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SHORT COMMUNICATION

Stroking stimulation of the skin elicits 
50‑kHz ultrasonic vocalizations in young adult 
rats
Rie Shimoju1  , Hideshi Shibata2, Miyo Hori3 and Mieko Kurosawa1,4*

Abstract 

The present study aimed to clarify if stroking stimulation of the skin produces positive emotion in rats. 50-kHz ultra-
sonic vocalizations (USVs) were recorded as an index of the positive emotion. Stroking stimulation was applied to 
the ventral, dorsal, or head region of the body while the rat was in a vertical holding condition. Rats emit abundant 
50-kHz USVs in response to stroking, and the number of the USVs was not different among these three stimulated 
regions. Other stimulations, such as light touching of the abdominal area, swinging of the body back and forth, or 
stroking of the external genitalia under vertical holding condition, produced significantly less 50-kHz USVs. Further-
more, different call subtypes were observed during and after stroking of the ventral region. In particular, “Trill” calls, a 
representative index of positive emotion, were dominant after stimulation. These results suggest that stroking of the 
skin induces positive emotional states.
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Introduction
Sensory stimulation of the skin alters physiological func-
tions via motor and autonomic nerves. We have reported 
that somatic stimulation reflexively changes various vis-
ceral functions in anesthetized animals. The responses 
were dependent on the stimulus modalities [1–3]. For 
example, arterial pressure, heart rate, and adrenal cat-
echolamine secretion increase in response to noxious 
mechanical stimulation (pinching) [1, 2], whereas they 
decrease in response to innocuous mechanical stimula-
tion (stroking) of the skin in anesthetized animals [1, 4]. 
These decreases in the arterial pressure and heart rate are 
also observed in conscious animals [5], and the duration 
of the responses are much longer than those in anesthe-
tized animals. These results suggest that the contribution 
of emotion can be important. In accordance, stroking 

stimulation is demonstrated to have anxiolytic effects 
in conscious animals [6]. Furthermore, we have shown 
that stroking stimulation increases dopamine release in 
the nucleus accumbens [7, 8], which contributes to the 
occurrence of the positive emotion. However, it is not 
clear whether stroking stimulation can alter emotional 
states in rats.

Juvenile and adult rats emit ultrasonic vocalizations 
(USVs) that can be classified into two basic types by peak 
frequency and call duration [9, 10]. One type is the “22-
kHz” USV (frequency, 20–30  kHz; call duration, 300 to 
over 3000  ms), which is observed in negative aversive 
states, such as predator exposure, social defeat, and foot 
shock [11–14]. The other type is the “50-kHz” USV (35–
80 kHz, 10–150 ms), which has been proposed to reflect 
a positive state akin to human joy and laughter. Such calls 
are associated with positive affective contexts, including 
mating, the availability of food, anticipation of positive 
rewards, administration of psychostimulant drugs, and 
rough-and-tumble play [9, 15–17].
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A significant negative correlation has been demon-
strated between the 50-kHz vocalization rate and the 
approach latency time, an index of positive behavior 
[18]. Thus, the number of 50-kHz USVs was employed 
in many USV studies for evaluating the intensity of posi-
tive emotion [19]. Furthermore, 50-kHz USVs are divided 
generally into two main types of calls, monotonous “Flat” 
and “Frequency-modulated (FM)” calls [20]. The 50-kHz 
USVs were further divided into as many as 14 different 
subtypes by Wright et  al. [21]. Recently, accumulating 
evidence demonstrated that the variety of acoustic fea-
tures are susceptible to experimental manipulation and 
may contain important information not encoded by the 
absolute number of calls.

In the present study, we examined the effect of strok-
ing stimulation on both the absolute number of USVs and 
the call subtypes demonstrated by Wright et al. [21]. We 
applied stroking stimulation to the ventral region, includ-
ing the chest, abdomen, pelvis, and thigh, under vertical 
holding condition since the stimulation under vertical 
holding condition has been shown to produce anxiolytic 
and hypotensive responses [5, 6]. We also applied strok-
ing stimulation to other cutaneous regions (dorsal and 
head regions) to elucidate the stimulus site specificity for 
evoking USVs. In addition, stroking of the external geni-
talia, light touching of the abdominal area, and swinging 
the body back and forth were performed under vertical 
holding condition to clarify the stimulus modality speci-
ficity for evoking USVs.

Materials and methods
Animals
The experiments were performed on 18 male Wistar/
ST rats (7–9  weeks old, 260–310  g). The animals were 
maintained under temperature-controlled conditions 
(23 ± 1 °C) with a 12-h light/dark cycle (Showa Co. Ltd., 
Tokyo). Commercial rodent chow (Labo-MR stock, 
Nosan Corporation, Kanagawa) and tap water were pro-
vided ad libitum, except during experiments. All experi-
ments were performed in accordance with the Japanese 
Physiological Society’s Guide for the Care and Use of 
Laboratory Animals. The study protocol was approved by 
the animal ethics committee of the International Univer-
sity of Health and Welfare.

The animals were housed individually for 2  weeks 
and received 2  min of stroking stimulation (the ventral 
region) once a day beginning at 1 week prior to the start 
of the experiments in order to acclimate the rats to the 
stimulation. Furthermore, for 2 consecutive days imme-
diately before the experiments, each rat was placed in 
a standard polycarbonate home cage (W27 cm × L44 
cm × H18 cm) and left undisturbed for at least 30  min. 
These acclimation/habituation procedures were intended 

to extinguish the animals’ anxiety. All manipulations 
were conducted by the same experimenter.

Recordings of USVs
The experiments were conducted between 09:00 to 
16:00  h. USVs of each rat were recorded individually in 
a home cage, and recordings of USVs were performed 
by an UltraSoundGate 116H audio device with a CM16/
CMA microphone (Avisoft Bioacoustics, Berlin, Ger-
many). The ultrasonic microphone was mounted cen-
trally at approximately 15 cm distance from the rats. The 
sampling rate was 300 kHz with 16-bit resolution. During 
all recordings, the intensity gain remained at the same 
level for all rats. For acoustical analysis, recordings were 
transferred to SASLab Pro (version 4.2, Avisoft Bioacous-
tics). Spectrograms were generated with a fast Fourier 
transform (FFT)-length of 512 points and an overlap of 
75% (FlatTop window, 100% frame size). Each call was 
visually and acoustically identified by a trained observer.

Experimental design
The present study consisted of three experiments (experi-
ment I, II, and III). In experiment I, responses of the USVs 
to stroking stimulation of the ventral region, including 
the chest, abdomen, pelvis, and thigh, were analyzed by 
both the number and acoustic features of USVs in 6 rats. 
USVs were recorded for 6 consecutive minutes (pre-stim-
ulation for 1 min, during stimulation for 1 min, and post-
stimulation for 4 min). The 50-kHz calls were categorized 
during both the 60-s stimulus period and the 60-s post-
stimulus period, according to the modified 14-subtype 
scheme described by Wright et al. [21].

In experiment II, another cohort of rats (n = 6) were 
used in order to determine the stimulus modality speci-
ficity for evoking 50-kHz USVs. Therefore, the responses 
of 50-kHz USVs to stroking of the ventral region were 
compared with the responses to other stimulations, 
including stroking stimulation of the external genitalia 
area, light touching of the ventral region, and swinging 
the body back and forth. Each of the other stimulations 
was delivered on separate days. Light touching of the 
ventral region was delivered on the first day, stroking of 
the external genitalia area was delivered on the second 
day, swinging the body back and forth was delivered on 
the third day, and the sham stimulation (vertical holding 
without stroking) was delivered on the fourth day. Strok-
ing of the ventral region was performed each day, and the 
effects of stroking the ventral region on the 50-kHz USVs 
were compared to those observed during each of the 
other stimulations. All stimulations were delivered for 
30 s, and the USVs were recorded during the 30-s stimu-
lus period.
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In experiment III, another cohort of rats (n = 6) were 
used in order to determine the stimulus site specific-
ity for evoking 50-kHz USVs. Stroking stimulation was 
applied to three different cutaneous areas (ventral, dor-
sal part of the body, and head regions), and USVs were 
recorded during the 30-s stimulus period.

Stimulations
All stimulations were applied under vertical holding 
condition, in which the experimenter hung a rat per-
pendicularly and gently squeezed the upper back skin by 
pulling its skin backwards with the left hand. The appro-
priate status of the vertical holding condition was con-
firmed by observing that the rat flexes and adducts its 
hindlimbs and forelimbs (Fig. 1a). Vertical holding alone 
was referred to as sham experiments in the present study.

In experiment I, stroking stimulation of the ventral 
region (chest, abdomen, pelvis, and thigh) was applied 
towards the lower part from the upper part of the body 
[5, 8] for 60 s at a frequency of approximately 1 Hz with 
the experimenter’s right hand (Fig. 1b). The frequency of 
stimulation was confirmed using a metronome without 
sound.

In experiment II, stroking stimulation of the external 
genitalia (area around the urethral opening) was applied 
for 30 s. Light touching of the abdomen was conducted 
by gently touching on the abdominal region with the 
experimenter’s four fingers (without the thumb) at 
approximately 1 Hz for 30 s. Swinging of the body back 
and forth was conducted at approximately 1 Hz for 30 s.

In experiment III, stroking stimulation of the dorsal 
region (back and rump) was applied beginning at the 
upper part of the body and moving towards the lower 
part, and stimulation of the head region was applied from 
the forehead towards the occipital region and nape of the 
neck for 30 s, at a frequency of approximately 1 Hz.

Statistics
All values were expressed as mean ± SD and were ana-
lyzed using commercial software (IBM SPSS Statistics 23; 
International Business Machines Co, Armonk, NY, USA). 
Paired t-test was employed for the following compari-
sons: the differences in the pre-stimulus basal number 
(mean value for 60 s before stimulation) of 50-kHz USVs 
between sham and ventral stroking groups, differences in 
the number of each call subtype between the 60-s stimu-
lus period and the 60-s post-stimulus period, differences 
in the number of 50-kHz USVs between ventral stroking 
and the other stimulation groups, and differences in the 
number of 50-kHz USVs among ventral, dorsal, and head 
stroking groups. Changes over time within a group (sham 
or ventral stroking group) were analyzed by repeated-
measures one-way ANOVA followed by Dunnett’s test. 

The statistical analysis of the acoustic features (peak 
frequency, call duration, and peak amplitude) among 
representative call subtypes was performed by repeated-
measures ANOVA followed by post hoc Tukey’s HSD 
test. Probability values of less than 5% were considered 
significant.

Results
The pre-stimulus basal number of 50-kHz USVs in the 
sham (holding) group (2–4 calls/10 s, Fig. 1c) was not sig-
nificantly different from that of the stroking group (1–4 
calls/10  s, Fig.  1d). Stroking of the ventral region pro-
duced rapid and significant increases in 50-kHz USVs 
(p < 0.001), and the increases persisted (19–23 calls/10 s) 

Fig. 1  Method of stroking stimulation under vertical holding 
condition. a Vertical holding. The experimenter gently squeezed 
the rat’s upper back skin, pulling backward without stroking (sham 
stimulation). b Stroking of the ventral region. The stimulation was 
applied towards the lower part from the upper part of the body 
(as indicated by the arrow) with the right hand at a frequency of 
approximately 1 Hz. c, d Responses of 50-kHz USVs to sham (c) or 
stroking (d) stimulation. Ordinates, number of 50-kHz USVs per 10 s; 
abscissa, 0 indicates the onset of stimulation. Horizontal bar indicates 
the 60-s stimulus or sham stimulus period. *p < 0.05, **p < 0.01, vs 
pre-stimulus control value, using ANOVA followed by Dunnett’s 
multiple comparison test. n = 6
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during the 60-s stimulus period (Fig.  1d). After cessa-
tion of stimulation, the number of 50-kHz USVs gradu-
ally decreased and returned to the pre-stimulus levels at 
30–40  s after cessation of the stimulation. The USVs in 
the sham group tended to decrease during 60-s holding 
period, but the decreases were not significant (Fig. 1 c). 
The total number of 50-kHz USVs during the 60-s stimu-
lus period in the stroking group was 120 ± 31 calls and 
the value was significantly (p < 0.001) larger than that of 
the sham group (2 ± 2 calls).

The responses of 50-kHz USVs to stroking the ventral 
region was compared with that of other stimulations 
(light touching the abdominal area, stroking the external 
genitalia area, and swinging the body back and forth) in 
another 6 rats during a 30-s stimulus period. The number 
of 50-kHz USVs during light touching (29 ± 25 calls) was 
significantly less than that of the ventral stroking (77 ± 10, 
p < 0.01). Similarly, the numbers of 50-kHz USVs during 
stroking the external genitalia (8 ± 7 calls) and swing-
ing the body (7 ± 8 calls) were significantly smaller than 
those of respective controls (stroking the ventral region) 
(p < 0.001) (Fig. 2). The number of 50-kHz USVs elicited 
during ventral stroking in each stimulus pattern was not 
statistically different (light gray columns in Fig. 2a–d).

The number of 50-kHz USVs in the sham group (hold-
ing without stimulation) was confirmed to be signifi-
cantly less (7 ± 5 calls, p < 0.001) than that in the ventral 
stroking group (Fig. 2d).

The effects of stroking the three different skin regions 
(ventral, dorsal, and head) on 50-kHz USVs under verti-
cal holding condition were compared in 6 animals. There 
were no significant differences in total number of 50-kHz 
USVs (ventral, 75 ± 16 calls; dorsal, 81 ± 24 calls; and 
head, 86 ± 18 calls) during the 30-s stimulus period.

Subtypes of 50-kHz USVs evoked by stroking stimula-
tion of the ventral region were investigated in the same 
cohort of rats shown in Fig.  1 (n = 6). Various 50-kHz 
subtypes were observed during both the 60-s stimulus 
period and 60-s post-stimulus period. Three representa-
tive examples of the call subtypes (“Harmonic flat”, “Step 
down”, and “Split”) evoked during the stimulus period are 
shown in Fig. 3a. In addition, the monotonous “Flat” call 
is also shown in Fig.  3a for comparison with the “Har-
monic flat” call. In the present study, 22-kHz calls were 
not observed.

The peak frequency, call duration, and peak amplitude 
of these representative calls are summarized in Table 1. 
Mean peak frequency was approximately 40–50  kHz in 
each call subtype, and there were no significant differ-
ences in the mean peak frequency among the subtypes. 
On the other hand, the mean call duration of “Flat” (non-
harmonic flat) call was significantly shorter than that of 
“Step down” (p < 0.01) and “Split” calls (p < 0.01). Mean 

amplitude of “Harmonic flat” was significantly larger 
than other subtypes (Step down, 40.9 ± 20.4%; Split, 
42.2 ± 25.9%; Flat, 27.9 ± 14.0%, expressed as percentage 
of the “Harmonic flat” amplitude).

The absolute number of each call subtype during both 
the 60-s stimulus period and the 60-s post-stimulus 
period was investigated (Fig.  3b). During the stimulus 
period, 48 ± 23 calls were “Harmonic flat”, but “Harmonic 
flat” calls were not observed after stimulation. “Step 
down” (18 ± 14 calls) and “Split” (10 ± 6 calls) calls were 
also observed during stimulus period, but “Step down” 
calls were infrequent (1 ± 0 calls) and “Split” (0 ± 0 calls) 
calls did not occur after stimulation. In contrast, “Trill” 
(17 ± 16 calls) calls appeared after stimulation, and were 
rarely observed during the stimulus period.

Discussion
Results of the present study showed that young adult 
rats emit 50-kHz USVs in response to stroking stimula-
tion of the ventral region under vertical holding condi-
tion. Furthermore, it was demonstrated that the 50-kHz 
USVs include various subtypes, and that the composition 
of the subtypes was different between during and after 
stimulation.

Fig. 2  Responses of 50-kHz USVs to various stimulation. The 
number of 50-kHz USVs during ventral stroking (light gray column) 
was compared with that of other stimulations (dark gray column): 
light touching (a), stroking of the external genitalia (EG) (b), and 
swinging of the body (c). A comparison was also made between 
ventral stroking and holding without stroking (sham) (d). Ordinates, 
total number of 50-kHz USVs during 30-s stimulus period. **p < 0.01 
***p < 0.001, by paired t-test. n = 6



Page 5 of 8Shimoju et al. J Physiol Sci           (2020) 70:41 	

Since the rate of 50-kHz USVs is shown to relate 
to the degree of positive reinforcement [19], we first 
investigated the effects of stroking stimulation on the 
rate of 50-kHz USVs. The present study demonstrated 
that young adult rats emit abundant 50-kHz USVs in 
response to stroking stimulation of the ventral region 

under vertical holding condition. Fifty-kHz USVs were 
also observed by stroking other cutaneous regions (dor-
sal or head regions), and there were no differences in the 
number of calls among the stimulated sites (ventral, dor-
sal, and head). These results suggest that stroking of the 
skin under vertical holding condition produces positive 

Fig. 3  Subtypes of 50-kHz USVs evoked by stroking of the ventral region. a Representative sonograms during stroking stimulation. b Absolute 
number of call subtypes during the 60-s stimulus period (left panel) and the 60-s post-stimulus period (right panel). The sonograms were obtained 
from four different rats. The data are based on 719 calls during the 60-s stimulus period and 385 calls during the 60-s post-stimulus period (n = 6). 
*p < 0.05, **p < 0.01, between groups, using paired t-test

Table 1  Call parameters (mean peak frequency, mean call duration and  mean peak amplitude) of  representative call 
subtypes during stroking

**p < 0.01 vs “Flat” call, ##p < 0.01 vs “Harmonic flat” call

Harmonic flat Stepdown Split Flat

Mean peak frequency (kHz) 39.5 ± 7.3 41.2 ± 7.1 39.9 ± 7 48.5 ± 6.4

Mean call duration (ms) 117.6 ± 56.7 176.6 ± 71.1** 178.5 ± 38.4** 43.8 ± 17.2

Mean peak amplitude (dB) − 30.4 ± 7.4 − 35.7 ± 10.2 − 38.6 ± 9.7 − 42.2 ± 3.3

Mean peak amplitude (%) 100 40.9 ± 20.4## 42.2 ± 25.9## 27.9 ± 14.0##
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emotion irrespective of the cutaneous stimulus sites, 
at least in the rats acclimatized to the stimulation for 
1 week.

We attempted to elucidate factors eliciting USVs 
to stroking stimulation in the present study. First, we 
examined a possibility that the 50-kHz USVs evoked by 
stroking of the ventral region is due to sexual arousal fol-
lowing the stimulation of the lower abdomen including 
the external genitalia, stroking stimulation around the 
external genitalia area was applied. The number of USVs 
evoked by stimulation of the external genitalia area was 
significantly less than that of ventral stroking (Fig.  2). 
These results demonstrate that 50-kHz USVs emitted 
by stroking of the ventral region were not due to sexual 
arousal. Second, we examined a possibility that vestibular 
sensation contributes to the 50-kHz USVs evoked by ven-
tral stroking, since the body of the rats swung back and 
force during stroking of the ventral (or dorsal) region. 
However, swinging the body alone produced few 50-kHz 
USVs. Therefore, the evidence suggests that excitement 
of the cutaneous receptors is important to elicit the 
50-kHz USVs.

Stroking stimulation (tactile stimulation with move-
ment) over the hairy skin area activates various mecha-
noreceptors, such as hair follicle receptors, Merkel discs, 
and Ruffini corpuscles. In addition, warm receptors may 
also respond to the experimenter’s bare hand in the pre-
sent study. The fact that light touching on the same skin 
area (tactile stimulation without movement) induced 
few 50-kHz USVs (Fig.  2) indicates that the contribu-
tion of receptors responding to the tactile movement is 
important for inducing 50-kHz USVs. It is noteworthy 
that C-tactile fibers respond particularly well to cutane-
ous stroking stimulation, but poorly to rapid skin defor-
mation such as light touching stimulation [22, 23]. Since 
C-tactile afferent fibers constitute a peripheral pathway 
for pleasant tactile stimulation [24], it is suggested that 
tactile C-afferent fibers may be important for producing 
50-kHz USVs in response to tactile stimulation. Further 
investigation on the afferent mechanisms is required.

In the present study, the 50-kHz USVs were classi-
fied into several call subtypes. During stroking stimula-
tion 13 out of the 14 subtypes (except “Trill with jumps”) 
proposed by Wright et al. [21] were observed. One new 
call subtype was identified that was not described in the 
Wright et al.’s scheme [21]. The new subtype was monot-
onous call with harmonics, and was defined as “Har-
monic flat”. It was shown that 22-kHz (20–30 kHz) USVs 
occasionally appeared with 40 and 60-kHz USVs, and this 
is thought to be noise generated by reverberations from 
high decibel 22-kHz USVs [25]. Since the amplitude of 
the “Harmonic flat” call was larger than that of other sub-
type calls, there is a possibility that the harmonics were 

caused by reverberations. However, the fundamental 
frequency of the “Harmonic flat” call (39.5 ± 7.3 kHz) is 
higher than that of 22-kHz USVs and the call duration of 
the “Harmonic flat” call (117.6 ± 56.7 ms) is shorter than 
that of 22-kHz USVs (300–3000 ms [9]), suggesting that 
the “Harmonic flat calls” were not in the group of 22-kHz 
USVs.

Although the “Harmonic flat” calls might be elicited 
due to acoustic byproduct, these calls may appear in 
other situations than stimulation of rats in the vertical 
position. For example, the administration of ampheta-
mine, a psychotropic agent, increases call amplitude, 
suggesting that the large amplitude of the present “Har-
monic flat” calls is due to some emotional changes. In 
addition, sonograms similar to the “Harmonic flat” calls 
have been reported during copulation [14, 26], carbachol 
injections into the nucleus accumbens [27], and rat pup 
calls during maternal separation [28]. In any case, further 
research is needed to clarify whether the “Harmonic flat” 
call is related to emotion or only byproducts of mechani-
cal noise.

We found that “Trill” calls were evoked characteristi-
cally during the 60-s post-stimulus period. Abundant 
“Trill” calls are observed during social play [29], mating 
[30], and approach to a partner of anticipating play (i.e., 
its former cage mate) [20]. These results indicate that 
the rats receiving stroking of the ventral region entered a 
positive emotional state.

Rats habituated to the present vertical holding method 
emitted neither 50-kHz USVs nor aversive 22-kHz USVs 
during vertical holding without stroking. In addition, we 
did not observe any indices of stress, such as abducted 
lower limbs and increased abdominal muscle tension, 
defecation, urination, and audible calls during dorsal 
immobilization [31, 32].

When a pup is grasped for transport by the mother 
or the experimenter, the pup characteristically responds 
by reducing its general activity. Typically, a pup actively 
flexes and adducts its hindlimbs and forelimbs, which is 
called the transport response [33]. In the present study, 
the hindlimbs and forelimbs of the habituated rats also 
showed a similar posture of the transport response 
(Fig.  1a). Furthermore, the pups also showed reduced 
indices of stress during transport response (e.g., reduc-
tion in heart rate, distress vocalizations, and induction in 
parasympathetic activity) [34].

Our previous study showed that tickling, a model of 
human joy, induces 50-kHz USVs in juvenile rats via dopa-
mine in the nucleus accumbens, a reward center [35]. 
We also reported that stroking stimulation under vertical 
holding condition increased accumbal dopamine release 
in adult rats [8]. Our results suggest that the accumbal 
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dopamine release relates to the emission of 50-kHz USVs 
to stroking stimulation under vertical holding condition.

Conclusions
In conclusion, the main finding of our study is that strok-
ing of the cutaneous ventral, dorsal, and head region under 
vertical holding condition elicits abundant 50-kHz USVs 
in young adult rats that were acclimatized to the strok-
ing stimulation for 1  week. The number of 50-kHz USVs 
evoked by stroking of the ventral region was significantly 
greater than that of other stimulations (light touching, 
swinging the body back and forth), suggesting that the 
cutaneous stroking stimulation is important for evoking 
50-kHz USVs. Analysis of the subtypes showed that “Trill” 
call, an index of typical positive emotion, is dominant after 
stimulation. Our results suggest that stroking of the skin 
induces positive emotion in rats. The functional meaning 
of call subtypes evoked during and after stroking stimula-
tion remains to be determined.
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