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Abstract

Objective The efficiency and safety of vaccine are the

most important properties, however, as any medication, it

can induce side effects. This prophylactic therapy could be

used to prevent the lethal and pathophysiological effects

induced after scorpion envenomation.

Methods In this study, detoxified venom associated to

alum adjuvant (V*alum) is used as a vaccine against

scorpion venom for immunization of mice. We evaluate the

safety and the inflammatory response of this vaccine. We

also investigated the protective effect of this formulation

against the toxicity of native Androctonus australis hector

venom.

Results Results showed no adverse events occurred after

immunization of animals. This active immunization of

animals did not cause change in vascular permeability, no

edema formation in the studied organs. Furthermore, there

are no IgE production in sera, nor change in the mor-

phology of the mast cells in skin tissues. However, low

inflammatory response triggered by activating the recruit-

ment of eosinophils associated to IL-4 and IL-5 release was

observed. All immunized animals are protected from the

toxic effects of native venom until 6 LD50 and to 7 LD50

after the second challenge.

Conclusion This safe vaccine preparation seems to induce

a long-term protection without any risk of deleterious

inflammatory response.

Keywords Active immunization � Safety �
Inflammatory response � Immunoprotection

Introduction

Scorpion envenomation is a severe syndrome which can

lead to multifactorial pathogenesis causing important

morbidity and mortality in Maghreb regions [1, 2]. An-

droctonus australis hector (Aah) is the most dangerous

scorpion in these regions. Lethality caused by Aah venom

is mainly due to its neurotoxins that bind to the sodium

voltage-gated channels causing multi-organ failure [3].

Immunotherapy associated with symptomatic therapy

remains the currently used approach to treat the stung

patients. The efficiency of the immunotherapy is limited by

the delay between the sting and the administration of

immune sera in at-risk regions. Vaccine approach using

detoxified Aah venom by gamma irradiation seems to be a

good alternative to the usual therapy [4–7].

Vaccine aimed to produce strong immune response to the

administered antigen and to provide long-term protection.

The most commonly used adjuvant in human vaccines is

aluminum adjuvant which prolonged the retention of

adsorbed antigens at the injection site [8–11]. Injection of

alum-adjuvanted vaccines can cause the release of cellular

contents and inflammation. Moderate inflammatory reac-

tion is one of the potential concerns that can be evaluated

in the framework of vaccine safety testing [12]. All

effective vaccines activate innate immunity with inflam-

matory responses that are essential for the induction of

adaptive immunity [13–16].

The induced reactions by vaccine may be systemic or

localized to the vaccination site. The local reactions are

Responsible Editor: John Di Battista.

& Fatima Laraba-Djebari

flaraba@hotmail.com; flaraba@usthb.dz

1 Faculty of Biological Sciences, Laboratory of Cellular and

Molecular Biology, USTHB, BP 32, El Alia, Bab Ezzouar,

16111 Algiers, Algeria

Inflamm. Res.

DOI 10.1007/s00011-017-1055-1 Inflammation Research

123

http://orcid.org/0000-0003-4641-261X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00011-017-1055-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00011-017-1055-1&amp;domain=pdf


commonly characterized by erythema and swelling as the

result of a localized inflammatory response to the vaccine

solution. Alum-adjuvanted vaccines induce local inflam-

matory nodules at injection sites accompanied with systemic

and local production of inflammatory cytokines [13].

The aim of this study was to evaluate the safety and

efficiency of the vaccine preparation against the lethal

effects of Aah venom. The long-term immunoprotective

effect provided by this preparation against the lethal effects

of Aah venom was also evaluated.

Materials and methods

Venom

Lyophilized Androctonus australis hector (Aah) venom

was provided from Pasteur Institute of Algeria. It was

irradiated by the Cobalt-60 (2 kGy dose and 765 Gy/h rate)

at Algerian Center of Nuclear Research (CNRA) [17]. The

toxicity of irradiated antigen was abolished until 20 times

of LD50 of native venom. The venom solution was kept at

-20 �C until use time.

Chemical reagents

Chemical reagents used in this study were of analytic

grade. Aluminum hydroxide adjuvant (alum), Ortho-dian-

isidine hydrochloride, orthophenyldiamine (OPD), May–

Grunwald–Giemsa, hydrogen peroxide (H2O2), hema-

toxylin and eosin were obtained from Sigma-Aldrich (St

Louis MO, USA). Evans Blue and formamide were from

Merck (Darmstadt, FRG).

Animals

Animals were obtained from the animal breeding of Bio-

logical Sciences Faculty of the University of Sciences and

Technology Houari Boumediene (Algeria) and kept under

controlled conditions of humidity, lighting, and tempera-

ture throughout the experiments with free access to

standard rodent diet and tap water.

This study was conducted with 112 adult female NMRI

mice weighing 18–22 g (6–8 weeks-old). All animal

experiments were in accordance with the actual guidelines

for the care of animal’s laboratory.

Immunization schedule

Two groups of mice received three subcutaneous (s.c.)

boosts of 100 lg of irradiated venoms associated with alum

adjuvant (2%) or alum adjuvant alone at 1 month intervals.

Control groups received, respectively, physiological saline

solution (0.9% NaCl) or ovalbumin (OVA) associated with

alum. Blood samples and organs (skin, lung, intestine)

were collected at various times (30 min, 1, 2, 4 and 24 h)

after the last immunization.

Evaluation of adverse reactions

After injection, mice were monitored for symptoms of

adverse reactions as described in previous study [18]. Body

weight was measured each week for all groups.

Measurement of vascular permeability changes

The extravasation of Evans blue dye from blood vessels to

injection site (skin), lungs and intestine was used as an

indicator of organ vascular permeability increase due to its

high affinity for plasma proteins with which it binds in the

first few seconds after its injection [19].

Evans blue dye (EBD) was administered intravenously

into the mice at a dose of 20 mg/kg few seconds before the

last immunization. Mice receiving the Evans blue were

killed after 30 min, 1, 2, 4 and 24 h. Organs (skin, lungs,

and intestine) were recovered, weighed, and placed in 2 ml

of dimethylformamide. They were incubated at 37 �C for

48 h. Absorbance was read at a wavelength of 620 nm. The

concentration of Evans blue was determined after extrap-

olation on a standard curve conducted with various

concentrations of Evans blue. The results were expressed in

micrograms of dye per microgram of tissue.

Determination of organ water content

The organs (skin, lungs, and intestine) were collected and

weighed at several time intervals (30 min, 1, 2, 4 and

24 h). The samples were dried at 60 �C for 24 h, and the

water content was determined by the following formula:

water content = wet weight - dry weight/dry weight [20].

Eosinophil count

To count the eosinophil cells among leukocytes, peripheral

blood smears from each mouse were prepared, after fixa-

tion in methanol for 10 min; the leukocytes were stained

with May–Grunwald–Giemsa. Eosinophil cells were

counted in a double-blind manner, using a light microscope

at 400-fold magnification, with the total count being 100

leukocytes per slide.

Evaluation of eosinophil peroxidase (EPO) activity

Eosinophil peroxidase is an enzyme contained in the

granules of eosinophil cells; it is released after their acti-

vation. EPO activity was evaluated in the sera according to
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Kroegel et al. [21]. Briefly, 100 ll of reagent solution

(10 mg of ortho-Phenylenediamine dihydrochloride, H2O2

0.03%, 10 ml of phosphate buffer, pH 8) was added to

50 ll of diluted serum 1/10 in microplate. Plate was

incubated in the dark for 1 h at 37 �C and then read at

490 nm. Enzyme activity was expressed in milli-mole of

reduced H2O2 per minute and per milliliter of serum (mM

H2O2/min/ml).

Evaluation of specific IgE levels in sera

Levels of specific IgE were measured in duplicate by

ELISA as described previously [22]. Immulon II 96-well

plates (Nunc Immuno-Maxisorp, Thermo Scientific) were

coated with 100 ll of antigens (5 lg/ml) in 0.1 M car-

bonate buffer pH 9.6. After overnight incubation at 4 �C,
plates were washed 3 times with PBS/0.05% Tween 20 and

blocked with 100 ll of PBS (0.1 M; pH 7.4) containing 1%

skim milk for 3 h at 37 �C. After three washes, serum

samples (1:10 dilutions) were added to the plates and

incubated overnight at 4 �C. Plates were then washed, and

100 ll of rat anti-mouse IgE (HRP) was added to each

well. The plates were incubated for 90 min at room tem-

perature. After a final wash, 100 ll of the peroxidase

substrate O-phenylenediamine was added to each well; the

reaction was subsequently stopped with 50 ll of 30%

sulfuric acid and the absorbance read at 492 nm.

Evaluation of cytokines levels

The levels of IL-4 and IL-5 cytokines were assayed in sera

by ELISA, using Sigma-Aldrich Kit (USA). All cytokine

assays were performed according to the manufacturer’s

instructions. Detection limits were 0.6 pg/ml for IL-4 and

12 pg/ml for IL-5.

Histological analysis of mast cell degranulation

In all animal groups, skin injection site was removed,

immediately after death by cervical dislocation and fixed

immediately in 10% formaldehyde solution for 48 h at

room temperature. The fixed tissues were subsequently

dehydrated and embedded in paraffin, according to the

routine procedures and 5 lm paraffin sections were stained

using toluidine blue to detect mast cells. After staining,

sections were observed under oil immersion for counting

and morphological features of mast cells.

In vivo protective effect of vaccinated mice against

challenged doses of native venom

At 3 and 4 months of the immunization after the admin-

istration of the last dose, immunized mice with irradiated

venom associated with alum adjuvant were individually

challenged with lethal doses of venom. The LD50 of native

A. australis hector used throughout this study was 17 lg/
20 g body mass by i.p. injection [23]. Mortality was

recorded 24 h later [17]. A second challenge was under-

taken 6 and 26 months to survived animals. The IgG

antibody titers raised against Aah venom were evaluated in

sera of envenomed mice by ELISA.

Statistical analysis

The data were expressed as mean ± standard deviation and

examined for their statistic using one-way ANOVA. P

values of less than 0.05 were considered statistically

significant.

Results

Assessment of adverse reactions in sensitized mice

All groups of immunized mice were survived during

immunization schedule. The body weights gained contin-

uously and consistently throughout the experimental period

approximately of 15 g in both groups (Data not shown).

Three months after initial immunization, mice were

monitored for adverse reactions. Animal control injected

with saline solution or alum adjuvant and immunized ani-

mals with irradiated venom associated with alum adjuvant

did not show any symptoms of adverse reactions. However,

in immunized animals with ovalbumin several symptoms

are observed within 10–20 min after the last immunization,

including scratching around the nose and head; a change in

respiratory rate; tremor and convulsions (Table 1).

Granuloma formation was monitored in all immunized

animals. In contrast to group immunized with NaCl,

immunized mice with alum adjuvant or adjuvanted irradi-

ated venom developed small subcutaneous granulomas at

injection sites which disappear 2 weeks after the last

immunization. However, for the immunized animals with

ovalbumin, these granulomas persist few months later.

Vascular permeability changes after the

immunization schedule

To assess changes in the level of vascular permeability

after immunization, Evan’s blue dye was injected through

the tail veins of mice from the different experimental

groups before the last immunizations.

Two hours after the last subcutaneous injection of alum

adjuvant, adjuvanted ovalbumin or irradiated venom

associated with alum, a significant Evans blue dye

extravasation was obtained in skin, lung and intestine when
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compared with control; the concentration of extravasated

Evans blue dye increased significantly in skin, lung and

intestine compared to the control (Fig. 1a–c).

Immunized mice with alum adjuvant alone or irradiated

venom associated with alum present much less leakage

than mice from the immunized animals with ovalbumin

(Fig. 1a–c).

Assessment of edema in skin, lung and intestine

of immunized mice

The evaluation of the wet weight/dry weight ratios of the

skin, lung and intestine, is undertaken to estimate the extent

of the edema forming in these organs.

Subcutaneous injection of adjuvanted ovalbumin used as

an allergen model induced marked edema in skin, lung and

intestine 2 h after the last immunization (Fig. 1d–f).

However, there are no significant differences between

immunized mice with alum and irradiated venom associ-

ated with alum and the control, indicating no edema

forming in skin, lung and intestine of immunized animals

with the formulation using irradiated venom.

The treated animals with alum and irradiated venom

associated with alum showed a significant difference when

compared to those immunized with adjuvanted ovalbumin

(Fig. 1).

Evaluation of eosinophil recruitment and EPO

activity in sera of immunized mice

The evaluation of eosinophil levels in the four animal

groups revealed that immunization was able to increase the

eosinophil infiltration in blood of immunized mice with

alum adjuvant, adjuvanted ovalbumin or adjuvanted-irra-

diated venom and seems to be more efficient at 24 h post-

immunization when compared to those immunized with

saline solution. The levels of these inflammatory cells are

more important when the immunization was undertaken

with adjuvanted ovalbumin compared to that using alum or

adjuvanted irradiated venom (Fig. 2a). These results are in

correlation with the eosinophil peroxidase activity, a mar-

ker of the recruitment of eosinophil cells, after the

immunization (Fig. 2b). These results indicate that adju-

vanted irradiated venom induces a lowest inflammatory

response which may be necessary for the induction of the

specific immune response.

Evaluation of specific IgE antibody levels in sera

of immunized animals

The titers of specific IgE to the injected antigens were

evaluated by ELISA in sera of immunized mice (Fig. 3a).

The IgE titers of immunized animals with ovalbumin

were significantly higher than those observed in immu-

nized mice with saline solution. This increase was

observed at 30 min, it peaked at 2 h after the last injec-

tion of ovalbumin. However, no significant difference was

observed in IgE titers of immunized animals with irradi-

ated venom associated with alum and those injected with

alum alone compared to the control, indicating that the

formulation of irradiated venom associated with alum did

not induce IgE production in sera of immunized mice.

Significant differences were observed in sera of immu-

nized animals with alum and irradiated venom associated

with alum compared to immunized animals with ovalbu-

min (P\ 0.001).

Evaluation of cytokine levels of type-2 T-helper cells

in sera of immunized mice

Subcutaneous immunization with adjuvanted ovalbumin,

alum or adjuvanted irradiated venom resulted in a signifi-

cant increase of IL-4 and IL-5 levels 2 and 24 h after the

last immunization compared to the control (Fig. 3b, c). The

concentrations of IL-4 and IL-5 were significantly impor-

tant in sera of immunized mice with adjuvanted ovalbumin

compared to those of immunized animals with alum or

adjuvanted irradiated venom (Fig. 3b, c). These results

Table 1 Evaluation of adverse reactions in immunized animals with NaCl, alum, OVA-alum and V*alum

Symptoms of adverse reactions Immunized animals

Control alum OVA-alum V*alum

Scratching and rubbing around the nose and the head - - ? -

Puffiness around the eyes and mouth, pilar erecti, reduced activity, and/or

decreased activity with increased respiratory rate

- - - -

Wheezing, labored respiration, and cyanosis around the mouth and the tail - - ? -

No activity after prodding or tremor and convulsions - - ? -

Death - - - -

Number of mice with adverse effects 0/10 0/10 10/10 0/10

Symptoms of adverse reactions were identified for all groups, (?) Appearance of symptoms, (-) absence of symptoms (n = 10)
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Fig. 1 Effects of previous immunization of mice by NaCl, alum,

OVA-alum or V*alum on the extravasation of Evans blue dye

(20 mg/kg) in skin (a), lung (b) and intestine (c) at several time

intervals. Evans blue levels in the skin, lung and intestine were taken

as an index of plasma extravasation and quantified at 620 nm.

Assessment of edema forming was performed in skin (d), lung (e) and

intestine (f) of immunized mice. All data were presented as

mean ± SEM (n = 4); *P\ 0.05; **P\ 0.01; ***P\ 0.001;

immunized animals with adjuvanted OVA versus animal control

(vehicle NaCl). #P\ 0.05; ##P\ 0.01; ###P\ 0.001; immunized

animals with alum and V*alum versus immunized animals with

adjuvanted OVA
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indicate that the humoral immune Th2 pathway was acti-

vated by the adjuvanted irradiated venom.

Mast cell degranulation in skin of immunized mice

The morphology of the mast cells in skin tissues of mice

was stained with Toluidine Blue. Histologic analysis of

skin tissues showed the absence of degranulated mast cells

in skin injection sites of the fourth groups of mice, 30 min

post-immunization, all mast cells are full of granules

(Fig. 4a, b, d, f). However, degranulation of skin mast cells

was detected only 24 h after the last immunization with

ovalbumin associated with alum (Fig. 4c). Fully granulated

mast cells are evident 24 h post-immunization in skin

immunized animals with NaCl, alum or adjuvanted irra-

diated venom (Fig. 4e, g). These results correlated with the

levels of degranulated mast cells 24 h post-immunization

in skin of immunized animals with NaCl, alum and adju-

vanted irradiated venom which showed an absence of

degranulated mast cells (Fig. 4h).

Protective effect of mice against native venom

conferred after immunization with irradiated venom

associated with alum

The ability of irradiated venom associated with alum

adjuvant to confer an in vivo protective immune response

against the toxicity of Aah venom was evaluated in mice.

Vaccinated mice were challenged with lethal doses of

venom by subcutaneous route; the number of survived

mice was revealed 24 h after challenge. At 3 and 4 months

after the third injection, the immunized mice received,

respectively, 4 LD50 and 6 LD50 to observe their protec-

tion against the native venom of Aah (Table 2). The results

showed that immunized mice were totally protected against

the challenge with 4 and 6 LD50 of the native venom; these

doses did not generate any toxic symptom (Table 2). The

second challenge was undertaken with 7 and 5 LD50 after

6 and 26 months, respectively, after immunization

Fig. 2 Peripheral blood eosinophil count expressed as a percentage

of eosinophils in the total number of leukocytes (a) and eosinophil

peroxidase activity (b) in sera of immunized animals with NaCl,

alum, OVA-alum or V*alum. All data were presented as mean ± -

SEM (n = 4); *P\ 0.05; **P\ 0.01; ***P\ 0.001; immunized

animals with adjuvanted OVA versus animal control (vehicle NaCl).
##P\ 0.01; ###P\ 0.001; immunized animals with alum and V*alum

versus immunized animals with adjuvanted OVA

Fig. 3 Quantification by ELISA of the levels of antigens-specific IgE

(a), IL-4 (b) and IL-5 (c) in sera after immunization of mice with

NaCl, alum, adjuvanted OVA or adjuvanted irradiated venom. All

data were presented as mean ± SEM *P\ 0.05; **P\ 0.01;

***P\ 0.001; immunized animals with OVA versus control (vehicle

NaCl). #P\ 0.05; ##P\ 0.01; ###P\ 0.001; immunized animals

with alum and V*alum versus immunized animals with adjuvanted

OVA
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schedule to the survived mice after the first challenge, all

vaccinated mice survived to these doses.

Specific antibody titer in sera of survived animals

Sera from survived animals after challenge with lethal

doses of Aah venom were analyzed to evaluate the levels of

IgG antibodies. A significant increase in the specific IgG

titers was observed after the challenge with lethal doses of

Aah venom. The IgG titers were much more important

after the second challenge (twofold) compared to those

obtained after the first challenge (Fig. 5).

Discussion

Immunotherapy is currently the only specific treatment

used for scorpion envenomation; however, this treatment

presents some limits. An alternative to this treatment could

be a vaccine approach which must stimulate immune

response without adverse effects and deleterious inflam-

matory response. In this study, the safety and efficiency of

vaccine approach against Aah venom were assessed by the

evaluation of the long-term protective effect, adverse

effects and the inflammatory response in immunized ani-

mals with adjuvanted irradiated venom.

Fig. 4 Histological analysis of

mast cell degranulation in skin

following subcutaneous

immunization. The mast cells in

skin were identified 30 min by

Toluidine Blue Stain (b, d,
f) and 24 h (c, e, g) after the last
immunization. Magnification

9400, 91000. Arrows indicate

mast cells. a, d–g: Non
degranulated mast cells in skin

of immunized animals with

NaCl, alum or V*alum

(arrows). b, c Degranulated

mast cells in skin of mice

sensitized with OVA-alum

(arrows). h Percentage of

degranulated mast cells in skin

sample 24 h post-immunization

of animals. One-hundred mast

cells were analyzed as described

in ‘‘Materials and methods’’.

Values are expressed as

mean ± SEM of 3 mice per

group. ***P\ 0.001;

immunized animals with

adjuvanted OVA versus animal

control. ###P\ 0.001;

immunized animals with alum

or with adjuvanted irradiated

venom versus immunized

animals with adjuvanted OVA
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No apparent adverse effects or deaths were observed in

all animals immunized with irradiated venom compared to

those immunized with ovalbumin which present adverse

effects and appeared to be less active.

The results showed also small granulomas occurring at

the site of injection of immunized animals with the adju-

vant alone or the adjuvanted irradiated venom, which

disappear after a few weeks. These granulomas are defined

histologically as immunogenic granulomas surrounded by

lymphocyte and eosinophil infiltration. Although in some

cases, persistent subcutaneous granulomas have been

already observed after injection of diphtheria–tetanus–

pertussis, hepatitis B vaccines and allergen extracts

[15, 24–27].

The observed increase of eosinophils in the blood of

immunized animals could be related to the inflammatory

reaction, since eosinophils take part in inflammatory pro-

cesses [28–30].

Furthermore, a significant increase of IL-5 and IL-4

levels in sera of immunized animals was observed. Indeed,

the development of eosinophil infiltration may be mediated

by inflammatory cytokines IL-5 and IL-4 [31].

The level of IgE can be affected by the secreted cytokine

IL-4 by auxiliary T lymphocyte [32–36]. Despite the high

level of the IL-4, no production of IgE in sera of immu-

nized animals with the adjuvanted irradiated venom was

observed indicating that this formulation prevents the IgE

synthesis while enhances the IgG production by upregu-

lating Id2; a specific inhibitor of class switching

recombination (CSR) to IgE, which may be able to mod-

ulate B cells to undergo isotype switching and/or memory

B cells [37, 38].

The skin tissue analysis showed fully granulated mast

cells in skin of immunized mice with adjuvanted irradiated

venom, indicating the absence of IgE in their sera, which is

responsible for mast cell degranulation [39]. Mast cell

degranulation occurred after IgE fixation on specific

membrane receptors, releasing series of pre-formed

inflammatory mediators such as histamine and proteases

[40, 41], which lead to an increase of vascular permeabil-

ity, causing inflammatory edema [42].

Neither IgE production, nor mast cell degranulation, nor

change in vascular permeability and nor edema-forming

were observed in the studied organs of immunized animals

with adjuvanted irradiated venom. However, a mild

inflammation was observed; it might be necessary for the

induction of the specific immune response.

The challenge with increased doses of native Aah

venom to immunized animals with adjuvanted irradiated

venom revealed a high level of immunoprotection.

Effective protection is achieved after the second chal-

lenge at 6 and 26 months after the first envenomation.

The long-lasting protective effect could be explained by

the high titers of antibodies induced by adjuvanted irra-

diated venom [9, 10, 17]. The antibody production is

carried out by long-lived plasma cells which reach the

survival niches in the bone marrow under the effect of

the chemokines of stromal cells [43, 44] and by the

memory B cells developed during the immunization of

mice. Previous studies have reported that memory B cells

persist in Germinal Center during several months after

immunization [45].

Conclusion

In the present study, it appears that the immunization with

irradiated Aah venom associated with alum induces low

inflammatory response without any adverse effect. This

safe formulation presents also an immunoprotective effect

at long-term against scorpion envenomation. This safe

and non-toxic vaccine formulation could be a good can-

didate to prevent the severe cases of scorpion

envenomation without risk of developing a deleterious

inflammatory response.

Table 2 Long-term immunoprotective effect of immunized mice

with adjuvanted irradiated venom against the toxicity of native Aah

venom

Challenge Post-immunization

period (months)

Amount of challenge

dose (LD50)

Survived

mice

First 3 4 4/4

4 6 4/4

Second 6 7 4/4

26 5 4/4

Immunized animals were challenged with lethal doses of native

venom (n = 4)

Fig. 5 Antibody titers of immune sera from survived mice to the first

and second challenge with lethal doses of native venom
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25. Böhler-Sommeregger K, Lindemayr H. Contact sensitivity to

aluminium. Contact Dermat. 1986;15(5):278–81.

26. Cosnes A, Flechet ML, Revuz J. Inflammatory nodular reactions

after hepatitis B vaccination due to aluminium sensitization.

Contact Dermat. 1990;23(2):65–7.

27. Cominos D, Strutton G, Busmanis I. Granulomas associated with

tetanus toxoids immunization. Am J Dermatopathol.

1993;15(2):114–7.

28. Gonlugur U, Gonlugur TE. Non-allergic eosinophilic inflamma-

tion. Immunol Invest. 2006;35(1):29–45.

29. Blanchard C, Rothenberg ME. Biology of the eosinophil. Adv

Immunol. 2009;101:81–121.

30. Walls RS. Eosinophil response to alum adjuvants: involvement of

T cells in non-antigen-dependent mechanisms. Proc Soc Exp Biol

Med. 1977;156(3):431–5.

31. Maletto BA, Ropolo AS, Alignani DO, Liscovsky MV, Ranocchia

RP, Moron VG, et al. Presence of neutrophil-bearing antigen in

lymphoid organs of immune mice. Blood. 2006;108(9):3094–102.

32. Becky Kelly EA, Busse WW, Jarjour NN. A comparison of the

airway response to segmental antigen bronchoprovocation in

atopic asthma and allergic rhinitis. J Allergy Clin Immunol.

2003;111(1):79–86.

33. Finkelman FD, Katona IM, Urban JF Jr, Holmes J, Ohara J, Tung

AS, et al. IL-4 is required to generate and sustain in vivo IgE

responses. J Immunol. 1988;141(7):2335–2341.

34. Snapper CM, Finkelman FD, Paul WE. Regulation of IgG1 and

IgE production by interleukin 4. Immunol Rev. 1988;102:51–75.

35. Mori A, Yamamoto K, Suko M, Watanabe N, Ito M, Miyamoto

T, et al. Interleukin-4 gene expression in high and low IgE

responder mice. Int Arch Allergy Appl Immunol.

1990;92(1):100–2.

36. Yanase N, Toyota H, Hata K, Yagyu S, Seki T, Harada M, et al.

OVA-bound nanoparticles induce OVA-specific IgG1, IgG2a,

and IgG2b responses with low IgE synthesis. Vaccine.

2014;32(45):5918–24.

37. Sugai M, Gonda H, Kusunoki T, Katakai T, Yokota Y, Shimizu

A. Essential role of Id2 in negative regulation of IgE class

switching. Nat Immunol. 2003;4(1):25–30.

38. Geha RS, Jabara HH, Brodeur SR. The regulation of

immunoglobulin E class-switch recombination. Nat Rev Immu-

nol. 2003;3(9):721–32.

39. Galli SJ, Wershil BK. The two faces of the mast cell. Nature.

1996;381(6577):21–2.

Safety and efficiency of active immunization with detoxified antigen against scorpion venom:…

123

http://dx.doi.org/10.1007/978-94-007-6404-0_2
http://dx.doi.org/10.1007/978-94-007-6404-0_2


40. Swedin L, Ellis R, Neimert-Andersson T, Ryrfeldt A, Nilsson G,

Inman M, et al. Prostaglandin modulation of airway inflammation

and hyperresponsiveness in mice sensitized without adjuvant.

Prostaglandins Other Lipid Mediat. 2010;92(1–4):44–53. doi:10.

1016/j.prostaglandins.2010.02.004

41. Yuan M, Li J, Lv J, Mo X, Yang C, Chen X, et al. Polydatin (PD)

inhibits IgE-mediated passive cutaneous anaphylaxis in mice by

stabilizing mast cells through modulating Ca2? mobilization.

Toxicol Appl Pharmacol. 2012;264(3):462–9.

42. Samee H, Li ZX, Lin H, Khalid J, Guo YC. Anti-allergic effects

of ethanol extracts from brown seaweeds. J Zhejiang Univ Sci B.

2009;10(2):147–53.

43. Belnoue E, Pihlgren M, McGaha TL, Tougne C, Rochat AF,

Bossen C, et al. APRIL is critical for plasmablast survival in the

bone marrow and poorly expressed by early-life bone marrow

stromal cells. Blood. 2008;111(5):2755–64.

44. Minges Wols HA, Underhill GH, Kansas GS, Witte PL. The role

of bone marrow-derived stromal cells in the maintenance of

plasma cell longevity. J Immunol. 2002;169(8):4213–21.

45. Lofano G, Mancini F, Salvatore G, Cantisani R, Monaci E,

Carrisi C, et al. Oil-in-water emulsion MF59 increases germinal

center B cell differentiation and persistence in response to vac-

cination. J Immunol. 2015;195(4):1617–27.

N. Bachsais et al.

123

http://dx.doi.org/10.1016/j.prostaglandins.2010.02.004
http://dx.doi.org/10.1016/j.prostaglandins.2010.02.004

	Safety and efficiency of active immunization with detoxified antigen against scorpion venom: side effect evaluation
	Abstract
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Venom
	Chemical reagents
	Animals
	Immunization schedule
	Evaluation of adverse reactions
	Measurement of vascular permeability changes
	Determination of organ water content
	Eosinophil count
	Evaluation of eosinophil peroxidase (EPO) activity
	Evaluation of specific IgE levels in sera
	Evaluation of cytokines levels
	Histological analysis of mast cell degranulation
	In vivo protective effect of vaccinated mice against challenged doses of native venom
	Statistical analysis

	Results
	Assessment of adverse reactions in sensitized mice
	Vascular permeability changes after &!blank;the &!blank;immunization schedule
	Assessment of edema in skin, lung and intestine of immunized mice
	Evaluation of eosinophil recruitment and EPO activity in sera of immunized mice
	Evaluation of specific IgE antibody levels in sera of immunized animals
	Evaluation of cytokine levels of type-2 T-helper cells in sera of immunized mice
	Mast cell degranulation in skin of immunized mice
	Protective effect of mice against native venom conferred after immunization with irradiated venom associated with alum
	Specific antibody titer in sera of survived animals

	Discussion
	Conclusion
	References




