g

"after infusions of levorphanol. The_ four

B
A

‘etonitazene or morﬁhiﬁe. The rigidity produced

by etonitazene waS‘antagonized by naloxone

(10 mg/kg), wheréas all doses of naloxone up to
160 mg/kg failed to attenuate tﬂe expiosive

motor behavior produced by morphine., In the final
experiment, intraventriﬁclar infusiagi:if
levorphanol produced rigidity ané not EMET/’When
pretreated with naloxone, rats showed EMB after

. |
. . t. . N i
intraventricular infusions of heroin but not

0

experiments together, indicate that, the

. mechanisms underlying EMB and,rigidity’ are

anatomically distinct and qualitativ&y
different. The mgghanism participating in
rigi@ity appears.to be mediated by the much
studied opiate receptor, wherea§ this receptor

is not involved %@ the production of EMB,
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GENERAL INTRODUCTION S

. v,
Man has used the&opiate,‘morphine for .its

»
Tys . .
medicinal and euphoric properties for over a
O, . . R i
cenﬁ)ury. Morphine produces a wide spectrum of
effects such as narcosis, constipation, nausea \
and gross behavioral excitation, to mention a '

few (Jaffe, 19';0). Recently,‘attention has~been
given to an effect of morphine that is’not
mimicked by opioids which are sy'nthetic,
c;piate—lik'e drugs. Several investigators
(Jacquet & Lajtha, 1974; Sshizgal, Brown, Amit &
Sklar, 1977) have r.,epc’)rte:i that morgﬁ;ine infused
intracerebrally int\o rats produced gr’oss mo tor
|excitation, whereas, intracerebral infusions of
opioids (e.q. etonitazen‘.e)'\'icaused marked rigidity
of the 3b;>dy. The research présented in this
thesis was aimed at investiga‘tiry gross motox:
excitation and rigidi{:y, with re\’g.ards to site of

drug action and the types‘,of mechanisms involved.

Explosive Motor Behavior

There have been early reports f})at morphine -
administered intracerebrally produces motor

. excitation and convulsio;k\in a wide variety of

experimental animals such as cats, dogs, rabbits
and guinea pigs (Stern & Gautier, 1921; Tanaka &

Y

I

-~

s

Powim
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- investigators have also observed gross motor

Kadowaki, 1964). More recently, several

excitation following an injection of morphine

directly into the PAG (Jacquet & Lajtha, 1974;

Sharpe,IGarnett & Cicer?, 1974) or the lateral
cerebral ventricle of rats (Shizgal et al., 1977).
For gurpoée of nomenclature in this thesis, the -
ﬁotor expitqtion descgiqu by these more recent
authors will be tgrmed‘explosive motor behavior
(EMB) . ‘

EMB is characterized by violent jumps

preceeded by running, rotations about the rost;al—

L

caudal axis, and is usually accompanied by
vocalizati6ns (Jacquet & Lajtha, 1974; Shizgal
eﬂ’al., 1977). These behav%ors are usually elic-

ited byftactile, auditory or visual stimuli.

// .

Howe&%r,“it has yet to be determined whether

; el ’
EMB is solely elicited by external,stimulation or 5

b
can occur spontaneously. o

.. Several of these behaviors appear however, to be

I

partly depeﬁdent on the physical dime si%ps of  the
£

environment in which the animal is tesgted.

Shizgal et al. (1977) reported that when' the

~—

testing érea was an %Pen field, animals usually

displayed excessive running and sometimes
o

0 Aaen ke s S ot s I
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rotated ayout thé rostral-caudal axis% In @ontrast,
when the testing chamber wés spatially restricted,
such as a standard Skinner box, violent jumps
were observed during which the animal freduently ' !
came in contact_with more than one surface,

including the ceiling of the box (Shizgal et al.;
1977) . When the testing area is a compromise ‘
between an open'field and a Skinﬁer box, as is
the chamber uﬁgd.in the seriés of experiments

)

contained in this thesis (15" x 15" x 20"),

*
.
B

e

violent jumps, running and rotations are

observed (unpublished datiﬂ .

The Site of Morphine's{Action in EMB e
Y .

The most probable‘candidate for the site of

LI T IR PN

morphine's action in EMB appears to be the PAG.’ ;
An intraventricular infusion of morphine prbduced
EMB (Shizgﬁ} et al., 1977).' Ye£,‘it must be °
noted that morphine infused intraventricuiarly, /
does not penetrate neural tissue easily

(Cube, Teschemacher, Herz & H;ssx\1970). This

suggests that the structure involved in EMB must

be situated near the ventricular system. The

T ARy e ¢ AT ot

PAG fulfills this prerequisite since it is

~

located adjacent to the Aqueduct of Sylvius. .
4 , .
In addition to its proximity to the ventricular

v
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" system, the PAG is repotrted to be the second

highest opiate binding area 'in the brain . . X

(Snyder & Matthysee, 1975).

]
7

There have been several studies that ‘ o
substantiate the role of the PAG in EMB.

“.”Mg.. :
Schubert, Teschemacher, Kreutzberg and Herz

]

(1970) reported that radiqactivel& labelled
morphinevinfused iﬂ%;aventriculirly crosses tﬁé
ventricular wall and penetrqteé the PAG /
substantially. Other studies (Jécquet‘& Lajtha,

1974; Sharpe et al., 1974) have shown that )
morphine injected directly inté the PAG produced

EMB, 1In contrast,'whén morphine was injected

1 from the PAG, EMB did not occur (Sharpe

\

et al., 1974). Furthermore, infusions of

naléxone, the opiate antagonist, directf} into

.

4

the PAG attenuated the oécurrence of EMB for i °
" a period of 10 ﬁinutes'(Jacquet & Lajth;, i974L. { A
EMB, Peripheral Morphine and fhe Opioids S N

EMB has not been‘ob$ervedlih'animals inep‘o

¥ .
a systemic injection of morphine. 1Instead; it
has been shown that after systemic dosages of

morphine' that are greater than 80 mg/kg.\an{mals,
N
display a marked rigidity of the body"

L o
(Mavrojannis, 1903; Wilcox, Levitt, McCoy &
' {

7 .
" ; r
¢ "
« - N .
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-1974; Shizgal et al., 1977).

.Barrier readily. The ineffectiveness of

_intracerebrally’to produce EMB is somewhat

4

N ’ . )
\ wf

. Bozarth, 1976). The productich "of rigidity has

also been reported to Joccur following - intracerebral

or systemic injections‘of opioids, such as
etonitazene and levorphanol (Jacquet & Lajtha,

&

The failure of systemic morphine to produce

EMB has been accounted for in terms of morphine's

inefficacy in entering the brain (Jacquet & Lajtha,

1973). Morphine is poorly soluble in lipids, and
: ‘ k

4
thus, presumably does not cross the Blood-Brain

L)

‘systemically injected morphine to produce EMB may
. Cop .

reflect the failure of morphine to reach
sufficient concentration in the kbr;ain at sub-
lethal doses., This proposition however, has yet
to be demonstrated.

®The failure of the opioids admipistered

~

puzzling. Opioids, such as levorphanol and

" -

etorphine are very ~lipid soluble, and therefore
shouild readily reach the brain sitész/ipvolved in
EMB when injected centrdlly (Cube et al., 1970).
Mo.reo’ver, Snyder. and Matthysee (1975) have

suggested that morphine, levorphanol and etor-

=

x

e,
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phine act on the same "opiate receptor" to produc&e . .

' | their effec£s. Three explanations can be '
proposed to account for the failuréwto observe EMB
following an opioid injection. First, it is

/ ' possible that the étudies tofﬁgte, may not have .
used sufficient concentrations of the opioids. ':\q
Hence, the ihﬁraceggbral doses used in previous
studies may not have permitted the opioids to
become adequately Eoncentrated in the brain
to cause EMB., Second, the other effects produced 4
by the opioids, such as rigidiéy-may in some | ’
manner be masking EMB. This could'result from -
a competition for the moior apparatus be7ween the

" processes underlging EMB and rigidity, with the i
more ‘dominant process b;ing manifested as.
rigidity. Tﬁird, it is possiblé that the concept
of only one type of opiate ré%eptor subserving all

. of the actions of opiatgs and'opioid; is

inaccurate. fhere may exist more_than oné type

of receptar mgcﬁanism such th;t the one iQyolved
" in EMB is activated by morphine alone, whereas,
there exists qpother.type of mechanism involving

the much studied "opiate receptor” (Snyder &

Matthysee, 1975) that is activated by morphine g J

'

o
°
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.whether or not the neural substrates underl;}ing -

L3
- resulted from 1) a masking effect, 2) - an insufficient

and the opioids.

The present jeries of studies were concerned
with the invest/i,g ti}.;n of EMB produced by morphine N
and the .i"iure of cer‘tain opioids to cause this
behavior. In the first two\ézgperiments, an

attempt was made to define the site which mediates

«

morphine's action in the production of EMB, and .

~

EMB ancﬁ rigidity pre anatopically distinct.

In the third study, the nature of the receptors

}gnderlying EMB and rigidity was investigated
/ s )
‘fo'determine if they were qualitatively different.

Al

Finally, the fourth experiment im}iestigated

whgtjher or not the failure of cex;tain opiates and
\ngoids to pfoduce EMB at sub—lethalv dosages

N,

ral

LY

concentration of the drug in the brain, or 3) the

A ' .
failure of these drugs to activate the mechanism.

involved in EMB.
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EXPERIMENT I .

As mentioned previously, the PAG has been
implicated in the production of EMB. Morphine '
injectdd directly into the PAG caused EMB, whereas
similar doses of mo;phine injected l\ﬁm‘from the
PAG did not produce EMB (Jacquet & Lajtha, 1974;
Sharpe et .al., 1974).- Furthermore, other studies
have demonstrated that ﬁorphine édministered -

! intraventricularly doks reach and penetrate the
PAG (Schubert et al., 1970). In addition to its
involvement in EMB, it has been suggested that the
PAG partiéipates in the productign of rigigity.
Jacquet and Lajtha (1974) reported that the
rigidity rasulting from a systemic injection oé
levorphanol, was'?locked by an injgction of naloxone .
directly into the PAG. 1In the following experiment,
the role of the PAG in EMB and rigidity was
investigéﬁ%d by comparing the effects of
intraveg&;icular infusions of morpﬁine and .

) \

§ etonitazene on PAG-lesioned and non-lesioned
. o

’

i .
i animals. o

A

e e
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Subjects . .

The subjects were 61 male Wistar rats (Canadian Breed- f

ing Laboratories) weighing approximately 284 grams at the !
beginning of the experiment. Animals were housed in stain- )
less steel cages with free actess to food and'waggr.' The

A

{?imal colony was illuminated on a 12 hour daﬁg;ight sched-
uk\. ' g )
\
N ' ’ ‘ b

Drugs and Inijections

°

/ .
Morphine hydrochloride (May and Baker of Canada Co.)

was dissolved in injectable Ringer's s&lution (pH -'5.6)L

et S PP N

Etonitazene hydrochloride was also dissolved in Ringer's

salution (pH = 4.9). Ringer's solution (pH = 5.6) was

~used for control purposes.

. The intraventricular infusions were delivered via a .
]

Harvard Apparatus infusion pump (Dover, Mass.) at a rate

of 0.34 ul/sec. The volumes of infusion were as follows:

morphine - 12.4 ul; etonftazene - 8.2 ul; vehicle - 12.4 ul.

.
R PO

E)

Eased on pilot work,{the smallest dose of morphine
(248 ug) that produced EMB reliably in 90% of the animals k
was seiected. fhe etonitazene dose (1.64 ug) was the min-
imum necessary to reliably produce rigidity &ithout impair;

ing the animal's ability to emit locomotor responsgjf{g‘the '

auditory stimulation produced by the jingling of keys. The:

. °

‘.
. &'
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ratio of morphine to etonitazene dosesused in'the present

study is different from the 1000 to 1 potency ratio re-

ported previously (Wikler, Martin, Pescor. & Eades, 1963). \\\\\\\\

This 1000 to 1 potenty ratio is based on sfudies of anal-
gesia, -self- admlnlstratlon, and phy31cal dependence and
thus, may notk be relevant to rlgldlty and‘yﬁB

Procedure

| Subjects &ere\anaesthetiged with intraperitoneal in-
,jecﬁions of sodium pengbbarbital (Abbot Co.) at a dose of
Ebjmg/kg and were given ether supplemenks when necessary.
Fifteen control subjects received cannulae stereqkaxically -
implanted into eitnerulateral ventricle (1.0 posterior to
bregma, 1.5 lateral 3.6 ventral, incisor bar set at 0.0).

+

The 22 gauge stalnless steel cannula (Plastic Products Co. ) was

secured in position by dental cement anchored to the skull

by jeweller's screws. Forty-six subjects received an elec-

[}

tﬂ¥} ic lesion in the PAG (2 mm x 35 seconds). The tip

v v

of the sioning electrode (0.25 mm in diameter) was stereo-w
taxically aimed at the center of the aqgueduct (6.0 mm pos-
terior to bregma, 0:0 lateral, 5.0 ventral, incisor bar at
4+ 5). The PAG-lesioned animals received chronic cannula <.

. N :
implants intcd either lateral ventricle immediateiy after

-

the lesion was made. ‘ \

-

Since’ previous pilot observations showed that PAG

lesions alone may produce EMB within six hours of surgery

+
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! without any morphine infusions, all animals with a

'PAG lesion were tested at 15 minute intervals for ,

EMB and rigidity following surgery. The test fo;

EMB assessed the responsiveness of the animal to the

?uditory stimulation of jingling'keys. \The cri%%rion

used for EMB was the occurrence of violent jumps.

N ' Rotations about the rostral-caudal axis, running -
or circling without violent jumps were categorized

as hyperactivity and not EMB. Rigidity was

determined by laying the animal, dorsal side down,
horizontally across two parallel pieces of wood
9.1 cm apart. In order to reach criterioﬁ for

. rigidity, the animal had to hold its upside- /
dow? position for 30 seconds without righti;g or L
fall?ng between the. paraillel pieces of wood.
It should be noted that this test assesses rigiditx
as well as the righting reflex. The animal however,
has to be rigid and not merely lacking the righting
reflex, in order to maintain the upside down position.
The éost—surgery testing was terminated when (1) an
animal displayed EMB or (2) failed to show EMB H; the
sixth hour after surgery. The first criterion was

LY
used to minimize the fatality rate since pilot work

v

‘had indicated that repeated episodes of violent EMB
were usually fatal. The sécond criterion was based on’

pilot observations which revealed that some animals

£ R W B tatd b n e e

do not display EMB as a result of a lesion through an

electrode aimed at the PAG. Even in those animals

that showed only some hyperreactivity to the jingling
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of keys, the symptoms decreased in frequency or
disappeared completely by the sixth hour after’
surgery. .

Twenty-four hoﬁraﬁpost~surgery, all lesioned
and non-~-lesioned animals were tested in a plexiglass
chamber (15" x 15" X 20") after a single \
intraventricular infusion of either morphine,\

etonitazene or the vehicle. Since some lesioned
-

animals did show EMB as a result of a lesion in

the PAG and others did not, both types were
distributed across the two drug groups and the
yehicle group. Following the intraventricular
infusion, all animals were tested for EMB and ri~
gidity at 1,3,6,10 and 15 minute intervals.

~

Testing for rigidity was continued periodically
up to two hours post—infuéion.

At th? end of the experiment, the lesioned
animals were killed with an overdose of sodium
pentobarbital "and were perfused with saline followed
by formal-saline. The brains were removed and fixed
in a formal-saline solution. They were then frozen,
cut in 40 u corénal sections and stained with
thionin for verification of the cannula placemeﬁt

)

and the size and location of the lesion. The same

istological procedures were employed in determining

the cannula placements in non-lesioned animals.

%
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RESULTS

!

As displayed in Tabhle 1, intraventricular )
infusions(df egonitazene produced rigi@ity in non-
lesioned animals one to three minutes post-infusion.
Non-lesioned animals receiving 4nfusions of
morphine (n=5) into the ventricle showed EMB
between three and‘i{ minutes post-infusion with

some animals displaying more than one episode

of EMB. Signs of hyperreactivity, spontaneous

" rotations, and circling in response to the

jingling of keys usually preceeded episodes of
violent jumps (20 cm) induced by the jingling

of keys. At tﬁe end of an episode of violent
jumps, animals often displayed a ;;ncave arching
of the back and tail-accompanied by forelimb
extension and tremor. No rigidity was observed in
these animals during the 15 minute‘testing,peripd.
However, these animals did become rigid 35-40
minutes after the infusions. The rigidity persisted
for at least two hours post-infusion. Non-lesioned
animals receiving an infusion éFlﬁhe‘vehicie did
not show EMB or rigidity. ‘Tpese animals became less

reésponsive to the auditory stimulation and °

conéisxently reacted strongly to the tail pinch.
/

/\
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Effects proéﬁced in npon-lesioned animals-

.14

following an intraventricular infusion of each drug

| /\ 4/—( ©
. . : j"

Morphine EtonitzZene Vehicle
(Total n = 5) (Tota = 5) (Total n = 5)
. Cd & »

EMB (n = 5, 3-15
minutes post-
infusion)

Rigfgity (n =5,

) e) >
\ ¥
No MB (n =¢5) .

o F

. &4
i

'Rigidity (n = 5,

¥

’

No EMB (n =.5) }'

»

¢

No rigidity‘

~—35-40 -minutes 1-3 minutes post-~ | (n = 5)==t*
post-ilifasion) infusion)
/ . ’ hf
o |
¢ ~
; .
+ N
. ) &
, :
),

oy
T
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_P'AG-lesioned animals, when recovering from
the anesthetic, were hyperactive and hyperreactive.
One example of this was a lesioned.pilot animal
which when permitted to run along a corridor,p
traversed a distance of 200 meters in response to =~
periodic jingling of keys. r

All animals wfth a ﬁAGulesion} when tested

’

after surgery, were not rigid and uysmally righted

x-
'—..»./"l'

immadiately after being&placed on the parallel
piecés of wood. Those animals (n=39) which
displayed gpisodes of EMB did so bpetween three and
six hours after the lesion was made.' Twenty animals
died shortly after displaying violent EMB. The
animals which did not show episodes of EMB (n=7), .
el ther showed hyperreactivity or responded
no?mally to theajihgling of keys. ) Aé?
Twenty-four hopfé\ifter the iﬁduction of the
lesion, EMB and rigidity were not observed in aﬁy
of the lesioned Shimads. When tested at this
time following inéraventricular etonitazene
infusion, PAG-lesioned animpals (regardless of
whether whey did (n=6) or did not (n=3) show
EMB on the previous day) displayed rigidity and

became less responsive to keys. These results

are shown in Tables #and 3} after an

B AR IS s kA s I
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sults for PAG-lesioned animals

that displayed EMB from the -lesion

»

)

3

Morphine
(Total n = 6)

Eionitazehe
(Total n = 6)

Vehicle
(Total n = 6)

No EMB (n = 6)

Rigidity

(n = 3, 120
minutes post-
infusion)

-

No EMB {n = 6)

Rigidity
(n =6, 1 ~ 3
minutes post-~
infusion)

-

ANOEMB (n=

No rigidity
(n = .,6)

6)
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Results for PAG-lesioned animals

that did not show EMB from the lesion

\

Morphine Etonitazene * Vehicle
(Total n = 3) (Total n .= 3) (Total n = 3)
EMB (n = 3) No EMB (n = 3) No EMB
Rigidity Rigidity No
(n = 3, 120 (n.= 3) rigidity
minutes post- \\\
infusion)

{

&uu_'um
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intraventricular infusion of morphine, P G—lesiond
animals théE ghowed EMB‘post—surgery (nig), did not
produce.EMé during the 15 minutes of testing.

These animals usually displayed sponﬁaneous
periodic afchiné ¢f, the back accompanied with
forélimL extension with tremor. Thos? animals ?
(n=3) that did not devel®p episodes of EMB posg-
surgery did display EMB 6 to 15 minutes following
ad[intraQentripular infusion of morphiné, In all
’pf the PAG—leaioned animals, rigidity was not
obgerbed during the 15 minute testing session. -

Rigidity did, however, develop two hours after the
N

infusion. These data are displayed in Table 3,

~J

o All lesioned control,animals, following

intraventricular infusions of the vehicle, failed

[

to show EMB or rigidity.

., Histological examination revealed that all

cannulae were placed in the lateral cerebral

ventricle. Figure 1 illuwstrates a schematic
section representipg a't::}Ehi\BAG lesione;
animal that displayed EMB during the six hour
éost—surgery testing. As can be seen in Figﬁre 1,
the lesion damaged.the PAG tissue that surrounds
the Aqueduct of Sflvius. Tﬁe histological

examination revealed no discernible difference

R

3 .

.
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in /1ocatiop between lesions in thg PAG that were

)
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or were, not dffective in producing EMB.
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Figure 1: A representation of a typical lesion in the

éeiciaqueductal Gray. e . ]
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. damages tissue around the agqueduct can produce
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DISCUSSION

A
[

.-

In non-lesioned animals, intraventricular

-

infusions of morpﬁﬁne produced EMB, and later

"

figidity, once EMB had subsided. Intraventricular
7

infusions of etonitazene produced.only rigidity.

The ‘finding that iﬁtraygntricular infusions of

bN
« N

morphine eventually ﬁroéuces rigidity is also of
interest because oOf the marked difference bééween
the latencies korNQhe onsét of rigidity produced
by morphine and etonitazene. This suggests t;;t
moée time is required f01: morphine to travel ‘fi:rom
the ventricles to the neural s£ructures responsible -
for rigidity.

In agreement with the work of Jacguet and
Lajtha (1974), and Sharpe et al. (1974), the

results of the present experiment suggest that Ehe

PAG is involved in EMB. A lesion of ‘the PAG that

3

~EMB by itself. Furthermore, animals that displayed

EMB following lesion induction did not exhibit

the usual EMB after an intraventricular infusion of
morphine 24 hours post-surgery. }n contrast, |
animals that did not display EMB from a lesién did
exhibit EMB following an intfgventricular infusion

(-]
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of morphine. - !
The finding that lesions §imed at the PAG
Ergduced EMB only in some subjects suggests that’
the lo;ation and/for size of the "successful"
_‘lesion; differed from the lesions in subjects that
did not show EMB. The h%;toiogical findings
ihowever, failed to bear out this inference. It®is
poséible that such differences do in fact exist
but were beyond the acuity of the histological
techn}que.h g ' ‘
Contrary to the previous report of Jacquet and
Lajtha (1974), it appeagé that the PAG is not
necessarily~injolved in the“production of rigidity
since intraventkicular infusions 9f etonitazene
continued to cause rigiéiﬁy in PAG-lesioned animals.
Thégg discrepancies between the present resultSA(
and those of Jacquetjhnd Lajtha méy be reconciléd '
in terms of the different midbrain central gray

regions investigated. In the present study, the
. '
lesioh damaged tissue adjacent to the Aqueduct of

Sylvius, whereas the location of the infusion

4

rag

gites used by Jagquet and Lajtha (1974) are in
general, Qgt§ide of this area. ‘It appears then,
that the production of EMB and rizigity may depepd

on- the action of opi‘ates and opiedds in two
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~different and at least partially independent

. [y

neural systems.
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EXPERIMENT II

»

In Experiment I, it was demonstrated that a lesion in
the PAG was effective in producing EMB, and that animals
that have displayed EMB from a PAG lesion, failed to show the

usually observed EMB following an intraventricular infusion

of morphirie 24 hours later. However, on the basis of Exper—°

.

iment I, it is not known to what extent morphine-produced
EMB is blocked by a les'ion of the PAG. It is possible ‘that
the lesions only elevated slightly the dose threshold for
the behavior. Since a small effect of this type might be-
due tc; a disruptive side-effect of the lesion and not to ‘
direct damage -0of the neural substrate for EMB, it s"eemed of
interest to assess the degree 1;0 which morphine-produced

EMB is b].ocked by PAG lesions. Iﬁ this exgeriment, intra-
ventricular i.nfusions of morphine were repgatedty adminis-

tered to rats with PAG lesions in an attempt \tp determine

whether there was any dose of morphine that could produce

EMB in these subjects. :
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, fusions. Ringer's solution was used for control purposes -

A
Subjects . .

The subjects were 26 male Wistar rats weighing approx- .

imately 380 grams at the beginning of the experiment. They
were ,house‘d in the -same- manner as in the previous experi- ‘

ment.

Drugs and Infusions -

.

Morphine hydrochloride was dissolved in injectable
Ringer's solution. The 4nitial dosa&]je of morphine was 248
ug infused in a volume of 12.4 ul at a rate of 0.34 ul/secy )
The subéequent infusions of morphine were doses of 400 ug

f
each in volumes of 10.3 ul infused at a rate of 0.34 ul/sec.

The dose was selected on the basis of pilot work such that

1t would cause death in a PAg—ysioned animal within 14 in- | :

and was administered with the same volumes and flow rate as’

the morphine infusions.

Procedure

. Twenty-six imals were lesioned through electrodes

aimed at the PAG{ and received a can a implant in either
lateral cerebral ventricle, as described in ‘E:xperiment1 I.
All animals were tested at 15 minute. intervals follow=-

ing surgery for EMB and rigidity, as prevliously described. - 4 ‘

o - P . ’ y » 2
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Post-surgery testing was terminated wﬁefo‘n/e 6 the criteria
: .
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given in Experiment I was met.

T™wenty-four hjzours after surgery, surviving animals were
ran'domly assigned to either f.he morphine or vehiq}le group.
Six animals ®hat had displayed EMB from the PAG lesion on ‘
the previous day receiyed an initial intraventricular infu- |

o

sion of morphiné (248 ug). They were then tested 1,3,6,10
@

' -

and 15 minutes post-infusion for EMB and rigidity. Ai; the
end of thé 18 minute testing session these animals received
one_infusion of morphine (400 ug) every five minutes, Three
minutes after each infusion, animals were-tested for EMB and
rigidity. The morphine infusions were fierminated after 14
infusions or when an animal manifested respiratory féilure.

Each of the six control animals with a lesion in the
PAG received intraventricular iﬁfusions of the vehicle which.
were individually matched in number to one of thé experi- °
mernital a;nimals. The pai\“ring of control animals to experi-
mental anim.als’ was performed randomly. The animals that :
received vehicle infusions followed the same schedule of in- ' J
fusions and tests for EMB, and rigidity as the intraventric-

N
ular morphine group. -

Following deaith,. the brains of the animals receiving
intraventricular morphine were removed and fixed in a formal-
saline solution. The brains were frozen, cut into 40 u sec- . =

tions and stained with thionin to verify the cannula placement
4 .

and the size and locatiom ‘of the lesion. The control animals :
. LA

>
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were killed by carbon dioxide inhalation and th? histologi~- .

cal verification for these animals followed the same pro-. .~ .

; .8 cedure as that used for the experimental group. .,
! / , ' : -
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*  RESULTS o
- . 4 ; ) ) ‘
™~ All &nimals except"one1 displayed EMB three to six hours

post-surgery. ngldity was not observed in'any animals dur-
ing this time. Fourteen animals d1ed after an episode of
violeﬁt EMB. When tested 24 hours post—surgery,prior to the
1ntraventr1cular 1nfu51ons, EMB and rigidity were absent
Animals that had dlsplayed EMB from the lesion in the
PAG on the previous .day did not shew EMB following repeated
intraventricular infusions of morphine. After the first in-
fusion of morphine, these animals ué&ally displayed hyper-
’) reactivity and forelimb extension with tremor. Hyperreac-.
tivity and forelimb extension subsidef on the average by the
fifth infusion, and at this time the animals were lying on
their sides and exhibiting rapid spontangous jerks of the

body. Although all animals did not meet the criteria for

S rgm o s

p . rigidity, one animal tested after the fifth infusion re-
; Y

~mained on’ the parallel pieces of wood for three seconds.

e e

In five animals, respiratory failure was observed after re-

ceiving six infusions of morphine (in total 2648 ug). The/
\ .
'sixtﬁ eqimal died one aﬁd one-half hours after the final,
K ‘ four;eedth i?fusion was administered. L 5
! Animals receiving intraventricular infusions of the:
- '\ ' A

~
lWhen animals wererandomly assxgned to groups, this

animal was assxgne? to tﬁe vehlcle .group.

‘ )
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vehicle did not devélop EMB or rigidity.

29
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- mained gesponsive to the jingling of keys, although their

responsiveness decreased over tests.
ity on the parallel pieces of wood these animals righted
readily. "

ﬁ;ist':ologicel,l examination revealed that all cannulae

All lesions’

K .

were placed in the lateral ?s.gebral ventricle.
which produced EMB ‘post-surgery were found to have damaged
the tissue around the Aquedqct of Syivnm/ The histology ,
from the one animal whlch did not show EMB did not reveal*

any dlscernlble dlffe\rence in size and location from lesions

that produced EMB. )

. .
These animals re-

When tested for rigid-
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DISCUSSION

»
¥

The failure of intrayentriculgknmrphine to
produce EMB in PAG-lesioned animals during the
first experiment could have been attributed to a
small elevation in the dose threshold. 1If this
wereAtrue, then it would be expected that EMB
would(develop in PAG~lesioned animals given higher
doses of morphine. %The reéults of the second
experiment suggest that this is not the case since
repeateé\intraventricular infusions of morphiné -

up to LD failed to produce EMB,

100
As mentioned previously, the most likely
intérpretation of these results is that the PAG
lesion damaged the site at which morphineyécts to
produce EMB. This view is supported by the “
inte}stitial infusion studies of Jacquet and
Lajtha (1974) and Sharpe et ar., (1974). It is
unlikely that the failure to manifest EMB was due
to disruption in motor ﬁérformance cause€d by the

lesion. The subjects were capable.of locomotion

and did show some hyperreactivity following the

first few morphine infusions,

. N 2
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EXPERIMENT III

N @

-

)

The results of thé\?frst two experiments
indicate that the production of EMB and rigidity
may depend upon thetagtioh of morphine and opioids
in two discrete and at léast, partially
independent neural systems. 1In the next\experiment;
it seemed of inEerestlto investigate whether the -

"opiate receptor" proposed by Snyder and Matthysee

) \
.{1975) was involved in EMB or rigidity. ' The

rigidity produced by lévorphanol administergd )
peripherdlly has been repor£ed (Jacquetr & Lajtha,
1974) to be blocked by naloxone, whereas EMB
produced sy intracerebral infusions of morphine is
reporgéd to be blocked for only 10 miﬁufes by this

opigte antagonist (Jacquet & Lajtha, 1974).

These results suggest that the oppiate receptor is

‘involved in EMB and rigidity. Naloxone's h&ggfﬁde

of levorphanol's effects and its attenuation of

. morphine~produced EMB however, is somewhat of a

puzzle. The strengths of the relative binding

potency of naloxone, levorphanol and morphiqg

declihe in that order respectively (Snyder &
Matthysée,. 1975). ‘One would expect that

naloxone would be able to antagénize the effects

h gl
3

7
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of morphine much moreCeasily than those of

. i

ievorphanol, given the drug doses employed in these ~°

studies ‘and the mobility of these compounds in
tissue. Paradoxically, the behavioral evidence

cited-suggests that theorevergf‘%s true.

»

"

In the present study, the ability of naloxone

s A
to antagonize EMP and rigidity was investigated

It was hoped that this could sheéd some)light on

whether EMB and rigidity result from e action

of opiates adﬁ opioids at the naloxonexhlocked
¥

opiaté receptor or via a different mechanysm.

)
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METHOD

~Subjects

The experimental subjects were 81 male Wistar rats

(Canadian Breeding Laboratories) weighing approximately 290

grams at the beginning of thke experiment. Animals were

housed in stainless steel cages with free access to food

and water. The animal cdlony was illuminated on a 12 hour

day/night schedule.

L
,/\,/—\ - L

Drugs and Injections )
‘ Morphine hydrochloride (pH =‘5;6; May and Baket of ’
Canada éo.), étonitazene hydrochloride (pH = 4.9). and na-
loxone hydrochloride (pH = 4.8; Endo Laboratories) were
dissolved in Ringer's solution (pH = 5.6) which was also

’

used for control purposes.

The)in&raventricular infusions wéﬁe delivered via a
Harvard Apparatus infusion pump (Dover, Mass)lat a rate\of
0.34 ul/sec. The volumes of infusions were as follows:
Morphine ~‘1§.4 ul, and etonitazene'- 8.2 ul. On the Sasis
of pilot work, the intraventricular dose of morphine (248

ug) was selected such that it produced EMB reliably in 90%

of the animals. The etonitazene dose (1.64 ug) was the y

P
2

minimum necéssary to produce rigidity consistently.
Naloxone was injected intraperitoneally (I.P.) at doses

bf either 10, 20, 40, 60, 80, 100 or 160 mg/kg. All

el
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I.p. injecti;ms were administered in volumes
of 1 ml /kg. : .
Procedure. . |
The animals undexrgoing surgery were
‘ anaesthetized with I.P. injections of sdédium
pentobarbital (Abbott Co.) at a dose .of 60 mg/kg with

2

. supplements of 6 mg sodium i)entobarbital when

necessary. Sixty-three subjects receive*d a
—e .
cannula stereotaxically implanted into either
/' . lateral ventricleyas described previously.
/ G Eighte.en control animals 'weré‘ anaesthetized
with an I.P. injec;tion of sodium péntobarﬁ'{tal
) (60 mg/kg) and did not receive a cannula imélant.
All animals were tested approximately 24
hours after surgery in a plexiglass chambér with
the dimensions of 15" x 15" x 20". Forty-two
animals with cannula implants were ciivided
" equally into seven groups. Each.group was injected
I.P. with either 10, 20, 40, 60, 80, 100 or 160
mg/kg,/g? naloxone followed five minutes later by
an intraven.tricular infusion of morphine. An
. additional group of six animals with cannulae
implants received an I.P,. injectionﬁf naloxone
(10 mg/kg) five minutes prior to an intraventricular

infusion of etonitazene. Eighteen control animals

s
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that received an IP injection of the'anéestheti:c
on the preceeding day without a cannula implant‘
were divided into three groups. Each group received
only an I.P. injection of naloxone (10, 80 or 160
mg/kg) five minutes prior to testing. Another 16
control anirilals with cannula implants received an
i‘nfusion of the wvehicle (n=6), etonitazene (n=5) or
morphine (n=5) ‘butﬂ did not receive an injection of
naloxone. : Animals with cannulae were tested for

EMB and rig‘id'ity, as described previously, at

1, 3, 6, 3 and 15 minutes follpwing the time of

the infusion. .Control animalsf/without cannula

implants were tested according to the same schedule.

v
t

At the end of the experiment; implanted
animals were killed with sodium béntobarbital,‘
perfused with saline followed by formal—salin‘q
solution. The brains were remdved and fixed
in a formél-saline solution, then frozen, cut in

40 micron coronal sections, and stained with

thionin for verification of cannula placement.

1 ~
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RESULTS

Animals receiving intraventricular infusions of etoni-

tazene without a naloxone injection became rigid within one

’

to three minzfes after the infusion. Following an intra-

ventricular ‘#afusion of morphine, animals without naloxone

pretreatment showed EMB(between three and fifteen minutes

post-infusion with some animals manifesting more than one

episode of EMB. Spontaneous rotations about the rostral-

caudal axis, circling and runq}ng in response to the audi-
]

-
-

tory stimulation usuallylbreceeded episodes of EMB. Sub-

jects that received either an intravepitricular infusion of

the vehicle or only an I.P. injection of naloxone (10 mg,
.80 .mg, or 160 mg/kg), did not show EMB or rlgldlty These

.animals becamé less responsxve to ‘keys during the 15 minutes

testing”session. y
S 3

— \
. The animals (n = 6) injected with 10 mg/kg of naloxone
five minutes prior to an intraventricular infusion of etoni-
° I

tazene failed to manifest EMB or rigidity. Similar to the

control groups, these'animalgjspowed a decline in responsive-

"ness to the auditory stimulation.

Thirty-eight animals’ receiving an intraventricular ip-"

fusion of morphine five minutes after an I.P. injection of

" naloxone (10, 20, 40, 60, 80, 100 or 160 mg/kg) developed

EMB, on the average, by the sixth minute post-infusion.
NS4 X

Fourteen of these animals died immediately after a violent

B

o ]
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p episode of EMB. Rigidity was not observed during the 15

minute testing sessign in any of these animals. Animals ’

- pretreated with 10, 20, 40 or 60 mg/kg of naloxone did,

howevér, become rigid between one and two hours post-infu-

'~ . sion, Animals injected with 80, 100 or 160 mg/kg of na-

loxone did not display’ rigidity for up to two hours post-

. . L]
; infusion. # .
H !

Four animals pretreated with naloxone did not show -

EMB or rigidity during the 15 minute testing session after

s

. . . g .
an intraventricular infusion of morphine.

N

Histological exa_xmination revealed that all cannulae /

were placed in the lateral cerebral ventricle.

-
e
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DISCUSSION

In agreemént with a previoﬁé’report.?Shizgal et al.,
1977) the results of” the preéént study showed that gn intra-
ventricular infusion of etonitazene producesrrig;aity but
not‘EMB. Similar to the findingé of Jacquet and Lajtha
(1974), it was found that opioid-pgoduced rigidity‘cay be

blocked By naloxone. 7

As expected Eroh the«;;sulés'bf prior studges (Jacquet
& pajgha, 1974; Sharpe et al.q 1974i Shizgal et al., 1977),
f’3'::1n‘imails without naloxone p;etreatmené digsplayed EMB follow-
ing an intracerebral iﬂ!usion 6f ﬁorphine. In adﬁition, the
presenE ifyd?“aéﬁaggtrated that rigidity developea 35 - 40
"minutes post—infus‘ion0 after EMB had subsided. The marked
> differences inhthe latencies:for the onset of rigidity be-
\tween eténitazene and morphine (1-3 minpites versus 35-4Q
minutes) is of interest. Morphine is less lipid soluble
£ thangoéipids such as levorphanol and etorphine (Cube et al.,
‘ 1970) and thus morphine is presumably less mobile in neural
tissue. The longer latency for the rigidity produced by
mo;phine may rgpresent the time needed for morphine to trav-
el from the ventricular system to the critical 8tructures
involved in rigidity.
The latency for the onset of rigidity following intra-

ventricular infusions of morphine was increased by 10, 20,

40, 60 mg/kg of naloxone from the usual 35-40 minutes to

4 )
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60-120 minutes post infusion. Furthermore, rigidity
was nét observed éfter an inéusion of morphine
when animals were injected with higher doses of
naloxone (80, 100, 160 mg/kg). It appears then,ﬁ
that naloxone is capable of postponing the onset
of rigidity produce 'gﬁiqn intraventricular infusion
of moréhine, aﬁd that the duration of naloxone's
effectiveness is dose relatéa.

The results show thatrEMB is not attenuated
Ey naloxone eveh’when exceptionally large doses
are administered. Intraventricular infusions of
morphine produced EMB in 90% of the animals

pretreated with naloxone. The failure of the

~2emaining four anima to show the usually observed -

EMB may not be the result of naloxone's
antagonism of morphine's action. Shizgal et al.
m(lQ?]) have ;epofted that some animals do not
show EMB. following repeateq intraventriculéar
infusions of morphine (in total 1000 ug).

The results of this experiment imply the existence
of two qualitatively different types of sites
at which morphine -and oéioids nay acty It appears

. [}

that the opiate receptor is involved in

the production of rigidity since it can be' occupied

7
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by morphine, etonitazene affd naloxone. 1In contrast,
EMB does not seem to involve the opiate receptor. -
The exact site where morphine produces EMB however,

has yet to be determined.




EXPERIMENT IV

It was speculated in this thesis that other

effects produced by morphine and the opiakes may

'

- mask EMB. Evidence supporting this notion is the
\ e
observation that animald displaying E from a )
e ' lesion in the PAG, when injected with morphine or

~

eEonitazene I.P., became rigid and did not show
further episodes of EMﬁ: IR contrast, PA?ilesioned
| ' *animals that received an I.P. injection of the
l vehicle, continued to display EMB (unpublished ‘ Q
\ . ' data). The existence of a masking effect is of

interest since certain opioids, such as

etonitazene and etorphine, infused intracerebrally,

have been reported to cause rigidity and not EMB

(Jacqﬁet & Lajtha, 1974; Shizgal et al., 1977).
Similarly, heroin injected intraventricularly
produces rigidity and not EMB (unpublished data).
e . The opioids and heroin may not be producing EMB
because certain effects caused by these drugs
(i.e. rigidity) may be masking the occurrence of’

EMB.

»

-

In addition to the masking effect, these

- drugs may not be producing EMB because they have @

- -

- "not been administered in large enoﬁgh doses in

1
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previous studies (Jacquet & Lajtha, 1974;
Shizgal et al., 1977) . Perhaps IE:ME}r may occur \1f
larger doses of these drugs are used. - . : ,

" The following experime{xt was concerned withy

! '/inve.sti'gating the pos:sibi}ities of 1) an,

t ’ insufficient drug concentration or"2) a masking ;
effect being responsiple for it:he absence of EMB,

»

follon&ing‘ in‘érac;erebral infusions of heroin and ) —_—
.the opioids. This was achieved by repeatedly
; infusing levorphanol or heroin into the ventricles

2

of animals,' with and \Xithout naloxone pretreatment.

| | ' There are several reasons for using naloxone | %

as a pretreatment. Naloxone antagonizes the ! 11
; ' lethal effects of opiates (Jaffe, 1970) and thus,
'  permits one to explore a higher range of

doses. Since EMB is not antagonized by naloxone,

alnother reason is that a naloxone pretreatment

: ) also permits the i/nvestilgation/ of Ia possible
masking‘ effect. If the maéking effect \
does, exist and is mediated by the eopiate receptor,J }

the use of naloxone should antagonize the masking

effect and allow the occurrence of EMB.




METHOD

¥

Subijects
; - : The Subjects were 44 male Wistar rats weighing
§ ' 250_-310 grams, The angimals were housed in stainless -’ 4
’L steel cages with free access to food and water. - i

.. The colony room was illumind®ed on a 12 hour daf(/
night schedule,

Drugs and Injections - Do ’

e wbam s T

N—leyorphanol tartrate (pH = 3.55, Hoffman-
f | ‘La Roche VLtd.) , naloxone hydrochloride (pH = 4.8,
| Endo Labor{tories) , and heroin (diacetyl-morphine,
} ‘ pH = 4.35, Macfarlon Smith Co.), were dissolved

in Ringer's solution (pH = 5.6) which was also

used for conuél purposes.
The i;xtraventricular infusions were delivered.

\;ia a Harvard Apparatus infusion pump (Dover, Mass.)
\ at a rate of 0.34 ui/sec. The volt.lme of each
infusion was 11.0 ul. The naloxone was injected
o in a volume olf 1 ml/kg. . ' j ’
! ‘ Oon the basis of pilot work, the dose for‘“each
of the drugs was chosen such that the entire dose -

Fl‘w . range would be explored. The dose of levorphanol

(104 ug) for each infusion was the minimum

/
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necessary to cause death in at least 80% of
}the animals between four andjlo injections.
Eaé;‘injec;ion was administered at five minute
intervals. The doses of heroin were selected
such that the lower dose (106 mg) injected
iﬁtraventricularly did not cause death in 80%
of the animals after 10 ipfusions administéred

1

at five minute intervals. On the other hand, the

higher d?se (186 ug) was chosen such that it Qould
cause Aeath in 80% of the animéis, before the sﬁxth
infusion. These two doses were used to‘explore
the doée raﬁée for heroin, since pilot work had
indicated that it was not possible to locate the
LDéO dose’ for heroin within the repeated

q

infusion paradigm used. Pilot work had revealed

that for doses ranging from 100;250 ug death .
lusually‘follqyea the first infusion or did not
~occur after 10 infusions. Moréovef, the
_proportion of deaths to surQ}vals had a positive

correlation to the dose of each infusion. The

dose of naloxone was selected using the
antagonism of rigidity produch by an
intraperitonea} (I.P.) injection of morphine

(75 mg/ké{ as g)crude index of naloxone's

duration of action. The dose of naloxone selected
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(20 mg/kg)‘wasvthe minimum hecessary to antagonize
rigidit§1for at least for a period of ope hour.

Procedure .
Subjects uﬁdergoing surgery weref;EEEsthetized

R
. . . . . . LN .
with intraperitoneal injections of sodium

pentobarbital (Abbot Co.) at a dose of 60 mg/kg

“«
< §

and were given ether supplements when necessary.

Forty~nine subjects received a cannula

stereotaxicz;}y as previously described in

Experiment A group of six control animalk

received only an I.P. of the anaesthetic.

b
Between twenty-four and seventy-two hours

after surgery 22 animgls with cannula implants
receiveqd aﬁ infusion of either heroin (n=6)

at 106 ug, n=5 at 186 ug), levorphanol (n=5) or
the vehicle (n=5),:once every five minutes for a
total of ten infusions. An additional group of 17
‘. animals with a canpula implant received an I.P.
injection of naloxone five 3?§utes prior to an
infusion of either diacetyl-morphine’(nw6 at 106
ug, n=5 at 186 ug) or levorphanol (n=6). The six

animals which were anaesthetized without surgical

manipulatioﬁ were injected wity naloxone only.

All animals, prior to the first intraventricular

<
infusion and two minutes after each subsequent

-
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infusion, were tested for EMB and rigidity. The’

'six control animals injected with naloxone

. -

followed the same schedule of tests.

At the end of.the experiment, surviving

*

animals with cannulae were kiiled by carbon

dioxide inhalation. The brains were remov§§ and

‘fixed in a formal-saline.solution, thenh frozen

. v \

’ LY
and cut in 40 micron, coronal sections for

verification of cannula placements. .

.




RESULTS

" Animals receiving repeatéd intraventricula% infusions
of levorphahol did not display any hyperactivity or EMB and
f/usually became ‘less responsive to the auditory,stimulus
over the testings. Only one animal receiving infuéions of
levorphanol displayed rigidity. "An additional three aq?%als
showed some rigidity, but failed to remain on the parallel
pieces of wood for the entire 30 secondé. All animals, on the

average died by the fifth infusion of levorphanol (in to-

tal 520 ug). Animals given an I.P. injection of naloxone

A prior to the onset of the repeated, intraventricular infu-

sions of levorphanol Qid not show any signs of EMB or ri-
l gidity. These animals usually became less responsive to keys
] and were motionless between testings. All animals pre-treat-
; ed wit@ naloxone survived the 10 infusiohs of levorphanol.
P Repeated intraventricular infusions (106 ug each) of
: heroin produpe@ rigidity by the second iﬁfusion iﬁ all ani-
mals. Although EMB was not observed, hyperactivity in the

-,

'l
1= form of rotation% were observed in two animalq. All animals

‘ exéept one,(which’died after the first infusion} survived
.thé 10 infgsions of heroin. Whén pretréated with®naloxone,
S animals reéeiving repeated infusions of heroin (106 ug) dié
not display rigidity. Except for oﬂ;, all animals displayed
hyﬁeracgivity.of éhich two also showed episodes of EMB.
) . The larger dose éf heroiﬁ (186 ug). prbduced . |

L
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hyperactivity after the first infusion and later
rigidity, prior to the second infusion in two
a;imals. Both rigidity and hyperactivity dis-
appeared prior to death. After the initial
infusion, the remainder of the group were oh their

sides and displayed labored respiration and

spontaneous jerks of ‘the body. Death occurred in

all animals on the average by the second infusion

except for one which survived the 10 infusions.
This animal did not display hyperactivity or
rigidity. In animals pre-treated with naloxone,

bellying (i.e. the animal lying on the floor) was

observed after the initial infusions of heroin and
the animals' response to the auditory stigulation
| \ decreased over testings. At the time of the sixth
infusion; four out of five animals displayed EMB.
Rigidity was absent throuéhout’the testing sessions.
All animals except for one survived the 10 infusions,
and the death of this animal occurred shortly ?fter
a violent episode of EMB.
Control animals injected withilinger's
intraventricularly or just naloxone I.,P. did not
display EMB or rigidity. Over fthe testings, -these .
animals decreased their responsiveness to auditory .
stfmulétion and usually became motionless between tes;ings.

Histological examination revealed that all

cannulae were implanted in the lateral cerebral

ventricle. -

i




DISCYSSY{ON /

The repeated infus? of her01n alone, at

i

both dose levels, caused rigidity

When preceeded by naloxone, heroin pryduced EMB

at 4oth doses with the higher dose causing
episoées of EMB more freqsent 7 { Singe morphine

is stated to be'fesponsibie for the/pharmagblogically
actions of’heroin (Jaffe, 1970), the
morphine are matking the expression of EMB. This
could involve the processes. underlying both EMB
and those participating in the naloane‘antago—, ‘ | N

nized effects competiﬁb for the motor apparatus,

where the more dominant process is manifested

as rigidity. Conversely, when rigidity is

antagonized, EMB oeeurs.

In light of previous results (Jacquet & Lajtha,
1974) , levorphanol*unexpectedly, did not produce
a profound tigidity. A possiblé explenation for this

may be the large dose of levorphanol used. AE'\

evident from the results obtained from the heroin B
treated animals, it seems that rigidity Qisappears

as the d&genappéoaches lethality. Perhaps |

levorphanol d;d not produce a profound rigidity ey

because th

¢

dose bordered on the lethal dose. ' ‘ o
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Surprisingly, 1evorphﬁnol up to the lethal

dose “did not produce EMB, although it has been

reported to have* a greater affinity for the
-

opiate iéceptor than morphine (Snyder &

Matthysee, 1975). In spite of the tox@c‘ef¥ects

‘observed in animal§ wi thout naloxone pretreatment,

\

' < .
it does not seem possible to argue that motor
impairment was responsible for the failure of
levorphanol to produce EMB in naloxone treated

animals. When tested, these animals were able

—
N

to respond to auditory stimulation throughout

the testing session.. ' ..

\! f

The finding that heroin produces EMB only

in animals pretreated with.naloxone suggests that

L

some, naloxone - antagonized effects of morphine
are breventing the occurrence ,of EMB. This

masking effect, however, cannot account\for

levorphanol's failure to produce EMB when animals

are pretreated with naloxone. It appears that

A

levorphanol is not able to activate ﬁhe

mechanism underlying EMB.




GENERAL SUMMARY . 1)

2

, The results of the first two experiments point to a re-
gion of the PAG which is adjacent to the Aqueduct of‘Sleius

" as the site at which ;tvorphine produces EMB but not rigidity.
A lesion of tﬁe PAG that damages tissue around the aqueduct

can- produce EMB by itself. Furthermore; animals that dis-

played EMB following lesion induction did not exhibit EMB
after intraventricular infusions of morphine 24 hours post-
surgery. In contrast, animals that did not display EMB from

a lesion did exhibit EMB following an intraven%ricula}: infu-

sion of morphine. It appears that the tissue of the

PAG adjacent to the aqueduct is not necessarily involved in

animals. This suggests that the production of EMB and

rigidity may depend on the action of opiates and opioids in

two different and at least partially independent neural sys-—

tems. . . %

The differences in the anatomical locatioh of the sites

responsible for EMB and rigidity may account for the differ-

ences 'in the behavioral effects of morphine when administered
intraventricularxly. Morphine has a very low lipid se@lubility

(Cube_et al., 1970) and thus has a low mobility in neural

: (
tissue. Intraventricularly infused morphine presumably has
R/

access to the critical sites in the PAG for EMB., s'ince

)
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Schubert et al. (1970) have reported that

-
laﬂelled morphine, infused intraventrfcularly does
penetrate this area. It appears that rigidity
is observed only 30~40 minutes afte% intraventricular
morphine infusions because of the time requir;d
for morphine to reach the critical region. Thisﬁ
site is pregumably'farther from the ventricular '
system than the site at which morphine produces
- _

EMB.

i
Opioids, such as etorphine and levorphanol

-which produce rigidity (Jacquet & Lajtha, 1974), .

are more lipid soluble than morphine (Cube et al.,,
1970). Therefore, they should be morg_ggbile in
tissue and able to reach the critical site for
producing rigidity when they are injected
inFraventricularly. The failure of'levorphahol

and etQrphine to produce EMB (Jacquet & Lajtha,
1974) , indicates that thesé drugs_;re not able to
acgtivate the mech;nism,underlying EMB. 1In the
third experiment, the role of the much stu&iedi
opiate receptor in EMB and rigidity was expldfed.

The third experiment demonstrated that

naloxone blocked. the rigidity produced by an

intraventricular infusion of etonitazene.
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ﬁowever, naloxone up to 169 mg/kg. tailed to
antagonize EMB produced by an intraventricular
infusion of morphine. It appears that the
opiate receptor is involved in the mechanism
underlying rigidity, and as expected, can be
occupied by morphineﬂlétonitazene and naloxone.
In contrast, ;%e opia;e récepgor does not appear"
to participate in EMB. The exact nature in which
morphine produces EMB”howevér, has yet to be
determined. !

While the results of the third experiment
indicate that thé mechanism underlyingSEMB is not
antagonized by naloxone, it does not exclude the
possibility that the opioids can elicit EMB.

In the fourth experiment; the ma;king of EMB by
the naloxone antagonized effects of opiates and
opioids was investigated. In addition, repeated
doses up to the LD80 were used to explore the
dose response curve. The finding that heroin
produced EMB only when the animals were pre-
treated with naloxone suggests that EMB can be
masked by the nalogone antagoni zed effecti of
morphine. As previously described the masking
of EMB may result frop the processes underlying

EMB and rigidity comp%ﬁing for the motor
, e /
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apparatus, where rigidity, the more dominant
N s

process is expresse H; masking produced By

naloxone antagonized effectsj however, cannot

explain the failure of levorphanol to produce EMB

since animals\preEreated with naloxone did not

display EMB. 1t seems unlikely that levorphanol
.

did not become adequately concentrated in the PAG.

-~y

The doses used were sufficient to cause death

. in ?O% of the animals not treated with naloxone.

This indiredtly suggests that the doses of
levorphanol were not given in an ineffective
quantity. Moreover, heroin was able to produce
EMﬁ at sub—lethiidfoses. 1t appears then, that the
most likely explanation of levorphanol's inability
to produce EMB is that it cannot activate the
mechanism underlying this behavior.

In sumhary, the research contained in this
thesis can ﬁroﬁide some explanation as to why
morphine and opioids produce differential motor
effects. It is suggested that the neural
substrates for EMB and rigidity are anatomically
distinct and are produced by opiates and opioids
acting on different types of mechanisms.

The mechanism involved in rigidity appears to

-be meéiated by the much studied opiate receptor

*

1
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3 &rmder & Matthysee, 1975) and hence, morphine

»
and the opioids act as agaonist of this mechanism,

while h\loxone produces its antagonlst effects.
. ‘ The results indicate that the op:.ate receptor
however, does not participate in the production : i

I K
of EMB. This suggests that morphine is acting

e DL U N

via a different means than the opiate receptor
to produce EMB. The possibility of multiple
opiate receptors have been argued for by

Martin, Eades, Thompson, Huppler and Gilbert

-/
(1/976). In their study, they presented evidepce
. ’ ’ -
which suggests that multiple spinal receptors
mediate the aétions of opiates. The results. . .

o of the present studies are consistent with

| : this and indicate that morphine may produce
some of its effects via other mechanisms than ~

. ’ the opiate receptor.
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