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YATSUGI, S. AND M. YAMAMOTO. Anticonvulsive properties of YM-14673, a new TRH analogue, in amygdaloid-kindled rats. 
PHARMACOL BIOCHEM BEHAV 38(3) 669--672, 1991.--Effects of YM-14673 (N~-[{(S)-4-oxo-2-azetidinyl}-carbonyl}-L-prolin - 
amide dihydrate), a new TRH analogue, on the development of kindling and the duration of afterdischarge (AD) were observed in 
amygdaloid-kindled rats in comparison with those of TRH. The fight medial amygdaloid nucleus was electrically stimulated once a 
day for establishment of kindling. YM-14673 and TRI-I were administered intraperitoneally 15 and 30 min prior to electrical stimu- 
lation from 2 days after the fast stimulation, respectively, and the number of stimulations required for the development of general- 
ized seizures was measured. YM-14673 (1 mg/kg) showed tendency to suppress the development of kindling (p<0.1), but TRH even 
at high dose (10 mg/kg) showed little effect on it. In addition, the experiment for the AD duration was conducted in full-kindled 
rats from one day after at least 3 reproducible generalized seizures were elicited by electrical stimulation of the medial amygdaloid 
nucleus once a day. Both YM-14673 (1 mg/kg) and TRH (10 mg/kg) administered 15 and 30 min prior to electrical stimulation of 
the amygdala, respectively, significantly shortened the AD duration in full-kindled rats. At these doses, both drugs desynchronized 
spontaneous cortical electroencephalogram (EEG) in normal rats. These results indicate that YM-14673 seems to possess anticon- 
vulsive property in rats. 

YM-14673 TRH Amygdaloid kindling Afterdlscharge Rat 

THYROTROPIN-RELEASING hormone (TRH) is well known 
as a hypothalamic hormone which releases thyrotropin (TSH) (3) 
and prolactin (6) from the pituitary. In addition to these hormonal 
actions, it has been reported that TRH had central nervous sys- 
tem arousal properties in both animals and men (11,14), and ac- 
celerated release and/or turnover of neurotransmitters such as 
acetylcholine and monoarnines (8). So some attempts have been 
made to evaluate the clinical efficacy of TRH on spinocerebellar 
degeneration (18), depression (11), schizophrenia (5), disturbance 
of consciousness (14) and epilepsy (9). Sato et al. (15,16) re- 
ported that TRH and ~/-butyrolactone-~/-calbonyl-L-histidyl-L- 
prolinamide citrate (DN-1417), TRH analogue, attenuated the 
development of kindling and seizures in amygdaloid-kindled ani- 
mals. Furthermore, it has been reported that DN-1417 had bene- 
ficial effects on symptoms in patients with myoclonus epilepsy 
and Lennox syndrome (4,19). 

Since TRH is known to be rapidly metabolized in the body, 
we have searched for TRH analogues that are more potent and 
longer-lasting than TRH. Recently, we have reported that N ~- 
[{(S)-4-oxo-2-azetidinyl}carbonyl]-L-histidyl-L-prolinamide dihy- 
drate (YM-14673) (22) was much more potent and longer-lasting 
than TRH in antagonizing pentobarbital sleep in mice. The present 
study describes about the anticonvulsive properties of YM-14673 
and TRH. 

METHOD 

Animals 

Male Wistar rats (Japan SLC, Shizuoka, Japan) weighing 
300-350 g were housed in group under 12-hour light-dark condi- 
tions, and given laboratory chow and water ad lib. 

Spontaneous Electroencephalogram in Rats 

Under anesthesia with sodium pentobarbital (55 mg/kg IP), 
screw electrodes were implanted into the skull on the surface of 
the cerebral cortex. The spontaneous electroencephalogram (EEG) 
was recorded every 10 rain after intraperitoneal administration of 
the test drugs and analyzed for theta band (4 to 7.75 Hz) using a 
data analytic apparatus (ATAC-450, Nihon Koden, Tokyo). The 
effects of the test drugs were evaluated by comparing the appear- 
ance rate of theta band for 10 min in the drug-treated groups with 
that in the saline-treated group. 

Development of Amygdaloid Kindling and Afterdischarge 

Rats were anesthetized with sodium pentobarbital (55 mg/kg 
IP) and the bipolar electrodes consisted of two twisted Teflon- 
coated 0.2 mm diameter stainless steel wires separated by 0.5 
mm at the tip were implanted in the right medial amygdaloid nu- 
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cleus (A 6.4, L 3.3, H 1.8) according to the coordinates of Pax- 
inos and Watson (10) and cerebral cortex. After a postoperative 
period of at least I0 days, the right amygdala was stimulated ac- 
cording to following procedures. The initial stimulus intensity, 
regulated by a constant-current unit, was set at 2.0 V, and was 
increased by 0.2-V steps every 10 min until an afterdischarge 
(AD) was generated. The stimulus intensity that first produced 
AD was designated as the AD threshold and it was used for pro- 
ducing subsequent kindling. When AD was generated at 2.0 V on 
initial day, the intensity was reduced in 0.2-V steps from second 
day to the day when AD was no longer elicited, and the minimum 
intensity stimulus which produced AD was designated as the AD 
threshold. Stimulation at the AD threshold was applied once daily 
in 1-s trains of 50 Hz until the rats elicited a generalized convul- 
sion every day for 3 days. TRH and YM-14673 were given 15 
and 30 min prior to each daily stimulation during the drug ses- 
sions (from 2 to 24 days), respectively. Assessment of amygda- 
loid seizure stage was conducted according to following 6 classes 
reported by Racine (12): Stage 0, no behavioral response to 
amygdaloid stimulation; Stage 1, mouth movement; Stage 2, head 
nodding; Stage 3, forepaw up and/or forelimb clonus; Stage 4, 
rearing; Stage 5, generalized convulsive seizure with falling. 

The AD duration was measured from EEG record and defined 
as the period of synchronous bursting activity. In nondrug treat- 
ment rats, after at least 3 reproducible stage 5 seizures were elic- 
ited, TRH and YM-14673 were given 15 and 30 min prior to 
stimulation on the next day, respectively. Then, change in the 
AD duration was observed. After these pharmacological studies, 
the rats were anesthetized with sodium pentobarbital (55 mg/kg 
IP) and their brains were perfused with physiological saline and 
10% formalin. Histological examination was conducted in order 
to verify the position of the electrode in some cases. 

Drugs 

YM-14673 was synthesized in our laboratories and dissolved 
in 0.9% saline solution. The following drugs were commercially 
obtained: TRH (Peptide Institute, Inc., Japan), sodium pentobar- 
bital (Tanabe, Japan). The volume for injection was 0.1 ml/100 
g body weight. 

Statistics 

The statistics significance of the results in the present study 
was calculated using the Student's t-test. 

RESULTS 

Spontaneous Electroencephalogram 

YM-14673 (0.1 and 1 mg/kg IP) increased the appearance rate 
of theta wave (Fig. 1A), suggesting that the drug desynchronized 
the spontaneous EEG. The EEG was desynchronized for about 
90 min and over 120 rain by administration of YM-14673 in 
doses of 0.1 and 1 mg/kg, respectively. TRH (10 mg/kg IP) 
showed the similar EEG actions as YM-14673, however, phar- 
macological action of TRH in a dose of 10 mg/kg continued for 
about 60 min (Fig. 1B). 

Effect on the Development of Kindling 

The number of the amygdaloid stimulations required for the 
development of stage 5 generalized convulsion was not affected 
by administration of YM-14673 (0.1 mg/kg IP) and TRH (10 
mg/kg IP) (Fig. 2, Table 1). YM-14673 (1 mg/kg IP) showed 
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FIG. 1. Effects of YM-14673 (A) and TRH (B) on the appearance rate of 
the theta-wave component in rats. Each point represents the mean_ + 
S.E.M. from 4-5 rats. (A): O--O; saline (IP), A--/~; YM-14673 (0.1 
mg/kg IP), A--A; YM-14673 (1 mg/kg IP) (B): O--O; saline (IP), 
A--A; TRH (1 mg/kg IP), A--A; TRH (10 mg/kg IP). Significantly 
different from the value for saline-treated group: *p<0.05, **p<0.01, 
***p<0.001 (Student's t-test). 

tendency to extend the number of stimulations (p<0.1) (Fig. 2, 
Table I). On the other hand, the number of stimulations required 
for the development of other stages (1-4) was not significantly 
affected by administration of both drugs (Table 1). 

Effect on the AD Duration 

YM-14673 (1 mg/kg IP) significantly shortened the AD dura- 
tion in full-kindled rats (p<0.001) (Fig. 3). At this dose, the sei- 
zure stages in full-kindled rats were also reduced; in two out of 
eight rats, the behavioral seizures regressed from stage 5 to stage 
2, and in others, those kept stage 5 seizures. TRH (10 mg/kg IP) 
also significantly shortened the AD duration in full-kindled rats 
(p<0.05) (Fig. 3); in three out of twelve rats, the behavioral sei- 
zures regressed from stage 5 to stage 0, 1 or 3, and in others, 
those kept stage 5 seizures. 
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FIG. 2. Effects of YM-14673 and TRH on the development of kindling 
in amygdaloid-kindled rats. Each point represents the mean ± S.E.M. from 
6-9 rats. ©--©: saline (IP), O - O :  YM-14673 (0.1 mg/kg IP), A--A: 
YM-14673 (1 mg/kg IP), &--&: TRH (10 mg/kg IP). 

DISCUSSION 

Kindling, an animal model of complex partial epilepsy, refers 
to the phenomenon in which periodic focal application of initially 
subconvulsive electrical stimuli leads to the progressive intensifi- 
cation of seizures, culminating in limbic and clonic motor sei- 
zures (2). It has been reported that pharmacological efficacy of 
antiepileptic drugs in kindling model is correlated with clinical 
efficacy in patients with epilepsy (20,21). The present study dem- 
onstrated that both YM-14673 (1 mg/kg IP) and TRH (10 mg/kg 
IP) significantly shortened the AD duration in fully kindled rats. 
YM-14673 (1 mg/kg IP) showed tendency to suppress the behav- 
ioral manifestations of development of kindling. The appearance 
rate of the theta wave component was increased by administration 
by YM-14673 (1 mg/kg IP) and TRH (10 mg/kg IP) suggesting 
that both drugs facilitated the spontaneous EEG. Sadanaga (13) 
reported that electrical stimulation of the mesencephalic reticular 
formation desynchronized the spontaneous EEG without affecting 
duration of the hippocampal afterdischarge in rabbits. Therefore, 
anticonvulsive properties of YM-14673 and TRH may not be in- 
duced by change in spontaneous EEG activity. The pharmacolog- 
ical potent action of YM-14673 may be ascribable to the stability 

TABLE 1 

EFFECTS OF YM-14673 AND TRH ON THE DEVELOPMENT OF KINDLING 
IN AMYGDALOID-KINDLED RATS (n = 6--9) 

Drug YM- 14673 
Dose TRH 

Stage (mg/kg IP) Saline 0.1 1 10 

1 2 . 9  ± 0.4 1.8 -+ 0.3 2.0 ± 0.2 2.3 - 0 . 4  L 

2 5.1 -.+ 0.5 5.0 --+ 1.4 6.8 ± 1.0 6.4 - 1.1 
3 8.1 --- 0.9 6.8 ± 1.6 9.7 - 1.2 8.6 ± 1.6 
4 10.4 ± 1.1 8.8 - 1.9 13.1 ± 1.6 12.0 ± 1.5 
5 10.9 ± 1.0 9.7 ± 1.7 14.3 ± 1.5' 13.9 ± 1.6 

~Number of stimulation. 
*p<0.1 vs. saline-treated group (Student's t-test). 
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FIG. 3. Effects of YM-14673 and TRH on the AD duration in the full- 
kindled rats. Each column shows mean-S.E.M, from 7-12 rats. Pre 
value represents the average of AD duration on both 1 and 2 days before 
drug administration. Significantly different from the pre value: *p<0.05, 
***p<0.001 (Student's t-test). 

of YM-14673 with regard to enzymatic degradation in compari- 
son with that of TRH (Imazaki, 1988, personal communication). 

Sato et al. (16) have already reported that TRH and DN-1417 
(IV) suppressed both the development of kindling and AD dura- 
tion in fully kindled cats. However, these pharmacological ac- 
tions of both drugs were not dose-dependent. Furthermore, DN- 
1417 administered intraventricularly showed the anticonvulsive 
actions dose dependently in rats (15). In the present study, in- 
traperitoneal administration of YM-14673 showed tendency to 
suppress the development of kindling, and TRH even at high dose 
(10 mg/kg IP) showed little effect on it. The difference between 
present and other's results (15,16) may be due to differences of 
administration route and/or animal species. 

Increases in the TRH content and the number of TRH recep- 
tor were observed in the amygdala and pyriform cortex for 48 
hours, and in the striatum for 3 weeks after the last seizure in 
kindled rats (7). But the relationship between changes in TRH 
transmission and the suppressive effects of TRH on kindling is 
not clear now. 

Involvement of the central catecholaminergic system is pro- 
posed in the development of kindling and seizure in fully kindled 
animals. Reserpine, which depletes monoamines in brain, and 6- 
hydroxydopamine (6-OHDA), which selectively destroys 
catecholaminergic neurons, enhanced kindling in rats (1). On the 
other hand, cocaine and methamphetamine chronically adminis- 
tered for inducing supersensitivity of dopaminergic receptors, 
suppressed kindling (18). YM-14673 antagonized hypothermia in 
reserpinized mice (23) and increased monoamine contents in the 
brain of rats (Okada, 1990, unpublished), indicating that this drug 
possesses facilitating effects on central monoaminergic system. 
The present observations that YM-14673 showed tendency to 
suppress the development of kindling and seizure in fully kindled 
rats may be due to, in part, accelerating release and/or turnover 
of catecholamines. 
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In conclusion, YM-14673 shortened the AD duration and 
showed tendency to suppress the development of kindling in 

amygdaloid-kindled rats. Thus we found that YM-14673 seemed 
to possess anticonvulsive property in rats. 
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