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Presence of Morphine metabolites in human cerebrospinal fluid after
intracerebroventricular administration of Morphine
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SUMMARY

Afler intracerebroventricular administration of morphine in four cancer paticnts, cercbrospinal fluid (CSF) was snalyzed by two
morphine sadioimmunoassays (RIA), liquid chromatography (LC) spd radiorecepior assay (RRA) to evaluate the presence of morphine
melabolites. Immunoreactive morphine-like, substances were detected by differcntial RIA's. The maximum concentrations of thess
compounds were achieved 3 hours afier drug administration. These concentrations, according to the specificity of the antiserum, represent
& mixture of several metabolites in which only morphine 3-glucuronide(M 3-G) and motphine 6-glucuronide (M 6-G) were identified by
LC, and M 6-G by LC-RRA These results confirm that brain is sble o metabolize morphine o inactive (M 3-G) or more potent (M 6-G)

derivatives.

INTRODUCTION

The presence of morphine metabolites in human
blood afier systemic or oral administration of morphine
has beea extensively described (1,2). Some of these
metabolites bind to opiate receptors (3.4) and are
pharmacologically active in animals (5,6,7) and in
humans (8). The pharmacological activity of morphine
metabolites strictly depends on their structural
conformation. Briefly, 6-glucuronide or 6-sulfate
meiabolites of morphine are much more analgesic than
morphine, while 3-glucuronide or 3-suifate metabolites
showed no analgesic effect (5).

The metabolism of morphine occurs in several
organs, principally in liver (1). However, little is known
about the metabolism of morphine within the central
nervous sysiem, although brain contains the enzymes
which form sulfate (phenol-sulfotransferase) and
glucuronide (UDP-glucuronosyltransferase) conjugatcs
(9.10,11). The first observatian of morphine brain
metabolism was reported by Cardinale et al. who have
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described conjugated, acid hydrolysable forms of
endogenous morphine and codcine in human CSF (12).
Then, Wahlsirom et al. demonstrated the in-vitro
formation of morphine glucuronides afier incubation of
morphine with human post-moriem brain tissues (13).
We rcport here the in-vivo presence of morphine
metabolitcs in human CSF afler intracerebroventricular
(ICV) administration of morphine in cancer palients.

MATERIALS AND METHODS

Chemicals: v

'H-morphine (1.83 TBqg/mmol) and 3H-DAGO
(2.22 TBq/mmol) were oblained from Amersham.
Morphine, normorphine, levallorphan and morphine 3-
glucuronide wese a gift from Francopia, Paris. Morphine
6-glucuronide was a gift from Laboratoires X-TEC,
91370 Verriéres-le -Buisson, p-glucuronidase from
bovine liver, type B-10, was purchased from Sigma -
Chimie, 38297 La Verpilliére. The haptens 3-
carboxymethylnormorphine and 6-succinylmorphine
were synthesized in this laboratory according to
published procedures, and characicrised by tandem
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mass-spectrometry (MS/MS) (Laboratoire de

e BlOphyanuc, Umvcrsut Picrre et Maric Curice, Paris).

‘Patlents:

Four male. pauenu suffcnng from intractable pain
caused by  orofacial malignancies received
intracercbroventricular hydrochloride morphine 0:4 s

' '0.04 mg (expressed as base). Each paticat gave informed
- coascat before the protocol. Mo:phme was administered -

through.an Omamaya rescevoir implanted under focal

" ancsthesia with, the catheter tip positioned in the frontal

horn of the latcral ventricle at the levcl of the foramen of

- Monroe. For 36 hours prior (o rescrvoir implantationno -

opiates were given and pain was controlled with noa-

* oplate-drugs. The ICV morphine administration was

petformed 24 hours later. Ventricular CSF (Iml) and

‘ pcnphcul blood (Sml) were slrnultancously collected :
prior to ICV administration and ¢ 1,3,6,12 and 24 hours
thereafter. Following centrifugation, samples wcre <
4 uorcd at-20°C unul analysis, S

‘ ASSAY ME‘I’HODS Radlolmmunoassayc (RlA):
: Morphine CSF and plasma conccntrations were -

- measured by two RIA's. Total chphme ie. unchanged ~
morphine end morphme mcuboluu. was cvaluated by -
. RIA with an antisccum raised in. rabbits with 6- - ;

: succ!nytmorphme (6:SM) linked to bovine scrum
albumin (BSA) as an immunogen. 6-SM was prepared "
socording to Simon et al. (14). Linkage of the subcinyd -~

" wolety at the 6-OH position of morphine was confirmed . - -
. by apositive plicnol test of 6-SM and. MS/MS analysis. - - ©
This Bapten was conjugated to BSA by the mixed-' - -

anhydride method of ‘Wainer et al, (15). Immunization of
five Now Zcaland white rabbits’ aocord'ng t0 a standard
protocol (16) gave sntl- morphine antiscrum during 2-10
wecks, For a-chosen batch of antiscrum, the association

constant (Ka) was determined by Scatchard’ plot‘ o
analysis. The cross-reactivity of this antiserum against " -
scveral morphine-related compounds was calculated -
" “relative 1o morphine at the concentration sufficient to -
~ cause SO% displaccment of labcllcd morphine. |

Unchanged morphine was measured by a ‘sccond

RIA using aatibodics gencrated in a goat against N-

carboxymcthylnormorphine (N-CMN) linked to BSA.

. The synthesis of N-CMN has been previously described

by Gintzler ¢t al. (17). Pree and bound Jabelled
morphine were scparated at equnlibvinm (l hour at
leboratory ( tempcraturg) by ammonium sntphalc

 precipitation at half saturatiba.

To asscss recovery of morphine, 3 CSP bhnlu

tosded with 6.25, 12.5, and 28 ng/ml morphine were
v-&yedhuipliatcmth!bctwokwt o
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Quaatitative recovery of morphine mctabolites was
also pcrformed in blank CSF spiked with both M 3-G
and M 6-G (10 ng/ml of cach) 0.5 ml aliquots of CSF
drawn at ) hours were adjusted w pH $.0, incubated at

35°C for 24 hours with 12,500 U of pglucuronidase
containing. 10,000 units per mg solld. and nssayed by the

“two RIA‘ L ,
UQuId chromatogfaphy (LC)

CSF.samples were 1nalyzcd by LC: without

“extraction, samples were chromatographed by reverse-
- ' phase LC using 8 Merck analytical system with a
. photodiode. amy detector L-3000, s sample injector

fitted with 2 50} loop and 3 Lichrosorb RP-Sclect-B
‘cdlumn (250x4 mm,S Jm The isocratic mobile phase

E was compascd of 10% acclonitrile in watcr containing
*1.5-mM 1 - heptanesulfonic acid adjusted to pH 3.5.

Under these conditions and ag a flow rate of 0.9

wmllmn, standard morphmc 3-gluwromd¢ has a relcation
© - time:of 3.7 min; mogphme 6- glucuronldc 5.7 min;

gsormorphine: 9.6 min and morphine: 11.1 min (Fig 2A).

- ~18:min fractions were collccted (Gilsoa FC 203 fraction
- callector), dricd ynder nitrogea st 40°C snd directly

| ssayedbydetoRiNe
s Radloucoptonmy (BRA)- e

" Eluted LC fractions were evapon(ed to dryocss
under mttogen. The m;ducs were reconstituted in 02

+ il of Tris-HCL buffer (S0 mmol, pH 7.4) and assayed

" by RRA. The sourcé of opioid reccplors was total brais
“ homogenate from Sprague Dawkey rats (3 moaths, 250
- g) after removal of the cerebellum, The braia was

npldly homogcnlzcd ia 30 mt Txis buffer , then
centrifuged at 49,000 g for lOmlnum.'l‘bopclldw
resuspcaded in 30 mi Tris Buffes, then incubaied at 37°C
for 30 minutes ia order to remove morphbine-like

- ‘peptides from thelr binding sitcs (18). The solution was
- recentsifuged and the pellct washed with 30 mi Tris
- "bulfer.: Binding assays were performed with 500 pl Tris

buffer, 25 jal "H- DAGO (1 nM), and 25 ui morphine
for the standard curve, or 25 pl of the cluted LC
fractions and 25 pl of levallorphan (2 sM) for the
detcrmination of noa-specific binding, and finally 500
1 of the braia pellet diluted to 1740, After incubation at
37°C for 60 minvics, bound and free 3H-DAGO were
scparated by filtratica through Whatmaa GF/B filters
using s Brindcl ccll-harvester. system (Gaitbersburgh,
MD, USA). Afer washing the'filters with S ml x 4 This
buffcr, the filters were pfaccd in scintillation vials
containing S ml of Filler-eou-t TM LSC cocktail
(Packard). WA :
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ST ‘Radlolmmunoaua’y:

The K'a valics af equnhbnum determmeé by

Scalcbard plot analysis were 4.109 M -1 for the &SM ,
o Ilquld- chtOmatognphy (20,21), .

antiserum, and 2.10 9 M -1 for the N-CMN antiscrum.

oo s
ot &«x
A ‘l‘te,detecuop it of the N:CMN RIA was 8.

;‘.‘,,m!hlhuﬂb\ was 101 £1.3%. ;..
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~The' 6-SM'RIA procedure’leads 1o & detection Timit .
of '50 pgftube. The standard curve was lincar over a .
, eow:ntmlon ringe of'1.0 t6100.0g/ml (linear/Log- '
uhip-day CV wis'4.2's 2.8% and between-day .
B sourwwmr;wfoundmbexoh:,;g
s, B8R for morphiiic,99.0 £2:8% for morphing.6- . -
b é\glucuromde, and 81, '+ 4.0% for morphige-3." .

R .;lucuzomde tglmsr s fiorphine base standard curve, .,

e the standifd’ curve' wagl linear between 0..a0d . -
cs SO‘iiyml. In ra-assay’ CV were 3.4-.5.5%, and inter- .
-assay CV werc"4.1:7.5%. ‘Thé recovery of morphine  °

“Thetwo wntibers Possess differeat specificities due ta.

"the stucturat différcnoes of the: sntigens-against which *
antibodics wele tiiscd: The 6-SM. antiscrum msed L
agalast the 6-succinyl morphine antigen binds the 6- o
Coa { . ;)nanronide conjugate 1 the $ame degree a8 mo:ghinq.'
AN . dtsetl (Table ). Howcver, it bas limited ability to
thuctyral chinges around the 3- -QH, .
”gh:cu&ouvde 'bad bigh cross-reagdivity, A

-cagrier protein oh this Hde ald::moleuncdouno!giveu
f .oPd dlscﬂmiﬁaﬂbn of 3-¢lucmonlde and 6-\"

The' spociﬁi:;ty”('iﬂ"l.h‘cN-CMN antiscrum (Table I)

excludes iaterference from the main morphine

.. metabolites and cadogenous morphine like-peptides.
_This'RFA was previously. used for several morphinc

phirmlcokineﬁa studies sad was validated agsiost

‘Before’ morphme*’udmimslmion, plasma aond CSF

e morphmc cddceatrations determined by both RIA
"’ mcthods ‘were ¢onsistently negative. Aftcr morphine

s

adminhmﬂbn. uachanged. mrp%ine coancentrations
"Weié calculated as ithe total assay- result-using N-CMN

RtA. The good scnsitivity, sccuracy.and precision of the
" two RIA's allowed calculation of,the concentrations of

‘, . morphlnc mctibolites (gxpresscd as morphine
-'“\ equivalents) by substracting:the amount of morphine
mca;nted with the N-CMN RIA frory the result obtained

with' the 6:SM R1A: Figure 1 Tepresents the time course

" ‘of ubchanged morphine and: morphlne mectabolite

concentrations:in CSF of 4:paticats. .
The maximum concentration of morphine

"““metabolites occurred: 3. hours: after morpbiae

adm-hihmtiol. At this'. tlme. the metabolite

‘ concemmlou represeats from 1,5% to 3,6% of the

morphlneeonoen!rwon in the ﬁoup.dcmuwun
75% #t 24 hotirs.

Dé.:piu lbehrgecoacenmﬂouolmorpblneh(sa
lmtbcr total morphine pot wochanged morphine were
dctedéd inPlasms focwbour; afier administration,

Incubating CSF with o glucuronidase induces an
incrcue of 2% 10 4% jn unrphing conceatrstions
,"micasured by the specific mosphing RIA, and leads o the
" disappearance’ of 8- clpfﬂcnt .difference ia

“ e mmmmmumnm.

L g el Tablel: raézmgeoos maxqu.;m wuapune of Antl-morphise. Adtisera
R toMofpbmemubnummdAwWGoumaivuymwdumedumnmdom
wmdeuto‘ause 50% displacement 0 ofube!éd mbtphlnc tromlhe ndmum.
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Figure 1: Unchanged mﬁhmm&m@h&dlnﬁnﬂ“ﬂ&hﬂmam

conceatrations { * ) expressed as morphine du&mmqwmumww'mmmzmm\

t

Liquid chromatography i \
After CSF analysis by LC (Fig 2B), cluted fractions

'were assayed by the two RIA's: Using the specific N- -
' CMN RIA, only ope immunoreactive pak was observed
and was identified by its retention time as morphine. ..

With the 6-SM RIA a peak was cluted at the same
position.as morpbine ind two othei immunoreactive
fractions. at 3.7¢0.2 min and $.7+0.2 min were also

o found. These two Immunoreaéllve fractions have the -
. game retention time as morphine 3-glucuronide and -

* morphlae & gcupade respecily (g 20

Radloreceptor sssay
Saturatioa analysis of the oplold receptors with 3H-

DAGO resulted In a B max of 46 fmolimg protein, s K d

of 4.7 sM fo;rthe‘llbelled compound, sad s Hill

' coetlicient of 0.75. With a 25 a1 morphine sample,

sensitivily was of the ordec of 2.5 ng/ml.
LC cluates assayed by RRA revealed tho preseace of
two fractions wilh sa

fraction 11-12 which corresponds to morphise (Fig 2D),

md fraction 6 which cortelates to the LC peak of
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S DISCUSSION

(R

- sensitivity and assay precision ar¢ adequate.  ;

et

specificilics has beea described by several autbors fof i

detection of morphine and morphine-like compounds in
animal tissues (22), or ia human CSF (12). This
procedure shows that morphine metabolite detection can

“Harphine Enus
5

]

2o 70 Simidar-use of two mogphme‘muscrl with different " 77t %
. oally, & mixture of scveral morphins-selated compounds

2 “o
3.76

0o 5 10 15
Fractions N

5
SRR .
A & L

" o
- -

somiogar of ol i mohion i 1 mophine a3 gl = morphioe)
o utica ) dawncd. morghine ICV sbministration. C: Fracions of LC ehutle obliaed from » CSF, 1ad

obtalaod fom ¢ CSF, s saaysed by RRA.

M and morphine metabolites expressed as
{nc® and delecied by 6-SM RIA represents
that cannot be individually quintified because of thele
different cross-reactivity with this antiserum (Table 1).
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The quantification of morphine metabolites by this
method,is an approach that only reveals the peescace of

" immunoreactive morphine-like compounds.
The major question is whetber these immunoreactive’ .+
morphine-like ‘compouads detected ia CSF are ™

eadogenous opiates (peplides or alkaloids) or morphine
metabolites’ bnosynlhesnzed in the.CNS from admini-

.- stered morphine. The' delection of-these compounds
* . cannat be due 1o the cross- -resctivity of the 6-SM

antisera. with unknown opiold peptides, because anti-
morphine sntisera do nol react with ady of the peptide

- conformations of opioid peptides (hble 1),.as confirmed - *

by several authors (22,23). Endogenous motphine and '
codcine have beeu reported as-being present in
.- femtomolar range concentrations in conjugated forms in

~ human CSF (12), and functional ‘adaptation' to pain can .-
* : increase the concentration of cndogeno\u conjugated:
morphine (24), This possibility is éxcluded in this study = -
" because no morphine could be detected in CSF befoee .

drug-administration. .On the other hand, the abscace of

" detectable total or unchanged morphing in plasma after
ICV morphine administration makes the ptnetration of
morphinc metabolites into the CSF aﬂer hepatic

:4 mcubollsmnnhkely g R

The morphine metabolites revealed in hulnan CSF jn
this. study are probably M-3Q and M-6C s

demonstrated by i) the detection of two immunoreactive

concentrations  after lncubaun; "CSF with p- -

glucuronidase, lii‘) the presence of a fraction in RRA

- which corresponds 1o the LC peaks of M-60. t
Formation of morphine metabolites in brain reaches
- & maximuny 3 hours after motphine sdministration. This
Lo hdiawcamcubohte fonmﬁonmva'ymuchslowﬂ:"
. thas in liver.(13). = ﬁ
The relatively high ‘concentrations of morpMne'
nehbolllcs calculated by dll!eunthl RIA, do not

to M-30 :and M-6G {fecoveries by LC-RIA
or LC-RRA. ‘This suggest that other morphine

metabolites (cthereal suifate morphine, glutathionyl:

morphine 7) were probably included in these concen:
trations and cannot be individualized by LC. .

17

Normorphine, an active metabolite, was not detected
by LC-RRA, although N-dealkylation of morphinc ia
animal brain has been described (25); Perhaps the
concentration of normotphine ia human CSF was loo

e lowtobedcwacdbyowprocedure&

The results of this study confirm those ;)bmned ia
vitro by Wihistdm et al. (13): moq;hme 1s metabolized

~'withia the CNS. The. .concentration of ‘morphine

" metaboliles’ certainly depends on-the route of morphine

_’adminhtraﬁon the large ‘concentrations of morphine

- obtained in vqntncu?u 'CSF afiet ICV administratioa
* fesults.in a maximuni formation of metabolites.

The significaince. of brajd morphiné glucuronidatios

l s of integest. As tcmxtkcd by Ghersi-Egea et al.:

lipophilic drugs oa;x!d, remaln within: the brain almost

. Indefinitely if they were. sot converted to'more polar
' 'mctabohtca which are zhminatcd {6’ the blood™ (26).

.. This is an atiractive sssumption because. in this study a0
morphine could be detected in blood for 24 hours after

cv admlnumuon. which. emphasizes the long

- persistence of n;orphme in'cerebral tissues. However,
~ the concentration of morphine metabolites was 100 low

[RRY

to be detectad w,hcn dlst;ib\ned in the blood

'oompartmeu&.

~The dcgreco(mo:phme mehboli(e participation ia

"'mﬂgah and perbaps.ia opiate kolerance of dependence
’umnhutobedmﬁedinhum

peaks by LC-RIA, ii) the iucfcue {a morpblne-

Z';? r4
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