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It is shown that the serotonin receptors 5-HTlc , 5-HT3, and 5-HT 4 and ~2-adrenergic 
receptors are involved in the regulation of  audiogenic seizures in DBA/2 mice, and that 
the effects of  these serotonin receptors on the duration and magnitude of  convulsive 
activity are the opposite of  those produced by ct2-adrenergic receptors. 
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Knowledge of  how the susceptibility to audiogenic 
seizures correlates with the activity of  neurotrans- 
mit ter  systems is essential for understanding the 
mechanisms by which these seizures are regulated 
[1]. Experiments have shown that DBA/2 mice, 
which are genetically predisposed to seizures, and 
C57B1 mice, which are resistant, also differ in the 
act iv i ty  o f  the se ro ton ine rg ic ,  noradrenerg ic ,  
gamma-aminobutyric acid, and several other brain 
systems [3,4,13,14]. The DBA/2 brain has been 
found to have much lower levels of  serotonin (5- 
HT) and norepinephrine (NE), fewer binding sites 
for 3H-prazosin (a ligand of  c~l-adrenergic receptors) 
[2], and a lower affinity of  these receptors [5] than 
the C57B1 brain. Moreover, the temporal cortex of  
DBA/2 mice is reported to have far fewer monoa- 
mine-containing synapses than that of mice not 
susceptible to audiogenic seizures [8]. 

Our previous studies demonstrated the impor- 
tance of  a balance between the activities of  the 
brain serotoninergie and noradrenergic systems for 
the regulation of  behavior; in particular, the two 
systems were shown to interact in a reciprocal 
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manner  in influencing emotional behavior and the 
resistance to audiogenic seizures in rats [10]. In the 
study described here we explored what role antago- 
nists of  these two brain systems might play in the 
regulation of convulsive activity in DBA/2 mice of 
two age groups differing in their susceptibility to 
audiogenic seizures [12]. 

MATERIALS AND METHODS 
DBA/2 mice aged 20-27 days and 30-37 days from 
the Charles River Nursery (Boston, USA) were used. 
They were all kept at a constant room temperature 
(25"C) on a 12-hour light-dark schedule (light from 
07 :00  h) and had free access to food and water. 

Convulsive activity was evaluated separately for 
each mouse in a plastic chamber in response to a 
high-frequency tone of  118 dB delivered from a 
Bell Audioalarm apparatus (Floyd Bell Association, 
Columbus, Ohio). 

The response to acoustic stimulation by mice 
susceptible to audiogenic seizures included tremor 
and spontaneous running succeeded by tonic or 
clonic convulsions (some mice did no t  develop 
convulsions after the running). The mean latency 
of  seizures was calculated for each group. 

Each of  the drugs used - yohimbine hydro- 
chloride, mianserin hydrochloride, cyproheptadine 
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TABLE 1. Effects of ct2-Adrenergic and 5--HT Receptor Blockers on Audiogenic Convulsions in DBA/2 Mice Aged 20-27 Days 

:r 
Yohimbine 

Mi~nserin ! 

Group No. of mice Drug dose, !Latency of convulsions, 
per group rng/kg sec 

12 
12 

6 

0.5 

2 

Cyproheptadine 

Ke~anserin 

Zakopride 

8 2 

6 3 

6 1 

6 1 

Note .  *p<0.05, **p<O.O1, -*p<0.001 in comparison with the control group. 

hydrochloride, ketanserin (Serva), zakopride (Wyeth 
Ayerst), and ICS 205-930 (Sandoz) - was dissolved 
in twice-distil led water  in a volume of  1 ml per  
10 g body  weight  and injected intraperitoneally, 
the dose being calculated by the dry weight o f  the 
salt. Yohimbine  and the 5 -HT receptor  blockers 
were adminis tered 15 min and 25 min, respec- 
tively, before  the recording o f  convulsive activity 
was started. All substances were used in doses in 
which their activity was highest [6,7]. 

In the statistical t reatment  o f  the results, the 
means and their  standard deviations were com-  
puted. Each group consisted of  at least 6 mice. The 
significance of  differences in the latency of  convul- 
sions between the control and six test (drug-treated) 
groups was estimated by ANOVA. The differences 
were considered significant at the p<0.05 level. 

RESULTS 
The younger  control  mice (20-27  days old) were 
more susceptible to audiogenic seizures than the 
older  ones (aged 3 0 - 3 7  days). As can be  seen 
from Tables 1 and 2, the former mice exhibited 
a much shorter  latency of  convulsive activity than 
the latter (9.5 sec vs. 43.4 sec; p<0.005) as well as 
stronger convulsions. Tonic and/or clonic convulsions 

9.5 • 1.1 
4.3• "o" 

29.6• 

18.5• 

11.8• 

23.2• 

31.4• 10.1" 

in response to acoustic stimulations were observed in 
92% of  the younger mice, but  only 8% of  them 
were seen to run. In contrast ,  only  17% of  the 
older mice developed convulsions, although 83% of  
them exhibited tremor and forced running. 

The cccadrenergic blocker yohimbine (0.5 rag/ 
kg) enhanced convulsive activity. It reduced the 
l a t e n c y  o f  c o n v u l s i o n s  f r o m  9.5 to 4.3 sec  
(p<0.005) in the younger  mice and from 43.4 to 
17.2 see (p<0.005) in the older  ones as compared 
to the respective control groups. 

In contrast, four o f  the five 5 - H T  receptor  
blockers weakened rather than enhanced convulsive 
activity. The 5-HTac receptor blockers mianserin (2 
mg/kg) and cyproheptadine (2 m g / k g ) ,  the 5 -HT 3 
receptor  blocker zakopride (1 mg/kg),  and the 5- 
H T  4 receptor  blocker ICS 205-930 (1 mg/kg) all 
lowered convulsive activity in the younger  mice, 
increasing the latency of  convulsions significantly 
by  a factor  of  3.1, 2, 2.4, and 3.3, respectively; 
the 5 -HT 2 receptor blocker ketanserin did not have 
a significant effect on the la tency (Table 1). 

In the older mice, the la tency of  convulsions 
was significantly prolonged only by cyproheptadine. 
Mianserin and ketanserin had no significant effect 
on the la tency while zakopride and ICS 205-930 
significantly shortened it (Table 2). 

TABI~ 2. Effects of ct~-Adrenergic and 5--HT Receptor Blockers on Audiogenic Convulsions in DBA/2 Mice Aged 30--37 Days 

Group 

Yohimbine 

Cyproheptadine 

Zakopride 

No. of mice Drug dose, Latency of convulsions, 
per group mg/kg sec 

9 0.5 17.2• ~ 

: . :  : . . . .  . �9 

6 2 56.8• 

12 1 21.1• 

Note .  *p<O.05, "p<0.01, **'p<0.001 in comparison with the control group. 
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The present study has shown, fwst, that the 5- 
HT and NE receptors we examined are involved 
in regulating the convulsive activity of  DBA/2 mice 
and, second, that the effects exerted on these re- 
ceptors by the drugs used is clearly age-dependent. 
The effect from blocking 5-HT receptors is, on the 
whole, the opposite of  that of  blocking r 
ergic receptors. Thus, blockade of  the former re- 
ceptors enhances convulsive activity while blockade 
of the latter weakens it. A similar influence of NE 
receptors on convulsive activity was reported previ- 
ously. For example, the predominantly 0~2-adren- 
ergic receptor agonist clonidine was found to lower 
this activity, but its protective effect was abolished 
by yohimbine [4,5,9]. 

In our study, the effects from blocking 5-HT 
or NE receptors were more pronounced  in the 
younger  DBA/2  mice,  wh ich  are par t icular ly  
susceptible to audiogenic seizures and, as indicated 
by biochemical data, show a greatly lowered ac- 
tivity of  the monoaminergic  systems [3,4,11,12]. 
Our finding that antagonists of  5-HTlc , 5-HTs, 5- 
HT 4 and ~,-adrenergic receptors influence the sus- 
ceptibility o f  DBA/2 mice to audiogenic seizures 
in differing or opposite ways confirms the recip- 
rocal nature o f  interact ions between the sero- 
toninergic and noradrenergic systems of  the brain 
[10], which determines how these systems regu- 
late complex behaviors in normal  and pathologi- 
cal states. 
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