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INTRODUCTION

Since the inception of surgical therapy é‘or iesions of the thoracoabdominal abrta in
the early 1950', pnraplegié or paraparesis has been reported as a frequent, devastating
and unprediz;tabla complication of otherwise successful surgical procedures. Reported
paraplégia rate in thoracoabdominal aneurysrﬁ carries a morbidity as high as 30% of
patients in 8 series. (1) Several contributory factors wefe implicated, such as prolonged
aortic uccl@sioh,’ hypotension, etc., bﬁt the‘ complication is basically related to a
peﬁnanent or transient ischemia of the spmal cord dunng cross clampmg of the aorta.
While it's true that lschemm will by itself ultlmate[y produce tissue necrosis if it's long and
severe enough, in some clinical situations, a substantial part of the i‘njury should be more
properly termed reperﬁ:sibn or post-ischemic injury. That is, much of the injury may not
occur during the actual period of hypoxia, but rather during the period when.'molecular
oxygen is, reintroduced -to the tissue. (2) The oxidative stAress, which is a majﬁr
contributory factor in ‘the etiology of cerebrospinal ischemia, is. in part attributed to

* production of free radicals such as superoxiti’ie anion , hydroxyl , oxygen and carb_on.
centered radicals, as well as hydrogen perﬁxide . Antioxidants such as Vit E, glutathione,
ascorbate, superoxide dismutase (SOD), catalase, among other, as well as natural herbal

medicines with antioxidative properties have beeh analyzed and studied for its protective
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action against cerebrospinal ischemia in different experimental studies. Recently,

Bio-catalyzer No. 11 (Bio-Nonhalyzer), a comfercially available natural health food

. : _
supplement produced from the fermentation of ¢arica papaya Linn. (a Phil, medicinal ‘

plant) ,Some tmplcal herbal plants and cereals from Japanese tropical and traditional

foods, was shown to exhxblt diverse and wxde-nngmg biological, physiological and
therapeutic propertics (3).

This study was undertaken to determine véhether the neprologic outcome after
temporary aortic occlusion in rabbits could be impri)ved with peri-operative administration
of Bio-Normalyzer, which fs a free - radical scavenger.

We woujd also like to determine whether Jigniﬁcant differences exist between the

three groups of rabbits given different diet regimen# in terms of the following parameters :

A, Final neurologlc outcome B. onset of flaccid paralysis after aortic occlusmn C onset

of sensory loss after aortic occlusion and D, mltlal recovery from flaccid paralysis af’ter '

. Teperfusion. And finally, whether the onset of flaccid paralysis and sensory loss after
aortic occlusion, or the onset of initial recovery ftom flaccid paralysis after reperfusion,

can serve as predictors of the final neurological outéome.

B4 a3
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ABSTR;\CT

| In order to determine whether Bio'-:catalyzer no. 11 (Bio-normalyzer), a free
radical scavenger, could prevent spinal corél ischemia, snare occlusion devices Were
surgicaily émblantéd in 30 male rabbits which were randomized into 3 groups according to
diet regimens. They were given standard diets of pellets and water; In addition; Group B
was given table sugar, and Group C, Bio—nnm{%alyzer. 48 hrs. after recerry, the aorta was
occluded by tightening the snares fo; 60 r'ninutes. and - then, released. In Group C,
Bio-normalyzer was given preoperatively and;continued for 5-days. The onset of flaccid
paraplegia, sensory loss after occlusion and the onset of neurolﬁgic recovery after
reperfusion were recofded. Using statistical an:nlyses, the neurologic outcome in Group C |
was shown to be significantly better than in Group A & B at p value Iess‘ than .05.
Likewise, the onset of paralysis after aortic acclusion could serve as a predictor of the
lﬁn_ﬁl ﬁeurologic recovery. This study indicates that oxygen-derived free radicals play a role
in ischemia-reperfusion injury of the Spinai_ cord andrtreatment w:ith Bio-normalyzer can

. improve the final neurologic outcome following temporary occlusion in rabbi'ts.'

KEYWORDS: Bio-normalyzer
Spinal cord ischemia

Thoracoabdominal aortic aneutysm
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MATERIALS AND METHODS

* Thirty male rabbits welghmg ab?rut 800 to 1,000 grams were used in the study
After inducing anesthesia by Ketamine HCI a Snare occlusion device using Prolene
sutures was surgically implanted around the mﬁ'arenal aorta of each ammal and tunneled
into the subcutaneous tissue ( left paravertebral lme) They were then randomized into 3
groups accordmg to the dlet regimens. Group A | or control group (n—IO) had ad
libitum to a standard diet of pellet and water dlet Group B or p]acebo group
(n=10) was given pellets, water and table sugar daily and inGroup C , pellets, water
plus B:o—normalyzer at 0.1 g/kg/day . The dose of Bio-catalyzer No. 1]
(Bm-nonnalyzer) used approx:mate the recommended dose in humans (3to9 g/day)(4).
Forty eught hours after recovery, the infrarenal gorta was occluded | in the awake animals
by retrieving and tightening the snare for 60 mmmes after which it was then released. In-
Group C, Bio-Normelyzer was given 2 hours pnur to aortic occlusmn and continued for 5
days via gavage method. The onsets of complete flaccid paraplegia, loss of sensory

. ﬁmctlon after occlusion and the initial recovery penod after reperfusion were recorded.
The animals were observed periodically up to 5 days for neurologlc recovery Grading

was done :ndependently using the modified Tarlovs criteria as follows - Grade 0 -no.
movement of the !ower extrem:t:es, Grnde I- nnmma! movement of the hind limb; Grade
2- good movement but unab[e to stand; Gmde 3- able to stand but not hop normally

j Grade 4 - complete neurologlc recovery (1). On the 5th day after aortic occlusmn all
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animals were then sacrificed and their spinal cords removed for histologic examination of

the lumbar sections.

- RESULTS

Ali the animals wefe able to .survilvé thx‘.:ough the 5 days observation period.
Occlusion of the infrarenal aoﬁa in the awake rabbiit qaused complete flaccid paraplegia w/
;1 mean at‘éﬁ secs. ih all é.nimals (A= 60,B= 65, C= 64') Table 2 and the period of

- ischemia necessary to cause loss of sensory funchmn was longer thh a mean of 230 scs.
(A=137,B= 248 C= 306) Table 3 Fallowmg restoration of aortic blood flow, 23%
(7/30) remained compiete[y paraplegxc (Grade O) while the remaining 77% were able to

| regain various grades of motor ﬁmctncn (Gr 1-4) within a mean of 172 min. (A = 175, B
‘=' 196, C = 145) Table 4, after reperfusion. I;Iowéyer,' in 47% of the animals that
recovered, neurqlogic function began to deteriufate starting 12-24 hours afier aortic
reperfusion to a p‘arapleéic state (Grade 0, 1) within the next 5 c.iays.A Although some

.' énin{léils recovefed neurologically within the control group, final paraplegic rate (Gr 0, )
wasl'?()% (7/10). In Group B, 80% (8/10) remaineid paraplegic while only 30% (3/10) was

seen in the treated group (C) Table-l.
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To determine whetherrdiffcrences exisi accéxrdiug to the final neurologic outcome,
th.e Krhskal—Wallis one way -ana!ysis‘.qf v‘arianc'é Wtifiised. This wasl because the response
variable was in the ordinal scale with final neurolog%ic outcome being assigned grades from
0to 4. The resﬁlts indicate that 'sigxﬁﬁcant differeéxces exist between the 3 groups as well

| (F=323p - 0.05) 'witﬁ the mean score for G-froup_,C being sigﬁiﬁcant!y higher than
Groups A & B. |

'1‘6 determine whether significant dift'erenceii exists between the 3 groups of rabbits
according to the oﬁset of flaccid paralysis and se:_n%ory loss after aortic occlusion, as well
as the initial rec.overy period from flaccid paralysis after reperfusion, a one way analysis
of variance was used followed by Takey's test for multiple coﬁ'ii‘iarisons. The results
indicate that significant diﬁ'erénces exists between ;thélB groups according to the onset of
sensory loss after aortic occlusion (F = 7.01, p =‘..0035) with a mean for Group C being
significantly higher than that of Group A. There are no signiﬁcant difference between the
3 groups w1th respect to éhe onset of flaccid paralysis after occlusion and the onset of
initial recovery after reperfusion.

To determine whether of not the onset of flaccid paral.ysis or sensory loss after

" aortic occlusion, and recovery period aﬁer‘aortic l‘“eperﬁjsion are significant predictors of
thé ﬂnalr neurologic outcome, a logistic regression analysis was applied. The results
indicate that of the 3 parameters; only the onset of flaccid paralysis is a significant

predictor of the final neurologic outcome. (Wald‘:s % = 6.98, p =.0082). Higher values
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for the onset of paraplegia was observed to be éorrelated with higher scores for final

» neurolbgic outcome.. |
- Histologic studies révealed varying degree fof neuron dége.naration manifested as
dark staining bodies éontaini_ng ill-defined nucl?:iz and some manifesting disintegrating
neuron bodies engulfed by macrophage and swdfllen axons with clean halos which are
more cle-;arlf demonstrated in the anterior horns of all cases with neurologic grades of .O‘Z’

 and 60% (3/5) of those having' Grade 3.

DISCUSSION

Neurolvglc comphcat:ons of aortic occiusmn is an old topic of mvestxgatlon and
discussion . First mention of this ‘phenomenon was made in 1667 by Stenosis and
Swammerdam where experimental occlusion of abdammal aorta resuited in paraplegia of
a rabbit (5). Hara and Lipih. were apparently the first to report a case of spinal cord injury

- .-following | resection of an abdominal infra-renal aortic aneﬁrysm which was ﬁanifested
by urinary retention and fecal incontinence (6). S'mce then, many studies have been made

'~ and ‘devoted to the prevcntioﬁ of tliﬁs'seriuus néuriclogic complication . Various methods
were used like heparinized shur.lts/ creation of b)q:passes, injections distal to the occlusion
to increase oxygen level and pressure, or Ioweﬁng the metabolism of nervous tissue by

’l hypothermiz. Unfortunately, despite all these known interventions, the incidence of
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permanent ischémic spinal cérd injury especiaﬂng“"foliowing thoracoabdoiminal aortic
aneurysmestomy remams high. -

Since the caomplication of paraplegza is related t0 permanent of transient ischemia
of the spmal cord, oxygen free-rad:cais have been lmphcated as mediators of
ischemia-reperfusion injury (IRI) not only in the cerebrospmal but also in various organ
systems. This is shown in studies demonstr_atiﬂjg that these radicals are abundantly
pmducgd in ischemic tissues accounting for a subfstaxitiaily large paﬁ of the damage that

' resﬁits. | .

What exactly is a.free radical? A free.radéical is simply a molecule containing an
odd number of electrons, and thus considered to contain an open bond or a half bond,
rendering it chermcatly actwe Thxs charactenst|¢ enables free radicals to participate in

| chain reactlons wh:ch may be thousands of events long e.g. peroxidation of unsaturated
fatty acids by moiecular oxygen.

McCord et. al .presented evidences that t};e xanthine oxidase system is the primary
source of oxygen derived free radicals in the setﬁng of ischemia followed by reperfusion.

| I'nitia.l. products are the superoxide anion and hj-rc;imgen peroxide. These compounds may

combine in a tracemetal-catalyzed reaction to form hydroxyl radical, which is more
reactive than either of its precursor.

| Amcxng the active uxygens hydroxyl radlcals are the most reactive which damage

proteins, break deoxyribonucleic acids (DNA) and promote lipid peroxidation. They may

fi also arise from ionizing radiation, ultrasound, lithotripsy, lyophilization, ozone and
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- ethanal metabolism , iron solutions and brain gu&nidino compdunds. Antioxidants that

,- quench active oxygerié are well documented. but _inability of su(.:h popular agents such as

catalase and superoxide dismutase to cross the blémd brain barrier limits their actions as
protectors of the .central nervous system.

Dimethylthiourea, also a hydroxyl radical s;cavenger was demonstrated to prevent
pé.raplegia following aortic cross- clamping in rabb:\its (1). However, it has yet to undergo
clinical trigls. Anofher factof is it's unavailability; in the market, |

Bic-catalyzer a p No. 11 (ﬁio-nomalyzef),- on the other hand, is a white, sweet,
granulalf, natural health food commercially sold in Japan and the Ph;lippines. It is made by
yeast fermentation .lof Carica'Papaya L’inn.( a widiely k;lown Philippine herb),- Pennisefum
pupureum Schum, (Napier grass), Sechium edule Swartz (vegetaﬁ!e) and glucose as the

- main carbon source. | |

Reports by L.A. Santiago et.al. havé shdjwn that Bio-normalyzer (BN) potently
scavenged hydrdxyl. radiéals, quenched superdxide and L1 diphenyl-Zpicrylhydrazyl
(DPPH)' radicals, as well as inhibited the @lﬂnbarbiturate acid ;eactive substances

_. (TBARS) in FeClI3 induced epileptic focus in rats (4). In ancthér study, they have
dem;c:nstrated that BN can also significantly reduce membrane lipid peroxidation in
cerebral ischemia reperfusion injurj (IRI) theéeby affording cereﬁroprutection during
transient CNS ischemia. |

| Qur study fevealed a s.igniﬂcant difference in tﬁe final neurologic outcome among

i the 3 groups with the treatment group (C) having the highest mean neurologic grading of
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2.4 vs. 1.37 and 1.4 in G'roui)s A & B, respectiy?ly. Although a significant neurologic
improvement was noted -in Group C compareéi to the other 2 groups, the overall
paraplegia rate (Gr 0,1 ) was still relatively high at{ 30%, which is low compared to that
reported by Wlssenlmk et. al. (1), who had ceh‘nplete neurolog:c recovery in all 10
amma!s after treatment with dimethylthiourea (DMTU) It‘s possible though ,that the
optlmum dose, durahon ‘as wel! as the route of ddnumstratmn are yet to be determined
and these may mﬂuence and improve further ihe fmal neurologic outcome in future
studies. . |

The onset of paraplegia aﬁer temporary abrtnc occlusion in_secs. was also shown

to have a significant relatlonshtp to the ﬁnai neuro]ogxc outcome and may hkewme serve as

‘a predictor of neurologic recovery. The relatlonsiup is du‘ectly proportional, which is, the

longer the onset of paraplegia after aortic occlusion, the better is the chance of attaining
neurologic recovery.
The etiology of ischemic spinal cord %njur}r is a multifactorial phenomenon.

Considerations n_mst be made regarding the anatd&nic, physiologic and biachemical aspects

- of any surgery that would involve temporaﬁy occlusion of the aorta. The basic

denominator however, is the presence of ischelijiia, followed by reperfusion , producing

‘oxygen-derived free radicals responsible for th@a cellular damages. The phenomena of

ischemia reperfusion injury is demonstrated vividlly in different studies in the past. The

fact that administration of a radical scavenger in the form of Bio-normalyzer significantly

1L
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improved the neurologic outcome of the tested anlmals is an indirect evidence of the role

" that oxygen- derived radicals play i ischemia—reéerﬁxsion injury of the spinal cord.
CONCLUSION |

Our results support the fact that hydroxy;l radicals may play an important role in
ischemia-reperfusion injur.y of the spinal cord. .Treatment with- Bio-catalyzer No. 11
(Bio-normalyzer) can improve the neurologic out¢ome, if not prevent paraplegia following

~ aortic cross clamping in rabbits. The onset of paraplegia after aortic occlusion may also
serve as a predictor for the final neurclogic ou_t&ome after temporary aortic occlusion in

experimental animals. ' : ;
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FINAL NEUROLOGIC OUTCOME
- . (GRAD .'
A B C
(Control} {(Placebo) (Bio-normalyzer)
1 1 - 1 3
& 0 1 1
3 1 1 1
4 a1 3 o
5 1 1 2
6 2 1 4
T 0 1 4
8 4 3 2
9 2 i 3
10 1 1 1
TABLE 2 ‘
ONSET OF FLACCID Py YSIS AFTER
AORTIC OCCLUSION
(SECONDS)

A B C

1 60 100 80
2 80 60 60
3 - 40 30 40
4 30 50 80
5 60 50 40
6 90 a0 100
(4 .30 a0 . 90
8 90 100 50
9 - 80 30 40
10 40 S0 60
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, TABL%
- ~ ONSET OF SENSORY LOSS AFTER AORTIC OCCLUSION
(SECO S) -
i A _ . B C
1 - 160 300 200
2 200 . 240 . 180
3 160 . 400 240
4 180 360 1 600
B 160 . 200 400
6 190 . 120 180
7 60 300 _ 300
8 120 . 120 240
9 20 ' 200 : 480
10 60 - 240 240
' TABLE|4

INITIAL RECOVERY FROM FLACCID PARALYSIS
~ AFTER REPERFUSIbN (MINUTES]

A B e

1 120 ' 300 120

2 “ ' & 180

3 180 ' - 100

4 240 : 240 ' 80

& - , ; 240 , 120

6 240 : 120 70
T -, : - 240

8 120 - 100 180

@ 90 240 . 180

10 240 - 180 240




