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Reference to Their Cardiac Function
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ABSTRACT. Autonomic nervous function in Tsukuba high (THE) and low (TLE) emotional rats as well as Wistar rats (control) was
studied by means of electrocardiographical examination in addition to the runway test. In the runway test, locomotive activity differed
significantly among the three strains, the greatest activity in TLE and the smallest in THE. Electrocardiogram (ECG) and locomotive
activity were successively recorded for 24 hr using a small size of telemeter system. Though the locomotive activity showed a clear
nocturnal rhythm, no significant difference was observed among the three strains. The mean value of R-R intervals in THE tended to be
smaller than those in other two strains; showing a significant difference between THE and TLE. The mean value of standard deviation
(SD) of R-R intervals in TLE tended to be larger than those in other two strains; showing a significant difference between TLE and
Wistar in the light and dark periods, and also between TLE and THE in the light period. As regards coefficients of variation of R-R
intervals (CV), there was no significant difference among the three strains. Autonomic nervous tone in THE and TLE was evaluated by
means of autonomic blockades using atropine and/or propranolol. The sympathetic nervous tone represented 21.6% in THE and 16.8%
in TLE, while the parasympathetic nervous tone —9.0% and —12.3% in THE and TLE, respectively. There was a significant difference
in the net autonomic nervous tone between THE (10.7%) and TLE (—6.6%). These results demonstrated that the sympathetic nervous
activity was higher in THE than in TLE, while conversely, the parasympathetic nervous activity was higher in TLE than in THE.—xEy
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When animals are faced to a life-or-death crisis, they
have two strategies to cope with it. One is active
behavioral response such as fight-or-flight response
accompanied by predominance of sympathetic nervous
activity. The other is passive behavioral response repre-
sented by freezing or sham-death response, accompanied
by predominance of parasympathetic nervous activity [7,
20, 21].

It has been reported that stimulation or destruction of
some brain regions can induce changes in emotional states
of animals [17]. For example, stimulation to the
mesencephalic central gray matter [3] or ventromedial
amygdaloid nucleus [24] can induce attacking behavior,
whereas removal of septal area resulted in hyperemo-
tionality [5], and corpus amygdaloideum lack of fear and
rage [4].

These emotional changes would be accompanied by
changes in the autonomic nervous function, as suggested
by the reports of horses [15, 16] in which heart rate level in
response to novel environment was found to be different
between normal and nervous individuals.

However, it is not clear whether the autonomic nervous
function may alter in animals having variant emotionality
during their normal life without any marked stimulation to
affect their behavior.

Tsukuba low emotional rats (TLE) and Tsukuba high
emotional rats (THE) have been well-known as the
congenitally breeding animals for studies on the emo-
tionality [8, 9]. They were obtained by bidirectional
inbreeding of the Wistar strain for high (TLE) and low
(THE) activity in the runway test which consisted of a
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dark starting box with a small exit and a bright straight
runway of which length was divided into 5 sections (25 cm
each) for recording the locomotive activity [8]. This
criterion is based on the supposition that the suppression
of locomotive activity, represented by ‘freezing’ to a novel
situation reflects a certain emotional reaction, which has
been thought as an expression of fear or anxiety of rats.
Therefore, it is of great interest to investigate the
differences in the autonomic nervous function between
these animal models having different emotionality each
other.

The heart beat rhythm has been extensively recognized
as an excellent parameter to show the alteration of the
autonomic nervous function. In the present study, the
electrocardiogram (ECG) of freely moving rats was
recorded for 24 hr by using a small size of biotelemetry
system implanted into the body of rats, which would not
restrict their natural behavior. Based on the ECG
recorded, the autonomic nervous function in THE and
TLE was investigated by analysis for heart rate (HR),
variation of R-R intervals, and also effects of autonomic
blockades on HR.

MATERIALS AND METHODS

Locomotive activity and defecation scores in runway test:
In order to ascertain the background emotional difference
among THE, TLE and Wistar rats, the runway test was
conducted according to the report by Fujita [8] using 4
male THE, 5 male TLE rats (originated from Institute of
Psychology, University of Tsukuba) and 5 male Wistar
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rats (from SLC Co., Ltd., Shizuoka); all aged 8 to 9 weeks
and weighing 250 to 300 g. Rats were tested for 3
consecutive days and total number of sections traversed
on the bright straight runway and total number of fecal
boli were recorded.

Locomotive activity and autonomic nervous function
during 24 hr in the home cages: Four male THE, 4 male
TLE and 4 male Wistar rats were used in this experiment.
They were accustomed to 12 hr light-dark cycle
(L=8:00-20:00; D=20:00-8:00). The rats remained in
their home cages throughout the experiment. Food and
water were available ad libitum. The rats were housed
individually after the surgery described below and kept in
a temperature-controlled room (23 £ 2°C).

A small size of telemeter system (TA10EA-F2, Data
Science Co., Ltd., Minnesota, U.S.A.) for transmitting
ECG was implanted chronically into the notal subcutanea
under pentobarbital sodium anesthesia (40 mg/kg, i.p.).
For recording the ECG, paired wire electrodes connected
to the body of the telemeter were placed under the skin of
dosal and ventral thorax, and the Apex-Base (A-B) lead
ECG was introduced. After 3 days of recovery period of
the surgery, each rat with the home cage was placed on a
signal-receiving board (RA 1610, Data Science Co., Ltd.,
Minnesota, U.S.A.), and ECG signals were recorded for
24 hr from 8:00. In addition, paired infrared photo-sensors
were set at both sides across the home cage to record
locomotive activity (photically-monitored activity, PA).
The PA was continuously measured for 24 hr, and the
total amount of it during each 5 min was memorized on a
personal computer (PC-9801 VM) successively. ECG was
subsequently stored on a laser disk by means of an ECG
processor (Softron, Tokyo). All the data of R-R intervals
during each 5 min-term were assigned for analysis on their
mean value, standard deviation (SD) and coefficient of
variance (CV). On these data, statistical analysis using
Student’s r-test was performed for the comparison be-
tween light and dark periods and among the three strain
groups. Statistical significant difference was considered if
P value was less than 0.05.
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Autonomic nervous tone in THE and TLE: Five male
THE and 5 male TLE rats were used in this study. The
same telemeter system as described above was implanted
into the rats and the A-B lead ECG was monitored
through the receiver.

In order to block the autonomic nervous activity,
atropine (2 mg/kg), propranolol (4 mg/kg) and atropine (2
mg/kg) + propranolol (4 mg/kg) were intraperitoneally
injected in this order at 24-h intervals to both the THE
and TLE. The doses of these drugs used were determined
according to the previous studies [1, 23, 26]. As a control,
1 m!/ of saline was intraperitoneally injected to both the
THE and TLE rats. After the injection of these drugs or
saline, ECG was continuously recorded for 10 min or
more in each rat.

Jose [10] termed the HR under the total autonomic
nervous blockade induced by a combined atropine and
propranolol injection the intrinsic HR (IHR). In order to
determine the sympathetic and parasympathetic tone in
the autonomic nervous system, the following equations
adapted from Walsh [26] and Lin and Horvath [13] were
used.

Sympathetic tone (S-tone) = 100 (HRatr. - IHR) / THR

Parasympathetic tone (P-tone) = 100 (HRprop. - IHR)

/ THR
Net autonomic tone (N-tone) = 100 (HRcont. - IHR) /
IHR

In these equations, HRatr., HRprop., HRcont. and
THR show the mean HR for 3 min at a quiet state of the
animal after the atropine, propranolol, saline and atropine
+ propranolol injections, respectively. Although the
handling effect related to the injection was observed, the
animals got quiet within 5 min in most cases. Therefore,
the data for calculating the mean HR were obtained 5 and
more min after the injection when animal was in a quiet
condition.

Statistical analysis based on Student’s t-test was per-
formed for the comparison between the THE and TLE,
and the difference was considered to be significant if P
value was less than 0.05.

a
2 9
a,b
e
Qo
wn
z 47
]
[
=
S
a b
0-
THE TLE Wistar

Fig. 1. The number of sections traversed and defecation score in THE (n=4), TLE (n=5) and Wistar
(n=5) strains in the runway test. Each column and vertical bar represents a mean = S.E. A significant
difference (p<0.05) is shown among values with different alphabets in each graph.
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RESULTS

Locomotive activity and defecation scores in runway test:
As shown in Fig. 1, the number of sections traversed on
the runway differed significantly among three strains
(p<0.05); the largest number in TLE and the smallest
number in THE. The locomotive activity in THE was
pronouncedly inhibited, conversely, that in TLE was
considerably high level. The locomotive activity in Wistar
rats was positioned between the levels of THE and TLE.
Moreover, the mean number of fecal boli was 4.5, 0.2 and
3.4 for THE, TLE and Wistar, respectively: a statistically
significant difference was shown between THE and TLE.

Locomotive activity and autonomic nervous function
during 24 hr in the home cages : The diurnal change of
mean PA in each strain is shown in Fig. 2. All the strains
showed a clear nocturnal activity rhythm. Mean values of
PA in light and dark periods of the three strains are
summarized in Fig. 3. Though PA in dark period of Wistar
strain rats tended to be less than that of other two strains,
no significant difference was observed among the three
strains in either light or dark period.

The diurnal change of mean R-R intervals in each strain
is shown in Fig. 4. In all the strains, mean R-R intervals
were maximum before and after 8:00 related to the
light-on, whereas they were minimum after 20:00 related
to the light-off. However, these R-R intervals gradually
increased or decreased toward the light-on or light-off,
respectively. As shown in Fig. 5, the mean R-R interval
had a tendency being longer in the light period than in the
dark period in each strain; especially, a significant
difference (p<0.05) in TLE. Moreover, both in light and
dark periods, the mean R-R interval in TLE was
significantly longer than that in THE (p<0.05).

Changes in mean standard deviations (SD) of R-R
intervals and mean values of SD in light and dark periods

of each strain are shown in Figs. 6 and 7, respectively. The
mean SD in TLE in the light period was significantly larger
than that in THE (p<0.05), while in the dark period TLE
showed a larger, but not statistically significant, value than
THE (Fig. 7). Moreover, both in the light and dark
periods, the mean SD in TLE was significantly larger than
that in Wistar (p<<0.05).

The mean value of CV in each strain indicated 4.8 (light
period), 4.4 (dark period) in THE, 5.5 (light period), 5.1
(dark period) in TLE and 4.6 (light period), 4.4 (dark
period) in Wistar, respectively. Although those values in
TLE at both the light and dark periods were slightly
higher than those in other two strains, there was no
significant difference among them (0.2>p>0.05).

Autonomic nervous tone in THE and TLE: As shown in
Fig. 8, the control HR (HRcont.) in THE was significantly
higher than that in TLE (p<0.05). However, the HR in
both strains was changed to almost the same level by
atropine (HRatr.) or propranolol (HRprop.) injection.
The THR in TLE tended to be higher than that in THE.
The S-tone, P-tone and N-tone were compared between
THE and TLE (Fig. 9). The S-tone represented 21.6% in
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Fig. 2. Mean changes in photically-monitored locomotive
activity (PA) in THE (n=5), TLE (n=>5) and Wistar (n=4)
strains during 24 hr. The number of sections traversed was
counted every 5 min in all rats. Light period; 8:00-20:00,
dark period; 20:00-8:00.
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Fig. 3. Summary of photically-monitored locomtive activity

(PA) in THE (n=5), TLE (n=5) and Wistar (n=4) strains
during light (L) and dark (D) periods. L; 8:00-20:00, D;
20:00-8:00. Each column and vertical bar represents a
mean *+ S.E. *: Significantly different from each other
(p<0.05).
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Fig. 5. Summary of R-R intervals in THE (n=5), TLE
(n=5) and Wistar (n=4) strains during light (L) and dark
(D) periods. L; 8:00-20:00, D; 20:00-8:00. Each column
and vertical bar represents a mean = S.E. *: Significantly
different from each other (p<0.05).

THE and 16.8% in TLE, while the P-tone —9.0% and
—12.3% in THE and TLE, respectively. The N-tone
resulted in a predominant sympathetic tone of 10.7% in
THE but a predominant parasympathetic tone of —6.6%
in TLE.
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Fig. 4. Mean changes in R-R intervals in THE (n=5), TLE
(n=35) and Wistar (n=4) strains during 24 hr. The analysis
was performed for all R-R intervals during each 5 min.
Light period; 8:00-20:00, dark period; 20:00-8:00.
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Fig. 6. Mean changes in standard deviation (SD) of R-R
intervals in THE (n=5), TLE (n=5) and Wistar (n=4)
strains during 24 hr. The analysis was performed for all
R-R intervals during each 5 min in all rats. Light period;
8:00-20:00, dark period; 20:00-8:00.
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Fig. 7. Summary of standard deviation (SD) in THE (n=5),
TLE (n=5) and Wistar (n=4) strains during light (L) and
dark (D) periods. L; 8:00-20:00, D; 20:00-8:00. Each
column and vertical bar represents a mean * S.E.

*: Significantly different from each other (p<0.05).
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Fig. 8. The effect of autonomic blockades on HR in THE
(n=5) and TLE (n=35). HRcont., HRatr., HRprop. and
IHR represent the HR after the saline, atropine, proprano-
lol and atropine + propranolol injections, respectively.
Each symbol and vertical bar represents a mean + S.E.
The asterisk shows a significant difference between the
same symbols (p<0.03).

DISCUSSION

The emotion in animals and human could be defined as
various mental changes revealed by neurological re-
sponses in the central nervous system associated with
various environmental changes. It appears a complex
reaction of autonomic nervous, endocrine, humoral, and
behavioral systems and in human has four standard
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Fig. 9. Autonomic nervous tone calculated from the HR
with and without autonomic blockades. The positive
direction applies to sympathetic nervous activity, while
negative direction parasympathetic activity. S-tone: sym-
pathetic nervous tone, P-tone: parasympathetic nervous
tone, N-tone: net autonomic nervous tone. Each symbol
and vertical bar represents a mean + S.E. The asterisk
shows a significant difference between the same symbols
(p<0.05).

aspects, i.c., delight, sorrow, rage and fear [12]. Freezing
behavior shown by rats is a typical manifestation of highly
augmented emotional states recognized as a certain
expression of fear or anxiety [6]. THE and TLE, as a
result of bidirectional inbreeding, possess different emo-
tionality evaluated by amounts of locomotive activity
depending on their freezing potency in the runway test [8].
In the present study, as compared with Wistar rats, a
significantly lower and higher locomotive activity was
observed in THE and TLE, respectively (Fig. 1). Con-
sidering that the photically monitored locomotive activi-
ties in their home cages during 24 hr did not differed
significantly among the three strains, the clear difference
in locomotive activity between THE and TLE observed in
the runway test might reflect the difference in emotional
reactivity of these animals in face to novel environment.
In fact, the number of fecal boli in the runway test was the
largest in THE and the smallest in TLE, indicating a clear
relationship between the emotionality and locomotive
activity in such circumstances. In accordance, these
animals are considered to be valuable animal models for
investigating various physiological mechanisms related to
emotionality.

As to assessment for the autonomic nervous function,
the R-R interval of ECG is widely used in mainly human
studies [18, 22]. Recently, the analysis by standard
deviation (SD) of R-R intervals and coefficient of varia-
tion (CV: 100XSD/mean R-R) has been developed for
evaluation of the autonomic nervous activity, especially,
the parasympathetic nervous activity [11, 19]. Therefore,
it is of great interest to apply these methods for the
emotional animal models. In the present study, the short
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R-R interval (high HR) in THE suggests a greater
influence of sympathetic nervous activity (S-tone) and/or a
minor influence of parasympathetic nervous activity (P-
tone) in this strain than in TLE. In general, the HR is
largely influenced by the activity of lJocomotion: the higher
HR is associated with an increased locomotive activity. In
the present study, however, such effect due to locomotion
seems to be minimum, since the locomotive activity in
THE was almost the same level as that in TLE. In the
studies on human, an increased CV value indicates a large
influence of P-tone [11]. However, in our study, this could
not be applicable to the animal models such as THE and
TLE, though only a minor increase of CV value was
observed in TLE.

The significant difference in the mean R-R interval
between THE and TLE (Fig. 5) suggested the presence of
the difference in the autonomic nervous tone during their
natural life. In fact, pharmacological denervation con-
ducted for THE and TLE demonstrated the clear differ-
ence in the autonomic nervous tone between them; the
higher S-tone (lower P-tone) in THE and the higher
P-tone (lower S-tone) in TLE.

Masui [14] investigated the quantitative differences of
monoamines and their metabolites in the brain between
THE and TLE. He reported that there were quantitative
differences in noradrenergic, adrenergic, serotonergic and
dopaminergic neurons between THE and TLE. Consider-
ing that the degree of emotional behavior can be changed
by stimulation or destruction of various monoaminergic
neurons [3-5, 24], or infusion of agonists or antagonists of
various monoamines [2, 25], these quantitative difference
of monoamines in the brain might have important roles on
the strain difference of emotional changes revealed by
THE and TLE. However, it is still not clear whether or
how such variation in the central nervous system can affect
the autonomic nervous activity.

This study demonstrated the presence of different
autonomic nervous activity in genetically-controlled emo-
tional animals, which could be estimated by analysis on
the cardiac activity.
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