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Abstract
Cardiac vagal neurons (CVNs) in the nucleus ambiguus (NA) are the major determinant of
parasympathetic activity to the heart. Spontaneous GABAergic neurotransmission to CVNs is
modulated by hypothalamic neuropeptide orexin-A in postnatal days 2-5 (P5) rats, however during
early postnatal development orexin expression changes and the role of orexin-A in modulating
CVN activity at other stages of development is unknown. In this study we compared changes in
GABAergic inhibitory postsynaptic currents (IPSCs) in CVNs evoked by orexin-A in P5, P16-20
(P20), and P27-30 (P30) rats using an in-vitro brain stem slice preparation. Bath-applied orexin-A
enhanced GABAergic IPSCs in all CVNs tested in P5 and P30 animals and in the majority of
neurons tested in P20 pups. Focal application of orexin-A ejected from a pipette positioned within
30 μm of the patched CVN did not alter GABAergic signaling in P5 pups. In contrast, in both P20
and P30 rats focal application of orexin-A inhibited GABAergic IPSCs and this inhibition
persisted in the presence of tetrodotoxin. These results indicate orexin-A facilitates GABAergic
IPSCs likely by activating preceding GABAergic neurons that project to CVNs. Orexin-A also
likely acts at GABAergic presynaptic terminals surrounding CVNs within the NA to inhibit
GABA release. The latter mechanism is absent in P5 pups but occurs in P20 and P30 rats. In
conclusion, this study elucidates an important maturation of the parasympathetic cardiac control
system. Alterations in these developmental mechanisms may play a role in pathogenesis of
disorders related to a specific stage of development maturation.
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Parasympathetic control of heart rate undergoes significant alterations after birth. Although
parasympathetic innervation of the heart is functional in newborn rats and vagally-mediated
cardio-inhibitory reflexes are present in postnatal days (P) 5/6, tonic cardiac vagal motor
activity only reaches a mature level between the second and third weeks of postnatal age in
rat pups (Adolph, 1967; Tucker and Johnson, 1984; Kasparov and Paton, 1997). Immature
and/or altered autonomic functions have been implicated in some disorders prevalent at
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specific postnatal ages, such as sudden infant death syndrome (SIDS) (Leistner et al., 1980;
Kluge et al., 1988; Schechtman et al., 1988; Southall et al., 1988; Hunt, 2006). It is of
interest that SIDS incidence peaks during a narrow developmental time window, specifically
between 2 and 4 month of infant age, which represents an unstable time for many
physiologic systems (Willinger et al., 1991; Filiano and Kinney, 1994). However, little
information is known regarding changes in synaptic function underlying the maturation of
parasympathetic cardiac control.

Parasympathetic activity regulating heart rate and cardiac function primary originates from
preganglionic cardiac vagal neurons (CVNs) within the nucleus ambiguus (NA)
(Mendelowitz, 1999; Cheng and Powley, 2000; Wang et al., 2001a; Wang et al., 2001b).
Focal electrical or chemical stimulation of the NA region elicits decreases in heart rate
mediated by the activation of CVNs (Ciriello and Calaresu, 1982; Ciriello and de Oliveira,
2003). These neurons are intrinsically silent, and recent studies have identified major
synaptic pathways including activation of GABAergic, glycinergic, and glutamatergic
postsynaptic receptors in CVNs (Mendelowitz, 1998; Neff et al., 1998; Wang et al., 2001b).

The hypothalamic orexin-A and orexin-B neuropeptides, also called hypocretin-1 and
hypocretin-2, play an important role in postnatal development influencing several aspects of
brain maturation (Stoyanova et al., 2009). Orexins are expressed as early as embryonic days
18-20 in rats (de Lecea et al., 1998; Van Den Pol et al., 2001). Furthermore, postnatal
expression of orexins undergoes significant changes. Orexin mRNA in hypothalamic tissue
is detectable by the first day of birth, followed by an increase to the maximum at P20, and
finally no significant differences exist between the adolescent and adult (Van Den Pol et al.,
2001; Steininger et al., 2004). A transient increase of orexin expression is also observed
around P20 in the rat brainstem (Volgin et al., 2002).

Compelling evidence links orexin-A to regulation of cardiovascular function (Ciriello and de
Oliveira, 2003; Ciriello et al., 2003; Dergacheva et al., 2005; Dergacheva et al., 2011).
Orexin fibers have been found in nuclei that are well known to be involved in cardiovascular
regulation (Peyron et al., 1998; Ciriello and de Oliveira, 2003; Ciriello et al., 2003).
Intracisternal or intrathecal administration of orexin-A as well as microinjection of orexin-A
into the rostral ventral medulla and the nucleus tractus solitarius complex increases mean
arterial pressure and heart rate in rats (Chen et al., 2000; Antunes et al., 2001; Smith et al.,
2002). We have previously shown orexin-A strongly modulates the spontaneous GABAergic
neurotransmission to CVNs and the GABAergic neurotransmission evoked by stimulation of
the lateral paragigantocellular nucleus (LPGi) in P2-5 (P5) rats (Dergacheva et al., 2005;
Dergacheva et al., 2011). In this study we examined changes in the maturation of central
parasympathetic control, and more specifically, we compared changes in GABAergic
neurotransmission to CVNs evoked by orexin-A in P5, P16-20 (P 20), and P27-30 (P30)
rats.

Experimental Procedures
All animal procedures were performed in compliance with the institutional guidelines at
George Washington University and are in accordance with the recommendations of the
Panel on Euthanasia of the American Veterinary Medical Association and the National
Institutes of Health publication Guide for the Care and Use of Laboratory Animals. All
efforts were made to minimize the number of animals used and any possible discomfort.

To identify CVNs in vitro a two-stage procedure was used. In an initial surgery, Sprague-
Dawley rats (postnatal days 1–3; Hilltop, Scottdale, PA, USA) were anesthetized with
hypothermia and received a right thoracotomy. The heart was exposed, and 0.05 ml of 1–
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5% rhodamine (XRITC, Molecular Probes, Eugene, OR, USA) was injected into the
pericardial sac to retrogradely label CVNs. On the day of experiment P5 and P20 animals
were anesthetized with isoflurane and killed by rapid cervical dislocation. Using a dissection
microscope the cerebellum was removed and the hindbrain was isolated. A single slice of
the medulla (300 μm thickness) that included the NA was obtained and submerged in a
recording chamber, which allowed perfusion (5–10 ml/min) of artificial cerebrospinal fluid
(aCSF) at room temperature (25 °C) containing (in mM) 125 NaCl, 3 KCl, 2 CaCl2, 26
NaHCO3, 5 glucose, and 5 HEPES equilibrated with 95% O2 and 5% CO2 (pH 7.4).

To obtain viable CVNs from juvenile (P30) animals we have adopted the methodology by
Ye and colleagues (Ye et al., 2006). The key to this approach is using glycerol based aCSF
(GaCSF), in which all NaCl is replaced with glycerol, an endogenously occurring three-
carbon alcohol. GaCSF contained (in mM): 252 glycerol, 1.6 KCl, 1.2 NaH2PO4, 1.2 MgCl,
2.4 CaCl2, 26 NaHCO3, and 11 glucose. GaCSF was perfused transcardially before
sacrifice. A single slice of the medulla (300 μm thickness) that included the NA was
obtained and transferred from the GaCSF to normal aCSF for at least one hour before
experiments were conducted, and previous work has shown this approach preserves the
electrophysiological and pharmacological properties in many types of neurons (Ye et al.,
2006).

Individual CVNs in the NA were identified by the presence of the fluorescent tracer. These
identified CVNs were then imaged with differential interference contrast optics, infrared
illumination, and infrared-sensitive video detection cameras to gain better spatial resolution.
Patch pipettes (2.5–3.5 MΩ) were filled with a solution consisting (in mM) of 150 KCl, 2
MgCl2, 2 EGTA, 10 HEPES, and 2 Mg-ATP, pH 7.4. With this pipette solution, the chloride
current induced by activation of GABA receptors was recorded as an inward current.
Voltage clamp whole-cell recordings were made at a holding potential of −80 mV with an
Axopatch 200B and pClamp 8 software (Axon Instruments, Union City, CA, USA).

GABAergic inhibitory postsynaptic currents (IPSCs) were isolated by continuous focal
application of strychnine (1 μM), D-2-amino-5-phosphonovalerate (50 μM), and 6-cyano-7-
nitroquinoxaline-2,3-dione (50 μM) to block glycine, N-methyl-D-asparate, and non–N-
methyl-D-asparate glutamatergic receptors, respectively. Drugs were focally released using a
picrospritzer and pressure ejected from a patch pipette positioned within 30 μm of the
patched CVN. The maximum range of drug application was determined previously to be
100–120 μm downstream from the drug pipette and was considerably less behind the drug
pipette (Wang et al., 2002). Continual focal drug applications were performed using a
pneumatic picopump pressure system (WPI, Sarasota, FL, USA). Other drugs used in this
study included orexin-A (0.01, 0.1, and 1 μM), the orexin-1 receptor antagonist SB-334867
(10 μM), and tetrodotoxin (1 μM). After the end of each experiment the GABAergic IPSCs
was abolished by application of gabazine (25 μM). Orexin-A and SB-334867 were
purchased from Tocris Bioscience (Ellisville, MO, USA). All other drugs used in this study
were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).

Analysis of action potential-dependent IPSCs and tetrodotoxin-insensitive miniature IPSCs
(mIPSCs) was performed using MiniAnalysis (version 5.6.12; Synaptosoft, Decatur, GA,
USA) with a threshold determined by the amplitude at which all synaptic events were
blocked in the presence of gabazine (25 μM). Spontaneous GABAergic IPSC amplitude and
frequency was analyzed from 200-second periods prior and during drug applications
(orexin-A and/or SB-334867) and upon washout of orexin-A. Results are presented as mean
± SE. To test for differences in GABAergic IPSC amplitude and frequency between P5, P20,
and P30 animals, the results were statistically compared using ANOVA and Kruskal-Wallis
non-parametric test followed by Dunns post-test. To test for changes in IPSC amplitude and
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frequency evoked by orexin-A and/or SB-334867 as well as concentration-dependent effects
of orexin-A the results were statistically compared using one-way repeated measures
ANOVA and Dunnett's posttest. Amplitude and frequency distributions in single neurons
were performed using the Kolmogorov-Smirnov test. Significant difference was set at p<
0.05. Only one experiment was performed in each preparation except experiments
examining dose-dependent response of orexin-A when two doses of orexin-A were applied
sequentially starting with the smallest concentration.

Results
There were no statistically significant differences (p>0.05) in either the amplitude or
frequency of GABAergic IPSCs in CVNs between P5, P20, and P30 animals.

Effects of bath application of orexin-A on GABAergic IPSCs in CVNs
In agreement with previously published data (Dergacheva et al., 2005) bath application of
orexin-A (1 μM) elicited a significant and reversible increase in the frequency of
GABAergic IPSCs in CVNs in all neurons tested in P5 rats (from 2.1± 0.7 Hz to 3.8±0.7;
p<0.001, n=8, see Fig. 1). In P20 pups bath-applied orexin-A (1 μM) evoked facilitation in
the frequency of GABAergic IPSCs in the majority of CVNs (7 out of 10). The responses
also included inhibition (n=2) of GABAergic IPSCs. In one CVN no significant alteration
was observed in the presence of orexin-A (1 μM). Thus, upon statistic analysis of all 10
neurons combined orexin-A evoked no significant change in the frequency of GABAergic
IPSCs in CVNs (2.4±0.6 Hz versus 2.8 ±0.7 Hz; p>0.05, see Fig. 1). The CVN responses to
bath-applied orexin-A (1 μM) in P30 pups were similar to those observed in P5 pups. In P30
pups, bath application of orexin-A evoked a significant and reversible increase in the
frequency of GABAergic IPSCs in all CVNs tested (from 2.7± 0.8 Hz to 4.3±1.1; p<0.05,
n=8, see Fig. 1). Orexin-A (1 μM) had no effect on the amplitude of the GABAergic IPSCs
in P5, P20, or P30 animals (see Table 1).

Effects of focal application of orexin-A on GABAergic IPSCs in CVNs
To test if orexin-A can affect GABAergic signaling in CVNs by activating sites located
within the NA, focal application of orexin-A was performed in additional experiments. In
contrast to the results upon bath application, focal application of orexin-A (1 μM) ejected
from a pipette positioned within 30 μm of the patched CVN did not significantly alter the
frequency of GABAergic IPSCs in CVNs in P5 animals (1.6±0.6 Hz versus 1.6 ±0.6 Hz;
p>0.05, n=8, Fig. 2). However, in P20 pups focal application of orexin-A (1 μM) elicited a
significant decrease in the frequency of GABAergic IPSCs in CVNs (from 2.9± 0.6 Hz to
2.0±0.6; p<0.05, n=8, see Fig. 2). In P30 pups focally-applied orexin-A (1 μM) elicited a
significant inhibition in the frequency of GABAergic IPSCs (from 1.8±0.5 Hz to 0.8±0.3;
p<0.01, n=8, Fig. 2). Focal application of orexin-A (1 μM) had no effect on the amplitude of
the GABAergic IPSCs in CVNs in P5, P20, or P30 animals (see Table 1).

GABAergic mIPSCs in CVNs and orexin-A
To further elucidate the cellular mechanisms of differential effects of bath and focal
applications of orexin-A we examined the effect of orexin-A on mIPSCs in CVNs in the
presence of tetrodotoxin, a voltage-gated sodium channel blocker. We have previously
shown that orexin-A has no effect on GABAergic signaling in the presence of tetrodotoxin
(1 μM) in P5 animals (Dergacheva et al., 2005). Since the effect of focal application of
orexin-A on GABAergic IPSCs in CVNs was similar in P20 and P30 animals (Fig. 2) but
more robust in P30 animals, we examined the effect of orexin-A on mIPSCs in CVNs
exclusively in P30 animals. Unlike in P5 pups, in the presence of tetrodotoxin (1 μM)
orexin-A (1 μM) elicited a decrease in the frequency of GABAergic mIPSCs in all CVNs
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tested in P30 pups (from 0.4±0.2 Hz to 0.2±0.08; p<0.05, n=8, Fig. 3). In additional sets of
experiments we applied orexin-A at concentrations of 0.01 μM and 0.1 μM in the presence
tetrodotoxin (1 μM) to examine the dose response relationship of orexin-A. At a
concentration of 0.01 μM orexin-A had no significant effect of GABAergic mIPSCs in
CVNs (see Fig. 4). Subsequent application of orexin-A on the same CVNs at a concentration
of 0.1 μM elicited a significant inhibition in the frequency of GABAergic mIPSCs (from 0.5
±0.1 Hz to 0.2±0.06; p<0.05, n=7, Fig. 4).

GABAergic IPSCs in CVNs and orexin-1 receptor antagonist
To test if the effect of orexin-A was selectively mediated via orexin-1 receptors and to
eliminate the possibility of non-orexin-1 receptor activation, SB-334867, an orexin-1
receptor antagonist, was used prior to and during orexin-A administration. In the absent of
tetrodotoxin, bath application of SB-334867 at a concentration of 10 μM by itself did not
evoke any significant change in either frequency or amplitude of GABAergic IPSCs in P30
pups (1.5±0.4 Hz versus 1.4 ±0.4 Hz and 50.5±4.7 pA versus 52.0±6.4 pA, respectively;
p>0.05, n=8, Fig. 5). However, SB-334867 blocked the orexin-A-elicited alteration of
GABAergic IPSCs since in the presence of SB-334867 (10 μM) orexin-A (1 μM) failed to
significantly alter the frequency of GABAergic IPSCs in CVNs in P30 pups (1.5±0.4 Hz
versus 1.3 ±0.5 Hz; p>0.05, n=8, Fig. 5).

Discussion
The results from this study indicate bath-applied orexin-A (1 μM) increased GABAergic
IPSCs in all CVNs tested in P5 and P30 animals and in the majority of neurons tested in P20
animals. In contrast, focal application of orexin-A did not alter GABAergic IPSCs in P5
pups but decreased GABAergic IPSCs in both P20 and P30 rats. In addition, orexin-A
evoked inhibition of GABAergic mIPSC frequency in P30 animals.

Although bath-applied orexin-A evokes varied responses in P20 pups, most of the responses
(7 out of 10) include the facilitation of GABAergic IPSCs which are similar to those elicited
in P5 and P30 animals. The transient variety of responses in P20 animals possibly reflects
the developmental changes of parasympathetic cardiac control that occur in P20 animals. In
other in-vitro studies, orexin has been shown to elicit heterogeneous responses to the same
population of neurons including both increases and decreases in the GABAergic IPSC
frequency (Van Den Pol et al., 1998; Burlet et al., 2002; Liu et al., 2002). We have
previously shown the effect of bath-applied orexin-A on GABAergic IPSCs in P5 animals is
prevented by tetrodotoxin (Dergacheva et al., 2005) indicating bath-applied orexin-A alters
GABAergic IPSCs in CVNs in an action potential dependent manner and likely acts on
preceding GABAergic neurons that project to CVNs (see Fig. 6, left). These preceding
GABAergic neurons are likely located in the rostral ventral medulla, including the LPGi, as
GABAergic neurotransmission to CVNs evoked by electrical stimulation of LPGi neurons is
increased by orexin-A (Dergacheva et al., 2011).

In contrast to bath application, focal application of orexin-A does not alter GABAergic
IPSCs in P5 pups, supporting the hypothesis that orexin-A acts on neurons that located
outside of the NA at this development age. However, in both P20 and P30 animals focal
application of orexin-A inhibits GABAergic IPSCs. In addition, orexin-A dose-dependently
inhibits GABAergic mIPSC frequency in the presence of tetrodotoxin in P30 animals. These
data indicate that orexin-A, in addition to acting on GABAergic neurons that are outside of
the NA, also may act at GABAergic presynaptic terminals surrounding CVNs within the NA
to inhibit GABA release (Fig. 6, right). This latter mechanism is absent in P5 pups but
occurs in P20 and P30 rats. Thus, the effects of orexin-A on GABAergic IPSCs in CVNs
appear to be complex in older rats depending on which pathways and receptors are activated.
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It is possible orexin-A differentially acts on different populations of GABAergic neurons to
evoke either inhibition or facilitation of GABAergic IPSCs in CVNs under different
conditions and network responses (Fig. 6). The results from other studies suggest
orexinergic neurons exert complex and opposing effects within the same site within the
central nervous system, and the responses may depend on specific condition and/or
physiological state. Indeed, the effect of orexin-A microinjected 1mm dorsal to the right
lateral ventricle on food intake is both dose and time dependent (Rodgers et al., 2000). The
results from in-vivo studies in adult rats indicate orexin-A can exert diverse physiological
effects on brainstem parasympathetic cardiac activity. Microinjection of orexin-A into the
rostral ventral medulla produces a tachycardia mediated in part by inhibition of
parasympathetic activity to the heart (Ciriello et al., 2003) whereas microinjection of orexin-
A into the NA elicits bradycardia mediated by excitation of parasympathetic activity to the
heart (Ciriello and de Oliveira, 2003). The results from this study provide a possible
explanation for these diverse in-vivo results. Bath-applied orexin-A facilitates GABAergic
IPSCs in CVNs likely via activation of preceding GABAergic neurons that project to CVNs.
Thus, tachycardia evoked by orexin-A microinjection into the rostral ventral medulla
observed in vivo studies (Ciriello et al., 2003) is likely mediated by activation of
GABAergic neurons in the rostral ventrolateral medulla that project to and inhibit CVNs in
the NA. In accordance with this hypothesis, other in-vivo studies indicate that
microinjection of orexin-A into the rostral ventral medulla causes an increase in both mean
arterial pressure and heart rate (Machado et al., 2002), whereas no effect is observed in
vagotomized rats (Young et al., 2005). In contrast, focal application of orexin-A can excite
CVNs via disinhibition of GABAergic IPSCs in CVNs. This would be consistent with the
bradycardia evoked upon microinjection of orexin-A into the NA (Ciriello and de Oliveira,
2003).

The results from this study indicate orexin-1 receptor antagonist SB-334867 by itself does
not evoke any significant change in GABAergic neurotransmission to CVNs suggesting that
there is no endogenous release of orexin-A within the slice preparation used in this study.
This observation is consistent with the location of orexinergic neurons which have been
exclusively found in the perifornical area and lateral hypothalamus but not in the medulla
oblongata (de Lecea et al., 1998; Sakurai et al., 1998). However, SB-334867 blocked the
orexin-A-elicited alteration of GABAergic IPSCs indicating the effect of orexin-A on
GABAergic neurotransmission to CVNs is selectively mediated via orexin-1 receptors.
Consistently, orexin-A-labeled axons and presumptive axonal terminals have been found in
the rostral ventral medulla and within the ventral aspects of the NA where CVNs are located
(Ciriello and de Oliveira, 2003; Ciriello et al., 2003).

Interestingly, the development of the orexinergic system occurs with a similar time course to
the changes in orexinergic modulation of CVNs. Orexinergic levels are very low at
parturition and begin to increase at P13 until P26 in rats, at which point no further changes
occur from the adolescent to adult (Steininger et al., 2004). Tonic parasympathetic control of
heart rate also reaches mature levels between the second and third weeks of postnatal age in
rat pups with no additional changes from the adolescent to adult (Adolph, 1967; Tucker and
Johnson, 1984; Kasparov and Paton, 1997). It is possible that the alteration in orexinergic
modulation of CVN activity elucidated in this study play a role in the maturation of tonic
cardiac vagal motor activity in rats. In contrast to P5 pups, orexin-A has an inhibitory effect
on GABAergic IPSCs in P20 and P30 animals. This inhibition of GABAergic IPSCs would
result in disinhibition of CVNs and activation of parasympathetic activity to the heart which
may contribute to the maturation of tonic parasympathetic control of heart rate between the
second and third weeks of postnatal age.
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Conclusion
This study elucidates an important development differences in orexinergic modulation of
CVN activity between P5 and older P20 and P30 rats.
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• Orexinergic modulation of cardiac vagal neuron activity changes during
maturation

• Orexin-A enhances GABAergic neurons that project to cardiac vagal neurons

• In older animals orexin-A inhibits GABA release
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Figure 1.
Bath application of orexin-A elicited an alteration in the frequency of GABAergic IPSCs in
CVNs at all ages (P5, P20 and P30) studied. Typical experiments along with cumulative
fraction plots are shown in A whereas the summary data are illustrated in B. Orexin-A
evoked a significant and reversible increase in the GABAergic IPSC frequency in all
neurons tested in both P5 (n=8, top) and P30 (n=8, bottom) animals. However, at P20 the
CVN responses were variable (middle). Although there was increase in GABAergic IPSC
frequency in the majority of neurons tested (7 out of 10) following orexin-A application, but
orexin-A evoked a decrease in 2 CVNs and no change in 1 CVN in P20 animals. Asterisks
indicates statistically significant differences, * P < 0.05, and ***P < 0.001.
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Figure 2.
In contrast to bath application, focally applied orexin-A did not alter the frequency of
GABAergic GABAergic IPSCs in CVNs in P5 pups (n=8, top). However, focal application
of orexin-A elicited a significant inhibition in the frequency of GABAergic GABAergic
IPSCs in CVNs in both P20 (n=8, middle) and P30 (n=8, bottom) animals. Typical
experiments along with cumulative fraction plots are shown in A whereas the summary data
are illustrated in B. While the inhibition of GABAergic neurotransmission was reversible in
the most of neurons in P20 pups (middle), the frequency of GABAergic IPSCs remained
diminished during 10-min washout period in P30 animals (bottom). Asterisks indicates
statistically significant differences, * P < 0.05, and **P < 0.01.
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Figure 3.
In the presence of tetrodotoxin (1 μM), orexin-A (1 μM) elicited a significant decrease in
the mIPSC frequency in P30 animals. However, the amplitude of the GABAergic mIPSCs
was not altered by orexin-A application. A typical experiment along with cumulative
fraction plot is shown in A whereas the summary data from 8 neurons are illustrated in B.
Asterisk indicates a statistically significant difference, * P < 0.05.
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Figure 4.
Bath-applied orexin-A altered the frequency of GABAergic mIPSCs in a dose-dependent
manner. At a concentration of 0.01 μM orexin-A did not evoke a significant alteration in
GABAergic mIPSC frequency. However, the frequency of mIPSCs was significantly
decreased following orexin-A application at a concentration of 0.1 μM. The amplitude of
GABAergic mIPSCs was not altered by orexin-A application at either concentration of 0.01
μM or 0.1 μM. Representative traces of GABAergic mIPSCs under control conditions and
during orexin-A applications are shown in A whereas the summary data from 7 neurons are
illustrated in B. Asterisk indicates a statistically significant difference, * P < 0.05.
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Figure 5.
The orexin-1 receptor antagonist SB-334867 did not alter either frequency or amplitude of
GABAergic IPSCs in CVNs. However, SB-334867 prevented the orexin-A-elicited
alteration in the GABAergic IPSCs in CVNs as in the presence of SB-334867 orexin-A did
not evoke any significant changes in the frequency of GABAergic IPSCs. A typical
experiment is shown on the top (A) while the summary data from 8 neurons are
demonstrated in the bottom (B).
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Figure 6.
A proposed model for orexin-A modulation of GABAergic neurotransmission to CVNs in
P5, P20 and P30 rats. Bath applied orexin-A facilitates GABAergic IPSCs in CVNs likely
via activation of GABAergic neurons in the rostral ventral medulla that project to CVNs
(left). This mechanism is also present in P20 and P30 animals (right). In addition, orexin-A
inhibits GABAergic neurotransmission likely acting on presynaptic terminals surrounding
CVNs in P20 and P30 rats (right), but not in P5 pups.
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