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OBJECTIVES: A subset of normotensive Sprague–Dawley rats show lower baroreflex sensitivity; however, no previous study
investigated whether there are differences in baroreflex sensitivity within this subset. Our study compared baroreflex sensitivity
among conscious rats of this specific subtype.
METHODS: Male Wistar Kyoto (WKY) rats (16 weeks old) were studied. Cannulas were inserted into the abdominal aortic artery
through the right femoral artery to measure mean arterial pressure (MAP) and heart rate (HR). Baroreflex gain was calculated as
the ratio between change in HR and MAP variation (ΔHR/ΔMAP) in response to a depressor dose of sodium nitroprusside (SNP,
50 µg/kg, i.v.) and a pressor dose of phenylephrine (PE, 8 µg/kg, i.v.). Rats were divided into four groups: 1) low bradycardic
baroreflex (LB), baroreflex gain (BG) between -1 and -2 bpm/mmHg tested with PE; 2) high bradycardic baroreflex (HB), BG < -2
bpm/mmHg tested with PE; 3) low tachycardic baroreflex (LT), BG between -1 and -2 bpm/mmHg tested with SNP and; 4) high
tachycardic baroreflex (HT), BG < -2 bpm/mmHg tested with SNP. Significant differences were considered for p < 0.05.
RESULTS: Approximately 37% of the rats showed a reduced bradycardic peak, bradycardic reflex and decreased bradycardic gain
of baroreflex while roughly 23% had a decreased basal HR, tachycardic peak, tachycardic reflex and reduced sympathetic baroreflex
gain. No significant alterations were noted with regard to basal MAP.
CONCLUSION: There is variability regarding baroreflex sensitivity among WKY rats from the same laboratory.
KEYWORDS: Baroreflex; Rats; Inbred WKY; Sympathetic Nervous System; Parasympathetic Nervous System; Autonomic
Nervous System.

INTRODUCTION
Okamoto and Aoki1 in 1963 selectively bred Wistar rats
to spontaneously develop hypertension. Recognized as an
inbred strain in 1969 by the National Institutes of Health
(NIH), the spontaneously hypertensive rat (SHR) is accepted
as the most studied animal model of essential hypertension.
As controls for experiments utilizing SHRs, many scientists
have employed normotensive descendants of Wistar rats that
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NIH investigators obtained in 1971 from a colony in Kyoto
from which the SHR strain was originally derived (WistarKyoto rats, WKY).2
The baroreflex is one of the body’s homeostatic
mechanisms for sustaining blood pressure. Modifications in
baroreflex control of the heart have been shown to be related
to a predisposition for increased cardiac mortality and
sudden cardiac death. As a result, the baroreflex has garnered
considerable interest. The evaluation of baroreflex sensitivity
is an established tool for the assessment of autonomic
control of the cardiovascular system. Aside from the wellacknowledged physiological role in the maintenance of
circulatory homeostasis, accumulating evidence suggests that
changes in the characteristics of baroreflex function reflect
alterations in the autonomic control of the cardiovascular
system. Thus, the baroreflex has been shown to be a
source of valuable information in the clinical management,
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particularly in prognostic evaluation and assessment of
treatment effect, of a variety of cardiac diseases.3-6
Although it was previously reported that some
normotensive Sprague–Dawley rats spontaneously exhibit
lower baroreflex sensitivity,7,10 no previous study investigated
whether there is difference in baroreflex sensitivity among
other types of rats from the same parent strain. In addition,
a previous study demonstrated that WKY rats from two
different laboratories showed differences in arterial pressure
and growth rate.11 Thus, in this study we aimed to compare
baroreflex function among adult WKY rats from the same
laboratory in order to identify any intra-strain differences.
METHODS
Animals
The experiments were performed on 16-week-old male
WKY rats from the same initial laboratory. Rats were housed
individually in plastic cages under standard laboratory
conditions. They were kept under a 12 h light/dark cycle
(lights on at 6:30 am) and had free access to food and water.
Housing conditions and experimental procedures were
approved by the institution’s Animal Ethics Committee.
Efforts were made to minimize the number of animals used.
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board (MP100A, Biopac Systems Inc, USA) connected to a
computer. Mean arterial pressure (MAP) and heart rate (HR)
values were derived from the PAP recordings and processed
online.12 No signs of pain or discomfort were observed.
Baroreflex test
The baroreflex was tested with a pressor dose of
phenylephrine (PE, bolus 8 μg/kg i.v.; Sigma Chemical)
and vasodilator dose of sodium nitroprusside (SNP, bolus
50 μg/kg i.v.; RBI). Baroreflex gain was calculated as
the ratio between the change in HR and MAP variation
(ΔHR/ΔMAP). There was an interval of at least 15 minutes
between infusions to allow the recovery of basal values.
We also evaluated bradycardic and tachycardic peaks and
HR range, i.e., the difference between bradycardic and
tachycardic peaks.12 We separated rats into groups according
to baroreflex gain (BG): 1) low bradycardic baroreflex (LB),
BG between -1 and -2 bpm/mmHg tested with PE; 2) high
bradycardic baroreflex (HB), BG < -2 bpm/mmHg tested
with PE; 3) low tachycardic baroreflex (LT), BG between -1
and -2 bpm/mmHg tested with SNP and; 4) high tachycardic
baroreflex (HT), BG < -2 bpm/mmHg tested with SNP. We
compared the LB group with the HB group and the LT group
with the HT group. We defined the values for bradycardic
and tachycardic baroreflex gain according to pilot studies.

Surgical Preparation
Statistical analysis
One day before the experiments, the rats were
anesthetized with ketamine (50 mg/kg i.p.) and xylaxine (50
mg/kg i.m.) and a catheter was inserted into the abdominal
aorta through the femoral artery for blood pressure and heart
rate recording. Catheters were made of 4 cm segments of
PE-10 polyethylene (Clay Adams, USA) heat-bound to a 13
cm segment of PE-50. The catheters were tunneled under the
skin and exteriorized at the animal’s dorsum.12
Arterial pressure and heart rate recording in conscious
rats
Approximately 24 hours after surgery, the animals
were placed in individual cages used for transport to the
experimental room. Animals were allowed 60 min to
adapt to the conditions of the experimental room before
starting blood pressure and heart rate recording. The
experimental room was acoustically isolated and had
constant background noise produced by an air exhauster.
A minimum of 30 additional minutes was allowed before
beginning experiments. Pulsatile arterial pressure (PAP) of
freely moving animals was recorded using an HP-7754A
preamplifier (Hewlett Packard, USA) and an acquisition
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Values were reported as the means ± standard error of
means (S.E.M.). HR, MAP, ΔHR, ΔMAP and ΔHR/ΔMAP
were compared between LB and HB groups as well as
between LT and HT groups. After the distributions were
evaluated using the Kolmogorov normality test, Student’s
T test was used to verify differences between data with
normal distributions and the Mann-Whitney test was applied
to assess differences between non-parametric distributions.
Differences were considered significant when the probability
of a Type I error was less than 5% (p < 0.05).
RESULTS
Among the 22 WKY rats evaluated based on bradycardic
baroreflex gain, approximately 63% had high bradycardic
baroreflex gain (HB; < -2 bpm/mmHg). On the other hand,
a small portion of the animals exhibited lower bradycardic
baroreflex gain (LB; between -1 and -2 bpm/mmHg).
We also compared baseline MAP and HR, bradycardic
and tachycardic peaks, HR range and parasympathetic
and sympathetic baroreflex gain. As seen in Table 1,
significant differences in bradycardic peak and the
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parasympathetic component of baroreflex gain, but not in
the other parameters, were observed.
Table 1- Baseline mean arterial pressure (MAP) and heart rate
(HR), bradycardic and tachycardic peaks, HR range, parasympathetic (PBG) and sympathetic baroreflex gain (SBG)
in HB (n=14) and LB (n=8) groups. Mean±SEM.
Variable

LB

HB

p value

MAP (mmHg)

119.12±5.3

113.6±1.7

0.2341

HR (bpm)

330.12±7.7

342.8±13

0.4

Bradycardic peak (bpm)

236.7±7.9

191.8±6.9

0.005

Tachycardic peak (bpm)

458.25±10.1

455.8±13.2

0.9

HR range (bpm)

221.5±5.3

264±17.5

0.08

PBG (bpm x mmHg-1) PHE

-1.41±0.12

-2.63±0.11

<0.0001

SBG (bpm x mmHg-1) SNP

-2.96±0.14

-2.7±0.23

0.458

The PE-induced increase in MAP was not different
between LB and HB groups (p=0.75). On the other hand,
bradycardic reflex responses to intravenous PE were
significantly decreased in the LB group (p=0.0006) (Figure 1).
We also compared the SNP-induced decrease in MAP

Figure 2 - Decrease in mean arterial pressure (MAP, mmHg) and decrease
in heart rate (HR, bpm) in response to sodium nitroprusside (SNP, 50mg/kg
i.v.) in HB (n=14) and LB (n=8) groups. Means+SEM.

Figure 1 - Increase in mean arterial pressure (MAP, mmHg) and decrease
in heart rate (HR, bpm) in response to phenylephrine (PE, 8mg/kg i.v.) in
HB (n=14) and LB (n=8) groups. *p<0.001: difference in LB. Means+SEM.

and tachycardic reflex responses between LB and HB
groups. The MAP decrease in the response to SNP was
similar between the groups (p=0.58), as were the tachycardic
reflex responses (p=0.38) (Figure 2).
When baroreflex gain was tested with SNP, we noted
that among the 26 WKY rats analyzed, approximately 77%
showed higher baroreflex gain (HT; < -2 bpm/mmHg) while
the remainder (around 23%) were found to have lower
baroreflex gain (LT; between -1 and -2 bpm/mmHg).
Baseline MAP and HR, bradycardic and tachycardic
peak, HR range and parasympathetic and sympathetic
baroreflex gain were compared between HT and LT groups.
As shown in Table 2, we observed significant differences
with respect to basal HR, tachycardic peak, HR range and
sympathetic baroreflex gain.
The PE-induced increase in MAP was significantly
higher in the HT group (p<0.001).
However, bradycardic reflex responses to an increase
in arterial pressure were not different between the groups
(p=0.143) (Figure 3).
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Table 2- Baseline mean arterial pressure (MAP) and heart
rate (HR), bradycardic and tachycardic peak, HR range, parasympathetic (PBG) and sympathetic baroreflex gain (SBG)
in HT (n=20) and LT (n=6) groups. Mean±SEM.
Variable

p value

LT

HT

MAP (mmHg)

118.3±1.1

115.05±2.4

0.47

HR (bpm)

236±1.59

348.1±5.9

< 0.0001

Bradycardic peak (bpm)

205.3±2.1

208.7±7.7

0.8153

Tachycardic peak (bpm)

346.7±1.7

467.2±6

< 0.0001

HR range (bpm)

150.7±1.7

258.5±10.84

<0.0001

PBG (bpm x mmHg ) PHE -1.93±0.196

-2.17±0.17

0.4561

SBG (bpm x mmHg-1) SNP

-2.96±0.13

<0.0001

-1

-1.43±0.06

Figure 4 - Decrease in mean arterial pressure (MAP, mmHg) and decrease in
heart rate (HR, bpm) in response to sodium nitroprusside (SNP, 50mg/kg i.v.)
in HT (n=20) and LT (n=6) groups. *p<0.001: difference in HT. Means+SEM.

Figure 3 - Increase in mean arterial pressure (MAP, mmHg) and decrease
in heart rate (HR, bpm) in response to phenylephrine (PE, 8mg/kg i.v.) in
HT (n=20) and LT (n=6) groups. *p<0.001: difference in LT. Means+SEM.

The MAP decrease in response to SNP was similar
between HT and LT groups (p=0.18) (Figure 4). However,
tachycardic reflex responses to a decrease in arterial pressure
were significantly reduced in the LT group (p<0.001).
DISCUSSION
We compared the baroreceptor reflex among WKY rats
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from the same laboratory using infusions of the vasopressor
PE and the vasodilator SNP. We found that rats from the
same subgroup could be divided into two groups based on
baroreflex gain (HB vs. LB, based on the parasympathetic
responses and HT vs. LT, and based on the sympathetic
responses). Comparison between groups demonstrated that
the parasympathetic component of the baroreflex gain and
bradycardic reflex response to increased arterial pressure
were significantly decreased in approximately 37% of the
animals evaluated. Moreover, the sympathetic component
of the baroreflex gain and tachycardic reflex in response
to decreased arterial pressure was significantly attenuated
in approximately 23% of the animals studied; this was the
same group that was found to have a lower baseline HR.
The lack of signs of pain or discomfort suggests that stress
or pain after surgery did not influence the outcomes of the
experiments.
In our investigation, the baroreflex was estimated by
bolus infusion and verified by HR changes in response
to arterial pressure elevation or reduction caused by
i.v. infusion of PE or SNP, respectively. According to
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our findings, approximately 37% of 22 WKY rats had
a reduced bradycardic peak and bradycardic reflex
response to increased arterial pressure as well as attenuated
parasympathetic baroreflex gain (LB group). Nonetheless,
when we compared basal MAP and HR, tachycardic peak,
HR range and sympathetic baroreflex gain, no significant
differences were observed. Taken together, these data
indicate that a portion of WKY rats exhibit a decrease in
reflex bradycardia, the parasympathetic component of
baroreflex sensitivity. The mechanisms for reduced function
in rats are not completely understood13. Some studies have
demonstrated that the carotid body is significantly larger in
rats with an impaired baroreflex,14-16 whereas other studies
have shown that the decreased baroreflex function is due to
altered levels of norephinephrine, epinephrine and dopamine
in the carotid body16-18 and medulla oblongata areas that
regulate the cardiovascular system.19 Furthermore, studies
have shown that angiotensin 1 (AT1) receptor densities are
involved in impairment of baroreflex function.20,21 Similar to
our findings were observed for another rat strain (Sprague–
Dawley) .7, 10 Our findings indicate that baroreflex variability
may be normal in rats. Hence, it is not clear whether or
not some WKY rats exhibit baroreflex dysfunction or just
baroreflex variability.
The observation of great variation in baroreflex
sensitivity was surprising because WKY rats are an inbred
strain1. This intra-strain variation in baroreflex sensitivity in
an inbred strain, in which nearly all alleles are homozygotic
and the individuals are quite similar,1 is supported by a
previous study10 that showed different growth rates and
blood pressures between WKY rates from two different
laboratories. However, to the best of our knowledge, no
previous investigation has evaluated differences in baroreflex
function among WKY rats from the same laboratory.
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The baroreceptor reflex was assessed in conscious rather
than sedated rats as anesthesia can influence cardiovascular
reflex activity 22,23 and reduce the range of HR, skewing
results towards a restricted portion of the WKY rat
population. Hence, we believe that our investigation provides
accurate information regarding differences in baroreflex
function among WKY rats.
Our findings are very relevant, as the baroreceptor reflex
is predominantly studied in different models and strains
of rats with the goal of preventing the development of
hypertension in humans,12,24-26 given that reduced baroreflex
function is indicative of cardiovascular disease. 27-30 We
recognize the limitations of our study. A major limitation
is that we are unable to provide a full baroreceptor reflex
function curve. However, the baroreflex values obtained in
our investigation are of physiological relevance, because they
fall near the previously reported operating point of this reflex
for an unrestrained, conscious rat.31
In summary, there was significant variation in baroreflex
function among WKY rats from the same laboratory.
A majority of the animals presented with enhanced
parasympathetic gain of baroreflex (increased bradycardic
peak, bradycardic responses to increased arterial pressure
and baroreflex gain tested with PE), but a significant
minority, approximately 23%, responded with decreased
sympathetic activity of the baroreflex (increased tachycardic
responses to decreased arterial pressure and increased
baroreflex gain tested with SNP).
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