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a  b  s  t  r  a  c  t

Opiate,  cholinergic,  glutamatergic  and  beta-adrenergic  neurotransmitters  play  key  roles  in  learning  and
memory  in  humans  and  animals.  Dysfunction  of the  interactions  between  these  neurotransmitters  may
induce  human  diseases.  In the  present  study,  the  interactions  of  morphine  and  acetylcholine  (ACh),
NMDA,  and  beta-adrenergic  receptor  antagonist  (scopolamine,  MK-801,  and  propanolol)  were  evalu-
ated in  a single-blind  design  by  co-administrations  of  morphine  and  these  drugs  in  a delayed  response  in
rhesus monkeys.  The  results  indicated  that:  (1) Co-administration  of  morphine  and  scopolamine  deteri-
orphine
copolamine
K-801

ropranolol
hesus monkeys

orated  spatial  working  memory.  (2)  Co-treatment  of morphine  and  MK-801  restored  impairment  caused
by morphine  and  MK-801  in a dose-depending  pattern.  (3)  Morphine  plus  propranolol  impaired  spa-
tial working  memory.  High  dose  of morphine  (0.01  mg/kg)  reversed  impaired  spatial  working  memory
induced  by  single  propranolol  and morphine  treatment.  These  data  suggested  that  the  interactions  of
morphine  and  AChergic,  NMDAergic  and  beta-adrenergic  compounds  were  involved  in  spatial  working

ys.
memory  in  rhesus  monke

. Introduction

Working memory refers to the short-term storage and manipu-
ation of items in memory and is thought to be dependent upon the
refrontal cortex PFC [4]. PFC is modulated by a number of neuro-
ransmitters such as dopamine [19], noradrenaline (NE), Ach [21]
nd NMDA [15].

Morphine influenced memory in animals through agonizing the
 opioid receptors which was generally distributed in mammal
rain including PFC [23]. Morphine induced deficits in working
emory and episodic memory in humans and rhesus monkeys

14,22]. Our previous data indicated that heroin caused deficits

n both map  and landmark working memory in addictive humans
25] and morphine impaired mice spatial recognition memory
16]. Recently we found that morphine impaired spatial working
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memory in a delayed response task which depends on morphine
doses (Fig. 1).

Like opioid receptors, AChergic, NMDAergic and beta-
adrenergic receptors are richly spread in the mammalian brain,
and blocking or activating these receptors have been shown to
influence learning and memory in humans and animals. Interac-
tions of the opiate system and these three neurotransmitters may
exist and contribute to the learning and memory.

The muscarinic ACh receptors of the ventral tegmental area
played an important role in morphine-induced recovery of mem-
ory [7].  Our previous study found that scopolamine enhanced the
extinction of morphine-induced conditioned place preference in
mice depending on morphine exposure time [24]. In the present
study, we used a muscarine receptor ACh antagonist scopolamine
to test the effect of the co-treatment with morphine on working

memory in rhesus monkeys.

Studies of co-administration with NMDA drugs and morphine
in mice found that NMDA receptors might be involved, at least
in part, in morphine state-dependent learning in mice [28]. The
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ig. 1. Morphine (Mor) treatment impaired working memory when compared with
erformance on the day before drug treatment (Pre Mor) (**P < 0.01, *P < 0.05).

on-selective NMDA receptor antagonist MK-801 (dizocilpine) has
een shown to suppress not only physical but also psychological
ependence produced by morphine [18]. NMDA receptor antago-
ists LY235959 potentiated the antinociceptive effects of morphine

n squirrel monkeys [1].
Using a Y-maze test, our previous study found that co-

dministration with morphine and beta-adrenergic receptor antag-
nist propranolol disrupted the consolidation of spatial recognition
emory, suggesting that inactivation of the beta-adrenergic sys-

em may  contribute to morphine-induced impairment of memory
29].

Interactions of the opiate and AChergic, NMDAergic and beta-
drenergic systems were widely studied in rodents. However, few
ere found in monkeys. Because the monkeys are close species

o human in intelligence, thus, in the present study, we  evaluated
ffects of co-administration of morphine and ACh, NMDA and beta-
drenergic compounds on memory in rhesus monkeys. Meanwhile,
ach compound was also tested single. We  tested the spatial work-
ng memory in rhesus monkeys by using a WGTA (The Wisconsin
eneral Test Apparatus) delayed

beta- 
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Fig. 2. Single scopolamine (Scop) treatment and Mor + Scop impaired working
memory when compared with performance on the day before drug treatment
(Pre-treatment) (**P < 0.01). Drug co-treatment deteriorated the impaired working
memory produced by single Mor  (##P < 0.01, #P < 0.05) and single Scop treatment
J. Wang et al. / Neuroscien

0 min  before the test, and after 30 min, the monkeys were tested
n the delayed response task as a baseline which was marked as the
re-treatment.

The monkeys were i.m. injected with different compounds
0 min  before the test on the next day. After 30 min, they were
ested in the delayed response task. The following tests usually
ere conducted on the next day in order to measure if the mon-

ey’s performance was recovered to the normal level, which was
arked as Post-treatment.
The volume of the drugs and saline was 0.05 ml/kg body weight.

sually, the monkey was injected with saline on Monday fol-
owed by drugs on the next day and allowed to recover for a few
ays which meaning subjects returned to 93% correct responses
etween drugs treatment. Most doses of drugs were repeatedly
dministrated for 2–5 times randomly, drugs with different doses
ere tested randomly during the period of the experiments.

.5. Statistical analysis

Data were expressed as mean percentage of the correct
esponses on each day (mean ± SEM). Differences between the drug
reatments and Pre-treatment were assessed with an ANOVA, while

 two-way ANOVA with repeated measures was  used to analyze
he difference between the co-treatment and the single treatment.
ifferences between treatments were considered significant when

 ≤ 0.05.

. Results

.1. Effects of co-administration of morphine (Mor) and
copolamine (Scop) on spatial working memory in rhesus
onkeys

Drug treatment decreased the working memory (main effect of
rug: F(1,2) = 280.8, P = 0.004, within effect of drug: F(5,10) = 39.5,

 < 0.001, interaction drug × treatment: F(5,10) = 43.7, P < 0.001).
As shown in Fig. 2, single treatment of Scop 0.01 and 0.02 mg/kg

mpaired the spatial working memory, as reflected by a lower per-
entage of correct choices than performance on the day before and
fter the treatment. Scop 0.02 mg/kg seriously affected monkeys’
ehaviors by increasing their locomotor activities so that only one
onkey could finish the task. Thus, we chose Scop (0.01 mg/kg) to

est the co-treatment effects.
Monkeys injected with Scop (0.01) + Mor  (0.001) scored lower

n working memory than before and after the treatment, also than
nder Mor  (0.001 mg/kg) treatment alone or Scop 0.01 mg/kg alone.

Scop (0.01) + Mor  (0.01) decreased working memory when com-
ared with performance before and after the treatment, and when
ompared with the treatment of Mor  0.01 mg/kg alone, or Scop
.01 mg/kg alone.

Three monkeys became hyperactive after co-administration of
cop (0.01 mg/kg) and Mor  (0.01 mg/kg). Two monkeys became
yperactive after co-treatment of Scop (0.01 mg/kg) and Mor
0.001 mg/kg).

.2. Effects of co-administration of Mor  and MK-801 on spatial
orking memory in rhesus monkeys

Drug treatment decreased the working memory (main effect of
rug: F(1,2) = 22.3, P = 0.04, within effect of drug: F(11,22) = 25.3,

 < 0.001, interaction drug × treatment: F(11,22) = 17.8, P < 0.001).

Fig. 3 shows that single treatment of MK-801 (0.02 and

.04 mg/kg) impaired spatial working memory when compared
ith performance before the treatment while MK-801 at doses of

.005 and 0.01 mg/kg had no effects.
(ˆˆP  < 0.01, ˆP < 0.05). Only one monkey finished the task 30 min after injection with
Scop at dose of 0.02 mg/kg.

Two  monkeys decreased their motor activities after injection
with MK-801 (0.02 mg/kg). All three monkeys moved slowly and
could not sit stable after injection of MK-801 0.04 mg/kg. One mon-
key could not finish the delayed response task.

MK-801 (0.04) + Mor  (0.001) decreased percentage of correct
choice when compared with performance on the day before and
after the treatment, but ameliorated the impaired memory induced
by MK-801 0.04 mg/kg alone.

MK-801 (0.02) + Mor  (0.001) also decreased spatial working
memory but failed to obtain a significant difference due to two
subjects could finish the task.

Interestingly, although MK-801 (0.02) + Mor  (0.001) tended to
impair working memory, MK-801 (0.02) + Mor  (0.01) increased spa-
tial working memory when compared with single treatment of Mor
0.01 mg/kg, and single treatment of MK-801 0.02 mg/kg. All three
monkeys could finish the task after co-injections.

MK-801 (0.04) + Mor  (0.01) seriously influenced two monkeys’
behaviors by decreasing their locomotor activity. The monkeys
could not get food successfully with their hands and could not
sit and stand stable by themselves so that they quitted the task.
Thus, only one monkey finished the delayed response under the
co-treatment.

3.3. Effects of co-administration of Mor and propranolol (Pro) on
spatial working memory in rhesus monkeys

Drug treatment decreased the working memory (main effect
of drug between Pre-treatment and treatment: F(1,4) = 36.5,
P = 0.004, within effect of drug: F(12,48) = 3.6, P = 0.001, interaction
drug × treatment: F(12,48) = 4.1, P < 0.001).

Single treatment of Pro at middle doses (0.01, 0.05 and
0.1 mg/kg) impaired monkeys’ spatial memories, while low dose

(0.005 mg/kg) and high dose (0.5 mg/kg) had no effect (Fig. 4).

Most co-treatments of Mor  and Pro impaired spatial working
memory when compared with performance before and after co-
treatments.
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Fig. 3. Effects of MK-801 and Mor  + MK-801 on working memory. Drug treatment impaired working memory when compared with Pre-treatment (**P < 0.01, *P < 0.05). Drug
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o-treatment ameliorated memory under single Mor  (#P < 0.05) and MK-801 (ˆˆP < 0

Meanwhile, Pro (0.01, 0.05) + Mor  (0.001) decreased the cor-
ect scores when compared with the performance under morphine
reatment.

Similarly, Pro (0.005, 0.01) + Mor  (0.01) impaired working mem-
ry. Pro (0.01, 0.05) + Mor  (0.01) reversed morphine induced

mpairment in working memory. Additionally, Pro (0.05) + Mor
0.01) ameliorated impaired memory produced by single Pro treat-

ent.
Single Pro and co-treatments did not seriously affect monkey’s

ehavior.

. Discussion

The current study found that Scop, MK-801 and Pro all impaired

he spatial working memory of rhesus monkeys but depending
n the doses. In addition, Mor  + Scop deteriorated spatial working
emory. Mor  + MK-801/Mor + Pro restored impairment caused by
or  and MK-801/Pro in a dose-depending pattern.

ig. 4. Effects of propranolol (Pro) and Mor  + Pro on working memory. Drug treatment im
.05)  + Mor (0.001) decreased memory under single morphine treatment (##P < 0.01, #P <

#P < 0.05). Pro (0.05) + Mor  (0.01) ameliorated memory under single Pro injection (ˆˆP < 0
P < 0.05).

Block of ACh receptors by Scop has been shown to cause deficits
in various types of memory [8]. A similar result was found in our
current study. In addition, the co-treatment of Mor  and Scop deteri-
orated working memory in monkeys. Morphine injection decreased
the turnover rate of acetylcholine in neocortex and hippocampus
while the opiate antagonist naloxone reversed this effect [27]. Opi-
ate receptor antagonists increased cholinergic function, whereas
opiate agonists decreased the ACh in the brain. The interaction
of morphine and cholinergic system occurred in the central ner-
vous system [13]. Thus, both Mor  and Scop reduced ACh in brain
which may  worse working memory as shown in the current study.
This result is consistent with the hypothesis that morphine may
influence memory also through its effect on the cholinergic system.

The hyperactivity produced by Scop was not changed after the
co-treatment of Mor, which also suggested that Mor  did not reverse

the ACh antagonist’s effects in behavior. The current results were
partly consistent with our previous studies which indicated that
Mor  enhanced the effects of cholinergic receptors antagonists Scop
and atropine on Y-maze recognition memory and CPP in mice [24].

paired working memory when compared with Pre-treatment (**P  < 0.01). Pro (0.01,
 0.05). Pro (0.01, 0.05) + Mor  (0.01) increased memory under single Mor  treatment
.01).
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Blocking of NMDA receptors by a single treatment with MK-
01 disrupted working memory in monkeys, a result that was
onsistent with the previous studies from our lab [26] and other
roups [20]. Our data showed that Mor  + MK-801 ameliorated
patial working memory and behavior but in a dose-dependent
attern. When MK-801 was co-injected with Mor  at a low dose
f 0.001 mg/kg, the impairment in working memory produced by
K-801 still existed, suggesting that Mor  at low doses failed to

everse MK-801 induced impairment in working memory. In con-
rast, when MK-801 was combined with morphine at a high dose of
.01 mg/kg, the impairment was suppressed, which was consistent
ith the memory studies in rodent under the NMDA antagonists

5].  We  assumed that morphine at high dose restored the deficit
nduced by MK-801 by increasing the glutamate activity more effi-
iently than the low dose of Mor  did.

From the behavioral observation, we also found that low dose
f Mor  (0.001 mg/kg) could not suppress behavioral damage in
K-801 treated monkeys, only two monkeys could go through

he task. However, when co-administrated with a high dose of
or  (0.01 mg/kg), three monkeys could successfully finish the task.
nly when MK-801 seriously affected the monkeys at the dose of
.04 mg/kg, the high dose of Mor  (0.01 mg/kg) failed to restore both
ehavior and memory.

Our current data confirmed that NMDA receptors contribute to
he function of the opiate receptors and their signal transmission
10].

Beta-adrenergic receptors are rich in the intermediate layers
f the PFC [12]. While working memory is dependent upon PFC,
herefore, moderate levels of NE are thought to facilitate working

emory [6].  Our finding that beta-blocker Pro impaired monkey
patial working memory was consistent with studies in humans
17].

When we  chose three doses of Pro combined with Mor, poor
erformance could not be ameliorated by Mor. Additionally, co-
reatment decreased correction scores when compared with Mor
0.001 mg/kg) alone. This result was consistent with our previ-
us finding in mice [29]. Co-treatment with high dose of Mor
0.01 mg/kg) and Pro (0.05 mg/kg) did not show impaired mem-
ry, however ameliorated the impaired memory induced by Mor
lone. The result suggested that Mor  at high dose might reverse
he effect of Pro but depending on the doses of both Mor  and
ro.

Evidence suggests that effects of opiates on memory are medi-
ted through the regulation of NE release in the cerebral cortex
nd amygdala [2].  Using high performance liquid chromatogra-
hy (HPLC), Devoto et al. assumed that the change of extracellular
opamine in the PFC induced by morphine treatment may  be
xplained by the fact that dopamine in the PFC mainly represents
he amine co-released from NE terminals [9].

In the current study, co-administrations of morphine might
educe NE in the PFC while Pro blocked NE receptors which might
ead to greater impairment in monkey’s working memory. Regard-
ng to the treatment of high dose of Mor  0.01 mg/kg and Pro
0.05 mg/kg), in contrast, improved working memory which may
e explained by Mor  induced dopamine release partly facilitating
emory.
There is a disadvantage of the WGTA which cannot account for

he possible effects of the compounds on movement, attention and
ppetite in the monkeys. These effects could not be excluded from
he study, which limited the maximum dosages of the compounds
sed to low and safe levels to protect the monkeys from any extra-
eous effects from the drugs.

Since rhesus monkeys were evolutional close to humans, thus,
he data give insight into the relationships between opiate and

hese neurotransmitters, also supports possible therapy in human
ddiction.
ters 523 (2012) 119– 124 123
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