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Bilateral removal of the olfactory bulbs in rats produces a behavioural abnormality that is defined by hyperactivity 
in the open-field test. This abnormality may be related to depression since these behavioural effects can be attenuated 
by antidepressant drugs. Moreover, changes in the cholinergic and serotonergic system may be involved in the 
pathogenesis of depression. Thus, muscarinic cholinergic and serotonin2 receptors were measured by quantitative 
autoradiography after the bilateral removal of the olfactory bulbs from the rat. In OB rats, muscarinic receptor 
density was decreased in several brain regions including the amygdaloid cortex, the basal ganglia, hippocampus, 
hypothalamus, cortex and olfactory regions. Serotonin2 receptors were increased in all cortical regions, in the 
hippocampus and the thalamus. When OB rats were treated chronically for 35 days with mianserin (5 mg/kg i.p.) 
or desipramine (7.5 mgkg i.p.) the behavioural hyperactivity was reversed and muscarinic receptor density was 
increased in the hippocampus and cortical regions while serotonin, receptors were normalized. The results are 
consistent with a cholinergic and serotonin involvement in depressive illness and suggest that the cholinergic and 
serotonergic modulatory properties of antidepressant drugs may contribute to their therapeutic effectiveness. 

KEY woms-Olfactory bulbectomy, open field behaviour, antidepressant, quantitative autoradiography, muscarinic 
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INTRODUCTION 

Bilateral removal of the olfactory bulbs in the rat 
is associated with changes in exploratory behaviour 
and passive avoidance that are largely attenuated 
by chronic but not acute treatment with antidepres- 
sant drugs (Leonard and Tuite, 1981; Jancsar and 
Leonard, 1981a,b, 1983). The results thus far pub- 
lished(VanRiezenandLeonard, 1990)reveal that the 
olfactory bulbectomized (OB) rat is a useful model 
for the selection of potential antidepressant drugs. 

Bilateral olfactory bulbectomy is reported to 
result in a number of neurochemical alterations in 
central neurotransmitter function; decreases in nor- 
adrenaline, dopamine, serotonin, acetylcholine, 
aspartate and glutamate (Pohorecky et ~ l . ,  1969a,b; 
King and Cairncross, 1974; Yoshimura et al., 1974; 
Cairncross et Q I . ,  1975; Harvey et al., 1975; Neckers 
et al., 1975; Nakamura and Nakamura, 1979). 

The cholinergic system in the brain has been 
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implicated in the manifestation of muricide behav- 
iour in the OB rat (Miczek and Barry, 1976; Yoshi- 
mura and Ueki, 1977). 

Butler et ~ l .  (1988a) have shown that platelets 
from bulbectomized rats show a deficit in serotonin 
transport similar to that found in depressed 
patients, (Butler and Leonard, 1988b), and that fol- 
lowing chronic antidepressant treatment the uptake 
of [3H]-serotonin returns to sham operated control 
values. 

Change in neurotransmitter function in the OB 
rat have been largely confined to HPLC or fluori- 
metric analysis of discrete brain areas. The purpose 
of the present study was to examine the effects of 
bilateral olfactory bulbectomy on the densities of 
muscarinic cholinergic receptors and serotonin2 
receptors in several regions of the rat brain using 
quantitative autoradiography. An additional pur- 
pose of the study was to evaluate the effects of 
chronic treatment with mianserin ( 5  mg/kg i.p.) and 
desipramine (7.5 mg/kg i.p.) on the densities of mus- 
carinic cholinergic and serotonin2 receptors in 
sham and OB treated rats. 

CCC 0885-6222/94/060397-11 
0 1994 by John Wiley & Sons, Ltd. 



398 B. EARLEY ETAL. 

MATERIALS AND METHODS 
Male Sprague-Dawley rats with a mean body 
weight of 280-320 g at the time of surgery, were 
used. They were housed four per cage, food and 
water were available ad libitum and maintained on 
a 12-h (8.00 a.m.-8.00 p.m.) light/l2-h (8.00 p.m.- 
8.00 a.m.) dark cycle. Bilateral olfactory bulbec- 
tomy was performed under tribromoethanol anaes- 
thesia as described by Van Riezen and Leonard 
(1990). Sham-operated animals were treated in the 
same way but although the dura overlying the bulbs 
was removed, the bulbs were left intact. Following 
recovery from surgery (14 days), drugs were pre- 
pared in physiological saline and administered once 
daily (10.00 h) by intraperitoneal injection for 35 
days. The experiment consisted of three sham-oper- 
ated groups (saline treated, mianserin (5 mgkg) 
treated and desipramine 7-5 mgkg) and three 
groups of bulbectomized animals injected with 
saline, or mianserin or desipramine. Commencing 
at 9.00 h on the 15th day of drug treatment, the 
animals were placed singly in the open-field appara- 
tus for 3 min (Gray and Lalljee, 1974). Ambulation 
(number of squares crossed), rearing (fore-paws 
raised from the floor of the apparatus), grooming 
and defaecation (number of faecal boli deposited) 
were recorded for a 3-min period of observation. 
All observations were performed in a quiet room 
between 9.00 and 13.00 h. The apparatus was illu- 
minated by a 60 W bulb positioned 45 cm above 
the centre of the base. 

Twenty four hours after the last administration 
of drugs, animals were sacrificed by decapitation 
35 days after the onset of drug treatment, their 
brains were rapidly removed, blocked and frozen 
on dry ice powder and stored at -70°C until use. 
The frozen brains were cut into 20pm thick coronal 
sections at - 15"C, then thaw-mounted on chrome 
aludgelatin coated glass slides. 

Autoradiography of cholinergic muscarinic 
receptors was performed by the method described 
by Yamamura and Snyder (1974). The tissue sec- 
tions were incubated for 2 h at 25°C in phosphate 
buffered saline (0.9 per cent NaCl and 15 mM Na2 
HPOd pH 7.4 with 1 nM ['HI quinuclidinyl benzi- 
late (QNB) as ligand. Non-specific binding was 
defined as the labelling in the presence of 1 p~ 
atropine, a muscarinic antagonist. 

The sections were apposed against Amersham 
[3H] Hyperfilm for two weeks (Earley et al., 1989). 
Autoradiography of 5-HT2 serotonin receptors on 
sections was performed using [3H] ketanserin at a 

concentration of 1 nM. Non-specific binding was 
determined in the presence of 1 p~ mianserin. Two 
20-min wash periods in ice-cold buffer followed the 
incubation. Slides were then dipped in ice-cold 
water to remove buffer salts, dried on a 50°C hot 
plate and the sections were ap osed against tritium- 

weeks (Biegon et al., 1986; Gross-Isseroff et al., 
1990a,b). Because the relationship between the sig- 
nal in the film and the control of radioactivity in 
the specimen is not a simple one, the quantitative 
interpretation of autoradiograms required the utili- 
zation of autoradiographic standards with the 
brain sections. 

Individual films were coexposed to commercially 
available (Amersham) tritiated standards. Films 
were developed and fixed with Kodak developer 
and fixer. 

sensitive film (Amersham [ P HJ-Hyperfilm) for 8 

Tritium brain-mash standarcis 
Tritium brain-mash standards were made by thor- 
oughly mixing one half of a rat forebrain with 0.5- 
48 pCi of ['HIleucine (53 Ci/mmol, New England 
Nuclear) in 0.01 N HCl (1 ,uCi/pl). Brain tissue 
was mixed with [3H]leucine in a polyethylene tube 
with a Tefloncoated spatula to minimize tissue 
adherence to glass or metal. The brain mash was 
transferred to conical shaped alurninium-foil 
moulds, approximately 1 cm in height and 0.5 cm 
in base diameter, and frozen in powdered dry ice. 
After removal of the aluminium-foil, the frozen 
brain-mash standards were mounted onto cryostat 
chucks and cut into 20pm thick sections at - 15°C. 
At intervals through the frozen brain-mash, rep- 
resentative sections were collected with forceps and 
were homogenized in 200 p1 of double distilled 
water. Triplicate 20 pl  aliquots at the homogenized 
sections were used either for scintillation counting 
or for protein measurements according to the 
method of Bradford (1976). The external standard 
ratio method was used to correct scintillation mea- 
surements for quench and efficiency. The remaining 
sections were thaw-mounted onto subbed glass 
slides, dried briefly on a 50°C slide warmer and 
exposed against Amersham [3H]-Hyperfilm at 23°C 
in X-ray film cassettes as described (Rainbow et 
al., 1982a). Exposure times were 2 weeks and 8 
weeks respectively. 

Generation of tritium standard curve 
After development and fixation as described (Rain- 
bow et al., 1982b), the optical densities of the stan- 
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dard autoradiograms were plotted against their tri- 
tium concentration per mg protein. 

Autoradiograms were analysed with the aid of 
an IBM-PC based computerized image analysis sys- 
tem with a PC-vision digitizing board (Image Tech- 
nology Inc.) and customized software (Isseroff and 
Lancet, 1985). Anatomical structures to be mea- 
sured were defined by refemng to the histologically 
stained cresyl violet section which generated the 
measured autoradiogram (Paxinos and Watson, 
1986). Amersham standards containing varying 
amounts of radioactivity which were co-exposed 
with the experimental tissue were analysed mathe- 
matically and the quantity of radioactivity in the 
standard was related to the optical density or grain 
density in the autoradiogram. The software pro- 
gram (Anat Biegon, Israel) uses mathematical func- 
tions that adequately describe the relationship; 
length of exposure of the autoradiograms and the 
range of standards used. Standard curves derived 
from the tritiated standards and brain-mash 
standards were used to convert gray level readings 
from the autoradiograms into equivalents of pmol 
[3H3 QNB and fmol ketanserin specifically 
bound per mg of protein by cross-reference to 
brain-mash standards containing known amounts 
of radioactivity and protein per section. Non-speci- 
fic binding was subtracted from total binding to 
obtain specific binding. 

ANALYSES OF RESULTS 
Open-field data were analysed using the Mann- 
Whitney U test. Median values in all tests were 
chosen for statistical testing. In evaluating all com- 
parisons two-tailed tests of significance were used. 

Receptor densities were analysed by one-way 
analysis of variance using SPSS routines on mea- 
surements obtained from N = 10 animals per 
group. Values are expressed as mean pmol of 
[3HJQNB and mean fmol of L3H] ketanserin specifi- 
cally bound per mg of protein f S.D. A total of 
20 brain sections were analysed in an anterior to 
posterior direction per individual rat brain. Up to 
20-30 measurements were taken for each rat brain 
region and included measurements for both the left 
and right hemispheres. A mean value for receptor 
density, including left and right hemispheres, was 
then obtained for each animal. Ten animals were 
analysed per group. To determine overall treatment 
effects, data were subjected to an analysis of vari- 
ance procedure (Winer, 1962). If a significant over- 
all effect was observed, Duncan’s test was applied 

to determine statistical difference between groups, 
for which the level of significance was fixed at 
p < 0.01 without making allowances for the multi- 
ple areas tested. 

RESULTS 
Effects of mianserin and desipramine on the 
behaviour of OB rats in the openjeldapparatus 
Bilateral olfactory bulbectomy resulted in a hyper- 
motility in the stressful environment of the ‘open- 
field’. The increased ambulation scores were atte- 
nuated by chronic administration of mianserin (5  
m a g  i.p.) and desipramine (7-5 mg&g i.p.). None 
of the drugs had a significant effect on the behav- 
iour of the sham-operated animals. No consistent 
changes were found in the grooming or defaecation 
scores and therefore the results are excluded from 
Figure 1. 

The distribution of muscarinic cholinergic and 
serotonin receptors after bilateral olfactory 
bulbectomy and the effects of chronic rnianserin and 
desipramine treatments 
The autoradiographic localization of t3H]QNB 
binding is shown in Tables 1 and 2. In this autora- 
diographic study the distribution of 13HJQNB was 
examined in several brain regions. When observing 
the effects of olfactory bulbectomy on receptor den- 
sity a significant decrease was observed in several 
brain regions (Table 2 and Plate 1). However, the 
receptor loss was more marked in some regions 
than in others. A significant decrease in density 
was found in the central amygdaloid and medial 
amygdaloid nuclei; the frontal cortex and parietal 
motor cortex layers i-iv; the CAI-CA4 fields of the 
hippocampus; the ventrolateral thalamic nuclei; the 
nucleus of the horizontal limb of the diagonal band 
of Broca, the substantia innominata and the olfac- 
tory tubercles. 

In sham mianserin treated rats (Table l), a down- 
regulation of cholinergic receptor density was 
observed in the following regions; the basolateral 
and central amygdaloid nuclei, frontal and parietal 
motor cortex layer i-ii, and in the nucleus of the 
horizontal limb of the diagonal band of broca. 

Following chronic mianserin treatment (Table 3 
and Plate 2) an increase in receptor density was 
found in the following brain regions in OB rats; 
CA1-P and CA2-P pyramidal cell layers of the hip- 
pocampus and the ventrolateral thalamic nuclei. 

Following chronic desipramine administration 
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Figure 1. The effects of mianserin and desipramine on the ambulation (number of squares crossed) and rearing 
scores of the olfactory bulbectomized (OB) rat in the “open field” apparatus over a 3-min period of observation. 

to sham-operated animals (Table 1) a decrease in 
receptor binding for [3H]QNB was found in the 
basolateral, central amygdaloid and medial amyg- 
daloid nuclei; the lateral part of the caudate puta- 
men and striatal streak region of the basal ganglia, 
the frontal cortex and parietal motor cortex layers 
i-iv, the arcuate nucleus of the hypothalamus, the 
ventral pallidum and the olfactory tubercles. 

When OB animals were treated chronically with 
desipramine no change in receptor density was 
found in the amygdaloid cortex (Table 2). In the 
basal ganglia, an increase in density was found in 
the caudate putamen, the frontal cortex, the CAI 
and CA2 pyramidal cell layers, the CAI and CA2 
oriens cell layers and the CAI and CAI molecular 
layers of the hippocampus. 

The distribution of [3H]ketanserin binding in 
sham and OB rats and the effects of chronic mian- 
serin and desipramine treatments are shown in 
Tables 3 and 4 and Plates 3 and 4. 

In OB saline treated rats, no change in 5-HT2 
receptor density was found in the amygdaloid nuc- 
lei, the basal ganglia, the hypothalamus, septum, 
and olfactory regions (Table 4). However, a signifi- 
cant increase in receptor density was observed in 

most cortical regions, the frontal cortex and the 
parietal motor cortical regions layers i-vi. 
Increased 5-HT2 receptor density was also observed 
in the hippocampus, (pyramidal cell layers, CAI 
and CA3, dentate gyrus granular layer) and in the 
thalamus (laterodorsal and mediodorsal thalamic 
nuclei). 

In sham mianserin treated rats, a down regula- 
tion of 5-HT2 receptor was found in all cortical 
regions (Table 3) including the anterior and poster- 
ior cingulate gyrus, the frontal cortex and the par- 
ietal motor cortex layers i-iv. 

In OB mianserin treated rats, a normalization 
of receptor density was found in the cortex (frontal 
cortex, parietal motor cortex layers i-vi) and hippo- 
campus (CAland CA3 pyramidal cell layers and the 
dentate gyrus) (Table I). 

In sham desipramine treated rats a down regula- 
tion of 5-HT2 receptors was observed in all cortical 
regions (anterior and posterior cingulate gyrus, 
frontal cortex and parietal motor cortical regions) 
(Table 3). 

In OB desipramine treated rats a normalization 
of receptor density was observed in cortical, hippo- 
campal and hypothalamic regions (Table 4). 
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Table 1. Autoradiography of cholinergic muscarinic receptor density in sham rats treated chronically (35 days) 
with mianserin and desipramine. The results are expressed as mean pmoles ['HIQNB specifically bound per mg 
of protein f S.D. (N = 10) 

Region (abbreviation) Sham control Sham + Sham + 
Treatment Groups 

Mianserin (5). Desipramine (7.5) 

Amygdala 

Basal ganglia 

Cortex 

Hippocampus 

Hypothalamus 

Septum 

Thalamus 

Ventral forebrain 
nuclei 

Olfactory 
regions 
White matter 

BL 
BM 
CE 
LA 
ME 
Acb 
CPU 
Icp 

'4% 
Fr 
PAM 
PAM 1 
PAM2 
PAM3 
PAS-P 
PCG 

ss 

CAI-P 
CA2-P 
CA3-P 
C A I 4  
CA2-0 
CA3-0 
CA 1 -M 
CA2-M 
CA3-M 
CA4 
DB(U) 
Dgg(L) 
ARC 
VMH 
lsd 
Isv 
MS 
LD 
MD 
VL 

HDB 

SI 
VDB 

vp 
TU 

cc 

Basolateral amygdaloid nucleus 
Basolateral amygdaloid nucleus 
Central amygdaloid nucleus 
Lateral amygdaloid nucleus 
Medial amygdaloid nucleus 

Accumbens 
Caudate putamen 
Lateral caudate putamen 
Striatal streak 

Anterior cingulate gyrus 
Frontal cortex 
Frontoparietal motor 
Layers i-ii 
Layers iii-iv 
Layers v-vi 
Parietal motor cortex posterior part 
Posterior cingulate gyms 
CAI field, pyramidal 
CA2 field. pyramidal 
CA3 field, pyramidal 
CA1 field, oriens layer 
CA2 field, oriens layer 
CA3 field, oriens layer 
CAI field, molecular layer 
CA2 field, molecular layer 
CA3 field, molecular layer 
CA4 field 
Dentate gyrus (upper) granular layer 
Dentate gyrus (lower) granular layer 
Arcuate nucleus 
Ventromedial 
Lateral n.dorsal part 
Lateral n. ventral part 
Medial n. 
Laterodorsal 
Mediodorsal 
Ventrolateral 

N. of the horizontal limb of the 
diagonal band 
Substantia innominata 
N. of the ventral limb of the 
diagonal band 
Ventral pallidum 

Olfactory tubercle 

Corpus callosum 

11.377 f 2.13 
10.203 f 1.28 
9.972 f 1-17 

10.262 f 0.94 
10.101 f 1-36 
15.482 f 2.60 
11.545 f 2.60 
16.143 f 2.19 
13.800 f 2.24 

8.650 f 0.63 
9.144 f 0.42 
8.801 f 0.78 

10.213 f 1.72 
7.974 f 0.87 
8.073 f 0.83 
8.848 f 1.21 
7.625 f 0.78 

13.271 f 1.66 
8,912 f 0.54 
9.190 f 092 

13.178 f 1-69 
8438 f 061 
9.089 f 0.74 
9.053 f 0-44 
8.548 f 0.71 
8.816 f 064 
9.353 & 0.52 

10967 f 1.31 
13.488 f 1 a78 
8.794 f 1-31 
8.660 f 0.52 
8.333 f 027 
8.350 f 0.42 
8.195 f 0-42 

7.683 f 0.85 
7.849 f 0.71 
7.842 f 1.00 

8.744 f 0.19 

8.262 f 0.54 
8515 f 0.48 

8.137 f 0.64 
21.620 f 2.62 

1.330 f 1.66 

12.838 f 240 
9.411 f 0.66* 
9.015 f 0.39* 

10.965 f 1.46 
9.158 f 0.49 

15.378 f 1.67 
11.261 f 1.78 
15.841 f 2.32 
13.901 f 1.81 

8.651 f 0.63 
8.943 f 0.38* 
8.612* 0.69 
9-1 19 f 0.46* 
7.690 f 0.80 
8402 f 0.64 
8.113 f 1.77* 
8.006 f 0.57 

13.793 f 2.31 
9.033 f 0.35 
9.155 f 0.33 

13.622 f 2.28 
9.053 f 0-34 
9.167 f 0.41 
8.902 f 0.34 
8.685 f 0-30 
8.820 f 0.23 
9.359 f 0.32 

11.451 f 1.79 
14.041 f 2.63 
8.778 f 0.37 
8.739 f 0-31 
8.335 f 0.32 
8.319 f 0.34 
8.429 f 1.53 
7.919 f 0.51 
8.149 f 0.46 
7.373 f 0.86 

8.451 f 0.29* 

8.147 f 0.21 
8.289 f 0.41 

7.961 f 0.26 
19.952 f 3,24 

0.931 f 1.28 

12.237 f 1.69 
9.025 f 0.46* 
8.816 f 0.34* 

9.086 f 0.77* 
10.127 f 0.93 

14.158 f 2.04 
10572 f 1.54 
14,095 f 1*94* 
11.951 f 021' 

8.848 f 0.69 
8.815 f 0.47* 
8.801 f 031 
9.107 f 0.67" 
7.694 f 0.57 
7830 f 0.64 
8.285 f 0.59 
7.966 f 0.42 

13.310 f 1.97 
8.766 f 0.39 
8.908 f 0.39 

12.9 18 f 2.04 
8.736 f 0.47 
8.866 f 0-49 
8.813 f 0-49 
8.426 f 0.48 
8.631 f 0.54 
9.225 f 0.37 

10.288 f 1.04 
12.594 f 1.69 
8.434 f 044* 
8.496 f 0.46 

8.329 f 0.46 
8.179 f 0.42 
7.994 f 0.88 

7.740 f 0.43 
7.896 f 0.48 
6.987 * 1.01 

8.452 f 0.37 

7.998 f 0.41 
8.381 f 0.34 

7.997 f 0.31* 

18.395 f 0.54* 

0.976 f 1.14* 

The doses of mianserin and desipramine are in parentheses as m a g  i.p. 
* p  < 0.01 versus sham control. 
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Table 2. Autoradiography of cholinergic muscarinic receptor density in sham and olfactory bulbectomized (OB) 
rats treated chronically (35 days) with mianserin and desipramine. The results are expressed as mean pmol ['HIQNB 
specifically bound per mg of protein f S.D. (N= 10) 

Brain region (abbreviation) Sham control OB OB + OB + 
Treatment groups 

Control Mianserin (5) Desipramine (7.5) 

Amygdala 

Basal ganglia 

Cortex 

Hippocampus 

Hypothalamus 

Septum 

Thalamus 

Ventral 
forebrain 
nuclei 

Olfactory 
White matter 

BL 
BM 
CE 
LA 
ME 

Acb 
CPU 
ICP 

Acg 
Fr 
PAM 
PAM1 
PAM2 
PAM3 

ss 

PAS-P 

PCG 

CA 1 -P 
CA2-P 
CA3-P 
CA 1-0 
CA2-0 
CA3-0 
CAI-M 
CA2-M 
CA3-M 
CA4 
Dgg(U) 

Dgg(L) 

ARC 
VMH 
Isd 
lsv 
MS 
LD 
MD 
VL 

HDB 

SI 
VDB 

VP 

TU 
cc 

Basolateral amygdaloid nucleus 
Basomedial amygdaloid nucleus 
Central amygdaloid nucleus 
Lateral amygdaloid nucleus 
Medial amygdaloid nucleus 

Accumbens 
Caudate putamen 
Lateral caudate putamen 
Striatal streak 

Anterior cingulate gyms 
Frontal cortex 
Frontoparietal motor 
Layers i-ii 
Layers iii-iv 
Layers v-vi 
Parietal motor cortex posterior 
Part 
Posterior cingulate gym 

CAI field, pyramidal 
CA2 field, pyramidal 
CA3 field, pyramidal 
CAI field, oriens layer 
CA2 field, oriens layer 
CA3 field, oriens layer 
CAI field, molecular layer 
CA2 field, molecular layer 
CA3 field, molecular layer 
CA4 field 
Dentate gyms (upper) granular 
layer 
Dentate gyrus (lower) granular 
layer 

Arcuate nucleus 
Ventromedial 

Lateral n. dorsal part 
Lateral n. ventral part 
Medial n. 
Laterodorsal 
Mediodorsal 
Ventrolateral 

N. of the horizontal limb of the 
diagonal band 
Substantia innominata 
N. of the ventral Limb of the 
diagonal band 
Ventral pallidum 
Olfactory tubercle 

11.377 f 2.13 
10.203 f 1.28 
9.972 f 1.17 

10.262 f 0.94 
10.101 f 1.36 

15.482 f 2.60 
11.545 f 2.60 
16.143 f 2.19 
13,800 f 2.24 

8.650 f 0.63 
9.144 f 0.42 
8.801 f 0.78 

10.213 f 1.72 
1,974 f 0,87 
8.073 f 0.83 

8.848 f 1-21 
7.625 f 0.78 

13.271 f 1.66 
8.912 f 0-54 
9.190 f 0.92 

13.178 f 1.69 
8.838 f 0.61 
9.089 f 0.74 
9.053 f 0.44 
8.548 f 0.71 
8.816 f 0.64 
9.353 f 0.52 

11.686 f 1.40 
9.088 f 0.99 
8.727 f 0-31* 
9.151 f 0-78 
8.880 f 0.68* 

13.649 f 1.16 
9.901 f 0.68 

13.380 f 1-87 
11.394 f 1.65 

8530 f 0.471 
8.618 f 0-36* 
8.640 f 0.42 
8.903 f 0.25* 
7.466 f 0*60* 
7.685 f 0.62 

8.008 f 0.56 
1,142 f 0.43 

11.354 f 1.78* 
8.373 f 0.58* 
8.533 f 044* 

11.480 f 1.17* 
8.420 f 0.47* 
8.441 * 0-55* 
8.877 f 0-55* 
7.993 f 0.59* 
8.377 f 0.53' 
8.941 f 0.33* 

10.967 f 1.31 

13.488 f 1.78 

8.794 f 1.31 
8.660 f 0.52 

8.333 f 0.27 
8.350 f 0.42 
8.195 f 0.42 
1.683 f 0.85 
7.849 f 0.71 
7.842 f 1.00 

9.867 f 0.69* 

12.187 f 1.44 

8.483 f 0-29 
8.494 f 0.3 

7.892 f 0.47 
7.888 f 0.58 
8.154 f 0.73 

7.519 f 0-72 
7.892 f 0.51 
7.222 f 0*86* 

8.744 f 0.19 
8.262 f 0.54 

8.515 f 0.48 
8.137 f 0.64 

21.620 f 2.62 

8.423 f 0.32* 
7.948 f 0.49* 

8.245 f 0.52 
7.680 f 0.52* 

17,883 f 3.04. 

11.55 f 1.18 
9.016 f 0.71 
8-753 f 0.31 

10.036 f 0.89 
8.933 f 0.53 

12.965 f 3.10 
9.827 f 1.43 

13.591 f 1.86 
11.535 f 2-17 

8.623 f 0.62 
8.522 f 0.44 
8-663 f 044 
8.823 f 066 
7.408 f 0-83 
7.697 f 0.64 

8.073 f 0.49 
7.846 f 0.44 

12.582 f 1*82# 
8640 f 0.56 # 
8.678 f 0.50 

11.439 f 1.34 
8.389 f 1.40 
8.569 f 0.29 
8.602 f 1.42 
8.081 f 0.48 
8.237 f 0.46 
9405 f 0.36 

10.271 f 1.12 

13-1 1 f 2.23 

8.618 f 0.35 
8.509 f 0.36 

7,751 f 0.76 
1.723 f 0.79 
7.665 f 0.20 
7-3 11 .1: 0.49 
1.765 f 0.64 
6.698 ?c 1.80# 

8-254 f 0.42 
8.016 f 0.34 

7.867 f 1.50 
7.864 f 0.35 

17.796 f 3.85 

12.014 f 0.98 
9.325 f 1.01 
8.819 f 0.19 
9.928 f 1.36 
9.045 f 0.33 

13.605 f 2.37 
1 1.605 f 2.94 # 
13.413 f 2.60 
12.023 f 1.93 

8.519 f 0.78 
8.895 f 0.42 # 
8-816 f 0.28 
8.812 f 0.39 
7.215 f 0.80 
7.570 f 0.64 

8.482 f 0.47 
8.129 f 0.32# 

12.583 f 1.27 # 
8.708 f 0.42 # 
8.691 f 0.34 

12.418 f 1.18# 
8.629 f 0.46 # 
8.658 f 0.34 
8.892 f 0.31 # 
8.285 f 0.41 # 
8-551 f 0.39 
9.155 f 0.31 

9.973 f 0.67 

12.122 f 1.64 

8.556 f 0.28 
8.584 f 0.24 

8.336 f 0.47 
8.092 f 0.40 
7.897 f 1.14 

7.6 15 f 0-34 
8.004 f 0.37 
7.01 5 f 0.87 

8.367 f 0.39 
7.961 f 0.54 

8.181 f 0.50 
1.578 f 0.40 

19.397 * 5.24 
Corpus callosum 1,330 f 1.66 0.945 f 1.30 0.789 f 1.09 0.870 f 1.19 

The doses of mianserin and desipramine are in parentheses as mg/kg i.p. *p < 0.01 versus sham control; # p  < 0.01 versus 
OB control. 
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Table 3. Autoradiography of 5-HT2 receptor density in sham rats treated chronically (35 days) with mianserin 
and desipramine. The results are expressed as mean fmoles [3H] ketanserin specifically bound per mg of protein 
f S.D. (N= 10) 

Treatment Groups 
Sham Sham+ Sham+ 

Region (abbreviation) Control Mianserin (5) . Desipramine (7.5) 
['HI Ketanserin receptor density 

Amygdala BL Basolateral amygdaloid nucleus 11 1.7 f 45.87 124.0 f 14.99 116.6 f 25.76 
BM Basolateral amygdaloid nucleus 110.05 f 41.42 125.8 f 20.71 110.7 f 22.12 
CE Central amygdaloid nucleus 109-1 f 41.35 121.0 f 8.43 117.3 f 23.18 
LA Lateral amygdaloid nucleus 104.7 f 41.62 114-2 f 9.9 113.5 f 21.85 
ME Medial amygdaloid nucleus 115.4 f 49-55 130.5 f 17.11 125.9 f 27.01 

Basal ganglia Acb Aaumbens 228.3 f 48.67 171.4 f 3907 190.4 f 59.07 
CPu Caudate putamen 173.7 f 48.12 161.4 f 26.35 162.6 f 35.85 

Cortex Acg Anterior cingulate gyms 127-7 f 34.83 890 f 25*47* 87.0 f 33.66* 
FR Frontal cortex 122.9 f 27.75 61-6 f 37.12* 97.4 f 4252* 
PAM 1 Layers i-ii 129.7 f 29.08 64.9 f 21.96* 92.4 f 35.58* 
PAM2 Layers iii-iv 159.2 f 59-47 63.0 f 21.01* 102.4 f 46.12* 
PAM3 Layers v-vi 1172 f 4556 57.5 f I9.87* 85.4 f 38.67* 
PCG Posterior cingulate gyrus 46.3 f 12-16 56.6 f 17.30 56.8 f 20.05 

63.1 f 18.75 
CA3-P Pyramidal cell layer 64.4 f 26.50 66.4 f 24.12 75.5 f 9.98 
Dgg(U) Dentate gyrus (upper) granular layer 62.1 f 32.47 72.6 f 14.28 79.1 f 11.22 
Dgm(L) Dentate gyrus (lower) molecular layer 62.1 f 34.44 77.1 f 17-18 83.6 f 14.52 

Hypothalamus ARC Arcuatc nucleus 170.8 f 44.17 175.8 f 22.63 173,7 f 21.35 
VMH Ventromedial 151.1 f 45.56 169.2 f13.72 151.9 f 27.52 
MS Medial nucleus 129.5 f 62.76 123.3 f 22.39 110.7 f 30.32 

Thalamus LD Laterodorsal 72.0 f 43-28 89.7 f 14.02 71.9 f 22.38 
MD Mediodorsal 93.0 f 33-08 111.1 f 13.37 108.4 f 21.48 

87,9 f 19.17 VL Ventrolateral 79.8 f 45.13 

Olfactory regions TU Olfactory tubercle 244.1 f 71.82 187.0 f 48.37 191.1 f 54.51 
regions 

Whitematter cc corpus callosum 15.7 f 14.17 11.2 f 3.06 15-5 f 17.30 
The doses of mianserin and desipramine are in parentheses as m&g i.p. 
* p  < 0.01 versus sham control. 

56.5 f 23.41 Hippocampus CA 1 -P Pyramidal cell layer 49.7 f 29-25 

97-3 f 15.21 

DISCUSSION 
The present study sought to establish the distribu- 
tion of ['HIQNB muscarinic cholinergic receptors 
and 5-HT2 receptors in sham and OB rats and ana- 
lyse the neuroanatomical effects of chronic mian- 
serin and desipramine on these receptors in both 
sham and OB rats. Olfactory bulbectomy resulted 
in a hyperactivity in the 'open-field' which was sig- 
nificantly attenuated by chronic administration of 
mianserin and desipramine. Bulbectomy was as- 
sociated with a decrease in the density of muscarinic 
cholinergic receptors and an increased density of 
5-HT2 receptors in specific brain regions. Several 
studies have reported that bilateral olfactory bul- 
bectomy caused an increase of noradrenaline in the 

hypothalamus. Iwasaki et al. (1986) have reported 
that desipramine, which blocks the reuptake of nor- 
adrenaline into nerve endings, inhibited muricidal 
behaviour in the OB rat and this effect was poten- 
tiated by chronic antidepressant treatment. Other 
pharmacological studies on the neurochemical 
mechanisms mediating mouse killing behaviour 
suggest that cholinergic systems in the brain partici- 
pate in the manifestation of the behaviour (Miczek 
and Barry, 1976; Yoshimura and Ueki, 1977). 
Furthermore, Yoshimura (1980) has postulated 
that the release of acetylcholine (ACh) and activa- 
tion of cholinergic mechanism play an important 
role in the regulation of mouse killing behaviour. 
In the present experiment, therefore, we examined 
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Table 4. Autoradiography of 5-HT2 receptor density in sham and 03 rats treated chronically (35 days) with 
mianserin and desipramine. The results are expressed as mean fmoles [3H]-ketanserin specifically bound per mg 
of protein f S.D. ( N  = 10) 

Region (abbreviation) 

Treatment Groups 
['I Ketanserin receptor density 

Sham OB OB + OB + 
Control Control Miansirin ( 5 )  Desipramine (7.5) 

Amygdala 

Basal ganglia 

Cortex 

Hippocampus 

Hypothalamus 

Septum 

Thalamus 

Olfactory regions 

BL 
BM 
CE 
LA 
ME 

Acb 
CPU 

Fr 
PAM1 
PAM2 
PAM3 
PCG 

CAI 
CAI 11 

Acg 

DkWJ) 
DgmW 
ARC 
VMH 

MS 

LD 
MD 
VL 

TU 

Basolateral amygdaloid nucleus 
Basolateral amygdaloid nucleus 
Central amygdaloid nucleus 
Lateral amygdaloid nucleus 
Medial amygdaloid nucleus 

Accumbens 
Caudate putamen 

Anterior cingulatc g y m  
Frontal cortex 
Layers i-ii 
Layers iii-iv 
Layen v-vi 
Posterior cingulate gym 

Pyramidal cell layer 
Pyramidal cell layer 
Dentate gyms (upper) granular layer 
Dentate gym (lower) molecular layer 

Arcuate nucleus 
Ventromedial 

Medial nucleus 

Laterodorsal 
Mediodorsal 
Ventrotated 

Olfactory tubercle 

I1  1.7 f 45.87 
110.05 f 41.42 
109.1 f 41.35 
104.7 f 41.62 
11 5.4 f 49.55 

228.3 f 48.67 
173.7 f 48.12 

127.7 f 3443 
122.9 f 27.75 
129.7 f 29.08 
159.2 f 59.47 
117.2 f 45.56 
46.3 f 12.16 

49.7 f 29.25 
64.4 f 26.50 
62.1 f 32.47 
62.1 f 3444 

1704 f 44.17 
151.11 f 45.56 

129.5 f 62.76 

72.0 f 43.28 
93.0 f 33.08 
794 f 45.13 

244.1 f 71.82 

129.0 f 33.33 
131.7 f 30.57 
131-7 f 32.51 
123.9 f 34.33 
138.6f 32.16 

198-5 f 53.10 
170.0 f 50.94 

189.0 f 25.4' 
201.3 f 21.32. 
196.9 f 22.95' 
1814 f 21.71' 
196.4 f 29.63. 
76.6 f 19.30 

79.08 f 18-46' 
82.3 f 20.63' 
92.9 f 18.20' 
89-2 f 15.88' 

1923 f 32.8 
177.8 f 30.55 

123.5 f 34-76 

98.3 f 25.67' 
114.1 f 19.29. 
100.3 f 25.83 

250.1 f 43.37 

116.3 f 33.94 
115.2 f 36.24 
121.3 f 35.73 
1 17.7 f 36.02 
142.0 f 38.53 

188.2 f 1746 
165-6 f 37.03 

86.2 f 18.50 # 
86.9 f 21.81 # 
75.1 f 12.61 # 
55.2 f 18.00# 
82.4 f 22.80 # 
70.3 f 21.51 

52.0 f 32.76 # 
61.1 f 3040# 
69.7 f 3142# 
69.4f28.17# 

177.0 f 20.42 
162.6f 24.11 

117.5 f 31.77 

100.9 f 22.70 
115.0 f 19.03 
100.1 f 27.82 

194.3 f 47.33 

114.1 f 18.09 
108.2 f 27.06 
102.6 f 17.32 
106.2 f 21.12 
125.2 f 23.24 

186.4 f 63.93 
162.4 f 61-54 

104.3 f 27.83 
104.1 f 40.441 
95.1 f 34.731 
96.5 f 36.99 # 
73.3 f 38.67 # 
59.1 f I508 

53.0 f 11.13# 
63.2 f 17.59 # 
63-lf 11.05Y 
67.6 f 13.03 # 

157.0 f 27.78 # 
1474 f 34.17# 

110.0 f 49-20 

70.3 f 16.50 # 
92.4 f 2355 rY 
76.4 5 13.78 a 

209.1 f 73.14 

White matter cc Corpus callosum 15.7 f 14.17 11.43 f 3.66 15.7 f 8.98 11.1 * 4.80 

The doses of mianserin and desipramine are in parentheses as mgkg i.p. 
* p  < 0.01 versus ShamControl. 
# p < 0.01 versus OB control. 

whether changes in the densities of the muscarinic 
cholinergic and 5-HT2 receptors were normalized 
by chronic antidepressant treatment. The present 
study suggests that a major effect of olfactory bul- 
bectomy in several regions of the rat brain is to 
alter muscarinic and serotoninl binding sites.The 
limbic region examined either receive efferent or 
contribute to centrifugal input to the olfactory 
bulbs. The olfactory tubercle and the anterior 
olfactory nucleus in the olfactory peduncle, which 
receive olfactory efferents, send projections to the 
hypothalamus (Haberly and Price, 1978). In 
addition, it has been reported that the hypothala- 
mus and amygdala have reciprocal connections 
(Cowan et al., 1965) and that there are complex 
efferent projections from various limbic cortical 
areas to the amygdala (Veening, 1978). 

Fundamentally, all the cholinergic input to the 
olfactory bulbs is centrifugal in origin, and contri- 

buting areas include the piriform cortex, the nuc- 
leus of the horizontal limb of the diagonal band 
which is found adjacent to the olfactory tubercle 
and the rostra1 part of the hypothalamus (Wenk 
et al., 1977). Thus, destruction of cholinergic cell 
bodies after bulbectomy, may be responsible for 
the decrease in cholinergic density which was 
observed. Hirsch (1980) reported in mice that choli- 
nergic ligand binding in limbic structures was 
altered by bilateral olfactory bulbectomy and he 
proposed that the olfactory bulbs produce an inhi- 
bitory influence on limbic cholinergic receptors. On 
the other hand MilIan et al. (1986) published that 
olfactory bulbectomized rats are less sensitive to 
pilocarpine-induced convulsions. In rats, bulbec- 
tomy is followed by a deficit in acquisition of a 
passive avoidance task and in active avoidance 
learning (Cairncross and King, 1971; Sieck and 
Gordon, 1972; Thomas, 1973; Sieck et al., 1974). 



Plate 1. Pseudocoloured images of [3H]QNJ3 binding in brain sections from sham animals at the 
level of the anterior hippocampus. The top left and top right sections are taken from sham and OB 
saline treated rats. The bottom left and bottom right are representative sections from sham 
mianserin treated and sham desipramine treated rats. The colours represent the density of binding 
using the rainbow spectrum (from purple, low, to red, high) 

Plate 2. Pseudocoloured images of [3H]QNB binding in brain sections from olfactory 
bulbectomized (OB) animals at the level of the anterior hippocampus. The top left and top right 
sections are taken from sham and OB saline treated rats. The bottom left and bottom right are 
representative sections from OB mianserin treated and OB desipramine treated rats. The colours 
represent the density of binding using the rainbow spectrum (from purple, low, to red. high) 



Plate 3. Pseudocoloured images of [3H]Ketanserin binding in brain sections from sham animals 
at the level of the anterior hippocampus. The top left and top right sections are taken from sham 
and OB saline treated rats. The bottom left and bottom right are representative sections from sham 
mianserin treated and sham desipramine treated rats. The colours represent the density of binding 
using the rainbow spectrum (from purple, low, to red, high) 

Plate 4. Pseudocoloured images of [3H]Ketanserin binding in brain sections from olfactory 
bulbectomized (OB) animals at the level of the anterior hippocampus. The top left and top right 
sections are taken from sham and OB saline treated rats. The bottom left and bottom right are 
representative sections from OB mianserin treated and OB desipramine treated rats. The colours 
represent the density of binding using the rainbow spectrum (from purple, low, to red, high) 
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Because bulbectomy has been associated with 
several neurochemical changes in brain structures, 
it is not surprising that functions of the septo-hip- 
pocampal system are impaired. Hall and Macrides 
(1 983) reported that olfactory bulbectomized rats 
showed marked deterioration in preoperatively 
trained behaviour in the eight-arm radial maze. 

Thus, in the present study, cholinergic deafferen- 
tation may lead, by an unknown mechanism, to 
an up-regulation of 5-HT2 receptors on target cells. 

The relevant clinical importance of 5-HT2 recep- 
tor binding is well known. The rate of serotonin 
uptake into platelets is less in depressed patients 
than normal controls (Toumisto et al., 1979) and 
returns to normal following successful treatment 
with antidepressant drugs (Healy et al., 1983). 
Butler et al. (1988b) have shown that platelets from 
bulbectomized rats show a deficit in serotonin 
transport similar to that of depressed patients and 
that, following chronic treatment with either desi- 
pramine or sertraline, the uptake of [3K] serotonin 
returned to levels found in sham-operated animals. 

In a study of patients with unipolar affective dis- 
order, Biegon et al. (1987) have reported an in- 
creased concentration of 5-HT2 receptors on platelet 
membranes which decreased to control levels follow- 
ing treatment with amitriptyline and trazodone. 

The serotonergic innervation of the rat olfactory 
bulb arises mainly from dorsal and median raphe 
projections (McLean and Shipley, 1987). Olfactory 
bulbectomy therefore will disrupt the centrifugal 
fibres running towards the bulbs and cause retro- 
grade degeneration. 

Cairncross et al. (1979, 1981) showed that 5,7- 
dihydroxytryptamine, which selectively destroys 
serotonergic neurons, produced the behavioural 
changes similar to those present in the OB rat, and 
which could be reversed by chronic treatment with 
amitryptiline or mianserin. These results suggest 
that lesions of the serotonergic system play a pivo- 
tal role in producing behavioural deficits seen in 
the OB rat. Muramatsu et al. (1988) have reported 
that 5-HT exerts an inhibitory action on ACh 
release in the rat hippocampus, an effect which is 
mediated by the localization of 5-HT2 receptors on 
cholinergic neurons derived from the medial sep- 
tum. In the area of depression, several established 
compounds have been identified as 5:HT2 antago- 
nists e.g. mianserin and teciptiline (unselective) or 
trazodone (selective) (Pinder and Wieringa, 1993). 
However, the effect of 5-HT2 agonists and antago- 
nists on the regulation of the 5-HTz receptor is not 
fully elucidated. 

In the present study, chronic antidepressant 
treatment caused a down regulation of 5-HTz 
receptors in sham animals and a normalization of 
receptor density in cortical regions of the OB ani- 
mals. Roth and Ciaranello (1991) demonstrated 
that chronic danserin failed to affect 5-HT2 
mRNA levels in rat brain, although it reduced the 
number of 5-HT2 receptors. A possible explanation 
for the increase in 5-HT2 receptor density in cortical 
and hippocampal regions of OB animals may be 
as a consequence of denervation. It has been pro- 
posed that one effect of bilateral olfactory bulbec- 
tomy is a stimulation of limbic cholinergic activity 
possibly due to sprouting (Gilad and Reis, 1979). 
It would appear from the present study that upregu- 
lation of 5-HT2 receptors, and down regulation of 
muscarinic cholinergic receptors, might underlie 
the behavioural deficits elicited by bulbectomy. 
One is tempted to relate recovery in receptor func- 
tion following chronic antidepressant treatment 
with the improvement in ‘open-field’ performance 
of OB rats. However, it would appear that more 
complex neurotransmitter and receptor interrela- 
tionships take place which warrants further investi- 
gation. It would be of interest to determine the 
effects of olfactory bulbectomy on M, and Mz 
receptor sub-types. 
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