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Abstract

Background and Objective: Magnesium is a critical cation in human body that can block some receptors and channels
associated with nociception. Aerobic exercise (AE) increases pain threshold in athletes. In this study, we investigated
the effects of chronic administration of magnesium oxide nanoparticles (MgONPs) and MgO on nociception in the
presence and absence of AE-induced analgesia. Materials and Methods: Adult male Wistar rats were divided into
six groups: Two controls (saline and exercise groups), four intervention groups: MgONPs and bulk MgO groups
(receiving intraperitoneal 1 mg/kg for 5 days/week and 6 weeks) with and without exercise. The exercise groups were
trained 30 min using treadmill after the injections. At the end of the 6" week, analgesia time was evaluated by hot plate
test. Results: AE significantly reduced pain response compared with the control group (P < 0.01). In addition, both
MgO and MgONPs significantly reduced pain response than the control group (P < 0.001). There were no significant
differences between analgesic effect of exercise alone and MgO or MgONPs with exercise. Conclusion: The analgesic
effects of AE and MgO supplements are probably induced by common mechanisms in the central nervous system.
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INTRODUCTION mice-induced analgesic and anti-inflammatory effects in some
pain tests.l*” On the other hand, exercise and physical activity
ain is a defensive and protective mechanism can activate endogenous analgesic mechanisms through
Pand one of the most unpleasant feelings  different pathways; therefore, pain threshold in athletes is

in life; therefore, many efforts have been  higher compared with ordinary people.!®!

done to control and reduce it.! Magnesium

(Mg) is an essential mineral and a cofactor for Body magnesium is consumed during physical activities
many enzymatic reactions involving in various  which results in negative effects on energy metabolism
processes including cell growth and proliferation, and physical activity and some athletes use magnesium

i ivity.? Tt i . . . .
muscle contractlon,. and nerve activity. I.t 1S supplements for their optimal performance.”'” In line with
shown that magnesium sulfate and magnesium

chloride alone or in combination with pain-
reducing drugs such as some opioid analgesics can
significantly reduce the pain.) With developing
nanotechnology in recent years, usage of
nanomaterials is rapidly increased. Furthermore,
metal oxide nanoparticles such as magnesium
oxide nanoparticles (MgONPs) have been used
in different cases including medical conditions
and physiological responses.* An animal
study showed that acute intake of MgONPs in
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ion in exercise

our previous studies on MgONPs and pain perception in
animal models,!®” this study was aimed to comparatively
investigate the effects of chronic administration of MgONPs
and MgO on nociception in the presence and absence of
aerobic exercise-induced analgesia in adult male rats.

MATERIALS AND METHODS

A total of 60 adult male Wistar rats (weighing 185 + 20 g)
were used and housed in groups of 4 per cage and kept
under standard laboratory conditions (temperature 22 + 2°C,
12:12 h light:dark cycle). After 1 week, they were randomly
divided into six homogenous groups (n = 10) and treated
daily (5 days/week) for 6 weeks as follows: Saline control
group, groups that received saline with exercise, groups that
received MgO (Merk Co; Germany) and MgONPs (Lolitech
Co; Germany, <100 nm) [Figure 1] (1 mg/kg, intraperitoneal
injection) with and without exercise.

For injection of MgONPs and MgO, they were dispersed in
saline 0.9%, by ultrasonic bath (S2600) for 15 min. All drugs
injected at the dosage of 10 ml/kg. 30 min after injection,
training groups allowed exercising.

Treadmill training began by familiarizing the rats with the
apparatus for 4 days by placing them on the motorized-driven
treadmill. The training group exercised 5 days/week for
6 consecutive weeks. The exercise period was divided
into the three steps: Introductory stage: In the 1% week,
rats exercised on a treadmill at a speed of 10 m/min. The
angle of inclination was 0%, and a running time was 10—15
min/ day, overload stage: In the 2" and 3™ weeks, the speed
was increased to 12-28 m/min with a 0% gradient and the
duration was increased to 15-60 min/day and maintains stage
or stabilizes the work intensity: In 4"—6% weeks, the speed
remained constant at 28 m/min, the angle of inclination was
0%, and the exercise duration was 60 min/day.!'1?!

According to the procedure of test, rats were placed on a hot
plate maintained at 53 + 0.5°C and the latency to lick the

Figure 1: Scanning electron microscopic image of magnesium
oxide nanoparticles powders
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hind paw was recorded as pain index. A 45 s cutoff point was
used to prevent tissue damage if no response occurred.!3] All
tests took place in resting day for exercise groups without
any injection.

Data are presented as mean + standard error of mean.
Statistical differences were determined by ANOVA tests
followed by the Student Newman Keuls post hoc test. Instate
was used for data analysis. P < 0.05 was considered as
significant level for all statistical analyses.

RESULTS

Effect of Exercise Activity, MgO, and MgONPs with
and without Exercise on Nociception

The results show that exercise increased latency time
compared with the group that just received saline indicating
antinociception effect of exercise after 6 weeks [Figure 2a].
In addition, the MgO supplements increased latency time
at the equal level in both groups in comparison with the
control group (P < 0.001) indicating antinociception effect
of MgO supplements [Figure 2b]. There are no significant
differences between groups that doing exercise and receiving
MgO/MgONPs compared to the exercise group alone or with
each other [Figure 2c].

DISCUSSION

The results of this study showed a significant analgesic
improvement in hot plate test following a 6-week period
exercise [Figure 2]. The results demonstrated that this
exercise period has analgesic effects in adult male rats.® Data
showed a significant increase in latency time to heat stimulus
in rats following MgO and MgONPs administration that
support the findings of other similar studies.[” It is possible
that magnesium administration prevents the transmission
of the pain message to higher centers through N-methyl-
D-aspartate (NMDA) receptors’ antagonist.!'*!*] Magnesium
is an antagonist of the NMDA receptor, and by blocking the
receptor, magnesium prevents the entry of calcium to cell and
consequent activation of the enzymes contributing in pain
transmission process.'® By blocking receptor channel and
controlling its phosphorylation, magnesium controls message
transmission as well as understanding of pain in the nervous
system.['] Results of this study imply magnesium role in
mitigating pain. In addition to controlling NMDA receptors,
the other possible analgesic mechanism of magnesium is
affecting the purine receptors.['!% Pain activates the receptors
and releases glutamate-inducing amino acids and initiates the
process of pain generation and transmission.!"!) Regarding
the blocking property exhibited by magnesium in NMDA
receptors as well as its controlling effect in porini receptors,
the results of hot plate test would be justifiable. It seems that
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Figure 2: The comparisons of latency times between the different groups. Each bar shows mean + standard error of mean. The **
and ***, respectively, denotes significant difference of P < 0.01 and P < 0.001 between the group and the respective control group

the pain mitigating effect of magnesium occurs to controlling
the receptors and blocking NMDA receptors.

The results showed no significant difference between
exercising groups and the groups that received MgO/
MgONPs with exercising. Heavy exercises discharge
magnesium through changing the blood magnesium level
or through increased urination and sweat.”? It seems
that the amount of magnesium consumed in this study
was substituted with the probable discharged on during
exercising.

CONCLUSION

There was no difference between chronic usage of MgONPs
and MgO on nociception and exercise activity could not
change their efficacy. The benefit and harmful effects of
chronic usage of MgONPs as a new source of magnesium in
athletes need to more investigation.

REFERENCES
1. Riedel W, Neeck G. Nociception, pain, and
antinociception: Current concepts. Z Rheumatol

2001;60:404-15.

2. Newhouse 1J, Finstad EW. The effects of magnesium
supplementation on exercise performance. Clin J Sport
Med 2000;10:195-200.

3. Benhaj Amor M, Barakette M, Dhahri S, Ouezini R,
Lamine K, Jebali A, et al. Effect of intra and postoperative

10.

11.

International Journal of Green Pharmacy ¢ Oct-Dec 2017 (Suppl) ¢ 11 (4) | S894

magnesium sulphate infusion on postoperative pain.
Tunis Med 2008;86:550-5.

Kesmati M, Sargholi Notarki Z, Issapareh N, Torabi M.
Comparison the effect of zinc oxide and magnesium
oxide nano particles on long term memory in adult male
mice. Zahedan J Res Med Sci 2016;18:e3473.

Kesmati M, Konani M, Torabi M, Khajehpour L.
Magnesium oxide nanoparticles reduce anxiety induced
by morphine withdrawal in adult male mice. Physiol
Pharmacol 2016;20:197-205.

Kesmati M, Zadehdarvish F, Jelodar Z, Torabi M.
Vitamin C potentiate sedative effect of Magnesium
oxide nanoparticles on anxiety and nociception in the
postpartum depression model. Nanomed J 2017;4:17-24.
Jahangiri L, Kesmati M, Najafzadeh H. Evaluation
analgesic and anti-inflammatory effect of nanoparticles
of magnasium oxide in mice with and without ketamin.
Eur Rev Med Pharmacol Sci 2013;17:2706-10.

Kesmati M, Ghadiri Tadi A, Chinipardaz R. The effect
of physical activity duration on acute and chronic
pain in the presence and absence of naloxone. Physiol
Pharmacol 2005;8:155-62.

Bohl CH, Volpe SL. Magnesium and exercise. Crit Rev
Food Sci Nutr 2002;42:533-63.

Amaral AF, Gallo L Jr., Vannucchi H, Crescéncio JC,
Vianna EO, Martinez JA, et al. The effect of acute
magnesium loading on the maximal exercise performance
of stable chronic obstructive pulmonary disease patients.
Clinics (Sao Paulo) 2012;67:615-22.

Kesmati M, Torabi M, Malekshahi Nia H, Zamaneh HT.
Effect of chronic administration of zinc supplements
(Zno and nano Zno) with and without aerobic exercise




ion in exercise

12.

13.

14.

15.

on nociception in male rats. Physiol Pharmacol
2013;16:415-22.

Ghanbari Niaki A, Mohammadi Joojadeh F, Zare
Kookandeh N, Najafi S, Chaichi MJ, Rodbari F, ef al.
Liver and plasma nesfatin-1 responses to 6 weeks of
treadmill running with or without Zizyphus jujuba
liquid extract in female rat. Int J Endocrinol Metab
2013;11:95-101.

Bryant CD, Eitan S, Sinchak K, Fanselow MS, Evans CJ.
NMDA receptor antagonism disrupts the development
of morphine analgesic tolerance in male, but not female
C57BL/6J mice. Am J Physiol Regul Integr Comp
Physiol 2006;291:315-26.

Petrenko AB, Yamakura T, Baba H, Shimoji K. The role
of N-methyl-D-aspartate (NMDA) receptors in pain: A
review. Anesth Analg 2003;97:1108-16.

Bleakman D, Alt A, Nisenbaum ES. Glutamate receptors

International Journal of Green Pharmacy ¢ Oct-Dec 2017 (Suppl) * 11 (4) | S895

and pain. Semin Cell Dev Biol 2006;17:592-604.

16. Vyklicky V, Korinek M, Smejkalova T, Balik A,
Krausova B, Kaniakova M, et al. Structure, function,
and pharmacology of NMDA receptor channels. Physiol
Res 2014;63 Suppl 1:S191-203.

17. Nechifor M. Magnesium involvement in pain. Magnes
Res 2011;24:220-2.

18. Gu JG, MacDermott AB. Activation of ATP P2X
receptors elicits glutamate release from sensory neuron
synapses. Nature 1997;389:749-53.

19. Giniatullin R, Sokolova E, Nistri A. Modulation of
P2X3 receptors by mg2+ on rat DRG neurons in culture.
Neuropharmacology 2003;44:132-40.

Source of Support: Nil. Conflict of Interest: None declared.




