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SUMMARY: Oxidative stress and inflammation are the key players in the development of motor dysfunction post-spinal cord
ischemic reperfusion injury (SC-IRI). This study investigated the protective effect of concomitant pre-administration nfmagldto
alpha-tocopherol on the early complications (after 48 hours) of spinal cord IRI injury in rats. Melatanito@ypherol were pre-
administered either individually or in combination for 2 weeks, then rats were exposed SC-IRI. Neurological examinatitirsdof the
limbs and various biochemical markers of oxidative stress and inflammation in the SC tissue were assessed. Solely pageadafinistr
either melanin oo-tocopherol significantly but partially improved motor and sensory function of the hind limbs mediated by partial
decreases in SC levels of MDA, AOPP and PGE?2 levels and activities of SOD, partial significant decreases in plasmatkdvels of to
nitrate/nitrite and significant increases in AC activity of GSH-Px. However, combination therapy of both drugs resultaebimtben
improvements in all neurological assessments tested and biochemical endpoints. In conclusion, by their synergistic anti@axitant
inflammatory actions, the combination therapy of melatonincat@topherol alleviates SC-IRI induced paraplegia.
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INTRODUCTION

Currently, it is estimated that more than 500,006pid peroxidation, inflammation and apoptosis (Saketai
patients are diagnosed with spinal cord injury (SCI) evedl-, 1998). In this regard, SC-IRI induced oxidative stress
year worldwide (Yanget al, 2016). Unfortunately, those €xaggerated the expression of cyclooxygenase (COX)
patients experience serious complications and impairmer@gzyme (Kaur & Sanyal, 2010) leading to massive increases
including partial to complete sensory loss, paraplegia, aftispinal levels of prostaglandin E2, a major inflammatory
neurogenic bladder and bowel dysfunction (Moesyal, ~mediator in this tissue and the key factor in SC-IRI induced
2010). This has been also shown in our labs as well asurological deficits in hind limbs (Morgy al). In addition,
other authors in experimental animals exposed to SCI Bfostaglandin E2 and the associated inflammatory reaction
SCl-ischemia reperfusion (CS-IRI) (Basleir al, 2012). can generate high levels of nitric oxide (NO), which can
Secondary injury stage post-SC damage is the major evé#ither reacts with superoxide anion leading to the formation
leading to worsening the SC damage and motor functiopf peroxynitrite (NOO-), a highly toxic free radical,
This occurs within minutes to hours after the primary insulfdicating a vicious cycle between spinal SC-IRI induced
as a Comp|ex array of mu|tip|e interconnected)Xidative stress and inflammation (Bao & Liu, 2003)
pathophysiological processes including oxidative stress,
inflammation, excitotoxicity (Yanet al). With our current understanding of the pathophysiology of

the disease, innovative continuous attempts are currently run

Indeed, investigation of the molecular mechanism&nd being given more attention in the hope that an increasing
underlying SC-IRI in both animals and human revealegumber of therapies for SCI will emerge from the animal's
crucial roles of the increase in intracellular calcium level#ivestigations. The effects of currently available therapies
overproduction of reactive oxygen species (ROS), enhanci@ generally limited and cautious with their limited output
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and their associated unwanted side effects (8&#ly 2011). amelioration of NO and PGE2 production and complete
For example, most of the available regenerative theramhibition of increased lipid peroxidation (Morsy al).
including adoptive cell transplantation needs further
investigation and consideration to overcome the effects of Given the partial protective effects of melatonin and
inhibitory molecules, the glial scar, and use of tissualpha-tocopherol, the present study was designed to explore
engineering sategies (Bernes & Karin, 1997; Zhanty the possible prophylactic effect of combined melatonin and
al., 2013). In addition, the use of glucocorticoids is often-TOL administration prior to the onset of SC-IRI in rats
linked to a series of harmful adverse side effects aft&'om perspective of their combined anti-oxidant and anti-
prolonged use including the dose-dependent brittle bonelammatory actions.
and increase in weight gain (Yarg al). Also, this could
be attributed to the single use of either antioxidant or anti-
inflammatory agents. In this regard, the accumulativiélATERIAL AND METHOD
evidence is currently recommending the use of a
combination therapy of various individual effective drugs
with various targets as a new strategy for the treatmentArimals and experimental procedurepProcedures of this
numerous disorders (CDER, 2013). randomized controlled animal experiment study were
approved by the ethical committee of the College of Medi-
Melatonin, a pineal gland-derived hormone, as wetline at King Khalid University, Abha, Saudi Arabia and
as its metabolites, have been well described as a potent afioitow the animal use guidelines established by the US
oxidant agent against both oxidative and nitrosative strelational Institutes of Health (NIH publication No. 85-23,
(Tanet al, 2000) as well as an anti-inflammatory agentsevised 1996). Healthy adult male Sprague-Dawley rats were
Additionally, melatonin has the ability to facilitate adapted together for a one week period in a temperature
angiogenesis and wound healing (Szczepanik, 2007). Tgg3+1 °C), humidity (40-65 %) and 12-h light/dark cycle a
vast and ubiquitous distribution of melatonin receptors withicontrolled room. During the adaptation and experimental
the nervous system including the brain and the SC indicafgsriod, animals were fed semipurified standard AIN-93G
its role in providing neuroprotection (Silet al, 2005). diet and had free access to drinking water ad libitum.
Indeed, in experimental animal models of SCI modeMelatonin (Sigma, St Louis, USA) was always dissolved
melatonin promoted full repair of the damaged blood—Sftesh in normal saline whereastocopherol (Sigma, St
barrier (Wuet al, 2014). Also, pre-treatment with melatoninLouis, USA) was always diluted in 0.1 ml of coconut oil to
fully restored SC GSH levels but partially reduced the levetheir final concentrations. Rats were randomly divided into
of malondialdehyde (MDA) and cleaved caspase-3 activifive groups (n = 10/group) as:
after 48 hours of SC-IRI induction (Aydendt al., 2016).
Similar results were obtained by other investigator$) a control group: which underwent no surgery and received
(Aghazadelet al, 2007). These data indicate that the additionormal saline (i.p) as a vehicle,
of any other potent inflammatory or antioxidant agent ma¥) a sham-operated group: which were subjected to
act synergistically with melatonin to afford a full protectiodaparotomy procedure but without clamping of the aorta,
against SCI-IRI. 3) an ischemic reperfusion injury—induced group (SC-IRI):
which were subjected to laparotomy and clamping the aorta
On the other hands-tocopherol is one of the most as explained below,
potent biological a lipid-soluble chain-breaking antioxidarnd) a melatonin pretreated and then SC-IRI-induced group
and ROS scavenger in most the body tissues including {&C-IRI+Mel): which were pretreated with melatonin 15 mg/
neural tissue (Tarmt al., 2007; Birbenet al, 2012). kg (1x/day, i.m.) for 2 weeks then exposed to SC-IRI.
Interestingly, by acting through inhibiting lipid peroxidationMelatonin dose was selected based on the study of etGul
and ROS scavengingi-tocopherol supplementation al., 2005) who showed the partial protective effect of
significantly reduced the motor disturbance induced by S@ielatonin on SC-IRI.
(Iwasaet al, 1989) and significantly but partially improved5) ana-tocopherol pretreated and then SC-IRI-induced group
the SC evoked potentials of both amplitude and latency (8C-IRI+a-tocopherol): Which were pretreated with an oral
control rats (lwasa & lkata, 1988). Alsestocopherol has dose obi-tocopherol (600 mg/kg, 2x/week, i.p.) for 2 weeks
reparative effects on SCI and it partially enhanced meand then exposed to SC-IRI. Such dose was selected based
motor score in SCI patients. In our labs, we have algm our study (Morsyet al) where we have shown that
demonstrated that administration of a calibrated dose of tocopherol at this dose for 2 weeks was able to partially
tocopherol to rats significantly but partially resorted motarestore motor and sensory functions in the hind limbs after
and sensory function of the hind limbs after SC-IRI by parti&C-IRI.
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6) a melatoninda-tocopherol pretreated rats and then SQaormally evokes a coordinating lifting and placing response
IRI-induced group (SC-IRI+Mel+w-tocopherol): Which which was graded as follows: 0 = normal; 1 = weak; and 2 =
were pretreated with a concomitant dose of melatonin and stepping (Marsala & Yaksh, 1994).
a-tocopherol using same routs described in groups 4 and 5,
respectively, for 2 weeks and then exposed to SC-IRI. Blood sampling and biochemical measurements Forty-

eight hours after the induction of SC-IRI, overnight fasted
Induction of SC-IRI. Induction of SC-IRI in rats was done rats were anesthetized with sodium pentobarbital (50 mg/kg,
as previously described by us and other (Akgual, 2004; i.p.) and blood samples were collected directly into EDTA
Morsy et al). In brief, unventilated rats anesthetized withubes, centrifuged at 1000 rpm for 15 min to collect plasma
ketamine (50 mg/kg; i.m.) and their femoral and carotid arteri@ghich was then stored at -8C for any further use. Plasma
were canulated to measure distal arterial pressure (DAP) dadels of nitrite and nitrate were measured using Cayman assay
proximal arterial pressure (PAP), respectively. The midlinkit (cat. no. 780001). This kit utilizes 2 reaction in which the
laparotomy was conducted to locate the abdominal aorta whiitst reaction converts nitrate to nitrite using nitrate reductase
was isolated from the surrounded connective tissue. In S@nd the second reaction utilizes Griess Reagents to convert
IRI induced groups, aortic cross-clamping was achieved Ijtrite into a deep purple azo compound that can be read at
placing the clamp over the abdominal aorta under the left '840 nm. All procedures followed the manufacturer's instruction
nal vein and just above the bifurcation for 45 minutes. Thend were performed in duplicates. Results are presented as
has been confirmed by the immediate sustained decreasetbial levels of nitrate+nitrite and expressed as mM.
DAP. In this procedure and to maintain the PAP approximately
at 40 mmHg during the occlusion of the abdominal aorta, tiireparation of lumber spinal cord homogenates for
blood was collected in a collecting circuit filled with Histopathological examination and biochemical
heparinized saline (4 U/ml of saline) and maintained 8C37 measurements Rats were killed using cervical dislocation
which was reperfused back to the rats over a period of 1 minuteder anesthesia. Lumber spinal cord segments, (@"&nd
after the clamp release. Similar procedure without clampir&j) from all rats were collected. Spinal cord segments from
was used in the sham-operated rats. During the surgery, bddyr rats in each group were used for histopathological
temperature was continuously monitored and maintained @tamination using haematoxlin and eosin stains under light
37°C and the rat was injected with heparin (150 1U/kg) at thaicroscope, while the SC segments from the other 6 rats were
beginning of the surgery. Wounds were sutured and all anim&lsmogenized in ice-cold lysis buffer (pH 7.4) consisting of
were allowed to recover in their cages. Rats included in this1 M phosphate, 1 mM EDTA, 10 mM indomethacin using a
study were those which developed complete hind limtube pestle and acetone was added in a ratio of 2:1 v:v to the
paralysis, hematuria or 25 % reduction in their body weighttomogenate. Then, all homogenates were centrifuged at 1500
after 24 hours. Then these animals were killed by an overdagen for 10 min at 4C to collect supernatant which was stored
of thiopental sodium (75 mg/kg i.p.) followed by cervicalat -80°C.
dislocation.

Levels of malondialdehyde (MDA) as a marker of lipid

Neurological assessmentn this study, we have assessed thperoxidation were measured using an assay kit (cat no. NWK-
hind limbs neurologic function by measuring the motor anMDAO01, NWLSS, USA). Levels of advanced oxidation
sensory function as well as the placing/stepping reflex (SPRyotein products (AOPP) as a marker of protein oxidation and
function as previously described in our previous work (Morsgxidative stress in the SC of rats were determined using
et al). In this test, motor function was assessed in accordargiSelect™ AOPP Assay Kit (cat. no. STA- 318, Cell Biolabs,
with Tarlov’'s Scoring System (Tarlov, 1972) by giving eaclCa, USA). Superoxide dismutase (SOD) and glutathione
rat a score between 0.0 to 5, based on the following criteriaggroxidase (GSH-Px) activities were measured using assay
score 0 =no voluntary hind limb movement, 2) score 1 kits (Cat. No. 706002 &703102, respectively, Cayman
movement of joints perceptible, 3) score 2 = active moveme@hemical, Ann Arbor, MI, USA). Levels of prostaglandin E2
but unable to sit without assistance, 4) score 3 = able to sit fBGE2) were measured by an ELISA kit (cat. no. MBS262150,
unable to hop, 5) score 4 =weak hop and 6) score 5 = compiéyBioSource, CA, USA)
te recovery of hind limb function. Similarly, a score of 0-1
was given to assess the sensory function of one hind lirSatistical analysis All statistical analysis was done using
withdrawal from a painful stimulus where score 0 indicateGraphPad Prism statistical software package, version 6
no response to noxious stimulus and score 1 indicate§@aphPad Prism, San Diego, CA). All data were analyzed using
withdrawal response. Dragging the dorsum of the hind pawne-way analysis of variance (ANOVA) followed by post-hoc
along the edge of a surface procedure was used to assesStieffe test. Data are expressed as me&Bsand a value of
placing/stepping reflex (SPR) of each rat. In this test, thRR-values < 0.05 were considered statisticsifynificant.
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RESULTS operated rats. However, significant decreases in the levels
of plasma levels of total nitrate/nitrite were achieved in both
SC-IRI induced rats treated with either melatoninuer
Motor, SPR and sensory assessmer8C-IRI induced rats tocopherolas compared to SC-IRI model rats. ANOVA
had significantly decreased scores of the motor and sensangalysis revealed no significant changes in the plasma levels
function as well as SPR as compared to control or shaof-total nitrate/nitrite when SC-IRI+Melatonin was compared
operated rats. Pretreatment with melatonin-tmcopherol with SC-IRI+ a-Tocopherol -treated groups were compared
significant but partially increased the scores of all the abowath each other. On the other hand, concomitant administration
mentioned neurological test as compared to SC-IRI-inducetiboth drugs significantly lowered and normalized the levels
rats, with no significant differences in all these tests whenaf plasma total nitrate/nitrite as compared to SC-IRI and sham-
these 2 groups were compared to each other. On the otbperated rats, respectively (Fig. 1A).
hand, concomitant pre-administration of both melatonin and
a-Tocopherol produced the maximum improvements in thexidative stress parameters and PGE?2 levels in lumber
motor, sensory and SPR scores in the treated rats as compapaahl cord homogenated.evels of PGE2 (Fig. 1B), MDA,
to SC-IRI-induced rats, values which were significantland AOPP (Fig. 2A, B) and the activities of SOD (Fig. 3A)
higher than their corresponding scores measured using theare significantly elevated whereas activities of GSH-Px
individual administration (Tables | and II). (Fig. 3B) were significantly decreased in the SC
homogenates of SC-IRI-induced rats as compared to con-
Plasma levels of total nitrate/nitrite.Significant increases trol sham-operated rats. Individual pre-administration of
in serum levels of total nitrate/nitrite levels were seen imelatonin on-tocopherol significantly but partially lowered
SC-IRI —induced rats as compared to control or shartevels of PGE2, MDA, and AOPP and activities of SOD and

Table I.Average scores of motor function assessment in all groups of rats.

Rats no. control sham SC-1IRI SC-IRI+Mel SC-IRI+ SC-IRI+Mel+ oo~
ooitocopherol tocopherol
1 5 5 1 4 3 4
2 5 5 0 4 3 5
3 5 5 2 4 4 4
4 5 5 2 3 4 4
5 5 5 1 3 4 4
6 5 5 3 3 4 3
7 5 5 2 3 3 5
8 5 5 2 3 3 4
Mean 50 5.0 1.6 3.4 3.5% 4.1
SD 0.00 0.00 0.92 0.52 0.23 0.24

Results are expressed as meaS® (n = 10). Significance was considered when P value was <0.05. a: vs. Control; b: vs. Sham-operated; c: vs.
SC-IRI; d: vs. SC-IRI+melatonin; e: vs. SC-IRi+Tocopherol. SC-IRI: spinal cord ischemic reperfusion injury-induced group; Mel: melatonin.

Table II. Scores of Sensory function and placing/Stepping reflex in all groups of rat.

control sham SC-IRI SC-IRI SC-IRI+ S C-IRI+Mel+ oo-
+Mela oo.-tocopherol tocopherol
_ Normal 10 10 3 74" 6:° 9y
- g (100 %) (100 %) (333 %) (77.7 %) (66.6 %) (100 %)
c
5 2 Affected 0 0 5 24 4ad 0
« % (0 %) 0 %) (55.5 %) (33.3%) (66.6 %) (0 %)
Normal 10 10 3@ Sabe Tabed abede
é y (100 %) (100 %) (333 %) (55.5%) (77.7 %) (88.9 %)
£ & Impaired 0 0 20 3 2abed [ abede
ED :\:D (0 %) (0 %) (333 %) (33.3%) (222 %) (11.1 %)
g =} LOSt 0 0 3ab lubc labc Ocde
A 0 %) 0 %) (333 %) (11.1 %) (11.1 %) 0 %)

Results are expressed as the ratio of the control. a: vs. Control; b: vs. Sham-operated; c: vs. SC-IRI; d: vs. SC-IRIHenetat®GiR 1+
a-Tocopherol. SC-IRI: spinal cord ischemic reperfusion injury-induced group; Mel: melatonin.
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Fig. 1. Effect of melatonin and/ar-tocopherol treatment on, nitrate/nitrite and PGE2 (prostaglandin E2) levels in the spinal
cord homogenate in different groups. SC-IRI: spinal cord ischemic reperfusion injury group, SC-IRI+Mel: spinal cord ischemic
reperfusion injury treated with melatonin group and SC-IRI+Meigcopherol: spinal cord ischemic reperfusion injury
treated with melatonin arattocopherol group. Results are expressed as me8is Significance was considered when P
value was <0.05. a Significantly different from Control group. b Significantly different from Sham group c Significantly
different from SC-IRI group. d Significantly different from SC-IRI+Mel group and e Significantly different from SC-IRI+Mel+T

group.
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Fig. 2. Effect of melatonin and/or-Tocopherol treatment on MDA (Malondialdehyde) and AOPP (advanced
oxidation products) levels in the spinal cord homogenate in different groups. SC-IRI: spinal cord ischemic
reperfusion injury group, SC-IRI+Mel: spinal cord ischemic reperfusion injury treated with melatonin group
and SC-IRI+Mel-s-tocopherol: spinal cord ischemic reperfusion injury treated with melatonor-&aadopherol

group. Results are expressed as me&i3. Significance was considered when P value was <0.05. a Significantly
different from Control group. b Significantly different from Sham group c Significantly different from SC-IRI
group. d Significantly different from SC-IRI+Mel group and e Significantly different from SC-IRI+Mel+
tocopherol group.
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significantly increased activities of GSH-Px in the SCeach other (Figs. 1B, 2 and 3). However and as compared to
homogenates of SC-IRI-treated rats as compared to SC-IBIC-IRI-induced rats, normal levels of PGE2, MDA, and
induced rats received the vehicle (Figs. 1B, 2 and 3). AgaiOPP and activities of SOD and GSH-Px were seen in SC-
no significant variation was seen in all these biochemicHRl —induced rats received the concomitant doses of both
endpoints when these 2 treated groups were compared witklatonin or-Tocopherol (Figs. 1B, 2 and 3).
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Fig. 3. Effect of melatonin and/or-tocopherol treatment on SOD (superoxide dismutase activity) and GSH-GPx (glutathione peroxidase
activity) levels in the spinal cord homogenate in different groups. SC-IRI: spinal cord ischemic reperfusion injury grelplVeC-dpinal

cord ischemic reperfusion injury treated with melatonin group and SCelRbtopherol group. Results are expressed as me&ms
Significance was considered when P value was <0.05. a Significantly different from control group. b Significantly differsmarfingyroup

¢ Significantly different from SC-IRI group. d Significantly different from SC-IRI+Mel group and e Significantly differenStaiRI+Mel+

Fig. 4. Spinal cord sections from the lumber 2, 3 and 4 segments from the experi-
mental groups( X200). A and B: Control and Sham groups showing normal spinal
cord structures with normal appearing neuronal cells with abundant cytoplasmic
nissl substance and cytoplasmic processes, normal nuclei and visible nucleoli. C:
SC-IRI group showing spinal cord section showing marked neuronal injury with
frequent degenerated neuronal cells, shrunken cytoplasm, smudged nuclei and invi-
sible nucleoli with frequent degenerated necrotic neuronal processes in the gray
matter.
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Histopathological Examination. Figure 4 A and B DISCUSSION

showed transverse sections of the spinal cord lumber

segments 3, 4 and 5 in normal and shame rat’s groups

with scattered normal appearing neuronal cells and SCI and SC-IRI involves a series of cytological
abundant cytoplasmic nissl substance and cytoplasnsind molecular events leading disability due to the
processes. On the other hand, Figure 4C of IRI groupdesirable motor and sensory complications in the hind
showed severe neuronal injury in the lumber segmenlisnbs (Wilsonet al, 2012). Two stages of cellular injury
most of the neuronal cells showed pyknotic smudgexdte involved in the SC damage after trauma or IRI. These
nuclei, invisible nucleoli and shrunken eosinophiliénclude a primary and secondary injury (de Rivero Vaccari
cytoplasm. In Figure 5 A and B, transverse sections ef al, 2009). The primary SC injury is the result of the
the spinal cord lumber segments of both SC-IRI+Mel arrdpid irreversible death of neurons in the injured tissue
SC-IRI+ a-tocopherol groups showed partial(Rosety-Rodrigueet al, 2014). This primary injury then
improvement with few scattered viable neuronal bodiegsults in a secondary injury within minutes to several
and less fragmented degenerated necrotic neuronal cbllgirs form SC-IRI and involve high generation of free
without great difference between the two groupsadicals, inflammation and apoptosis (Ayderriral)
Concomitant treated groups in Figure 5C showed frequdaading to further damage in neuronal injury and worsening
more viable neuronal cells with abundant cytoplasnm motor function (Rosety-Rodriguest al). Since no
centrally located nuclei, visible nucleoli and abundargffective method is available up to date to regenerate the
nissl granules and cytoplasmic processes. neurons during early injury, the early application of drugs

- 4 3 &SR, ot - '”- L ol
Fig. 5. Spinal cord sections from the lumber 2,3 and 4 segments from the experimental groups (X200). A and B: showingamlatonin
a-tocopherol treatment effects in the SC-IRI rats subsequently. Both drugs produced less neuronal injury and with lessddigenerat
SC-IRI group. C: showing the effect of simultaneous treatment with both melatonirtandpherol treatment in which more viable
neuronal cells with abundant cytoplasm, centrally located nuclei and prominent nucleoli than treatment with each alode, appeare

434




MORSY, M. D.; BASHIR, S. O; ALAGAMY, D. F. & DIAA, H. A.  Protective effect of combined melatonin antbcopherol administration in spinal cord ischemia-reperfusion injury in rat.
Int. J. Morphol., 37(2)28-437, 2019.

that are able to prevent secondary injury can improve atatgets in the neural tissue is COX-2 (Candelario-Jalil &
preserve the anatomical structure of the SC for function@lebich, 2008). COX-2 is one of the major functional
recovery (Rosety-Rodriguex al.). enzymes in the neural tissue under physiological conditions
to regulate synaptic activity, long-term synaptic plasticity
In this study, we aimed to investigate and comparezhd functional congestion (Waseg al, 2013). However,
the effect of individual or combined administration of twaunder pathological conditions such as post-SCI and SC-
well-known antioxidant and anti-inflammatory drugs onRI, over-expressed COX-2 was shown to be important in
mechanisms involved in the SC secondary injury stage aimitiating inflammation, pain and cellular damage (Banovac
on hind limbs functional recovery in rats exposed tetal, 2004). Furthermore, inflammatory reaction alone or
surgically induced SC-IRI. While both drugs were able twith the action of oxygen free radicals are able to activate
partially improve motor and sensory function of the hinadieural glial cells to induce the expression of induced nitric
limbs and partially improved all biochemical endpoint®xide synthase (iNOS), leading to higher generation of NO
measured in the plasma or SC tissue, the exclusive findinghich can easily interact with superoxide ions to form the
of this study indicate a more profound effects of thaighly toxic free radical, ONOO-, the most important
concomitant administration of melatonin andocopherol damaging free radical in acute SCI (Bao & Liu). This was
against SC-IRI induced paraplegia. This has been confirmedidenced in the present study by severe damage of the
by the maximum improvements in motor and sensonyeuronal cells of the lumber segments of the spinal cord in
function and SPR. This was confirmed by the massiv&C-IRI rats in Figure 4C.
improvement of the neuronal cell bodies in the gray matter
in the histological examination of the lumber segments 3,4 In this regard, inhibiting the oxidative stress
and 5 in Figure 5 C. while administration of each oneesponse, lipid peroxidation and inflammatory reaction is
individually (either melatonin ow-tocopherol) partially considered the most important strategy in early treatment
improved the neuronal cells of the lumber segments (Fifpr SCI (Schulzt al, 2009) and is the focus of research in
5A,B). Mechanistically, pre-treatment with melatonin andhe fields of neuroscience, orthopedics and sports medici-
a-tocopherol resulted in the maximum decreases in the (Kaur & Sanyal; Ellenbroe&t al, 2015). Similar
inflammatory marker, PGE2, markers of oxidative stregsrotective partial effect on the hind limbs functional
markers including AOPP, SOD and MDA and significantecovery, SC oxidative stress parameters and PGEZ2 levels
increases in GSH-Px levels in the SC tissue with a paralks well as on plasma levels of total nitrate/nitrite were seen
maximum decreases in plasma nitrate/nitrite levels. in SC-IRI- induced rats treated with melatonin. This is
not surprising given the big history of melatonin as a free
Oxidative stress and inflammation are the majoradical scavenger, an antioxidant and an
mechanisms underlying the SC secondary injury post tramamunomodulatory agent in the nervous system including
ma or IRI (Aydemiret al). Initially superoxide free radicals the brain and the SC. Indeed, melatonin is able to a potent
(O2--) are operative within first minutes and hours after S@ree radical scavenger and neutralizer of a large number of
IRl by number of various resources including infiltratingROS and reactive nitrogen species (RNO) (Aydeitrat ).
neutrophils and macrophages, over-activation of monoami&émilar to these findings and due to its antioxidant
oxidase-B activity, auto-oxidation of biogenic amingotentials, melatonin significantly improved motor
neurotransmitters including dopamine, norepinephrine, finctional recovery in animal models of SCI by preventing
hydroxytryptamine), mitochondrial leak, enhanced xanthingid peroxidation and the reduction in intracellular
oxidase activity, and the oxidation of extravagatedlutathione content (Aydemigt al). In addition to its
hemoglobin, all of which will leads to membranes lipidantioxidant effects, the significant decreases in serum
peroxidation, oxidative damage and more generation of R@8rate/nitrate levels could explain by the inhibitory effect
in a self-propagating cycle (Watezsal, 2004). Indeed, it of melatonin on the expression of INOS mediated by the
was shown that the SC content of ROS and MDA represeimsibition of NF-kB activation (Camello-Almarazt al.,
the severity of oxidative stress injury and are a determina2®08).
factor for motor and sensory functional recovery (Rosety-
Rodriguezet al).
CONCLUSION
Similarly, during early phase post-SCI, a huge
number of microglia and inflammatory cells are activated
either by IRI itself or by ROS to release a large number of This study is the first one to demonstrate a possible
inflammatory factors and activate certain inflammatorjull recovery of motor and sensory function after concomitant
target pathways (Yamagagt al, 1993). One of these administration of melatonin ardtocopherol in a rat model
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of aortic clamping to induce SC-IRI. This is mediated bia actividad de AC de GSH-Px. Sin embargo, se observaron los
the synergistic effects of both drugs to inhibit SC |ipidnejores resultados durante la combinacion de ambos farmacos en
peroxidation, enhance and preserve antioxidant systerf%%'as las evaluaciones neurolégicas y en los puntos finales
inhibition of COX-2 and reducing PGE2 levels evidenceBioqu"micos' En conclusién, debido a sus acciones antioxidantes y

by the histological examination of the lumber segments, 2 uinflamatorias sinérgicas, la terapia de melatonangcoferol
alivia la paraplejia inducida por SC-IRI.
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