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Introduction: The cardiovascular effect of the pedunculopontine tegmental nucleus (PPT), 
a mesencephalic area, has been evaluated. Due to the presence of the GABAB receptor of 
GABAergic system in the PPT, this study has investigated the possible cardiovascular effect 
of this receptor in the PPT and has compared it with GABAA.
Methods: Rats randomly were divided into control, two doses of 0.5 and 1 nmol of 
Baclofen (GABAB receptor agonist), 0.5 and 1 nmol, of Phaclofen (GABAB receptor 
antagonist) and two doses of 0.1 and 0.2 nmol of Bicuculline (BMI, GABAA receptor 
antagonist) and co-injection of Phaclofen (1nmol)+ Bicuculline (0.2 nmol) groups. 
After anesthesia, a heparinized polyethylene catheter was placed in the femoral artery 
and was connected to a pressure transducer cardiovascular response was recorded by a 
Power lab device. Then the systolic blood pressure (SBP), mean arterial pressure (MAP) 
and heart rate (HR) were continuously recorded. The injection of drugs into the PPT was 
done stereotaxically. Cardiovascular changes (Δ,difference between pre and post-injection) 
induced by drug were calculated and analyzed. 
Results: Injection of both doses of Baclofen and Phaclofen did not induce significant 
changes in MAP, SBP, and HR. Injection of both doses of BMI significantly increased 
ΔMAP, ΔSBP, and ΔHR than control group. Injection of Phaclofen (1nmol) and BMI (0.2 
nmol) could increase ΔMAP, ΔSBP, and ΔHR that was non-significant than Phaclofen alone.
Conclusion: We found that GABAB receptors of the PPT were not involved in 
cardiovascular activity and this effect was mainly mediated through GABAA receptors. 
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The pedunculopontine nucleus (PPT) is located in the 
upper part of the brainstem, near the superior cerebellar 

peduncle (Martinez-Gonzalez et al., 2011). It has an ir-
regular shape and is composed of two parts: a rostral part 
and a caudal part (Martinez-Gonzalez et al., 2011). Glu-
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tamatergic, GABAergic, and cholinergic neurons have 
been identified within this nucleus. The distribution of 
these neurons within the PPT varies, with GABAergic 
neurons exhibiting the highest density in the rostral PPT, 
which gradually decreases towards the caudal part. Glu-
tamatergic and cholinergic neurons, on the other hand, 
have the highest density in the caudal PPT (Benarroch 
2013; Mena-Segovia et al., 2009). Studies have demon-
strated that the PPT is one of the regions with cholinergic 
outputs and projects to the lateral ventral medulla (Yasui 
et al., 1990). The Rostral ventrolateral medulla (RVLM) 
is one of the most important axons that provide inner-
vation to other brain regions. They send efferent signals 
and projections to other brainstem nuclei and lower 
brain regions, while also receiving afferent signals from 
other brain regions (Wang and Morales 2009). The PPT 
is involved in various functions, including arousal, reg-
ulation of REM sleep, movement control, modulation 
of sensory responses, learning, memory, and regulation 
of cardiovascular and respiratory activities (Alderson et 
al., 2008; Winn 2008).

GABA is a non-protein amino acid present in body 
fluids. In the brain, it is synthesized through the GABA 
shunt metabolic pathway. GABA is produced in mito-
chondria through the decarboxylation of glutamate by 
the enzyme glutamate decarboxylase (GAD) in the tri-
carboxylic acid cycle and stored in the cytoplasmic ter-
minals of GABAergic neurons. GABA has three types 
of receptors: A, B, and C. GABAA and GABAC recep-
tors are ionotropic, while GABAB receptors are me-
tabotropic. GABAA receptor is associated with chloride 
channels and its activation leads to the influx of chloride 
ions, hyperpolarizing the membrane potential and exert-
ing inhibitory effects on neurons. The GABAA receptor 
has binding sites for benzodiazepines, barbiturates, pi-
crotoxin, muscimol (a GABAA agonist), and bicuculline 
(a GABAA antagonist) (Bormann 2000).

The GABAB receptor functions by opening potassium 
channels and inhibiting calcium channels. The Baclofen 
is an agonist and phaclofen is an antagonist of GABAB 
receptor. The GABAC receptor, similar to GABAA, has 
gated chloride channels and is insensitive to bicucull-
ine, benzodiazepines, and anesthetics (Dutar and Nicoll 
1988; Li and Pan 2010).

We hypothesize that activation of the GABA-B recep-
tor in the PPT will modulate cardiovascular activity in 
anesthetized rats, potentially through interactions with 

key brain regions involved in cardiovascular regula-
tions, such as the rostral ventrolateral medulla (RVLM 
Our objectives are to examine the effects of GABA-B 
receptor activation on cardiovascular parameters—such 
as heart rate, blood pressure, and other cardiovascular 
parameters. We aim to clarify the interactions between 
the PPT and cardiovascular centers, particularly the 
RVLM, to detail the neural pathways responsible for 
these cardiovascular responses. Additionally, we seek 
to characterize the role of GABAergic neurons within 
the PPT in regulating cardiovascular function and to 
explore the potential therapeutic implications of target-
ing this pathway for treating cardiovascular disorders. 
Considering the involvement of the PPT in regulating 
cardiovascular activity and its connection with brain 
cardiovascular areas (i.e RVLM), as well as the presence 
of GABAergic neurons in the PPT, this study evaluates 
the possible role of GABAB receptor of the GABAergic 
system in the PPT on cardiovascular function in anes-
thetized rats.

Material and Methods 
Forty-two male Wistar rats with an average weight of 

250-300 g were used and housed in a constant condition. 
The animals had no restrictions on food and water intake 
and were maintained under a 12-hour light/dark cycle, 
the room temperature was maintained at around 25◦C. 
The University Ethics Committee of Mashhad Universi-
ty of Medical Sciences approved the experimental pro-
cedure with the ethical code: IR.MUMS.REC.1394.159. 
At the beginning of the experiment, the animals were 
weighed and anesthetized with a dose of 1.2-1.4 g/kg 
of urethane, administered intraperitoneally (Alderson et 
al., 2008). 

After anesthesia, the femoral artery was cannulated by 
a polyethylene catheter (PE=50) filled with saline-hepa-
rin solution. The catheter was then connected to a Pow-
erLab system via a blood pressure transducer. Cardio-
vascular parameters including systolic blood pressure 
(SBP), Mean arterial blood pressure (MAP), and heart 
rate (HR) were continuously recorded using a Lab Chart 
computer program.

For injection of drugs, the animal was placed in a 
stereotaxic apparatus and the head was fixed. A longi-
tudinal incision was made on the head and the PPT’s 
coordination was determined according to the Paxinos 
and Watson rat brain atlas (AP: 7.6–8.5 mm, L: 1.7-2.2 
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and H: 5.5–6.2 mm). Then, a hole about 2 mm in diam-
eter was drilled into the skull and adjusted above the 
PPT. Drugs were microinjected into the PPT through a 
micropipette inserted into the PPT and connected to a 
manual pump. The injection volume for all experiments 
was 150-100 nl. 

Urethane (Sigma, USA), baclofen (a selective GABAB 
agonist, Sigma), phaclofen (a selective GABAB antago-
nist, Sigma) bicuculline methiodide (BMI, a competi-
tive GABAA antagonist, Sigma). All drugs were dis-
solved in saline except phaclofen which was dissolved 
in HCL 0.1 N, then the PH augmented above seven by 
adding NaOH.

Animals were randomly divided into nine groups: 
(n=6)

Group 1 (Control): In this group, saline was microin-
jected into the PPT.

Groups 2 and 3: BMI (a competitive antagonist of 
GABAA receptor) was injected into the PPT at doses of 
0.1 and 0.2 nmol.

Group 4 and 5: baclofen (a selective GABAB receptor 
agonist) was injected into the PPT at doses of 0.5 and 1 
nmol.

Group 6 and 7: phaclofen (a selective GABAB recep-
tor antagonist) was injected into the PPT at doses of 0.5 
and 1 nmol.

In all groups, continuous recordings of MAP, SBP, 
and HR were obtained 5 min before and 30 min after 
injection.

The brains were first extracted from the skulls, which 
were then soaked in 10% formalin for a day to fix the 
tissue. Next, a vibratome was used to cut the brains into 
thin slices measuring 60 microns. These slices were then 
viewed under a light microscope to confirm that the in-
jections had been accurately placed, as per the Paxinos 
and Watson atlas (Shafei et al., 2012).

Data analysis and statistical tests
The results are expressed as mean and standard error 

(mean ± SEM). Changes (Δ difference between pre and 
post of injection drugs) MAP, SBP, and HR several times 
were calculated and analyzed. The repeated measure 
ANOVA with Tukey’s post-hoc test was used for ana-
lyzing changes in all parameters several times. P<0.05 
was used for indication of statistical significance. 

Results
The effect of injection of saline into the PPT on car-

diovascular responses 
MAP, SBP, and HR before and after saline injection 

were recorded. The results showed that the cardiovascu-
lar responses before saline injection were 110.24±2.27 
mmHg, 120±4.36 mmHg, and 340±13.49 beats/min for 
MAP, SBP, and HR, respectively. After the saline injec-
tion, the maximum responses for MAP, SBP, and HR 
were 116 ± 3.37 mm Hg, 360 ± 11.61 beats/min, and 
122 ± 3.51 mm Hg. There was no significant difference 
in cardiovascular parameters between pre and post-in-
jection.

Effects of injection of BMI on cardiovascular respons-
es into the PPT

Injection of BMI with doses of 0.1 and 0.2 nmol in-
creased ΔMAP, ΔSBP and ΔHR. As it is shown in Figure 
1, both doses of BMI (0.1 and 0.2 nmol) significantly in-
creased ΔMAP and ΔSBP and ΔHR (P<0.05 to P<0.001, 
repeated measure ANOVA, n=6). A comparison of the 
effects of two different doses showed that the effect of 
higher dose (0.2 nmol) is greater than lower dose 0. 1 
nmol) and this effect in the ΔMAP and ΔHR were sig-
nificant (P<0.05, Figure 1, repeated measure ANOVA, 
n=6). 

The effect of baclofen injection into the PPT on car-
diovascular responses 

Two doses of 0.5 and 1 nmol of baclofen were eval-
uated in two separate groups. At first, the MAP, SBP, 
and HR were measured, and after injection of two doses 
of baclofen, the changes (Δ) of these parameters were 
measured. Injection of baclofen with doses of 0.5 and 
1 nmol did not cause significant changes in ΔMAP. In-
jection of baclofen at both doses caused an increase in 
ΔHR, which does not show a significant difference com-
pared to the control group (Figure 2).

The effect of injection of phaclofen on cardiovascular 
responses in PPT

Two doses of 0.5 and 1 nmol of phaclofen were stud-
ied in two separate groups. First, the baseline values   of 
MAP, SBP, and HR were measured, and after the injec-
tion of two doses of phaclofen into the PPT, the chang-
es (Δ) of these parameters were measured. phaclofen at 
doses of 0.5 and 1 nmol increased ΔMAP, ΔSBP, and 
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ΔHR, which was not significant compared to the control 
group (Figure 3).

Comparing the cardiovascular effects of the injection 
of BMI and phaclofen into the PPT

In this experiment, the highest dose of phaclofen was 
compared with the highest dose of BMI. These changes 
are shown in Figure 4. As has been shown, injection of 
BMI ( 0.2 nmol) resulted in an increase in ΔMAP and 
ΔSBP, which varied at different time points. Two min-
utes after BMI injection, ΔMAP and ΔSBP significantly 
increased compared to injection of Phocalofen (P<0.05), 

and reached its maximum increase between minutes 
4 and 8 (P<0.01). Although the ΔMAP and ΔSBP de-
creased afterward, at minute 12, the pressure resulting 
from BMI injection was still significantly higher than 
that resulting from Phocalofen injection (P<0.05).

ΔHR also increased following the injection of BMI, 
with a significant difference from the phaclofen at min-
ute 12 (P<0.05) and minute 16 (P<0.01). 

Discussion
In the present study, the cardiovascular role of the pha-

clofen (a GABAB receptor antagonist) and baclofen (a 

 

 
 

 
FIGURE 1.FIGURE 1. Comparing the cardiovascular effects of two doses of BMI (0.1 and 0.2 nmol) microinjected into the PPT than the control group.
The time course of mean changes in MAP (A), SBP (B) and HR (C) are shown. (n=6).
Both doses of BMI, significantly increased ΔMAP, ΔSBP and ΔHR and the effect of 0.2 nmol is greater than
0. 1 nmol in the ΔMAP and ΔHR.
## P<0.01: Comparison dose 0.1 nmol BMI with the control 
* P<0.05; *** P<0.001: Comparison dose 0.2 nmol BMI with the control 
+ P<0.05: Comparison dose 0.2 nmol with dose 0.1 nmol 
MAP: Mean arterial blood pressure, SBP: systolic blood pressure, HR: heart rate
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GABAB receptor agonist) of the PPT have been investi-
gated. Then these parameters were compared with BMI 
(a GABAA receptor antagonist). Results indicated that 
the GABAB receptor of this nucleus did not important 
effect on cardiovascular parameters and most of this ef-
fect mediated by GABAA receptor. This effect is in line 
with our previous results that indicate BMI increased 
cardiovascular parameters. 

GABA is one of the most important inhibitory neu-
rotransmitters in the central nervous system, which has 
multiple effects on the brain. One of its most important 
effects is the regulation of the activity of the central car-
diovascular system (Alves et al., 2016; Avanzino et al., 

1994; Callera et al., 1999). In the current study, injection 
of BMI increased SBP and HR confirming the inhibitory 
effect of the GABAA receptor of the PPT on cardiovas-
cular responses. In line with our findings, several stud-
ies have shown that GABA has the same effect in other 
nuclei. For example, it has been shown that the injection 
of BMI in the PVN increases SBP and HR (Faber et al., 
2023; Turossi Amorim et al., 2019). Also, Nasimi et al. 
showed that BMI increases SBP in the diagonal band of 
Broca. In the amygdala and RVLM, a GABA inhibitory 
effect has also been observed, which that mediated via 
GABAA receptor (Nasimi and Hatam 2005).

In our study, injection of baclofen did not affect car-

 

 
 

 

FIGURE 2.FIGURE 2. Comparing the cardiovascular effects of injection of two doses of 0.5 and 1 nmol of baclofen into the PPT compared to the control 
group.
Both doses baclofen did not change significantly in CV parameters.
The time course of average changes in MAP (A), SBP (B) and HR (C) are shown in the figure. (n = 6)
MAP: Mean arterial blood pressure, SBP: systolic blood pressure, HR: heart rate
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diovascular responses. These results showed that the 
cardiovascular effects of the GABAergic system of 
the PPT are conducted through the GABAA receptors, 
while the cardiovascular effect of the GABAB receptor 
was not observed in our study. However, the presence 
of GABAB receptors in the PPT cannot be ignored. As 
our study was conducted in basic conditions and without 
any intervention, it is possible that the GABAA receptor 
is active in normal conditions and the GABAB receptor 
has no effect on cardiovascular activity in normal con-
ditions.

Studies have shown that most of the GABAergic 
neurons are located in the rostral part of the PPT, and 
this area is connected with different areas of the brain 
such as the hypothalamus, basal ganglia, RVLM (Mar-
tinez-Gonzalez et al., 2012; Rosborough 2014). For ex-

ample, Ford et al. showed that there are projections from 
the rostral part of the PPT to the lateral hypothalamus 
(Ford et al., 1995).

The mechanism of action of GABAA receptors is 
through the ion channels and the entry of CL-, while the 
effects of GABAB receptors are mediated by the acti-
vation of K+ efflux and the activation of cell signaling 
pathways. Therefore, the mechanism of action of GAB-
AB receptors has a longer duration compared to GAB-
AA receptors (Bormann 2000; Dutar and Nicoll 1988; 
Li and Pan 2010). It has been shown that GABAB re-
ceptors are G protein-coupled receptors that mediate 
slow and prolonged inhibitory action, via activation of 
Gαi/o-type proteins. GABAB receptors mediate their 
inhibitory action by activating inwardly rectifying K+ 
channels, inactivating voltage-gated Ca2+ channels, and 

 

 
 

 

 

 

 

 

 

FIGURE 3.FIGURE 3. Comparing the cardiovascular effects of injection of two doses of 0.5 and 1 nmol of phaclofen in PPT compared to the control 
group.
Phaclofen at both doses did not increase CV parameters, significantly.
The time course of average changes in MAP (A), SBP (B) and HR (C) are shown in the figure. (n=6)
MAP: Mean arterial blood pressure, SBP: systolic blood pressure, HR: heart rate
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inhibiting adenylate cyclase (Miho 2018). As we have 
only studied the short-term effects of GABA, it appears 
that GABAB receptors were not activated in this study. 
However, the role of GABAB receptors has been identi-
fied more in stress, pain, and anxiety. Therefore, it seems 
that the role of this receptor in cardiovascular regulation 
is less than GABAA. In line with our results, in another 
study, the role of GABAA and GABAB receptors in the 
NTS and its effects on the cardiovascular system were 
investigated. They showed that the injection of musci-
mol into the NTS increased MAP and decreased the ef-
fects of HR, while the injection of baclofen increased 
SBP without affecting HR. Based on this research, they 

showed that activation of GABAA receptors in the NTS 
reduces the effects of HR, while activation of GABAB 
receptors causes a decrease in pressor responses (Calle-
ra et al., 1999). Similar to our findings, in another study 
the cardiovascular role of GABAergic in Bed nucleus of 
the stria terminalis (BST) was investigated. Its results 
showed that blockade of the GABAA receptor increas-
es SBP and HR, but phaclofen as a GABAB antago-
nist does not affect SBP and HR. As a result, the role 
of GABA in BST is mediated by the GABAA receptor 
and GABAB receptor does not play much role (Hatam 
and Ganjkhani 2012). Also, this study showed that the 
decrease in HR caused by GABA is done by inhibiting 

 

 

 
 FIGURE 4.FIGURE 4. Comparing the cardiovascular effects of injection of BMI and phaclofen in the PPT  

The time course of mean changes in MAP (A), SBP (B) and HR (C) are shown. (n=6)
Injection of 0.2 nmol BMI resulted in a significant increase in CV parameters, at different time points.
* P<0.05; **P<0.01: Compared to phaclofen 
MAP: Mean arterial blood pressure, SBP: systolic blood pressure, HR: heart rate
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sympathetic input to the heart, and GABA also reduces 
SBP by inhibiting the release of vasopressin (Hatam and 
Ganjkhani 2012). In another study, the role of GABA 
in the Ventral tegmental area (VTA) in the baroreflex 
pathway was evaluated. According to this study, about 
20-30% of VTA neurons are GABAergic, which may 
play a role in the baroreflex system. They showed that 
the injection of BMI into the VTA caused a significant 
decrease in blood pressure. Which indicates the weaken-
ing of baroreflexes. Also, injection of baclofen caused a 
moderate weakening of baroreflex and phaclofen did not 
cause obvious effects. As a result, they suggested that 
GABAA receptors in the VTA cause a large decrease, 
and GABAB receptors in the VTA cause a moderate 
decrease in baroreceptor reflexes (Hatam et al., 2015). 
In another research conducted on the cardiovascular ef-
fects of GABA receptors in the VTA, it was found that 
the Muscimol in the VTA does not have a significant 
effect on MAP and HR, but the BMI caused a significant 
increase in MAP and HR, while the injection of baclofen 
and phaclofen in the VTA, had no effect on MAP and 
HR. So, this effect is exerted by GABAA receptors. In 
a study, the cardiovascular effects of two GABAB ag-
onists and antagonists in the RVLM were investigated. 
Bilateral injection of GABAB agonists caused an in-
crease in MAP and HR, these effects disappeared after 
baclofen injection into the RVLM. This study showed 
that there was an inhibitory mechanism in the RVLM on 
cardiovascular responses mediated by GABAB receptors 
(Avanzino et al., 1994). 

Conclusion
This research offers novel insights into a comprehen-

sive evaluation of GABAB receptors in PPT involved in 
cardiovascular regulation, highlighting the role of GAB-
Aergic neurons and interactions with brain cardiovascu-
lar areas. As the blockade GABAB receptors in the PPT 
by phaclofen injection, did not change the cardiovascu-
lar responses but increased by BMI, we proposed that 
GABA argic cardiovascular effects of the PPT are inhib-
itory and mainly are mediated by the GABAA receptor.  
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