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ABSTRACT: Oxidative stress and proteases have been implicated in several
diseases and extensive evidence indicates that antioxidants and protease inhibitors
help prevent organ functional damage. Leiurus quinquestriatus (LQQ) scorpion
venom causes cellular injuries that may lead to multiple organ failure. Thus, the
capability of the antioxidant "natural standardized extract of Gingko biloba leaves
(Gin, EGb 761)" and the non-selective protease inhibitor, aprotinin, in ameliorating
venom-induced biochemical alterations indicative of cellular injury and oxidative
stress was studied to determine their effectiveness in protecting rats from venom-
evoked cellular damages. Thus, in this study, rats were treated with LQQ venom
(0.3mg.kg™, subcutaneously) alone or after Gin (150mg.kg™, orally, daily for 2 weeks
before venom) and/or aprotinin (Apr, 46000 KIU.kg™, intraperitoneally, 30 min before
venom). Control groups were injected with saline or treatment modalities. Lungs and
hearts were excised after decapitating rats (n=8/group) 60 min after venom injection
and the following activities were measured: reduced glutathione (GSH),
malondialdehyde (MDA) — an index of lipid peroxidation, glutathione peroxidase
(GPx), glucose-6-phosphate dehydrogenase (G6PD), and lactate dehydrogenase
(LDH). Our findings demonstrate that LQQ venom significantly elevated GSH (p<0.05
vs. control), MDA (p<0.05), G6PD (p<0.05), and LDH activities (p<0.001) in hearts of
envenomed rats. The venom also elevated MDA (p<0.05 vs. control) and reduced

GSH and GPx (p<0.05) in the lungs of envenomed rats. In general, pretreatment with
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EGb761 attenuated LQQ venom-evoked increases in GSH (p<0.05 vs. venom), MDA
in rat hearts and lungs (p<0.05 vs. venom), plus LDH in the heart (p<0.01). Aprotinin
alone significantly reduced the venome-elicited increase in G6PD and LDH activities
and the decrease in GPx levels (p<0.05). In general, these protective effects of
EGb761 on GSH, MDA (p<0.01 vs. venom) and LDH (p<0.001) in the heart and/or
lung were potentiated when combined with aprotinin. We concluded that the
effectiveness of EGb761 and Apr in ameliorating venom-evoked biochemical
changes indicative of necrosis and free radical generation point out the involvement
of oxidative stress and proteases in venom-evoked cellular damages seen in this

study in isolated rat hearts and lungs.

KEY WORDS: Leiurus quinquestriatus, ginkgo, aprotinin, scorpion venoms

CORRESPONDENCE TO:

FAIROUZ EL-SAYED, Department of Biochemistry, College of Pharmacy, King Saud
University, P.O. Box 616, Riyadh, 11421, Saudi Arabia. Mobile Phone: 00 9 66
50897 5933. Phone/Fax: 00 9 66 1403 1214. Email: rosa_bio_2004@hotmail.com




A. J. Fatani et al. PROTECTIVE EFFECTS OF THE ANTIOXIDANT Ginkgo biloba EXTRACT AND THE
PROTEASE INHIBITOR APROTININ AGAINST Leiurus quinquestriatus VENOM-INDUCED TISSUE DAMAGE
IN RATS. J. Venom. Anim. Toxins incl. Trop. Dis., 2006, 12, 2, p.257

INTRODUCTION

Scorpion venom toxins from different species, such as Leiurus quinquestriatus, bind
to voltage-sensitive sodium channels causing exaggerated release of several
neurotransmitters and modulators. This usually produces similar consequences in
humans and experimental animals afflicting the nervous, cardiovascular, respiratory,
skeletal, and gastro-intestinal systems. Moreover, these toxins appear to cause
multiple organ dysfunction (MOD) in several organs in the body, especially in
children, with death usually credited to cardiovascular and respiratory failure (7, 15,
24, 28, 40, 41). In the latter-mentioned studies, the authors demonstrated an
increase in markers indicative of apoptosis and lipid peroxides following scorpion
envenomation, suggesting their possible involvement in venom-elicited cellular
damages. It has been stated that specific pathophysiological conditions may trigger
the onset of MOD, such as generation of oxygen free radicals as well as hypoxia,
increased levels of cytokines and nitric oxide, the latter three being observed
following scorpion envenomation (17, 38, 40, 41). Further studies are needed,
however, to assess the involvement of oxygen free radicals and oxidative stress in
scorpion envenomation.

During the past decade, the reactive oxygen species (ROS) generation and oxidative
stress have been implicated in the development of many diverse diseases including
hypertension, cardiac dysrhythmia, and myocardial damage (53), all of which are
present in scorpion envenomation (7, 15, 24, 28). These ROS are highly reactive
species that have the potential to oxidize biological molecules including proteins,
lipids, and DNA (5). Several researchers have shown that natural or synthetic
antioxidants could decrease the risk of cardiovascular diseases, and could also act
as membrane stabilizers preventing functional damage of the membranes (6, 9, 37).
Thus, it would be beneficial to discover if scorpion venoms enhance oxidative stress
and ROS production and to assess whether antioxidants can ameliorate the cellular
toxic damages caused by scorpion venoms, stabilize membranes, and possibly
prevent leakage of cellular substances that ultimately could trigger the cascade of
events usually seen in the scorpion envenoming syndrome (7, 15, 24, 28, 40).

One such agent is the natural antioxidant extracted from the leaves of the Ginkgo
biloba L. plant (Salisburia adiantifolia Smith), which contains flavonoids, including
ginkgo-flavone glycosides. In addition, it also contains terpene lactones, such as

ginkgolides A, B, C, J and M, plus bilobalide, proanthrocyanidine and ginkgolic acid
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(13, 16, 31). This standardized plant extract (EGb 761) appears to participate in
ameliorating certain diseases such as peripheral artery insufficiency (39, 53),
pancreatic cancer (27), and diseases associated with free radical generation such as
cerebral and myocardial ischemia (25). Scorpion venoms may cause myocardial
ischemia plus infarction, left ventricular heart failure, and pulmonary edema (7, 24,
28).

Another facet that has been investigated is the role of the kallikrein-kinin system in
several scorpion envenomation. Plasma kinins were found to be released by
Heterometrus bengalensis scorpion venom (34) and appear to contribute to the
pulmonary edema induced by scorpion toxins in rats (8). Moreover, Fatani et al. (21)
showed that pretreatment of rabbits with the kallikrein-kinin inhibitor, aprotinin,
attenuated L. quinquestriatus venom-induced pulmonary edema, arrhythmia, and
terminal hypotension. Aprotinin is a polyvalent non-selective protease inhibitor that
inhibits many of the enzymes involved in inflammatory and hemostatic processes in
the scorpion envenoming syndrome (22, 49). On the other hand, icatibant, a B,
bradykinin antagonist, although capable of decreasing the venom-evoked actions,
was not as effective as aprotinin, pointing to the possibility that its protease activity
may have contributed to its efficacy against scorpion venom deleterious effects.
Although knowledge about the detrimental effects of scorpion envenomation in
humans and experimental animals has grown over the years, much more studies are
still needed. Full understanding of the complex aspects of scorpion envenomation
can set forth an appropriate treatment protocol that will take all mechanisms and
complications involved into consideration. Thus, this study was an attempt to uncover
the cellular mechanism of the venom-induced pathological changes, and to test the
effectiveness of the natural antioxidant, Ginkgo biloba extract, and the protease
inhibitor, aprotinin, in blocking LQQ venome-elicited biochemical changes indicative of
cellular damage and necrosis in commonly affected organs such as the heart and

lung in a rat experimental model.

MATERIALS AND METHODS

Venom

Leiurus quinquestriatus venom was obtained from mature scorpions, collected by the
Antivenom Center, King Fahad National Guard Hospital. The venom was then

suspended in water, centrifuged and the supernatant was freeze-dried before storing
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at -20°C (28). When required, the venom was reconstituted by the addition of 0.9%
sodium chloride solution. Aprotinin (100,000 KIU/10ml ampoules) was purchased
from Bayer (Germany), and Ginkgo biloba leave extract (EGb 761) was obtained
from Schwabe (Germany). All other chemicals utilized were of analytical grade and
purchased from Sigma (UK).

Animals

Adult male Wistar rats (150-200g) were used in this study. The animals were
obtained from the animal care facilities of King Saud University, housed in clean
cages and allowed free access to standard rat chow and water. The College of
Pharmacy “International guidelines for care, handling and use of laboratory animals”
were strongly adhered to throughout the study.

Experimental protocol

Rats were randomly assigned to 7 groups, each consisting of 8 animals. They were
given either LQQ scorpion venom alone (0.30mg.kg™, subcutaneously, 60 min before
decapitation, Group 1), or after aprotinin (46000 K.I.U, intraperitoneally, 30 min prior
to venom injection, Group 2), or Ginkgo biloba extract (150mg.kg™, orally, once daily
for 2 weeks up to the day of venom injection, Group 3), or a combination of both
(ginkgo, as above and 1h after the last dose on day of experiment, and aprotinin,
injected as mentioned above, Group 4). Animals of Groups 5, 6, and 7 were given
normal saline, ginkgo and aprotinin, respectively, and served as controls.

The rats were then killed by decapitation 1h after venom injection to ensure
absorption and commencement of the venom’s deleterious actions. Chests were
immediately opened and hearts and lungs were quickly excised, rinsed, blotted dry
and weighed. Each organ was afterwards homogenized in ice-cold 1,15% KCI using
a glass Potter Elvehjem homogenizer to produce a 20% w/v homogenate. Two
portions of each homogenate were used for the estimation of both reduced
glutathione (GSH) and malondialdehyde (MDA). The rest of the homogenates were
then centrifuged at 105,000g for 1lh; the supernatants contained the cytosolic
fractions, and were used for estimation of glucose-6-phosphate dehydrogenase
(G6PDH), lactate dehydrogenase (LDH), and glutathione peroxidase (GPx) activities.



A. J. Fatani et al. PROTECTIVE EFFECTS OF THE ANTIOXIDANT Ginkgo biloba EXTRACT AND THE
PROTEASE INHIBITOR APROTININ AGAINST Leiurus quinquestriatus VENOM-INDUCED TISSUE DAMAGE
IN RATS. J. Venom. Anim. Toxins incl. Trop. Dis., 2006, 12, 2, p.260

Biochemical parameters measurements

Glutathione (GSH), an endogenous antioxidant, was detected spectrophotometrically
at 412nm using the method of Sedlak and Lindsay (54). Malondialdehyde (MDA) was
determined at 523nm utilizing the method of Uchiyama and Mihara (43); as an
aldehyde formed by breakdown of lipid hydroxides in the tissue, it was used as a
measure of degree of lipid peroxidation. Glutathione peroxidase (GPx) was
measured by following the decrease in absorbance when oxidized glutathione is
converted to glutathione via glutathione reductase utilizing a standard commercial kit
(Randox, UK). Lactate dehydrogenase (LDH) activity was calculated using
commercially available UV-kinetic biochemical kit (Stanbio Lab, Inc., USA). Glucose-
6-phosphate dehydrogenase (G6PDH) was estimated by measuring the rate of
absorbance due to the reduction of NADP* with the aid of a standard commercial kit
(Randox, UK). Cytosolic protein content was determined using Folin reagent based

on the method of Lowry et al. (36).

Statistical analysis

Numeric variables are expressed as arithmetic mean + standard error of the mean
(SEM). One Way Analysis of Variance followed by Tukey Kramer multiple
comparison post tests were used to analyze the data. Values of p<0.05 were

considered significant.

RESULTS

Effect of Leiurus quinquestriatus venom on the biochemical parameters in
hearts and lungs homogenates

Leiurus quinquestriatus (LQQ) scorpion venom was capable of significantly elevating
the GSH (p<0.05), MDA levels (p<0.05) indicative of lipid peroxidation, G6PD
(p<0.05), and LDH (p<0.001) in hearts of envenomed rats (Figures 1, 2, 4 and 5).
On the other hand, MDA levels were significantly elevated (p<0.05) while GPx was
significantly reduced (p<0.05, Figures 2 and 3) in the lungs of envenomed rats.
Although levels of GSH in the lungs tended to increase, the elevation was not

significant when compared to the control group.
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Effect of pretreatment with Ginkgo biloba extract on Leiurus quinquestriatus
venom-induced changes

In general, pretreatment of scorpion-envenomed rats with the antioxidant Ginkgo
biloba extract for 2 weeks prior to venom injection significantly ameliorated the
venom-evoked increases in GSH levels (p<0.05) and LDH (p<0.01) activities in the
rat heart compared to the envenomed group. The extract similarly attenuated

(p<0.05) venom-elicited increases in lung GSH and MDA levels (Figures 1, 2 and 5).

Effect of pretreatment with aprotinin on Leiurus quinquestriatus venom-
induced changes

Aprotinin, the non-selective protease inhibitor, significantly attenuated (p<0.05) the
venom-elicited increases in LDH and G6PD activities in rat hearts (Figures 4 and 5).
In addition, aprotinin significantly improved the venom-evoked reduction in GPx
activity in the isolated lungs (p<0.05) compared to the envenomed rats (Figure 3).
When the rats were pretreated with both Ginkgo biloba extract and aprotinin, the
combined therapy reduced the venom-elicited increases in MDA levels (p<0.01) and
LDH activities (p<0.001) in the heart and both GSH (p<0.01 vs LQQ venom) and
MDA contents in the lung (p<0.01) to a greater extent than that seen with Ginkgo
biloba extract alone (Figures 1, 2 and 5).
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Figure 1: Effects of Leiurus quinquestriatus venom (LQ) alone or after pretreatment

with Ginkgo biloba extract (G) and/or aprotinin (Ap) on glutathione levels (GSH) in rat

heart and lung homogenates.

Mean control values of GSH were 1.9+0.14 and 1.2+0.117umol.g™ wet weight in

hearts and lungs, respectively. Bars represent mean of 8 animals and vertical lines

indicate SEM. Letters represent values significantly different from those of saline

treated control group (a, p<0.05) and from groups treated with G (b, p<0.05), Ap (c,
p<0.05) or LQ (d, p<0.05; e, p<0.01).
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Figure 2: Effects of Leiurus quinquestriatus venom (LQ) alone or after pretreatment
with Ginkgo biloba extract (G) and/or aprotinin (Ap) on malondialdehyde levels
(MDA) in rat heart and lung homogenates.

Mean control values of MDA were 17.397+1.4 and 15.71+0.72nmol.g™* wet weight in
hearts and lungs, respectively. Bars represent mean of 8 animals and vertical lines
indicate SEM. Letters represent values significantly different from those of saline
treated control group (a, p<0.05) and from groups treated with G (b, p<0.05), Ap (c,
p<0.05), LQ (d, p<0.05; f, p<0.01) or LQ+Ap (g, p<0.01).
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Figure 3: Effects of Leiurus quinquestriatus venom (LQ) alone or after pretreatment
with Ginkgo biloba extract (G) and/or aprotinin (Ap) on glutathione peroxide activity
(GPx) in the cytosolic fraction of the rat heart and lung homogenates.

Mean control values of GPx were 2.83+0.033 and 2.76+0.035umol.min *.g* wet
weight in hearts and lungs, respectively. Bars represent mean of 8 animals and
vertical lines indicate SEM. Letters represent values significantly different from those
of saline treated control group (a, p<0.05) and from groups treated with G (b, p<0.05),
Ap (c, p<0.05) or LQ (d, p<0.05).
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Figure 4: Effects of Leiurus quinquestriatus venom (LQ) alone or after pretreatment
with Ginkgo biloba extract (G) and/or aprotinin (Ap) on glucose-6-phosphate
dehydrogenase activity (G6PD) in the cytosolic fraction of the rat heart and lung
homogenates.

Mean control values of G6PD were 0.023+0.001 and 0.022+0.0011U.mg™ protein in
hearts and lungs, respectively. Bars represent mean of 8 animals and vertical lines
indicate SEM. Letters represent values significantly different from those of saline

treated control group (a, p<0.05) and from the group treated with LQ (b, p<0.05).
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Figure 5: Effects of Leiurus quinquestriatus venom (LQ) alone or after pretreatment
with Ginkgo biloba extract (G) and/or aprotinin (Ap) on lactate dehydrogenase activity
(LDH) in the cytosolic fraction of the rat heart homogenate.

Mean control values of LDH were 19.6+2.3umol.min™.mg*protein. Bars represent
mean of 8 animals and vertical lines indicate SEM. Letters represent values
significantly different from those of saline treated control group (a, p<0.001) and from
groups treated with G (b, p<0.05; c, p<0.01), Ap (d, p<0.05; e, p<0.01), LQ (T,
p<0.05; g, p<0.01; h, p<0.001), LQ+Ap (i, p<0.05) or LQ+G (j, p<0.05).

DISCUSSION

Scorpion envenomation represents an important and serious public health problem
not only in Saudi Arabia, but also in different subtropical and tropical regions of the
world. This is due to their potential to induce severe and sometimes terminal
damages in several systems of the body, especially the cardiovascular and
respiratory systems (7, 15, 24, 28, 29). Although much work has been performed to

determine the exact pathophysiology that leads to these venom-evoked effects,
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more studies are needed to establish the exact mechanisms involved, especially at
the cellular level. Therefore, this study was undertaken to assess whether oxidative
stress and/or proteases were implicated in the multiple organ damages observed
following scorpion envenomation. Since death due to scorpion envenoming is
usually due to cardiac and respiratory complications (7, 15, 28), and since the heart
and lung are readily susceptible to the deleterious effects of attacks by oxidative
stress-generated free radicals (5), biochemical parameters indicative of oxidative
stress were measured in these vital organs excised from deceased envenomed rats.
In the present study, LQQ venom generally increased MDA levels, indicative of
increased production of lipid peroxides, GSH contents and enhanced LDH activity in
the rat lung and/or heart homogenates. This would demonstrate a role for tissue
necrosis, lipid peroxidation and free radical generation in venom-induced deleterious
cellular effects. Circulatory shock, hypoperfusion, ischemia, myocardial damage,
activation of the cytokine network, and apoptosis, which are reported to occur in
scorpion envenomation (17, 23, 28, 40, 41), favor generation of injurious oxygen free
radicals, oxidative stress and lipid peroxidation (10, 35, 52).

The venom-evoked enhanced lipid peroxidation seen in this study may explain the
deleterious organ defects and MOD observed following scorpion envenomation (28,
40, 41). The observed increase in lipid peroxidation was also demonstrated in
scorpion-envenomed children in Egypt (40); the authors quoted the involvement of
oxidative stress and apoptosis in venom-evoked multiple organ dysfunction (MOD).
Enhanced production of lipid peroxides has been likewise observed in a variety of
conditions such as exposure to sea anemone toxins or sulphur dioxide in mice (42,
50), in addition to cadmium (51) and chronic lead intoxication in rats (2).
Hypothetically, the mechanisms by which generation of free radicals and lipid
peroxidation occurs in scorpion envenomation are complex and may depend on a
multitude of interacting factors. These probably include: A) scorpion venoms contain
neurotoxins that act on a number of ionic channels resulting in alteration of ionic
transport and cytosolic calcium overload (26). B) This elevates AMP concentration
and increases its catabolism, and subsequently leads to generation of free radicals.
C). Ultimately, these free radicals attack membrane phospholipids causing their
peroxidation. D) Occurrence of lipid peroxidation in biological membranes eventually
causes impairment of membrane functioning, decreased fluidity, and inactivation of

membrane-bound receptors, all of which may culminate in MOD (5, 10, 35), a feature
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encountered in scorpion envenomation (40). Alternatively, it is known that scorpion
venoms, by their action mainly on sodium channels, enhance release of various
neurotransmitters such as adrenaline and noradrenaline (8, 28, 40). It has been
reported that catecholamines can induce the generation of free radicals which may
lead to oxidative stress and apoptosis (30).

The venom-evoked increase in GSH in rat hearts (and to a lesser degree in lungs)
observed in this study is an intriguing observation and is in harmony with the work of
Yadav et al. (57), who observed elevated GSH concentration in the rat heart
following alloxan-induced diabetes. The authors attributed its elevation to its
increased activity in the heart and decreased efflux into the blood stream to
neutralize the superoxide anions and counteract oxidative stress. It is known that
reduced GSH is a tripeptide involved in a wide range of metabolic functions, primarily
aimed at providing protection against toxic compounds and free radical species.
Usually, reduced GSH is regenerated and GSH levels are maintained (5, 20, 33, 55).
Both an increase and a decrease in GSH levels have been described following
exposure of rats to a variety of stressors. For example, the levels of GSH were
significantly decreased in several organs and body fluids following cold-restraint-
elicited stress, alloxan-induced diabetes and aluminum toxicity, with depletion of
GSH while combating free radical generation as its cause (1, 20, 55). Alternatively,
the venom-evoked increase in GSH levels in the present study could be explained by
enhanced apoptosis due to stress following venom injection (1, 18, 46, 53), which
would increase availability of amino acid substrates for GSH synthesis.

Furthermore, the present study demonstrated a venom-elicited elevation in G6PDH
in the rat heart, indicating an increase in the pentose phosphate pathway. This would
most likely enhance NADPH production; the latter being involved in regenerating
reduced GSH from its oxidized form (GSSG) (4, 32), and therefore possibly
explaining the venom-evoked increased GSH concentration. It is known that GSH
protects against oxidizing environments by combining with oxidants in the presence
of GPx, yielding the thiol radical GSSG (32). In the present study the levels of GPx
were significantly decreased in the lungs of envenomed rats. The GPx enzyme is a
member of a family of peroxidases important in catalyzing the reduction of
hydroperoxides and lipid peroxides (14), which would explain its depletion in this
study while combating, in the presence of reduced GSH, the venom-induced

enhanced lipid peroxidation.
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In order to study the involvement of free radical generation and oxidative stress in
venom-evoked cellular damages, the free radical scavenger natural standardized
Ginkgo biloba leave extract (EGb 761) was orally administered to rats for 2 weeks
prior to LQQ venom subcutaneous injection. The antioxidant EGb 761 was chosen
since it is a readily available, safe natural product that has proven itself effective in
combating oxidative stress resulting from different conditions such as ischemic-
reperfusion injuries (25, 53), oxidative stress-induced platelet aggregation (3), and
acute hypoxic stress (56). In general, pretreatment of scorpion envenomed rats with
Ginkgo biloba extract significantly ameliorated the venom-evoked increases in the
levels of GSH, MDA and LDH in isolated rat heart and/or lung, indicating the
involvement of free radical generation, oxidative stress and organ damage in the
venom’s deleterious effects in the hearts and lungs. Free radicals and oxidative stress
have been implicated in several conditions such as ischemia, myocardial injuries, and
thought to cause direct ultrastructural alterations (44). Ginkgo biloba might also have
added beneficial effects in scorpion envenomation such as its vasodilating capabilities
(45), which would be useful in cases of venom-induced myocardial ischemia and
infarction (29).

To determine whether proteases are involved in the cellular damages evoked by the
venom, envenomed rats in this study were pretreated with the non-selective protease
inhibitor, aprotinin. It significantly attenuated the venom-elicited increases in LDH in
rats’ hearts, suggesting the involvement of proteases in the venom-evoked cellular
damages. It is possible that the venom, by its ability to act on sodium channels and to
prolong depolarization (48), will subsequently enhance cellular influx of calcium,
which in turn may activate proteases causing excessive protein degradation and
cellular damage (12). Fatani et al. (21) showed that pretreatment of rabbits with
aprotinin attenuated LQQ venom evoked pulmonary edema, arrhythmia and terminal
hypotension. Morever, the protective effects of aprotinin during scorpion
envenomation were also reported by Pandey and Deshpande (47) to significantly
attenuate Mesobuthus tamulus venom-induced respiratory and cardiac abnormalities
in rats. Eren and his collegues (19) demonstrated the ability of aprotinin to protect
against ischemic-reperfusion injuries in rabbit lungs.

It must be noted that in this study aprotinin did not significantly alter the venom-
evoked elevation of cardiac levels of MDA or GSH, which is not surprising since

aprotinin has no hydroxyl radical, superoxide anion or H,O, scavenger capacity (11).
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However, the improvement of venom-elicited changes in G6PDH and GPX activities
is perplexing. It is likely that its ability to inhibit kallikrein-kinnin system would reduce
bradykinin that can stimulate release of endoperoxides from different tissues (11),
and possibly indirectly affect part of the process involved in cellular damages due to
oxidative stress. Additional work is needed to better understand the protective role of
aprotinin in scorpion envenomation, whether as an inhibitor of the kallikrein-kinin
system or as a non-specific serine protease inhibitor.

In conclusion, the effectiveness of the antioxidant, Gingko biloba extract, (EGb 761)
and the polyvalent protease inhibitor, aprotinin, in ameliorating venom-evoked
changes indicate the involvement of oxidative stress and proteases in venom-
induced cellular damages seen in the rat heart and lung tissues. It would be of value
to assess whether treatment with antioxidants and/or protease inhibitors after
scorpion envenomation would also display a protective effect against the venom-
induced deleterious manifestation in different systems after their initiation.
Additionally, use of antioxidants that could exert their protective actions within a
shorter period of time would be more appropriate and should be investigated.
Ultimately, protease inhibitors and antioxidants, if proven to be effective in
combating scorpion venom-induced cellular damages, may have a future role in the

treatment protocol of scorpion envenomation.
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