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Introduction: The dorsomedial periaqueductal gray (dmPAG) is located around the 
cerebral aqueduct with various functions such as cardiovascular regulation and is affected 
by inflammation. Lipopolysaccharide (LPS) is a complex molecule with an inflammatory 
effect that is known to affect blood pressure. In the present study, the cardiovascular effect 
of LPS microinjection into the dmPAG was investigated. 
Methods: Rats were divided into three groups consisting of 1: control; 2: 50 ng LPS and 3: 
100 ng LPS. Rats were mounted on a stereotaxic device after anesthesia and a continuous 
recording of cardiovascular parameters was done by a PowerLab device, connected to a 
cannulated femoral artery and drugs microinjected into dmPAG. The changes (∆) in systolic 
blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP) and 
heart rate (HR) were calculated at different times and compared to the control group.  
Results: Both doses of LPS when microinjected into the dmPAG brought on a significant 
hypotensive response in the pressure parameters (MAP, SBP, and DBP) when compared to 
control. A non-significant increase in HR was also documented in both groups. 
Conclusion: The results of this experiment indicated that LPS, when microinjected into the 
dmPAG, induced a hypotensive response in anesthetized rats in both doses in comparison 
to control.
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The periaqueductal gray (PAG) is located around 
the cerebral aqueduct of the brain and is involved in 
numerous functions such as stress, defensive reactions 
and cardiovascular regulation (Bandler and Shipley, 
1994). The PAG has connections to several parts of the 
brain and is functionally divided into four subdivisions: 

dlPAG, dmPAG, lPAG and the vlPAG. Although the 
roles of the dlPAG and the vlPAG subdivisions have 
been documented in previous studies, such as the 
hypertensive effect of nitric oxide in the dlPAG (Abadi 
et al., 2020) or the hypotensive effect of excitatory 
amino acids in the vlPAG (Keay et al., 1997), few have 
been done on the dmPAG. The dmPAG receive inputs 
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from the different segments of the spinal cord and 
the ventrolateral medulla (Dampney et al., 2013) and 
has outputs to the parabrachial complex, the midline 
medulla and the rostral ventrolateral medulla (RVLM) 
which contain sympathetic premotor neurons (Dampney 
et al., 2013). In a previous study, excitatory effects of the 
glutamatergic system on the cardiovascular system were 
evaluated in the dmPAG and it was proposed that this 
effect is mediated by the sympathetic system (Pelosi et 
al., 2012).

Lipopolysaccharides (LPS) are molecules consist-
ing of lipids and polysaccharides and act as barriers on 
most Gram-negative bacteria (Bertani and Ruiz, 2018). 
LPS causes an inflammatory response by acting on its 
innate receptor, the toll-like receptor 4 (TLR4) (Yücel 
et al., 2017) and the release of inflammatory cytokines 
(Frazier et al., 2012; Tong et al., 2020) resulting in hy-
potension. LPS has also been seen to cause neuroin-
flammation in acute intraperitoneal injection through 
the pro-inflammatory cytokines (Gong et al., 2019) and 
induce expression of angiotensin 2 receptor 1 (AT1) (Li 
et al., 2015). The renin-angiotensin-system (RAS) also 
has pro-inflammatory properties along with its main role 
as a cardiovascular pressure modifier (SA Capettini et 
al., 2012). The AT1 receptor can cause pro-inflammato-
ry responses when stimulated, especially in the cerebral 
vasculature (Benicky et al., 2009; Justin et al., 2018). A 
link between LPS induced hypotension and the preoptic 
anterior hypothalamic area (POA) (Yilmaz et al., 2008), 
which projects into the PAG (Simerly and Swanson, 
1988) has been found.

In an adult rat brain the AT1 receptor has been found in 
the nucleus of the solitary tract (NTS) (Song et al., 1992), 
dorsomedial nuclei of the hypothalamus (DMH), the 
RVLM, the preoptic region, both the medial and lateral 
parabrachial nuclei (Lenkei et al., 1997) and the PAG. A 
previous study has shown that angiotensin injection into 
the NTS created a dose-dependent response with lower 
doses causing hypotension (Rettig et al., 1986).

Blood supplied angiotensin 2 has been shown to 
up-regulate the AT1 receptor in the paraventricular nu-
cleons (Wei et al., 2009). Peripheral injection of LPS has 
been shown to increase IL-1β in the brain and activate 
neurons (Konsman et al., 1999). Seeing as how the dm-
PAG has connections to various cardiovascular control 
centers in the brain and the relationship between LPS 
and this system, this paper evaluated the effects of LPS 

on the cardiovascular system when microinjected into 
the dmPAG. 

Methods and materials
Animals
Fifteen male Wistar rats were used in this experiment 

weighing 250±20g. A 12:12-h light-dark cycle environ-
ment was used and the animals were given free access 
to food and water. All experimental procedures were 
approved by the ethical committee of Mashhad Uni-
versity of Medical Sciences (IR.MUMS.MEDICAL.
REC.1397.029).

Drugs
The drugs used in this study were urethane and LPS. 

Both drugs were procured from Sigma Company, USA.

Experiment groups
Rats randomly were divided into three groups, as 

follows (n=5), 1: control group, microinjection of saline 
into the PAG; 2: LPS 50, microinjection of 50ng LPS 
into the PAG and 3: LPS 100, microinjection of 100ng 
LPS into the PAG. LPS (50 and 100ng, Gao et al., 1999) 
was weighted and then it was dissolved in 100nl saline 
and microinjected.

Experiment protocol
An intraperitoneal injection of urethane (1.4g/kg, IP) 

was used to anesthetize the rats (Shafei and Nasimi, 
2011). We used urethane because of safety and fewer 
effects on blood pressure. The PowerLab system (AD 
Instruments, Bella Vista, NSW, Australia) was used to 
record the cardiovascular parameters via a blood pres-
sure transducer, which was connected to an angiocath 
inserted into the left femoral artery (Mohebbati et al., 
2019). The rats were then mounted onto a stereotaxic 
device, their skull was exposed and a hole drilled over 
the dmPAG (AP: 7.3mm, L: 0mm, H: 4.9mm) (Paxinos 
and Watson, 2006). Cardiovascular responses including 
heart rate (HR), mean arterial pressure (MAP) and sys-
tolic/diastolic blood pressure (SBP/DBP) were recorded 
after 10min of stabilization. When the parameters stabi-
lized, saline and the two doses of LPS were microinject-
ed, using a manual injector connected to a single-bar-
reled micropipette, individually into the dmPAG and 
with subsequent responses recorded for 20min after, and 
the peak change (∆) was documented.
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Statistical analysis
Cardiovascular parameters before and after micro-

injection of LPS into the dmPAG were recorded and 
changes (∆, differences between post and pre-injec-
tion) in systolic blood pressure (∆SBP), diastolic blood 
pressure (∆DBP), means arterial pressure (∆MAP) and 
heart rate (∆HR) were calculated, with the data being 
expressed as mean±SEM. Data normality was checked 
using the Kolmogroph Smirnov test. Statistical analysis 
was done by One-Way ANOVA with post hock Tuckey 
between groups and we used paired T-test for time com-
parisons (GraphPad, InStat version 3.10). The P-value 
of <0.05 being used to determine the significance.

Results
Microinjection of saline into the dmPAG and its 

cardiovascular response
After the stabilizing period, saline was microinjected 

into the dmPAG and changes in parameters were 
obtained and have been shown in Table 1. There were 
no significant changes in all parameters when compared 
to pre-injection (P>0.05).

Microinjection of two doses of LPS (50 and 100ng) 
into the dmPAG and its cardiovascular response

Microinjection of the lower dose of LPS (50ng) into the 
dmPAG increased ΔHR but this effect was not significant 
(P>0.05) when compared to changes induced by the 
saline group. This dose of LPS significantly decreased 

 TABLE 1:TABLE 1: The comparison between cardiovascular parameters in the saline group over time. Data are presented as
 mean±SEM. HR: heart rate, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure

 Cardiovascular parameters 

  Time

HR
(Beat/min)

SBP
(mmHg)

DBP
(mmHg)

MAP
(mmHg)

Before injection 340.9±7.2 141±2.9 110±6.4 119±4.2

After injection 348±6.1 145±3.6 115±5.2 120±4.9

 
 
 
 

FIGURE 1.FIGURE 1. A recorded sample for changes of cardiovascular parameters after microinjection of the LPS into the dmPAG in rats. PBP: pulsa-
tile blood pressure, HR: heart rate, MAP: mean arterial pressure
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changes in blood pressure parameters (ΔSBP, ΔDBP and 
ΔMAP) compared to the control group (P<0.05 for all 
responses). Microinjection of the higher dose (100ng) 
of LPS into the dmPAG also non-significantly increased 
ΔHR compared to control. Also, we found no significant 
differences between the ΔHR in two doses of LPS. The 
higher dose also decreased changes in blood pressure 
parameters (ΔSBP, ΔDBP and ΔMAP) compared to 
saline (P<0.05 for all parameters). Comparison of 
changes in the blood pressure parameters in the two 
doses also did not show a significant difference (Figures 
1-5).

Discussion
The results showed that both doses of LPS when 

microinjected into the dmPAG significantly decreased 
all blood pressure parameters while non-significantly 
increased HR. This study indicates that LPS has a 

cardiovascular effect in the dmPAG in line with a previous 
study (Doyle et al., 2017). Our results also are similar 
to intravenous injection  shows a hypotensive effect 
(Temiz-Resitoglu et al., 2017; Yilmaz et al., 2008). The 
mechanisms for the hypotensive response from LPS in 
the dmPAG are unknown, but this area has a projection to 
several brain areas involve in cardiovascular regulation. 
The two main of these projections are to the RVLM and 
the parabrachial complex.

Microinjection of LPS into the dmPAG activated the 
microglia in this nucleus (Sugama et al., 2009) through 
their TLR4 (Lehnardt et al., 2003), which leads to the 
activation of the NF-κB and mitogen-activated protein 
kinases pathway and the release of inflammatory 
cytokines like IL-1β (Frazier et al., 2012; Tong et al., 
2020). A previous study showed increased expression 
of IL-1β in the PAG and increased immunoreactivity in 
the with LPS induced inflammation of the vocal cords 
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FIGURE 2.FIGURE 2. Peak changes of heart rate (∆HR) after microinjec-
tion of the LPS into the dmPAG in rats. The data are expressed as 
mean±SEM; n= 5.

FIGURE 3.FIGURE 3. Peak changes of systolic blood pressure (∆SBP) after 
microinjection of the LPS into the dmPAG in rats. The data are ex-
pressed as mean±SEM; n= 5. *P<0.05 compared to the control.
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FIGURE 4.FIGURE 4. Peak changes of diastolic blood pressure (∆DBP) after 
microinjection of the LPS into the dmPAG in rats. The data are ex-
pressed as mean±SEM; n= 5. *P<0.05 compared to the control.
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FIGURE 5.FIGURE 5. Peak changes of mean arterial pressure (∆MAP) after 
microinjection of the LPS into the dmPAG in rats. The data are ex-
pressed as mean±SEM; n= 5. *P<0.05 compared to the control.
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(Simonyan et al., 2012). Neuroinflammation, via up-
regulation of iNOS and cyclooxygenase 2 expression 
and increased pro-inflammatory cytokines IL-1β and 
IL-6, can be seen in intraperitoneal injection of LPS 
(Gong et al., 2019).

LPS can also induce expression of AT1 (Li et al., 2015) 
and stimulate angiotensin II production (Gong et al., 
2019; Zhang and Sun, 2005), with the induction of the 
AT1 receptor being seen in the rat pituitary gland after 
systemic administration of LPS (Sánchez-Lemus et al., 
2009). The RAS also has pro-inflammatory properties 
along with its main role as a cardiovascular pressure 
modifier (Sa Capettini et al., 2012). Angiotensin can 
also act on brain microglia and increase cytokine and 
reactive oxygen species production (Biancardi et al., 
2017) through the NADPH enzyme. Local tissue RAS 
components have also been found in the CNS (Paul et 
al., 2006). 

The AT1 receptor can cause pro-inflammatory 
responses when stimulated, especially in the cerebral 
vasculature (Benicky et al., 2009; Justin et al., 2018). In 
an adult rat brain, the AT1 receptor has been found the 
median preoptic nucleus, the area postrema, the nucleus 
of the NTS (Song et al., 1992), the paraventricular and 
DMH, the dorsal raphe nucleus, the RVLM, the preoptic 
region and both the medial and lateral parabrachial nuclei 
(Lenkei et al., 1997). The PAG also expresses receptors 
for angiotensin II and contains both AT1 and AT2 
mRNA expression. Studies have shown that the initial 
systemic LPS endotoxin caused hypotension is in part 
mediated by the POA (Yilmaz et al., 2008). The POA 
projects into the PAG (Simerly and Swanson, 1988), 
with the hypotension induced by its activation being 
attenuated by destruction (Inui et al., 1995) or inhibition 
(Behbehani and Da Costa Gomez, 1996) of neurons in 
the vlPAG. A study has shown that angiotensin injection 
into the NTS created a dose-dependent response with 
lower doses causing hypotension (Rettig et al., 1986). A 
previous study has shown that continuous treatment of 
PAG neurons with LPS increased ion current induced by 
glycine (an inhibitory neurotransmitter in the brainstem) 
while reducing that of the excitatory glutamate (Shin et 
al., 2003).

The RVLM contains sympathetic premotor neurons 
and causes a presser response when stimulated (Kiely 
and Gordon, 1994). A previous study showed stimulation 
of the dmPAG brought on a pressor response (Pelosi 

et al., 2012). The RVLM is also partly responsible 
for hypertension induced by systemic inflammation, 
through neuro-inflammation and oxidative stress (Wu 
et al., 2012). Although LPS also induces inflammation 
through cytokines, its effects may be due to inhibition 
of projections from the dmPAG to the RVLM, possibly 
through the AT1 receptor. The other region the dmPAG 
projects to is the parabrachial complex. Both electrical 
and chemical stimulation in this nucleus through 
glutamate (an excitatory neurotransmitter) have been 
shown to elicit a pressor-tachycardia effect (Chamberlin 
and Saper, 1992). Similar to the RVLM, the effects of 
LPS microinjection and subsequent hypotension may be 
a result of inhibition of the dmPAG projections into the 
parabrachial complex through the AT1 receptor. 

Although the exact mechanism of microinjection 
of LPS into the dmPAG is not known, subsequent 
inflammation in the vlPAG should not be ruled out. The 
vlPAG also projects into the RVLM (Dampney et al., 
2013), with these outputs being inhibitory (Bowman et 
al., 2013). More studies need to be done on this matter 
to gain a clearer picture as no conclusion can be derived 
on the exact mechanism of the hypotensive effect. 
Therefore, we suggest the researcher study the ECG and 
molecular assessments for evaluation of this effect.

Conclusion 
A depressor effect was elicited in both doses of LPS 

when microinjected into the dorsomedial subdivision 
of the periaqueductal grey matter. This effect was 
statistically significant when compared to a control 
group of saline.
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