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TANI ,  Y.,  Y. K A T A O K A ,  Y. S A K U R A I .  K. Y A M A S H I T A ,  M. USHIO A N D  S. UEKI .  Chang, es o f  brain monoamine 
contents in three models o f  experimentally induced muricide m rat~. P H A R M A C O L  B I O C H E M  B E H A V  26(4) 72.~--729, 
1987.~Monoamine levels were measured by high performance liquid chromatography with electrochemical detection in 
seven brain regions of three models of experimentally-induced muricide (mouse-killing behavior) in rats (bilateral olfactory 
bulbectomized rats: OB rats, midbrain raphe nuclei lesioned rats: Raphe rats and nucleus aceumbens lesioned rats: Acc 
rats). Noradrenaline (NA) levels in the lateral hypothalamus (LH) and ventromedial hypothalamus (VMH). 3,4- 
dihydroxyphenylacetic acid (DOPAC) levels in LH and homovanillic acid (HVA) levels in the frontal cortex (FC) were 
increased in all three muricide models. In LH, serotonin G-HT) levels increased in Acc rats and the 5-hydroxyindolcaeetic 
acid (5-HIAA)/5-HT ratio was reduced in OB rats. But in VMH an increase in NA level was not accompanied by any 
changes of other amines in three muricide models except for 5-HT and 5-HIAA in Raphe rats. In the mamillary body (MB), 
NA level was increased and 5-HIAAJS-HT ratio was decreased in both OB and Acc rats. Monoamine changes in the 
amygdaloid nuclei were different in three murieide models, suggesting that the role of monoamines in various nuclei of the 
amygdala may be different in each murieide model. The present findings suggest that both noradrenergic (Lid and VMH) 
and serotonergic function (LH and MB) may play an important role in exhibiting muricide ofOB, Raphe and Ace rats, while 

• dopaminergic function (LH and FC) may be related rather to hyperirritability elicited in these three muricide models. 

Muricide Biogenic amines Olfactory bulbectomy Raphe lesion Accumbens lesion 

MURICIDE of the rat has been known to be a useful ex- METHOD 
perimental model for evaluating the properties of Animals 
antidepressants [13,14]. There are various procedures 
producing muricide in rats [13,14]. Our interests have been Male Wistar King A rats, weighing 200-250 g at the | 
concentrated on 3 models of muricide induced by olfactory ginning of the experiment, supplied by Seiwa Experimen 
bulbectomy, iesioning of the midbrain raphe and nucleus ac- Animals Ltd., were used. Before the experiment, all r,' 
cumbens (OB, Raphe and Acc rats, respectively). These underwent a muricide test. Only animals not showing mu 
three types of muricide have been reported to have different cide were selected. After brain surgery, all animals exc¢ 
behavioral and pharmacological characteristics. Our behav- for intact nonkiUer rats (28 rats) were housed in individt 
ioral studies also suggest that different neural mechanisms cages (17x 17x21 cm) with food and water ad lib and ma 
may be involved in the exhibition of muricide in OB and tained under standardized conditions of temperatt 
Raphe rats [7,16]. (23±2°C) and light-dark cycle (light on 07:00-19:00) throu! 

Brain catecholamines (CA) and serotonin (5-HT) have out the experiments. 
been reported to mediate defensive and offensive aggression 
such as mud<=ide [3]. There are few reports concerned with Surgical Procedures 
neurochemical studies on the exhibition of muricide in OB, The animals were anesthetized with sodium pentobarbi 
Raphe and Acc rats. The present study was, therefore, de- (40 mg/kg IP) and placed on a stereotaxic instrument. Bil 
signed to determine the dynamics of brain amines in various eral olfactory bulbectomy was performed by suctioni 
brain regions related to emotional behavior, in these three through a hole made in the skull (OB rats). Lesions of(  
muricide models, in rats. raphe and nucleus accumbens were made by applying a 

1Requests for reprints should be addressed to Dr. S. Ueki. 
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FIG. 1. Brain NA concentrations in OB, Raphe and Acc killer rats. Results ex- 
pressed as the mean±S.E, for 28 rats (intact nonkiller). 19 rats (OB killer), 16 rats 
(Raphe killer), 17 rats (Acc killer). LFI; lateral hypothalamus. VMH: ventromedial 
hypothalamus, MB: mamillary body, AME; medial amygdala. ABL: basolateral 
amygdala, ACE; central amygdala. FC; frontal cortex. *p<0.05, **p<0.01; signif- 
icantly different from intact nonkiller (two-tailed Student's t-test). All these ab- 
breviations and statistical analyses are the same as for Tables 1 and 2. 

rect current of 3.0 mA for 15 sec through the electrode ira- carbon detector (VMD-501. Yanaco) at a potential of 0.73 
planted as a cathode. The coordinates, anterior (A) from the versus the reference electrode. The mobile phase contain~ 
lambda for raphe lesions and from the bregma for accumbens 0.6% v/v tetraethylamine (TEA), 8% v/v acetonitrile, 0.01' 
lesions, lateral (L) to the midline and horizontal (H) below w/v EDTA.2 Na, 11 mM heptanesulfonic acid, adjusted p 
the skull surface were selected with the aid of Paxinos and to 2.85 with ortho-phosphoric acid. Buffer was degass~ 
Watson [I 1]. Stainless steel electrodes (0.4 mm diameter) under vacuum before use. The flow-rate of HPLC was marl 
insulated except for 0.5 mm in length from the tip were inserted tained at 1.0 ml/min. The concentrations of biogenic amir 
into the raphe (dorsal and medial) and accumbens (caudal and were quantified by calculating the area under the curv~ 
rostral). Coordinates tot the raphe were A: 0.5 ram, L: 0 ram, using an integrator (730 data module, Waters). 
H: 7.0 mm (dorsal) and A: 0.5 ram, L: 0 ram, H: 9.2 mm 
(medial). Those for the accumbens were A: 1.0 ram, L: --+ 1.7 
ram, H: 7.7 mm (caudal) and A: 2.0 ram, L: _+ 1.0 ram, H: 6.9 Histolot, y and Statistical Analysis 

mm (rostral). After the dissection, the rest of the rat brain was stored 
lfY~ Formalin at least for 10 days. Brain sections of 50/z 

.4ss~, ofBio~enic Amines thick were made and stained with cresyl violet. The site ar 
" extent of the lesions were verified histologically. Tt 

Two weeks after brain lesioning, the rats which exhibited animals in which lesions of the aimed area were incomple 
muricide within 3 rain after introducing a mouse into the rat's were excluded from the data. The results were statistical 
home cage were decapitated. The brain was quickly removed analyzed using Student's t-test. 
and dissected on an ice-cold glass plate into seven regions. 
i.e., the lateral hypothalamus {LH), ventromedial hypothal- 
amus (VMH), mamillary body (MB), medial amygdala ~ESULTS 
lAME), basolateral amygdala (ABL), central amygdala 
(ACE) and frontal cortex (FC) by the microknife according The extent of lesions in OB. Raphe and Acc rats we 
to the Paxinos and Watson rat brain atlas. Immediately after almost the same as those previously reported [6, 9, 15]. 
dissection, the brain tissues were homogenated in 300/zl of Fourteen days after the surgery. OB, lesions of the rapt 
0.5 M perchloric acid containing 0.1% w/v Na._,S.,O~ and 0.19~ and accumbens produced muricide in 100% ( 19 rats), 84% ( 
wiv EDTA.2 Na, followed by the addition of internal stand- rats) and 85% ( 17 rats) of rats, respectively. 
ards; 3,4-dihydroxybenzylamine (DHBA) l0 ng and N- Figure 1 shows brain NA concentrations in three murici~ 
oJ-methyl-5-hydroxytryptamine (NoJ-Me-5-HT) 10 ng. Then models of the rat. Significant increases in NA content of L 
homogenized tissues were centrifuged at I0,000 x g for 10 and VMH were observed in all three muricide models, i 
rain and supernatants transferred to other tubes were stored addition, NA concentrations in MB and AME also signfl 
at -80°C. Total protein was determined from I0 ~zl of the candy increased in OB rats. In Acc, rats NA content i] 
tissue homogenate before centrifugation by the method of creased in MB and ACE and decreased in AME. 
Bradford [I]. Changes in 5-HT and 5-HIAA concentrations as well as 

Determination of biogenic amines in the brain tissues the ratio of 5-HIAA/5-HT following brain lesioning we: 
were performed using HPLC with electrochemical detection, shown in Table 1. In Raphe rats, 5-HT content was decreas~ 
The HPLC system (Waters Company)uti l ized a Yanapak- by 27-72% in all brain regions studied except FC, ar 
ODS-A column ~7/zm, 04.6x250 ram) coupled with a glassy 5-HIAA concentration was also significantly decreased I: 
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T A B L E  1 

BRAIN 5-HT, 5-H1AA CONCENTRATIONS AND THE RATIO OF 5-HIAA/5-HT IN OB, RAPHE AND Ace KILLER ~ ~FS 

Hypotha lamus  Amygdata  
Frontal  Mamillar3 
Cortex LH VMH Body AME ABL ACE 

5-HT 

Intact  4.64 z 0.34 8.21 ~ 0.53 5.33 ± 0.43 13.45 ± 1.11 7.00 ~_ 0.20 6.92 z 0.43 6.35 = 0.47 

OB 4.95 _ 0.52 9.43 ± 0.52 5.70 -- 0.24 17.20 ~ 1.21" 7.55 _+ 0.53 6.86 ___ 0.75 6.87 _ 0.63 

Raphe 3.39 = 0.57 4.92 ~ 0.58~ 3.01 ± 0.80* 6.74 ~_ 0.97+* 1.93 ± 0.29+* 3.06 ~ 0.45~ + 2.43 ± 0.35+. 
Acc 4.19 : 0.25 10.62 : 0.58- 6.34 -'- 0.50 15.84 _~ 1.14 6.64 __. 0.38 7.50 -,- 0.69 8.03 __. 0.60* 

5-H1AA 

Intact  2.22 ~ 0.11 4.14 ± 0.30 3.23 ± 0.33 8.03 ± 0.63 3.66 _ 0.19 3.55 ± 0.26 4.07 -*- 0.25 

OB 1.68 -~ 0.10" 3.59 ± 0.28 3.30 - 0.35 8.09 ~ 0.67 3.74 ~ 0.25 3.24 ___ 0.35 3.66 ± 0.35 

Raphe 1.51 ± 0.18 '  2.78 : 0.23 ~ 2.05 ± 0.18+ 4.02 ~- 0.44+. 1.58 : 0.15¢ 1.80 ± 0.25¢ 1.96 ± 0.21+. 

Acc 1.82 ± 0.26 4.70 ± 0.32 3.41 ~ 0.37 6.76 ± 0.66 3.02 : 0.24* 3.49 ± 0.41 3.97 ± 0.33 

5-HIAA/5-HT 

Intact  0.51 - 0.03 0.50 = 0.03 0.63 ± 0.06 0.62 --. 0.03 0.56 _+ 0.04 0.55 ___ 0.04 0.73 ± 0.07 

OB 0.37 ± 0.05* 0.38 ± 0.02+ 0.65 -" 0.09 0.47 : 0.02* 0.52 ~- 0.04 0.49 ± 0.04 0.56 __, 0.06 
Raphe 0.54 ± 0.06 0.63 - 0.05* 0.80 - 0.I1 0.72 ~ 0.10 1.05 ± 0.27 0.70 ± 0.09 0.97 ~ 0.10 

Acc 0.43 __. 0.04 0.45 : 0.02 0.53 ± 0.05 0.43 -~ 0.03:~ 0.47 +_. 0.04 0.48 ± 0.04 0.52 ± 0.04* 

Each  value represents  the mean ± S.E. (rig/rag protein) for 28 rats (intact nonkiller),  19 rats (OB killer), 16 rats  (Raphe killer), 17 rats (Ac 
killer). 

Significantly different from intact: *p<0.05,  *p<0.01,  ~:p<0.001. 

T A B L E  2 

BRAIN DA, DOPAC, AND HVA CONCENTRATIONS IN OB, RAPHE AND Ace KILLER RATS 

Hypotha lamus  Amygda la  
Frontal  Mamillary 
Cortex LH VMH Body AM E ABL ACE 

DA 

Intact  0,28 ~ 0.04 1.37 • 0.10 3.65 : 0.44 3.69 ± 0.64 0.64 __. 0.08 2.83 -,- 0.19 6.13 __+ 0.47 

OB 0,29 _ 0.06 1.56 --- 0.13 3.48 __- 0.45 5.07 ± 0.72 1.16 ± 0.26 3.15 ± 0.45 6.70 ~ 1.03 
Raphe 0.40 ___ 0.05 2.00 ~ 0.14¢ 4.45 +_- 0.74 2.50 ± 0.43 0.79 ± 0.22 3.00 ~ 0.48 5.54 __. 0.70 

Acc 0,38 ± 0.04 2.09 ± 0.16+ 4.98 ± 0.78 2.19 ± 0.29 0.77 ± 0.18 2.13 ± 0.29 7.91 ___ !.63 

DOPAC 

Intact  0.10 ± 0.02 0.36 ± 0.05 0.69 ± 0.14 1.52 ± 0.20 0.36 ± 0.06 0.86 --- 0.14 1.22 ± 0.23 

OB 0.21 ~ 0.04* 1.00 _ 0.24* 0.80 ± 0.17 1.80 ± 0.43 0.72 ___ 0.09t 1.61 ~- 0.38 0.92 ± 0.27 

Raphe 0.14 __- 0.04 0.59 ~ 0.05* 0.86 ± 0.15 1.61 ± 0.24 0.39 ± 0.08 0.69 ± 0.17 1.17 ± 0.18 

Acc 0.16 ± 0.05 0.59 ± 0.09 0.89 -~ 0.12 1.49 ± 0.15 0.43 ± 0.06 0.40 ± 0.08* 1.00 ± 0.35 

HVA 

Intact  0.23 - 0.03 n.d. n.d. 1.53 ± 0.21 n.d. 0.73 _ 0.05 1.08 ± 0.09 

OB 0.53 _ 0.11" n.d. n.d. 1.51 -~ 0.18 n.d. 0.97 ± 0.21 1.01 ± 0.10 

Raphe 0.65 ± 0.12+ n.d. n.d. 1,39 ___ 0.10 n.d. 0.95 __+ 0.11 0.89 ± 0.13 
Acc 0.75 ~ 0.10~ + n.d. n.d. 1.35 - 0.15 n.d. 0.84 ± 0.12 1.27 ± 0.16 

Each  value represents  the mean ± S.E. Ing/mg protein) for 28 rats  (intact nonkiller),  19 rats COB killer), 16 rats (Raphe killer), 17 rats (Ac 
killer). 

Significantly different from intact: *p<0.05,  "tp<0.01, :~p<0.001. 
n,d, ;  not detectable .  
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32-57% in all brain regions examined. In OB rats, 5-HT con- 5-HIAAJ5-HT tended to increase in all brain areas. This m, 
tent was significantly increased in MB, 5-HIAA content was reflect the activity of 5-HT neurons protected from rapi 
significantly decreased in FC, and a ratio of 5-HIAA/5-HT lesions. OB rats showed a decrease in a ratio of 
was significantly reduced in LH, MB and FC. In Acc rats, HIAA/5-HT in LH and MB. Acc rats displayed a decrease 
5-HT content was significantly increased in LH and ACE, 5-HIAA/5-HT ratio in MB and an increase of 5-HT conte 
5-HIAA concentration was decreased in AME, and the resulting in a tendency to decrease in 5-HIAA/5-HT ratio 
5-HIAA/5-HT ratio was decreased in MB and ACE. LH. These findings suggest that the serotonergic functit 

As shown in Table 2, DOPAC and HVA concentrations of may be lowered in LH and MB of OB, Raphe and Acc rat 
LH and FC, respectively, increased in all three muricide This extended to FC and ACE in OB and Acc rats, respe 
models, accompanied by an increase in DA content of LH in tively. The serotonergic mechanisms have been known to 1 
Raphe and Ace rats. OB rats showed an increase of DOPAC involved in the exhibition of muricide. Therefore, the r 
content in FC and AME. Ace rats displayed a decrease of duced serotonergic function in LH and MB may mediate tl 
DOPAC content in ABL. exhibition of muricide in these three muricide models. 

An increase of HVA and DOPAC content was found 
DISCUSSION FC and LH of all three muricide models. This increase of I3 

metabolites led us to speculate that the dopaminergic activi 
The present study demonstrated that NA content in LH may be increased in LH and FC. Broderick et al. [ 

and VMH increased in OB, Raphe and Acc rats exhibiting suggested that the dopaminergic system in the amygdala al 
muricide. The turnover rate of NA has been reported to hypothalamus was not predominantly involved in the a 
decrease in LH and AME of OB rats, and in vivo NA release pearance of muricide. It has also been reported that DA m~ 
from LH was significantly decreased after OB [4]. These mediate defensive aggression such as hyperirritability [~ 
evidences suggest that an increased NA content means low- Therefore, increased activity of DA neurons in LH and F 
ered NA function in LH, VMH and AME of OB rats. It may, may be related to hyperirritability manifested by OB, Rapl 
therefore, be speculated that the lowering of NA function in and Acc rats. 
LH and VMH has an important role in the exhibition of In conclusion, the present study demonstrated that tl 
muricide in OB, Raphe and Acc rats. NA level in MB was changes in the noradrenergic (LH and VMH) and serotone 
also significantly increased in OB and Acc rats but not in gic functions (LH and MB) were well correlated with tl 
Raphe rats. NA level in AME was increased in OB rats but manifestation of muricide of OB, Raphe and Acc rats. D 
decreased in Ace rats. These results suggest that the norad- ferent mechanisms in various amygdaloid nuclei and 1 z 
renergic mechanisms in MB and AME are differently in- mediate the exhibition of muricide in three muricide model 
volved in the mediation of muricide in these three muricide In OB rats, the noradrenergic function of MB and AME at 
models. The functional role of MB has remained unclear, the serotonergic function of FC seem to participate in tl 
There is some evidence suggesting an involvement of MB in mediation of muricide, while the exhibition of muricide 
the regulation of emotional behavior [5, 10, 12]. Taking the Acc rats seems to be mediated by the noradrenergic syste 
present results suggesting the lowered serotonergic function in MB and both the serotonergic and noradrenergic systen 
in MB in all three muricide models into consideration, MB in AME and ACE. 
may have an important role in the exhibition of muricide. An 
increase of NA content in VMH was accompanied by no 
change of other monoamines in OB and Ace rats. The altera- 
tion of NA activity in VMH thus seems to be important in the 
mediation of muricide in OB and Acc rats. ACKNOWLEDGEMENTS 
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