Volume: 28, Issue: 2, April 2017 pp: 75/82

ORIGINAL ARTICLE / ORJINAL MAKALE

DO BOTULINUM TOXIN-A INJECTIONS INTO
L THE PARASPINAL MUSCLES CREATE AN

‘ IDIOPATHIC LIKE SCOLIOSIS: AN IN VIVO
STUDY ON RATS

PARASPINAL KASLARA BOTULINUM TOKSIN-A
ENJEKSIYONU ILE IDIOPATIK BENZERI SKOLYOZ
ELDE EDILEBILIR MI?2 RATLARDA IN VIVO CALISMA
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SUMMARY:

Objective: Scoliosis is a spine deformity and also involves some adaptive changes of in paraspinal
muscles and ligaments. Some studies found paraspinal EMG activity differences, thus, we
hypothesized that blocking the muscle activity of paraspinal muscles in one side of the spine may
produce a scoliotic curve.

Methods: 15 female Sprague-Dawley rats were divided into 3 groups as R, L and C. After
intraperitoneal anesthesia, for Group R, Botulinum toxin-A was injected to right lumbar paraspinal
muscles with the help of EMG. For Group L, Botulinum toxin-A injections were applied in the same
manner, into the left paraspinal muscles. In Group C, 1 cc saline injection was applied to the right
paraspinal muscles.

Results: In the R Group, left apex lumbar curve was observed in 3 rats. In the L Group, right apex
lumbar curve was observed in 3 rats. In the C Group, no one developed any coronal curves. When
we evaluated the curves under fluoroscopy, we realized that all of the curves were disappeared
under counter-bending maneuver opposite to curves which has caused us to think that that
curves were not structural curves.

Conclusion: In this study, we aimed to create a non-surgical scoliosis model in rats by injecting
botulinum toxin-A into the paraspinal muscles. To our knowledge, this was the first scoliosis model
used botulinum toxin-A injection. Unfortunately, we did not achieve successful results. Future
studies with longer follow-up period, larger number of animals, repeated injections and higher
dose of Botulinum toxin-A may create a scoliosis model.
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Level of Evidence: Experimental animal study, Level Il

OZET:

Amag: Skolyoz paraspinal kas ve ligamanlarda da bazi adaptif degisikliklerin oldugu bir
deformitedir. Bazi calismalar paraspinal EMG aktivitelerinde bazi degisiklikler tespit etmislerdir.
Bu ylizden, bu calismadaki hipotezimiz paraspinal kaslarin bir tarafinin kas aktivitesinin bloke
edilmesi ile skolyotik bir egrilik elde edilebilecegiydi.

Metod: 15 disi Sprague-Dawley rat, R, L ve C olma lizere 3 gruba ayrildi. intraperitoneal anestezi
sonrasl, Grup R'deki ratlarin sag lomber paraspinal kaslarina EMG yardimi ile Botulinum Toksin-A
enjekte edildi. L grubundaki ratlarin sol paraspinal kasalrina ayni islem uygulandi. C grubunun sag
lomber paraspinal kaslarina ise 1 cc salin enjekte edildi.

Sonuglar: Grup R'de 3 ratta apeksi sol tarafta olan edrilik olustugu gorildi. Grup Lde 3 ratta
apeksi sag tarafta olan egrilik olustugu gorildi. Grup C'de herhangi bir koronal egrilik gortilmedi.
Floroskopi altinda yapilan degerlendirmede, egrilik gozlenen ratlar egriligin karsi tarafina dogru
egilerek bekletildi ve egriliklerin kayboldugu goériildi. Bu da bize edriligin yapisal bir egrilik
olmadigini distndirda.

Cikarimlar: Bu calismada ratlarin paraspinal kaslarina Botulinum Toksin-A enjeksiyonu yaparak
cerrahi-disi bir skolyoz modeli olusturmayi amagladik. Bizim bilgimize gére bu ¢alisma Botulinum
Toksin-A kullanilan ilk skolyoz modelidir. Ne yazik ki basarili bir sonug elde edemedik. Daha uzun
takibin yapildigi, daha fazla hayvanin kullanildig, tekrarlayan injeksiyonlar ve daha yiiksek dozda
Botulinum Toksin-A kullanilan ileriki calismalarda yapisal bir skolyoz modeli elde edilebilir.
Anahtar kelimeler: skolyoz; hayvan modeli; rat; botulinum toksin-A

Kanit Diizeyi: Deneysel hayvan calismasi, Diizey |I.
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INTRODUCTION:

Adolescent idiopathic scoliosis (AIS) affects 1-3 % of the
population and the etiology and pathogenesis remains still
unknown. The development of this deformity may be related
to development ®, genetics ), muscular dysfunction (139,
metabolic and chemical problems ©V and nervous system
20 To better understand idiopathic scoliosis, researchers have
been developing a variety of animal models to promote this
three-dimensional deformity. Von Lesser %), first described an
experimental scoliosis by unilateral dissection of the phrenic
nerve in rabbits and produced a thoracolumbar scoliosis.
Thereafter, several experimental procedures have been
reported in various animals.

The 3D deformity of AIS involves some adaptive changes of
each side of the curvature in muscles and ligaments ®. Thus,
researchers tend to investigate the muscle electrical activities
by surface electromyography (SEMG) in these patients.

Some studies found increased paraspinal EMG activity in the
convex side ¢33,

As inspired from these muscle activities of scoliotic patients,
we hypothesized that blocking the muscle activity of paraspinal
muscles in one side of the spine may produce a scoliotic curve
due to existing muscle activity of the other side and finally

pulling and rotating the vertebrae away from the midline.
Thus, we aimed to inject botulinum toxin-A to rat paraspinal
muscles to create a new scoliosis model.

MATERIAL AND METHODS:

This experimental study included 15 female Sprague-Dawley
rats with an age of 3-4 weeks and weight of 130-150 g, obtained
from the Animal Laboratory Unit of Acibadem University.
Institutional Animal Care and Use Committee approval was
obtained before study initiation (ethics committee permission
number 2015/27). The rats were divided randomly into 3
groups, 5 in each,as R, L and C.

For anesthesia, all the rats were administered an intraperitoneal
injection of 5 mg/kg ketamine/xylazine. Before botulinum
(AP)

fluoroscopic images were taken to rule out any possible spinal

toxin-A  injections, anteroposterior and lateral

anomalies and curves.

In taking the images in the AP view, the rats were placed in a
head-down position, by strapping the hindlimbs and tails to
the C arm tube with an adhesive tape, and rotating the C-arm
45° from the horizontal plane to eliminate the gravity effect
and prevent positional curves (Figure-1).

Figure-1. To eliminate the gravity effect and prevent positional curves, fluoroscopic views were
taken by placing the rats in a head-down position and strapping the hindlimbs and tails to the
C arm tube with an adhesive tape, and rotating the C-arm 45° from the horizontal plane.
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In Group R, 3 U/kg (15) of Botulinum toxinA (Botox,
Allergan, Irvine, CA) was injected to right lumbar paraspinal
longissimus and ilio-costalis muscle group with the help of

EMG ( MP150, BIOPAC Systems Inc., Camino Goleta,
California) guidance (Figure-2).

—— -
i, )

Figure-2. Botulinum toxin-A was injected to paraspinal longissimus and ilio-costalis muscle group with the help of EMG

In Group L, Botox injections were applied in the same manner,
into the left paraspinal muscles. In Group C (control group), 1
cc saline injection was applied to the right paraspinal muscles
and followed if they develop a curve during the follow-up
period.

Rats were housed in group cages in an air-conditioned room
with controlled lighting (lights off from 7.00 p.m. to 7.00
a.m.) and given ad libitum access to food and water. After 3
months, following intraperitoneal ketamine/xylazine injection,

fluoroscopic images were taken for all rats in the same manner
mentioned above.

RESULTS:

In the R Group, left apex lumbar curve was observed in 3 rats.
Two rats did not develop any curves and showed a straight

spine in the AP view (Figure-3).

In the L Group, right apex lumbar curve was observed in 3 rats,
however, 2 rats did not show any scoliotic curve (Figure-4).
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Figure-3. Fluoroscopic views of Group R, 3 months after botulinum toxin-A 432 injection.
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Figure-4. Fluoroscopic views of Group L, 3 months after botulinum toxin-A 435 injection.
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Figure-5. Fluoroscopic views of Group C, 3 months after botulinum toxin-A 438 injection.
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In the C Group, one rat died one-day after saline injection due
to an unexplained cause. Remaining 4 rats, did not develope
any coronal spinal curves during the follow-up period.

(Figure-5).

When we evaluated the curves under fluoroscopy, we realized
that all of the curves were disappeared under counter-bending
maneuver opposite to curves which has caused us to think that
that curves were not structural curves.

DISCUSSION:

Despite the various studies of AIS, the etiopathogenesis is still
unknown and studies continue to enlight this issue. Animal
models are frequently used to investigate the etiology, however,
there is no animal model that replicates this deformity in its
multiple characteristics 3.

In a review about animal models, Janssen et al @7, found
that chicken is the most widely used experimental animal
for scoliosis research, followed by the rabbit, rat and mouse.
Primates, sheep, pigs, goats, cows, frogs and dogs also had
been used. Although chickens are frequently used, despite the
fact that chicken is bipedal, the anatomy and biomechanics
is completely different from human 7. In our research,
we used rats, because of their low cost and easy handling.
The disadvantage of these rodents is the fact that they are
quadrupedal. To create a bipedal model, Goff and Landmesser
12 amputated the forelegs and tail in newborn rats and mice.
Rats rapidly developed an upright erect walking. Subsequently,
many researches used bipedal rats in scoliosis research, and
found that bipedal rats and mice showed higher incidences of
scoliosis compared with quadrupedal counterparts 19212434,
However, it is clearly known that even the spine of bipedal
rats and mouse is not loaded in a similar way as the standing
human spine due to humans’ fully extended knee and hip
upright ambulation biomechanics 7. Additionally, it has been
demonstrated that scoliosis is not exclusive to bipedalism @),
Thus, to investigate our hypothesis, we used quadrupedal rats
in this preliminary study.

Different genetic,
neuroendocrine, neurologic, growth disturbance, mechanical,

scoliosis animal models, such as
teratogenic and spinal cord injury models were used in
the literature ®. Most of the scoliosis animal models are
invasive procedures such as pinealectomy, brain stem damage,
resection of posterior elements, epiphysiodesis, intercostal
nerve resection, spinal cord damage, hemilaminectomy and
posterior tethering has been widely used. The disadvantages
of these procedures were that they are invasive. Damaging
the paraspinal tissues may lead to subjective results about the
scoliosis model. Although most of the animal studies which
focus on producing experimental studies are invasive and
surgical procedures, rare noninvasive experimental scoliosis

models exist 17,

Poussa et al ®® used an external split in skeletally immature
rabbits and obtained scoliosis in over 50 % of the animals.
Similarly, Hakkarainen ™ produced scoliosis by a three-point
plaster cast in rabbits.

Silva et al ©? immobilized the rats by two wests ( scapular
and pelvic) which were attached to each other externally, and
bend them to right side, and finally they achieved scoliosis
after 12 weeks. The advantages of noninvasive scoliosis models
were that they do not use any type of surgery, they are very
simple and do not affect the surrounding tissues of the spine.
Additionally, these non-invasive models can be easily prepared
and applied to a large number of animals in a short time period
with low costs.

Previous studies showed paraspinal electomyographic
activity differences between the convex and concave sides of
(63536 This may be related to muscular

weakness or paravertebral muscle stretching on the convex

the scoliotic curve

side. However, it is not clear that these electomyographic
changes are due to scoliosis or they cause scoliosis. In a clinical
study, Acaroglu et al ) investigated calmodulin and melatonin
levels in adolescent idiopathic scoliosis patients’ paravertebral
muscles, samples taken during the surgeries and, found higher
calmodulin at the convex side and lower at the concave side.
Melatonin ratios were not found to be significantly different.

Botulinum toxin is a neurotoxic protein produced by the
Clostridium species. It acts by binding presynaptic cholinergic
nerve terminals and decreasing the release of acetycholine,
causing a neuromuscular block. It is also developed for
medical, cosmetic and research use. As a therapeutic use,
is can be used for spasticity, dystonia, involuntary muscle
activity, chronic muscle pain, strabismus, muscle hyperactivity
disorders and cosmetic problems 19, In light of the paraspinal
muscle activities in scoliotic curves, we hypothesized that
blocking the muscle activity of paraspinal muscles in one side
of the spine may produce a scoliotic curve, thus we planned
this animal study, however we did not obtain structural curves.
This may be related with inadequate follow-up time or low
dose of Botulinum toxin-A injection.

This study has several limitations. First, this is an in vivo animal
study and can not simulate an in vivo human characteristics
due to different phylogenetic, biomechanics and anatomic
features. To create a scoliosis model with higher incidence,
bipedal rats could be used, however, it is clearly shown that
in scoliosis can be produced in quadripedal animals. It can be
a future study to use bipedal rats with similar methodology.
The rats could be followed longer than 3 months, however, the
reported selective blocking effect of botulinum toxin A usually
wears off 3-4 months after injection "% and current accepted
inter-injection interval is generally 12 weeks or more @2,
thus we followed the rats 3 months, which was the botulinum
toxin-A maximum effect duration. Lastly, we injected 3 U/kg
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botulinum toxin-A, and higher doses could be used up to 18

U/kg safely according to previous studies 2.

Animal scoliosis models have been widely used to understand
the etiology of scoliosis. In this current animal study, we aimed
to create a non-surgical scoliosis model in rats by injecting
botulinum toxin-A into the paraspinal muscles, unfortunately,
we did not achieve successful results. Future studies with
longer follow-up period, larger number of animals, repeated
injections and higher dose of Botulinum toxin-A may create
a scoliosis model.
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