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Abstract

Aim. The treatment of pain has been one of the most important objectives of medicine. We aimed
to investigate antinociceptive effects and mechanisms of magnetic field (MF) on the hyperalgesia
produced by S-Nitroso N-acetyl penicillamine (SNAP). Method. Study has been made in two
sections. In the first section, rats were divided four groups (six in each). The first group was
determined as sham group and administrated 0.3 mL, 0.9% NacCl intraperitoneally (i.p) before
assessing tail flick latencies (TFLs) (Sham group). In the second group, 2 mg/kg SNAP
administrated i.p. and TFLs were assessed at the same time points with first group (SNAP group).
In the third group, rats were repeatedly exposed to MF for 6 consecutive days (MF group). In the
fourth group, SNAP was administrated i.p everyday shortly before MF exposure (SNAP+MF
group). In the second section, animals divided to the same groups with the first section. Same
procedures have been performed with the first section groups and blood samples were collected to
determine plasma levels of B-endorphin and substance P. Results. SNAP (2 mg/kg) produced
hyperalgesic effect with i.p. administration. MF application (5 mT and 165 min per day) produced
a strong antinociception in Days 3 and 4. Tail flick values of SNAP+MF in Days 3 and 4 were
found to be significantly low as compared to MF and Sham groups. In SNAP group, substance P
levels were found to be significantly high. Plasma B-endorphin levels in MF and SNAP+MF
groups were significantly high as compared to the Sham group. Conclusion. MF may be an
alternative antinociceptive approach for pain treatment. There is need for further studies to
overcome the tolerance to antinociceptive effects of MF.
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Ozet

Amag. Agn tedavisi tibbin en 6nemli hedeflerinden biridir. Bu arastirmada manyetik alan
uygulamasimin S-Nitroso N-acetyl penicillamine (SNAP) tarafindan olusturulan agr1 tizerindeki
etkilerini ve etki mekanizmasini arastirmay1 amagladik. Yontem. Caligma iki kisim olacak sekilde
tasarlandi. Birindi kisimda hayvanlar her birinde alt1 hayvan olacak sekilde 4 gruba boliindii.
Birinci grup sham grubu olarak belirlendi ve bu hayvanlara 0,3 mL %0,9 NaCl tail flick latensleri
dlgiilmeden once uygulandi. Tkinci gruba (SNAP grubu) 2 mg/kg SNAP i.p. olarak enjekte edildi
ve sham grubu ile ayn1 zaman noktalarinda tail flick dl¢iimleri yapildi. Ugiincii grup (MF grubu)
tekrarlayan alti giin boyunca manyetik alana maruz birakildi. Dordiincii grupta (SNAP+MF)
hayvanlara manyetik alan uygulamasi yapilmadan hemen once 2 mg/kg SNAP i.p. olarak
uygulandi. Caligmanin ikinci kisminda ratlardan kan 6rnekleri alinarak kanlarinda supstance p ve
B-endorfin seviyelerine ELISA yontemi ile bakildi. Bulgular. SNAP (2 mg/kg) anlamli bir
hiperaljezi meydana getirerek tail flick latenleslerini kisaltti. Manyeteik alan uygulamasi (5 mT ve
165 dakika/giin) 6zellikle 3. ve 4. glinlerde anlaml bir analjezi meydana getirdi. SNAP grubunda
substance p seviyeleri yiiksek bulunurken, manyetik alan grubunda B-endorfin seviyelerinin
yiiksek oldugu tespit edildi. Sonu¢. Bu sonuglar manyetik alan uygulamasinin agri tedavisinde
alternatif bir yaklagim olabilecegini gostermektedir. Fakat bu yontemin kullanilabilmesi igin
gelisen toleransin listesinden gelmenin yollarinin bulunmasi ve bunun iginde ileri arastirmalara
gereksinim vardir.

Anahtar sozciikler: Hiperaljezi, manyetik alan, snap, p maddesi, p-endorfin, tail flick
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Introduction

Pain is defined as an unpleasant sensory and emotional experience that accompanies
actual or potential tissue damages [1]. Pain is now considered as a multidimensional
public problem that detrimentally affects the individual physical and psychological
aspects of life, daily activities and work [2, 3]. Activation of NMDA glutamate receptor,
production of nitric oxide (NO), and enhanced release of substance P and calcitonin gene
related peptide (CGRP) from primary afferents are key events in pain perception and
central hyperexcitability [4].

Nitric oxide, a free radical gas, is now widely suggested as being an important biological
messenger in either the peripheral or the central nervous system [5]. Considerable
evidence indicates that nitric oxide (NO) plays an important role in central and peripheral
modulation of nociception [6]. A role of NO in nociceptive signaling was initially based
on the localization of neuronal NOS in the superficial dorsal horn and intermediolateral
cell column [7]. The most used NOS inhibitor, NG-nitroarginine-L-methyl ester (L-
NAME) induces antinociception in several rat pain models follawing intracebrovetricular
[8], intraperitoneal [9], intravenous [10], or intrathecal administiration.

A lot of studies suggest a complex role for NO in that both pro- and anti-nociceptive
effects have been found. A pro-nociceptive role for NO in the periphery is supported by a
number of findings. For example, in humans, NO evokes pain when administered into
paravascular tissue or isolated cutaneous veins [11], and the NO/cGMP cascade mediates
the inflammatory pain induced by bradykinin [12]. Also Intrathecal injection of L-
arginine a precursor of NO, and NO-releasing compounds, sodium nitroprusside (SNP) or
hydroxylamine also produced hyperalgesia in the tail-flick test and the formalin pain
model [13-16]. These data indicate that the NO/cGMP signaling pathway contributes to
spinal hyperalgesia via a cGMP-dependent mechanism. In contrast, other studies provide
evidence that the NO/cGMP cascade exerts peripheral anti-nociceptive effects. These
include inhibition of the inflammatory pain induced by PGE2 [17] and mediation of the
anti-nociceptive actions of a number of peripherally acting analgesic agents such as
morphine and nonsteroidal anti-inflammatory drugs (NSAIDs) [18].

Although, S-Nitroso-N-acetyl-DL-penicillamine (SNAP) is a well known NO donor, up
to the present study, most work on SNAP has not focused on nociception. The effects of
SNAP on nociception are unclear. It was showed that SNAP can prevent the
inflammatory hyperalgesia produced by PGE2 when applied intraplantary [19]. After all,
it is expected that SNAP may play role as a hyperalgesic agent at spinal level like other
NO donors.

Electromagnetic fields spread throughout the planet producing interferences with
biological systems [20, 21]. Static, sinusoidal and specific pulsed magnetic fields have
been shown to alter animal and human behaviors, such as directional orientation,
learning, pain perception (nociception) and anxiety-related behaviors [22]. There has
been growing evidence that magnetic fields (MF) have analgesic effects on animals [23].
Convincing evidence has emerged, both in animals and humans, that a number of cellular,
physiological and behavioral activities can be affected by a more or less prolonged
exposure to MFs [24]. In the light of these evidences, the main purpose of present study
to investigate effects of daily repeated exposure of rats to the magnetic field on
hyperalgesia which is produced by NO donor SNAP and try to explain possible
mechanisms of this interaction.

Cumbhuriyet Tip Dergisi Cumbhuriyet Tip Derg 2014; 36: 310-319
Cumhuriyet Medical Journal Cumhuriyet Med J 2014; 36: 310-319



312

Materials and methods

Animals

Adult male Wistar albino rats weighing 180-200 gr were used in the present experiment.
Animals were housed in standard laboratory conditions with free access to food and
water. Rats were maintained at 23 + 1 °C and under pathogen-free conditions on a 12: 12-
h dark/light cycle. All experiments were conducted during the light part of the cycle
(8.00-14.00). The experiments conducted in the present study were approved by the
Animal Research Committee of Cumhuriyet University.

Testing antinociception

Antinociception was assessed using the radiant heat tail-flick test (May TF 0703 Tail-
flick Unit, Commat, Ankara, Turkey). The time that animal required to display an
aversive reaction, from when the heat irradiation began to the tail flick, was called the
TFL. The basal level of nociception was measured on Day 0. Before each nociceptive
test, each rat in random order was put into an epoxy tube to acclimate for 10 min. The
heat was generated by a 50W lamp positioned below the tail, while the heat focused at a
point 1/3 distant from the tip of the tail. The infrared intensity was adjusted so that basal
TFL occurred at 3.8 + 0.4 s. Animals with a baseline TFL below 3.4 or above 4.2 s were
excluded from further testing. A cut-off time of 10 s was set to avoid possible tail skin
damage. TFLs were measured at 0, 15, 45, 75, 105, 135 and 165 min. Each TFL data
point was a mean of two measurements per rat. Once the rat flicks its tail, the auto-
stopwatch in the tail-flick apparatus will record the latency time. Any animal not
responding after 10 s was excluded from the study. Data were expressed as second (sec).
During the measurement, the observer was blind regarding the exposure conditions.

Experiment design and measurements of TFLs

Study has been made in two sections. In the first section, rats were divided four groups
(six in each). The first group was determined as sham group and administrated 0.3 mL,
0.9% NaCl (SF) intraperitoneally (i.p) shortly before assessing tail flick latencies (TFLS)
at 0, 15, 45, 75, 105, 135 and 165 min (Sham group). Hence the animals of Sham group
were put into the magnet for 10 minutes when coils were not energized before assessing
tail flick latencies. In the second group, in order to determine hyperalgesic effect of S-
Nitroso-N-acetyl-DL-penicillamine (SNAP), 2 mg/kg SNAP dissolved in 0.5 mL 0.9%
NaCl, administrated i.p. and TFLs were assessed at the same time points with first group
(SNAP group). S-Nitroso-N-acetyl-DL-penicillamine (SNAP) from Sigma (St. Louis,
MO, USA) was prepared freshly and dissolved in distillated water on the day of the
experiment. In the third group, in order to observe the effects of magnetic field (MF) on
nociception, rats were repeatedly exposed to MF for 6 consecutive days, and the tail flick
latencies (TFLs) were measured everyday at 0, 15, 45, 75, 105, 135 and 165 min (MF
group). Rats were exposed MF for 165 min during the day. MF apparatus was set to run
for 15 min on and 15 min off. TFLs were measured in these periods in which machine
were not activated at 0, 15, 45, 75, 105, 135 and 165 min. In the fourth group, in order to
determine effects of MF on SNAP induced hyperalgesia, 2 mg/kg SNAP was
administrated i.p everyday shortly before MF exposure and TFLs were measured at the
same time points with third group (SNAP+MF group).

According to the results of Section 1 of the study, in Section 2, twenty four adult male
Wistar albino rats weighing 180-200 g were used divided four groups (six in each). The
same applications were applied for these four groups in the same manner with section
one. In the first group, In order to determine basal plasma levels of substance P and -
endorphin, 0.3 mL SF was administrated i.p. and blood samples were collected by
intracardiac puncture at 75 min after administration.
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In the second group, in order to determine substance P and p-endorphin plasma levels
after SNAP administration, rats were sacrificed by cervical dislocation 75 min after
SNAP injection and blood samples were collected by intracardiac puncture.

In the third group, in order to determine effects of MF on plasma levels of substance P
and B-endorphin, rats were repeatedly exposed to MF for 4 consecutive days. At the day
4, rats were sacrificed by cervical dislocation and blood samples were collected by
intracardiac puncture.

In the last group, in order to determine effects of SNAP + MF combination on plasma
levels of substance P and B-endorphin, 2 mg/kg SNAP was administrated i.p. every day
shortly before MF exposure. Then rats were repeatedly exposed to MF for 4 consecutive
days. At the day 4, rats were sacrificed by cervical dislocation and blood samples were
collected by intracardiac puncture.

Application of sinusoidal magnetic field

The magnetic field was generated in a specially designed device that has a solenoid of
500 mm in length and 210 mm in diameter. The solenoid was fed by electricity current.
The magnetic field intensity was measured as B=5 mT every point the solenoid. This
magnet was constructed by winding 1400 turns of an insulated soft copper wire, which
was 1.4 mm in diameter on a fiber base. Electricity current (50 Hz) was passed through
the device and a time relay was added into the system. Magnetic field intensity was
measured by a digital teslameter (Phywe) with an axial Hall-effect probe.

Inside the solenoid and between the poles of the electromagnet, a cage (40x17x13 c¢cm)
made of Plexiglass was placed in the homogeneous magnetic field. Six experimental
animals were placed, in turn, in this cage in order to expose them to the magnetic field.
Animals were exposed to the magnetic field for 165 min per day. The alternating
magnetic field was exposed on the rats for 15 minutes and it was halted for 15 minutes
within every 165 minutes. There were periods in which MF machine was working and
silent zones in which MF machine was not activated. Animals were exposed to magnetic
field two groups (six in each) between 9: 00 and 11:45, respectively. The exposure was
applied for 6 days. The preliminary experiments were performed; the temperature was
kept constant by an air condition and tested with in the solenoid. The solenoid was always
kept in a north-south direction, and its temperature was maintained constant at 23 + 1 °C.
Exposure was always applied in a separate room apart from that for the control group,
and animals were exposed to electrical transient as the field turned on and off.

Statistical analyses

A non-parametric method of statistical analysis was used. Statistical significance of more
than two groups was evaluated by Kruskal-Wallis test (p<0.05), followed by Dunnett's
multiple test for individual comparisons. To compare two groups, Mann-Whitney U-test
was used (p<0.05).

Results

Mean baseline (BL) latencies for control group in antinociception studies ranged 3.8 + 0.4
s. 0.3 mL saline (0.9%) administration in control animals did not alter BL responses
during the experiments (p>0.05). Intraperitoneal administration of SNAP (2 mg/kg)
induced a significant reduction in the latency response compared with sham group
(p<0.05), indicating development of hyperalgesia. Hyperalgesic effect started at 45 min
after SNAP administration (p<0.05) and the maximal hyperalgesic effect occurred at 75
min (p<0.05). TFL values began to increase 75 min after SNAP injection and reached to
the same levels with sham group at 165 min (Figure 1).
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Figure 1. Hyperalgesic effects of intraperitoneal injection of SNAP. Rats were injected with 2
mg/kg SNAP and nociceptive responses were assessed by Tail-flick test. * SNAP (2 mg/kg)
produce a significant decrease in TFLs when compared to the Sham group (p<0.05).

It was important to observe whether TFLs were changing in a day. So we did not just
assess TFLs at the end of each experiment day. According to the experiment design, each
animal was also assessed 7 times (at 0, 15, 45, 75, 105, 135, 165 min) in a day while they
were being exposed to MF. There was no significant change in TFLs which were assessed
in the same day (p>0.05) (Figure 2).
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Figure 2. The effects of daily repeated MF on nociception during 6 days and comparison of
TFLs which were assessed in the same day. * The TFLs increased significantly on Day 3
(p<0.05) and Day 4 (p<0.05) when rats exposed to MF for 6 days, 165 min per day.

During the 6 days of repeated exposure, TFLs values did not increase in the experimental
groups compared with those of the sham groups on Day 1 and Day 2. On Day 3 and Day
4, the values of TFLs increased significantly compared with those of sham animals
(p<0.05). From Day 4, TFL values began to decrease, and on Day 6, TFL values
decreased to the same level as that of the sham group (Figure 3).

74

s —ea— Sham
§‘ 6+ - —a— MF
>
o
=
8
o
-
-
2 5
T
B

0 v v v v v

0 1 2 3 4 5 6 7
Time (day)

Figure 3. The effects of MF on SNAP induced hyperalgesia for 6 days application according
to the days. 2 mg/kg SNAP was administrated i.p everyday before MF exposure and
nociceptive responses were assessed by Tail-flick test. * The TFLs increased significantly on
Day 3 (p<0.05) and Day 4 (p<0.05) when rats exposed to MF for 6 days, 165 min each day.
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In order to determine the effects of magnetic field on SNAP induced hyperalgesia,
2 mg/kg SNAP was administrated i.p. every day before MF exposure. Administration of
SNAP (2 mg/kg) induced a reduction of the latency response compared with sham group
and Day 4 of MF exposure alone (p<0.05). But TFLs of SNAP+MF Day 4 were
significantly higher than administration SNAP alone (p<0.05) (Figure 4).
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Figure 4. Comparison of TFLs of SNAP, MF Days 4 and SNAP+MF Days 4. * P<0.05 versus
sham group. # P<0.05 versus MF Day 4 and SNAP groups.

Figure 5 shows the levels of substance P in rat plasma. ELISA assay showed that
administration of SNAP alone (2 mg/kg) increased the plasma levels of substance P when
compared to the other groups (p<0.05).MF exposure or combination of MF with SNAP
did not change the levels of substance P significantly compared to the sham group
(p>0.05).
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Figure 5. Plasma substance P levels which were assessed by ELISA.* Plasma substance levels
of SNAP group is significantly high when compared to Sham, MF and SNAP+MF groups
(p<0.05).

Figure 6 shows the levels of B-endorphin in rat plasma. ELISA assay showed that both
MF exposure and combination of MF with SNAP increased the plasma levels of B-
endorphin when compared to the sham group and administration of SNAP alone
(p<0.05). There is no significant difference between MF exposure and combination of
MF with SNAP (p>0.05).
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Figure 6. Plasma B-endorphin levels which were assessed by ELISA. * Plasma B-endorphin
levels of MF and SNAP+MF groups are significantly high when compared to Sham and
SNAP groups (p<0.05).
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Discussion

In the spinal cord, considerable evidence has demonstrated that NO contributes to the
development of hyperalgesia in models of acute and chronic pain [25]. Also, noxious
stimulation increased NO synthase (NOS) expression [26] and cyclic guanosine
monophosphate (CGMP) content [27] in the spinal cord. Our results were partially in line
with these studies of Meller, Gebhart and Garry. The present study shows that SNAP
(2 mg/kg) produces a significant hyperalgesia when administrated intraperitoneally.
Hyperalgesic effect which has a time window started at 45 min and maximal hyperalgesic
effect occurred at 75 min after SNAP administration. TFL values began to increase after
75 min and reached to the same level at that of sham group at 165 min. These findings
show that NO and SNAP as a NO donor may play a role in the cellular mechanism
leading to spinal hyper excitability and increased pain perception.

Repeated daily MF exposure has effects on analgesia and can modify other behaviors
[28]. Kavaliers and Ossenkopp also reported that a short repeated exposure of snail to
weak 60 Hz MF had antinociceptive effects [29]. Bao and colleagues [30] showed that
extremely low frequency magnetic field has antinociceptive effects in rats at Day 3 and 4
of 14 days repeated exposure. They used tail flick test at the end of each experiment day
in order to determine the changes in nociception. In our study, distinctly from the study of
Bao, rats were exposed to magnetic field for 6 days and TFLs were measured at 7
different time point in same day in order to determine the changes in nociception not only
in different days but also during daytime period. In the present study, there was no change
in nociception during daytime period. This finding may show that MF has no acute effect
on nociception. In the first two days of our study, there was no significant change in
nociception. This finding supports slow onset of antinociception produced by MF.
Antinociceptive effects of MF exposure occurred at Day 3 and peaked at Day 4 and then
decreased to the sham levels at Day 6. These results indicate that MF has an
antinociceptive effect which has a “time window” with a maximum at Days 3 and 4.
From Day 4, TFLs began to show a progressive decline. This may due to opioid
tolerance, which is characteristic effect of repeated administrations of opiates [31].

In the first 2 days of SNAP+MF group, nociceptive effects of multipl administration of
SNAP and MF were similar with SNAP group. At Days 3 and 4, there was significant
antinociception when compared to administration of SNAP alone. But TFLs of Days 3
and 4 of SNAP+MF group were prominently lower than TFLs of MF group. This
suggests that SNAP produces a hyperalgesic effect in SNAP+MF group, even at Days 3
and 4. But MF has overcome this hyperalgesic effect and total effect was determined as
antinociception.

Substance P is involved in the regulation and modulation of acute and chronic pain
transmission [32]. It is believed that substance P with other tachykinins is responsible for
nociceptive transmission from peripheral to the central nerve system [33]. Substance P
occurs in small and medium-sized neurons of substantia gelatinosa of the spinal dorsal
horn, as well as in peripheral and central endings of primary afferent fibers [34]. It is
shown that substance P excites pain-transmission neurons in the dorsal horn [35]. When
the neurotoxin capsaicin is used to destroy substance P-containing primary afferent
neurons, animals become unresponsive to a variety of noxious stimuli [36]. In the light of
these evidences, in the present study, we determined plasma substance P levels by using
ELISA. In SNAP group, the plasma substance P levels increased significantly when
compared to Sham, MF and SNAP+MF groups. There was no significant difference
between Sham, MF and SNAP+MF groups. Our findings may show that substance P
plays an important role in SNAP induced hyperalgesia and lowering substance P levels in
SNAP induced hyperalgesia may be part of antinociceptive effect of MF. TFLs of
SNAP+MF group were significantly low when compared to the MF group, although,
there was no significant change in the plasma levels of substance P. This may show that
there is an alternative mechanism in SNAP induced hyperalgesia aside from substance P.
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Numerous studies have indicated that the functional activity of endogenous opioid
systems can be modified by the imposition of acute noxious stimulation [37-39]. By
means of a variety of biochemical techniques, rats subjected to the chronic pain of
polyarthritis were shown to exhibit pronounced selective, reversible, and contrasting
alterations in the activity of the CNS and hypophyseal pools of P-endorphin (P-EP),
methionine-enkephalin (ME), and dynorphin (DYN) [40, 41]. It was indicated that the
degree of occupation of opioid receptors is enhanced under acute, stressful (noxious)
stimulation [42]. Because of the close relationship between opioids and pain perception,
in the present study, plasma p-endorphin levels were determined by ELISA. There was no
significant change in the levels of B-endorphin in SNAP group when compared to the
Sham group. In the MF and SNAP+MF groups, plasma B-endorphin levels were
significantly high when compared to sham and SNAP group. There is no difference
between MF and SNAP+MF groups. These findings may show that f-endorphin does not
play a role in hyperalgesia produced by SNAP and plays an important role in
antinociception produced by MF. From the Day 4, progressive decline in antinociception
produced by MF may support the assertion of opioid tolerance.

In summary, the present study shows that; (1) SNAP produces a hyperalgesia in rats and
substance P may play an important role in this hyperalgesia [2]. Stable levels of substance
P in SNAP+MF group may show that there is an alternative mechanism in SNAP induced
hyperalgesia aside from substance P [3]. MF exposure has an antinociceptive effect which
has a “time window” and B-endorphin plays an important role in this antinociception [4].
From the Day 4, the progressive decline in TFLs may be related to opioid tolerance. If
mechanism of this tolerance can be enlightened, MF may be an alternative choice in pain
treatment.
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