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ABSTRACT

Introduction: Based on the evidence, the Pedunculopontine Tegmental nucleus (PPT) is
involved in cardiovascular function regulation. In this study, the probable role of PPT on
cardiovascular parameters in the hypotension induced by Hemorrhage (HEM) was evaluated.

Methods: The study rats were divided up into 5 groups: 1. Control (Saline); 2. Cobalt(II)
chloride (CoCl,); 3. HEM; 4. Saline+HEM; and 5. CoCl,+HEM. Their right and left femoral
arteries were cannulated for recording the cardiovascular responses and blood withdrawal,
respectively. Saline and CoCl, were microinjected into the PPT using the stereotaxic apparatus.
Maximum changes of Systolic Blood Pressure (SBP), Mean Arterial Pressure (MAP), and
the Heart Rate (HR) after the microinjection of CoCl, in normal and Hemorrhage conditions
were recorded. Changes of SBP, MAP, and HR were calculated over time at 5-min intervals
and compared with those of the control and HEM groups using repeated measures ANOVA.
The Independent sample t-test was used to compare the changes in cardiovascular parameters
between the control and HEM groups at 0 and 20 min after Hemorrhage.

Results: The changes in SBP, MAP, and HR in the CoCl, group were not significantly different
from those in the control group. In the HEM group, the SBP and MAP changes significantly
decreased (P<0.001) and HR changes significantly increased (P<0.001) compared to those
parameters in the control group. In the CoCL,+HEM group, SBP and MAP changes were
significantly attenuated compared to those in the HEM group (P<0.05) and HR changes
induced by Hemorrhage decreased compared to that in the HEM group (P<0.01).

Conclusion: Our results indicate that the PPT has no effects on normal cardiovascular
parameters. However, it could modulate cardiovascular responses induced by Hemorrhage.
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Highlights
» Hemorrhage induces hypotension and tachycardia.

* Inactivation of the Pedunculopontine Tegmental nucleus (PPT) in the normotensive rats does not significantly affect
cardiovascular responses.

* Inactivation of the PPT during hemorrhage can significantly attenuate hypotension and tachycardia induced by
hemorrhage.

Plain Language Summary

Hemorrhage or bleeding is a serious condition characterized by a reduction in blood volume and diminishes blood
supply to the tissue. If bleeding continues, it can damage organs and even cause death. Hypovolemic hemorrhage
evokes several brain regions to send signals and maintain cardiovascular parameters at or near normal levels. One
of these areas is the Pedunculopontine Tegmental nucleus (PPT) that is involved in a variety of functions such as
locomotion, sleep, and regulation of respiratory and cardiovascular functions. Because the relationship of the PPT
with brain areas involved in cardiovascular regulation in hemorrhage has been already proven, we presume that this
nucleus precipitates in cardiovascular regulation during hemorrhage. Therefore, in this study we inactivate the nucleus
by injection of cobalt (I) chloride, a nonselective synapse blocker, to evaluate the possible cardiovascular effect of
this nucleus in hypovolemic hemorrhage. The study animals were anesthetized, and their left femoral arteries were
cannulated for the recording of systolic blood pressure, mean arterial pressure and heart rate. The right femoral artery
was also cannulated for the blood withdrawal. Hemorrhage was done by removal of blood from the arterial catheter
in a constant and controlled rate. Our results indicate that inactivation of PPT in normotensive rats did not signifi-
cantly change cardiovascular parameters. However, inactivation of the nucleus in hypovolemic hemorrhage condition
significantly attenuated hypotension and tachycardia. These results indicate that PPT could modulate cardiovascular
responses caused by hemorrhage.

has been determined in regulating the cardiovascular
system, but their importance, such as Pedunculopontine
Tegmental nucleus (PPT) in Hemorrhage is unclear.

1. Introduction

emorrhage is a life-threatening incident
that through the loss of intravascular vol-
ume can cause hypotension. Hemorrhage
has two compensatory and non-compensa-
tory phases (Evans, Ventura, Dampney, &

PPT is an important region in the upper part of the brain
stem that has a large number of neurons, in particular,
cholinergic neurons (Benarroch, 2013; Bevan & Bolam,

Ludbrook, 2001). In the compensatory phase, barorecep-
tor reflex activates and increases the sympathetic drive to
maintain the blood pressure at near normal level. If the
blood loss continues, the non-compensatory phase starts,
in which the sympathetic drive abruptly decreases and
arterial pressure falls.

The central mechanism responsible for these phases
is not completely obvious. However, the involvement
of several brain regions such as Rostral Ventrolateral
Medulla (RVLM), Nucleus Tractus Solitarius (NTS),
Periaqueductal Grey (PAG), Paraventricular (PVN) and
Caudal Ventrolateral Medulla (CVLM) have been men-
tioned in the regulation of cardiovascular system during
Hemorrhage by immunohistochemical studies (Evans et
al., 2001). In addition, the role of several brain nuclei

1995). This nucleus is involved in a variety of func-
tions such as locomotion (Martinez-Gonzalez, Bolam,
& Mena-Segovia, 2011), awakening, REM sleep, and
learning (Sleekier, Inglis, Winn, & Sahgal, 1994). PPT
also contributes to the regulation of autonomic functions
such as respiratory and cardiovascular functions (Pahap-
ill & Lozano, 2000). Plowey et al. (2004) reported that
inactivation of PPT with cobalt(Il) chloride (CoCl)), a
nonselective synapse blocker, significantly attenuated
the respiratory reflex to exercise and proposed that PPT
had a central command function for the adjustment of
respiratory responses during conditions such as exercise
and arousal (Plowey & Waldrop, 2004).

Topchiy, et al. (2010) also reported that microinjection
of glutamate into PPT evoked several responses such as
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tachypnea, apnea, increase in blood pressure, and sinus
tachycardia. A cholinergic projection from the PPT to
RVLM, a critical area involved in the regulation of the
central cardiovascular system, has been also reported in
a previous study (Yasui, Cechetto, & Saper, 1990).

The inhibitory effect of the nitrergic system of PPT on the
cardiovascular system has also been demonstrated in our
recent study (Shafei, Nikyar, Hosseini, Niazmand, & Pas-
eban, 2017). Although the contribution of PPT in cardiovas-
cular regulation has been shown, its cardiovascular effect(s)
during Hemorrhage has not been assessed. Because the
relationship of PPT with several brain areas involved in
cardiovascular regulation such as RVLM, NTS, and PAG
(Steininger, Rye, & Wainer, 1992; Topchiy et al., 2010; Ya-
sui et al., 1990) has been mentioned, we speculate that this
nucleus may be involved in the regulation of cardiovascular
responses during hypotension due to Hemorrhage.

To evaluate this hypothesis, PPT in rats was temporar-
ily inactivated by CoCl,, a nonselective synapse blocker,
then their cardiovascular responses in the normal and
Hemorrhage conditions were evaluated. By blocking
calcium pre-synaptic influx, CoCl, inhibits the release of
neurotransmitter and inactivates the function of a nucleus
(Granjeiro et al., 2012).

2. Methods

2.1. Animals and procedure

The study was performed on 40 male Wistar rats. An-
esthesia was induced by urethane (1.5 g/kg, IP) and a
supplementary dose (0.7 g/kg). A heating lamp was used
to keep the body temperature of the animal at 37°C. The
left femoral artery was exposed and cannulated with a
Polyethylene catheter (PE-50) filled with heparinized
saline (60 u/mL). Then the catheter was connected to a
blood pressure transducer and the Systolic Blood Pres-
sure (SBP), Mean Arterial Pressure (MAP) and Heart
Rate (HR) were recorded throughout the study period by
a power lab system (ID instrument, Australia) (Shafei &
Nasimi, 2011). The right femoral artery was also cannu-
lated for the blood withdrawal.

For the microinjection of drugs, the animals were
placed in a stereotaxic apparatus (Stoelting, USA). The
scalp was chiseled and the skull was leveled between the
bregma and lambda. Then a small hole was drilled in the
skull. The stereotaxic coordinates of the PPT were -7.6
to -8.5 mm caudal to bregma, -1.8 to -2.2 mm lateral
to the midline suture, and -6.8 to -7.8 mm ventral from
the bregma according to the Paxinos and Watson (2007).
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CoCl, (1 mM) was microinjected into the PPT nucleus
by a single barreled micropipette with 35-40 um internal
diameter (Nasimi, Shafei, & Alaei, 2012).

The micropipette was connected through a PE-10 tube
to a manual microinjector (Harvard) and injection was
carefully performed. About 150 nL. was injected in all
groups in 30 seconds (Shafei et al., 2017). The study
protocol was approved by the Bioethics Committee
of Mashhad University of Medical Sciences (Code:
IR.MUMS.REC.1394.200).

2.2. Hemorrhage procedure

In Hemorrhage (HEM) groups, after stabilization of
the hemodynamic parameters, Hemorrhage was initiated
by the withdrawal of blood from the arterial catheter (1
mL/100 g body weight) in a constant and controlled rate
(0.2-0.3 mL/min for 10 min) (Ahlgren, Porter, & Hay-
ward, 2007). After inducing Hemorrhage, the cardiovas-
cular responses were obtained at 5-min intervals from
the onset of Hemorrhage until 40 min after termination
of Hemorrhage. The peak changes were also calculated 1
min and 20 min after termination of Hemorrhage (10 and
30 min after the initiation of Hemorrhage).

2.3. Histological procedure

To verify the microinjection site, at the end of the ex-
periment, transcardial perfusion (100 mL of saline and
then 100 mL of 10% formalin) was performed. The ani-
mal brains were removed and kept in formalin for 48 h.
Then a serial slice with 60-p thickness was prepared by
microtome, and the site of injection was observed ac-
cording to the Paxinos Atlas (Shafei & Nasimi, 2011).

2.4. Drug and animal groups

The drugs (urethane and CoCl,) were provided by Sig-
ma, USA and dissolved in saline. The rats were randomly
divided into 5 groups as follows: Control (saline): Micro-
injection of saline into the PPT; CoCl,: Microinjection of
CoCl, (1 mM) into the PPT; Hemorrhage (HEM): Induc-
tion of Hemorrhage by the withdrawal of blood over 10
min; Saline+Hemorrhage (saline+Hem): Microinjection
of saline into the PPT 5 min before induction of Hemor-
rhage; and CoCl,+Hemorrhage (CoCl +HEM): Micro-
injection of CoCl, into the PPT 5 min before induction
of Hemorrhage.

2.5. Data analysis

SBP, MAP and HR and their changes (A) were calculat-
ed and expressed as Mean+SEM. For the evaluation of
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responses in HEM groups, ASBP, AMAP, and AHR were
calculated over time at 5-min intervals and compared the
changes during the Hemorrhage (using repeated mea-
sures ANOVA). In addition, the peak changes of ASBP,
AMAP, and AHR of all groups were also separately pro-
vided at 0 and 20 min after termination of Hemorrhage
(10 and 30 min after initiation of Hemorrhage) and com-
pared with peak changes of the control and HEM groups
(using the Independent sample t-test). P<0.05 was set to

indicate statistical significance.

3. Results

3.1. Cardiovascular responses of the PPT to micro-
injection of saline and cobalt(II) chloride

To evaluate the role of PPT at normal (baseline) car-
diovascular regulation, both saline and CoCl, were mi-
croinjected into the PPT nucleus in separate groups and
the cardiovascular parameters were recorded for 30 min.
In the saline group, the microinjection of saline did not
have significant effects on Meant=SEM SBP (before:
108+2.2 mm Hg; after: 114+4.8 mm Hg), Mean+SEM
MAP (before: 100.4+2.6 mm Hg; after: 98.5+3.9 mm
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Hg) or Mean+=SEM HR (before: 330+7.9 beats/min; af-
ter: 318.5+6.4 beats/min).

In CoCl, group, Mean+SEM SBP (CoCl,: 110+2.2
mm Hg vs. saline: 114+4.8 mm Hg), Mean+SEM MAP
(CoCl,=107.4+2.7 mm Hg vs. saline=98.5+3.9 mm Hg)
or Mean+SEM HR (CoCl,=324.2+7.9 beats/min vs. sa-
line: 318.5+6.4 beats/min, using the Independent sample
t-test; n=8) were not significant compared to those of the
saline group (Figures 1 and 2).

3.2. Cardiovascular responses induced by Hemor-
rhage in rats

In this group, the Hemorrhage was performed during
10 min and the cardiovascular responses were evaluated.
As it is shown in Figure 3, after blood withdrawal, MAP
and SBP decreased and when the blood withdrawal
reached the lowest level they slowly increased and after
20 min (30 min after initiation of blood withdrawal) got
stabilized but remained below the baseline levels.

Time-course changes in cardiovascular parameters
have been shown in Figure 4. As it is shown, AMAP
and ASBP significantly decreased and AHR increased
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Figure 1. A sample of blood pressure and Heart Rate recording after inactivation of PPT nucleus with CoCl,

The arrow shows microinjection time.
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Figure 2. Cardiovascular responses to microinjection of CoCl, into the PPT in normal rats (n=6) NEURSCIENCE

A. Inactivation of nucleus did not affect the peak changes of Systolic Blood Pressure (ASBP); B. Mean Arterial Pressure (AMAP);
and C. Heart Rate (AHR) compared to the control group (using the Independent sample t-test). The data were expressed as
Mean+SEM.

compared to the control group parameters over time (re- As shown, both MeantSEM AMAP and ASBP sig-
peated measures ANOVA, P<0.001, n=6). Peak changes nificantly decreased compared to those in the control
of AMAP, ASBP, and AHR at the end of the blood with- group (Mean=SEM ASBP; HEM: -64.7+7.9 mm Hg
drawal are displayed in Figure 4. vs. saline; -4.6+£2.3 mm Hg) and (MeantSEM AMAP;
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Figure 3. A sample of blood pressure and Heart Rate recording after inactivation of the PPT nucleus with CoCl, and induction
of Hemorrhage

The arrow shows microinjection time.
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Figure 4. Time-course changes of Systolic Blood Pressure (ASBP) (A); Mean Arterial Pressure (MAP) (B); and Heart Rate (AHR)

(C) in the experimental groups (n=6)

CoCl, was microinjected into the PPT 5 min before HEM. *** P<0.001 peak changes of HEM group vs. control; +++ P<0.01 peak
changes of HEM+ saline vs. control; # P<0.05; ## P<0.01 peak changes of HEM+CoCl, vs. control; $ P<0.05 peak changes of

HEM+

HEM: -58.4+7.2 mm Hg vs. saline: -3.3£1.9 mm Hg,
P<0.001, using the Independent sample t-test, n=6).
Mean+SEM AHR increased but it was not significant
(HEM: -10.6£9.3 beats/min vs. saline: -7.1£5.4 beats/
min).

Twenty minutes after termination of blood withdrawal,
cardiovascular parameters were stabilized but was low-
er than those in the control group (Mean+SEM ASBP;
HEM: -31.6+£3.7 mm Hg vs. saline: -4.6£2.3 mm Hg,
P<0.01) and (Mean=SEM AMAP; HEM: -28.9+3.3 mm
Hg vs. saline: -3.3£1.9 mm Hg, P<0.01). Mean+=SEM
AHR significantly increased compared to that in the con-
trol group (HEM: 86.4+17.4 mm Hg vs. saline: -7.145.4;
P<0.001; using the Independent sample t-test) (Figures
3 and 4).

3.3. Cardiovascular responses of PPT to micro-
injection of saline and cobalt(II) chloride before
Hemorrhage

In these experiments, first, saline and CoCl, in separate
groups were microinjected into the PPT and after 5 min the
blood withdrawal was performed (Figure 3). Time-course
changes of SBP, MAP, and HR after Hemorrhage are
shown in Figure 4. As it is shown, in HEM+saline group,
all parameters were not significant compared to those of the
HEM group but were significant compared to those of the
control group (using repeated measures ANOVA, P<0.001)
(Figure 4). In CoCL,+HEM group, changes of MAP and
SBP in several time points were significantly more than
those in the HEM group and changes of HR was signifi-

Mohebbati, R., et al. (2019). The Effects of Inactivation of PPT by Cobalt (II) Chloride on Cardiovascular Responses. BCN, 10(3), 235-244.
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cantly lower than that in the HEM group (using repeated
measures ANOVA, P<0.001) (Figure 4).

The peak ASBP, AMAP, and AHR in 0 and 20 min af-
ter termination of blood withdrawal in saline+tHEM and
CoCL+HEM groups were also evaluated. As it is shown
in Figure 4 a and 4 b, immediately after termination of
blood withdrawal, Mean+SEM ASBP and AMAP were
not significant in saline+tHEM group compared to those
in the HEM group, but was significant in comparison
with those in the control group (ASBP in HEM-+saline:
-60.7+5.8 mm Hg vs. saline: -4.6+2.3 mm Hg; P<0.001
and AMAP in HEM+saline: -51.8+6.4 mm Hg vs. saline:
-3.3+1.9 mm Hg; P<0.001). Peak AHR in this time did
not change compared to both HEM and control groups
(HEM+saline: 20.3+11.5 beats/min vs. saline: -0.1£5.4
beats/min) (Figure 4 c).

In CoCL+HEM group, MeantSEM ASBP and
AMAP were significantly decreased immediately after
blood withdrawal compared to HEM group (ASBP in
CoCL+HEM: -43.4+6.4 mm Hg vs. HEM: -64.7+7.9 mm
Hg; P<0.001 (Figure 4 a) and AMAP in CoCl +HEM:
-31.4+£57 mm Hg vs. HEM: -5844+72 mm Hg,
P<0.001 (Figure 4 b). In this time, AHR decreased but
it was not significant compared to that in HEM group
(HEM+CoCl,;: 20.3+8.9 beats/min vs. saline: -10.6+9.3
beats/min) (Figure 4 c).

Investigating cardiovascular parameters 20 min af-
ter termination of blood withdrawal indicates that in
salinetHEM group, ASBP and AMAP were not signifi-
cant compared to those in the HEM group but was low-
er than those in the control group (Mean+=SEM ASBP
in HEM+saline: -28.4+4.6 mm Hg vs. saline -4.6+2.3
mm Hg, P<0.01 (Figure 4 a) and MeantSEM AMAP:
-25.744.1 mm Hg vs. control: -3.3+1.9 mm Hg, P<0.01
(Figure 4 b). Mean+SEM AHR was significant in com-
parison with that in the control group (HEM+saline:
77.4£15.8 beats/min vs. saline: -7.1£5.4 beats/min;
P<0.001) (Figure 4 c).

In HEM+CoCl, group, 20 min after termination of
blood withdrawal, Mean+SEM ASBP and AMAP signif-
icantly increased compared to those in the HEM group
(ASBP in HEM+CoCl,; -17.142.2 mm Hg vs. HEM:
-36.6+£3.7 mm Hg; P<0.05 (Figure 4 a) and (AMAP in
HEM+CoCl,: -11.2+4.4 mm Hg vs. HEM: -33.9+3.3
mm Hg; P<0.05 (Figure 4 b). AHR also significantly
decreased compared to HEM group (HEM+CoClL;:
18.6+10.5 beats/min vs. HEM: 86.4+17.4 beats/min,
P<0.01) (Figure 4 c).

May, June 2019, Volume 10, Number 3

4. Discussion

The present study indicates that inactivation of PPT
with CoCl, does not affect normal cardiovascular param-
eters. However, inactivation of this nucleus during Hem-
orrhage significantly reduced the hypotension and tachy-
cardia induced by Hemorrhage. CoCl, is a non-selective
blocker of the pre-synaptic Ca*" influx that by inhibiting
the release of neurotransmitter could inactivate the brain
areas and allow researchers to recognize the physiologic
function of a nucleus (Plowey & Waldrop, 2004).

Our results indicate that inactivation of PPT with CoCl,
does not change cardiovascular parameters. This result
indicates that vasomotor neurons of the PPT are not ac-
tive in normal condition. The CNS plays an important
role in the regulation of the cardiovascular system during
the normal condition. The cardiovascular effect of CNS
is mostly regulated by the sympathetic nervous system
(Dampney et al., 2003).

The sympathetic nervous system is regulated by sev-
eral supraspinal areas such as RVLM, hypothalamus nu-
clei, and NTS (Dampney, 1994). RVLM is an important
sympathoexcitatory area that via a direct projection to
sympathetic preganglionic neurons in the spinal cord,
contributes to the regulation of the cardiovascular sys-
tem (Dampney, 1994). RVLM area has intrinsic activ-
ity and also receives numerous inputs from other areas
to regulate the cardiovascular system during the resting
condition (Guyenet, 20006).

Because inactivation of PPT does not have significant
effects on resting cardiovascular parameters, it is con-
ceivable that neurons related to PPT cardiovascular ef-
fect are not important in the resting regulation of the
cardiovascular system. Although PPT does not involve
in the resting cardiovascular function, it is active in con-
ditions such as exercise and locomotion (Takakusaki,
2008). Therefore, it is possible that PPT neurons related
to cardiovascular regulation in resting condition are in-
hibited by other neurons of the PPT. Consistent with this
theory, our results indicate that the nitrergic (Shafei et
al., 2017) and cholinergic neurons of the PPT (Nikyar,
Hosseini, Niazmand, & Shafei, 2018) have an inhibitory
effect on the cardiovascular system. In addition, PPT has
a feedforward action that regulates cardiovascular re-
sponses to locomotion and exercise (Padley et al., 2007).

It confirms that neurons of this nucleus are mostly
active during physiologic functions such as exercise.
Based on this theory, in normal condition, the activity
of PPT neuron(s) related to control of the cardiovascular

Mohebbati, R., et al. (2019). The Effects of Inactivation of PPT by Cobalt (II) Chloride on Cardiovascular Responses. BCN, 10(3), 235-244.
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system is quiescent or has very low activity. Therefore
the blockade of the PPT by CoCl, could not change basic
cardiovascular parameters.

In the second experiment, to evaluate the involvement
of the PPT nucleus in hypotension induced by Hemor-
rhage, CoCl, was microinjected into the PPT nucleus 5
minutes before the induction of Hemorrhage. The result
showed that inactivation of the nucleus could inhibit
hypotension and tachycardia induced by Hemorrhage.
Based on this effect, we suggest that neurons of the PPT
are involved in the regulation of the cardiovascular re-
sponse during Hemorrhage.

Hemorrhage is a threatening condition that initiates a
complex of neural and humoral responses. Response to
Hemorrhage has two compensatory and non-compensa-
tory phases. In the compensatory phase, the sympathetic
nervous system is activated and through peripheral va-
soconstriction and tachycardia keeps the blood pressure
constant despite the decreased blood volume. If the blood
loss continues, non-compensatory phase occurs, where
the activity of the sympathetic nervous system decreases
and the blood pressure abruptly falls. In this experiment,
our goal was to keep the animal in a compensatory phase
(Schadt & Ludbrook, 1991).

Our results also showed that after the beginning of the
blood withdrawal, the blood pressure and Heart Rate
decreased, but afterward the blood pressure drop gradu-
ally reversed and was stabilized at 30-40 mm Hg lower
than normal condition but the Heart Rate increased and
was significantly higher than normal. Inactivation of
PPT with CoCl, attenuates hypotension and tachycardia
response induced by Hemorrhage that indicates the in-
volvement of PPT in the modulation of cardiovascular
parameters during Hemorrhage. The exact underlying
mechanism(s) of this effect is unknown but several hy-
potheses could be suggested.

PPT has projections to several areas which are involved
in cardiovascular regulation such as RVLM, NTS, and
VIPAG (Steininger et al., 1992). Projection of PPT into
RVLM has been reported in the previous study. Our
previous study also shows that the nitrergic system and
the cholinergic system of the PPT inhibit cardiovascular
system (Shafei et al., 2017). Therefore it is conceivable
that PPT-RVLM is involved in the modulation of cardio-
vascular during Hemorrhage. Anatomical relationship
between PPT and NTS has been previously reported
(Topchiy et al., 2010).
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NTS plays a pivotal role in the regulation of baroreflex
and chemoreflex activity. Because Hemorrhage elicits
both baroreflex and chemoreflex via NTS, we suggest
that the relation of PPT with NTS may be involved in the
modulation of baroreflex and chemoreflex during Hem-
orrhage. In addition, there is evidence that PPT has a re-
lation with VIPAG nucleus (Steininger et al., 1992) that
is involved in the integration of cardiovascular response
to Hemorrhage (Cavun & Millington, 2001).

The presence of several neurotransmitters such as
acetylcholine, gamma aminobutyric acid (Martinez-
Gonzalez et al., 2011), and serotonin (Strecker et al.,
1999) also has been shown in this nucleus. All of these
neurotransmitters contribute in cardiovascular responses
during Hemorrhage (Altinbas, Yilmaz, Savci, Jochem, &
Yalcin, 2015; Kung, Glasgow, Ruszaj, Gray, & Scrogin,
2010; Tanaka, Miyakubo, Hayashi, & Nomura, 2001).

It is possible that these neurotransmitters contribute
to the response of the PPT toward Hemorrhage. In this
study, HR increased during the Hemorrhage and inac-
tivation of the PPT with CoCl, attenuates tachycardia
induced by Hemorrhage that supports the involvement
of this nucleus in tachycardia response during Hemor-
rhage. The effect of the PPT on HR may be mediated via
the relationship of this nucleus with NTS or direct effect
on the vagal system. However, in the present time, the
underlying mechanism(s) of the PPT effect on Hemor-
rhage is unknown and calls for future studies to clarify
this effect of PPT nucleus.

In brief, our results indicate that inactivation of PPT by
CoCl, does not have any effects on normal state cardio-
vascular parameters but during Hemorrhage, the inacti-
vation of this nucleus facilitates the recovery of blood
pressure and attenuates tachycardia induced by Hemor-
rhage. However future studies are needed to evaluate
these findings.
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