Rev Bras Anestesiol
2004; 54: 1: 53 -59

ARTIGO CIENTIFICO
SCIENTIFIC ARTICLE

Correlacio entre Concentracao Liqudrica e Efeitos Colaterais
apos Injecao de Morfina por Via Subaracnéidea em Ratos *
Correlation between CSF Concentration and Side Effects after Spinal
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RESUMO

Silva NSF, Sakata RK, Issy AM - Correlagao entre Concentra-
¢ao Liquodrica e Efeitos Colaterais apds Injegao de Morfina por
Via Subaracndéidea em Ratos

JUSTIFICATIVA E OBJETIVOS: A morfina por via
subaracnoidea promove bom efeito analgésico, mas ndo é
isenta de efeito colateral. O objetivo deste estudo foi verificar
se ha correlagdo entre a concentragdo de morfina no liquor e os
efeitos colaterais apdés injecdo de morfina por via
subaracnoéidea.

METODO: Foram estudados 28 ratos, em quatro grupos, 24
horas apés a colocagéo de cateter subaracnoideo via cisterna
magna. Os grupos G1, G2, G3 e G4 receberam
respectivamente 0,1; 0,3; 0,5 e 1 ug de morfina em 10 ul de
solugéo fisiolégica a 0,9%. Foram coletadas amostras de liquor
e anotados os efeitos colaterais nos momentos Mqs, M3g, Mo,
M120 € M1g0 minutos apos a injegéo.

RESULTADOS: Os efeitos colaterais observados foram tremor
mandibular, agitagdo, prurido, auséncia de diurese, sedagéo e
alteragdo respiratéria. Houve maior incidéncia de efeitos
colaterais nas avaliagbes precoces, diminuindo
progressivamente com o tempo. As concentragbes médias de
morfina no liquor no G1 variou de 72,84 a 1,13 pg; no G2, de
114,26 a 5,68 pg; no G3, de 151,18 a 13,62 pg; e no G4, de
561,37 a 18,61 pg.

CONCLUSOES: N&o houve correlagédo entre concentragdo de
morfina no liquor e efeitos colaterais.

Unitermos: ANALGESIQOS, Opioides: morfina; ANIMAL:
rato; TECNICAS ANESTESICAS, Regional: subaracnoéidea

SUMMARY

Silva NSF, Sakata RK, Issy AM - Correlation between CSF Con-
centration and Side Effects after Spinal Morphine Injection in
Rats

BACKGROUND AND OBJECTIVES: Spinal morphine pro-
motes good pain relief, but is not free from side effects. This
study aimed at verifying the correlation between CSF morphine
concentration and side effects.

METHODS: This study involved 4 groups of 7 rats, which were
studied 24 hours after spinal catheter insertion via cisterna
magna. Groups G1, G2, G3 and G4 received respectively 0.1;
0.3; 0.5 and 1 ug morphine in 10 ul of 0.9% saline solution. CSF
samples were collected and side effects were recorded at M5,
M3so, Mso, M120 and Mo minutes after injection.

RESULTS: Side effects observed were: mandible tremors, agi-
tation, pruritus, absence of diuresis, sedation, and respiratory
changes. The incidence of side effects was higher during early
evaluations and progressively decreased with time. Mean CSF
morphine concentrations in G1 varied from 72.84 to 1.13 pg; in
G2from 114.26 to 5.68 pg; in G3 from 151.18to 13.62 pg and in
G4, from 561.37 to 18.61 pg.

CONCLUSIONS: There has been no correlation between CSF
morphine concentration and side effects.

Key Words: ANALGESICS, Opioids: morphine, ANESTHETIC
TECHNIQUES, Regional: spinal block; ANIMAL: rat

INTRODUGAO

morfina foi um dos primeiros opidides a ser utilizado
para analgesia pos-operatoria e para o controle da dor
cronica. E um opidide com baixa solubilidade lipidica, afini-
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dade moderada pelo receptor, eficacia moderada, baixa
velocidade de dissociagao do receptor e duragéo prolonga-
da.

Adescobertade receptores opididesem 1974 'eaidentifica-
¢ao de opidide enddégeno em 1975 ? foi um avanco no trata-
mento da dor. Amorfina por via espinhal, por sua baixa lipos-
solubilidade, apresenta grande periodo de laténcia e dura-
¢ao prolongada. Quando utilizada no espago subaracnai-
deo, a morfina tem disperséo no sentido cranial, podendo
provocar efeitos colaterais como prurido, nausea, vomito e
insuficiéncia respiratoria, sendo este ultimo o mais temido
por sua manifestagao tardia.

Naofoiencontrado, naliteratura pesquisada, relatode corre-
lacdo entre a concentragao de morfina no liquor e efeitos co-
laterais apos injegdo subaracndidea. Para tentar verificar se
ha essa correlacao, esta pesquisa foi elaborada dosando a
concentragdo no liquor apds injecao de diferentes doses de
morfina e observando os efeitos colaterais nos ratos, em di-
ferentes momentos.
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METODO

Este estudo experimental foi realizado apés ter sido aprova-
do pelos Comités de Etica em Pesquisa da Universidade Fe-
deralde Sao PauloedaUniversidade Federaldo Amazonas.
Foram investigados 28 ratos da linhagem Wistar, machos,
sadios, com idade aproximada de 90 dias e peso entre 250 e
300 gramas. Foram excluidos do protocolo, ratos com parali-
siaouflacidezdas patas. Os animais foram mantidos em gaio-
las individuais, recebendo 12 horas de luz por dia, agua e ra-
¢ao a vontade durante todo o experimento.

Os animais foram distribuidos em 4 grupos de 7 e todos rece-
beram 10 pl de solugéo fisiolégica por via subaracnéidea: os
do G1, 0,1 ug de morfina; os do G2, 0,3 uyg de morfina; os do
G3, 0,5 pyg de morfina; e os do G4, 1 ug de morfina.
Amorfinafoipreparada, através dadiluigiode 1 mgdosalde
sulfato de morfina em 1 ml de solugéo fisiolégica a 0,9% (1
mg/ml). As demais (0,1;0,3; 0,5; e 1 ug de morfinaem 10 pl)
foram preparadas por diluicdo com solugéo fisiolégica a
0,9% e mantidas a temperatura de 4 °C até a analise. Paraa
solucao de 0,1 pg/10 pl, foram retirados 50 yl da solugéo es-
toque e adicionados 4950 pl de solugao fisioldgica 0,9%.
Paraasolugédode 0,3 ug/10 ul, foramretirados 100 yldasolu-
¢ao estoque e adicionados 3000 ul de solugéo fisioldgica a
0,9%. Para a solugao de 0,5 pg/10 pl, foram retirados 100 pl
dasolugao estoque e adicionados 2000 pl de solugao fisiol6-
gicaa0,9% e parasolugdode 1 ug/10 pl, foramretirados 500
pldasolugéo estoque e adicionados 4500 pl de solugdofisio-
l6égica a 0,9%.

Para colocagao de cateter subaracnoéideo, os animais foram
submetidos a anestesia geral com cetamina (60 pg/g) e xila-
zina (16 pg/g) por via muscular. Acolocagéo do cateter suba-
racnoideo foirealizada pelatécnica de Yaksh, Rudy®, modifi-
cada; com introdugao do cateter na parte mais lateral, para
facilitaraadministracdo dadrogaeacoletadeliquor. O cate-
teralcangou o espagosubaracnoideodaregidotoracicaalta,
aproximadamente ao nivel de T3-T4. A extremidade livre do
cateter foi fechada com um pequeno estilete metalico.

Os animais foram mantidos em gaiolasindividuais pararecu-
peracao anestésica e os com deficiéncia neuroldgica, foram
excluidos do estudo.

Foram administradas diferentes concentragdes de morfina
de maneiraaleatérianos animais, 24 horas apés acolocagao
do cateter no espago subaracnéideo. Todos os animais que
participaram do estudo estavam ativos, movimentando-se,
recebendoracédo e agua livres, e totalmente recuperados da
anestesia.

Ainjecéo pelo cateter foi efetuada com seringa de Hamilton
de 10 ul,graduadade 1em1 ul,emumavelocidadede 5 ulpor
segundo.

Foram realizadas coletas de 0,2 ml de liquor nos momentos:
15 (M15), 30 (M30), 60 (Ms()), 120 (M120) e 180 (M180) minutos
apods a administragcao da morfina. As amostras foram centri-
fugadas e armazenadas a-8°C, sendo utilizado o método de
cromatografia liquida de alta eficiéncia para quantificar a
morfina no liquor.
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Realizou-se coletade 0,3 mlde sangue arterial, entre 15e 30
minutos apds a administragao da morfina, em um animal de
cada grupo.

Foram observados e anotados os possiveis efeitos colate-
rais e complicagdes nos momentos: My, Ms, M5, M3g, Mg,
Mi20 € M4g, correlacionando com a concentragao liqudrica
de morfina.

Paraanalise estatisticaforamempregados os testes ndo-pa-
ramétricos. Para todos os testes, foi fixadoem 0,05 ou 5% (p
< 0,05) o nivel de rejeigao da hipotese de nulidade.

RESULTADOS
Concentragdo da Morfina no Liquor

As médias das concentragdes da morfina no liquor no G1 di-
minuiram progressivamente e foram significativamente me-
nores que nos demais grupos em Mys, M3o, Mgo, € M120; NO
Migoamédiadaconcentragcdode G1foisemelhanteade G2e
menorquede G3e G4.NoG2enoG3ocorreudiminuicéo se-
guida de aumento e nova diminuigao e no G4 também houve
aumento seguido de diminuicao (Tabela | e Figura 1).

Tabela | - Valores das Médias das Concentragdes (pg/100
pl) de Morfina no Liquor nos Grupos (G1: 0,1 ug; G2:
0,3 pg; G3: 0,5 ug; G4: 1 ug de morfina) em cada Mo-
mento Avaliado (M15, M3o, Meo, M120 e M130)

Momentos apds a Grupos
administragéo das
solugdes (min)

G1 G2 G3 G4
Mis 72,84 106,64 144,77 179,18
M3 19,01 96,91 121,47 386,14
Méeo 7,38 114,26 151,18 561,37
Mz 3,25 37,81 42,52 47,86
Misgo 1,13 5,68 13,62 18,61

600
500 A
400 A
300 1
200 A

Liquor (pg/100 pl)

100

Concentragao da Morfina no

15 30 60 120 180

Momentos ap6s Administracéo das Solugdes (min)
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Figura 1 - Valores das Médias das Concentragdes (pg/100 ul) de
Morfina no Liquor nos Grupos em cada Momento (minutos)
apo6s a Administragdo das Solugdes
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CORRELAGAO ENTRE CONCENTRAGAO LIQUORICA E EFEITOS COLATERAIS APOS
INJECAO DE MORFINA POR VIA SUBARACNOIDEA EM RATOS

Correlagao entre Concentragao Liqudrica de Morfina e Efei-
tos Colaterais

No G1, em My5 (72,84 pg/100 pl) foram observados: tremor
mandibular, agitacéo, prurido, sedacgao, e alteracéo respira-
toria; em M3o (19,01 pg/100 pl), tremor mandibular, prurido,
sedacéo, e alteragao respiratdria; em Mg (7,38 pg/100 pl),
tremor mandibular, prurido, auséncia de diurese, sedagéao, e
alteracdo respiratéria. Tanto em M1z (3,25 pg/100 pl) como
em Mg (1,13 pg/100 pl) ndo ocorreu nenhum efeito.

No G2, em My5(106,64 pg/100 pl) foram observados: tremor
mandibular, agitagao, prurido, ausénciadediurese, sedacéo
e alteragao respiratoria; em Mso (96,91 pg/100 pl), agitagéo,
prurido, auséncia de diurese, sedacéao e alteragao respirato-
ria; em Mgo (114,26 pg/100 pl), prurido, auséncia de diurese,
sedacgéo, e alteragao respiratoria;em M5 (37,81 pg/100 pl),
prurido e auséncia de diurese e em Mg (5,68 pg/100 pl) ndo
ocorreu nenhum efeito.

NoG3,emM;5(144,77 pg/100 pl)foramobservados: prurido,
sedacao e alteragéo respiratéria; em M3y (121,47 pg/100 pl),
prurido, sedacéo e alteracéo respiratéria; em Mgy (151,18
pg/100 pl), prurido, auséncia de diurese e sedagao; em My,
(42,57 pg/100 pl), prurido e auséncia de diurese e em Mg
(13,62 pg/100 pl) ndo ocorreu nenhum efeito.

No G4 em M5 (179,18 pg/100 ul) foram observados: prurido,
sedacao e alteragao respiratoria; em M, (386,14 pg/100 pl),
prurido, auséncia de diurese, sedagéo e alteragao respirato-
ria; em Mg (561,37 pg/100 pl), prurido, auséncia de diurese e
sedacao; em My, (74,86 pg/100 pl), prurido e sedacao e, em
Mg0(18,61pg/100 ul), ndo ocorreunenhum efeito (Tabelall).

Tabela Il - Efeitos Colaterais e Médias das Concentragdes
apos a Administracdo de Morfina Subaracndidea
Momentos Grupos  Crorfina Efeitos Colaterais

(min) (pg/100 ui)
TM Agit P AD Sed Alt. Resp
Mis G1 72,84 X X X X X
G2 106,64 X X X X X X
G3 144,27 X X X
G4 179,18 X X X
Mao G1 19,01 X X X X
G2 96,91 X X X X X
G3 121,47 X X X
G4 386,14 X X X X
Meo G1 7,38 X X X X X
G2 114,26 X X X X
G3 151,18 X X X
G4 561,37 X X X
Mi20 G1 3,25
G2 37,81 X X
G3 42,52 X X
G4 47,86 X X
Migo G1 1,13
G2 5,68
G3 13,62
G4 18,61

TM: tremor mandibular; Agit: agitagao; P: prurido; AD: auséncia de diurese;
Sed: sedagao; Alt. Resp: alteragéo respiratoria, x: presenga de efeito
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DISCUSSAO

Para este estudo, foi escolhido o rato Wistar pela facilidade
de aquisicdo, manuseio e manutengdo da alimentagéao e hi-
gienenasgaiolas, alémdegranderesisténciaorganicaasin-
feccbes e baixo custo. Muitos autores também optaram por
ratos para injegcao de morfina por via subaracnéidea, pelos
motivos descritos *°.

Para colocacao do cateter, foi utilizada a técnica cirurgica
descrita por Yaksh, Rudy ° modificada, por permitir acesso
relativamente facil ao espago subaracnoideo através da cis-
terna magna. Também possibilita a manutencéo do cateter
durante periodos prolongados, porque permite fixagao efi-
caz do mesmo, além de isola-lo do contato com a boca e as
patas do animal, impedindo-o de retira-lo. Entretanto, se re-
produzida fielmente, demanda um tempo muito grande para
a colocagao do cateter e apresenta um elevado indice de fa-
Iha para a coleta de liquor.

O experimento foi feito 24 horas ap6s a colocagéo do cateter
para que ndo houvesse duvidas sobre a analgesia residual
da anestesia e também para que fosse possivel avaliar a au-
séncia de lesao neuroldgica. Nao foi feito apds tempo maior,
porque poderia ocorrer obstrugdo da ponta de cateter, impe-
dindo a difusédo da solugdo e também a coleta seriada de li-
quor. Este estudo e os daliteratura, foramrealizados somen-
te com animais despertos e movimentando-se livremente,
sem contengéo *°.

O opiodide escolhido para esta pesquisafoiamorfina, que por
ser hidrofilica, possui duracédo de agéo prolongada. Porém,
essa caracteristica também é responsavel pela permanén-
ciadofarmaco noliquor durante tempo maior que com opidi-
delipofilico. Comisso, ocorre maior difuséo cranial e ligagcao
do opidide aos receptores encefalicos, provocando efeitos
colaterais como prurido, nausea, vomito e depressao respi-
ratoria. A presenca desses efeitos colaterais limita o uso de
opiodides por via subaracnodidea.

Nao encontramos trabalhos sobre correlagéo entre concen-
tracao de morfina no liquor e os efeitos colaterais investiga-
dos. Para verificar se existe essa correlagéo, foram escolhi-
dasdosesde0,1a1pg;umestudomostrouque 1 ugde morfi-
na, porviasubaracnoidea, produz efeito analgésico e colate-
ral ©.

Na presente pesquisa, com as doses administradas, a con-
centragcdo de morfinanoliquor foimenor que aconcentragao
minima de 200 a 400 pg/100 pl, relatada na literatura ’, atin-
gindo essa concentracdo somente em M3y e Mgo do G4.
Apds administragdo venosa, amorfina é encontradano soro,
no liquor e no encéfalo de ratos, em 5 minutos. No encéfalo,
observa-se diminuigdo da concentragado apds 30 minutos,
mantendo estavel até 60 minutos. Noliquor, ndo ha modifica-
¢ao da concentragao apos 30 minutos; entretanto, 60 minu-
tos apo6s a administragdo venosa ocorre aumento intenso,
sugerindo que a morfina poderia estar retida no tecido ence-
falico. O liquor poderia serumaimportante via de eliminagao
da morfina do sistema nervoso central, porém nao séo en-
contrados seus metabdlitos nesse local apés administragao
de dose unica ®.
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No presente estudo foram encontradas grandes concentra-
¢des de morfina no liquor, aos 15 minutos. Aos 30 € 60 minu-
tos, a alteragdo da concentragao foi diferente nos grupos,
ocorrendo aumento ou diminuigédo. Aos 120 e 180 minutos,
ocorreudiminuigdo da concentragdo de morfinano liquorem
todos os grupos.

Neste estudo,foramencontradas grandes concentragbesde
morfina, em M45, em todos os grupos, provavelmente porque
as amostras de liquor foram coletadas no local da injegao.
Em M3, ocorreu redugado da concentragdo de morfina, em
trés grupos, provavelmente devido adistribuicdo dofarmaco
no liquor e para a medula espinhal, para os tecidos adjacen-
tes e para o encéfalo. No G4, houve aumento da concentra-
¢ao provavelmente por difusdo da morfina de tecidos para o
liquor; também foi observado aumento nos grupos 2, 3e 4 no
Meo.No G1, continuouhavendodiminuigdo da concentragéao,
provavelmente porque a dose era pequena € mesmo com
difusdo do tecido para o liquor o aumento foi menor que a
saida da droga do liquor para os tecidos.

Nos momentos M4z € M50 houve diminuigdo das concentra-
¢bes de morfinanoliquor,emtodos os grupos, provavelmen-
te porque a maior parte ja havia sido eliminada; em Mg, fo-
ram detectadas concentragdes bastante pequenas.

Neste estudo, foram observados efeitos colaterais com bai-
xas concentragdes de morfina, enquanto, em alguns mo-
mentosemqueaconcentragdode morfinanoliquorfoimaior,
nenhum efeito foi observado.

N&o houve correlagéo entre concentragdo de morfina no li-
quor e efeitos colaterais observados. Aparentemente, o de-
saparecimento dos efeitos colaterais tem correlagdo com o
tempotranscorridoaposinjegdode morfinasubaracnéidea.
Combase nosresultados deste estudo experimental realiza-
doemratos,com0,1;0,3;0,5e 1 ug de morfina por via suba-
racnoidea em 10 pl de solugao fisiolégica, pode-se concluir
que ndo ha correlagdo entre concentragao de morfina no
liquor e efeitos colaterais.

Correlation between CSF Concentration
and Side Effects after Spinal Morphine
Injection in Rats

Neuzimarde Souza Freire Silva, M.D.; Rioko Kimiko Sakata,
TSA, M.D.; Adriana Machado Issy, M.D.

INTRODUCTION

Morphine has been one of the first opioids used for postoper-
ative analgesia andto control chronic pain. Itis an opioid with
low lipid solubility, moderate receptor affinity, moderate effi-
cacy, low rate of receptor dissociation and prolonged dura-
tion. The discovery of opioid receptorsin 1974 ' and the iden-
tification of endogenous opioids in 1975 2have represented
advances in pain control. Spinal morphine, for its low
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liposolubility, has long onset and duration. In the spinal
space, morphineis cranially spread and may promote side ef-
fects such as pruritus, nausea, vomiting and respiratory
failure, being the latter the most feared side effect due to its
late manifestation.

We have not found in the literature any correlation between
CSF morphine concentration and side effects after spinal in-
jection. In an attempt to establish this correlation, this study
was performed by dosing CSF concentration after different
morphine dosesinrats, and observing side effectsindifferent
moments.

METHODS

This experimental study was performed after the
Universidade Federal, Sdo Pauloand Universidade Federal,
Amazonas Ethics Committees approval and involved 28
Wistar healthy, male rats aged approximately 90 days and
weighing 250 to 300 grams. Excluded from the protocol were
animals with paws paralysis or flaccidity. Animals were main-
tained in individual cages receiving 12 hours of light per day,
water and feed ad libitum throughout the experiment.
Animals were distributedin 4 groups of sevenand allhave re-
ceived 10 pl spinal saline solution: G1 has received 0.1 ug
morphine; G2 hasreceived 0.3 uygmorphine; G3 hasreceived
0.5 ug morphine; and G4 has received 1 ug morphine.
Morphine was prepared through dilution of 1 mg morphine
sulfate saltin 1 ml of 0.9% saline solution (1 mg/ml). Remain-
ingdoses (0.1; 0.3; 0.5 and 1 ug morphine in 10 ul) were pre-
pared by dilution in 0.9% saline solution and maintained at 4
°C until analysis. For the 0.1 ug/10 ul solution, 50 pl were re-
moved from the stored solutionand 4950 pl of 0.9% saline so-
lution were added. For the 0.3 ug/10 pl solution, 100 ul were
removed from the stored solution and 3000 pl of 0.9% saline
solution were added. For the 0.5 ug/10 pl solution, 100 pl
were removed from the stored solution and 2000 ul of 0.9%
saline solution were added. For the 1 ug/10 pl solution, 500 pl
were removed from the stored solution and 4500 ul of 0.9%
saline solution were added.

Animals were submitted to general anesthesia with muscular
ketamine (60 ug/g) and xylazine (16 pg/g) for spinal catheter
insertion by the modified Yaksh, Rudy technique 3 with the
catheter more laterally inserted to help drug administration
and CSF collection. Catheter has reached high thoracic re-
gion spinal space approximately at T3-T4. Free catheter tip
was closed with a small metal probe.

Animals were maintained in individual cages during anes-
thetic recovery and those with neurological deficits were ex-
cluded from the study.

Different morphine concentrations were randomly adminis-
tered to animals 24 hours after spinal catheter insertion. All
animals participating in the study were active, moving, re-
ceiving free water and feed, and totally recovered from anes-
thesia.

Injection was performed with 10 yl Hamilton’s syringe gradu-
ated every 1 pl, at a rate of 5 ul per second.
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CORRELATION BETWEEN CSF CONCENTRATION AND
SIDE EFFECTS AFTER SPINAL MORPHINE INJECTION IN RATS

CSF collection (0.2 ml) was performed in the following mo-
ments: 15 (M15), 30 (M3o), 60 (Meo), 120 (M120) and 180 (M180)
minutes after morphine administration. Samples were centri-
fuged and stored at -8 °C. CSF morphine was quantified by
high-efficiency chromatography.

Arterial blood (0.3 ml) was collected between 15 and 30 min-
utes aftermorphineinjection, fromone animal of each group.
Possible side-effects and complications were observed and
recorded in moments My, Ms, M1s, M3o, Mgg, M120 and Mg,
and were correlated to CSF morphine concentration.
Non-parametric tests were used for statistical analysis. Null
hypothesis rejection level was established in 0.05 or 5% (p <
0.05) for all tests.

RESULTS
CSF Morphine Concentration

Mean CSF morphine concentrations in G1 have progres-
sivelydecreased and were significantly loweras comparedto
other groups in M4s, M3g, Mgg and My20; G1 mean concentra-
tion in M4gg was similar to G2 and lower than G3 and G4. De-
crease, followed by increase and again decrease was ob-
servedin G2and G3;increase followed by decrease was also
observed in G4 (Table | and Figure 1).

Table | - Mean CSF Morphine Concentrations (pg/100 pul) in
Groups (G1: 0,1 pug; G2: 0,3 pg; G3: 0,5 ug; G4: 1 ug
morphine) in Every Evaluated Moments (M4s5, M3,
Mso, M120 and Mygo)

Moments after solutions Groups
administration (min)
G1 G2 G3 G4

M;s 72.84 106.64 144.77 179.18
Mao 19.01 96.91 121.47 386.14
Méeo 7.38 114.26 151.18 561.37
Mi2o 3.25 37.81 42.52 47.86
Miso 1.13 5.68 13.62 18.61

Correlation between CSF Morphine Concentration and Side
Effects

G1,inM;5(72.84 pg/100 ul), has presented: mandible tremor,
agitation, pruritus, sedation and respiratory changes; in Msq
(19.01 pg/100 pl), mandible tremor, pruritus, sedationandre-
spiratory changes; in Mg (7.38 pg/100 pl) mandible tremor,
pruritus, absence of diuresis, sedation and respiratory
changes; both in M4, (3.25 pg/100 pl) and Mg, (1.13 pg/100
pl) there were no effects.

G2, in Mys (106.64 pg/100 pl), has presented: mandible
tremor, agitation, pruritus, absence of diuresis, sedation and
respiratorychanges;inM;(96.91 pg/100 pl), agitation, pruri-
tus, absence of diuresis, sedation and respiratory changes;
in Mgo (114.26 pg/100 pl) pruritus, absence of diuresis, seda-
tion andrespiratory changes;in M2 (37.81 pg/100 pl), pruri-
tus and agitation; and in M4go (5.68 pg/100 pl) there were no
effects.
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Figure 1 - Mean CSF Morphine Concentrations (pg/100 pl) in
tGrs[).ups and Moments (minutes) after Solutions Adminis-
ration

G3,inM;5(144.77 pg/100 pl), has presented: pruritus, seda-
tionandrespiratory changes;inMso(121.47 pg/100 pl), pruri-
tus, sedation and respiratory changes;in Mg (151.18 pg/100
ul) pruritus, absence of diuresis and sedation; in My, (42.57
pg/100 ul), pruritus and absence of diuresis; and in Mqgo
(13.62 pg/100 pl) there were no effects.

G4,in M5 (179.18 pg/100 pl), has presented: pruritus, seda-
tionandrespiratory changes;inMso(386.14 pg/100 pl), pruri-
tus, absence of diuresis, sedation and respiratory changes;
inMego (561.37 pg/100 pl) pruritus, absence of diuresis and se-
dation;inMy20(74.86 pg/100 ul), pruritus and sedation;andin
Mygo (18.61 pg/100 pl) there were no effects (Table I1).

Table Il - Side Effects and Mean Concentrations after Spinal
Morphine Administration

Moments Groups  Cmorphine Side Effects
(min) (pg/100 yl)
MT Agit P AD Sed Resp Chg.
Mis G1 72.84 X X X X X
G2 106.64 X X X X X X
G3 144.27 X X X
G4 179.18 X X X
M3 G1 19.01 X X X X
G2 96.91 X X X X X
G3 121.47 X X X
G4 386.14 X X X X
Mso G1 7.38 X X X X X
G2 114.26 X X X X
G3 151.18 X X X
G4 561.37 X X X
Mi20 G1 3.25
G2 37.81 X X
G3 42.52 X X
G4 47.86 X X
Migo G1 1.13
G2 5.68
G3 13.62
G4 18.61

MT: mandible tremor; Agit: agitation; P: pruritus; AD: absence of diuresis;
Sed: sedation; Resp Chg.: respiratory change, x: presence of effect

57



SILVA, SAKATA AND ISSY

DISCUSSION

Wistar rats were chosen for this study because they are easy
to acquire and handle, and to keep food and hygiene in the
cages, in addition to their high organic resistance to infection
andlow cost. Severalauthors have also chosenratsforspinal
morphine injections, for the above-mentioned reasons **.
Modified Yaksh, Rudy surgical technique ® was used for cath-
eter insertion, for allowing relatively easy spinal space ac-
cess through the cisterna magna. It also enables catheter
maintenance for prolonged periods becauseit providesits ef-
fective fixation in addition to isolating it from animal’s mouth
and paws, thus preventingits removal. However, if strictly fol-
lowed, this technique demands lots of time for catheterinser-
tion with a high CSF collection failure rate.

The experimentwas performed 24 hours after catheterinser-
tion to prevent issues on residual anesthetic analgesia and
also to enable the evaluation of absence of neurological in-
jury. A longer time was not waited because there could be
catheter tip obstruction, preventing solution diffusion and
also serial CSF collection. This study, as well as others in the
literature, was performed solely with awaken and freely mov-
ing animals, without contention 5,

Morphine was the opioid of choice because, for being hydro-
philic, it has a prolonged action. However, this characteristic
is also responsible for the longer permanence of the drug in
the CSF, as compared to lipophylic opioids. So, there is more
cranial spread and binding of the opioid to encephalic recep-
tors, promoting side effects such as pruritus, nausea, vomit-
ing and respiratory depression. These side effects limit the
use of spinal opioids.

We have found no study on the correlation of CSF morphine
concentration and investigated side effects. To check
whetherthis correlation exists, 0.1to 1 ygdoses wereused. A
study has shownthat 1 ug spinal morphine has analgesicand
side effect °.

In our study, CSF morphine concentration was lower than
minimum concentration of 200 to 400 pg/100 pl reported in
the literature 7, only reaching this concentrationin G4, during
M30 and Meo.

After intravenous administration, morphine is found in se-
rum, CSF and brain of rats, within 5 minutes. In the brain,
there is concentration decrease 30 minutes after, and it is
maintained stable until 60 minutes. In CSF there is no con-
centration change 30 minutes after; however, 60 minutes af-
ter intravenous administration there is major increase, sug-
gesting that morphine could have been retained in brain tis-
sue. CSF could be an important pathway to eliminate mor-
phine from the central nervous system, however its metabo-
lites are not found there after single dose injection 2.

Our study has found high CSF morphine concentration at 15
minutes. At 30 and 60 minutes, concentration changes were
different among groups, either increasing or decreasing. At
120 and 180 minutes, there has been CSF morphine concen-
tration decrease in all groups.

We have found high morphine concentrations in M5 in all
groups, probablybecause CSF sampleswere collected atthe
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injection site. There has been morphine concentration de-
crease in Mg in three groups, probably due to drug spread to
CSF andspinalcord, toadjacenttissuesandbrain. There has
been increased concentration in G4, probably due to tissue
morphine spread to CSF; there has also been increase in
Groups 2,3 and 4, in Mgo. G1 continued to present decrease,
probably because the dose was low and even with spread
fromtissue to CSF the increase was lower than the transfer of
the drug from CSF to tissues.

There has been CSF morphine concentration decrease in
Mi20 and Mg in all groups, probably because most drug had
already been excreted; very low concentrations were de-
tected in Mygo.

Our study has observed side effects with low morphine con-
centrations, while in some moments when CSF morphine
concentration was higher, no effect has been observed.
There has been no correlation between CSF morphine con-
centration and side effects. It seems that side-effects resolu-
tion is correlated to time after spinal morphine injection.
Based on the results of this experimental study with rats, with
0.1,0.3,0.5and 1 pg spinal morphine in 10 pl saline solution,
one may conclude that there is no correlation between CSF
morphine concentration and side effects.
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RESUMEN

Silva NSF, Sakata RK, Issy AM - Correlacién entre Concentra-
cién Liqudrica y Efectos Colaterales después de Inyeccion de
Morfina por Via Subaracnoidea en Ratones

JUSTIFICATIVA Y OBJETIVOS: La morfina por via
subaracnoidea promueve buen efecto analgésico, solamente
no es exenta de efecto colateral. El objetivo de este estudio fue
verificar si hay correlacion entre la concentracion de morfina en
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CORRELATION BETWEEN CSF CONCENTRATION AND
SIDE EFFECTS AFTER SPINAL MORPHINE INJECTION IN RATS

el liquor y los efectos colaterales después de inyeccion de
morfina por via subaracnoidea.

METODO: Fueron estudiados 28 ratones, en cuatro grupos, 24
horas después de colocacion de catéter subaracnoideo via
cisterna magna. Los grupos G1, G2, G3, y G4 recibieron
respectivamente 0,1; 0,3; 0,5y 1 ug de morfina en 10 ul de
solucién fisiolégica a 0,9%. Fueron colectadas muestras de
liquor y anotados los efectos colaterales en los momentos Ms,
M3zo, Mgo, M120 ¥y M1sp minutos después de la inyeccion.

RESULTADOS: Fueron observados efectos colaterales:
tremor de mandibula, agitacion, prurito, ausencia de diuresis,
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sedacion y alteracién respiratoria. Hubo mayor incidencia de
efectos colaterales en las evaluaciones precoces,
diminuyendo progresivamente con el tiempo. Las
concentraciones medias de morfina en el liquor en el G1 varié
de 72,84a 1,13 pg; enel G2, de 114,26 a 5,68 pg; en el G3, de
151,18 a 13,62 pg; y en el G4, de 561,37 a 18,61 pg.
CONCLUSIONES: No hubo correlacién entre concentracién
de morfina en el liquor y efectos colaterales.
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