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An Induced Hematoma in Caudoputamen Nuclei
in Rats Causes Central Pain when the Thalamusisalso
Implicated and the Central Sensitization is Rever sed with Gabapentin
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Abstract: Problem statement: The objective of this study was to evaluate pa@nsgisation in rats
following the induction of an intracerebral hemage by injecting a collagenase solution in the
caudoputamen nucleus of the right basal gangliat@aedaluate gabapentin as an analgesic for central
pain. Approach: Thirty male Sprague-Dawley rateighing between 175-300 g were used. In a first
experiment, 3 groups of 6 animals were used touawalpain threshold using the Hargreaves test
(thermal sensitivity) only. Following 3 days of lafioral testing (baseline values), animals in each
group were injected intracerebrally either with,0L%r 2 pL of a collagenase solution (0.5 U Z'uL
Type VIl collagenase) inducing a hematoma in tgdtrcaudoputamen nucleus and/or thalamus. They
were then tested for the next 9 consecutive daya.decond experiment, gabapentin was evaluated for
the reversal of thermal hyperalgesia and mechaaltmdynia (using von Frey filaments) following the
intracerebral injection of 3 pL of the collagenaséution.Results: No pain-related behavioral changes
were observed following injections with 0.5 and L1 qf the collagenase solution. However with 2 L,
reaction times were significantly faster on dayg 8t the right and left hind paws compared to
baseline values. The lesion was localized onljhandaudoputamen nucleus for animals receiving 0.5
and 1 pL of collagenase whereas lesions extend#eiipsilateral thalamic nuclei (lateral-dorsatian
lateral-posterior nuclei) for animals receiving R @f collagenase. Gabapentin reversed mechanical
allodynia and thermal hyperalgesia in animals withudoputamen and thalamic lesions.
Conclusion: These preliminary results suggest that centrah paas induced in rats with a
collagenase-induced intracerebral hemorrhage lmmlin the thalamus and that mechanical allodynia
and thermal hyperalgesia were reduced with gabaptaatment.

Keyswords: Central pain, ganglia and thalamus, intracerebexhdtoma, Sprague-Dawley rats,
gabapentin treatment, intracerebral hemorrhagdagmase solution, caudoputamen
nucleus, thermal hyperalgesia, mechanical allodyhalamic lesions

INTRODUCTION cord injury and brain trauma and the main syndrome
has been identified as central post-stroke pain
Intracerebral hemorrhage, mainly caused by traumgAnderseret al., 1995).
and stroke in humans, is one of the principal caude Traumatic cerebral hemorrhages are also seen in
incapacitation and death in the population ofveterinary medicine. Nuclear magnetic resonance has
industrialized countries (Reilly and Bullock, 1997; shown that dogs may suffer from cerebrovascular
Graham and Gennarelli, 1997). Cerebrovasculaaccidents leading to brain hemorrhage (Platt andsga
accidents often cause an intracerebral hemorrhag2003). Primary and secondary hypertension in dogs
leading to severe and debilitating neurologicalpredisposing to intracranial hemorrhage (Dukes2)1@9
symptoms and they are the 3rd cause of mortalithen known to occur with  hypothyroidism  and
United States, following cardiovascular disease andhyperlipoproteinemia (Thomas, 1996)iseases such as
cancer (Reilly and Bullock, 1997Lentral pain has sepsis, coagulopathy, neoplasia and heartwormalswe
been well documented in humans. Causes includassociated with cerebral infarction in dogs (Pt
stroke, multiple sclerosis, Parkinson’s diseasénasp Garosi, 2003). Therefore, different pathologies in
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veterinary medicine of companion animals causeExperimental design: For the first experiment,
intracerebral hemorrhaging; however, little is kmow eighteen intact rats were trained for 5 days on the
about the development and perception of pain as®aci Hargreave's apparatus only. Behavioral testing was
with these cerebral insults. Cats and monkeys baea then performed for 3 days to obtain thermal sensiti
used in research to understand the role of cemdrgbus baseline values. Rats (n = 6/collagenase dose) were
system structures in the production of central p@naig,  then injected intracerebrally with 0,5, 1 or 2 pta
1998). A recent paper has shown that central padore  collagenase solution (0.5 U 2 H). to produce a
in rats following lesions in the thalamus (Wassermad  hematoma centered in the caudoputamen nuclei (basal
Koeberle, 2009Most animal models of central pain had ganglia) in the right cerebral hemisphere. Follayihe
previously been based on spinal cord and brain stemurgery, thermal sensitivity of both left and ridiind
injury (Wall and Melzack, 2001) obtained by weight paws was determined daily using the Hargreaves test
drops (Anderson 1982; Greenberg al., 1978), for 9 consecutive days. Hargreaves test evaluates
compressioffTarlov, 1972), crushing (Rivlin and Tator, thermal sensitivity to a progressive intensity efting
1978), photochemically induced injury (Heioal., 1992;  light source (Plantar test Hargreaves method, ILTf€
Watson et al., 1986), excitatory neurotoxin methods Sciences, Series 8, Model 390, Woodland Hills, CA).
(Gorman et al., 2001; Wilcox, 1988) and spinal The beam of light was applied on the left and rigintd
hemisection (Bennetét al., 2000; Christenseet al.,  paws and animals voluntarily retracted their hirzvp
1996; 1997). from the light source upon reaching the threshdld o
The objective of the present studies was to et@luaintolerable pain sensation. The maximum duratioerov
if central pain occurs following the induction ofia which the hind paw was exposed was set at 20 sec.
intracerebral hemorrhage in rats using the RosgnbermReaction times were taken on three occasions, avi@
model where the lesion in mainly in the caudoputame min delay between trials and the daily reportecueal
nuclei since central post-stroke pain has beenshatth ~ for each animal was the mean of 3 trials for bdié t
lesions to the basal ganglia in humans (Kim, 2003)right and left hind paw. Rats were acclimated te th
Following the induction of the intracerebral herhage — apparatus for 20 min prior to each daily testing.
in rats, two behavioral tests were used to evalceiéral In the second experiment, a group of animals (n =
pain, the Hargreaves test and von Frey filamergs ts 12) underwent training for 5 days on the Hargreaves

evaluate thermal hyperalgesia and mechanical aflady €St and with von Frey filaments. Following traigin
respectively. To confirm that related changes thafP@seline values were recorded for 3 days. Hargeeave
test was performed in a similar fashion to thet firs

occurred with brain trauma were related to pain, ; ¢ thi dv. Von Frev fi di
gabapenin a commonly used cenval anagesitier t XP2 10O S ey Von [y forere e
treatment of neuropathic and central pain, wa: . i .

P pain, previously published method (Vachat al., 2004).

Briefly, paw withdrawal thresholds were evaluated o
the plantar surface of the right and left hind pasing

: i : i ) von Frey monofilaments (0.4-30 g; Stoelting, Wood
Animals Thirty male Sprague-Dawley rats (Cri:CD Dale, IL, USA). Monofilaments were applied for Zse

(SD) IGS BR stock; Charles River, St-Constant, QC’in the central region of the plantar surface. The

Canada)/velghlng be_tween 175-300 g were used in thISthreshold was taken as the lowest force that caased
St“‘%‘y- Following arrlvalz they were housed in mdtf[ld least 3 withdrawals out of 5 consecutive stimukliés
environment  (fresh filtered air: 15 changes™,h onqted are the threshold force in grams corredipgn
temperature: 21+3°C, humidity: 40-60% and lightkdar 14 'the hind paw withdrawal. Mechanical sensitivitsis
cycle: 12 h:12 h). They were pair-housed ingyajuated first and then thermal hyperalgesia ded t
polycarbonate cagd#ncare, Bellmore, NY, USA) on  acclimation period to both apparatus was 20 miorpri
hardwood beddingBeta chip, Northeastern Products to testing. Following the collection of baselingajaats
Co., Warrenburg, NY, USA) and acclimated to theirwere injected intracerebrally with 3 pL of a cobagse
environment for 7 days prior to the initiation bétstudy.  solution (0.5 U 2 p[%) to produce a hematoma centered
Rats received tap water and rodent chow (CharlesrRi in basal ganglia of the right cerebral hemisphB@th
Rodent Chow 5075, St-Constant, Qc, Canadéitum. tests were to be performed once on the 2nd day
The University of Montreal's Faculty of Veterinary following surgery to establish that neuropathy was
Medicine Institutional Animal Care and Use Comnatte present and then twice daily (once without and once
approved the experimental protocol prior to anioss in ~~ with treatment) on subsequent days for the treatmen
accordance with the guidelines of the CCAC (1993).  group (n = 6) and saline gavage control group @).=
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Treated animals received 100 mg kggabapentin  Histological methods: Following the completion of the
(Nakazato-lImasatet al., 2009)by gavage (100 mg behavioral testing animals were anesthetized to a
mL"l; 1% methylcellulose solution) 30 min prior to surgical plane using pentobarbital (100 mg_lkgP)
behavioral testing. For both experiments, the perso(uTC Pharmaceuticals, Cambridge, Ontario, Canada).
doing the evaluations was blinded. They were then perfused through the heart, firgh ai

. P_rlor to a_nd‘ollowmg the lntracerebral_collag_enase physiological dextrose-sucrose solution (100 mL'rat
injection, animals were evaluated daily, prior to . . )

manipulations, with selected motor behavioral tésas solution composition .(1L)' 8 g .NaCI, 4 g dextroSey
have previously been described (Lemtaal., 2004; sucrose, 0.23 g.calcmm.chlonde) followed by a 10%
2005). This exam consisted of general activity, Puffered formalin  solution (100 mL Rax Al
evaluated as the immediate exploration of thechemicals used for perfusion solutions were ordered
immediate environment when the animal was placed offom Sigma (Sigma Inc., St-Louis, MO, USA). For
a novel hard surface and locomotion (linear locaomt microscopic evaluation, brains were fixed in forimal

or unilateral rotation), observed at the same timefor 48 h and embedded in paraffin. Fiwa horizontal
Paresis was evaluated with visual positioning bysections were taken and stained with a hematoxylin,
holding the rat above a hard surface and lowertng ieosin, phloxin and saffron stain. All lesions were

toward a hard surface. A normal response consisés i gnfirmed by a certified veterinary pathologiste(Pé

full extension and reaching for the hard surfacall T .ie DVM. DACVP Department of Veterinary
rigidity was evaluated by simply elevating it at PP,
midlength and observed for flexibility or rigidity. Pathology, University of Montreal).

Surgical methods: The surgical procedures have beenStatistical analysis: An analysis of variance using a
previously described (Lemat al., 2004; 2005). linear model with repeated measures and post hoc
Following the induction and maintenance of anesthes Tukey tests were used to assess whether the changes
with isoflurane (Aerrane, Baxter, Mississauga, ON, the Hargreaves and von Frey tests were signifigant
Canada), rats were placed in a stereotaxic instnume different form pre-operative values. For the analys
(David Kopf Instruments, Tujunga, CA, USA). A variance time as the intersubject factor and treatras
sagittal skin incision was made and a burr holé (im  the intrasubject factor were used. Statistical ysed
diameter) was drilled in the bone at the followingwere carried out with SA®Version 9.1, Cary, N.C.).
stereotaxic coordinates: antero-posterior 0.0 mm anThe level of significance was set at 0.05.
lateral 3.0 mm, in reference to bregma, so that the
injection site would be in the right caudoputamenlei RESULTS
(Paxinos and Watson, 1998). To induce the hematoma,
a collagenase solution composed of 2.5 U collagenas  Daily motor behaviors observed following the
Type VIl (Sigma-Aldrich, Oakville, ON, Canada) in 10 induction of cerebral lesions were decreased
uL saline (Abbott Laboratories, St-Laurent, QC, exploration of the immediate environment, unilatera
Canads) e nected over o perod of 10,1 & ! cicling, hemiparesis of the right anterir righah and
below the dura mater with a 5 L Hamilton éyringe. ail r|g|d|t_y which were more pronounced in anlma!s
. . that received 2 and 3 pL of the collagenase salutio
The needle was removed 5 min following the enchef t 05 U 2 uld Th tvpical ; h
injection and the skin was sutured. During the styg ©. H )Z ese are lypical motor changes
body temperature was monitored with a rectaIObserved following the induction of a hematomahie t
thermometer (Thermalert TH-8, Physitemp, Clifton, €@udoputamen nucleus (Leretzal., 2004; 2005).
NJ, USA) and it was maintained within normal limits In the first experiment, animals that received 0,5
(35.5-37.5°C) by keeping animals on an electricand 1 pL of collagenase intracerebrally showed no

heating pad. Following surgery, no analgesics wer&hange on the Hargreaves test when comparing jpre an
administered and animals were maintained under ROSt Surgery reaction times (results not shown) réts
heating lamp until recovery. Since most analgesic§€ceiving 2 pL of collagenase, reaction times fothb
have anti-inflammatory properties (Ferlared al.,  rightand left hind paws were significantly decrshsn
2007), no analgesics were administered postdays 3, 4, 5, 6 (p<0.001) and 7 (p<0.01) compaced t
operatively since this could change the outcomehef baseline values (Fig. 1). These rats returned sellee
study. We also wanted to reproduce the Rosenberggaction times on days 8 and 9 (p = n.s.).
modelin which no analgesic is administered eitherPhotomicrographs of histological sections takeAg&h
pre- or post-operatively (Rosenbaestcal., 1990). post collagenase-induce lesions are shownign E
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Fig. 1: Histogram representation of the mea8K) thermal sensitivity (Hargreave’s test) resultsnale Sprague-
Dawley rats (right hind paw/light gray, left hindy/dark) prior to (Days -3, -2, -1) and followingdys 1-9)
the stereotaxic injection of 2 puL of a collagenastition (0.5 U/2 pL) in the right caudoputamen laus
(Surgery). ** p<0.001, *p< 0.01

A Ea B
Fig. 2: Extent of the intracerebral hemorrhage meySprague-Dawley rats following stereotaxic itits of 0.5

uL (A; Group 1), 1 pL (B; Group 2) and 2 pL (C; @p3) of a collagenase solution (0.5U/2 uL) in the
caudoputamen nucleus. L lesioned area CP caudoentaatleus T thalamic nuclei

The lesion was mainly localized in the caudoputameror hyperalgesia which suggests a residual effect of
nucleus for animals receiving 0.5 and 1 pL oftreatment. Since no difference was noted on the 4th
collagenase. Lesions of the internal capsule weréay, when compared to baseline values, animals were
observed in all groups. Animals receiving 2uL of hot treated with gabapentin on the 4th post surgiag

collagenase intracerebrally had lesions that extérid ~ The lesion was more extensive in the caudoputamen

the ipsilateral thalamic nuclei mainly the latedaksal ~ nucleus and in the lateral-dorsal and lateral-piste
and lateral-posterior nuclei. nuclei of the thalamus (lesion not shown). For the

The effect of gabapentin on allodynia (von Freycontrol group, m_echanical allodynia and thermal
filaments) and thermal hyperalgesia (Hargreave) teshyperalgesia persisted on the 2nd, 3rd and 4th day
are presented in Fig. 3A and B respectively. On thdollowing the collagenase injection. o _
second and third day following the surgery, pain  AS previously shown in other similar studies
thresholds were decreased on both von Frey angd-emaet al., 2004; 2005), clear spaces interpreted as
Hargreaves tests (p<0.01). However following theedema, extended in the corpus callosum and into the
administration of gabapentin (100 mgkgO) on the contralateral basal ganglia and thalamus follovtimg
3rd day, pain thresholds were not different fromadministration of 2 and 3 upL of the collagenase
baseline values for both tests. On the fourth gaipr  solution. This may explain the bilateral effects on
to gabapentin treatment, animals did not show ghi@d  central pain induction.
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Fig. 3: Effects of gabapentin (100 mgRgon von Frey (A) and Hargreaves (B) tests in nSpeague-Dawley rats
(right hind paw/light gray, left hind paw dafk following a stereotaxic injection of 3 pL of allegenase
solution (0.5U /2 uL) in the caudoputamen nucléis significant changes from baseline occurred imtis
animals receiving saline by gavage. (Data not shd#p <0.001, ** p<0.01, * p<0.05

DISCUSSION Koeberle, 2009)Since we had experience with the
Rosenberg model and that they brain lesion cauged b
Animal models have played an important role inthe collagenase injection in the basal ganglia eday
elucidating the cascade of cellular and biochemicabffect the thalamus, we decided to evaluate pain
events occurring after traumatic brain injury. Roeg  perception in this model.
studies have reported traumatic brain injury with Results show that central pain, when evaluated
models such as injections of autologous bloodoball with the Hargreaves and von Frey filaments testss w
distension, inertial acceleration, force impact aatd  observed following the production of an intraceetbr
(Finnie and Blumberg, 1990). Rosenbetcal. (1990) hematoma when the collagenase injection is in #sab
have established the collagenase-induced intracdreb ganglia. However central pain sensitization wasdot
hematoma model, which is highly reproducible andonly in animals where the lesion extended in the
shows many characteristics of the intracerebraposterior thalamus and not when lesions occurreban
hemorrhagic process in mammals. Only one recentaudoputamen nucleus only. When using this traemati
paper has shown that collagenase-induced thalamigrain injury model, previous studies (Lewtaal., 2004;
lesions can cause central pain in rats (Wassermdn a2005) have shown that animals had poor motor

32



American J. Animal & Vet. i, 7 (1): 28-35, 2012

coordination and a deficit in motor initiation. 8athe thalamus lesions had a longer reaction time (7€ se
basal ganglia plays a role in the initiation of rament  following the 2 pL collagenase solution injectioihiah
and postural control, animals would be expected tsuggests that the pain is not as severe in thdésslan
have increased response times when evaluated duenetteet al., 2007; Beaudret al., 2010). However
reaction time tests. However, results show a deegka with the 3 pL collagenase injection, pain threshokte
reaction time to a thermal painful stimulus sugggst similar to the animals with sciatic nerve injury.uO
the establishment of central pain. In Huntington’sresults also show that animals appeared more edffext
disease, where there is a neurodegenerative protessmechanical allodynia than thermal hyperalgesia.
the basal ganglia, reflexes are usually decreaselterestingly it is also common in humans to haveiry
although muscle rigidity is present (Kandehl., 1991). severe pain, mainly a mechanical allodynia, folloyvi
We therefore do not attribute the results to a ghan  central lesions such as a stroke (Kueta., 2009).
reflex excitability at the level of the spinal colso, in Lesions at any level of the neuraxis can cause
our experiment, normal responses were seen with vocentral pain when pain pathways and associated
Frey and Hargreaves tests following gabapentirstructures are implicated. Lesions in the dorsah laf
treatment in animals with the induced hematoma anthe spinal cord, ascending spinothalamic pathways,
these findings are highly suggestive of a centrabrain stem, thalamus, subcortical white matter and
analgesic effect. We chose gabapentin as a centrakrebral cortex have all been reported to caustaten
analgesic since it has been identified as patefitst- pain (Bowsher, 1996; Bowshet al., 1998; Cassinari
line medications for the treatment of neuropathdinp and Pagni, 1969; Garcin, 1968; Leijon, 1989; Fishma
by the International Association for the Study @firP et al., 2009).Lesions that produce central pain have
(Dworkin et al., 2007). However in a recent review, best been studied in central post-stroke pain ancs$
gabapentin was suggested as a second-line treatonent found that 60% of lesions engage the thalamus
central post-stroke pain in humans (Kureal., 2009).  (Bowsher, 1996)Hemorrhages in the basal ganglia

Lesions in the basal ganglia or thalamus will eaus produce sensory symptoms such as dysesthesia,ymainl
motor and sensory problems in the contralatera efd sensory deficits (Bowsheet al., 1998; Kim, 2003;
the lesion. In our study, animals showed pain-eglat Siddal et al., 2003).Pain associated with lesions of
behaviors in both hinpaws. In the model establidhyed lenticulo-capsular nuclei is associated with lesion
Wasserman and Koeberle (2009) the total amount dhe posterior limb of the internal capsule (Kim,03)
collagenase injected was only 0.025 U and pairand thalamus (Groothuigt al., 1977). Loss of lateral
sensation was altered only on the contralateral. e thalamic substrate results in the disinhibitiorrelease
injected 0.125, 0.25 and 0.5 U in the first expenmn Of the medial thalamus, which is thought to be
and 0.75 U in the second experiment. Lesions werénportant for the emotional aspect of pain (Craig,
therefore much more extensive than those seenein thL998).In the present study, lesions in the posterior
experiments by Wasserman and Koeberle (2009fhalamus were also seen in the rats with highesinve
Animals that received 0.5 and 0.75 U had lesioms th Of intracerebrally injected collagenase (2 and 3.puL
were not only localized on the ipsilateral side butinterestingly, pain was noted only on thé& &lay
edema was observed all along the corpus callosun afollowing the lesion following the collagenase
in the contralateral basal ganglia and thalamuss Th injection. Post-stroke pain usually develops some t
could very well explain why pain-related behaviorsafter the brain insult in 10-35 % of human patiests
observed in both hindpaws and not only unilaterallythe time of onset to pain may be relatively rapiihin
demonstrated in the study by Wasseman and Koeberfe month) (Anderseet al., 1995; Hansen, 2004; Widar
(2009). On study has shown that unilatereal thaiami€t @., 2002). With spinal cord injuriemnset time may
lesions can in some instances cause a bilateral paP€ @s long as 2 years (Sidea#l., 2003)In most cases
syndrome in humans (Kim, 1998). cgntral pain tends to persist and it is co_nstamtd;sent,

To better characterize this model, behavioraWith no pain-free intervals. However, in some cases
evaluations should be performed for a longer danati Pain free intervals occur a few hours a day only.
of time (weeks or months) and should evaluate wffe
pain modalities other than mechanical allodyniahwit CONCLUSION
von Frey filaments and thermal hyperalgesia with th
Hargreaves test. Compared to our previous results A transient central pain was induced in rats \sith
where the reaction time on the Hargreaves decrdased intracerebral hemorrhage localized in  the
5 sec in neuropathic animal with the sciatic nervecaudoputamen and thalamic nuclei following the
ligation model, the animals with the caudoputamenstereotaxic injection of collagenase. The contemdt
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central pain is most probably associated with lesiof  Christensen, M.D. and C.E. Hulsebosch, 1997.Chronic
the lateral posterior thalamus mainly affecting central pain after spinal cord injury. J.
spinothalamocortical tracts neurons implicated &np Neurotrauma, 14: 517-537. DOl:
perception. The ipsilateral central central painldde 10.1089/neu.1997.14.517

associated with the edema observed in the cordgralat Christensen, M.D., Everhart, J.T. Pickelman and.C.E
non-lesioned basal ganglia and thalamus. Bilateral Hulsebosch, 1996. Mechanical and thermal
central pain occurred only when massive lesionsewer allodynia in chronic central pain following spinal

induced. Finally findings support the alleviatinfieet cord injury. Pain, 68: 97-107. DOL:
of gabapentin on both allodynia and hyperalgestais 10.1016/S0304-3959(96)03224-1
model suggesting that it may a a treatment forreént Craig, D., 1998. A new version of the thalamic
pain originating from thalamic lesions. disinhibition hypothesis of central pain. Pain
Forum, 7: 1-14. DOl 10.1016/S1082-
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