DECREASE OF 8-ENDORPHIN IN THE BRAIN OF RATS
FOLLOWING NITROUS OXIDE WITHDRAWAL

M.R. Dzoljic, J. Haffmans, J. Rupreht*, M.J.P. Adolfs,
M.M. Dzoljic* and S.L.T. Cappendijk

Departments of Pharmacology and Anaesthesiology*, Faculty of
Medicine and Health Sciences, Erasmus University,
P.O. Box 1738, 3000 DR Rotterdam, The Netherlands

SUMMARY

B-Endorphin levels in the whole rat brain were not changed
during acute (25 min) or chronic (48 h) exposure of rats to N,O.
However, a significant decrease of B-endorphin was found in the
whole brain, brain stem and subcortex during the withdrawal from
chronic exposure to N,O. It has been suggested that decrease of 8-
endorphin levels during N,O withdrawal could be ascribed to
unspecific stress accompanying drug withdrawal.

Decrease of central g-endorphin during N,O withdrawal might
have a significant modulatory effect on transmitter balance,
neuronal excitability and corresponding withdrawal behaviour.
Furthermore, the decrease of 8-endorphin levels in the whole brain
during N,O withdrawal might contribute to the postanaesthesia
N,O-excitatory syndrome in humans. This might explain the known
therapeutic effect of the opioid drug, meperidine on the excitatory
N,O withdrawal phenomena during recovery from N,O anaesthesia
in man.
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INTRODUCTION

Nitrous oxide (N,O) in subanaesthetic concentrations is an
analgesic agent in man and animals. This analgesic effect of N,O
can be reversed by opioid antagonists /1-5/. Further studies in rats
have indicated that N,O may cause elevation of B-endorphin
concentrations in the cells of regions associated with
antinociception /6/. Moreover, evidence has been brought forward
that 60% N,O, but not 30%, caused a significant increase in release
of B-endorphin from cultured basal hypothalamic cells /7/.

It has also been found in the rat that N O causes an increase of
met-enkephalin in the brain and cerebrospinal fluid (CSF) /8,9/,
but not in the brain areas associated with antinociception /10/.
Similarly, neither plasma B-endorphin /11/ nor CSF-8-endorphin
levels were altered in humans breathing N,O /12/.

However, there are indications that in heroin and/or cocaine
dependent rats S-endorphin concentrations decrease, particularly
in the limbic area /13/. The fact that excitatory N,O withdrawal
phenomena during recovery from anaesthesia can be
therapeutically treated by the morphine-like drug meperidine
prompted us to determine the central g-endorphin levels in the
whole brain, brain stem, cortex and subcortex of the rat during
acute and chronic exposure to N,O in order to compare them with
normal B-endorphin concentrations.

MATERIALS AND METHODS

Animals

Adult male Wistar rats (weighing 200-250 g) were housed singly
in a temperature and light-controlled room and fed ad libitum. The
experiments were performed between 10.00 and 15.00 h to avoid
diurnal influences /14/.

Exposure to N,O

Five groups of animals (n=9) were used. Four groups of
animals, exposed to balanced concentrations of N,O (70% N,O
and 30% O,), were placed into a sealed anaesthetic chamber as
described previously /15/. A circuit system of gases in the chamber
maintained stable temperature and gas mixtures, while the waste
gases were eliminated continuously. Two groups of animals were
exposed to N,O for 25 min (acute exposure), while two other
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groups were exposed to N, O for 48 hours (chronic exposure). The
animals were decapitated immediately or 30 min after an acute or
chronic exposure to N,O.

Determination of central g8-endorphin

B-Endorphin levels were determined in the brain stem, cortex,
subcortex and whole brain in various experimental conditions. The
experimental conditions of the animals were as follows: 1.
breathing air; 2. breathing N,O; 3. breathing air (30 min) following
25 min exposure to N,O; 4. breathing N.O (48 h), and 5. breathing
air (30 min) following 48 h exposure to N,O. The last experimental
condition was selected, since the preliminary results indicated that
the most pronounced withdrawal symptoms appear after
discontinuation of 48 h exposure to N,O.

B-Endorphin levels were determined in accordance with the
standard procedure. Immediately, the brain stem, cortex and
subcortex were dissected. Brain stem and cortex were dissected in
order to separate the subcortical limbic region in which the
alterations of B-endorphin concentrations after chronic treatment
with heroin or cocaine /13/ have been observed. The intact tissues
were each placed in 2.5 ml 1N acetic acid, which had been warmed
to 98°C in a water-bath. After 15 min, the tissues were chilled on
ice and homogenized. The supernatant was obtained by
centrifugation (1000 g for 1 hour), frozen overnight, then thawed
and adjusted to pH 7.5 with 1IN NaOH and supplemented with 0.2
M NaH,PO,. The supernatant was again frozen overnight, thawed
and centrifuged (1000 g for 1 hour). The clear fraction was
processed in the B-endorphin radicimmunoassay (RIA) kit with
100% crossreactivity for the rat (Milab, A-40; Malmd, Sweden).
The protein extracts were measured from aliquots of homogenates,
as previously described /16/. The sensitivity of the RIA was 8 pg.
Crossreactivity studies indicate that the antibody does not bind.

Behaviour

The behaviour of the animals was monitored during the last 30
min of chronic (48 h) exposure to gas and 30 min after withdrawal
of N,O. The incidence of the following signs was counted:
grooming, "wet-dog shakes", scratching and rearing (leaping onto
the edge of the box with two feet). The presence of diarrhoea was
checked.
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Statistics

The evaluation of data was performed with analysis of variance
(ANOVA) and the two tailed Student’s t-test in order to compare
the two means. P-values are significant when p < 0.05.

RESULTS

B-Endorphin concentrations

B-Endorphin levels remained unchanged or with no significant
oscillations in the whole brain, brain stem, cortex and subcortex
during acute (25 min) or chronic (48 h) exposure of rats to N,O.
However, a significant decrease of B-endorphin levels was found
during the withdrawal from this anaesthetic gas. A decrease of 8-
endorphin levels was found in the brain stem, subcortex and the
whole brain, while in the cortex of the rat brain no changes of g-
endorphin levels were detected during the withdrawal from N,O
(Table 1).

TABLE1

Amount of immunoreactive 8-endorphin-like materials (expressed in ng/mg
protein) in various parts of the rat brain and various experimental conditions

Brain area A B C D E

Brainstem 0.62+0.03 067 +007 063 +£0.04 0.61 +£0.04 0.57 +0.05*
Cortex 031+004 035+002 034+0.05 035002 0.34=002
Subcortex 0.54 £0.02 052+0.03 0.53x002 051 =002 043 x0.06*

Whole brain 045 + 0.02 045002 046 £0.06 0.43 +0.02 040 + 0.01*

A. Breathing of air without previous exposure to N, O (control).
B. Breathing of N, O (25 min).

C. Breathing of air (30 min) following 25 min exposure to N,O.
D. Breathing of N,O (48 h).

E. Breathing of air (30 min) following 48 h exposure to N,O.

The amount of immunoreactive B-endorphin-like material was determined
immediately at the end of the exposure to N,O (B and D) or 30 min after N,O
withdrawal (C and E). Results shown are mean + SEM. All groups: n=9.
*Significant difference compared to the control (p < 0.05).
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Behaviour

Behaviourally, the rats appeared over-excited, manifested by
increased motility, during the first 25 min of exposure to N,O
(acute exposure). For the five to seven following hours, they
appeared anaesthetized, sporadically attempting a sluggish
movement. After twelve hours of exposure to N, O, all rats behaved
normally, fed themselves and resumed their sleep pattern
(tolerance to N,O). However, after N,O withdrawal following
chronic exposure to N.O (48 h), the rats became over-excited and
difficult to manage. Wet-dog shakes and other withdrawal signs,
such as grooming, scratching, diarrhoea, but not rearing, were
significantly increased (Table 2). Such withdrawal reactions were
absent or mild (statistically non-significant) following a shorter
exposure to N,O (25 min, 6 h or 12 h [not shown]).

TABLE 2

The behavioural N,O withdrawal signs in rats

Withdrawal signs A B C
Grooming 3805 34+03 73 + 0.6*
Wet-dog shakes 09 +0.1 04+£03 46 +0.8*
Scratching 0301 0.6 £0.2 29 +0.6*
Rearing 7214 8612 9.1+09
Diarrhoea 0 from 11 0 from 9 8 from 12*

A. Breathing of air without previous exposure to N,O (control, n=11).

B. Breathing of N,O during the last 30 min of chronic (48 h) exposure to N,O
(n=9).

C. Breathing of air (30 min) after a withdrawal of chronic (48 h) exposure to N,O
(n=12).

The behavioural withdrawal signs in rats (mean + SEM) were observed during the
last 30 min of chronic exposure to gas (48 h, B) and the first 30 min immediately
after N,O withdrawal (48 h, C). These symptoms were compared with similar
signs, occurring during 30 min in the normal rats, not exposed to N,O (A).
*Significant difference compared to the control (p < 0.05).

The presence of diarrhoea was checked, while the incidence of other withdrawal
signs was counted.

143

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:41 AM



Vol. 9, No. 2, 1991 Decrease of B-Endorphin

DISCUSSION

In this study, no changes of B8-endorphin levels were found in the
whole brain during acute or chronic exposure of rats to N,O. This is
in accordance with data that breathing of 70% NzO in oxygen had
no significant effect on whole rat brain 8-endorphm concentrations
/17/. Similarly, no alteration of B-endorphin levels has been found
in the CSF in humans breathing N.O /12/. These results might
support the idea that the analgesic effect of N,O /1,2/ is due to its
interactions with the opioid receptors rather than to the release of
endogenous opioid peptides /3,18/. However, the question still
remains, since the local changes of 8-endorphin and enkephalins in
different brain areas during exposure to N,O, particularly those
involved in pain transmission, have not been extensively
investigated.

A decrease of 83-endorphin was found in this study during the
withdrawal of N,O. A possibility that prolonged exposure to N,O
and oxygen may produce various nitrous and nitric oxide deriva-
tives which may react with different proteins and interfere with the
radioimmunoassay seems unlikely. There were no differences in
the B-endorphin concentrations between control animals (breath-
ing air) and those exposed to N,O for 25 min. In addition, the
animals decapitated immediately after 48 hours exposure also
showed no alterations in 8-endorphin concentrations. Therefore a
decrease of B-endorphin concentrations is not an artefact but a
phenomenon associated with N,O withdrawal. However, it could
be a specific phenomenon of N,O drug dependence or unspecific
common factors accompanying other drug withdrawals as well. The
fact that a similar decrease of 3-endorphin levels in the rat brain
and human CSF has been observed during alcohol withdrawal /19,
20/ and naloxone precipitated withdrawal in morphine dependent
rats /21/ might indicate that this is a rather non-specific
phenomenon. In addition, several authors have observed a release
of brain endorphin with various stressors /22,23/ which increased
B-endorphin in rat blood, but not in the brain /23/. Drug withdrawal
is also a stress factor which might be associated with increased
release of B-endorphin followed by an exhaustion of the B-
endorphin pool due to insufficient time for a compensatory
increase in synthesis of opioids in order to replace the acute
deficiency. All these might indicate that decrease of 3-endorphin
during N,O withdrawal is a general reflection of unspecific (stress)
factor(s) accompanying various withdrawals, rather than a
phenomenon specifically related to the N,O withdrawal.
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One of the additional questions is whether a decrease of $-
endorphin during N,O withdrawal has any correlation to the with-
drawal symptoms, particularly withdrawal excitability. It is known
that abrupt termination of chronically used sedative drugs, such as
alcohol, barbiturates, benzodiazepines /24/ and opiates /25/, may
induce a seizure in man. Similarly, withdrawal of some chronically
used drugs, such as ethanol /19/ or morphine /26/, may induce in
animals spontaneous convulsions or epileptic electrocorticographic -
activity. Handling-induced withdrawal convulsions were observed in
mice following withdrawal of alcohol /27/, diazepam /28/ or N,O
/29,30/. The cause of withdrawal excitability after exposure to N.O
or other drugs is not quite clear, but might be due, at least partially,
to both the release of B-endorphin or to the decrease of central
pools of B-endorphin. Specifically, it has been found that central
administration of B-endorphin in rats can induce a generalized
convulsion /31/. Similarly, a decrease of B-endorphin may cause an
imbalance in other transmitter systems by facilitating the release of
various excitatory neurotransmitters. It is known that opioid pep-
tides exert a tonic inhibitory control on the release of various
neurotransmitters /32/. Thus, a deficit of B-endorphin in the brain
during withdrawal may profoundly increase neural excitability by
affecting transmitter release. In this respect, it is of importance to
note that administration of peptidase inhibitors or other
enkephalinase inhibitors which inhibit the biodegradation of
endogenous opioid peptides, may attenuate the EEG seizure
phenomena in the rat /26/ or handling-induced N,O withdrawal
convulsions /33/.

Similarly, it is known that some excitatory post-anaesthesia
phenomena, such as behavioural and motor restlessness, very much
alike to N,O withdrawal /34/, as well as cardiovascular hyperactivity
/35/, occur during recovery from N,O anaesthesia in man. The
notion that maladaptation of the organism to the withdrawal of
N,O is due to the decreased B-endorphin can be substantiated by
the fact that morphine-like meperidine can be used effectively for
the treatment of the postanaesthetic excitation phenomena in man
/36,37/. It seems that treatment of excitatory N.O-withdrawal
phenomena during recovery from anaesthesia with meperidine
would now appear to have a rational biochemical background.

Evidently all these data might indicate that decrease of central
B-endorphin levels have a significant pro-excitatory effect during
N,O withdrawal and perhaps other abstinential syndromes. How-
ever, it is less clear whether some withdrawal symptoms depend
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specifically on the decrease of B-endorphin in one particular brain
region. It appears that dependence on morphine can develop in
many loci within the brain. For example, escape response (rearing)
and wet-dog shakes, both associated with movements, depend
mainly on the thalamus, diencephalic-mesencephalic connections
and periaquaductal grey, but not on frontal cortex /38/. Evidently
our experiments cannot clarify the role of one specific brain area in
the initiation of the particular withdrawal sign(s).

An additional aspect is a significant increase of diarrhoea during
N,O withdrawal. In the past few decades, it has been established
that opioids can affect gastrointestinal transit, both by direct ac-
tions on the wall of the bowel and by actions in the CNS. For exam-
ple, opioid agonists given intracerebroventricularly or intrathecally
decreased gastrointestinal transit, motility, secretion and experi-
mentally induced diarrhoea /39/. These data may suggest that
decrease of endogenous opioid peptide in the central nervous
system may, at least partially, contribute to the morphine
withdrawal diarrhoea.

CONCLUSIONS

It can be concluded that acute or chronic exposure to N,O does
not affect the concentration of central 8-endorphin in rats. How-
ever, when chronic exposure (48 h) to N,O was ended, a decrease
of B-endorphin in the whole brain, brain stem and subcortex oc-
curred, while in the cortex no changes of B-endorphin were de-
tected. It has been suggested that decrease of central B-endorphin
during N,O withdrawal might have a significant modulatory effect
on transmitter balance, neuronal excitability in the central nervous
system and corresponding withdrawal behaviour.
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