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Long-term effects of melatonin after intracerebral hemorrhage in rats
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Summary

Free radical scavengers have been shown to improve short-term outcome
after intracerebral hemorrhage (ICH). The purpose of this study was to
evaluate whether melatonin (a potent free radical scavenger and an
indirect antioxidant) can improve short- and/or long-term neurological
function after ICH, which was induced by collagenase injection into the
striatum of adult rats. Melatonin (15 mg/kg) was administered by intra-
peritoneal injection at 1, 24, 48, and 72 h. Neurological and behavioral
testing was performed at several time points from 1 day to 8 weeks post-
ICH. Neurological and behavioral deficits were observed in ICH rats at
all time points, but the melatonin treatment regimen did not improve
performance or level of brain injury.
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Introduction

Intracerebral hemorrhage (ICH) represents at least 10—
15% of all strokes in the Western population [13] and is
often fatal. The collagenase-induced ICH rat model was
originally described by Rosenberg et al. [14] and has
been extensively used to evaluate the injury mechanisms
and potential treatment regimens after ICH. However,
the long-term effects after ICH in this model are not
well understood. There are several published studies that
have tested the behavioral effects of various therapeutic
strategies following collagenase-induced ICH within the
basal ganglia [1, 3, 5, 9, 10, 12], with most using motor
tasks as the sole behavioral outcome measure to assess
the efficacy of treatment strategies. However, cognitive
deficits following ICH in humans are among the most
prominent and troubling [7, 11, 15], with increasing
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evidence suggesting that the basal ganglia play a role
in cognitive skills such as learning and memory. Our
study examined whether melatonin reduces infarct size
and/or neurological and cognitive deficits after collage-
nase-induced ICH in rats.

Materials and methods

Intracerebral hemorrhage

Adult male Sprague-Dawley rats were divided into sham-operated con-
trols and ICH groups and anesthetized. Injecting collagenase (VII-S;
Sigma-Aldrich, St. Louis, MO) into the basal ganglia with a microinfu-
sion pump (Harvard Apparatus, Holliston, MA) induced ICH, as previ-
ously described [16]. The needle was left in place for an additional
10min after injection to prevent collagenase leakage. Sham surgery
was performed with needle insertion alone.

Melatonin treatment

After surgery, ICH rats were divided into 2 groups (ICH + vehicle;
ICH + 15 mg/kg melatonin). Intraperitoneal injections were adminis-
tered at 1, 24, 48, and 72h post-ICH. Sham rats were given vehicle
injections.

Behavioral testing

A number of behavioral tests were administered through 8 weeks post-
ICH, including a battery of neurological tests [6], accelerating Rotarod,
open field, and water maze. This battery of tests allowed for repeated
testing of a number of behavioral domains, including neurological
reflexes, sensorimotor coordination and balance, motor learning, general
activity levels, cued learning, spatial learning, short- and long-term
memory, swim speed, and turn bias.

Histology

Brains were removed at 10 weeks post-ICH, sliced into 10 pum thick
sections, stained with cresyl violet Nissl stain, and infarct size was
evaluated (Table 1).
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Table 1. Infarct size (percent of contralateral hemisphere)

Treatment group Infarct size

Sham + Vehicle 0
ICH + Vehicle 10£3
ICH + 15 mg/kg melatonin 12+4

Results

Neurobehavioral testing

Although behavioral deficits, including cued and spatial
learning, spatial memory, and sensorimotor coordination
were observed in ICH rats throughout the 8-week test
period, the melatonin treatment regimen produced no
significant change in behavior.

Histology

Treatment with melatonin did not produce any signifi-
cant changes in the area of injury produced by collage-
nase-induced ICH.

Discussion

The collagenase-induced ICH model produces lesions in
the dorsolateral and middle regions of the striatum [8],
which are important areas for the control of skilled
motor function [17]. This model often produces a func-
tional impairment of fine motor control of the distal
forelimb and paw as revealed by the staircase test [3].
Neurological deficits in this model are most severe from
24-72h after ICH induction and are typically attenuated
by 1 month [4, 5, 14]. However, long-term neurological
deficits have been shown when evaluating rotational bias
in response to amphetamine and contralateral stepping
[2]. In the current study, this model of ICH produced
detectable cognitive and motor deficits in rats over an 8
week time period. Along with histological analysis of
infarct volume, this characterization provides a suitable
baseline for the analysis of therapeutic intervention strat-
egies. However, melatonin, at the dose and frequency
tested, did not improve infarct size or neurological func-
tion of rats after ICH induction. It is possible the mela-
tonin regimen was ineffective at reducing the oxidative
damage produced by ICH, or that processes other than
oxidative stress were responsible for the behavioral def-
icits and brain damage. It remains to be determined
whether other antioxidant agents can prevent the long-
term behavioral deficits that were characterized in this
model.

R. E. Hartman et al.: Long-term effects of melatonin after ICH in rats

Acknowledgement

This study is partially supported by a grant from the National Institutes
of Health (NIHNS53407) to JHZ.

References

1. Altumbabic M, Peeling J, Del Bigio MR (1998) Intracerebral
hemorrhage in the rat: effects of hematoma aspiration. Stroke
29: 1917-1923

2. Chesney JA, Kondoh T, Conrad JA, Low WC (1995) Collagenase-
induced intrastriatal hemorrhage in rats results in long-term loco-
motor deficits. Stroke 26: 312-317

3. Clarke J, Ploughman M, Corbett D (2007) A qualitative and
quantitative analysis of skilled forelimb reaching impairment fol-
lowing intracerebral hemorrhage in rats. Brain Res 1145: 204-212

4. Del Bigio MR, Yan HJ, Buist R, Peeling J (1996) Experimental
intracerebral hemorrhage in rats. Magnetic resonance imaging and
histopathological correlates. Stroke 27: 2312-2320

5. Del Bigio MR, Yan HJ, Campbell TM, Peeling J (1999) Effect of
fucoidan treatment on collagenase-induced intracerebral hemor-
rhage in rats. Neurol Res 21: 415-419

6. Garcia JH, Wagner S, Liu KF, Hu XJ (1995) Neurological deficit
and extent of neuronal necrosis attributable to middle cerebral
artery occlusion in rats. Statistical validation. Stroke 26: 627-635

7. King JT Jr, DiLuna ML, Cicchetti DV, Tsevat J, Roberts MS (2006)
Cognitive functioning in patients with cerebral aneurysms mea-
sured with the mini mental state examination and the telephone
interview for cognitive status. Neurosurgery 59: 803-811

8. Kirik D, Rosenblad C, Bjorklund A (1998) Characterization of
behavioral and neurodegenerative changes following partial lesions
of the nigrostriatal dopamine system induced by intrastriatal
6-hydroxydopamine in the rat. Exp Neurol 152: 259-277

9. MacLellan CL, Davies LM, Fingas MS, Colbourne F (2006) The
influence of hypothermia on outcome after intracerebral hemor-
rhage in rats. Stroke 37: 1266—-1270

10. Masuda T, Hida H, Kanda Y, Aihara N, Ohta K, Yamada K,
Nishino H (2007) Oral administration of metal chelator ameliorates
motor dysfunction after a small hemorrhage near the internal
capsule in rat. J Neurosci Res 85: 213-222

11. Nys GM, van Zandvoort MJ, de Kort PL, Jansen BP, de Haan EH,
Kappelle LJ (2007) Cognitive disorders in acute stroke: prevalence
and clinical determinants. Cerebrovasc Dis 23: 408-416

12. Peeling J, Del Bigio MR, Corbett D, Green AR, Jackson DM (2001)
Efficacy of disodium 4-[(tert-butylimino)methyl]benzene-1,3-dis-
ulfonate N-oxide (NXY-059), a free radical trapping agent, in a rat
model of hemorrhagic stroke. Neuropharmacology 40: 433—439

13. Qureshi AI, Tuhrim S, Broderick JP, Batjer HH, Hondo H,
Hanley DF (2001) Spontaneous intracerebral hemorrhage. N Engl
J Med 344: 1450-1460

14. Rosenberg GA, Mun-Bryce S, Wesley M, Kornfeld M (1990)
Collagenase-induced intracerebral hemorrhage in rats. Stroke 21:
801-807

15. Thajeb P, Thajeb T, Dai D (2007) Cross-cultural studies using a
modified mini mental test for healthy subjects and patients with
various forms of vascular dementia. J Clin Neurosci 14: 236-241

16. Titova E, Ostrowski RP, Sowers LC, Zhang JH, Tang J (2007)
Effects of apocynin and ethanol on intracerebral haemorrhage-
induced brain injury in rats. Clin Exp Pharmacol Physiol 34:
845-850

17. Whishaw 1Q, O’Connor WT, Dunnett SB (1986) The contributions
of motor cortex, nigrostriatal dopamine and caudate-putamen to
skilled forelimb use in the rat. Brain 109: 805-843





