Does Ischemic Preconditioning Reduce
Ischemia-Reperfusion Injury in Rabbit Spinal Cord?
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Summary Ozet
Objective: We investigated the effect of ischemic precondi- Amag: Bu calsmada biz medulla spinalis iskemisi tze
tioning on ischemic spinal cord injury in a rabipiddel. iskemik Onartlamanin etkisini bir taan modelinc
Material and Methods: Twenty-four rabbits wer dividec argtirdik.
into four equal groups, group | (control), groupl Gere¢ ve YOontemler:Yirmidort tawan, grup | (konl), gru,
(ischemia), group Il (preconditioning), group Il (iskemi), grup Il (6martlama), grup IV (iskemr
(ischemic preconditioning). Spinal cord ischemizs wa Onsartlama) olarak dort sé& gruba bdindid. Medull

duced by clamping the aorta both below the lefatrem-
tery and above the aortic bifation. The spinal co
function of all supects were assessed clinically 48 h
after aortic declamping. Smal cord samples were tal
to evaluate the histopathological changes.

Results: The rabbits in control group (group 1) showed
neurologic defidi Paraplegia (score 0) developed ir
rabbits in the ischemia group (group II). Of grolik
(preconditioning group), 5 subjects were Tarloviesct
whereas one subject was Tarlov scale 3. Ischengic pr
conditioning subjects in groups IV demonstrateadhiig
cant reduction of motor disfunction. There werehi®
topathologic abnormalities in hematoxylin-eostaines
specimens of shamperated rabbits. In group IV, 1
cords of subjects with Tarlov's scale 3 and 4 sltbordy
minimal cellular infiltratesn the gray matter, and th
was remerkable preservation of nerve cells. Itoligic

spinalis iskemisi aortik bifurkasyonun tzerindenrgae
arterlerin altindan aortanin klemplenmasi ilezlaadi
Aortik klemplerin serbestigiriimesinden 48 saat so
tim deneklerin medulla spinalis fonksiyonlarigeeen:
dirildi. Histopatolojik dgerlendirme icin medu
spinalis 6rnekleri alindi.

Bulgular: Kontrol grubunda (grup 1) hi¢ norolojik bu

yoktu. Iskemi grubundaki (grup )l tim taganlard
parapleji gekti. Grup Il (6rsartlama grup)'de 5 depie
Tarlov skalasi 4, 1 denekte ise 3 olarak buluriskemi
Onsartlama koruma yapilan deneklerin (grup IV) o
bozukluklarinda 6nemli azalma goérildid. Kontrolugr
bundaki taganlarin hematoksilin-eosinle boyanan kesi
lerinde histopatolojik anormallik yoktu. Grub IV
Tarlov skoru 3 ve 4 olanlarinda gri matriksde mia
hiicre infiltrasyonu ile iyi korunmusinir hiicreleri varc
Parapleji gelien deneklerin medullapinalis 6rnekle

examination of paraplegic subjects, spinal cordsas siddetli hasara grams néronlar igceriyordu.
obviated neuronal injury. Sonug: Bizim calsmamizin sonucunda iskemik gamtlam
Conclusion: Our study showed that ischemic preconditio iskemiye kagi medulla spinalisin toleransini artirabiec
may enhance the tolerance of the spinal cord agiaias gi ve medulla spinalisin nérofonksiyonlarini korujlab
versible ischemia, and protect the neurofunctiortha cegi gorllmektedir.
spinal cord.
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Spinal cord injury after a successful operation ongested, including temporary shunts or partial bypas
the thoracic aorta is a disastrous and unpreditabl (3-4), hypothermia (5-6), drainage of cerebrospinal
complication. The reported incidences of paraplegiafluid (7), and pharmacologic measures (8-10). Re-
is 0.9% to 40% for the thoracic aortic surgery Y1-2 gardless of the surgical technique or method aofadpi
In an attempt to prevent this complication, various cord protection used, none of these modalities has
methods of spinal cord protection have been sug-otally prevented the development of paraplegid (11
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Ischemic preconditioning is an endogenous with 200 units of heparin before aortic cross-
cellular protective mechanism whereby brief, clamping. The aorta was occluded distal to thie lef
noninjurious periods of ischemia render a tissuerenal artery with a pediatric vascular clamp (De
more resistant to a subsequent, more prolongedBakey-Hess, A-237, Aygin) and proximal to the
ischemic insult. More recently, it has been shownbifurcation with a similar clamp. The posterior
that ischemic preconditioning provided substantial mesenteric artery was also occluded with a clamp.
neuroprotection (12). Numerous studies haveAfter releasing aortic occlusion, the abdomen was
confirmed the neuroprotective efficiency of closed in to layers and the subjects were allowed t
ischemic preconditioning in animal models (12- recover. Forty-eight hours postoperatively, the
14). Fan et al. (15) reported that 5 minutes of motor function of the lower limbs was evaluated in
ischemic preconditioning may increase the each subject according to the Tarlov Scale by an
regional spinal cord blood flow in rabbits. We independent observer who was unaware of the
hypothesized that ischemic preconditioning of the treatment modality of each subject. The subjects
spinal cord would reduce neurologic injury after were then sacrified by intracardiac formalin (10%).
experimental aortic occlusion in rabbits and that The lumbar spinal cord was harvested and fixed in
this improved neurologic benefit could be induceda 10% phosphate—buffered formalin solution.
acutely after a short reperfusion interval sepegati  Sections were obtained from lower lumbar regions,
the ischemic preconditioning and the ischemic stained with hematoxylin and eosine, and were

insult. studied for ischemic injury using standard light
microscopy.

Material and Methods The subjects were randomly divided into four

Experimental protocol groups with 6 subjects in each group (Table 1).

Twenty-four Japanese white rabbits weighing Groups | (control, n=6) was anaesthetised and
between 2.4 ve 3.5 kg were initially anaesthesisedsubjected to laparotomy without aortic occlusion.
with intramuscular ketamine hydrochloride (50 In group Il (ischemia), subjects were subjected to
mg/kg) and xylazine (5mg/kg), followed by a half- 30-minute of crossclamping. In  group Il
dose maintanence as required during the(preconditioning group), subjects were subjected to
procedure. The animals maintained spontaneou$-minute  of  crossclamping. In  ischemic
breathing. To monitor proximal and distal aorta Preconditioning subjects (groups 1V), a 5-minute
blood pressure, two catheters was placed into th&rossclamping with 10 minutes of reperfusion
aorta and femoral arteries. The ear vein was alsdollowed by another 30-minute crossclamping was
cannulated for the administration of fluids. The Performed (13,15-16).
base deficit was corrected with administration of Spastic paraplegia did not produced with the
sodium bicarbonate. A thermister-mounted probe5-minute occlusion time in all rabbits (group IlI).
was inserted into the rectum to monitor the coreTherefore, this occlusion time was selected to test
temperature. After sterilization, the abdomen wasthe protective effects of ischemic preconditioning
entered through a median laparatomy and the(group IV).
abdominal aorta was exposed just inferior to the
left renal artery and down to the aortic bifurcatio
The aorta was encircled with a silk ligature distal Table 1.Tarlov Scale
to the renal artery and proximal to the bifurcation
to facilitate secure occlusion. The posterior Tarlov Scale Description
mesenteric artery was also encircled with a silk 0 No voluntary movement, spastic paraplegia
ligature. A heating pad was employed to keep the gifgﬁ'giim:;'f&in&n%getg'Qgir']'g'bs
core temperature at 38°C to 39°C during the aortic Able to stand and walk
occlusion period. Each rabbit was anticoagulated

A WN R

Complete recovery
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Neurologic examination All subjects tolerated the procedure well and

Neurologic assessment was performed at 48Were in stable condition at the time of evaluation
hours after the procedure. Subjects were classifie®f lower limb motor functions. The ratio of the

according to the method of Tarlov scale (Table 1). SPecific grades of each group is shown in Table 3.
The rabbits in control group (group I) showed no

neurologic deficit. Paraplegia (scale 0) developed
Transverse sections were cut to a thickness of, g rapbits in the ischemia group (group Il). Of
4;_1m at the Ieve_l of L§. The sectlon_s were sta_uned,[he group Il (preconditioning group), 5 animals
with hematoxylin-eosin and examined by light \yore Tarloy scale 4, whereas one animal was
microscopy. Morphologic evaluation of spinal cord Tarlov scale 3. Ischemic preconditioning subjects

samp!es of gll groups - were perforr.n.e.d. by (groups 1V) resulted in significant reduction of
examiners not informed about group specificities. motor disfunction (p=0,002) (Table 3)

Statistical Analysis _ Results of the blinded histologic study fully

Statistical anal_y5|s of the neurolog.|c SCOTES correlated with neurologic findings. There were no
Was_ performed with the nonparametric Mann- histopathologic abnormalities in hematoxylin-
Whitney U test. All other data are presented 3Seosin-stained section in sham-operated rabbits. The

+ i . .
means + SD. Intergroup and intragroup Mean -ords of subjects with Tarlov's scale 3 and 4
values were compared by repeated measures

ANOVA and post Hoc Tukey. Differences were Showed only minimal cellular infiltrates in the gra

. L o matter, and there was significant preservation of
considered statistically significant at the P<0.05 ' . W .|g . . P .V 'on o
level nerve cells (Fig 1a). In histologic evaluation loét

_ spinal cord sample sof the subjects paraplegia,
The experimental protocol was approved by seyere neuronal injury was the prominent finding.
the Dicle university institutional Animal Care and Necrotic neurons either appeared shrunken with a

Use commettee. All animals received humane carg,nqensed perikaryon or displayed eosinophilic
in compliance with the European Convention on cytoplasm and pyknotic nuclei (Fig 1b)
Animal Care.

Histopathologic examination

Discussion
Postoperative paraplegia is caused by the

Results
There was no statistical difference in the heart oS ’ _
rate, proximal and distal arterial pressure valuesiSChemic injury of the spinal cord and is related t

among groups (Table 2). All subjects in which an thoracic aortic crossclamping during operations,
aortic clamp had been applied (groups II-IV) because critical intercostal arteries supplying the

demonstrated significant differences betweenanterior spinal artery may be occluded. Technical
baseline and postocclusion pressures both in th&fforts in order to decrease the incidence of dpina

proximal aorta and in the femoral artery (p<0,05 cord injury are usually directed towards protection
and p<0,001, respectively). of the cord during the ischemic interval and prompt

Table 2. Haemodynamic parameters*

Baseline Occlusion Reperfusion
| Il 1] v | Il 11 \Y% | Il 1] \Y
Heart rate (bpm) 184+6 187+4 18445 18616 194+7 BO1+193+4  193+5 191+6 193+5 192+5  193+7
Mean Proximal pressure (mmHg) 54,7+%5,3+4 53,646 54,046 54,25 68,746 66,55 68,2+7 ,5%8 54,8t5 552+4 55,046
Mean distal pressure (mmHg)  53,8+%3,0+4 53,844 54,5+6 54,3+4 142+4 14,045 13,646 ,852 53,516 52,744 54,246

*There was no statistical difference in the heatéyproximal and distal arterial pressure valuesray groups. All rabbits in which an aortic clangultbeen
applied (groups II-IV) demonstrated significantfeliénces between baseline and postocclusion pessboth in the proximal aorta and in the femorergr
(p<0,05 and p<0,001, respectively).
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Table 3 Tarlov score at 48 hours of reperfusion*

Group | (Control) Group Il (Ischemia) Group Il (Preconditioning)  Group IV (Ischemic

Tarlov score (n=6) (n=6) (n=6) preconditioning) (n=6)
0 0 6 0 0

1 0 0 0 2

2 0 0 0 2

3 0 0 1 1

4 6 0 5 1

MeanSD 4 0 3,8+0,4 2,2+1.1

*Mean Tarlov Scales of rabbits showed a significgifference between ischemia (group Il) and iscleepreconditioning (group
IV) groups. Ischemic preconditioning rabbits (greuy) resulted in significant reduction of motasfdinction (P = 0,002)

Fig 1a. Neuronal cells are well preservdal. Necrotic neurons exhibiting shrinkage, anuclearkly, triangularshaped cell a
seen (hematoxylin-eosin stain; original magnificatk100)

reestablishment of blood flow to the spinal cord asenhanced mitochondrial sequestration of*Ca
a part of the repair (16). more rapid recovery of protein synthesis, or in-
_ , _ ... duction of heat-shock proteins after precondition-
Since the advent of ischemic preconditioning i (19-22). In addition, differences in the

in myocardium, incremental attention has been_~. .. . . . .
. . . e activation of microglia (cytotoxic) and astroglia
paid to ischemic preconditioning in the central . L .
(neurotrophic) may play a role in ischemic

nervous system and spinal cord (13-14,17-18). In e
. . ... preconditioning (23).
models of cerebral ischemia, the preconditioning . _
Despite the fact that several studies have

stimulus is typically a period of non-lethal, brief i i =
ischemia secondary to vascular occlusion, and thisShown ischemic  preconditioning to have a

protective state induced many hours to days later i protective effect on the' spmal' cord there'l.s S,t'”
referred to as ischemic tolerance (12). Fan et al.some_ doubt as to ischemic precondltlonlpg
(15) showed that 5 minutes of ischemic duratlon..Zyara 'et al. (14).r.ep9rted that protextiv
preconditioning may increase the regional spinaleffeCt of |.schem|.c pl’eCOI’]dI'[IOI’]II.']g occurred aft(?r 3
cord blood flow, enhance the tolerance of the M Of ischemia and 30 min of reperfusion

spinal cord to irreversible ischemia, and protaet t INterval. Ueno et al. (24) showed significantly
neurofunction of the spinal cord in rabbits. increased postischemic lumbar cord blood flow

and contributed to lower incidence of spastic
The protective mechanisms underlying paraplegia. Abraham et al. (17) reported a
ischemic preconditioning may involve adenosine, protective effect of ischemic preconditioning after

T Klin J Cardiovascular Surgery 2004, 5 15
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2 and 5 min of ischemia and 48 h of reperfusion6. Tabayashi K, Niibori K, Konno H, Mohri H. Protectio

interval. Comparasions between the results of

different studies are difficult as owing to the
differences in species, experimental protocols and;.
outcome measures. However one important thing

is that, ischemia must be present at least 5 min to
elicit the phenomenon (15). We applied a short®
period of ischemic preconditioning (5 min) in
order to be similar to application in experimental
studies. In our study, preconditioning protection g,
subjects (group IV) resulted in a reduced incidence

of

subjects
paraplegic with no sensory or motor reflexes. This

In contrast, all
(ischemia group) were

severe motor dysfunction.
in group 1l

improvement of neurologic function rates and the

histopathological findings reveal the protective L
effect of preconditioning on spinal tissue against

ischemia-reperfusion injury.

tioning reduces ischemia-reperfusion damage in
the spinal cord and provides a better neurologic

0.

Finally these findings suggests that precondi- 11-

outcome. Conclusions inferred in experimental 12.
models such as the present report may not be readi-

ly

needed to define the prerequisite preconditioning13
and reperfusion times for necessary for maximal

applicable to humans. Thus, further study is

benefits.
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