American-Eurasian J. Agric. & Environ. Sci, 2 (1): 85-89, 2007

ISSN 1818-6769
© IDOSI Publications, 2007

B-Glucan Sex-Dependently Attenuates the Hyperalgesic Effects of Arsenite in Rats
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Abstract: Apainst a backdrop of arsenite neurctoxicity, we investstigated the effects of arsenite on pain

processing and whether the effects could be reversed by the administration of B-glucan, an antioxidant from

Saccharomyces Cerevisae. Arsenic (5 mg kg ™) significantly reduced tail flick latency 48 h after administration
in animals. The hyperalgesia appeared sex-specific as female rats showed higher degree of hyperalgesia than

male rats. Direct oral administration of B-glucan (0.5 mg kg™) significantly increased tail-flick latency while
indirect administration through feeding of Saccharomyces Cerevisae-digested feed failed to produce any
significant attenuation of the hyperalgesia. The analgesia produced by B-glucan also appeared to be sex

specific. We conclude that arsemic produces hyperalgesia in rats probably through oxidative damage and that

the hyperalgesic effect are reversible by antioxidants.
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INTRODUCTION

Humans and animals live in a complex environment
and are subjected to various biological, Physical and
environmental stimuli. Exposure to a variety of laboratory
and environmental factors such as arsenite has been
shown to mduce a number of behavioural and
physiological responses including alterations in
nociceptive processing [1-3]. Arsenic is a nonessential
trace element; it is a potent, toxic, mutagemc and
xenobiotic metalloid. Arsenite has been growing rapidly
during the last 5 years as a major pollutant of drinking
water in several regions of the world [4, 5].

Arsenic, as trivalent arsenite (As™) or pentavalent
arsenite {As*") is naturally occurring and ubiquitously
present in the environment. Humans are exposed to
arsenic mainly through either oral or mmhalation routes.
Oral exposure occurs via consumption of contaminated
water, food and drugs [6]. Arsenic has been claimed to be
of clinical utility in the treatment of syphilis, amoebiasis
and certamn other tropical diseases [7] and has also been
used in Fowler solution m the treatment of arthritis [7].
Arsenic exposure results in endemic arsenic dermatosis
along with hyperkeratosis, gangrene and skin cancer [8].
Arsenic intoxication in experimental animals has recently

been associated with hepatic tumors [9], the inhibition
of testicular steroidogemic function [10], incapacitation
of Leydig cell function, negative effects on caudal
epididymal milieu [11] and spermatogenesis [12]. Tt has
also  been mmplicated with severe metabolic disorders
such as diabetes in humans [13]. Arsenic exposure has
been reported to result m structural changes mn the
thymus of pregnant and newborn mice [14]. Long-term
exposure of arsenic is associated with abortion, low birth
weight and reduced lactation [15] as well as with
embryonic cells toxicity dn vitro [16]. Survey reports
from the Ukrame, Taiwan and Bangladesh revealed that
the intake of arsenic-contaminated drinking water caused
reproductive  disturbances in women [17], adverse
pregnancy outcomes [18] and spontaneous abortion
[19]. Acute arsenic exposure may promote immediate
gastromtestinal tract infection [20], while chronic effects
may exert degenerative, inflammatory and neoplastic
changes of the respiratory, haematopoetic, cardivascular
and nervous systems [21]. There is however a lack of
literature data on the possible effects of arsenate on
nociceptive processing, a possibility that 1s very strong
in the light of arsenite-induced inflammatory perturbations
on one hand [21] and its peripheral neuropathic effects
on the other [6]. Peripheral neuropathy, among other
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impacts on the sensory system, will most definitely affect
nociceptive processing because of the close association
between the state of peripheral nerves and the sensory
modality they transmit.

The
attributed
should protect against or reverse its toxicity. The need for
preventing arsenite-induced toxicity is underscored by

deleterious effects of arsemte have been
to oxidative damage, thus an antioxidant

the fact that there are no animal models to study the
mechanisms of its toxicity while there is an increase in the
population of those who are at risk of arsenite poisoning,
especially in the developing world [22].

In an on-going effort to understand the mechanisms
of arsemte poisoning as well as preventing it, we
examined the effects of arsenite on nociception and the
possibility of using B-glucan, a potent anti-oxidant, to
prevent its toxic effects on nociception. As a secondary
aim, we also attempted to determine whether the method
of obtaining p-glucan had any effect on its potency.

MATERIALS AND METHODS

Animals: Adult male and female Sprague-Dawley rats
were used. They were kept m a temperature (20-21°C) and
light-controlled (12 h light:12 h dark cycle) room with free
access to food and water.

Synthesis of P-glucan: [-glucan was synthesized as
previously described by Hunter et al. [23]. Briefly, active
dry yeast was added to 0.1 mol 17! of NaOH and stirred
for 30 min at 60°C. The material was then heated to 115°C
at 8.5 psi for 45 min and then allowed to settle for 72 h
The sediment was re-suspended and washed m distilled
water by centrifugation (350 g for 20 min). The alkali
insoluble solids were with mixed 0.1 mol 1™ acetic acid and
heated to 85°C for 1h, then allowed to settle at 38°C. The
acid insoluble solids were drawn off and centrifuged as
above. The compacted solid material was mixed with 3%
H,0, and refrigerated for 3 h with periodic mixing. The
material was then centrifuged and the pellet washed twice
with distilled water, followed by two washmgs mn 100%
acetone. The harvested solid material was dispersed on
drying trays and dried under vacuum at 38°C for 2 h in the
presence of Ca,50, Tt was then further dried overnight
under vacuum at room temperature.

Synthesis of P-glucan indirectly from Saccharomyces
cerevisae (SC)-digested feed: [-glucan was also
synthesized indirectly by using SC to digest rice bran as

previously described by Iyayi and Aderolu [24]. Briefly
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the rice bran was dried to constant weight at 60°C, 25 kg
of the rice bran was autoclaved and oven-dried. The
autoclaved material was then innoculated with SC under
aseptic conditions after adjusting the moisture level to
25%. After 14 days, the biodegradation reaction was
stopped and the material was then dried.

Nociceptive test: Nociceptive test was carried out by a
modification of D’ Amour and Smith’s tail flick test [25].
Each animal was gently hand-held in a dry towel while the
distal two-third of the tail was immersed in water
meaintained at 50+1°C. The time it took the animal to flick
out its tail from the water was recorded as tail-flick
latency.

Protocol: The ammals were randomly divided into 4
groups and after basal nociceptive threshold was taken
for all the rats, those in group I (n=8) were administered
0.2 ml of normal saline. Group II (n=7) were fed digested
rice bran in addition to normal rat chow. Group 11T (n=8)
served as control while Group IV rats (n=7) were
administered 0.5 mg kg™ (p.o) of the synthesized p-
glucan.

Immediately after, all the groups received 5 mg kg™
(i.p) arsenite. They were returned to their home cages and
nociceptive testing was carried out 48 h later using the
tail-flick test.

RESULTS

Effects of B-glucan on arsenite-induced hyperalgesia:
Table 1 shows the baseline tail-flick latency in all animals.

Arsenic sigmificantly produced hyperalgesia 48 h
after administration in control animals (Table 2) of both
sexes. This level of hyperalgesic effects appeared to be
related as female ammals showed higher degree of
hyperalgesia than males.

Direct p-glucan  significantly  reduced  the
hyperalgesia while indirect administration via digested

Table 1: Baseline Tail flick latency in all groups of animals
Tail flick latency (Secs)

Groups Male Female

CNS 27.9441.02 24.14+0.41
PRB 39.80+0.58 39.00+£2.01
PBE 24.62+1.52 11.02+1.17
CSA 31.60+1.86 24.2440.63

CNS - Arsenite + normal saline
PBE - Arsenite + 3-glucan

PRB - Arsenite + digested feed
C8RA - Arsenite alone
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Table 2: Tail flick latency after 48 h
Tail flick latency (Secs)

Groups Male Female
CNS 28.10£1.01 24.20+0.52
PRB 17.4440.25* 34.40+1.32%
PBE 32.78+0.33% 13.52£1.14*
CSA 22.16+0.69 12.58+1.20*

*Significant, compared with control, p<< 0.01, student t-test
PRB-Arsenite + digested feed
CSA-Arsenite alone

CNS-Arsenite + normal saline
PBE-Arsenite + 3-glucan

Table 3: Percentage effects on nociceptive processing in males and ferales

Males Females
CNS 0.50% Analgesia 0.24% Analgesia
PRB 56.18% Hyperalgesia 11.7%% Hyperalgesia
PBE 33.14% Analgesia 22.6%% Analgesia
CSA 29.88% Analgesia 75.66% Analgesia

feed failed to produce any sigmficant alteration on
hyperalgesia (Table 3). This analgesia effect was more
prominent i1 the male animals than the females.

DISCUSSION

Arsenic produced a conspicuous hyperalgesia in
rats. This hyperalgesia was evident in the sigmficantly
reduced tail-flick latency. Arsenic is however not the
only substance that can cause facilitated nociceptive
processing. Acute mtra-peritoneal vitamin C [26] and
acute restraint stress [27] have also been reported to
mduce hyperalgesia, although the underlying mechanisms
may be different.

Hyperalgesia, generally occurs when the firing
threshold of Ad and C nociceptive afferent is lowered into
the non-noxious range [28]. The mechanisms involve
synthesis of arachuidomic acid from membrane lipids
via the steroid-sensitive enzyme Phospholipase A,
Arachidonic acid 1s acted upon by the cyclooxygenase
enzyme to produce prostaglandins, which act directly on
the peripheral terminals of Ad and C fibers and then
lower their threshold [28]. Although we are not aware of
any report that has examined the effect of arsenite on
nociception, several links are possible. For mstance, it
has been severally documented that arsenite is a potent
cytotoxic agent, whose cytotoxicity is not only rapid, as
fast as 5 munutes after treatment [6] but also involves
reactive oxygen species [22] which induce oxidative

damage. Oxidative damage has

been mnplicated m
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newrological disorders such as arthritis [29]. Tt is possible
that arsenite induces hyperalgesia by damaging peripheral
nerves.

Sex differences 1in nociception have been
documented by several investigators with females
more generally responsive to pain [30]. The result of
higher arsenite-induced hyperalgesia m females
compared to males, is consistent with the gamut of
evidences that has shown females to respond more to
noxious stimuli than males. Although we did not examine
the mechanisms, gonadal hormones [31], menstrual
cycle [32] and psychosocial factors [33] are some of the
factors documented as been responsible for gender
differences in pain processing. Our results also show
greater analgesic effects of direct f-glucan in males than
females. If we take B-glucan as a pharmacologic agent
and 1t 1s, then this 1s consistent with studies that have
also  documented differential analgesic rtesponses in
males and females. For example, Icero et al. [34] have
reported enhanced sensitivity to morphine in males
compared to females, a fact that has been subsequently
confirmed [35].

The lack of significant effect on account of the
digested rice bran consumed by the rats 1s not surprising.
In all reality, the time lapse of forty eight hours was too
little for any sigmificant deposition of P-glucan or any
other fungal metabolite for that matter. One study that
reported enhanced feeding value of rice bran after
fermentation with Trichoderma viridae was carried out
over several days [24]. Tt is known that the ability of fungi
to degrade fiber lasts several days [36, 37]. Even if there
had been adequate digestion of rice bran by Trichoderma
viride, the short period of feeding would not have
guaranteed sufficient intake of the substance contained
in the feed by the animals.

In summary, we report the ability of B-glucan to sex
dependently attenuate the hyperalgesia induced by
arserite n rats. This 1s in concord with reports that have
shown that many fungal metabolites can be utilized to

treat a wide variety of diseases like inflammation and

arthritis [38].
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