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Abstract

Microspheres, monodisperse polystyrene beads, are used for the study of cerebral infarction
by injection into the cerebral artery. Cerebral infarction model rats were made by injecting 2,600
microspheres into the right internal carotid artery in this study. Motor ability was assessed
by the rotarod test in which cling duration on the accelerating rotating rod was measured.
Significant decrease in the motor ability was recognized on 3 and 15 days after the embolization
compared with before surgery (p<0.05). However, sham-operated rats did not show significant
change of motor ability. Each rat was reanaesthetized 15 days after surgery, and somatosensory
evoked potentials (SEPs) induced by stimulation of the sciatic nerve of the contralateral hind
limb were averaged. Latencies of Ny and Ny waves in SEPs were compared between sham-
operated rats and embolized rats 15 days after surgery. No significant differences in N; and
N, latencies were recognized between the two groups. These results suggest that motor ability
was impaired at chronic periods of the embolization, while SEPs recovered, although latencies

of Ny and Ns in SEPs were reported to increase at acute periods in embolized rats.

Introduction

Vascular dementia is the most common form of dementia in Japan and usually affects elderly people.
With a rapidly increasing aged population, the care of demented elderly has become an important social
problem. The most common type of vascular dementia is multi-infarct dementia, which is caused by a
series of small strokes that often go unnoticed and cause damage to the cortex of the brain, the area
associated with learning, memory, and language. In rat models, transient four-vessel occlusion [1-2] and
bilateral carotid artery occlusion [3] demonstrated gradual development of multiple infarction and/or white
matter changes in association with memory impairment. Unfortunately, none of these models provide the
multiple small subcortical infarctions as like characteristics of multi infarct dementia patients. Recently
microspheres have been used to produce a permanent occlusion of microvessels. Microspheres are monodis-
perse polystyrene beads supplied in sizes from 50nm to 90um. The microsphere-induced cerebral embolism
model is a multifocal model of permanent occlusion [4]. The size and the dose of the injected microspheres
can be used to regulate the extent and severity of the resulting lesions [5]. In a previous study, microsphere

embolism induced a marked decrease in blood flows and a pronounced disturbance of energy metabolism
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in the brain region [6, 7]. Since multiple small infarctions are a common cause of vascular dementia, this
embolic model resembles clinical vascular dementia closely. In this study, we produced microsphere-induced
cerebral embolism model rats and assessed motor impairment with the use of the accelerating rotarod.
Monitoring of somatosensory evoked potentials (SEPs) could be of benefit in guiding cerebroprotective
therapy [8]. SEPs are valuable in experimental stroke studies in various animal species [9-12], also in
rodent models [13-15]. In a cat model after occlusion of the right middle cerebral artery, all cats using
the study demonstrated slowing of the interpeak latency on the right hemisphere recordings as compared
to presurgery at 1 hour post occlusion [12]. In a study using rats, abnormalities in the SEP are known to
occur in association with lesions in the hemisphere at an acute period [13]. Significant delay and incomplete
recovery of each latency was observed in the 2 hours middle cerebral artery occlusion +2 hours reperfusion
rats at the end of observation period of 120 min as compared to preocclusion group [14]. In chronic period
after ischemia, one study indicated that the SEP was absent 10 days after permanent cerebral artery
occlusion in the majority of rats and the latency was unaffected in the remainder [15]. Thus, the latency
of SEP in the chronic period has not been well investigated. In this study, we have examined the effect of

microsphere-induced cerebral embolism on SEPs in the rat at a chronic period.

Materials and Methods

1. Animals

Male Sprague-Dawley rats (Clea Japan Inc., Meguro, Japan), weighing 390.9 + 28.4g, were maintained
with a 12-h light/12-h dark cycle throughout the experiment (n=13). The animals had free access to food
and water. All experiments were conducted according to the Guiding Principles for the Care and Use of
Animals in the Field of Physiological Science (Physiological Society of Japan, 2003). The study protocols
were approved by the Institutional Animal Care and Use Committee in Kawasaki University of Medical
Welfare (No. 08-019).

2. Microsphere Embolism

Microsphere (45 pym in diameter, Polybead Polystyrene Microspheres, Polyscience) was used for induc-
tion of cerebral embolism performed by the method described previously [5, 6] with some modification.
Rats were anesthetized with intravenous 0.7g/kg urethane and 0.06g/kg a-chloralose. After exposure of
the right common carotid artery, the right external carotid and pterygopalatine arteries were temporarily
occluded with clamps (micro serrefine18055-01, FST). The dextran solution (saviosol, Otsuka Pharmaceu-
tical) containing approximately 2,600 microspheres was injected through the right common carotid artery
at 0.15ml/30sec using an electric injector (SP120p, KD SCIENTIFIC inc), according to methods in a
previous paper [16]. After the temporal occlusion of the arteries, the blood flow was reestablished within

3 min. Sham operated rats were injected with the same volume of dextran solution without microspheres.

3. Assessment of Functional Outcome

Motor impairment due to microsphere injection was assessed with the use of the accelerating rotarod
(MK-630A, Muromachi co). Rotarod tests were carried out pre-operation, 3 and 15 days after surgery.
The duration that rats remained on the accelerating rotating rod was measured. The rotating velocity was
gradually increased from 4 m/min to 40 m/min within 5 minutes. A trial was terminated when the rat fell

down from the rotarod. The average time of five trials was used for data analysis.
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4. Electrophysiological Recordings of SEPs

Fifteen days after embolization, each rat was anaesthetized with intravenous 0.7g/kg urethane and
0.06g/kg a-chloralose. Supplements were administered if necessary in order to maintain areflexia until
the end of the surgery. Body temperature was maintained at 37°C with a heating pad. Animals were
secured in a stereotaxic head folder. The skull was exposed and sufficient bone was removed with a drill
to produce bilateral windows extending from bregma to 3 mm posterior to bregma, and 4mm laterally
from sagittal suture. A silver ball recording electrode (diameter: 50um) with a shielded cable was held
in a micromanipulator and lowered onto the exposed dura overlying the somatosensory cortex of one
hemisphere. A reference electrode was inserted into neck muscle. A ground lead was attached to an ear
bar. The sciatic nerve of the contralateral hind limb was stimulated with a bipolar electrode. Current pulses
(0.3ms, 1.7Hz) were delivered from the electronic stimulator (SEN-3301; Nihon Koden) with an intensity
ranging around 300 pA. The intensity of stimulation was fixed at a level that evoked a slight movement
of the limb. The raw signal was digitized at 20 kHz into a personal computer using an AD converter
(Powerlab/4S). Responses were then averaged 128 times with Scope software (AD instruments). Latencies
were defined as the time from the onset of the stimulus to the peak of each wave of the somatosensory
evoked potential. Recordings were made from both hemispheres and the potentials were always evoked by

stimulation of the contralateral sciatic nerve.

5. Statistical Analysis

Statistical analysis was performed using statistical software (SPSS for Windows). The data are presented
as mean £ S.D. Student’s t-test, the paired t-test and Dunnett’s test were used. The level of significance
was set at P<0.05.

Results

1. Evaluation of Neurological Deficits

Two days after surgery, the behaviors of microsphere-injected (n=8) and the sham-operated rats (n=>5)
were evaluated on the basis of paucity of movement, truncal curvature, and forced circling during locomo-
tion, which were considered to be typical symptoms of stroke in rats [17, 18]. In microsphere-injected rats,
these neurological deficits were marked within 3 days after embolization, and then gradually recovered.
Two rats which did not show apparent neurological deficits were excluded from this study. Sham-operated

rats showed no obvious neurological deficits 3 days after surgery.

2. Comparison of Motor Function between Embolized Rats and Sham-operated Rats

To assess motor impairment, we used the rotarod test (see Methods). The duration that a rat remained
on the accelerating rotating rod was measured pre-operation, 3 and 15 days after embolization and sham-
operation. The value was expressed in the ratio to motor ability at pre-operation. The ratio between the
value at pre-operation and that of value 3 and 15 days after surgery was expressed as motor ability. In
embolized rats, a significant decrease in relative value of motor ability was observed on 3 and 15 days
after embolization compared with pre-operation (p<0.05, Fig. 1). In sham-operated rats, no significant
difference was recognized in relative value of motor ability. Compared with sham-operated rats, the relative

value of motor ability of embolized rats significantly decreased on 3 days after surgery (p<0.05).



40 Hisashi Takahashi, Tomoshige Koga and Katsushi Kuniyasu

—O- sham-operated rat

o
1

—@- microsphere
-injected rat

o
1

o
o
1

*
*

Relative value of motor ability

pre- 3days 15days
operation

=3
o

Fig. 1 Relative value of motor ability evaluated using the rotarod test. Values are indicated by means + S.D. *p<0.05,
compared with pre-operation, 3 and 15 days after surgery.

3. Somatosensory Evoked Potentials Induced by Sciatic Nerve Stimulation

An example is shown in Fig. 2. A computer-averaged SEP recorded from the bilateral hemisphere of
an anaesthetized and embolized rat is shown. The raw signal was digitized at 20 kHz into a personal
computer. Responses were then averaged 128 times with Scope software. The stimulation of the sciatic
nerve evoked electrical activity with prominent first-negative (Ny), first-positive (P;) and second-negative
(N2) components; all SEPs had these components. A negative wave was expressed as an upward deflection.
Table 1 shows the mean £+ S.D of the latency of N; and Ny of ipsilateral and contralateral hemispheres in
sham-operated rats and embolized rats. In sham-operated rats, on the ipsilateral hemisphere the latencies
of Ny and Ny occurred at 13.34 £+ 0.71 msec and 20.62 £+ 0.97 msec, and on the contralateral hemisphere
at 13.34 + 1.29 msec and 20.92 + 1.32 msec, respectively. In embolized rats, on the ipsilateral hemisphere
the latencies of N; and Ny occurred at 13.44 + 1.02 msec and 20.96 + 1.98 msec, and on the contralateral
hemisphere at 13.48 + 0.43 msec and 20.00 £ 0.97 msec, respectively. There were no significant differences
in the latency of the SEP between ipsilateral and contralateral hemispheres in sham-operated and also
embolized rats. Moreover, there were no significant differences in the latencies of the SEPs on both

hemispheres between sham-operated rats and embolized rats.

N1

(B)

Fig. 2 An example of computer-averaged SEPs recorded from an embolized and anaesthetized rat. The SEP (A) was
recorded from the contralateral hemisphere to the microsphere injected artery, and SEP (B) was recorded from
the ipsilateral side.

Table 1 Latencies of N; and N> waves recorded from both hemispheres.

N, wave latency (ms) N, wave latency (ms)
ipsilateral contralateral ipsilateral contralateral
sham operated (n=6) 13.34+0.71 13.34+1.29 20.62+0.97 20.92+1.32
microsphere—injected (n=5)  13.44%+1.02 13.48+0.43 20.96+1.98 20.00+0.97

Values are indicated by means + S.D.
Statistical differences were not observed in each value.
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Discussion

Motor Function of Embolized Rats

In this study, some neurological deficits were recognized in embolized rats by microspheres injected to the
internal carotid artery, while no obvious neurological deficits were observed in sham-operated rats 3 days
after surgery. Additionally, motor ability evaluated using a rotarod significantly decreased in microsphere
injected rats 3 and 15 days after surgery. In contrast, motor ability of sham-operated rats did not show
significant changes. It is known that the rotarod task required the rat to maintain its equilibrium sense
and/or coordinated movement ability [19], and rotarod testing was extensively employed to evaluate motor
ability of infarcted animals [20]. Thus, equilibrium sense or coordinated movement ability of embolized
rats seemed to be damaged until 15 days after surgery. Takeo et al. [21] also reported that the behavior of
microsphere-injected rats gradually improved with time after the operation, and most rats still exhibited
neurological deficits on 3 days after surgery. However, there were no significant differences in behavioral
neurological deficits between microsphere-injected rats and sham-operated rats 6 days after surgery in
their study. Moreover, swimming speed in the water maze test of microsphere-injected rats was reportedly
similar to that of sham-operated rats on 12-14 days after surgery [22]. It is reported that the rotarod test
has been used not only to evaluate motor function but also learning of movements [23, 24]. This may be
the reason why the rotarod task was impaired in microsphere injected rats even 15 days after surgery.

On the other hand, it is reported that a microsphere embolism impaired forebrain cholinergic neurotrans-
mission, and obstructed cognitive function [25]. Kiyota et al. [26] suggested that microsphere-injected rats
recovered from impaired acquisition of passive avoidance response in a time-dependent way, but that the
long-term memory indicating latencies of passive avoidance response were impaired in 14 days after surgery.
Moreover, estimation of learning and memory function using the Morris water maze test was significantly
depressed in microsphere-injected rats compared with sham-operated ones 14 days after the surgery [27].
Hence, integrative motor ability using the rotarod test might be impaired by cognitive function disorder

in microsphere-injected rats in this study even 15 days after the surgery.

Latencies of Somatosensory Evoked Potentials Evoked by Sciatic Nerve Stimulation

The waveforms of the SEPs in animals are known to be generated by post synaptic potentials from
specific structures in the central nervous system [28]. According to Koyanagi and Tator, the N; wave
of SEP likely reflects activities from deep structures such as the thalamus, and is widely distributed
over the cerebral cortex [29]. The N, wave likely reflects activities from superficial structures of cerebral
cortex, and is sharply localized to a small area. The rat primary somatosensory cortex is anatomically
and physiologically defined as distinct regions. Therefore the No wave of SEP might be corresponding to
activity from sensory cortex of hindlimb area.

Previous investigations with focal ischemia demonstrated that amplitude of the cortical SEP is sensitive
to oligemia, and that ischemia tolerance of the SEP amplitude is higher in fiber tracts than neurons in the
cortex [9, 10]. However, latency of SEP could be due mainly to white matter function. Thus, white matter
blood flow is reportedly correlated to the latency of the SEP in global ischemia [30].

Many investigators indicated that cerebral blood flow was reduced after middle cerebral artery occlusion
(MCAO) [10, 30-32]. In cats, the interval of N; and Ny peak on the right hemisphere prolonged after
right MCAO at 1 hour post occlusion. In rats, a significant delay of the latency of N; was observed by 2
hours MCAO [14]. In contrast, there were no significant differences in latency of Ny and N peak between
microsphere-injected and sham-operated groups. These differences may be due to periods for recovery

since changes of latencies were observed in the acute study described above, while the SEP was recorded
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in a chronic period in our study. In fact, the cerebral blood flow of microsphere-induced rats significantly
declined at 48 hours after surgery using the MRI study [4], while the high intensity areas on T2-weighted
images induced by microsphere embolism were markedly diminished on 8 days after the surgery [33]. Thus,
no significant latency changes of the SEP were recognized in our chronic study. Taken together, the latency
of SEP might be recovered because only oligosynapse mediated in the central nervous system. However,
higher functions such as cognition, learning and memory etc. which are related to polysynaptic brain

function could be damaged by microsphere embolism in the chronic periods.

Acknowledgements

The authors would like to acknowledge the support given by the Kawasaki University of Medical Welfare
Scientific Research Fund in 2008.

References

1. Volpe BT, Pulsinelli WA, Tribuna J, Davis HP: Behavioral performance of rats following transient forebrain
ischemia. Stroke. 15: 558-562, 1984.

2. Davis HP, Tribuna J, Pulsinelli WA, Volpe BT: Reference and working memory of rats following hippocampal
damage induced by transient forebrain ischemia. Physiol Behav. 37: 387—-392, 1986.

3. Kuribayashi Y, Naritomi H, Nuluzuma S: Multiple cerebral infarcts and white matter changes caused by
chronic low perfusion in rats. J Neurol. 237: 155, 1990.

4. Mayzel-Oreg O, Omae T, Kazemi M, Li F, Fisher M, Cohen Y, Sotak CH: Microsphere-induced embolic stroke:
an MRI study. Magn Reson Med. 51: 1232-1238, 2004.

5. Zivin JA, DeGirolami U, Kochhar A, Lyden PD, Mazzarella V, Hemenway CC, Henry ME: A model for
quantitative evaluation of embolic stroke therapy. Brain Res. 435: 305-309, 1987.

6. Taguchi T, Miyake K, Tanonaka K, Okada M, Takagi N, Fujimori K, Takeo S: Sustained changes in acetylcholine
and amino acid contents of brain regions following microsphere embolism in rats. Jpn J Pharmacol. 62: 269-278,
1993.

7. Miyake K, Takeo S, Kaijihara H: Sustained decrease in brain regional blood flow after microsphere embolism
in rats. Stroke. 24: 415-420, 1993.

8. Siesjo BK: Pathophysiology and treatment of focal cerebral ischemia. Part II: Mechanisms of damage and
treatment. J Neurosurg. 77: 337-354, 1992.

9. Branston NM, Ladds A, Symon L, Wang AD: Comparison of the effects of ischaemia on early components of
the somatosensory evoked potential in brainstem, thalamus, and cerebral cortex. J Cereb Blood Flow Metab.
4: 68-81, 1984.

10. Graf R, Kataoka K, Wakayama A, Rosner G, Hayakawa T, Heiss WD: Functional impairment due to white
matter ischemia after middle cerebral artery occlusion in cats. Stroke. 21: 923-928, 1990.

11. Loftus CM, Bernstein DD, Starr J, Yamada T, Wegrzynowicz E, Kosier T: Measurement of regional cerebral
blood flow and somatosensory evoked potentials in a canine model of hemispheric ischemia. Neurosurgery. 21:
503-508, 1987.

12. Meyer KL, Dempsey RJ, Roy MW, Donaldson D: Somatosensory evoked potentials as a measure of experi-
mental cerebral ischemia. J Neurosurg. 62: 269-275, 1985.

13. Shibasaki H, Yamashita Y, Tsuji S: Somatosensory evoked potentials. Diagnostic criteria and abnormalities in
cerebral lesions. J Neurol Sci. 34: 427-439, 1977.

14. Marinov M, Schmarov A, Natschev S, Stamenov B, Wassmann H: Reversible focal ischemia model in the rat:



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Changes of SEPs in Infarction Model Rats 43

correlation of somatosensory evoked potentials and cortical neuronal injury. Neurol Res. 18: 73-82, 1996.

Lye RH, Shrewsbury-Gee J, Slater P, Latham A: Rat middle cerebral artery occlusion: use of evoked potentials
and tetrazolium staining to assess chronic ischaemia. J Neurosci Methods. 22: 133-139, 1987.

Bralet AM, Beley A, Beley P, Bralet J: Brain edema and blood-brain barrier permeability following quantitative
cerebral microembolism. Stroke. 10: 34-38, 1979.

Furlow TW Jr, Bass NH: Arachidonate-induced cerebrovascular occlusion in the rat. The role of platelets and
aspirin in stroke. Neurology. 26: 297-304, 1976.

McGraw CP: Experimental cerebral infarctioneffects of pentobarbital in Mongolian gerbils. Arch Neurol. 34:
334-336, 1977.

Dunham NW, Miya TS: A note on a simple apparatus for detecting neurological deficit in rats and mice. J
Am Pharm Assoc Am Pharm Assoc (Baltim). 46: 208-209, 1957.

Rogers DC, Campbell CA, Stretton JL, Mackay KB: Correlation between motor impairment and infarct volume
after permanent and transient middle cerebral artery occlusion in the rat. Stroke. 28: 2060-2065, 1997.
Takeo S, Miyake K, Tanonaka K, Tanonaka R, Taguchi T, Okano K, Inoue K, Ohga Y, Kishimoto Y: Time
course of changes in brain energy metabolism of the rat after microsphere-induced cerebral embolism. Jpn J
Pharmacol. 55: 197-209, 1991.

Takagi K and Takagi S: The model of stroke induced by microsphere embolism in rats. Folia Pharmacol. Jpn.
121: 440-446, 2003.

Van Raamsdonk JM, Pearson J, Slow EJ, Hossain SM, Leavitt BR, Hayden MR: Cognitive dysfunction precedes
neuropathology and motor abnormalities in the YAC128 mouse model of Huntington’s disease. J Neurosci. 25:
4169-4180, 2005.

Takao K, Toyama K, Nakanishi K, Hattori S, Takamura H, Takeda M, Miyakawa T, Hashimoto R: Impaired
long-term memory retention and working memory in sdy mutant mice with a deletion in Dtnbp1, a susceptibility
gene for schizophrenia. Mol Brain. 1: 11, 2008.

Craft TK, Mahoney JH, Devries AC, Sarter M: Microsphere embolism-induced cortical cholinergic deafferenta-
tion and impairments in attentional performance. Eur J Neurosci. 21: 3117-3132, 2005.

Kiyota Y, Miyamoto M, Nagaoka A, Nagawa Y: Cerebral embolization leads to memory impairment of several
learning tasks in rats. Pharmacol Biochem Behav. 24: 687-692, 1986.

Takagi N, Miyake K, Taguchi T, Tamada H, Takagi K, Sugita N, Takeo S: Failure in learning task and loss of
cortical cholingergic fibers in microsphere-embolized rats. Ezp Brain Res. 114: 279-287, 1997.

Sato M, Pawlik G, Umbach C, Heiss WD: Comparative studies of regional CNS blood flow and evoked potentials
in the cat. Effects of hypotensive ischemia on somatosensory evoked potentials in cerebral cortex and spinal
cord. Stroke. 15: 97-101, 1984.

Koyanagi I, Tator CH: The effects of cortical stimulation, anesthesia and recording site on somatosensory
evoked potentials in the rat. Electroencephalogr Clin Neurophysiol. 101: 534-542, 1996.

Coyer PE, Simeone FA, Michele JJ: Latency of the cortical component of the somatosensory evoked poten-
tial in relation to cerebral blood flow measured in the white matter of the cat brain during focal ischemia.
Neurosurgery. 21: 497-502, 1987.

Strong AJ, Gibson G, Miller SA, Venables GS: Changes in vascular and metabolic reactivity as indices of
ischaemia in the penumbra. J Cereb Blood Flow Metab. 8: 79-88, 1988.

Obrenovitch TP, Garofalo O, Harris RJ, Bordi L, Ono M, Momma F, Bachelard HS, Symon L: Brain tissue
concentrations of ATP, phosphocreatine, lactate, and tissue pH in relation to reduced cerebral blood flow
following experimental acute middle cerebral artery occlusion. J Cereb Blood Flow Metab. 8: 866—874, 1988.
Fukuchi K, Kusuoka H, Watanabe Y, Nishimura T: Correlation of sequential MR images of microsphere-induced
cerebral ischemia with histologic changes in rats. Invest Radiol. 34: 698-703, 1999.



