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The body wall crude extract ofStichopus variegatus promotes repair of
acute contused spinal cord injury in rats by impra/ing motor function
and reduces intramedullary hemorrhage.
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Abstract

We investigated whether Malaysian Sea cucumbersStichopus variegatus (SV) extracts
promoted repair in acute contused spinal cord injuy in a rat model. Adults female Sprague
Dawley rats weighted at 200-250g were subjected mseven groups. Rats had 10g rod dropped
from heights of 25mm onto exposed cord at T3, using NYU impactor device. Locomotor
recovery was measured using Basso Beatie Breshn®BB) Locomoting scale after two weeks
of intrathecal intervention with different doses of SV crude extracts, methylprednisolone and
control groups. The methylprednisolone and 10 pug/k&@V treated groups showed a significance
difference of BBB scores compared to control groupndicating the improvement of motor
functions after 14 days of injury(p<0.05). The intamedullary hemorrhage was found affected
gray matter than white matter after contusion injury(p<0.01). However, methylprednisolone
and 10 pg/kg SV extracts reduces intramedullary heorrage compare to control group
(p<0.05). Correlation coefficient analysis demonséited a significance negative correlation
between BBB scores and gray matter hemorrhagefs -0.99) and white matter hemorrhage
(r?= -0.93). These findings lead to a conclusion thaeverity of hemorrhage was associated
with behavior deficits. We also found Methylprednislone and 10 pug/kg SV extracts spared the
white matter (74.2% and 67.7% respectively) after 4 days of injury compared to control
group (33%). In this present study, the white matte sparing was directly proportional to
behavior deficits (P= 0.91).Therefore, 10 pg/kg of SV extracts in thistudy strengthens the
hypothesis theS. variegatus body wall extract is showed the capacity of promatg repair by
improving motor functions and reduces intramedullaly hemorrhage of acute contused spinal
cord injury in rats.
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Introduction extract (SVWE) has been reported to be used for
rheumatoid arthritis [3], abdominal pain, liver dzge [4]
Historically and continually eversince the time as well as heart ailments [5]. Numerous experiméras
immemorial, natural products have been extensivelfias revealed various vivo effects such as antioxidant
utilized by the locals as home-based remediesetat 8  experiment [6], anti-angiogenosis [7], anti-microteaial
wide range of ailments.Sea cucumbers from Malaysiasffect [1], potential tissue repairs[8], antithrootio
Perhentian Islands were well known as potential foeffects[5, 9] and its proliferation effect on nesphere
commercial value as well as edible food source anfli0]. However, to the best of our knowledge, staiyed
posses medicinal value to the locals [1]. The gseof to elucidate the reputed efficacy of this specisigulary
study, Stichopus variegatugalso known asStichopus on behaviour of spinal contusive rat, hemorrhagd an
hermani) not only serves as food source but it offers anyelin spared in acute experimental settings isaies

variety of remedies which have been proven in aman unexplored.There is no scientific report on theeetff of
model system [2]. Apart from tha§. variegatuswater
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SVWE on experimental acute spinal cord injury in rawith in a 5 cm depth in distilled water as adaphexon
models. Furuta et al., (2002).

Acute spinal cord injury undergoes sequel pathaologiAnimals
changes including hemorrhagic, edema, axonal and total of seventy of rats (n=70) were used in stisdy.
neuronal necrosis as well as demyelination follodsgd Adult female Sprague Dawley rats weighted at 20025
cyst formation and infarction of spinal tissues ][11 were subjected into seven groups respectively. The
Petechial hemorrhages occurred in the gray mattdr a animals were purchased from the Animal Research And
edema of the white matter after 15 minutes of acutService Centre(ARAS), Universiti Sains Malaysial. the
injury. The hemorrhages were increased after 2dhaur rats were subjected to surgical procedures acaprtin
hours, 6 days and worsen with time leading to resro the approval of Universiti Sains Malaysia Animahigs
[12]. It progressed into different area that cqueesd to  Committee with Animal Ethics reference number:
the epidural, subdural, subarachnoid and intraneedul USM/Animal Ethics Approval/2008/(35)(113). The
spaces. animals were housed singly in Polypropylene cagé (@
266 x 185 mm) (Techniplast, Italy) with wood shasn

The amount of spared spinal cord tissues , paaityl (Whitten Mo!en, Netherlands), the lighting was a:phed
white matter in animal studies has been shown t@ ha ©" 12 hour light and 12 hour dark cycle. The aninfeld
correlation with behavioural recovery after spimard ~2cCess to food and watd libitium.

injury [12]. Young and co-workers (1993) have

demonstrated the recovery of motor function to amad ~ Thoracic 9 (To) & Thoracic 10 (T0) laminectomy

functional level after spinal cord injury in rats small The rats were anaesthesized with Ketamine (80mg/kg)
increment as 4-6% of the cortical motor neuron irega (Troy Laboratories Pty Limited, Australia) and Xyfiae
physiologic connection through the injured spinaidcat  (10mg/kg) (Troy Laboratories Pty Limited, Australia
the caudal level [13]. Basso et al. (1996) have slown The skin was shaved at the dorsal midline area and
that the sparing tissues (5%) of the fibers abtesientre ~ scrubbed with Povidone lodine, 70% Etanol and
are sufficient to help in production of basic loation  Povidone lodine (three times each). An ophthalmic

observed following spinal cord contusion injury riats  lubricant (Ophtrex Ltd, England) was applied totbeyes
[14, 15]. of animal to avoid dehydrated during surgery. Anski
incision was made along the midline of the dorsader

. . sterile aseptic techniques. The laminae and trassve
The present study was undertaken to investigatefteet process of T and T; were exposed by gentle blunt

?gcécg?;h?ﬁzlarr?e\(/juﬁ;:;a%tzmgrerﬁtarggmjn dor\lvhli?gorl:\qg:t% fjlsse_ction_ of par_avertebral muscles.@ \Tertgbrae was
sparing c;n contused rat spinal cord injury |dent|_fy via locating fch(_e azygous vein whlch was th
' prominent vessel within multilocular adipose tissue
interscapular hibernating gland [17]. This anatahic
Materials and Methods landmark is found after caudal extremity of the
interscapular hibernating gland was lifted undeudyi
The methodology that involved in investigating #feect muscles. The back edge of scalpel blade was used to
S. variegatuSV) crude extracts on an acute spinal cordletermine the Jprocess which located under the vessels.
injury rats can be summarized into six (6) sectid®g  Later, the process was continued counted in a tauda
water extraction, contusion animal model, intraghec direction to g, To, Tioand T.
infusion of the SV crude extracts, post-operatiegec

behavioral tests and histology analysis. Contusion Injury
Contusion injury was induced on spinal cord of thts
SV Water Extraction using New York University (NYU) Impactor device (WM

The extraction of the raw powder was detailed érpth ~ Keck Center for Collaborative Neuroscience, USA)eT
on our previous report [8].Briefly, a 20 g of horemiged ~ contusion was performed upon completion of
tissue was mixed with 100ml of distilled water. Thelaminectomy. In this study, the rod was droppednfro
mixture was shaken at 80 strokes / min at roonheights of 25mm for moderate contusion injury [18,
temperature for 3 hours. All the supernatants werd9].The procedures were followed according to [20,
combined in the round bottom flask for freeze driedBriefly, the animal was positioned on the platfoumder
process.The powdery-like extracts were subjected téhe vertebral clamps. The rostal clamp was allowed
sterilization using high electron beam rays aceuydio ~ clamp Tg spinous process and the caudal clamped over
[16]. The sterilization was performed using LinearT11 Spinous process. The ground wire was clamped to
Accelerator (Siemens Primus, Germany) and subjeoted adjacent tissue to complete the NYU system circuits
gamma rays at 50 Gray (Gy) for 10min time exposuréntrathecal infusion of SV crude extracts
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After the contusion injury, the intrathecal surgergs the tape and re-evaluated the performances toatelitie
performed; the partial laminectomy was done atThe score.
and T3 vertebral junction [22, 23]. The paraspinous

muscles attached to il were removed and a small Sacrifice of the animal via perfusion fixation method
incision was made in the lateral dura. The 1.5 ength  After day 14 of treatments, all the rat were deep
of PE60 tubing of iPRECIO™ (PrimeTech Corporation,anaesthesized with lethal dose of Ketamine (120
Japan) was inserted slowly under thg @p to To. The  mg/kg)(Troy Laboratories Pty Limited, Australia) can
cerebrospinal fluid from the laminectomy space waXylazine (14 mg/kg) (Troy Laboratories Pty Limited,
removed using patties. The muscles were sutures ovAustralia) intraperitoneally. The lethal dose caikt
laminectomy site in layers using (Cat Gut® 6/0, Bnd).  mixtures were 1.5 times higher than the surgery
The iPRECIO™ pumps (PrimeTech Corporation, Japaminaesthesize dose (Ketamine (80 mg/kg)/Xylazine (10
was secured by suturing to superficial musclesgu@at  mg/kg)). The rat was examined for absence of any
Gut® 6/0, England). The usage of iPRECIO™ pumpsesponse to stimulation after 10 minutes after the
followed the manufacturers instruction for fillingnd injection. Following absence of pinch reflex, tha was
priming [24].The skin incision was closed with restrained in a supine position on the tray. Thdoatinal
absorbable suture, Dafilon® 6/0 (B|Braun, Germafhiile  skin was cut exposing the chest cavity. The modifté
animals were given 10 cc of 0.9% sterile salineG needle was inserted into the apex of the leftride.
subcutaneously and 0.1 cc of Gentocin (Vedco '®AlJ  An outlet for the perfusion solution to flow out sva
was given intramuscularly. All the surgical procesfl created by making a snip over the right atrium fuéon
were performed under microsurgical microscope &eiswas then performed by gravity method using first

Germany). phosphate-buffered saline (PBS) [27, 28] until diear
_ fluid was flushed out (approximately 120 mL). Tlés
Post Operative Care essential to avoid non specific staining by redtlcells

The post operative care was slightly followed [23, 25, (BD Pharmingen Protocols website). This was folldwe
26]. Briefly, during less than 24 hours immediatehy 500 mL of cold 4% paraformadehyde in phosphate
recovery care, the animal was injected subcutameouspuffer (PB) 0.1 molllitre (pH = 7.4). The pale colof
with 5cc 0.9% saline (B|Braun, Germany). Then, theiver was indicated the perfusion was done. Thel teal
animal was placed in heating pad inside the cleaec neck also were stiffening after 3 minutes of infusi The

and was wrapped with the towel. The heating pad wast was positioned into ventral position to drdie fluid
removed once the animal started to move. The aniraal  prior to dissection.

examined if any excessive bleeding, respiratorgsaror
problem with vocalization.The bladder of the animals  Eriochrome Cyanine (EC) staining

manually _expressed twice da_lly. In ad(_jltlon to tHatc  Eriochrome Cyanine (EC) staining was adapted from
of Gentocin (Smg/kg body weight of animal) (Vedea.l  [29] Briefly, the slides were allowed to air dry mom
USA) was administered subcutaneously once a da§ foriemperature for 10 minutes. The slides were stained
consecutive days to prevent gram negative infestig].  Erjochrome Cyanine (EC) solutions for 30 minutes at
The rat was weighted at day 1, 4, and 7 for the Wuleek.  yqom temperature. The EC solutions were filterefbrae
The 0.9% saline was injected subcutaneously ace@toi  sed. After that, the slides were washed brieflguiming
body weight of the animals. Vitamin C was given 10y, water. Subsequently, the slides were diffeaei in
maintain urine aC|d|ty_[2_6]. The skin sutures weres o4 |ron Alum (Sigma, Germany) for 15 minutes airmo
removed on day 7 post injury. temperature. Again, the slides were washed brigfly
running tap water. After that, the slides were
Open Field Test (Basso, Beattie, Breshnan Locomoting differentiated in the borax-ferricyanide solutioBigma,
Scale) Germany) at room temperature for 10 minutes. Tiles!
All hindlimbs of the rats were assessed by OpeidFie were then briefly washed in running tap water. tatiee
Locomotor Testing using Basso Beattie Breshnan (BBBslides were dehydrated through graded ethanolispniut
Locomotor Rating Scale [14, 15]. The test was peréml (70 %, 95%, 100%) (HmbG Chemicals, Germany). The
at day 1, day 4, day 7 and day 14 post injury. fdie slides were cleared through three changes of Xyl€he
were tested for 4 min every 9 am in the morningrag  coverslip were put onto the slides with a permanent
session. All behavioral assessments were perforoyed mounting medium.
two investigators who were blinded to the inforratof
treated groups and shams group. The 21 Point BBBematoxylin & Eosin (H&E) staining
Locomotor Rating Scale was refer to Basso et H96¢). The staining procedure was followed [30] with stigh
The rats were recorded using full view of the ofield  modification. Briefly, the slides were allowed to dry
(SHARP Camcoder,JAPAN). The examiners reviewedor 10 minutes to completely remove the moisturee T
slides were immediately fixed in neutral buffered
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formalin for 2-5 minutes. The slides were brieflgsed gray and white matter after contusion injury were
with running tap water. Later, the slides werergdiwith  analysed using linear regression.The correlaticmésen
filtered 0.1% Mayer Hematoxylin for 10 minutes. Thelocomotor activity and white matter sparring was
slides then were rinsed in running double distiveater accomplished using linear regression. All tests ewer
(ddH.0) for 5 minutes. After that, the slides were digppe performed using SPSS 18.0.0 program. p<0.05 was
slowly in 0.5% Eosin for 12 times (1.5 g Eosin wasconsidered statistically significant.

dissolved in 300 mL of 95 % ethanol solution (EtOH)

The slides were carefully dipped in distilled waf@r:0) Results

for 3-5 times. Next, the slides were allowed to b0

% EtOH (10 times), followed by 70 % EtOH for 10 &im
Later, the slides were equilibrated in 95 % EtOIH 36
seconds, subsequently in 100 % EtOH for approximate
1 minute. After that the slides were cleared thtolg
three changes of Xylene. The coverslip were put ihe
slides with permanent mounting medium.

To determine the consistent injury produced by NYU
spine impactor across the all experimental grouwnss,
measured the compression rate, heights, velociytiare
of impact during the injury. There were no sigrafit
differences between the compression rate, heighhef
impact, velocity of the impact and time course ngrihe
impact across all experimental groups (p>0.05)@4dp!
Morphometric Analysis of cross sectioned of spinal cord P P groups (p )@y
tissues ; ;

' . . . The methylprednisolone and fkg S.variegatus
Using hematoxylin and eosin staining, the hemomhagg, s treated group showed significant improvenoé

area of lesion was identified microscopically bye th ggg |ocomotor scores compared to the control groop
presence of distrupted tissue and erythrocytes.ektent day 7 and 14 (p<0.05). The progressive improvemest

of hemorrhage area (nfjrin both white and gray matter gcen, from the lack of hindlimb movement (Score @ay
was assess_ed. White and gray matters n |_njur_ed a9 to a frequent weight support behavior of thenapi
treated regions were measured the distribution o jury rat with occasional forelimb and hindlimb

hemorrhage regions in each animal. The data Wa%,rdination (Score 11). Other treated groups stiowee

pres_ented as mean SEM_in all_experimental Cros§gnificant differences in locomotor scores frony dato
sectioned. The sparing of white matter was asselsged day 14 (p>0.05)(Figure 1)(Table2).

Eriochrome cyanide (EC) staining of the cross seetil
of spinal cord. White matter in injured and treategions
was normalized to white matter in non-injured regian
each animal. The data of white matter area in @gur

regions (WMA) and white matter area in non-injured 5 \white matter represented the hemorrhage ama.Th
regions (WMA,) were presented as mean of area {jnm methylprednisolone and f@/kg treated group showed a

SEM, whereby white matter sparing was represensed gjgnificant reduction of hemorrhage area in bothwihite

percentages. [(WMA-(WMA)/(WMA,) x 100] for each  anq gray matter of spinal cord tissues comparethéo
animal. The calculation of distribution of hemorreagrea qntrol group (p<0.05) (Table 3).

and white matter sparring in this study was using

Cavalieri's  method of point counting (Ditoret e further evaluated the histopathology assessnents
al.,2008).Both of the measurement were using Bioahaly the effect of intrathecal crude extracts on dotscéa and
software with Image Analyser (Olympus XCS0-BX41TF, entrolateral of experimental spinal cord sectiafter the

To assess the extent and distribution of injuryerath
contusive spinal cord injury, the spinal sectionsrev
stained with H & E staining. The reddish area ia ginay

Japan). contusive spinal cord injury. The methylprednis@and
o ) 10pg/kg treated group show to preserve the nelafies
Statistical analysis the injury (Figure 2&3).Independent linear regreasivas

The One Way ANOVA analysis was performed toperformed between the BBB scores and distributibn o
validate the contusion injury across experimentaligs  hemorrhage on both white and gray matter. The B&8 t
using New York University (NYU) Impactor device. &h results strongly correlated with gray matter hemage
improvement of BBB score amongst experimental gsoup(R=0.99,p<0.05) and white matter (R=0.93, p<0.05)
versus time and group were analysed using Genergigure 4).

Linear Model Repeated Measure ANOVA (GLM). The

data was represented by the BBB scores versusaimde We also measure the white matter sparing afteruswmn
between groups. The extent and distribution ofinjury. The methylprednisolone(74.2%) and 5ug/kg
haemorrhage was analysed by using Mann Whitney Te2.7%) and 10ug/kg (67.7%) treated group show
with bonferroni correction. The values represerigdhe significance spared the white matter after the wsioh
mean areas (min of hemorrhage in the gray or white injury compare to vehicle group (p<0.05). The BRBtt
matter of the cord + SEM.The correlation betweerstrongly correlated with white matter sparring
locomotor activity and distribution of hemorrhageaon (R=0.91,p<0.05)(Table 4)(Figure 5, 6).
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Table 1 : The validation of New York UniversityfY(®) Impactor device across the injury groups. Thesre no differences of injury induced across gsupdicating the
contusion injury was consistent throughout the gtfpd>0.05) One Way ANOVA.

Groupl Group 2 Group 3 Group 4 Group 5 Group 6 Growp 7 n pvalue*
Laminectomy Laminectomy &  Contused Contused Injury & Contused Injury Contused Injury  Contused Injury
Parameters Contused Injury Injury & MP ® Vehicle & 1 pglkd & 5 pg/kd & 10pg/k
(saline 0.99) SVWE SVWE SVWE
Compression (mnf) 2.03£0.25 1.63+0.30 1.68+0.24 1.84 +0.06 k@721 1.76+ 1.34 1.84+1.2 10 0.21
Height (mm§ 24.85+0.19 24.78+0.28 24.59+0.21 24.73+0.19 240623 24.84+0.13 24.7+0.2 10 0.18
Velocity (m/s§ 0.68+0.47 0.69+0.01 0.71+0.04 0.68+0.01 0.60+0.01 0.73+0.01 0.71+0.1 10 0.21
Time (msed) 36.54+0.47 35.91+1.05 34.63+0.47 36.37+1.63 35068 34.03+1.21 34.78+1 10 0.21
*The mean different is significant at 0.05  SV\8fichopus variegatus water extracts Mean + SEM, MP: Methylprednisolone: °Intrathecal delivery: n = 10 for each group
Table 2: Statistical Analysis of Basso Beattie BreshnanBBBocomotor Scores. Table 3: Morphometric analysis on the extent and distribntof hemorrhage after
The 10pg/kg treated group showed a significant owement of BBB scores contusion injury. Cross sections of spinal cord evetained with hematoxylin and
compared to the control (p<0.05). The drugs wereegiintrathecal route. GLM eosin and thereafteranalyzed to assess the exfeneémorrhaged area (nfinin
Repeated measure ANOVA. both white and gray matter. The white and gray eraih all sections were

Extent & Distribution of Hemorrhage after Injury measured the distribution hemorrhagic regions usimpage Analyzer (Olympus

XC50-BX4ITF,Japan).

Groups Total Mean (S.E.M)
Laminectomy 20.233 + 0.03
Laminectomy + SCI 8.633+ 0.04 . . L
it Vehicle (Saline 0.9%) 6.433 + 001 White matter sparing after contusion injury s
i.t Methylprednisolone 10.033 + 0.05 s 14 days (Area—Gm ) Wi
it 1.0 pg/kg SV extracts 8.100 + 0.02 roups ray matter Ite matter
i.t 5.0 pg/kg SV extracts 8.967 + 0.04 Laminect
i.t 10.0 pg/kg SV extracts 9.433 + 0.05 aminectomy - -
Laminectomy + SCI 1.53+0.15 0.25+0.02
The data were presented by mean +5.E.M (<0.05) . it Methylprgdnisolone * 1.10+0.04 * 0.11+0.06
Treatments (1) Treatments (J) Mean Difference p value i.t Vehicle (Saline 0.9%) 1.4 +0.07 0.2D.87
. . (95%,C1) (Tukey) it 1.0 pgl/kg SV extracts 1.39+0.13 0. 19810
Vehicle Laminectomy _10(2(_10'80’_9'?0) 0.00 it 5.0 pglkg SV extracts * 136003 * 0.1885.
Laminectomy + SCI 1.4(-0.802, 0.00 0.08 it 10.0 ua/ka SV extracts * 1.22+0.02 *  0.15 +40.0
it Methylprednisolone  3.6(-3.004.0.20) 0.02* RO HgRg SV ex e E b S
i.t 1.0 pg/kg SV extracts 1.933(-1.332, 0.53) 0.07 a/al tth h h inth hit m
" 50 Lgkg SV extracts  1.066(.1.47, 1.67) 0.0 of?huee(forredp:esslgrlc/l e mean areas ()noh hemorrhage in the gray or white matter
1.t 10.0 ug/kg SV extracts 0.603(0.03,1.20) 0.04* *p<0.05, Mann Whitney Test with bonferroni correcticompared to Laminectomy

Treatment*time type, p value = <0.05 (Greenhousés&a)

) L o + SCI group.
The mean difference is significant at the 0.05ll6ue intrathecal)
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Table 4:Morphometric analysis of white matter sparing aftentusion injury. Cross sections of the spinaldcaere

stained with EC and thereafter analyzed to assesgxtent of white matter lost. The white mattgrams in all
experimental ratsections were normalized to theéeuwmatter regions in control regions of control gm

Basso Beattie Breshnan (BBB) Locomotor Score Analigs

14 days (Area= mAy*

Groups White matter at ~ White matter White matter

epicenter (normal sparring
(Residual) sections) (Percentages)

Laminectomy 6.4+0.22 6.4+0.22 100.0

Laminectomy + SCI 3.31£0.31 6.4 £0.22 51.5

Methylprednisolone 4.75+0.23 6.4 £0.22 74.2

Vehicle (Saline 0.9%) 210+ 0.71 6.4 £0.22 33.8

1.0 pg/kg SV extracts 3.11+£0.44 6.4 £0.22 648.

5.0 pg/kg SV extracts 4.01+0.33 6.4 £0.22 762.

10.0 pg/kg SV extracts 4.33 +0.51 6.4 £0.22 67.7

%/alues represent the mean areas {nohhemorrhage in the gray or white matter of¢bed + SEM.

25
~ # #
“‘\f # - ;___._——"‘
20 T <> ) 4
2 ;
S 15 i Laminectomy
(%]
-y == Laminectomy+SCI
= —#— Methylprednisolone
s 10
] i 1.t Vehicle
£
S i it 1pg/kg SV
<]
-
@ 5 —~0— it 5pgkg SV
o0
it 10pghkg SV
0
0
=5
Day(s)

*Theam difference is significant at the 0.05 level

Figure 1. BBB Scores over the 14 days testing interval witfathecal by given drugs. Methylprednisolone tezh
group showed a significant improvement of BBB scsammpared to control on day 7 and day 14. Thed/@gutreated
group show significant improvement of BBB scoresdap 14 compared to the control (p<0.05)(n=9/grou@LM
Repeated measure ANOVA (i.t= intrathecal)
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Figure 2. The microscopic examination of tissue patholdg$8\o extracts, Methylpednisolone, saline treateer SCl.
A photograph on the right panel displaying a sewioof spinal cord lesion at 14 days after injucgle bar=0.5mm).
Bright field micrographs of spinal cord dorsolatétzorn 10X magnification showing a normal dorsofatehorn (A)
Methylprednisolone treated (B), non- treated gr@@, 1ug/kg SV extract (D), 5 ug/kg SV extract (B) ug/kg SV
extract (F). Arrows {) show surviving neuron that displaying nucleol8gdle bar= 87um).GM=gray matter, WM=
white matter.

Figure 3. The microscopic examination of tissue pathologg\wkxtracts, Methylprednisolone, saline treateers3Cl.
A photograph on the right panel displaying a sewicof spinal cord lesion at 14 days after injuScéle bar=0.5mm).
Bright field micrographs of spinal cord venteroletehorn 10X magnification showing a normal venatalral horn (A)
Methylprednisolone treated (B), non- treated gréGp, 1pug/kg SV extract (D), 5 pg/kg SV extract (B)ug/kg SV
extract (F). Arrows show-6 ) surviving neuron that displaying nucleolus (&cbar= 87um).GM=gray matter, WM=
white matter.
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Figure4. Correlation between locomotor activity and distrilon of haemorrhage area on gray (A) and mattér (B
after contusion injury. A linear regression and 98&tfidence interval of distribution of haemorrhaayea and BBB
Locomotor Scores and data derived from experimeatal The correlation was statistically significan(p<0.05).
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Figure 5. The summary of the changes in representativeosectf the spinal cord with different treatmeneaft4
days of contusion injury (X4, Eriochrome cyanin€,E@) The spinal cord section represented nornpaha cord
(laminectomy), (B) Non-treated sections, (C) 30md/iethylprednisolone, (D) Saline treated sectiqi3,1ug/kg SV
extract, (F) 5 pg/kg SV extract, (G) 10 pg/kg SWaek The myelinated tracts of dorsal, ventral dateral column
were stained bluish with EC and nuclei were colonddte and creamy colors. The cross sectional agaeared to be
inversely reduce in size as comparison to cont&l (The reduction in size of the cord was due tloss in the
constituents of the gray and white matter.The eectA through G are shown at low (X4, 500um bar).

Figure 7: Correlation between BBB Score outcomeahie matter sparing after treated with SV extsamh contusion
injury

120 -

100 -

80 -

40 -

Percentages of WM Sparing (%)
(=3}
o

20

BBB Score

Figure 6: Correlation between locomotor activity and whitattar sparing. A linear regression and 95% conficken

interval of spared white matter and BBB Locomotoor8s and data derived from experimental rats. Gteeelation
was statistically significance (p<0.05).
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Discussions were observed highly negative correlation betwery g
matter (f=0.99) rather than white matter hemorrhage
We examined the effect of different intrathecal etos (r°=0.93)(p<0.001) at day 14 of contusion injury. (3)
(1ug/kg, 5pg/kg and 10pg/kg) Bfvariegatusextracts on  There were remaining Ventral Motor Neurons (VMNSs)
behavior performances of spinal injury rats. Pamgjl after contused spinal injuries on day 14, indigatihat
occurred in all the experimental animals at dayl@ich is  there were spared VMNs after treatment of SV etdrac
clearly indicated by a score of zero (0). Howewenst of ~and Methylprednisolone treated groups.
the spinal injury rats showed occasional reflexsapa
when the hind limbs were touched. This movement wahe spinal tissues treated with Methylprednisolane 10
not considered when scoring to avoid false positiata. H9/kg of SV extracts were showed reduction in
In the present study, the methylprednisolone ttegteup  hemorrhage area (nfn on gray and white matter
showed a significant improvement 10 pg/kg treatedig ~ compared to injury group without any treatment give
of S.variegatus extracts showed a significant (9<0.05). Our study showed the intramedullary
improvement to the BBB score (Score 13) at day 14emorrhage was prominent in gray matter (1.4 + 0.15
compared to the control group (p=0.04) but the mthemn?) than white matter (0.22 + 0.02 rfimin injury
treated groups showed no differences compared eo tigroup(p<0.05). This findings which have been presip
control group (p>0.05). This implies that tBevariegatus reported by [35, 36] indicating that the disrupgioof
extracts demonstrated dose dependent effects. Tiéood supply to spinal cord via central gray mattre
improvement was seen from the lack of hind limbdistributions of hemorrhage area, however, werendou
movement to a frequent weight support behaviorhef t extended to white matter of spinal cord in all
spinal injury rat with occasional forelimb and hitihb ~ experimental spinal tissues after 14 days. Theegfoe
coordination. Furthermore, Jones and Tuszynski 1p00 suggested that 10ug/kg of SV extract could redbee t
signified that intrathecal infusion is most effigieat 7  internal bleeding (hemorrhage) in spinal contusigary.
days following spinal cord injury but was markedly This may explaining the improvement of the BBB

reduced after 14 days due to occlusion of cathetees Locomotor scale of a 10ug/kg of SV extracts and
time [31]. methylprednisolone treated injured rats.

We used Methylprednisolone (MP) as a positive @dntr To further understand the relationship between BB&e
drug. MP (200 pg) which was given intrathecallywad and distribution of hemorrhage area, the correfatio
a significant improved BBB score starting at day 7coefficient analysis was made. We found both graten
compared to control group (p<0.05). This findingswa ("*=0.99) and white matter hemorrhagé=(.93) were
further supported by Wuet al.,(2007) showed the showed highly negative correlation to BBB scoreday
intrathecal delivery of MP improved behavioral seor 14 of contusion injury in all experimental tissues
after 48 hours. The mechanism of MP in neuroprimect (P<0.001). The low scores on BBB Locomotor scale
may explain the improvement of both of the hindlimbindicated the severity of hemorrhage.
score on BBB rating scale[32]. The corticosteroids
suppress local inflammatory responses that produc-éhe amount of residual white matter after the tbiora
edema and swelling and worsen neuronal injurieghga  injury (T9-T10) spinal injury has been shown toretate
inhibition of pathological stress, induce the rekeaf pro-  With behavioral recovery after a spinal cord in[G}. In
inflammatory mediators (prostaglandin, interleukit- the present study, the residual white matter affoer
tumor necrosis factoro. and nitric oxide)[33, 34]. injury and treatment were analyzed. Interestinghg
Suberviolaet al., (2007) further supported our data thatMethylprednisolone treated group showed significant
intrathecal MP was maintained the blood spinaliegrr differences in sparing white matter (74.2%) comgae
reducing vasogenic oedema and able to stabilizée injury group. In addition, the SV extracts lz tose
membrane structure led to improvement in motoof 10pg/kg (67.7%) and 5 pg/kg (62.7%) also shoaed
performances in spinal injury rats. significance of white matter sparing compared te th
injury group. We further examined the relationship
This study was examined the histopathology of $pingbetween white matter sparing and functional outcome
cord tissues after the contused SCI using Hematoxyl (final BBB score). Our data indicated that a digant
and Eosin (H & E) and Eriochrome Cyanine (EC)correlation was found between the final BBB funcéib
staining. The experimental spinal cord tissues lafere  outcome and white matter sparing >=0.91). A
analyzed using morphometric techniques in order téelationship between white matter sparring and tional
characterize and compare the treatments given aftedtcome after a spinal cord injury relies upon the
contused SCI. The major findings of our currentdgtu assumptions that damage to myelinated fiber traittboe
were (1) intramedullary hemorrhage was more prontine affected in functional recovery [38, 39]. The lovoee of
in gray than white matter. (2) The area of hemaeha BBB amongst experimental rats was suggested taube d

492 Biomed Res- India2@blume 23 Issue 4



The body wall crude extract of Stichopus varieg@iasnotes repair of acute contused spinal cordrinju

to the disruptions of ascending and descending axon6.
transmission to lower extremities.

We examined Ventral Motor Neurons (VMNS) that were
responsible for motor response at the ventral hothe /-
VMNs were found to be reduced in all treated groups
compared to control after day 14 of the injury ([B%).

The reduction in VMNs was probably due to tissugt lo
over time most probably due to necrosis and ap@ptos ™
We found that the remaining intact VMNs in a 10kgg/

of the S.variegatusextract treated group as well as the
methylprednisolone treated group after the spirat c
injury. This suggests that the surviving VMNs were
involved in re-myelination process which explaintbe
improvement of BBB scores amongst Methylpredniselon
and 10 pg/kg treated groups. The reduction of VNU¥s
indicated that VMNs may be vulnerable to the common

factor in the secondary injury cascade [40]. 10.

In conclusion, our results demonstrated that the
Malaysian SVWE is able to promote functional recgve
after acute spinal cord injury and reduces intrariad,

hemorrhage. However, methylprednisolone showed &1.

superior treatment towards acute spinal cord injury
Further studies need to be carried out to strengthe

present hypothesis. 12.
13.
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