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a b s t r a c t

While being stung by two large families of scorpions, Buthidae and Scorpionidae have
different symptoms and complications, a similar maintenance treatment usually considers
as the scorpion species could not be identified easily. Therefore, this study was an attempt
to develop an immunologic response for designing a skin sensitivity test that can be used
to determine the poisoning.
The sensitivity and the specificity of RPA reaction for detecting experimental envenomated
mice were evaluated. The inflammatory response for detection of envenomation was ob-
tained by the injection of a solution containing complement, polyelectrolytes and purified
monovalent antibodies.
As the result, 84.44% sensitivity and 100% specificity recorded 15 min after challenge.
Macroscopic findings were also confirmed histologically. No cross-reactions were observed
with other species of scorpions and snake venoms. Designed Skin test induced obvious
inflammatory reaction without any histological lesions. Besides adding the complement
components and polyelectrolyte to the monovalent antibody leads to an increased sus-
ceptibility of inflammatory cells in this reaction, resulting in forming a visible inflamma-
tion in a short time. According to satisfactory specificity and sensitivity and visible results
in about 15 min, non-harmful and cost benefity of reverse passive Arthus test can be used
for diagnosis of scorpion envenomation.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Scorpion sting is a health problem in many tropical and
subtropical countries. It is the most common cause of
human deaths among the venomous creatures. Reported

deaths due to scorpion sting are about ten times higher
than the snake bites. Some studies have noted that 32
species of the Iranian scorpion fauna belong to the two
families of buthidae and scorpionidae out of which 7 could
be dangerous to human.Mesobuthus eupeuswhich is found
in South and Central parts of Asia belongs to the Buthidae
and it is the most responsible for scorpion stings in
mentioned regions (Karatas et al., 2012; Karatas, 2003;
Sadeghian, 2003). Its venom contains several toxins with
many of harmful and deadly effects on envenomated
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patients (Sagheb et al., 2012; Tuuri and Reynolds, 2011;
Khoobdel et al., 2013) .

Two large families of scorpions, Buthidae and Scorpio-
nidae have different envenomation symptoms and com-
plications. Some of them lead to acute hemolytic anemia
while the others have different neurological or cytotoxic
disorders (Amitai, 1998; Jalali et al., 2010) .These various
disorders need specific medical treatments in stung per-
sons (Binder, 1989) but as the scorpion species cannot be
identified, the same maintenance treatment considered
unfortunately; this could endanger the patients’ lives,
prolong the therapeutic process or at least raise the costs
.Therefore, a skin sensitivity test, which can be used to
differentiate the various envenomation types within a
relatively short time (15–20 min), is valuable.

Arthus first described local anaphylaxis in 1903. Intra-
dermal injection of antigen to animals that have been
previously sensitized could cause Arthus reaction at the
injection site. Immune complex formation and deposition
also cause acute inflammatory responses. Arthus reaction,
an immunocomplex disease, is a model of type III hyper-
sensitivity. It is necessary to remind that complement
activation and degranulation of phagocytes, mast cells and
basophils cause contraction of vascular smooth muscles
and increase permeability of the capillary veins (Paul,
2008). In reverse Arthus, serum is injected into the skin
while antigen injected intravenously. This reaction is pas-
sive, because the injected antibody attained from another
animal. Reverse passive Arthus reaction has been used for
pathological immune complexes determination. Response
begins with intravenous injection of antigen and subse-
quently intradermal injection of antibody. Histological
changes are characterized by leukocyte infiltration, edema,
necrosis, and hemorrhage. Neutrophils recruitment and
complement activation are necessary in this pathway;
although the role of other cells in leukocyte stimulation and
edema formation are not well defined yet. Mast cells are
located near the blood vessels, and by stimulation, they can
release their proinflammatory factors such as histamine,
platelet-activating factor, leukotrienes, oxygenase products
and cyclooxygenase. The released peptides of the reaction
can attract multi-nuclear cells. Thereafter releasing lyso-
zyme by the multi-nuclear cells leads to enhancement of
blood vessels permeability. The mast cell activation process
may also occur by complement-derived peptides (Zhang
et al., 1991). Concentration and deposition are the effects
of electrostatic charge on immune complex pathogenesis.

In this study, sensitivity and specificity of RPA reaction
for diagnosis of experimental envenomated mice were
evaluated by the injection of a solution containing com-
plement, polyelectrolytes and purified monovalent anti-
bodies attained from immune rabbits against M. eupeus
venom.

2. Material and methods

2.1. Venom

The M. eupeus scorpions were collected from Khuzestan
province with 31�190–32�730N, 48�410–49�40E in the South
West of Iran and were milked by electric stimulation. The

freeze-dried venom was dialyzed and centrifuged and the
supernatant was collected. The protein content of venoms
and the samples were determined by the absorbance at
280 NM with Bovine Serum Albumin (BSA) as standard. To
determine the level of toxicity, LD50 was calculated using
the Spearman–Kaerber method.

2.2. Antibody

Outbreed New Zealand white male rabbits were accli-
mated to room temperature for 2 weeks prior to immuni-
zation. The methods of immunization were the same as
those described previously (Inceoglua et al., 2006). The
immunized blood was directly collected into sterilized
tubes and allowed to clot. Serum was pipette out, centri-
fuged at 1500 RPM for 10 min, isolated in a sterilized vial
and finally stored in 4 �C for bioassay tests.

Polyclonal antibody was first purified by ammonium
sulfate precipitation (50% saturation for the final solution),
dialyzed in PBS, and then subjected to an affinity column
conjugated with venom. The column was prepared by
conjugating 20 mg of venom with 7 ml of activated CH-
Sepharose 4B (Sigma–Aldrich, Product Number: 4 B200).
Cyanogen bromide was activated by the method of Cua-
trecasas (March et al., 1974). Antibody was eluted from the
column with 0.1 M Glycine (pH 2.5) and fractions were
collected and neutralized immediately by adding an
appropriate amount of 1 M Tris-PH 9 to each fraction.

2.3. Production and purification of Fab2 fragments of specific
antibody

To generate F(ab)2 fragments, the specific antibody was
digested with pepsin (Sigma–Aldrich, Product Number:
P6887). In summary, after purification of IgG antibody, the
antibody was digested with pepsin in 0.1 M acetate buffer
(pH 4.0). The reaction was quenched by adding a few drops
of 1.0 M Tris base to pH 8.0. Purification of the Fab2 was
done according to Silanes et al. (Silanes et al., 2009).

2.4. SDS-PAGE analysis

All samples were analyzed by Sodium Dodecyl sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE). According
to the Laemmli method (Laemmli, 1970), the concentration
of acrylamide was taken as 11%.

2.5. Skin testing

24 h after shaving the abdominal area of the mice,
100 mg of the scorpion venom in the volume of 0.01 ml was
injected subcutaneously while it is necessary to recall that
the amount of venom that a sting may inoculate is about
0.1–0.6 mg. The accurate amount of the antibody for
stimulation of the reactions was calculated by injecting 50–
200 mg of specific antibodies in the volume of 0.02 ml at
2 cm away from the toxin injected area after 30 min sub-
cutaneously. The site was checked grossly for redness and
inflammation 5, 10, 15, 20, 30, 60, 120, 240, 480, 720, 1440
and 2880 min after the injection. For accelerating the re-
action, 25–100 mg of complement sera from rabbit (Sigma,
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Product Number: S7764) and 10–30 mg of cationic poly-
electrolyte, Poly-L-argentine hydrochloride (Sigma, Product
Number: P4663) and Poly-L-histidine (Sigma, Product
Number: P9386) were added to the antibody and the time
of inflammatory response was recorded. The reaction areas
were removed and the lesion was examined histopatho-
logically. In control groups, saline was injected instead of
the venom. The early reaction timewith the lowest adverse
lesion was measured by grading the macroscopic and his-
tological signs. The experimental stung mice were moni-
tored every 15 min and the degree of inflammatory
response, edema, redness and hardness at the site were
recorded. Finally based on statistical methods, the sensi-
tivity and specificity of this reaction were calculated in 45
mice and were compared with the control group. The
possible cross-reaction with the other scorpion species
(Odontobuthus bidentatus) and Viperidae snake (Vipera
lebetina) venoms were determined in mice by performing
the skin test, with the same procedure, and the gel diffusion
both in vitro and in vivo. The experiment was repeated
three times in 6 mice.

2.6. Vascular permeability assays

Edema formation was evaluated by the vascular leak.
Evans blue dye, which could bind serum proteins, was used
to quantify the alterations in vascular permeability. The
mice were injected with 10 mlit of a solution containing 2%
Evans blue in saline 30 min prior to the intradermal in-
jection of 50-mlit detector solution. After 2 h, the mice were
euthanized and the extravasated blue spot was evaluated
directly.

2.7. Histopathology and cytology analysis

Histopathological analysis was performed at 0, 15, 30,
45, 120, 240, and 1440 min after the injection. The mice
were anesthetized by chloroform and then the reaction site
with normal adjunct skin was excised. Removed skin tis-
sues were fixed in buffered-formalin 10% and then were
processed by conventional histopathological method.
Paraffin-embedded blocks were sectioned at 5 mm thick-
ness and were stained with hematoxylin and eosin (H&E).
Histopathological features of the RPA were examined and
were recorded by an expert pathologist. In addition, the
number of extravascular neutrophils, eosinophils and mast
cells in 20 random high-power fields (hpf) were counted
and averaged. Each section was examined three times in a
blind manner, and the mean was used for analysis.

2.8. Data analysis

Based on calculation of sensitivity and specificity for
qualitative traits with an expected value of 85%, prevalence
of 50% and definitude (d) 0.15, about 45 mice were studied
to assess the sensitivity and to calculate the specificity. The
confidence level was 95%.

Results of cytology were analyzed by Repeated mea-
sures ANOVA. Data were considered statistically significant
if P-values were fewer than 0.05.

3. Results

3.1. Macroscopic results

Various concentrations of the components can cause
special patterns of skin inflammation at a region between
the experimental sting and the place of injecting the de-
tector solution. An appropriate concentration of the com-
ponents causes focal inflammation response. After
performing multiple tests to find the appropriate levels of
the inflammatory reaction and lowest damage to the skin,
the specific antibody, complement, polyarginine and poly-
histidine were determined at the amount of 100, 40, 20
and 15 mg in the volume of 50 mlit, respectively. In most
cases, injecting obtained rates causes detectable reaction at
the first 15 min (Figs. 1 and 2: A, B). After 2 h, the inflam-
mation and redness of the reaction site reduced gradually.
The inflammatory process is incremental at the first 90 min
and then goes down (Fig. 2: C, D). Four hours after the in-
jection, skin condition was approximately normal without
any redness (Fig. 2: G, H). The use of purified Fab2 instead of
the whole antibody did not cause any inflammatory re-
sponses. Calculated sensitivity and specificity after 15 min
were 84.44 and 100%, respectively. Clearly visible reactions
were assumed as the positive ones.

No cross-reactivity was observed with the injection of
another scorpion (O. bidentatus) or Viperidae snake (V.
lebentia) venoms. The injection method was similar to the
above. This experiment was repeated three times and
similar results were observed in 6 mice as in O. bidentatus
and V. lebetina by the gel diffusion test.

3.2. Histopathological results

As illustrated, macroscopic findings were confirmed
histologically. Histological analyses of the skin reactions
following the venom and detector injections in test group
revealed massive polymorphonuclear neutrophil (PMN)
infiltrations after 15, 30 and 45 min; However, saline-
injected sites at the same mice showed no infiltration.
After 24 h, the skin sections were almost normal in
appearance, except the regeneration and thickening of the
epidermis with an increase in numbers of dermal
fibroblasts.

3.3. Assessing the edema

Venom-contained Evan’s blue solution was injected
intradermally and the detector was injected 30 min later.
2 h after injecting the detector, the skins of mice were
removed and the edema formation was assessed through
checking the areas affected by extravasated blue dye both
microscopically and macroscopically. As seen in Fig. 3, the
edema in test group (A) was indistinguishable from that of
the control one (B). In contrast, utilizing Fab2 instead of the
whole antibody have been created no detectable edema.

3.4. Cytological analysis

The number of extra vascular neutrophils and mast cells
were determined in the skin tissue sections 0, 15, 30, 45, 60,
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120 and 240 min after the challenge. 30 min after chal-
lenge, neutrophils were significantly higher than number
of segment cells at 0, 2 and 4 h post-reaction (P < 0.05)
(Fig. 4: A). In addition, the number of mast cells were
significantly higher than themast cells counted at 0 and 45,
60, 120, and 240min after the reaction (P< 0.05) (Fig. 4: B).

4. Discussion

Based on earlier studies, the reverse Arthus and skin test
are not used for the detection of stings. However, many
researchers have been studied the events and factors
causing this reaction. Classical models of Arthus reaction
were also studied in animal species lacking FCR and com-
plement factors (Hazenbos et al., 1996; Baumann et al.,
2000). Initial studies had been based on the injection of
antibody into the dermis and then systemic administration
of the antigen. Inflammatory reaction, edema and neutro-
phil infiltration will be determined after 2 h and the mast
cells were themost effective cells in dermal reactions (Paul,
2008). Arthus reaction was used to determine Trypano-
soma contamination. The amount of 0.8, 0.4 and 0.04 mg of
Trypanosomal antigens were injected into the dermis. The
injection sites were assessed for indurations, discoloration
and necrosis 4, 8, 18, 24, 48 and 72 h after the injection.
Inflammatory reactions began 2 h after the injection, and
the maximum response was recorded 18–24 h after the
injection (Mansfield and Kreier, 1972). Based on our results,
2 h after injecting the specific antibodies, a mild inflam-
mation reaction occurred and neutrophil and mast cell
infiltrations were also observed in histological sections.
Bovine serum albumin (BSA) was injected intravenously
(20 mg/kg) in pigs, then BSA antibody was injected and
after 30 min, injection sites were removed and examined.
The results showed an increase in leukocytes and poly-
morph nuclear cell infiltrations (Deacon et al., 1986). Our
histological results obtained by injection of specific anti-
bodies were similar. The anionic and cationic poly-
electrolyte (poly-histidine, histone, poly-arginine, poly-
indole sulfate) are capable of increasing the generation of
immune complex and inflammatory reaction, and it could
be concluded that reverse Arthus might be increased 20–
60% in the tested rats (Ginsberg et al., 1986). Our results

suggested that the increase is dose-dependent and it can
encompass lower and higher levels. The use of complement
regulatory factor (MCP) prevents adverse symptoms of
Arthus and the reaction is decreased by infusing the factor
(Dong et al., 2005). The increasing role of complement in
reverse Arthus was clearly displayed in the study. The im-
mune complexe formations in different lesions, which are
involved in the reverse passive Arthus process, were
investigated before (Jancar and Crespo, 2005). Atropine and
Ipratropium could prevent Arthus reaction (Nezhinskaya
et al., 2008). Reverse Arthus reaction was used as a model
for eosinophilic arthritis and anti BSA three nitrophenol
while three nitrophenil were used for generating passive
reverse Arthus responses in the mice (Ishii et al., 2009). The
role of Platelets in generation of reverse Arthus reaction has
been studied, and leukocyte recruitment and chemokine
secretion have been observed in the inflamed area (Hara
et al., 2010). The histological results of our study revealed
that leukocytes and neutrophils were recruited to the re-
action site and the directional movement of these cells
were observed.

ELISA test could be counted for the detection of the
scorpion sting confirmed for envenomation diagnosis by
the researchers (Chavez et al., 1994; Rezende et al., 1995;
Krifi et al., 1996). The direct relationship was reported be-
tween the toxin amount in the body and associated
symptoms before and after receiving immunotherapy
(Hammoudi-Triki and Laraba-Djebari, 2003). The amount
of the scorpion venom in serum and urine were analyzed
by ELISA and efficiency of this technique confirmed for
diagnosis (Chase et al., 2009).

The NO and CO are valuable in edema generation while
TNF-a, interleukin 6 secretion and neutrophil infiltrations
are essential for RPA reaction (Shimizu et al., 2008). On the
other hand, Mast cells are effective in IgE-dependent
reverse passive Arthus and play a significant role in
eosinophil and basophil recruitment (Jin et al., 2012). In
several sections of the histological slide, we observed a few
eosinophils infiltration. The effect of mast cells on the
development of edema, hyperemia and neutrophil
recruitment has been observed in experimentally induced
mice (Zhang et al., 1991). Besides, FcgR and components
complement, particularly the role of C5aR in the reverse

Fig. 1. Amount 100 mg of Mesobuthus eupeus venom in the volume of 10 ml was injected on the right side. Detector solution was administrated 30 min later 2 cm
away (A and B). The occurrence of the inflammatory response after 15 min was shown in these pictures.
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Fig. 2. Histological sections of inflammatory reaction 15 (A and B), 30 (C and D), 60 (E), 120 (F) minutes and 4 (G), 48 (H) hours after challenge and control
samples (I and J). (A) Neutrophilic perivasculitis inflammation (arrows) are shown around the vessels of the dermis and hypodermis; 10�. (B) Edema and
neutrophil infiltration (arrows) with multicellular foci were observed in the section; 40�. (C) Hypodermis and skin muscles showed more linear focal inflam-
mation. The infiltration of the neutrophils was also shown (arrows); 40�. (D) Diapedesis is evident at the right of the picture by neutrophils being out of the blood
vessel wall (arrows). Directional movement of neutrophils was marked in this section; 100�. (E) Neutrophils infiltrated around the blood vessels in the hy-
podermis (arrows) while numbers of basophils also appeared in this section; 100�. (F) Relatively mild and diffuse infiltration of mononuclear inflammatory cells
and perivasculitis were indicated at the hypodermis (arrows); 40�. (G) Diffuse dermatitis and infiltrated neutrophils were observed in the hypodermis (arrows);
40�. (H) Healing response on the surface of muscle cells and low level infiltration of regenerative mononuclear cells were noticed (arrows); 100�. (I) Histological
sections of control samples after 24 h of saline and detector material injection. The sections were normal without any injuries; 40�. (J) Muscle cells were
degenerated and a mild lymphocytic myositis was seen at the site of venom injection; 100�. All sections were stained with hematoxylin and eosin (H&E).

M. Khoobdel et al. / Toxicon 77 (2014) 133–140 137



Author's personal copy

Arthus reaction has been studied in mice and they are
necessary for reaction. A proposed mechanism is activation
of C5a by FcgR (Baumann et al., 2000). In our study, the use
of specific Fab2 antibody fragments did not cause a visible
reaction, indicating this reaction needs to the biological
function of Fc fragments. In another study, the role of C5a
molecule in a reverse Arthus reaction in rats was approved
as the agonist receptor of this molecule can prevent
Inflammation and TNF-a increase. Neutrophil and poly-
morph nuclear cell migrations and vascular leakage in the
deposition of immune complexes are also decreased by this
receptor (Strachan et al., 2000). Meanwhile complement is
essential for the inflammatory reaction in rabbits and
guinea pigs, but it is not necessary for the generation of
inflammation in mice (Szalai et al., 2000) and P selectin has
a major role in neutrophil and mast cell recruitments into
the inflammation sites (Yanaba et al., 2004). Migration
inhibitory factor (MIF) has a significant effect on inflam-
mation and the absence of MIF reduced RPA reaction
dramatically, too (Paiva et al., 2009). ICAM-1 Molecule is an
essential factor in edema generation, neutrophil recruit-
ment, production of TNF-a and interleukin 6 but the VCAM-
1 molecule plays a donor role in this context (Orito et al.,
2007). The reaction of the immune complexes with FcgRs
expressing cells makes chemokines secretion recruiting
neutrophils to the inflammation sites through a comple-
ment independent pathway (Shashidharamurthy et al.,

2008). At the peritoneal cavity model of rats, maximum
response of reverse Arthus reaction has been reported after
6 h, which was depended on the presence of neutrophils
and complement components (Yamamoto et al., 1975). A
reverse Arthus reaction (RAR) successfully used for detec-
tion of histocompatibility alloantigens of the GPLA type in
guinea pigs (Neveu et al., 1983). Protease inhibitors such as
Trasylol, Ovomucoid and Tranexamic Acid (Hyman and
Vischer, 1978) as well as the administration of steroidal
anti-inflammatory drugs in rats (Tarayre et al., 1982) lead to
reduce vascular permeability in RPA reaction. Dose-
dependent effect of cationic polypeptides (i.e. poly-L-
lysine, poly-arginine and poly-histidine) on cell recruit-
ment and increase of vascular permeability has been re-
ported before (Werk et al., 1984). Polyelectrolyte agents at
the presence of immune complexes result in the recruit-
ment of neutrophils, edema, hyperemia and increased
production of H2O2 and O2

� (Warren et al., 1987). On
another side, opsonization of bacteria and fungi with poly-
histidine and poly-arginine could enhance phagocytosis.
Opsonized particles with these polypeptides also have a
great ability in the activation of respiratory chain of neu-
trophils and macrophages (Ginsburg 1989). In our study,
dose-dependent effect of cationic polyelectrolyte on the
RPA inflammation was observed.

The intradermal injection of detector solution, into the
stung limb, at which the most part of injected venom is

Fig. 3. Evans blue-stained skin sections. The venom or PBS with Evans blue 2% was administered intradermally followed by injecting a mixed solution of rabbit
complement and polyelectrolyte added to monovalent rabbit anti-venom antibody subcutaneously. Edema formation was shown at the reaction sites of (A and C)
venom injected mice (B and D) PBS injected mice for control. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.).
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present until several hours after exposure, causes a diag-
nostic inflammatory reaction. Because both reactants
(venom and antibody) are injected intra/subdermally,
mainly the antigen–antibody encounter takes place in the
interstitial space and in contrast to RPA reaction does not
show vascular necrosis and thrombosis, only mild hyper-
emia in most instances. Also, the absence of tissue injury
and formation of the inflammatory response, were ach-
ieved by using a lower dosage level of antibodies and
adding the accelerator components. This local skin test
doesn’t interfere with immediate serotherapy; additional
medical treatment such as appropriate therapeutic drugs
can be used after this test. However the results are very
satisfactory, more research is required to prove and reduce
the probable side effects.

Our results indicated the possibility of using this reac-
tion in diagnosis processes. Designed dermal test without
histological lesions might induce the inflammatory reac-
tion due to the specific antigen–antibody reaction. Adding
the complement components and polyelectrolyte leads to
an increased susceptibility of inflammatory cells for this
reaction and results in forming visible inflammations in a
short time. Nonspecific effects of these compounds were
limited to transient hyperemia, and had no effect on the
test specificity. Lack of reaction on the use of purified Fab2

fragments indicated that Fc molecules had a biological
function in this reaction. According to the simplicity of
application, low cost, not being harmful, suitable specificity
and sensitivity and visible results in just about 15 min, it is
believed that this test could be used for diagnosis of
envenomation.
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