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Abstract

.............................

OBJECTIVES: Melatonin is a potent antioxidant agent and an anti-aging hormone.
Serum melatonin level declines during the menopause. Estradiol, a neuroprotective
ovarian hormone, also decreases during the menopause. The purpose of this study
is to evaluate the effect of melatonin supplementary on peripheral nerve function
in the ovariectomized (OVX)-aged rats.

METHODS: Randomly selected OVX-aged Wistar rats received injections of
melatonin (5 or 20 mg/kg) daily either two or six weeks. Nerve conduction veloci-
ties and distal latencies were determined from the propagation of action potential
recorded by using an extracellular electrophysiological technique.

RESULTS: The mean distal latencies of melatonin-treated groups were shorter than
that of the control group. Thus, the nerve conduction velocity was significantly
greater in both two weeks and six weeks melatonin treated groups as compared to
the controls (p<0.001).

CONCLUSION: Melatonin alleviates the electrophysiological properties of the sciatic
nerve in OVX-aged rats. Thus, melatonin supplementary may have a potential
clinical application for the treatment of postmenopausal peripheral nerve degenera-
tion.

.....................................................................
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INTRODUCTION

Estradiol deprivation has been implicated as a
risk factor in neurological disorders, and estradiol-
mediated neuroprotection has been described in
several in vitro model systems (Behl, 2002; Bhavnani,
2003; Cholerton et al. 2002). Estradiol can interact with
neuroprotective intracellular signaling pathways and is
itself a neuroprotective antioxidant. Estradiol serves as
a free-radical scavenger in preventing nerve cell death
induced by various oxidative insults (Bhavnani, 2003;
Garcia-Segura et al. 2001).

Melatonin is the main pineal hormone that is com-
monly produced and secreted at night. Melatonin pro-
tects cells from oxidative stress which was represented by
scavenging free radicals (Yon et al. 2006; Tan et al. 2002)
and regulating the activity and expression of antioxidant
enzymes (Swiderska-Kolacz et al. 2006; Antolin et al.
1996; Urata et al. 1999). Melatonin has an anticytotoxic
and anticarcinogen activity (Anisimov et al. 2006, Di
Bella and Gualano 2006). Furthermore, melatonin has a
geroprotective effect and may exert for the prevention of
premature aging (Anisimov et al. 2006).

Pappolla et al. (2002) demonstrated that the neuro-
protective action of melatonin was likely related to the
antioxidant properties of melatonin. Feng and Zhang
(2005) reported that melatonin administration in OVX
rats led to reduced oxidative stress and consequently
reduced neuronal apoptosis.

OVX female rat model has been widely used to mimic
postmenopausal pathophysiological changes in women
(Sato et al. 2003). Therefore, we hypothesize that oxida-
tive stress might be involved in postmenopausal elec-
trophysiological changes. Melatonin as an endogenous
antioxidant might somewhat protect neuropathic injury.
In this paper, we used the OVX rat model to explore
roles of melatonin on postmenopausal peripheral nerve
degeneration.

MATERIAL AND METHODS

Melatonin was first dissolved in absolute ethanol to
prepare stock solution. Then, final concentration of 5
and 20 mg/ml melatonin solutions were daily prepared
by diluting stock solution with 0.9% saline. The Krebs so-
lution containing 124 mM NaCl, 5mM KCl, 1.2 KH,PO,,
1.3 MgSO,, 2mM CaCl,, 26 mM NaHCO3, and 10 mM
glucose was used in the experiment. Deionized water was
used to prepare the solutions. Krebs solution was bubbled
with 95% O, + 5% CO,. All chemicals were purchased
from Sigma Chemical Co (St. Louis, MO, USA) and used
as received.

Four months old adult female Wistar Albino rats
(200+25 g; n=64) were obtained from the Experimental
Animal Center, Adnan Menderes University, Aydin, Tur-
key. The protocol for the experiment was approved by the
Adnan Menderes University’s Animal Experimentation
Ethics Committee. Adult female Wistar rats were kept
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in conventional room with controlled light (12:12, dark:
light), temperature (22+1 °C), relative humidity (40-50%)
and ventilation (15 air changes per hour). They had free
access to standard laboratory feed and water ad libitum.
They were allowed to adapt to their environment for 1
week prior to the experiments

All animals were anesthetized intraperitoneally with
50 mg/kg ketamine hydrochloride and 5 mg/kg xylazine.
Then, bilateral ovariectomies were performed through
flank incisions as previously described (Feng and Zhang,
2005).

Twelve months after the ovariectomy, animals were
randomly divided into two main groups depending
on treatment interval (either two weeks or six weeks
treated groups). Each main group (n=24) was divided
into three subgroups such as 5mg/kg intraperitoneal
(i.p.) melatonin injected group , 20 mg/kg i.p. melatonin
injected group, and i.p. 5% ethanol saline injected group
(control group). Also, only i.p. saline injected group
(n=8) was added as another control group. By including
two different control groups, the effect of ethanol-saline
solution and i.p. injection were eliminated in this experi-
mental setup. Body weights were monitored before and
at the end of the treatment.

The sciatic nerves were dissected from rats under ether
anesthesia before animals were sacrificed by decapitation.
The sciatic nerves were placed carefully in Petri dishes,
containing Krebs solution which was flushed with 95%
0, + 5% CO,. The nerves were freed of fat and connec-
tive tissue before placed on a 15 parallel stainless steel
Ag/AgCl electrodes (5 mm interelectrode distance) in a
plexiglass nerve chamber. This part of experiment was
carried out at 37 °C. The width of the chamber was 5cm
and its length was 15 cm. Nerve conduction velocities
were measured using the MP100 data acquisition and
analysis system (BIOPAC Systems, Inc., Santa Barbara,
CA). During the measurements, supramaximal stimulus
(Single square pulse, 7V, 1ms duration) generated by a
MP 100 stimulator was used to stimulate the nerves.

All data are expressed as the mean =+ standard error of
the mean (SEM). One-way analysis of variance (ANOVA)
followed by Tukey test was used for multiple comparison.
For a single comparison, the significances of differences
between means were determined by paired t test. Values
of p<0.05 were considered statistically significant in all
evaluations.

RESULTS

There were significant differences between control
and melatonin treated animals regarding distal latencies
and conduction velocities (p<0.001). Mean distal laten-
cies of experimental groups were shorter than that of the
control group (Figure 1). There were no statistically sig-
nificant differences among distal latencies of melatonin
treated groups (p>0.05). Also, no statistically significant
difference was found between the latencies of ethanol
administrated groups (p>0.05).
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Peripheral nerve conduction velocities in the OVX-
aged rats increased approximately 68% and 77% in two-
and six-weeks melatonin-treated groups, respectively
(Figure 2). Increases were statistically significant in all
melatonin-treated groups compared to the controls (con-
trol vs 5mg Mel 2wk, p<0.05; control vs 5mg Mel 6 wk,
p<0.001; control vs 20 mg Mel 2 wk, p<0.001; control vs.
20mg Mel 6wk, p<0.001). However, there was not any
statistically significant change among the melatonin-
treated groups (p>0.05).

Mean body weights of OVX-aged rats were decreased
after melatonin treatment (Table 1). These differences

were statistically significant (p<0.05). However, there
were not statistically significant changes among the
control groups (5% ethanol saline and saline injected
groups, p>0.05).

DISCUSSION

Various pathological processes such as generalized or
localized neuropathies, nerve injuries, pinched nerves,
etc., were result in changes in latencies, motor and/or
sensory amplitudes, or slowing of the conduction ve-
locities to differing degrees. Therefore, nerve conduction
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velocity (NCV), the speed of conduction of an electrical
impulse through a nerve, is used to evaluate the damage
and destruction of nerves and it may helpful to diagnosis
certain diseases of the nerves.

Previous reports have shown that estrodiol has a
wide range of actions in the nervous system, including
neuroprotection and potentiation of nerve regeneration
(Wise et al. 2001). However therapeutic applications of
estrogen are severely limited because of its adverse side
effects in reproductive organs. Islamov et al. reported
that a positive role of estrogen on regeneration of pe-
ripheral nerves and in their study, systemic delivery of
the estrogen significantly enhanced regeneration of the
sciatic nerve in OVX female mice (Islamov et al. 2002).
Also serum melatonin concentrations were sensitive to
estrogen administration (Kerdelhue et al. 2006). There-
fore the ovariectomized rat model was used to restrict
the effect of estrogen during the melatonin treatment.
Comelekoglu et al. (2005) reported that there were no
statistically significant differences in the amplitude
and area of compound action potential between OVX
and control group. But, distal latency was significantly
increased and subsequently the conduction velocity was
reduced in OVX group. The similar results were also
determined in our study. The conduction velocities were
decreased in OVX rats compared to that of non-OVX
rats (Data is not shown).

Ladizesky et al. (2003) suggested that ovariectomy
augmented body weight, whereas melatonin treatment
reduced it. Our present results support such an action of
melatonin on body weight.

Melatonin enhances the in vitro and in vivo repair of
severed rat sciatic nerve (Stavisky et al. 2005). Melatonin
also has neuroprotective effect on experimental brain
injury (Ates et al. 2006). Even though there are not
traumatic injuries in sciatic nerve in OVX-aged rats,
the sciatic nerves are affected by estradiol depletion in
OVX-rats. Our data suggested that melatonin admin-
istration enhances nerve conduction velocity in the
OVX-aged rat sciatic nerve. In contrast, there were no
statistically significant differences in the conduction
velocity between 5mg/kg ip melatonin treatment for
two weeks and 20 mg/kg ip melatonin treatment for six
weeks (p>0.05). Feng and Zhang (2005) reported that
the antioxidant effect of 5 mg/kg melatonin treatment
was almost as strong as those at higher dose (20 mg/kg)
in the OVX rat. Therefore, our results provide possible
evidence that intermediate-term; low-dosage (5 mg/kg)
melatonin administration could give beneficial effects
for postmenopausal women.

Feng et al. (2004) reported that long-term supplemen-
tary of melatonin might alleviate the postmenopausal
CNS learning and memory deficit in adult ovariecto-
mized rats. However, the exact impacts of the melatonin
supplementary on peripheral nerve functions in the
OVX-aged rats remain unclear until to this study.

In conclusion, we demonstrate that melatonin supple-
mentary alleviated the postmenopausal peripheral nerve
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Table 1. Mean body weights of the experimental groups of OVX-
aged rats.

Groups B - p-value
Before treatment After Treatment

SRuoiel! 324.5+9.3 299.4+8.0 0.018
2wk

5mg Mel 356.2+13.5 31554115 0.017
6wk

e 345.6+19.2 31834186 0.045
2wk

20 mg Mel 323.8+17.6 274.5+13.9 0.027
6wk

=il 317.5+13.1 301.6+9.7 0.115
2wk

EtOH 305.8+12.2 290.3+4.8 0.185
6wk

Control 299.4+6.5 289.349 0505

* Melatonin treatments cause statistically significant differences
(p<0.05) on the mean body weight of experimental groups.

degeneration. Thus it provides some evidence to justify
the use of melatonin in clinical trials to treat postmeno-
pausal women.

REFERENCES

1 Anisimov VN, Popovich IG, Zabezhinski MA, Anisimov SV, Ves-
nushkin GM, Vinogradova |A (2006). Melatonin as antioxidant,
geroprotector and anticarcinogen. Biochem Biophys Acta, 1757:
573-589.

2 Antolin |, Rodriguez C, Sainz RM, Mayo JC, Uria H, Kotler ML, et
al (1996). Neurohormone melatonin prevents cell damage: effect
on gene expression for antioxidant enzymes. FASEB J, 1996; 10:
882-890.

3 Ates O, Cayli S, Gurses |, Yucel N, Iraz M, Altinoz E, et al (2006).
Effect of pinealectomy and melatonin replacement on morpho-
logical and biochemical recovery after traumatic brain injury. Int
J Dev Neurosci, 24: 357-363.

4 Behl C(2002). Oestrogen as a neuroprotective hormone. Nat Rev
Neurosci, 3: 433-442.

5 Bhavnani BR (2003). Estrogens and menopause: pharmacology
of conjugated equine estrogens and their potential role in the
prevention of neurodegenerative diseases such as Alzheimer’s. J
Steroid Biochem Mol Biol, 85: 473-482.

6 Cholerton B, Gleason CE, Baker LD, Asthana S (2002). Estrogen
and Alzheimer’s disease: the story so far. Drugs Aging, 19: 405-
427.

7 Comelekoglu U, Yalin S, Hatungil R, Bagis S, Ogenler O, Coskun B,
et al (2005). Electrophysiological and histological changes in pe-
ripheral nerves in ovariectomized rats. Neuroanatomy, 4 (Suppl.
1): 38.

8 Di Bella L, Gualano L (2006). Key aspects of melatonin physiol-
ogy: Thirty years of research. Neuro Endocrinol Lett, 27: 425-432.

9 FengZ, ChengY, Zhang JT (2004). Long term effects of melatonin
and 17B-estradiol on improving spatial memory performance in
cognitively impaired ovariectomized adult rats. J.Pineal Res, 37:
198-206.

10 Feng Z and Zhang JT (2005). Long-term melatonin or 17beta-
estradiol supplementation alleviates oxidative stress in ovariec-
tomized adult rats. Free Radic Biol Med, 39: 195-204.

Neuroendocrinology Letters Vol.28 No.5 2007 - Article available online: http://node.nel.edu

669



Rauf Onur Ek, Serife Gokce Zencirci, Turhan Dost, Mustafa Birincioglu, Mehmet Dincer Bilgin

670

11 Garcia-Segura LM, Azcoitia |, Doncarlos LL (2001). Neuroprotec-
tion by estradiol. Prog Neurobiol, 63: 29-60.

12 Islamov RR, Hendricks WA, Jones RJ, Lyall GJ, Spanier NS, Mu-
rashov AK (2002). 17beta-Estradiol stimulates regeneration of
sciatic nerve in female mice. Brain Res, 943: 283-286.

13 Kerdelhue B, Andrews MC, ZhaoY, Scholler R, Jones HW Jr (2006).
Short term changes in melatonin and cortisol serum levels af-
ter a single administration of estrogen to menopausal women.
Neuro Endocrinol Lett, 27: 659-664.

14 Ladizesky MG, Boggio V, Albornoz LE, Castrillon PO, Mautalen
C, Cardinali DP (2003). Melatonin increases oestradiol-induced
bone formation in ovariectomized rats. J Pineal Res, 34: 143-
151.

15 Pappolla MA, Simovich MJ, Bryant-Thomas T, Chyan YC, Poeg-
geler B, Dubocovich M, et al (2002). The neuroprotective ac-
tivities of melatonin against the Alzheimer B-protein are not
mediated by melatonin membrane receptors. J Pineal Res, 32:
135-142.

16 Sato T, Teramoto T, Tanaka K, Ohnishi Y, Iriftune M, Nishikawa T
(2003). Effects of ovariectomy and calcium deficiency on learn-
ing and memory of eight-arm radial maze in middle-aged fe-
male rats. Behav Brain Res, 142: 207-216.

17 Stavisky R.C., Britt J.M., Zuzek A, Truong E, Bittner GD (2005).
Melatonin enhances the in vitro and in vivo repair of severed rat
sciatic axons. Neurosci Lett, 376: 98-101.

18 Swiderska-Kolacz G, Klusek J, Kolataj A (2006). The effect of
melatonin on glutathione and glutathione transferase and glu-
tathione peroxidase activities in the mause liver and kidney in
vivo. Neuro Endocrinol Lett, 27: 365-368.

19 Tan DX, Reiter RJ, Manchester LC, Yan MT, El-Sawi M, Sainz RM, et
al (2002). Chemical and physical properties and potential mech-
anisms: melatonin as a broad spectrum antioxidant and free rad-
ical scavenger. Curr Top Med Chem, 2: 181-197.

20 Urata Y, Honma S, Goto S, Todoriki S, lida T, Cho S, et al (1999).
Melatonin induces gamma-glutamylcysteine synthetase medi-
ated by activator protein-1 in human vascular endothelial cells.
Free Radical Biol Med, 27: 838-847.

21 Wise PM, Dubal DB, Wilson ME, Rau SW, Bottner M (2001). Mini-
review: neuroprotective effects of estrogen-new insight into
mechanisms of action. Endocrinology, 142: 969-973.

22 Yon JH, Carter LB, Reiter RJ, Jevtovic-Todorovic V (2006).
Melatonin reduces the severity of anesthesia-induced apoptotic
neurodegeneration in the devoloping rat brain. Neurobiol Dis,
21:522-530.

Copyright © 2007 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



