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Autonomic nerves, consisting of both sympathetic and parasympathetic nerves, regulate various bodily functions such
as blood pressure, body temperature, glucose metabolism, energy metabolism, and digestion. Our studies in rats and
mice have demonstrated that food, flavor, and music affect physiological phenomena via changes in autonomic
neurotransmissions. Intestinal injection of Lactobacillus johnsonii La1 (NCC533) suppressed sympathetic nerves that
innervate the adrenal gland and kidney of urethane-anesthetized rats, lowering blood glucose and blood pressure
levels, and excited the gastric parasympathetic nerve, elevating appetite and body weight. In contrast, intestinal
injection of Lactobacillus paracasei ST11 (NCC2461) excited sympathetic nerves that innervate white and brown fat
and the adrenal gland, increasing lipolysis and body temperature, and suppressed the gastric parasympathetic nerve,
reducing appetite and body weight. Interestingly, we found that the hypothalamic suprachiasmatic nucleus (SCN), a
master circadian clock, and histamine receptors in histaminergic neurons play important roles in peripheral
autonomic control. To investigate the possible role of SCN and histamine receptors in lactobacilli-mediated pathology,
we created an SCN-lesion model and experimented with histaminergic blocker injections. SCN lesion or injection of
thioperamide, a histamine H3-receptor antagonist, eliminated the suppression of renal sympathetic nerve activity by
NCC533, preventing blood pressure decline, and inhibited the enhancement of the gastric parasympathetic nerve
induced by NCC533. In addition, diphenhydramine, a histamine H1-receptor antagonist, abolished the increases in
renal sympathetic nerve activity and blood pressure caused by NCC2461. Infradiaphragmatic vagotomy eliminated
the suppression of renal sympathetic nerve activity by NCC533, but did not affect the excitation of the renal
sympathetic nerve by NCC2461. Collectively, these findings strongly suggest that SCN and histamine neurons are
involved in the lactobacilli-mediated pathology of autonomic nerves and related physiological changes through
abdominal afferent vagal pathway input to the central nervous system. 
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INTRODUCTION

Autonomic nerves, consisting of sympathetic and
parasympathetic nerves, primarily innervate the
abdominal tissues and help regulate homeostatic
functions such as blood pressure, blood glucose, body
temperature, and energy metabolism. Our previous
studies have indicated that some tissue-derived peptides,
such as leptin, adiponectin, ghrelin, neuromedin-U, and
orexin-A, and some sensory stimulations, such as odor
exposure, light stimulation, and auditory stimulation,
affect neural activities of autonomic nerves in urethane-
anesthetized rats (1–7) and cause changes in blood

pressure, feeding behavior, and body temperature in
conscious animals (8–10). These data suggest that
autonomic nerves might play an important role in
regulating homeostatic processes that modulate
adaptations to changes in both the external and internal
environment.

In general, studies have indicated that sympathetic
nerves innervating the kidney and adrenal grand are
involved in blood pressure regulation via the renin-
angiotensin system (11) and that autonomic nerves
innervating the liver or pancreas are involved in blood
glucose regulation via glucose metabolism (12). We have
confirmed that L-carnosine (-alanyl-L-histidine), a
dipeptide produced by skeletal muscle, affects renal and
adrenal sympathetic nerve activity and modulates blood
pressure (13) as well as lowers blood glucose levels by
affecting the activity of autonomic nerves innervating the
pancreas (14). These findings suggest that L-carnosine
regulates cardiovascular functions and glucose
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metabolism in rats through the activity of autonomic
nerves.

Ingestion of milk fermented with Lactobacillus
helveticus is reported to decrease blood pressure and
blood glucose levels in humans, rats and mice (15, 16).
There fo re ,  admin i s t r a t ion  o f  o the r  s t r a ins  o f
Lactobacillus, such as Lactobacillus johnsonii La1
(NCC533)  and  Lactobac i l lus  paracase i  ST11
(NCC2461), might affect cardiovascular function and
glucose metabolism. Whether these Lactobacillus strains
affect autonomic nerves and regulate blood pressure and
glucose metabolism has not been previously determined.
Thus, we examined the effects of intraduodenal (ID)
injection of NCC533 and NCC2461 on the neural
activities of autonomic nerves and blood pressure in
urethane-anesthetized rats and on hyperglycemia caused
by 2-deoxy-D-glucose (2DG) in conscious rats. Here we
discuss the possible role of Lactobacillus in the regulation
of blood pressure, blood glucose, food intake, and energy
metabolism via the autonomic nervous system and clarify
the mechanisms of autonomic action of Lactobacillus by
noting the interactions between the brain and peripheral
tissue.

EFFECTS OF ID INJECTION OF LACTOBACILLUS 
ON AUTONOMIC NERVE ACTIVITY IN 

URETHANE-ANESTHETIZED RATS

We examined the effects of administering two strains
of Lactobacillus into the small intestine on the activity of
sympathetic nerves that innervate the kidney and found
that NCC533 suppresses nerve activity in a dose-
dependent manner while NCC2461 elevates nerve
activity (Fig. 1) (17, 18). Moreover, with respect to action
on parasympathetic nerve activity, we examined the
effects of administering NCC533 and NCC2461 into the
small intestine on the activity of the parasympathetic
nerves that innervate the stomach and confirmed that
NCC533 increases nerve activity in a dose-dependent
manner while NCC2461 decreases nerve activity (Fig. 1)
(17, 18) .  These findings suggest that  intestinal
Lactobacillus has biphasic effects on activities of
autonomic nerves innervating the abdominal organs
depending on the type of strain (i.e., NCC2461 versus
NCC533).

POSSIBLE ROLE OF CHANGES IN AUTONOMIC 
NERVE ACTIVITY INDUCED BY NCC533 IN 

HYPOTENSIVE, HYPOGLYCEMIC, AND 
TEMPERATURE-LOWERING ACTIONS

NCC533 has an autonomic action that decreases

sympathetic nerve activity, such as renal sympathetic
nerve activity (RSNA) or adrenal sympathetic nerve
activity (ASNA), and increases parasympathetic nerve
activity in anesthetized rats. With regard to the
relationship between the sympathetic nervous system and
cardiovascular function, it was reported that the renal
sympathetic nerve is involved in blood pressure
regulation via the renin-angiotensin system in the kidneys
(11). We examined the effect of acute ID injection of
NCC533 on blood pressure in anesthetized rats and found
that NCC533 lowered the mean arterial pressure in a
dose-dependent manner (Fig. 2) (17). This data suggests
that NCC533 might lower blood pressure via the renal
sympathetic nervous system.

On the other hand, with respect to the relationship
between autonomic nerves and blood glucose regulation,
it is generally recognized that sympathetic activation of
the adrenal gland accelerates adrenalin release into the
bloodstream and causes hyperglycemia because of
glycogen degradation in the liver, while parasympathetic
activation in the pancreas stimulates insulin release and
causes hypoglycemia. Next, we examined the effect of
acute ID injection of NCC533 on ASNA and neural
activity of the celiac parasympathetic nerve innervating
the pancreas in anesthetized rats and found that NCC533
reduced ASNA and activated celiac parasympathetic
nerve activity (Fig. 2) (19). Furthermore, to determine if
NCC533 might affect glucose metabolism, we evaluated
the acute effect of orally administered NCC533 on
hyperglycemia by central injection of 2DG in conscious
rats and observed that NCC533 inhibited hyperglycemia
(Fig. 2) (19). More specifically, we recently found that
heat-treated NCC533 does not lower high blood glucose
levels caused by 2DG injection (Fig. 2), suggesting that in
the case of NCC533-containing culture, the activity of the
Lactobacillus and not the culture medium might play a
crucial role in suppressing the effect of 2DG-induced
hyperglycemia via the autonomic nervous system.

The above findings raised the possibility that NCC533
might increase glucose tolerance. Therefore, we
examined the effect of NCC533 on oral glucose tolerance
using streptozotocin-diabetic rats and found that an
NCC533-containing solution given for 2 weeks as the
sole source of drinking water lowered the increase in
plasma glucose (Fig. 2) and glucagon levels following an
oral glucose load (19). Thus, NCC533 might enhance oral
glucose tolerance in diabetic rats, at least partially by
suppressing the increase in the plasma glucagon level.
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POSSIBLE ROLE OF CHANGES IN AUTONOMIC 
NERVE ACTIVITY INDUCED BY NCC2461 IN ANTI-

OBESE, THERMOGENIC, AND APPETITE-
REDUCING ACTIONS

Obesity is closely linked with metabolic syndromes

such as hypertension, diabetes, and arteriosclerosis, all of
which are leading global public health concerns. A recent
study reported a close relationship between intestinal
bacteria and obesity (20), and obese animals often have
abnormalities of the autonomic nervous system (21). In

Fig. 1.  Effects of gastro-intestinal injection of NCC533 or NCC2461 on autonomic nerve activities in
anesthetized rats.

Raw data of RSNA before and after intraduodenal (ID) injection of saline, NCC533 or NCC2461 (A). The
arrows indicate the time of injection. The horizontal bars represent 20 min, and the vertical scale bars to the right
of the recordings represent neural discharge rates of 100 spikes/5 sec. Time course data of RSNA and GVNA
responses to ID injection of two doses of NCC533 are expressed as means + SEM of the percentage of their val-
ues at 0 min (B). The numbers of animals used are shown in parentheses. The significance of the difference
between values after saline and NCC533 from 5 to 60 min were analyzed as a group by ANOVA (*P<0.05).
Raw data of RSNA before and after intragastric (IG) injection of saline or NCC533 (A). 



M. TANIDA, et al.102

Fig. 2. Effects of NCC533 on cardiovascular function and glucose metabolism through autonomic nerves.

Raw data of blood pressure before and after ID injection of saline or NCC533 (A). The arrows indicate the time of
injection. The horizontal bars represent 20 min, and the vertical scale bars to the right of the recordings represent
values of 100 mmHg. Time course data of mean arterial pressure (MAP) responses to ID injection of two dose of
NCC533 are expressed as means + SEM of the percentage of their values at 0 min (B). Raw data of ASNA and
celiac vagal nerve activity (CVNA) before and after ID injection of saline or NCC533 (C). The arrows indicate the
time of injection. The horizontal bars represent 20 min, and the vertical scale bars to the right of the recordings
represent neural discharge rates of 200 spikes/5 sec. Time course data of ASNA and the response to ID injection of
NCC533 are expressed as means + SEM of the percentage of their values at 0 min (D). Effect of NCC533 on
hyperglycemia induced by intracranial injection of 2DG is presented as means ± SEM. (E). Sterile distilled water
with or without NCC533 (7.56 × 107 cfu/ml) was given as the only source of drinking water for 2 weeks. Changes
in plasma glucose after intracranial injection of 2DG or aCSF are shown. Numbers of animals used are shown in
parentheses.  Effects of NCC533 on oral glucose tolerance in streptozotocin-diabetic rats are expressed as
means±SEM (F). Sterile distilled water with or without NCC533 (7.56 × 107 cfu/ml) was given as the sole source
of drinking water for 2 weeks. Changes in plasma glucose concentrations after oral glucose load (1.7 g/1.5 ml/kg)
are shown. Numbers of animals used are shown in parentheses. The significance of the differences between values
after saline and NCC533 from 5 to 60 min were analyzed as a group by ANOVA (*P<0.05).
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addition, a close relationship exists between sympathetic
excitation and body weight reduction (22). For example,
we observed that sympathetic excitation of neural
outflow to white adipose tissue after exposure to the odor
of grapefruits causes acceleration of lipolysis and
decrease in body weight and food intake in rats (8). Thus,
to determine whether NCC2461, one of the sympathetic
activating Lactobacillus strains, might be effective as an
anti-obesity agent, we investigated the effects of ID
injection of NCC2461 on neural activities of the
sympathetic nerves innervating white adipose tissue
(WAT-SNA) and brown adipose tissue (BAT-SNA). We
found that NCC2461 stimulated neural activities of both
white and brown adipose tissues and reduced the activity
of the parasympathetic nerve that innervates the stomach
(Fig. 3); this finding suggests that NCC2461 might exert
a weight-reducing action via activation of WAT-SNA
and BAT-SNA (23). In addition, blood levels of FFA, a
lipocatabolic marker, which is stimulated by excitation of
WAT-SNA, were significantly elevated by intraoral
injection of NCC2461 in conscious rats (Fig. 5) (23). On
the other hand, heat production in BAT via activation of
the sympathetic nerves is mediated by uncoupling protein
1 ,  which  enhances  the rmogenes i s  and  energy
consumption. Moreover, we confirmed via a telemetry
system that oral injection of NCC2461 increases the
temperature in the brown adipose tissue in conscious rats
(Fig. 3) (23). Taken together, these findings indicate that
NCC2461 might increase energy expenditure and reduce
body  we igh t  by  caus ing  acce le ra t ion  o f  BAT
thermogenesis and WAT lipolysis. 

It is well known that appetite control is a factor in the
regulation of body weight. Therefore, we investigated the
effect of NCC2461 on gastric vagal nerve activity
(GVNA), one of the appetite-related nerves of the
abdominal tissue, and food intake. We found that acute ID
injection of NCC2461 suppressed GVNA in anesthetized
rats (Fig. 3) (18). Parasympathetic suppression is related
to food intake inhibition (8), and as expected, we
expectedly observed that food intake in rats administered
NCC2461 was significantly decreased for 24 h (Fig. 3)
(18). Thus, NCC2461 might function as a suppressor of
food intake. However, in our previous study, long-term
ingestion of NCC2461 did not affect total food intake
(23). One possible explanation for this discrepancy was
that chronic intake of NCC2461 might regulate gastro-
intestinal functions, resulting in overall stabilization of
appetite.

Because body weight reduction is strongly linked with
increased energy expenditure and appetite suppression,
the above evidence suggested that NCC2461 would

suppress body weight. Therefore, to investigate the
possible role of NCC2461 in body weight regulation, we
examined the effect of NCC2461 on body weight changes
in rats fed a high-fat diet and found that administration of
NCC2461-containing drinking water for 11 weeks
suppressed the gain in body weight and abdominal fat
weight (total weight of epididymal, perirenal, and
mesenteric adipose tissues) (Fig. 3) (23). To the best of
our knowledge, this was the first report to demonstrate
that NCC2461 directly suppresses dietary obesity by
regulating autonomic nerve activities.

INVOLVEMENT OF AFFERENT NERVES OF THE 
ABDOMINAL TISSUE IN CHANGES IN 

AUTONOMIC NERVE ACTIVITY INDUCED BY 
LACTOBACILLUS

There are two types of nerves in the autonomic nervous
system that control some abdominal tissues, efferent
nerves and afferent nerves. The abdominal afferent
nerves are involved in signal transduction from internal
organs to the brain (24–26). Specific examples include
intestinal stimulation by some agents, the hyperthermic
response to intestinal osmotic stimulation (26), the
sympatho-inhibited response to ID injection of oolong tea
(10), and the sympatho-excited response to intragastric
injection of glutamate (27), all of which are attenuated in
vagotomized rats (in which some afferent nerves
including gastric, hepatic, and celiac branches are
removed). Therefore, to determine if the afferent nerves
were implicated in the autonomic effects of intestinal
stimulation induced by Lactobacillus, the acute effects of
ID injection of NCC533 or NCC2461 on RSNA were
examined. RSNA suppression by NCC533 was blocked
in vagotomized rats, while the elevating effects of
NCC2461 on RSNA were detected in vagotomized rats
(Fig. 4) (18). Thus, we concluded that NCC533, but not
NCC2461, relies on afferent nerves that reach the
intestine and stimulate abdominal afferent vagal nerves
for transmission of information to the brain. The
NCC2461 pathway may be independent of the afferent
nerve pathways, suggesting that hormonal factors
including interleukin or TGF-β mediate the effects of
NCC2461. Following this line of inquiry, a previous
study found that NCC2461 elevated interleukin-10 levels
and induced TGF-β production (28). In addition,
peripheral administration of interleukin changed
autonomic nerve activities in urethane-anesthetized rats
(29). These findings support our above-mentioned notion
that some cytokines mediate autonomic changes by
lactobalilli, but measurements of the levels of these
factors in the blood after ID injection of NCC2461 will be
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required to determine the detailed mechanism.
In our vagotomy experiment, the gastric, hepatic and

celiac branches of the vagus nerve were ablated. Previous

studies have shown that selective excision of the gastric
branch of the vagus nerve, but not the celiac or hepatic
branches, significantly inhibits the ability to drink a

Fig. 3. Effects of NCC2461 on feeding behavior, thermogenesis and lipolysis through autonomic nerves.

Raw data of WAT-SNA and BAT-SNA before and after ID injection of saline NCC2461 (A). The arrows indicate the time
of injection. The horizontal bars represent 10 min. Time course data of WAT-SNA and BAT-SNA responses to ID injec-
tion of NCC2461 are expressed as means + SEM of the percentage of their values at 0 min (B). Plasma FFA level (C) and
BAT-T (D) after intraoral injection of NCC2461 are expressed as means + SEM of percentages or difference of values at 0
min. Effects of ingestion of water, NCC2461 or NCC533 on cumulative (24 hrs) food intake are expressed as means +
SEM (E). Effects of NCC2461 on body weight (F) and abdominal fat weight (G) of rats fed a high-fat diet for 11 weeks are
expressed as means + SEM in each group. The numbers of animals used are shown in parentheses. The significance of the
difference between values after saline and NCC2461 from 5 to 60 min were analyzed as a group by ANOVA (*P<0.05).



AUTONOMIC NERVOUS SYSTEM AND LACTOBACILLI 105
monosodium glutamate solution (1%, w/v) (27),
suggesting the importance of the role of the afferent
pathway from the stomach. In addition, our preliminary
study confirmed that an intragastric injection of NCC533
increases afferent neural activity of the gastric branch
(Fig. 4), but suppresses neural activity of efferent
sympathetic nerves innervating the kidneys (Fig. 1).
Thus, these data suggest that gastric afferent signals may
be involved in the efferent autonomic nervous actions by
gastro-intestinal stimulation with NCC533. Taken

together, these findings indicate that afferent neural
signals are transmitted to the hypothalamic autonomic
center via the nucleus of the solitary tract in the medulla
(30). It was recently shown that the nucleus of the solitary
tract, where noradrenergic transmission takes place,
functions as an important junction area in the afferent
gastric neural pathway of feeding behavior following
gastric hormone administration (30). Because this neural
pathway from the stomach to the central autonomic center
plays an important role in maintaining homeostasis via

Fig. 4.  Effects of denervation of vagus nerves on changes in RSNA after ID injection of NCC533
or NCC2461.

Data of typical recordings of the RSNA of a sham-operated rat (sham) and a vagotomized rat (vagot-
omy) injected with NCC533 (A) or NCC2461 (B). RSNA after ID injection of NCC533 or NCC2461
are expressed as means + SEM of the percentage of the value at 0 min (RSNA). Data from sham-
operated (sham) and vagotomized (vagotomy) rats are shown. Injection points are indicated by
arrows. Horizontal bars represent 10 min, vertical scale bars to the right of the recordings represent
neural discharge rates of 100 spikes/5 sec. Significant differences (*P<0.05) between values from 5–
60 min after intraduodenal injection of NCC2461 were analyzed as groups by ANOVA. Effect of
intragastric injection of NCC533 on afferent gastric vagal nerve activity (GVNA) is presented as raw
trace data (C). 
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the autonomic nerves, we consider that the suppression of
RSNA by intragastric NCC533 may be mediated by a
signaling mechanism from the afferent gastric vagal
nerve to the hypothalamus via the nucleus of the solitary
tract.

CENTRAL MECHANISM OF CHANGES IN 
AUTONOMIC NERVE ACTIVITY INDUCED BY 

LACTOBACILLUS: THE POSSIBLE ROLE OF THE 
CIRCADIAN CLOCK AND HISTAMINERGIC 

NERVOUS SYSTEM IN THE BRAIN

The hypothalamus is the primary regulation site of the
autonomic nervous system. We recently confirmed the

poss ib le  ro le  of  two hypotha lamic  nucle i ,  the
histaminergic tuberomamillary nucleus (TMN) and the
suprachiasmatic nucleus (SCN), as autonomic centers (1,
2, 4–6). In the TMN of the histaminergic nervous system,
the presynaptic H3 receptor mediates auto-inhibition of
histamine release from the histaminergic neurons into
synaptic clefts, and the affinity of the H3 receptor for
histamine is much higher than the affinities of the
postsynaptic histaminergic H1 and H2 receptors (31).
Therefore, a small amount of histamine in the synaptic
cleft is thought to suppress histamine release from the
presynaptic histaminergic neurons via the H3 receptor,
while a large amount of histamine in the synaptic cleft

Fig. 5.  Possible role of histaminergic nervous system or the suprachiasmatic nucleus (SCN) in changes in sympathetic
nerve activity induced by NCC533.

RSNA after ID injection of NCC533 or NCC2461 are expressed as means + SEM of percentage of their values at 0 min.
An ICV injection of aCSF, thioperamide (thiop) or diphenhydramine (diphen) was given 30 min before NCC533 injection
(A). Effects of bilateral lesions of the SCN on changes in RSNA after ID injection of NCC533 are expressed as means +
SEM of percentages of their values at 0 min. RSNA and MAP data from sham-operated (SCN-sham) and SCN-lesioned
(SCN-lesion) rats are shown (B). The numbers of animals used are shown in parentheses. The significance of the differ-
ences between the values after saline and NCC533 from 5 to 60 min were analyzed as a group by ANOVA.
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functions to transmit histaminergic neural signals. In fact,
our previous study demonstrated that a central injection
of a small dose of histamine lowers RSNA, while a high
dose of histamine elevates RSNA (5). In addition, we
found that suppression of RSNA by a small dose of
histamine was blocked by thioperamide, an H3 receptor
blocker, and activation of RSNA by a high dose of
histamine was blocked by diphenhydramine, an H1
receptor blocker (5), further confirming the suggested
mechanism. Therefore, we investigated the possible role
of histaminergic neurotransmission in autonomic
changes caused by NCC533 and NCC2461 and revealed
that the suppressing effects of NCC533 on RSNA were
eliminated by pretreatment with thioperamide, and that
the elevating effects of NCC2461 on RSNA were
abolished by pretreatment with diphenhydramine (Fig. 5)
(17, 18). These findings suggest that the hypothalamic
histaminergic nerves might be involved in regulation of
autonomic nerves by Lactobacillus.

Next, with respect to SCN, our previous study
demonstrated that SCN, a master circadian oscillator,
plays an important role in the control of glucose
metabolism via regulation of the autonomic nervous
system (32).  Moreover, bilateral lesions of SCN
eliminated changes in autonomic nerve activities induced
by illumination (2). Therefore, to elucidate the role of
SCN in the autonomic changes induced by NCC533, we
examined the effect of SCN bilateral lesions on changes
in RSNA and blood pressure after ID injection of
NCC533. Suppression effects induced by NCC533 on
RSNA and blood pressure disappeared in SCN-lesioned
rats (Fig. 5) (17). These findings suggest that SCN is
involved in the mechanism of NCC533 action on RSNA
and blood pressure. Using a pseudorabies virus to
investigate the neural connection between SCN and the
tissues related to the control of glucose metabolism, we
found evidence indicat ing that  SCN transmits
multisynaptic neural signals to the pancreas and liver and
that separate SCN neurons transmit signals to the
peripheral sympathetic and parasympathetic neurons (33,
34). These multisynaptic efferent projections extending
from SCN to the spinal cord-containing group of neurons
in the sympathetic pathway modulate blood pressure (33,
34). With respect to the kidneys, Sly et al. (35) verified
the existence of an efferent neural pathway from SCN to
the kidneys using the pseudorabies virus. Although
multisynaptic efferent projections extending from SCN to
the spinal cord-containing sympathetic preganglionic
cells and to the medulla oblongata-containing group of
neurons in the sympathetic pathway modulate blood
pressure (33, 34) ,  the exact descending pathway

responsible for the cardiovascular effect of intestinal
NCC533 remains unclear. All these pathways may be
associated with the suppression and elevation of RSNA
and blood pressure. 

It was recently demonstrated that there are many
circadian clock molecules in SCN (36). One such
molecule is Clock, and Clock mutant (CM) mice exhibit
blood pressure elevation during the light period and a
decrease in body temperature during the dark period (37,
38), these mutants have an abnormal circadian rhythm in
their locomotor activity under constant dark conditions
(39). Moreover, we found that the elevating effect of odor
stimulation on RSNA is not observed in CM mice (40),
suggesting that Clock in SCN might be a regulator of the
sympathetic nervous system. However, it is unclear
whether Clock in SCN is involved in changes in
autonomic nerve activity induced by NCC533 or
NCC2461. Hence, further investigation is required to
evaluate this.

CONCLUSION

In  conclusion,  to determine possible  role  of
lactobacillus in homeostasis regulation in vivo, we
examined the effects of two strains of Lactobacilli,
NCC533 or NCC2461, on the autonomic nerve activities
which contribute to the regulation of cardiovascular
function, glucose metabolism, thermogenesis and feeding
behavior in rats. Our results show that ID injection of
NCC533 lowered RSNA, ASNA and blood pressure, and
elevated GVNA in urethane-anesthetized rats, and
suppressed hyperglycemic responses to 2-DG injection in
normal conscious rats or oral glucose load in STZ-
diabetic rats. In addition, both abdominal vagotomy and
SCN lesion abolished autonomic and cardiovascular
changes due to NCC533. On the other hand, NCC2461
administration into the small intestine stimulated BAT-
SNA, WAT-SNA, ASNA and RSNA, and suppressed
GVNA in urethane-anesthetized rats, and elevated
temperatures of brown adipose tissue and lipolysis,
reducing appetite and body weight. To clarify the
possible role of histaminergic system in the brain, we next
investigated the effects of histaminergic blockers, and
found that ICV injection of thioperamide, a histamine
H3-receptor antagonist, eliminated the suppression of
RSNA, preventing blood pressure decl ine,  and
s u p p r e s s e d  t h e  e n h an ce m e n t  o f  t h e  g a s t r i c
parasympathetic nerve induced by NCC533. In addition,
diphenhydramine, a histamine H1-receptor antagonist,
abolished the increases in RSNA and blood pressure
induced by NCC2461. The present evidence strongly
suggests that lactobacilli reaching the intestine send some
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signals to the brain, via the afferent nerve pathway or
blood cytokines pathway, and affect autonomic nerve
activities through the SCN or histaminergic neurons
regulating cardiovascular, metabolic, glycemic and
feeding functions. 
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