB, Schluga P, et al. Brown spider venom toxins: what are the

functions of astacins, serine proteases, hyaluronidases, allergens, TCTP,

serpins and knottins? J Venom Anim Tox Includ Tropic Dis. (2021)

27:e20200188. doi: 10.1590/1678-9199-jvatitd-2020-0188

10. Ferrer VP, de Mari TL, Gremski LH, Trevisan Silva D, da Silveira

RB, Gremski W, et al. A novel hyaluronidase from brown spider

(Loxosceles intermedia) venom (Dietrich’s Hyaluronidase): from

cloning to functional characterization. PLoS Neglect Tropic Dis. (2013)

7:e2206. doi: 10.1371/journal.pntd.0002206

11. Morgon AM, Belisario-Ferrari MR, Trevisan-Silva D,Meissner GO, Vuitika L,

Marin B, et al. M. Expression and immunological cross-reactivity of LALP3, a

novel astacin-like metalloprotease from brown spider (Loxosceles intermedia)

venom. Biochimie. (2016) 128-129:8–19. doi: 10.1016/j.biochi.2016.06.003

12. Boia-Ferreira M, Moreno KG, Basílio A, Silva LP, Vuitika L, Soley B, et al.

TCTP from Loxosceles intermedia (brown spider) venom contributes to the

allergic and inflammatory response of cutaneous loxoscelism. Cells. (2019)

8:e1489. doi: 10.3390/cells8121489

13. Justa H, Matsubara FH, de-Bona E, Schemczssen-Graeff Z, Polli N, de

Mari TL, et al. LALLT (Loxosceles Allergen-Like Toxin) from the venom

of Loxosceles intermedia: recombinant expression in insect cells and

characterization as a molecule with allergenic properties. Int J Biol Macromol.

(2020) 164:3984–99. doi: 10.1016/j.ijbiomac.2020.08.212

14. Swanson DL, Vetter RS. Loxoscelism. Clinics in Dermatology. (2006) 24:213–

21. doi: 10.1016/j.clindermatol.2005.11.006

15. Tavares FL, PeichotoME, Rangel DDE, Barbar KC, CirilloMC, SantoroML, et

al. Loxosceles gaucho spider venom and its sphingomyelinase fraction trigger

the main functions of human and rabbit platelets. Hum Experiment Toxicol.

(2011) 30:1567–74. doi: 10.1177/0960327110393761

16. Mangili OC, Paulo H, Hashimoto Y, Gremski W, Veiga SS. Hematological cell

findings in bone marrow and peripheral blood of rabbits after experimental

acute exposure to Loxosceles intermedia (brown spider) venom. Toxicon.

(2003) 42:155–61. doi: 10.1016/S0041-0101(03)00127-2

17. Tavares FL, Souza e Silva MCC, Santoro ML, Barbaro KC, Rebecchi

IMM, Sano-Martins M, et al. Changes in hematological, hemostatic

and biochemical parameters induced experimentally in rabbits by

Loxosceles gaucho spider venom. Hum Experiment Toxicol. (2004)

23:477–86. doi: 10.1191/0960327104ht475oa

18. Lucato Jr RV, Abdulkader RC, Barbaro KC, Mendes GE, Castro I,

Baptista MA, et al. Loxosceles gaucho venom-induced acute kidney

injury – in vivo and in vitro studies. PLos Neglect Tropic Dis. (2011)

5:e1182. doi: 10.1371/journal.pntd.0001182

19. Dias-Lopes C, Felicori L, Guimarães G, Gomes ER, Roman-Campos

D, Duarte H, et al. Cardiotoxic effects of Loxosceles intermedia spider

venom and the recombinant venom toxin rLiD1. Toxicon. (2010) 56:1426–

35. doi: 10.1016/j.toxicon.2010.08.008

20. Plenge-Tellechea HD, Mu M, Barraza-Garza G, Rico-Escobar E, Mele, D.

Acanthocytosis and brain damage in area postrema and choroid plexus :

description of novel signs of Loxosceles apachea envenomation in rats. PLoS

ONE. (2019) 14:e0211689. doi: 10.1371/journal.pone.0211689

21. Collacico K, Melo S, Chanquetti A, Ferrari, R. Acidente por Loxosceles em cão

- relato de caso. Ensaios e Ciência: Ciências Biológicas, Agrárias e da Saúde.

(2008) 12:179–95.

22. Machado LHA, Antunes, M.I.P.P., Mazini AM, Sakate M, Torres-Neto R,

et al. Necrotic skin lesion in a dog attributed to Loxosceles (brown spider)

bite: a case report. J Venom Anim Tox Includ Tropic Dis. (2009) 15:572–

81. doi: 10.1590/S1678-91992009000300017

23. Branco, S.E.M.T., Martins GC, França SA, Pereira ST, Carneiro RA, et al.

Loxoscelismo cutâneo-visceral em cão na cidade de Belo Horizonte - MG -

relato de caso. Clínica Veterinária (São Paulo). (2014) 19:84–90.

24. Duarte KO, Ballardin L, Vieira NT, Terra, A.L.C. Lesão dermonecrótica

em um gato atribuída a envenenamento por Loxosceles - relato de

caso. Ars Veterinaria. (2018) 34:83–7. doi: 10.15361/2175-0106.2018v34n2

p83-87

25. Furlanetto RS. Estudos sobre a preparação do soro antiloxoscélico. Thesis (Livre

Docência). Universidade de São Paulo, São Paulo, Brazil. (1961)

26. CFMV. Guia de boas práticas para eutanásia em animais. Brasília: Conselho

Federal de Medicina Veterinária (2013), p. 35.

27. Tilley LP. Essential of Canine and Feline Electrocardiography. Philadelphia: Lea

& Febiger (1992), p. 470.

28. Chavez-Olórtegui C, Amaral DA, Rochat H, Diniz C, Granier, C. In vivo

protection against scorpion toxins by liposomal immunization. Vaccine.

(1991) 9:907–10. doi: 10.1016/0264-410X(91)90012-U

29. Lima SA, Guerra-Duarte C, Costal-Oliveira F, Mendes TM, Figueiredo L,

Oliveira D, et al. Recombinant protein containing B-cell epitopes of different

Loxosceles spider toxins generates neutralizing antibodies in immunized

rabbits. Front Immunol. (2018) 9:653. doi: 10.3389/fimmu.2018.00653

30. Waghmare A, Deopurkar RL, Salvi N, Khadilkar M, Kalolikar M, Gade,

et al. Comparison of Montanide adjuvants, IMS 3012 (Nanoparticle),

ISA 206 and ISA 35 (Emulsion based) alongwith incomplete Freund’s

adjuvant for hyperimmunization of equines used for production of

polyvalent snake antivenom.Vaccine. (2009) 27:e1067. doi: 10.1016/j.vaccine.

2008.11.103

31. Khabazzadeh Tehrani N, Mahdavi M, Maleki F, Zarrati S, Tabatabaie,

F. The role of Montanide ISA 70 as an adjuvant in immune responses

against Leishmania major induced by thiol-specific antioxidant-based

protein vaccine. J Parasitic Dis. (2016) 40:760–7. doi: 10.1007/s12639-014

-0574-8

32. Van Doorn E, Liu H, Huckriede A, Hak, E. Safety and tolerability

evaluation of the use of Montanide ISATM51 as vaccine

adjuvant: a systematic review. Hum Vacc Immunotherapeut. (2016)

12:159–69. doi: 10.1080/21645515.2015.1071455

33. Patel KD, Modur V, Zimmerman GA, Prescott SM, McIntyre, T.M.

The necrotic venom of the brown recluse spider induces dysregulated

endothelial cell-dependent neutrophil activation differential induction of

GM-CSF, IL-8, and E-selectin expression. J Clinic Investigat. (1994) 94:631–

42. doi: 10.1172/JCI117379

34. Pauli I, Puka J, Gubert IC, Minozzo, J.C. The efficacy of

antivenom in loxoscelism treatment. Toxicon. (2006) 48:123–

37. doi: 10.1016/j.toxicon.2006.05.005

35. Archetti I, Tittarelli C, Cerioli M, Brivio R, Grilli G, Lavazza, et al. Serum

chemistry and hematology values in commercial rabbits: preliminary data

from industrial farms in northern Italy. Ethol Welfare World Rabbit Congr.

(2008) 8:1147–52.

36. Washington ID, Van Hoosier G. “Clinical biochemistry and hematology,”

In Suckow MA, Stevens KA, Wilson RP, editors. The Laboratory Rabbit,

Frontiers in Veterinary Science | www.frontiersin.org 9 May 2022 | Volume 9 | Article 852917

https://doi.org/10.1016/j.biotechadv.2007.12.003
https://doi.org/10.1097/00000441-199210000-00008
https://doi.org/10.1016/j.toxicon.2004.08.022
https://doi.org/10.1016/j.toxicon.2014.02.023
https://doi.org/10.1016/j.toxicon.2015.08.005
https://doi.org/10.3390/toxins11100611
https://doi.org/10.1016/j.toxicon.2021.01.004
https://doi.org/10.3390/toxins12030164
https://doi.org/10.1590/1678-9199-jvatitd-2020-0188
https://doi.org/10.1371/journal.pntd.0002206
https://doi.org/10.1016/j.biochi.2016.06.003
https://doi.org/10.3390/cells8121489
https://doi.org/10.1016/j.ijbiomac.2020.08.212
https://doi.org/10.1016/j.clindermatol.2005.11.006
https://doi.org/10.1177/0960327110393761
https://doi.org/10.1016/S0041-0101(03)00127-2
https://doi.org/10.1191/0960327104ht475oa
https://doi.org/10.1371/journal.pntd.0001182
https://doi.org/10.1016/j.toxicon.2010.08.008
https://doi.org/10.1371/journal.pone.0211689
https://doi.org/10.1590/S1678-91992009000300017
https://doi.org/10.15361/2175-0106.2018v34n2p83-87
https://doi.org/10.1016/0264-410X(91)90012-U
https://doi.org/10.3389/fimmu.2018.00653
https://doi.org/10.1016/j.vaccine.2008.11.103
https://doi.org/10.1007/s12639-014-0574-8
https://doi.org/10.1080/21645515.2015.1071455
https://doi.org/10.1172/JCI117379
https://doi.org/10.1016/j.toxicon.2006.05.005
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


de Miranda et al. Immunization Against Loxosceles Venom

Guinea Pig, Hamster and other Rodents. (London; Waltham, MA: Academic

Press/Elsevier) (2012), p. 57–116.

37. Lord B, Boswood A, Petrie, A. Electrocardiography of the normal domestic

pet rabbit. Veterinary Rec. (2010) 167:961–5. doi: 10.1136/vr.c3212

38. Forrester LJ, Barrett JT, Campbell, B.J. Red blood cell lysis induced by

the venom of the brown recluse spider. the role of sphingomyelinase D.

Archiv Biochemistr Biophys. (1978) 187:355–65. doi: 10.1016/0003-9861(78)9

0046-2

39. Chaves-Moreira D, Souza FN, Fogaça RTH, Mangili OC, Gremski W, Senff-

Ribeiro A, et al.S. The relationship between calcium and the metabolism

of plasma membrane phospholipids in hemolysis induced by brown spider

venom phospholipase-D toxin. J Cellul Biochemistr. (2011) 112:2529–

40. doi: 10.1002/jcb.23177

40. Dragulev B, Bao Y, Ramos-Cerrillo B, Vazquez H, Olvera A, Stock R, et al.

Upregulation of IL-6, IL-8, CXCL1, and CXCL2 dominates gene expression

in human fibroblast cells exposed to Loxosceles reclusa sphingomyelinase

D: insights into spider venom dermonecrosis. J Investigat Dermatol. (2007)

127:1264–6. doi: 10.1038/sj.jid.5700644

41. Rojas JM, Arán-Sekul T, Cortés E, Jaldín R, Ordenes K, Orrego PR,

et al. Phospholipase D from Loxosceles laeta spider venom induces

IL-6, IL-8, CXCL1/GRO- α, and CCL2/MCP-1 production in human

skin fibroblasts and stimulates monocytes migration. Toxins. (2017)

9:e9040125. doi: 10.3390/toxins9040125

42. Paludo KS, Gremski LH, Veiga SS, Chaim OM, Gremski W,

Buchi DF, et al. The effect of brown spider venom on endothelial

cell morphology and adhesive structures. Toxicon. (2006)

47:844–53. doi: 10.1016/j.toxicon.2006.02.006

43. Zanetti VC, Silveira RB, Dreyfuss JL, Haoach J, Mangili OC, Veiga

SS, et al. Morphological and biochemical evidence of blood vessel

damage and fibrinogenolysis triggers by brown spider venom. Blood

Coagulat Fibrinoly. (2002) 13:135–48. doi: 10.1097/00001721-200203

000-00009

44. Apostólico JDS, Alves V, Lunardelli S, Coirada FC, Boscardin SB, Rosa, et

al. Adjuvants: classification, modus operandi, and licensing. J Immunol Res.

(2016) 2016:1459394. doi: 10.1155/2016/1459394

45. Weiss, D.J. Ramaiah SK,Walcheck, B. “Neutrophil distribution and function,”

InWeiss DJ,Wardrop KJ, editors. Schalm’s Veterinary Hematology, 6th edition.

(Ames: Wiley-Blackwell) (2010), p. 268–74.

46. Hussein MA, Ali HA, Abd El-Rhman BA, Morcoss TN, Fakhr AE, Swelum

A, et al. Efficacy of Montanide (IMS 3015) as an adjuvant for an inactivated

Rift Valley fever (RVF) vaccine in sheep. Acta Tropica. (2019) 190:193–

203. doi: 10.1016/j.actatropica.2018.11.022

47. Candasamy M, Murthy TEK, Gubiyappa K, Chellappan D, Gupta, G.

Alteration of glucose lowering effect of glibenclamide on single and

multiple treatments with fenofibrate in experimental rats and rabbit

models. J Basic Clinic Pharmacy. (2014) 5:62–7. doi: 10.4103/0976-0105.

139728

48. Christoff AO, Oliveira A, Chaim OM, Lugarini D, Bastos Pereira AL,

Paludo KS, et al. Effects of the venom and the dermonecrotic toxin

LiRecDT1 of Loxosceles intermedia in the rat liver. Toxicon. (2008) 52:695–

704. doi: 10.1016/j.toxicon.2008.08.001

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 de Miranda, Lima, Botelho, Gomes Campos, Eckstein, Minozzo,

Chávez-Olórtegui and Soto-Blanco. This is an open-access article distributed under

the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 10 May 2022 | Volume 9 | Article 852917

https://doi.org/10.1136/vr.c3212
https://doi.org/10.1016/0003-9861(78)90046-2
https://doi.org/10.1002/jcb.23177
https://doi.org/10.1038/sj.jid.5700644
https://doi.org/10.3390/toxins9040125
https://doi.org/10.1016/j.toxicon.2006.02.006
https://doi.org/10.1097/00001721-200203000-00009
https://doi.org/10.1155/2016/1459394
https://doi.org/10.1016/j.actatropica.2018.11.022
https://doi.org/10.4103/0976-0105.139728
https://doi.org/10.1016/j.toxicon.2008.08.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Protective Effectiveness of an Immunization Protocol Against the Toxic Effects of Loxosceles intermedia Venom in Rabbits
	Introduction
	Materials and Methods
	Rabbits, Venom, and Immunization Protocol
	Hematological Evaluation
	Electrocardiography
	Histopathology
	ELISA
	Statistical Analysis

	Results and Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


