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Melatonin decreases production of hydroxyl radical during cerebral

ischemia-reperfusion’

LI Xue-Jun, ZHANG Ling-Mei, GU Jing, ZHANG An-Zhong, SUN Feng- Yar®
(State Kev Laboratory of Medical Neurobiology, Department of Neurobiology, Shanghai Medical University,

Shanghai 200032, China)

KEY WORDS melatonin;  hydroxyl radical;
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AIM: To study the effect of melatonin on hydroxyl
radical { *OH) contents during cerebral ischemia-
reperfusion in rats, METHODS: Ischemia was
induced by occluding left lateral middle cerebral artery
for 30 min following reperfusion. The salicyiate
trapping method coupled with ipsilateral striatal
microdialysis for measurement of hydroxyl radicals
generated  during ischemia and  reperfusion.
RESULTS: The contents of dihydroxybenzoic acid
(DHBA) were increased at 15 min after ischemia and
remained high for 30 min after reperfusion. Melatonin
(4 mg kg™, sc, 30 min before ischemia) decreased
the production of DHBA during ischemia for 16 ~ 30
min and reperfusion for 1-30 min. CONCLU-
SION: Melatonin inhibits the production of hydroxyl

Tissue injury following cerebral ischemia and
reperfusion is mediated by various mechanisms, among
which hydroxy] radical { * OH)-mediated processes play
an important role’-*), Due to its high reactivity.
*OH has a very short life and is therefore difficult to be
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measured. In the present swmdy, the salicylate
trapping method coupled with beain microdialysis'®?
was used to examine the *OH production in a rat
model of middle cerebral artery ( MCA) ischemia-
reperfusion.

Melatonin, N-acetyl-5-methoxytryptamine, is a
hormone-like substance produced by the pineal gland
and by other tissues {such as the gastrointestinal
tissue Y. It modulates, mostly indirectly, the
natural thythms of body functions™ and can prevent
oxidant damage in vivo(®™ | Becanse melatonin is a
potent scavenger of free mdicals’®®, we further
investigated the effect of melatonin on *OH formation
in this model .

MATERIALS AND METHODS

Chemicals  Sodium salicylate, 2, 3-dihydroxybenzoic
acid, 2, 5-difyydroxybenzoic acid, Cyo-7{1s}-( + }-10 camphor-
sulfonic acid of AR grade were purchased from Sigma.
Melatonin, AR grade. kindly gified by Professor XIA Qf-Geng,
was manufactored by Shanphei Chemical Reagent Factory.
HPLGgrade methancl was purchased from BDH Lahoratory
(UK).

Instrumemts  Waters 510-liquid chromatograph pump,
BAS 1LCAC electrochemical amperometric  detector.  The
analytical stainless-steel column was 4.6 mm % 150 mm and
packed with 5-pm Lichrosork RP-18.  CMA amo microdialysis
instruments and CAM/12 microdialysis probe were purchased
from BAS Co (USA).

Rats Sprague-Dawley 3 rats weighing 242 + 5 17 g (n
=12) were randomized into 2 groups. One was sed as control
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(sc imjected with vehicle — isotonic NaCl containing 3 %
Tween-20 ), the other was treated with sc 0.4 % melatonin
{1 mL-kg ') at 30 min before ischemia,

were anesthetized with 5 % chloral hydrate (300 mg-kg™'7. A
microdialysis probe was stereotaxicaly implanted in the left lateral
striatum (standard: A 1.8 mm, L 2.2 mon, H5 mm). The
probe was perfused with cerebrospinal fluid at flow rate of 2 L
min~' by a microinfusion pump. Afier 30 min, sodium
salicylate 5 nmol - L~ was added in the perfusate. Following a
45-min stabilization period, vehicle or melatonin was injected sc.
After a 30-min interval, ischemia was induced. The
occlusion of MCA lasted for 30 min, followed by reperfusion,
Samples of microdialysis were collected through an auto CMA
perfusion collector ar 15-min imtervals, from 15 min before
injection to 30 min after reperfusion ( tota! 105 min) throughom
the pre-injection, pre-ischemia, intra.ischemia and post-
ischemia. The rectal temperature of rats was kept close to 37 T
by a warmning lamp over the body.

Detection of +OH by salicylate trapping method
Each sample was injected with 20 pI. onto the analytical column.
The mobile phase consisted of edetic acid 0.4 mmol * L7,
NaH,PO, 0.2 mol* L™, Cuy7{15)-{ + )-10 camphorsulfonic
acid 0.7 mmol* L' and 5 % methanol. The flow rate was 0.6
mL-min~', The compounds were detected with the electrode
set al +0.7V against an Ag/Apg(Cl mference electrode.
Calibration curves were made daily with 20 pl. of different
concentrations of DHBA standards.

Statistical analysis DHBA amounts recorded during and
after ischemia were compared to pre-injection values. Within
cach group, differences were analyzed using a paired f-test.
Differences hetween groups { melatonin-treated group and vehicle
group) were analyzed by two-way group i-test.

RESULTS

Hydroxyl radical level was elevated during
cerebral  ischemia and reperfusion. DHBA
concentrations in the group of 15 min after ischemia
were higher than that in control group, which persisted
for 30 min after reperfusion (Fig 1, Tab 1).

The production of DHBA in ischemia and
reperfusion was decreased by melatonin { P < 0.05)
during ischemia 16 — 30 min, reperfusion 1 — 15 min
and reperfusion 16 — 30 min (Tab 1).

DISCUSSION

In the present system of salicylate trapping method
coupled with microdialysis, melatonin was found, for
the first time, to suppress the formation of «OH in rat

DHBA
DHBA
DHBA

DHBA
DHBA

M o e L

Ischemla Ischemia Reperfusion Reperfualon

Control 1-15min 16—-30 min 1-15 min 18-30 min

Fig 1. HPLC of DHBA content changes in perfusate
during cerebral ischemia and reperfusion.

Tab 1. DHBA contents in perfusate (mg-L-") after sc
melatonin (4 mg * kg=!, 30 min before ischemia).
F50.05, "P<0.05, P<0.01 vs pre-injection;
2p<0.05, 'P <0.01 vs vehicle.

Ratios of DHBA contents o pre-injection

Vehicle {n="7) Melatonin ¢ # = 5)
Pre-injection 1 1
{(102+41 mg-L~")  (98+40 mg-L~")
Injection 1.12+0.23 1.01+0.05°
Ischernia
1-15min  1.28+0.31* 1.18+0.220
16-30 min  1.38+0.26" 1.0410.10%
Reperfusion
1-15min 1,67 +0.34° 1.03 + 0,067
16-30min  1.36+0.20° 0.96+0, 187

brain during ischemia and reperfusion.

A great deal of free radicals are formed during
ischemia and reperfusion, among which hydroxyl
radicals are formed mainly through Fenton reaction and
NO mechanism'® . Hydroxyl radicals are most
reactive, toxic, they play a central role in neural
darage during cerebral ischemia and reperfusion. As
we mentioned before, melatonin has been found to be
a potent scavenger of free radical and can prevent
hepatic oxidative damage in vive , which was suggested
to relate to the induction of brain glutathione
peroxidase™ . Because of its high lipophilicity and
diffusibility, melatonin easily enters cells and gains
access to ali suvbcellular compartments. While the
effect of other traditional oxygen radical scavengers
such as superoxide dismutase and catalase may be
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limited by their inability to cross the blood-brain
barrier.  Therefore, we observed the effect of
melatonin on the formation of +OH in rat brain with a
temporary MCA occlusion.

The present results further confirmed that
melatonin is a potent *OH quencher i vivo.
Melatonin is non-toxic and well-tolerated, it easily
enters the brain and neurcns, all these properties offer
a possibility that melatonin could be a practical means
for treating the subsequent neural damage following
cerebral ischemia and reperfusion.
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