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A~raet-results from ex~riments performs previously in our laboratory have shown that, subsequent 
to the administration of25 mgof morpkineikgof rat, the phase transition of brain mitockondrial membrane 
lipids is altered. In tke present work, Arrkenius plots were generated from the activity of tktev brain 
mitockondr~l inner membrane-bound enzyme systems, in order to determine what changes in activity and 
activation energy (Ea) occurred after ~dminist~tion of a similar acute dose of morphine. Similar studies 
were carried out with mitochondrial matrix enzymes. Brain mitockondria were selected because the low 
membrane cholesterol content enables demonstration of an endothermic phase transition in the membrane 
lipids. Only the membrane-bound enzymes from mitochondria harvested 0.5 hr after morphine treatment 
in rice had decreased activities. Simultaneously, the tempe~dture of discontinuity of Arrhenius plots of 
state 4 succinoxidase and cytochrome oxidase was abolished, as was the higher of the two d&continuities 
in state 3 succinoxidase; that of Mg a’ ATPase was decreased. When Anhenius plots were generated with 
mit~kondria karvestcd 48 kr after morphine administ~tion. there was an increase in rke activity of the 
succinoxidase and cytockrome oxidase systems. and their respective normal temperatures of discontinuity 
were abolished. With Mg’+ -stimulated ATPase. there was (I) an increase in the temperature of diseon- 
tinuity and (2) the slopes of the activity curves differed markedly from the controls. Such effects were not 
obtained with the matrix enzymes 0.5 kr post opiate. When brain mitockondr~l membranes harvested 
from rats 0.5 hr after opiate administration were incubated with l-~nilino-~-n~~pktkalene sulfonic acid 
(ANSI, them was a I.5 per cent decrease (P c 0.05) in the fluorescence produced, compared with controls. 
This effect was abolished on treating the animals with either of the narcotic antagonists, oxilorp~n 
(BC 2605A) or naloxuna 1.5 min after opiate administration. Brain mitockondria harvested 72 hr after 
acute morphine had a 22 per cent increase in fluorescnece on incubation with ANS (P c 0.005). These 
bipkasic changes in both the activity and Eu of the membrane-bound enzymes. as well as tkc observed 
alteration in ANS fluorescence, were probably brought about by some type of morphine-induced change in 
the inner membrane of the mito~hondria~ they were entirely dependent on the time of sampling after 
opiate treatment. Tke probable role of concomitant changes in membrane lipid lluidity in them hipkasic 
effects is advanced. 

Previous work in our laboratory has shown that, 
subs~qu~t to ift ho administration ofan acute dose of 
25mg morphine/kg of rat, the melting profile of 
brain mitochondrial lipids, as assessed with the dif- 
ferential scanning calorimeter (DSC), is altered. This 
effect on the DSC scan was dependent on the dose of 
morphine, it was reversible by naloxone or oxilorphan 
administration to the animal 15 min after the opiate, 
and there was evidence of a stereoselective require- 
ment. Further investigation has shown that this 
effect can be reproduced on interaction of an ether- 
precipitable complex from such morphine-tr~ted 
animals with membrane lipids [I]. Loh et ul. [2] and 
Lowney er 01. [3] have suggested that such ether- 
precipitabfe material from lipids isolated from crude 
brain mito~hondria might be identity with the opiate 
receptor. Because this phase transition is completed 
before the physiological temperature range is attained, 
the effects of morphine at such tem~ratures cannot 
be determined by the aforementioned method. Since 
there is considerable evidence in the literature that 
the activity of many mitochondrial membrane-bound 
enzymes is influenced by the state of the membrane 
lipids [4-61. it was decided to use these enzymes to 

determine whether or not a morphine*indu~ change 
in the lipid state could after any of their functions at 
the physiological temperature. 

Several authors [7. g] have shown that Arrhenius 
plots of membrane-bound enzymes may be used to 
assess alterations in their structure through changes 
in the temperatures of discontinuities. Such discon- 
tinuities for enzymatic reactions occur at specific 
temperatures for a particular membrane when the 
lipids undergo a phase transition. Alterations in 
kinetic and regulatory properties of such enzymes 
may also be a reflection of such changes in membrane 
structure. 

Vessey and Zakim Co] have suggested that changes 
in the lipid state resulting from a phase transition 
may also induce changes in the lipid bilayer structure. 
Because Arrhenius plots measure only a specific site 
(the enzyme environment), it was decided to use the 
non-specific fluorescence probe ~-anilino-8-naph- 
thalene sulfonic acid (ANS) to determine if any general 
alteration in the membrane occurred after morphine 
treatment [lo. 111. RecentIy, it has been observed 
in our laboratory that the effect of the in &lo admini- 
stration of opiates on the lipid phase transition 



becomes biphasic in time (E. A. Hoscin and M. 
Lapalme. unpublished results). Accordingly. in the 
present paper, it was decided to study the effect of 
acute opiate administration in cisxt on mitochondrial 
structure and function 48 hr after an acute injection 
of the drug. 

It is generally accepted that the opiate receptor is a 
membrane-bound entity [12, 131 and that in brain 
about 50 per cent of it resides in the crude mito- 
chondrial fraction [13]. Smith and Lob [13] have 
shown that the receptor density in the highly puri- 
fied lysed synaptosomal SPM fraction (0.097 pmole! 
mg) was much greater than that in either the light 
membranes (0.049 pmole/mg) or mito~hondri~~ (0.023 
pmole/mg). These authors affirmed that the opiate 
receptor was distributed diffusely over the entire SW- 

faCe of nerve cells and not restricted to the syrnptic 
region. In the present work, the rat brain mitochon- 
drial membrane has been selected over other mem- 
branes as a model system to study the possible nature 
of morphine effects on membrane lipid fluidity because 
of its low cholesterol content [14]. Ladbrooke 01 ul. 
[lS] have shown that a high cholesterol content in a 
membrane can, depending on local factors. abolish 
endothermic phase transitions. Mitochondria were 
also used because we wanted to correlate the effects 
found here with phenomena observed previously in 
the same model system [l]. It is not assumed that 
these effects occur on the primary target of opiate 
action, but clearly they indicate effects of morphine on 
a particular biological membrane which contains the 
opiate receptor. 

METHODS 

Prepurcction of brain mitoc,hondrilc,fr(tttt twls* 
Sprague-Dawley rats weighing about 2oOg were 

used exclusively in these experiments. The saline- 
or opiate-treated animals were decapitated and the 
excised brain was placed in 10 vol. of ice-cold medium 
containing 0.25 M sucrose, 5 mM ethylene d&mine 
tetra-acetate (EDTA) and 5 mM Tris-hydrochloride 
buffer, pH 7.4 (SET). The subsequent steps were 
carried out at O-4”. The brain was homogenized with 
eight up and down strokes in a Tri-R-glass-,-Teflon 
homogenizer. The homogenate was centrifuged for 
10 min at 750 g in a Sorval RCZ-l3 refrigerated cenlri- 
fuge. Supernatant fraction (i) was ccntrifugcd at 
16,000 y for 5 min. The pellet formed was resuspended 
in 20 vol. of a medium containing 0.25 M sucrose. 
5 mM Tri-HCI, pH 7.4(ST), and centrifuged for 5 min 
at 750 y. Supematant fraction {ii) was then centrifuged 
for 5 min at 16.000 .q. The pellet was suspended in 
ST (generally OSml), layered on a discontinuous 
Ficoll gradient (7.5 per cent/l6 per cent) and oentri- 
fuged for 60 min at 53.000 y in the SW 27.1 rotor of a 
Beckman model LS-50 ultracentrifuge. The mito- 
chondrial pellet formed was washed twice in approsi- 
mately 20 vol. ST. The washed pellet was resuspended 
in a small volume of ST and subsequently used in the 
following studies. 
- .__, .._...___ .._ _._, 

*See Ref. 16. 
*Gift from Endo Drugs, N.Y. 
ZGift from Bristol Laboratories. Syracuse. N.Y. 

Aliquots (0.2 ml) of the final mitochondrial sus- 
pension in ST? containing about 5 mg protein. wcrc 
added in duplicate to 4 ml of 0.1 M phosphate buflct 
(pH 7.4): this served as the blank. To 2 ml of this 
suspension. 0.1 ml ANS (25 pg ANS:ml of 0.1 ml 
PO, buffer, pH 7.4) was added and thoroughly misod 
at 22 . Blanks and sarnplcs with ANS were read in ;I 
Turner spectrofluorometcr 430 at c\citittiotl 3X5 nm 
and. emission at 470 nm. Corrected fluorcscemx per 
mg of protein for each sample was calculated and the 
values obtained from opiate-treated raps wcrc L’X- 
pressed IS a percentage of the value obtained from 
saline-treated (control) rats. Fluorescence v;tiucs were 
comparable only when the protein content of the 
experimentals and controls were within 10 per cent 
of each other. 

Incubations were carried out in Juplicatc using 
individual 3-ml incubation cups with circulating 
water jackets to maintain constant temperature. 
Each cup contained a small magnetic stirring bar to 
allow constant mixing ofthe reactants ~hr~~~l~l~~~lit the 
incubation period. 

To each reaction vessel containing 0.7 ml of inou- 
bation medium (1.2.5 itmoles MgCI,. 1.1 ~rmoles NaCI. 
SO itmoles Tris-HCI, pH 8, and 0.6 /tmole 2-mercupto- 
ethanol). 0.2 ml of a lysed (osmotic shock) [I71 
mitochondrial preparation was added. The samples 
were preincubated for 2 min to attain temperature 
equilibrilim. A 0.1~ml solution ~ont~tiflin~ 1.25 ~t~nolc~ 

ATP was added and after 10 min the reaction was 
terminated by the addition of 1 ml of ice-cold IO”,, 
trichloroacetic acid. Inorganic phosphate was doter- 
mined by the method of Chen c*/ trl. [IX\. 

Oxygen uptake was measured polarographionlly 
on a Fisher series SOtl0 recorder using standard 
Clark-type electrodes, assuming a constant pressure 
or I atm. The activity of the succinoxidase system 
(state 4) was determined in an incubation mixture of 
1 ml containing 0.25 M SUCI-OSC. 0.01 M Tris. 0.01 M 
K,HPO, SO mM MgCI,. SO mM succinate and 
0.5 mgiml ol‘ bovine serum albumin. adjusted to 
pH 7.4. 

State 3 oxygen uptake was determined in separate 
experiments with the addition of 0.1S ml ADP (I.63 
mgiml) to the state 4 system. 

The ratios of oxygen uptake were calculated from 
activity slopes obtained in the initial 60 sec. 

Cytochrome osidase was assayed by the method of 
Wharton and Tzagoioff [ 191. 

Protein concentrations for all experiments were 
determine by the method of Lowry c’t 111. [Zci]. 

Rats received an acute dose of 5. IO. 15 or 25 mg 
morphine/kg to produce analgesin. In some expcri- 
ments. either 3 mg naloxonef;kg or oxilorphan (BC 
7605 A\: wasadministered i.p. to ttntagonizc the opiate 
action. Times and dosages of agonists. antagonists. 
and of brain mit~~chondrial harvest were variable and 
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dependent on the particular experiment described in 
the text. Ail the experiments were repeated at least 
five times and the mean with S. D. and levels of sig- 
nificance calculated. 

RKSULTS 

ANS fluorescence 
B&in mitochondria harvested from rats 0.5 hr 

after acute (25 mg/kg) morphine administration were 
incubated with the fluorescent probe ANS. As shown 
in Fig. 1, compared with the controls (x,,; 85.6 &- 4. 
fluorescence units/mg of protein) there was a 15 per 
cent decrease in ANS fluorescence (eleven experiments; 
8.5 per cent &- 2.3; P < 0.005) at that time of sampling. 
What is probably most significant is that it was not of 
a transient nature since such mitochondria stored at 
4” had identical (72 units/mg of protein) fluorescence 
when tested daily over a period of 1 week. Mitochon- 
dria from naloxone (3 mg/kg)- or oxilorphan (3 rng; 
kg)-treated rats, killed 0.5 hr after opiate treatment. 
had (x, ,) 84.3 f 2.7 and ( x,) 88.7 + 1.3 fluorescence 
units/mg of protein, respectively, indicative of com- 
plete reversal of a specific opiate-induced alteration 
in the membrane. 

Sampling of brain mitochondria at different times 
subsequent to a single injection of the opiate indicated 
normal fluorescence values 2 hr post morphine 
administration. However. as shown in Fig. 1, there 
was a 16 per cent increase in ANS fluorescence (six 
experiments; 116 per cent + 1.7, P < 0.001) at 3 hr 
which gradually diminished to normal values by 18 hr 
and persisted until 24 hr. Thereafter, there was a 
sustained increase in ANS fluorescence at 48 hr 
with a maximum (seven experiments; 122 per cent + 
1.1, P < 0.005) occurring at 72 hr. By 96 hr near 
normal values were obtained. 

Arrkenius plots 
Since ANS is a non-specific fluorescent probe which 

interacts with membrane-bound proteins and/or 
lipids, it seems reasonable to assume that one explana- 
tion for the observed biphasic change in fluorescence 
might be an induced perturbation of the membrane 
structure. In an attempt to study this possibility 
further, Arrhenius plots of brain mitochondrial 
inner membrane-bound enzymes from control and 

Malote dehydrogenase 

X 30 mtn Morph,ne 

. Control 

Fig. 2. Rats were injected i.p. with 25 mg rnorphine~~~. The 
brain mitochondria were harvested at 0.5 hr after drug 
administration and the malate dehydrogenase activity of 
control (Wand morphine ( x ) = treated brain mitochondria 

was determined. 

morphine-treated rats were generated by studying their 
activities over a range of temperatures. 

Similar studies carried out with malate and glu- 
tamate dehydrogenases, and citrate synthetase, which 
are mitochondrial matrix enzymes, showed that 
morphine administration in uiuo was without effect 
on the activities of these enzymes. The results with 
malate dehydrogenase are shown in Fig. 2. 

Tb show that the mo~hine-induced effects on 
membrane-bound enzymes were not due to anoxia, 
rats were anesthetized with ether. the mitochondria 
harvested and Arrhenius plots of the succinoxidase 
system generated. As shown in Fig. 3. the curve 
obtained was not significantly different from that 
prepared from the control animals shown in Fig. 5. 

S~~~i~~u~illi~se (itliritl.~i~ ~e~b$un~-b~~u~lr~ crt: ytnes) 

(1) Stute 4 respiration: The state 4 succinoxidase 

A----* Rat brain mitochoodria 

Time after morphine, Hr 

Fig. 1. Rats were injected i.p. with 25 mg morphine/kg in a single dose. The brain mitochondria were 
harvested at different times over the subsequent Cday period and treated with the fluorescence probe ANS. 



I/T”KxlO” 

Fig. 3. Rats were anesthetized with ether for 5 min and the 
crude rat brain mitochondria were isolated. State 3 succinoxi- 

dase activity of controli tand anesthetized (0) animals was 

I/T°Kx104 

Fig 4. Rats were injected ip. with 25 mg morphine,‘kg. 
The brain mitochondria were harvested at 0.5 and 4X hr 
after morphine administration. State 4 respiration of the 
crude rat brain mit~hondri~1 from control (a), 0.S hr tf 1) and 

48 hr (~5) was determined, 

Table 1. Activation energy (go) calculated from Arrhenius plots of matrix and mem- 
brane-bound mitochondrial enzymes after morphine administration in vir’o 

Arrhcnius 

Enzyme Treatment 

_--. _... .--. ..-- .-.. . 
Intrinsic 
Succinoxidase state 3 (Fig. 5) Control 

Morphine (0.5 hr) 

Morphine (48 hr) 

Succinoxidase state 4 (Fig. 4) Control 

Morphine (0.5 hr) 
Morphine (48 hr) 

Cytochrome oxidase (Fig. 7) Control 

Morphine (0.5 hr) 
Morphine (48 hr) 

Extrinsic 
M$‘-stimulated ATPase (Fig. 8)Control 

Morphine (0.5 hr) 

Morphine (48 hr) 

Soluble (Fig. 2) 
Malate dehydrogenase 

Citrate synthetase 

Glutamate dehydrogenase 

.-- -. . ._ .- 

Control 
Morphine (0.5 hr) 
Control 
Morphine (0.5 hr) 
Control 
Morphine (0.5 hr) 

Temperature 
range 

Lower 17.x 

Middle 13 

Upper 5.6 

Lower 14.5 

Upper 4.5 

Entire to.5 

Lower 11.4 
Upper 6.7 
Entire IO 
Entire II.9 
Lower 3 
Upper 0 
tintire x 
Fntire Y 

Lower 

Upper 
Lowtr 

L&p= 
Lowfr 
LJppcr 

activation 
energy I/:‘tr) 
(kcal!molct 
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activity of the brain mitochondria from the control 
rats in Fig. 4 shows a discontinuity temperature at 
I7”, in agreement with Kemp et al. [21]. The pH of this 
system fell from 8.27 at 16” to 8.17 at 22”. Brain 
mitochondria from the rats killed 0.5 hr after morphine 
treatment showed abolition of that temperature of 
discontinuity and decreased succinoxidase activity. 
The state 4 succinoxidase activity of brain mito- 
chondria from rats treated first with opiate, then 15 
min later with oxilorphan, and then killed 0.5 hr after 
opiate injection was normal. The succinoxidase 
activity of brain mitochondria harvested from rats 
48 hr after opiate administration was higher than 
normal in the physiological range of temperature 
and there was no indication of a discontinuity at 
17”. Values of activation energy (Ea) for controls and 
opiate-treated animals are given in Table 1. 

The respiratory control ratio assayed at 37” for 
control mitochondria was 4.24, while that from 
morphine-treated animals killed 0.5 hr post opiate 
was 2.6, indicative of uncoupling of oxidative phos- 
phorylation. 

(2) State 3 respiration: Mitochondria harvested 
from rats killed 0.5 hr after acute (25 mg/kg) morphine 
treatment had decreased succinoxidase state 3 activity 
and a discontinuity at 24”, as shown in Fig. 5. This 
value is intermediate between the transition tempera- 
tures of 17 and 29” obtained for succinoxidase 
activity with control brain mitochondria. Similar 
discontinuities have been found with liver mito- 
chondria using this system [21,22]. Values for Ea of 
the different slopes of these curves are shown in 
Table 1. When rats were given naloxone 15 min after 
morphine and killed 15 min later, the brain mito- 

1000 

b 
30 I I I I I 

j! 22 33 34 35 36 37 

I/T°Kx104 

Fig 5. Rats were injected i.p. with 25mg morphine/kg. 
The brain mitochondria were harvested at 0.5 and 48 hr 
after morphine administration. State 3 respiration of the 
crude rat brain mitochondria from control (o), 0.5 hr (0) and 

48 hr (A) was determined. 

C.\ 
“2 

. 

. 

\ 

0 . 
. 

31 32 33 34 35 36 37 
I/T”Kx104 

Fig, 6. Rats were injected i.p. with 25 mg morphine/kg. 
Fifteen min later the animals were treated with 3 mg/kg of 
naloxone and the animals were killed 15 min later. State 
3 respiration in mitochondria harvested from control (0) 

and 0.5 hr after opiate and antagonist (I) was determined. 

chondria harvested showed a complete reversal of the 
opiate effect. As shown in Fig. 6, the values obtained 
were identical to those of the controls over the entire 
temperature range. 

When rats were given an acute dose of morphine and 
killed 48 hr later, there were no discontinuities. but a 
linear plot with Ea and activity similar to the controls 
before the first transition temperature was obtained, 
as shown in Fig 5. However, above the second transi- 
tion temperature, there was a linear increase in 
activity. Rats given a similar dose of morphine fol- 
lowed by naloxone 15 min later and killed 48 hr after 
opiate administration showed normal succinoxidase 
activity over the entire range of temperatures, as 
shown in Fig 6. 

(3) Cytochrome oxidase: The cytochrome oxidase 
of brain mitochondria harvested from normal animals 
shown in Fig. 7 had a transition temperature at 17”. 
When rats were treated with morphine and the brain 
mitochondria were harvested 0.5 hr later, Arrhenius 
plots showed a decrease in enzyme activity with dis- 
appearance of the normal discontinuity temperature. 
Brain mitochondria harvested 48 hr after morphine 
administration showed an increase in the cytochrome 
oxidase activity in the physiological range with 
abolition of the normal phase transition temperature. 
The Ea values are shown in Table 1. 

In all of these studies with the Arrhenius plots, it was 
observed that the activity of inner membrane-bound 
enzymes from mitochondria harvested 0.5 hr post 
opiate was decreased. When similar studies were 
performed with intrinsic membrane-bound enzymes 
harvested from animals killed 48 hr post opiate. 
there was a significant increase in enzymatic activity 
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2700 

I/T”Kx104 

Fig. 7. Rats were injected i.p. with 25 mg morphine/kg. The 
brain mitochondria were harvested a: 0.5 and 48 hr after 
morphine administration. The cytochrome oxidase activity 
of rat brain mitochondria from control (0). 0.5 hr (0) and 

48 hr (A) was determined. 

over controls at physiological temperatures. With 
cytochrome oxidase, the increase was absolute over 
the entire temperature range. Complete reversal of 
the opiate-induced inhibitory action on the enzyme 
was achieved when oxilorphan was administered 
15 min post opiate and the mitochondria were 
harvested either 0.5 or 48 hr later. 

oJ--._L_..-_ ! 1 I 
31 32 33 34 35 36 

I/T°Kx104 

Fig 8. Rats were injected i.p. with 25 mg morphineikg. The 
brain mitochondria were harvested at 0.5 and 48 hr after 
morphine administration. The Mg2+-stimulated ATPdse 

activity of rat brain mitochondria (treated with osmotic 
shock) from controls (Ok 0.5 hr (0) and 48 hr (A) was 

determined. 

s:v fel 
Fig. 9. Double reciprocal pi01 of rat brain mitochondrial 
Mg2 + -stimulated ATPase activity vs ATP concentration. 
Key: (m) control: (0) 0.5 hr after morphine (25 mg(kgl 

administration. 

Magrt~sium-stinlultlr~,~ A 7’l’tr,sc~(e.urrir~,si~~n~rr~1hr~rir~~- 
hound en:.rmc). The Arrhenius plots shown in Fig. 1( 

were generated from the inner mitochondrial mem- 
brane Mg2+ ATPase. over a temperature range from 
4 to 40,. The temperature of discontinuity of this 
enzyme from lysed brain mitochondria. harvested 
at 0.5 hr after acute administration of 25 mg morphine:’ 
kg of rat, showed a decrease of 2.5 from the normal at 
18.5” with a concomitant decrease in activity over 
most of the range of the incubation temperature 
studied. This effect is also entirely reversed by treating 
the morphinized animal with oxilorphan I5 min post 
opiate. As shown in Fig. 9. the K, of this enzyme 
from the morphinizcd animal determined at 37 
is virtually identical to the control value ( - 7.4 mM ’ 
as opposed to -7.6 mM- ‘1. When the reaction was 
carried out with mitochondria harvested 4X hr after 
morphine administration. the discontinuity tempcra- 
ture increased to 20.5 tindicative of a 4.5 deviation 
between the two irr rirn~ assayed values sampled 
48 hr apart post opiate administration). There was 

u rapid increase in enzyme activity prior to the break 
in temperature of discontinuity (below IX3 ). ah 
shown in Fig. 8, Compared with the control values. 
there was a decrease in enzyme activity in the phy- 
siological range of tcmperaturcs studted. The I:(/ 
values are shown in Table I. 

Table 2. lnfluencc of the administration of various acute 
doses of morphine on the discontinuity tcmpcraturc on rat 

brain mitochondrial Mg’ ’ ATPasc 

Morphine 
(mg/kg rat) 

.I inx of 
milocllondri;ll IXacontinuity 

harvest (hrl temperature 1 I 

0 (Saline control) 
5 

10 
15 
25 

0.5 IX.5 
0.5 17.7 

0,s 17.1 
0.5 IS.‘) 

0.5 16.0 

4X.0 20.5 
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These experiments were repeated with brain mito- administration is also abolished by the in uil;o ad- 
chondria harvested 0.5 hr subsequent to the admini- ministration of naloxone, indicative of a specific 
stration of 5, 10 or IS mg morphine/kg of rat, and opiate action. Since the binding of ANS to such 
changes observed in the discontinuity temperature membranes is non-specific. it is conceivable that, in 
are shown in Table 2. As the dose of morphine was our work, the bulk of the membrane from the mor- 
increased. there was a gradual decrease in the dis- phine-treated animai could have been altered, since 
continuity temperature. It is interesting to note that the majority of bound ANS was apparently in a 
15 mg morphine/kg induced a decrease in the dis- more polar environment. In addition, this alteration 
continuity temperature of the membrane lipids [I] persisted for over 1 week when the mitochondria were 
in harmony with that found in Fig. 8 for brain Mg”‘- stored at 4”. indicative of a rather stable structural 
stimulated ATPase with 25 mg morphine/kg. alteration induced by the drug. 

When the same systems were studied 48 hr after a 
single injection of morphine, several effects opposite 
to those described above were observed. 

In the present work it was observed that, 0.5 hr after 
opiate administration. the activity of the inner 
membrane”bound enzymes from brain mito~hondr~t 
is decreased in the physiological temperature range 
while that of the soluble, matrix enzymes is unaffected, 
Since many authors [4-61 have shown that such 
membrane-bound enzymes depend on the membrane 
lipids for both structure and function. it is possible that 
the disruptive effects of morphine on the lipid-packing 
array observed previously [i] could account for the 
loss of the activity restricted to the membrane-bound 
enzymes. 

Raison et al. [7, %] have shown that the discontinui- 
ties in the Arrhenius activation energy (Ea), can bc 
observed in the rat liver mitochondrial succinoxidase, 
cytochrome oxidase and Mg’+-stimulated ATPase. 
The temperature at which all these enzymes show an 
Ea discontinuity corresponded to the final tempera- 
ture (Tf) of the liver mito~hondrial lipid phase 
transition. 

In all the intrinsic membrane-bound enzyme 
systems studied, there was an increase in enzyme 
activity in the physiologi~l range of temperatures. 
We cannot at this time explain the anomalous beha- 
vior of the extrinsic enzyme, Mgzf-stimulated ATP- 
ase, which showed a decrease in activity. There was 
abolition of the intrinsic enzyme Ea discontinuities 
normally found between 16 and 17’ unlike that 
observed at 0.5 hr post opiate. The Eu observed for 
the 4%hr samples from morphine-treaty animals is 
similar to the appropriate control values in the lower 
temperature range of the respective enzymes. Since 
in other work (E. A. Hosein and M. Lapalme, un- 
published observations) the 7” of the lipid phase 
transition has been found to be increased 48 hr after 
opiate administration, it may be that the enzymes 
were maintained in a Iow tem~rature conformation 
during the temperature range of the assay. 

Data presented in our previous work [ 11 and in this 
study indicate that the enzymes undergo a change in 
Eu at the final tem~rature of the brain mito~hondrial 
lipid phase transition ( 17-18’) in control preparations. 
The morphine-induced abolition of the Ea discon- 
tinuity in these same enzymes 0.5 hr after opiate 
administration may. therefore, be due to the con- 
comitant shift in the TJ of the lipid phase transition to 
- 1” demonstrated earlier with the DSC [l]. The 
extrinsic enzyme, Mg’ + -stimulated ATPase, showed 
only a slight downward shift of the Ea discontinuity. 
Since this enzyme is not embedded in the membrane 
[23], unlike the other intrinsic systems, morphine 
would not be expected to exert as great an effect. 
All of these effects were abolished by naloxone admini- 
stration to the morphinized animal, demonstrating 
a specific opiate action. 

The results from the ANS studies 48 hr after opiate 
treatment showed that there was a significant increase 
in fluorescence with brain mitochondria at the time 
of sampling. This is suggestive of a less polar environ- 
ment at the membrane-binding sites and is the reverse 
of the results found 0.5 hr after morphine administra- 
tion. 

Silvius et al. [24] have suggested that discontinui- 
ties in some Arrhenius plots may well be due to variable 
factors such as changes in pH and Km which are 
temperature dependent. In the present work our 
data suggest it is unlikely that the discontinuities 
observed in the membrane-bound enzymes from 
control and morphine-treated rats were caused by 
temperature induced changes in either pH or Kpl. 
In addition. espcrimental scatter was very slight m 
these assays. It thercforc seems unlikely that the 
biphasic Arrhenius plots are the result of an artefactual 
discontinuity due to a strongly curved plot, as sug- 
gested by Silvius et 01. [24]. 

In summary, we have seen that, OS hr after opiate 
treatment, control Eu discontinuities were either 
abolished or decreased with concomitant decrease 
in activity of membrane-bound enzymes. On the 
other hand, when the assays were performed 48 hr 
after opiate administration, a reverse pattern was 
generally obtained. Such changes in enzyme activity, 
EQ and ANS fluorescent might, therefore, be reflec- 
tions of changes in the microenvironment. possibly 
changes in the physical state of the membrane lipids. 
The fact that we obtained a biphasic response in each 
of these parameters indicates that important struc- 
tural changes had taken place in the membrane during 
the 4%hr period of action of the drug in zlit!o. 

Since all of the effects recorded in this paper can be 
correlated with the state of the membrane lipids 
[7, 8, 251 at the time of mitochondrial harvest, these 
data support the view presented earlier [l] that altera- 
tion of the membrane lipid phase transition may be 
fundamental to the action of morphine in this system. 

The decrease in ANS fluorescence observed with 
brain mitochondria harvested 0.5 hr after opiate 
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