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Neuroprotective Effect of Phenytoin and Hypothermia
on a Spinal Cord Ischemic Injury Model in Rabbits

Sam-Sae Oh, M.D.*, Gheeyoung Choe, M.D.**;, Won-Gon Kim, M.D.***

Background: Spinal cord ischemic injury during thoracic and thoracoabdominal aortic surgeries remains a potentially
devastating outcome despite using various methods of protection. Neuronal voltage-dependent sodium channel
antagonists are known to provide neuroprotection in cerebral ischemic models. This study was designed to compare
the neuroprotective effects of phenytoin with those of hypothermia in a rabbit model of spinal cord ischemia.
Material and Method: Spinal cord ischemia was induced in New Zealand white rabbits by means of infrarenal
aortic cross clamping for 25 minutes. Four groups of 8 animals each were studied. The control group and the
hypothermia group received retrograde infusion of saline only (22°C, 2 mL/min); the normothermic phenytoin group
and the hypothermicphenytoin group received retrograde infusion of 100 mg of phenytoin at different rectal
temperatures (39°C and 37°C, respectively) during the ischemic period. The neurologic function was assessed at 24
and 72 hours after the operation with using the modified Tarlov criteria. The spinal cords were harvested after the
final neurologic examination for histopathological examination to objectively quantify the amount of neuronal damage.
Result: No major adverse effects were observed with the retrograde phenytoin infusion during the aortic ischemic
period. All the control rabbits became severely paraplegic. Both the phenytoin group and the hypothermia group
had a better neurological status than did the control group (p<<0.05). The typical morphological changes that are
characteristic of neuronal necrosis in the gray matter of the control animals were demonstrated by means of the
histopathological examination, whereas phenytoin or hypothermia prevented or attenuated these necrotic phenomena
(p<0.05). The number of motor neuron cells positive for TUNEL staining was significantly reduced, to a similar
extent, in the rabbits treated with phenytoin or hypothermia. Phenytoin and hypothermia had some additive neuro-
protective effect, but there was no statistical significance between the two on the neurological and histopathological
analysis. Conclusion: The neurological and histopathological analysis consistently demonstrated that both phenytoin
and hypothermia may afford significant spinal cord protection to a similar extent during spinal cord ischemia in
rabbits, although no significant additive effects were noticed.

(Korean J Thorac Cardiovasc Surg 2008;41:405-416)
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Fig. 1. (A) Experimental preparation of the abdominal aorta and inferior vena cava in a rabbit. (B) Retrograde venous perfusion through the

inferior vena cava.
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(1) Hematoxylin-eosin Z4: 7} A7 o H 2 39
He 242 25 om o4 AA] 10% FHEZRI
s 2% ol nAAZ. A4 24 YRue wel
2 mm S Q1% Aol ale AR QS F, BE
AN FAL FAE o] Setol =g Aed)
S ol whet 10% $4 2l wgsha o
g}zl Zufsloe] 4 um FAZ ¥HEslo] hematoxylin and
eosin & Al g¥skgict.
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Table 1. Physiologic parameters (S39; Control group, S37; hypo-
thermia group, P39; normothermic phenytoin group. P37 hypo-
thermic phenytoin group)

S39 P39 S37 P37
Groups
(n=8) 0=8)  (=8)  (n=Y)
Weight (kg) 3.1£0.2  3.0+0.1 29+02 3.0£0.2

Rectal temperature (°C)

39.5+0.8 39.2+0.5 39.4=*1.1 39.8+0.7
39.2+0.3 39.1+0.2 37.0£0.1 37.1+0.2
Ischemia, 10 min 39.0£0.1 38.9+0.2 37.1£0.3 37.0%0.2
Reperfusion, 10 min 38.8+0.3 38.7+0.2 36.8+0.2 36.9+0.1

Baseline
Pre-Ischemia

MAP (mmHg)
Baseline 82+9 79+15  81%12  76£9
Pre-Ischemia 78+10 7519 T7£12 6719
Ischemia, 10 min 7117 68+7 62+14 64£10
Reperfusion, 10 min  67+12*  60+15* 56+16* 58+13*

*p<0.05 vs preischemia. Values are meanstSD. MAP=Mean
arterial pressure.

PBSTE 287+ 281 S=AIs}glc}. Streptoavidin 50 #L-g A&
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A2l SPSS (version 10.0 for Windows, Chicago, USA)E o]
Sslolon, dEHrs JAF+EFHARE, HF P 9
T FAECHS)= deErdeH, p kel 0.05 kel 7
E FAALE {9 st &k ti sk Aol
Zkel wre] Wkt diEuet A ke 7I$2E Mamn-
Whitney rank sum *§ 22 749} Tarlov A9} #HA
= AAAEE v]& Aol dIWAl-L Spearman rank order
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Fig. 2. Tarlov scores at 24 and 72 hours after the operation. *p
<0.05 compared with the normothermic control group (Mann-
Whitney U test). The box boundaries=The 25th to 75th per-
centiles. A thick line within the box=The medians. Whiskers above
and below the box=The 10th to 90th percentiles.

correlation ] 2.2 ZAAsIg ow, 7k 7+ 7he] WA= Al
AlEe] vlgol whE W24 T3 Tarlov ATE
o] 8¢t X734 7}= v 252 Mann-Whitney U testZ
=8l

U o
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o},
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1) T F LA AL
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o, 5 oheme] gAF Bl stolgue] fA Rl g
#elo] goletglar, 245 A A FollA S5 g
TAA 3N AR A A Swlo] FAF Y h(Fig
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Fig. 3. Hematoxylin & eosin staining of the spinal cord segment at 72 hours after ischemia. Ischemic changes were minimal in a Group
P37 (A). Ischemic red neurons were occasionally noted in Group P39 (B) and scattered in Group S37 (C). Histological features of in-
farction were prominent and ischemic red neurons were frequent in Group S39 (D) (x100).

2) MAHEH J|sHI}

Tarlov scoreol] wh-& A1738H4 7t Aa= 2t 79 5
IR X ‘ﬁé’%i F A5 Boxplot £ FEE FA
slchFig. 2). & F 194 A3 A7 H7t A=
$39, P39, S37, P37 2 & Tarlov scored] Ztzk(H $)ol
Z+7F 1 (0~2), 25 (1~3), 3 (1~4), 3 3~Hct & £ 3
A APt A7 H7F A 1 (0~2), 25 (1~4), 3
(1~4), 4 B~HE & 3 194 AHe} vlaste] Fof3t
Aol = ATt

255 e A Ul A4 AlS fAshEA =

UEQ S Fof3tal eb tzT(S39)A = sutel 5 ont
gloll A 73A4 vkl S H3la A oulelE ebA] e &

Aol AEJ ot ge F Ae AR AP £
S Hol H|zA kARl HEA HAFEA ralg Hr)E
Art.

AAE AYEQS] Hehy AaE dothr] 93l
S90S HETFoE slo] AALEE 2°C YFE S37vH
HAYEQ 100 mgE Foldt P39F Aolol Fo4S A%
AT} F FEF FY3 AET HERT NS B
©1H(p<0.05), 7 & 401«1 iy adtelle xol7h ¢l
ek w3 AAZELE 2°C YR AYEJIRE Foi3t
P37¢:9 7%+ gute] F supele A £de Hylew
3ubg|nt b whp] FAE o vl 7 F M £ A
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Fig. 4. Histopathological grading in the gray matter at 72 hours
after ischemia. *p<<0.05 compared with the normothermic control
group (Mann-Whitney U test). The box boundaries=The 25th to
75th percentiles. A thick line within the box=The medians.
Whiskers above and below the box=The 10th to 90th percentiles.
Open circle=Full range of data.
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Fig. 5. Total number of TUNEL-positive cell at 72 hours after the
operation. *p<<0.05 compared with the normothermic control group
(Mann-Whitney U test). Tp<0.05 compared with the hypothermic
phenytoin group (Mann-Whitney U test). The box boundaries=The
25th to 75th percentiles. A thick line within the box=The medians.
Whiskers above and below the box=The 10th to 90th percentiles.
Open circle=Full range of data.
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©

Fig. 6. TUNEL staining of the spinal cord segment at 72 hours after ischemia. No TUNEL-positive apoptotic cell was noted in a Group
P37 (A). Note a single TUNEL-positive apoptotic cell in a Group P39 (B). TUNEL-positive apoptotic cells were scattered in a Group S37
(C). TUNEL-positive apoptotic cells were frequent in a Group S39. TUNEL-positive cells were considered to be ischemic red neurons (D)

(x100).
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