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Abstract 

Yoshida, M. and Koeda, T. Studies on the intramural nerves of the hamster and mouse 

gallbladders. J. Smooth Muscle Res., 27 (1), 23-34, 1991 We first carried out microscopic 

observation of the intramural nerves of hamster and mouse gallbladders which were fixed 

and stained with a solution of oso4 and ZnI2. For this microscopic observation, the guinea-

pig gallbladder was used as a control. We then investigated the relationship between the 

motility and intramural nerves of the isolated gallbladder in both the hamster and mouse. 

The following results were obtained : 1. The ganglionated plexus and the perivascular 

nerves as the intramural nerves of the guinea-pig gallbladder were observed in thesubser-

osal layer. These perivascular nerves were not possessed of ganglia. On the other hand, 

the nerve plexus and the perivascural nerves as the intramural nerves of the gallbladders of 

hamster and mouse were observed in the subserosal layer. These nerves, that is, the nerve 

plexus and the perivascural nerves, were not possessed of ganglia. That is to say, no 

ganglionated plexus or ganglia were observed in the subserosal layer of the walls of hamster 

and mouse gallbladders. 2. The isolated hamster and mouse gallbladders evoked spontane-

ous motility. This spontaneous motility was little affected by either atropine (1 „V 10-6 M) or 

tetrodotoxin (1 „V 10-7 M). 3. The hamster and mouse gallbladders showed a contractile 

response to electrical stimulation with rectangular pulses (50 volt, 40 Hz) of durations of 0 . 

5, 1, 2, 3, 4, 5 or 6 msec for a period of 10 sec. Thesecontractile responses were little affected 

by either atropine (1 „V 10-6 M) ortetrodotoxin (1 „V 10-7 M). 4. The long duration of the 

contractile response was mediated by electrical stimulation with rectangular pulses (50 volt
, 

40 Hz) of durations of 4, 5 or 6 msec for a period of 10 sec. That is to say, its duration time 

was approximately from 8 to 15 minutes for both hamster and mouse. These results suggest 

that the hamster and mouse gallbladders may not contain the nervesthat take part in the 

movement of the gallbladder. That is to say, the contractile response of the hamster and 

mouse gallbladders seems to be myogenic rather than neurogenic in its control . It is, 

however, possible that some substance other than the neurotransmitter in the walls of these 

gallbladders may also play a part in the control of the contractile response, although further 

study will be necessary to verify this suggestion.
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Introduction 

Hamsters and mice have often been used in studies on the formation and dissolution of the 

cholesterol gallstone (Prange et al., 1962; Caldwell et al., 1965; Linden et al., 1971; Bergman 

et al., 1973; Sue et al., 1982). It appears, however, that detailed information on the nerves 

supplying the hamster and mouse gallbladders as well as on the relationship between gallblad-

der motility and nerves supplying the gallbladder remains scarce. We therefore carried out 

microscopic observation of the intramural nerves of the hamster and mouse gallbladders. And 

in addition we investigated the relationship between the motility and intramural nerves of the 

gallbladder in those animals.

 Materials and Methods 

Ninety eight female golden strain hamsters and ninety female ddY strain mice, 10-15 

weeks old, were used throughout all experiments. 

Microscopic observation of the intramural nerves

 Ten hamsters, ten mice and three guinea-pigs (female, weighing 250-300 g) were used in 

this observation. Animals were killed by stunning and exsanguination. The cystic duct was 

ligated by a silk thread. The gallbladder with this cystic duct was removed intact. The 

gallbladder was then kept as filled with bile. The gallbladder was immediately fixed and 

stained by Sutherland's osmium tetroxide zinc-iodide method (1963) for a period of 2 hours. 

That is to say, the following solutions were prepared: 1) 0.5 g oso4 was dissolved in 25 ml of 

distilled water. 2) 2.25 g of ZnI2 was dissolved in 75 ml of distilled water. These solutions 

were mixed immediately prior to use. The above-mentioned cystic duct was separated from 

the gallbladder. The gallbladder was then longitudinally divided into two approximately equal 

parts. Preparations were again fixed and stained for 5-6 hours in the solution described above. 

The mucosal layer of each preparation was then carefully scraped off using a rod with its top 

rolled up with cotton wool and a pincett in the same solution. Each preparation was briefly 

washed in distilled water, dehydrated with ethanol, cleared with xylol, expanded evenly and 

mounted in resin according to the procedure reported by Yoshida and Tsuruta (1988). Next, 

preparations were viewed through a photomicroscope in order to observe the intramural nerves 

of the gallbladder. Intramural nerves of the guinea-pig gallbladder have been closely observed 

by Sutherland (1967) and Yoshida and Tsuruta (1988) using this same method. For this reason, 

the guinea-pig gallbladder fixed and stained by the above-outlined method was used as a 

control in the microscopic observation of the intramural nerves of hamster and mouse gallblad-

ders. 

Relationship between the motility and intramural nerves of the gallbladder 

Animals were killed by stunning and exsanguination. The gallbladder was removed intact 

and immediately immersed in Krebs solution. In the solution, the gallbladder filled with bile 

was punctured with a needle. Then the gallbladder flattened. The gallbladder was next 

immersed in an organ bath filled with Krebs solution at 37•Ž and gassed with 95% o2 and 5% 

 CO2. The composition of the Krebs solution (mM) was as follows: 133.5 NaCl, 4.7 KC1, 2.5 

CaCl2, 0.1 MgCl2, 1.4 NaH2PO4, 16.3 NaHCO3 and 7.8 glucose. The fundus of the gallbladder
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was then fixed with pins and the cervix end tied with a silk thread to a forcedisplacement 

transducer. The mechanical responses of the gallbladder, i .e., spontaneous motility and the 

response evoked by electrical stimulation were recorded isometrically under a load of 0 .2 g. 

Hamsters (n=58) and mice (n=50) were used in the experiment on the spontaneous motility . 

Hamsters (n=30) and mice (n=30) were used in the experiment on the response evoked by 

electrical stimulation. Two silver plates (5 mm „V 5 mm) coated with silver chloride were used 

as stimulus electrodes. The electrodes were placed near the pins fixing the gallbladder . That 

is, the gallbladder was placed between two electrodes which were parallel and face to face with 

each other. The space between the gallbladder and one of the electrodes was approximately 

2 mm. The other was placed very close to, nearly touching , the gallbladder. Electrical 

stimulation was applied to a gallbladder with rectangular pulses of durations of 0 .5, 1, 2, 3, 4, 5 

and 6 msec and 50 volt at 40 Hz for a period of 10 sec . Mechanical responses of the gallblad-

der, i.e., spontaneous motility and the response evoked by electrical stimulation
, were observed. 

The effects of atropine and tetrodotoxin on the gallbladder's mechanical responses were also 

observed. The concentrations of atropine and tetrodotoxin are the final concentrations in the 

organ bath, given in the results section.

Results 

1. Observation of the intramural nerves of the gallbladder 

Using the osmium tetroxide zinc-iodide method (Sutherland , 1963), intramural nerves of the
 gallbladders of the guinea-pig, hamster and mouse were stained uniformly black. The back-

ground tissue of the intramural nerves was a yellowish-brown. The underlayer of this 

background tissue was a mucosal layer which was stained deep black . This mucosal layer was 
scraped off in our experiment as stated in the "Materials and Methods" section . Black-stained 
intramural nerves of various animal gallbladders were observed as follows . Many ganglia 
involving several nerve cells were observed in the wall of guinea-pig gallbladder which served 

as a control in our experiment. The ganglia varied widely in shape and size . Ganglia and 
connecting nerve bundles formed an irregular network (Fig. 1). That is, the ganglionated

12

Fig. 1 Ganglionated plexus and perivascular nerve observed in the wall of the guinea-pig 

gallbladder. 
B. blood vessel, G: ganglion, NB: nerve bundle in the ganglionated plexus

, PN: perivas-
 cular nerve, Bar: 100 pm
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plexus was observed in the guinea-pig gallbladder wall. The perivascular nerves which run 

parallel to and around blood vessels in the guinea-pig gallbladder wall were also observed in 

the same layer that contained the ganglionated plexus (Fig. 1). The perivascular nerves were 

not possessed of ganglia. The perivascular nerves which run parallel to and around blood 

vessels in the hamster and mouse gallbladder walls were also observed (Fig. 2 and 3). Neither 

of these animals' perivascular nerves were possessed of ganglia. Nerve plexuses in hamster 

and mouse gallbladder walls were observed in the same layer that contained the perivascular 

nerves, but restricted to the vicinity of the perivascular nerves (Fig. 2 and 3). Neither animal 

nerve plexuses were possessed of ganglia. That is to say, neither ganglionated plexus nor 

ganglia were observed in the hamster and mouse gallbladder walls. 

2. Spontaneous motility of hamster and mouse gallbladders

 Two types of the irregular spontaneous motility were observed. In 52 out of 58 hamsters 

and 44 out of 50 mice, the gallbladder showed Type I spontaneous motility. In the other 6 

hamsters and mice, it showed Type II spontaneous motility. Type I, in the case of the 

hamster gallbladder, was as follows: Spontaneous motility was very small in amplitude,

12

Fig. 2 Nerve plexus and perivascular nerve observed in the wall of the hamster gallbladder. 

B: blood vessel, NB: nerve bundle in the nerve plexus, PN: perivascular nerve, 

Bar: 100 ,um

12

Fig. 3 Nerve plexus and perivascular nerve observed in the wall of the mouse gallbladder. 

B: blood vessel, NB: nerve bundle in the nerve plexus, PN: perivascular nerve, 

Bar: 100 ,um
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A B

Fig. 4 Spontaneous motility of the hamster and mouse gallbladders. 
A: Hamster, B: Mouse, 1-3 in A and B: motility belonged to type I , 4 in A and B:

 motility belonged to type II, 1-4 in A and B indicate motility in four different gallbladders , 
respectively.

ranging from 0.002 g to 0.015 g, with almost all less than 0.01 g (Fig. 4). Type I, in the case of 

the mouse gallbladder, was as follows: Spontaneous motility was again very small in ampli-

tude, ranging from 0.002 g to 0.013 g, with almost all less than 0 .01 g (Fig. 4). Type II, in the 

case of the hamster gallbladder, was as follows: Spontaneous motility ranged in amplitude 

from 0.002 g to 0.04 g, with almost all greater than 0.01 g (Fig. 4). Type II, in the case of mouse 

gallbladder, was as follows: Spontaneous motility ranged in amplitude from 0.002 g to 0.02 g, 

with almost all greater than 0.01 g (Fig. 4). Type II spontaneous motility is much greater than 

Type I in both hamster and mouse gallbladders (Fig. 4).

 We examined the frequency of occurence of spontaneous motility per 10 minutes with 

randomly picked up 10 cases of Type I and 6 cases of Type II in both hamster and mouse , and 

then determined its frequency per one minute by calculation. And we conducted Student's t-

test in order to investigate the difference between the frequency of occurene of spontaneous 

motility of Type I and that of Type II. The results were as follows. The frequency of 

occurence of spontaneous motility of Type I was 3.58+0.63 times (mean+S .D., n=10)/min in 

the case of hamsters and 3.37+0.53 times (mean+ S.D., n=10)/min in the case of mice . The 

frequency of occurence of spontaneous motility of Type II was 2 .78+0.32 times (mean+S.D., 

n=6)/min in the case of hamsters and 3.50+0.42 times (mean+ S .D., n=6)/min in the case of 

mice. In the case of hamsters, the frequency of occurence of spontaneous motility of Type I
, 

that is, 3.58+0.63 times/min indicated significanct difference from that of Type II, that is, 

2.78+0.32 times/min at P <0.05. In the case of mice, the frequency of occurence of spontane-

ous motility of Type I, that is, 3.37+0.53 times/min did not indicate any significant difference 

from that of Type II, that is, 3.50+0.42 times/min at P > 0 .05. 

3. Effects of atropine and tetrodotoxin on the spontaneous motility of hamster and mouse 

gallbladders 

As mentioned above, the gallbladder showed spontaneous motility of Type I in most of 

either hamsters and mice, while it showed that of Type II in an extremely small number of 

them. The effects of atropine and tetrodotoxin, known to block nerve-mediated responses , on 

both types of spontaneous motility were then examined . Atropine (1„V10-6 M) had almost no 

effect on the spontaneous motility of either Type I or II in the case of either hamster or mouse
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Fig. 5 Effects of atropine and tetrodotoxin on spontaneous motility of the hamster gallbladder. 

A: Effect of 1„V10-6 M atropine (Atr) on motility belonging to type I, B: Effect of 1„V10-6 

M atropine (Atr) on motility belonging to type II, C: Effect of 1„V10-7 M tetrodotoxin 

(TTX) on motility belonging to type I, D: Effect of 1 „V 10-7 M tetrodotoxin (TTX) on 

motility belonging to type II. Each "a" in A-D indicates the motility in the absence of any 

drug, that is, a control. Each "b" in A-D indicates the motility in the presence of atropine 

or tetrodotoxin. Each "b" in A-D again indicates the motility ranging from 15 min to 30 

min after the addition of a drug.
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Fig. 6 Effects of atropine and tetrodotoxin on spontaneous motility of the mouse gallbladder. 

A: Effect of 1„V10-6 M atropine (Atr) on motility belonging to type I, B: Effect of 1„V10-6 

M atropine (Atr) on motility belonging to type II, C: Effect of 1„V10-7 M tetrodotoxin 

(TTX) on motility belonging to type I, D: Effect of 1„V10-7 M tetrodotoxin (TTX) on 

motility belonging to type II. Each "a" in A-D indicates the motility in the abesence of any 

drug, that is, a control. Each "b" in A-D indicates the motility in the presence of atropine 

or tetrodotoxin. Each "b" in A-D again indicates the motility ranging from 15 min to 30 

min after the addition of a drug.

 gallbladders (Fig. 5 and 6). Tetrodotoxin (1„V10-7 M) also showed little effect on contractions 

of Type I and II in either hamster or mouse gallbladders (Fig. 5 and 6). 

4. Responses of the hamster and mouse gallbladders to electrical stimulation 

Most of gallbladders of both animals showed little response to stimulation with pulses of 

such a short duration as 0.5 or 1 msec, while they showed remarkable contractile responses 

under stimulation with pulses of such a longer duration as 4, 5 or 6 msec (Fig. 7 and 8). When
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Fig. 7 Responses of the hamster gallbladder to electrical stimulation . 
Electrical stimulation was applied to the gallbladder with rectangular pulses of durations

 of 0.5, 1, 2, 3, 4, 5 and 6 msec and 50 volt at 40 Hz for a period of 10 sec . Electrical 
stimulation was applied at triangular dot. The pulse duration of electrical stimulation is 

shown beneath the triangular dot. ms: msec. The gallbladder showed no response or a 

contractile response to the electrical stimulation. 1-6 show the data for 6 different gallblad-
 ders.
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Fig. 8 Responses of the mouse gallbladder to electrical stimulation . 
Electrical stimulation was applied to the gallbladder with rectangular pulses of durations

 of 0.5, 1, 2, 3, 4, 5 and 6 msec and 50 volt at 40 Hz for a period of 10 sec . Electrical 
stimulation was applied at the triangular dot . The pulse duration of electrical stimulation 
is shown beneath the triangular dot. ms: msec . The gallbladder showed no response or a 
contractile response to the electrical stimulation . 1-5 show the data for 5 different 
gallbladders.

 gallbladders were electrically stimulated, as shown in figures 7 and 8, contractile response 
began, reached a maximum, began to relax, and then returned to the original base line . The 
length of time required for this process, that is , the duration of the contractile response, was 
very long (8 to 15 minutes) when either hamster or mouse gallbladders were stimulated electri -

cally with pulses of 4, 5 or 6 msec duration.
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5. Effects of atropine and tetrodotoxin on the contractile response of hamster and mouse 

gallbladders induced by electrical stimulation
 Effects of atropine and tetrodotoxin, known to block nerve-mediated response, on the
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b

Fig. 9 Effects of atropine and tetrodotoxin on the electrical stimulation-induced contractile 

response of the hamster gallbladder.

 Electrical stimulation was applied to the gallbladder with rectangular pulses of durations 

of 0.5, 1, 2, 3, 4 and 5 msec and 50 volt at 40 Hz for a period of 10 sec. Electrical stimulation

 was applied at the triangular dot. The pulse duration of electrical stimulation is shown

 beneath the triangular dot. ms: msec. A: Effect of 1„V10-6 M atropine (Atr). B: Effect 

of 1„V10-7 M tetrodotoxin (TTX). "a" in A: no drug added to organ bath, i.e., a control.
"b" in A: the same gallbladder as that of "a" in A but with atropine added to organ bath.

"a" in B: no drug added to organ bath
, i.e., a control. "b" in B: the same gallbladder as 

that of "a" in B but with tetrodotoxin added to organ bath. Each drug was added to organ 

bath 15 min before starting the stage of "b" in A and B.
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Fig. 10 Effects of atropine and tetrodotoxin on the electrical stimulation-induced contractile 

response of the mouse gallbladder.

 Electrical stimulation was applied to the gallbladder with rectangular pulses of durations 

of 0.5, 1, 2, 3, 4 and 5 msec and 50 volt at 40 Hz for a period of 10 sec. Electrical 

stimulation was applied at the triangular dot. The pulse duration of electrical stimula-

 tion is shown beneath the rectangular dot. ms: msec. A: Effect of 1„V10-6 M atropine 

(Atr). B: Effect of 1„V10-7 M tetrodotoxin (TTX). "a" in A: no drug added to organ 

bath, i.e., a control. "b" in A: the same gallbladder as that of "a" in A but with atropine 

added to organ bath. "a" in B: no drug added to organ bath, i.e., a control. "b" in B:

 the same gallbladder as that of "a" in B but with tetrodotoxin added to organ bath. Each 

drug was added to organ bath 15 min before starting the stage of "b" in A and B.
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contractile response of the gallbladder induced by electrical stimulation were next examined . 

Atropine (1„V10-6 M) showed little inhibitory effect on the contractile response of hamster 

and mouse gallbladders induced by the stimulation with pulses of 0 .5, 1, 2, 3, 4 and 5 msec but 

rather frequently increased it (Fig. 9 and 10) . And also, tetrodotoxin (1„V10-7 M) showed little 

inhibitory effect on the contractile response of hamster and mouse gallbladders induced by the 

stimulation as above but rather frequently increased it (Fig. 9 and 10) . Therefore, statistical 

analysis was subsequently conducted by Student's t-test for effects of atropine and tetrodotoxin 

on the contractile response of the gallbladder induced by the stimulation with pulses of 

durations of 5 msec in the above-mentioned pulses. 

The amplitude of the contractile response before addition of each agent at respective 

concentration was taken as 100%, namely control . The amplitude of the contractile response 

after addition of each agent at respective concentration was registered as a relative amplitude 

of the contractile response of each control. The results were as follows . The amplitude of 

the contractile responses after addition of atropine (1„V10-6 M) was 115 .6+27.2% (mean + S.D., 

n=7) in the case of hamsters and 113.1+22.7% (mean+ S .D., n=7) in the case of mice. On the 

other hand, the amplitude of the contractile responses after addition of tetrodotoxin (1„V10-7 M) 

was 114.3+24.0% (mean+ S.D., n= 7) in the case of hamsters and 118 .1 + 23.6% (mean + S.D., n= 

7) in the case of mice. Each of the above-mentioned mean values with S .D. was not of 

statistical significance of the difference from each control value at P > 0 .05. That is to say, 

atropine (1„V10-6M) showed little effect on the contractile responses of hamster and mouse 

gallbladders induced by the stimulation with pulses of durations of 0.5, 1, 2, 3, 4 and 5 msec . 

And also, tetrodotoxin (1„V10-7 M) showed little effect on the contractile responses of hamster 

and mouse gallbladders induced by the stimulation with pulses of the same durations as above . 

Discussion 

Using the osmium tetroxide zinc-iodide method (Sutherland , 1963), the intramural nerves 

of the gallbladder of guinea-pig, hamster and mouse were stained uniformly black . The 

background tissue of the intramural nerves was a yellowish-brown . The underlayer of this 

background tissue was a mucosal layer which was stained deep black . In a study on the 

gallbladders of monkeys, cats, and guinea-pigs, Sutherland (1967) stated externally there is a 

well-developed subserosal layer of areolar tissue in the wall of the gallbladder . In this layer, 

in close proximity to the underlying muscular layer , lie the intramural nerves, that is, the 

ganglionated plexus and perivascular nerves. This muscle layer is incomplete : the bundles 

form a latticework with connective tissue, with many elastic fibers filling the interstices . 

Beneath this layer is more areolar tissue forming a lamina propia to which the mucous 

membrane adheres. The submucosal plexus lies within this areolar tissue . Since the mucous 

membrane was scraped off in our experiment , the yellowish-brown background tissue might 

correspond to the muscle bundle, connective tissue and so on. Also , the intramural nerves 

observed in our experiment appear to lie in the subserosal layer of the wall of a gallbladder as 

above-mentioned. 

The black-stained intramural nerves of guinea-pig , hamster and mouse were observed as 

follows: In the wall of the guinea-pig gallbladder used as a control
, many ganglia involving
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several nerve cells were observed. Ganglia were quite various in shape and size. Ganglia and 

connecting nerve bundles formed an irregular network (Fig. 2). That is to say, the ganglionat-

ed plexus was observed in the guinea-pig gallbladder wall. The perivascular nerves which run 

parallel to and around blood vessels in this gallbladder wall were also observed in the same 

layer containing the ganglionated plexus (Fig. 2). Yoshida and Tsuruta (1988) have written 

detailed report on those experiments. These results might correspond to observations on those 

experiments. These results might correspond to observations on the subserosal layer of the 

guinea-pig gallbladder by Sutherland (1967) and Cai and Gabella (1983). Since the mucosal 

layer was scraped off in our experiment, observation of nerves in the submucosal layer of the 

gallbladder was impossible. But Sutherland (1967) reported that no ganglionated plexus, other 

than the above-mentioned, was observed in the guinea-pig gallbladder wall. On the other 

hand, no ganglionated plexus was observed in the hamster or mouse gallbladder walls, but a 

mere nerve plexus was observed (Fig. 3 and 4). The perivascular nerves which run parallel to 

and around blood vessels were also observed in that wall (Fig. 3 and 4). These perivascular 

nerves were not possessed of ganglia. The nerve plexus and perivascular nerves appeared to 

lie in the subserosal layer of a gallbladder wall, as mentioned earlier. No ganglionated plexus 

or ganglia were observed in the subserosal layer of the hamster or mouse gallbladder walls. 

Observations of nerves in the submucosal layer of hamster and mouse gallbladders were 

impossible in our experiment for the same reason as stated above. As mentioned above, the 

ganglionated plexus and perivascular nerves were stained black in the guinea-pig gallbladder 

wall. The nerve plexus and perivascular nerves in each wall of the hamster and mouse 

gallbladders were also stained black. But ganglia were not found in the walls of either 

hamster or mouse gallbladders. This fact is somewhat strange. It is well-known that the 

ganglionated plexus or ganglia are present in the walls of the monkey, cat, guinea-pig and 

human gallbladders (Alexander, 1940 ; Burnett, et al., 1964; Sutherland, 1966, 1967; Miyazaki 

and Onda, 1980 ; Cai and Gabella, 1983; Yoshida and Tsuruta, 1988). It would be, therefore, 

careless to hastily conclude that either the ganglionated plexus or ganglia are definitely absent 

in the subserosal layer of hamster and mouse gallbladder walls on the sole basis of our results. 

It can be assumed, however, that they are likely absent in that layer of both animals' gallblad-

der walls.

 Hamster and mouse gallbladders evoked spontaneous motility. This motility was 

classified in Types I and II as shown in Figure 4. Two drugs known to block nerve-mediated 

responses, atropine (1„V10-6 M) and tetrodotoxin (1„V10' M), had little effect on either type of 

motility in either animal (Fig. 5 and 6). This would indicate that the spontaneous motility in 

both animals' gallbladders is myogenic rather than neurogenic in its control.

 In pharmacological analysis of electrical stimulation-induced response of the isolated 

 guinea-pig gallbladder, Lee and Fujiwara (1973) and Yoshida and Ishiura (1983) demonstrated 

that the guinea-pig gallbladder contained cholinergic excitatory nerves. Further, in phar-

 macological analysis of electrical stimulation-induced response, Yanaura and Ishikawa (1975) 

in a report on the isolated guinea-pig and rabbit gallbladders, and Davison et al. (1978) in a 

report on the guinea-pig gallbladder, suggested that the gallbladder contained cholinergic

 excitatory nerves and non-cholinergic, non-adrenergic inhibitory nerves. These findings indi-
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cate the possibility that the movement of the gallbladder is neurogenically controlled .
 In the present study, the responses of the hamster and mouse gallbladders to electrical

 stimulation were examined using electrical stimulation with pulses of durations of 0.5, 1, 2, 3, 4,
 5 and 6 msec. In most of either hamsters and mice, the gallbladder showed little response to

 stimulation with pulses of such a short duration as 0.5 or 1 msec, while they produced remark-
 able contractile response to stimulation with pulses of such a longer duration as 4, 5 or 6 msec 

(Fig. 7 and 8). Results of pharmacological analysis on these electrical stimulation-induced

 contractile responses were as follows: Atropine and tetrodotoxin showed little inhibitory effect

 on the contractile response of hamster and mouse gallbladders induced by the stimulation with

 pulses of duration of 0.5, 1, 2, 3, 4 and 5 msec but rather frequently increased it (Fig. 9 and 10). 
 But those increasing effects were not statistically significant of the difference from the control

 as mentioned in the result section. That is to say, contractile responses of the hamster and

 mouse gallbladders induced by electrical stimulation with pulses of durations of 0.5, 1, 2, 3, 4 and

 5 msec were little affected by either atropine or tetrodotoxin. It is therefore reasonable to

 conclude that the contractile responses of the hamster and mouse gallbladders induced by

 electrical stimulation with pulses of durations of 0.5, 1, 2, 3, 4, 5 and 6 msec are not mediated by

 an effect of the current on the intramural nerves of the gallbladder , but are mediated by a direct
 effect of the current on the muscle of the gallbladder. That is to say , no contractile response

 mediated through the intramural nerves of a gallbladder was observed in either hamster or

 mouse. These animals' gallbladders likely do not contain the nerves that take part in the

 contractile response of a gallbladder. In this way their contractile response differs

 significantly from that in the guinea-pig and rabbit mentioned above. It is noteworthy ,
 moreover, that stimulation with pulses of durations of 4, 5 and 6 msec (Fig . 7 and 8) produced

 contractile response relatively very long in duration. That is, the duration time was approxi-

 mately from 8 to 15 minutes in the cases of both hamster and mouse . It is, therefore, possible

 that electrical stimulation-induced contractile response in the hamster and mouse gallbladders

 is not mediated by the direct effect of the current on the muscle of the gallbladder alone .
 There is a possibility that some substance other than a neurotransmitter is released from the

 wall of gallbladder under electrical stimulation, its substance acts on the muscle in the wall of

 the gallbladder and play a role in increasing contractile response . This possibility will need to
 be clarified in further experiments. We are now conducting further studies on this possibility .

 As mentioned earlier, no ganglionated plexus or ganglia were observed in the subserosal

 layer in the walls of either hamster or mouse gallbladders . Both spontaneous motility and

 electrical stimulation-induced contractile response in both gallbladders were little  affected by

 the presence of either of atropine or tetrodotoxin, which are known to block the nerve-

 mediated response. Very long duration of contractile response was, moreover , mediated by
 electrical stimulation. These results suggest that hamster and mouse gallbladders likely do

 not contain the nerves that take part in the movement of the gallbladder . The contractile
 response of hamster and mouse gallbladders is probably myogenic rather than neurogenic in its

 control. It is possible, however, that some substance other than a neurotransmitter in the

 hamster and mouse gallbladder walls may be related to the control of the gallbladder's

 contractile response, although further study will be necessary to verify this suggestion .
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