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Sympathetic responses during saline infusion into the
veins of an occluded limb

Jian Cui!, Patrick McQuillan?, Raman Moradkhan!, Charles Pagana' and Lawrence I. Sinoway'

!Penn State Heart & Vascular Institute and > Department of Anaesthesiology, Pennsylvania State University College of Medicine, Milton S. Hershey
Medical Center, Hershey, PA 17033, USA

Animal studies have shown that the increased intravenous pressure stimulates the group III and
IV muscle afferent fibres, and in turn induce cardiovascular responses. However, this pathway of
autonomic regulation has not been examined in humans. The aim of this study was to examine
the hypothesis that infusion of saline into the venous circulation of an arterially occluded
vascular bed evokes sympathetic activation in healthy individuals. Blood pressure, heart rate,
and muscle sympathetic nerve activity (MSNA) responses were assessed in 19 young healthy
subjects during local infusion of 40 ml saline into a forearm vein in the circulatory arrested
condition. From baseline (11.8 & 1.2 bursts min™"'), MSNA increased significantly during the
saline infusion (22.5 % 2.6 bursts min™!, P < 0.001). Blood pressure also increased significantly
during the saline infusion. Three control trials were performed during separate visits. The results
from the control trial show that the observed MSNA and blood pressure responses were not
due to muscle ischaemia. The present data show that saline infusion into the venous circulation
of an arterially occluded vascular bed induces sympathetic activation and an increase in blood
pressure. We speculate that the infusion under such conditions stimulates the afferent endings
near the vessels, and evokes the sympathetic activation.
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Exercise evokes sympathetic nervous system activation as
well as parasympathetic withdrawal, effects which result
in increases in heart rate, cardiac output, peripheral vaso-
constriction and blood pressure (Alam & Smirk, 1937;
Mitchell & Wildenthal, 1974; Mark et al. 1985). Group
III and IV receptors respond to mechanical deformation
of their receptive fields during contraction (Kniftki et al.
1978; Kaufman et al. 1983), and to accumulation of
metabolic by-products of contraction (Kaufman et al.
1983; Mense & Stahnke, 1983; Rotto & Kaufman, 1988;
Sinoway et al. 1993). Thus, the group III and IV
afferent fibres in muscles are suggested to be involved
in the exercise pressor reflex (Coote & Pérez-Gonzilez,
1970; Coote et al. 1971; McCloskey & Mitchell, 1972).
Previous studies demonstrate that group III muscle
afferents are mechanically sensitive, whereas unmyelinated
group IV muscle afferents are predominantly sensitive to
metabolites (Kaufman et al. 1983, 1984; Adreani et al.
1997; Adreani & Kaufman, 1998). However, a significant
proportion of both types were capable of responding to
both mechanical and metabolic stimuli (Kniffki et al. 1978;
Kaufman et al. 1983; Mense & Stahnke, 1983; Kaufman
etal. 1984).
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Animal studies (Stacey, 1969; Von Diiring & Andres,
1984; Andres et al. 1985; Von Diiring & Andres, 1990)
suggest that a large proportion of group III and IV fibres
ended directly within the adventitia of the small venous
vessels, and the arterioles (for group III). Some of the
nerve fibre endings were found in close proximity to
the smooth muscle cells of the blood vessels. Therefore,
pressure changes and/or the deformation of the small
vessels may directly stimulate these group III and IV
afferents. In anaesthetized cats, Haouzi et al. (1999)
showed that group III and group IV afferents from
endings in the triceps surae muscle responded to
vasodilatory agents and venous occlusion. Most of the
group IV fibres that discharged in response to intermittent
dynamic contractions of the triceps surae also responded
to venous distension or to vasodilatory agents (Haouzi
et al. 1999). There are no reports regarding the ability
of peripheral vascular deformation to evoke systemic
sympathetic efferent responses in humans. We speculated
that the infusion of saline into the venous circulation of
an arterially occluded vascular bed stimulates the muscle
afferents near the vessels, which in turn evoke sympathetic
efferent responses.
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The procedure of intravenous regional anaesthesia can
be used as a model to examine this hypothesis. In clinical
practice, intravenous regional anaesthesia (Bier block)
(Goodwin et al. 1984; Brill et al. 2004) is a simple and
effective method providing regional anaesthesia during
surgical procedures of the limbs (Goodwin et al. 1984)
including treatment of fractures, management of tendon
and muscle injuries, and lacerations (Brill et al. 2004).
The advantages of a Bier block have made it an attractive
method for local infusion of drugs in basic research
(Lee et al. 2000; Cui et al. 2007). For example, we
recently employed this method to examine the roles of
prostaglandins in the exercise pressor reflex (Cui et al.
2007,2008). Non-steroidal anti-inflammatory agents were
infused into the exercising arm to inhibit the synthesis of
prostaglandins. In the control trial, the same volume of
physiological saline was infused with the same procedure.

In these previous studies (Cui et al. 2007; Cui et al.
2008), the drug solution or same volume of saline
was infused into a forearm vein while the forearm
circulation was occluded with an upper arm cuff.
Previous studies showed that the saline infusion during
Bier block significantly increased the venous pressure in
the isolated limb (Mabee ef al. 1997; Mabee & Orlinsky,
2000). Thus, we speculated that the infusion of saline
retrograde into a large forearm vein during the Bier block
procedure would stimulate the muscle afferents near the
vessels, in turn evoking sympathetic and cardiovascular
responses. We hypothesized that muscle sympathetic
nerve activity (MSNA) and blood pressure would increase
during the infusion of saline into the venous circulation of
an arterially occluded vascular bed in healthy individuals.
Some of the data presented were from subjects reported
in previous studies (Cui et al. 2007; Cui et al. 2008).
However, previous reports focused on the protocols
performed before and after the Bier block. The MSNA
and cardiovascular responses during the period of Bier
block procedure were not analysed and therefore were not
reported previously. Moreover, to verify the observations,
three additional trials were performed.

Methods

Subjects

Nineteen subjects (12 male, 7 female) participated in the
study. The mean age was 25 % 2 years (s.D.M.) and all were
of normal height (174 £ 8 cm) and weight (71 9 kg).
All subjects were normotensive (supine blood pressures
<140/90 mmHg), in good health, and none were taking
medication. Subjects refrained from caffeine, alcohol and
exercise 24 h prior to the study. The experimental protocol
was approved by the Institutional Review Board of the
Milton S. Hershey Medical Center and conformed with
the Declaration of Helsinki. Each subject had the purposes

J. Cui and others

J Physiol 587.14

and risks of the protocol explained to them before written
informed consent was obtained. Twelve of the 19 subjects
were included in previously published reports (Cui et al.
2007, 2008).

Measurements

Systolic, diastolic and mean arterial pressures were
obtained by an automated sphygmomanometer
(Dinamap, Critikon, Tampa, FL, USA) from the
non-treated arm. Blood pressure was also recorded on
a beat-by-beat basis from a finger via a Finapres device
(Finapres, Ohmeda, Madison, WI, USA) in 12 subjects.
A standard electrocardiogram was used to monitor
heart rate. Respiratory excursions were monitored with
pneumography. Multifibre recordings of MSNA were
obtained with a tungsten microelectrode inserted in the
peroneal nerve of a leg. A reference electrode was placed
subcutaneously 2-3 cm from the recording electrode. The
recording electrode was adjusted until a site was found in
which muscle sympathetic bursts were clearly identified
using previously established criteria (Vallbo et al. 1979).
The nerve signal was amplified, a band-pass filtered with
a bandwidth of 500-5000 Hz, and integrated with a time
constant of 0.1s (Iowa Bioengineering, Iowa City, IA,
USA). The nerve signal was also routed to a loudspeaker
and a computer for monitoring throughout the study.

Experimental design

All subjects were tested in the supine position. An
intravenous catheter was inserted in the antecubital fossa
of the non-dominant arm. After the instrumentation,
6 min baseline data of heart rate, blood pressure, MSNA,
and respiratory excursion were collected in the resting
condition. Subjects then performed static handgrip
exercise until fatigue followed by forearm circulatory
occlusion. This exercise protocol was imposed to address
unrelated questions, which were presented in previous
reports (Cui et al. 2007, 2008). At least 15 min after the
exercise protocol was completed, all parameters returned
to baselines. Thereafter, the Bier block procedure was
performed. The arm was elevated and exsanguinated
with a tight elastic wrapping from the wrist to the
elbow (~1-1.5min). The pneumatic cuff on the upper
arm was then inflated to 250 mmHg, and the wrap
was removed. After the preparation (~1-2 min), 40 ml
saline was then infused into the occluded arm via the
venous catheter (~1.5-2 min). Circulatory occlusion was
then maintained for 20 min before the cuff was deflated.
After cuff deflation, subjects rested for 12-20 min until
cardiovascular parameters returned to baseline. Another
6 min of data were then collected (as recovery).
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A control trial was performed in 7 of the 19 subjects
during a second visit. This control trial was to examine
whether the observed MSNA and blood pressure responses
were related to the infusion, the muscle compression
by forearm wrapping, or the forearm circulatory arrest.
The study set-up was the same as the first visit. After
6 min baseline data collection, the arm was elevated
and exsanguinated. The pneumatic cuff on the upper
arm was then inflated to 250 mmHg, and the wrap was
removed. Before the infusion, 5 min of data were collected.
This period was much longer than during the first visit
(~1-2min). This period of circulatory occlusion was
employed to verify whether the observed responses seen
during the first visit were due to the effects of forearm
wrapping and/or the effects of pre-infusion ischaemia
(~1-2 min) per se. Thereafter, 40 ml of saline was infused
into the occluded arm via the venous catheter. Circulatory
occlusion was then maintained for 10 min before the cuff
was deflated. Another 6 min of data were then collected
12-20 min after the deflation of the cuff.

In three subjects (1 female and 2 males, age 25-29,
height 168-175 cm, and body weight 57-89 kg), blood
pressure and heart rate were recorded during infusion
of 40 ml saline just after inflating the upper arm cuff
to 250 mmHg. The exsanguination procedure was not
performed in this control trial in order to determine
if ischaemic forearm compression for ~1-2min was
a necessary and sufficient condition for evoking the
observed responses. In an additional three subjects,
MSNA, blood pressure and heart rate were recorded
during infusion of 40 ml saline under freely perfused
condition. This control trial was performed to examine
whether forearm occlusion was required in order to
observe the sympathetic response.
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Figure 1. Representative tracing of heart rate (HR), %
muscle sympathetic nerve activity (MSNA) and g
arterial blood pressure (BP) obtained from a
Finapres during Bier block procedure 200
Wrap: the arm was elevated and wrapped with a tight -
elastic bandage from the wrist to the elbow. The £ 150
pneumatic cuff on the upper arm was then inflated to IS
250 mmHg. Infusion: 40 ml saline was infused into the £
occluded arm via the venous catheter. Circulatory o 100
occlusion was then maintained for 20 min before the a 50

cuff was deflated.
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Data analysis

Data were sampled at 200 Hz via a data acquisition
system (MacLab, ADInstruments, Castle Hill, NSW,
Australia). MSNA bursts were first identified in real
time by visual inspection, coupled with the burst sound
from the audio amplifier. These bursts were further
evaluated via computer software that identified bursts
based upon fixed criteria, including an appropriate latency
following the R-wave of the electrocardiogram (Cui et al.
2007). Integrated MSNA was normalized by assigning
a value of 100 to the mean amplitude of the top 10%
largest sympathetic bursts during the rest baseline period.
Normalization of the MSNA signal was performed to
reduce variability between subjects attributed to factors
including needle placement, signal amplification, etc.
(Halliwill, 2000). Total MSNA was identified from burst
area of the integrated neurogram. Because the maximum
MSNA and blood pressure responses occurred toward the
end of the infusion (Fig. 1), the analysis was focused on the
data around this period (the last minute of the infusion,
and the first 30 s of post-infusion).

Statistical analysis

Differences in the mean values of haemodynamic
parameters during the first minute of wrapping, the last
minute of infusion, the first 30s of the post-infusion
ischaemia, the fifth to sixth minute (2 min) of the
post-infusion ischaemia, and recovery after cuff deflation
from the baseline were evaluated via Tukey’s post
hoc analysis after repeated measures one-way ANOVA.
SigmaStat software was used for statistical analysis (Systat
Software Inc., San Jose, CA, USA). All values are reported

Occlusion

5 min
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Table 1. Haemodynamic baselines during the two visits

Visit 1 Visit 2
Systolic pressure (mmHg) 125+ 2 12143
Diastolic pressure (mmHg) 63+ 1 64 +2
Mean blood pressure (mmHg) 84 +1 82+3
Heart rate (beats min~") 62+ 1 64 + 2
MSNA (bursts min—") 11.8+1.2 125+ 2.6
MSNA (units min~") 179 £25 172 £29
Respiration (cycles min~") 17.44+0.5 16.7 +1.3
Subject number 19 7

Values are means +s.e.M. Arterial blood pressures were

measured by an automated sphygmomanometer from an upper
arm. There is no significant difference in the measurements
between the trials.

as means =+ standard error of the mean (s.E.M.). P values
of <0.05 were considered statistically significant.

Results

The baselines of the haemodynamic variables are shown
in Table 1. Recordings of heart rate, integrated MSNA
and blood pressure via Finapres during the Bier block
procedure in a representative subject are shown in Fig. 1.
The heart rate rose before the onset of forearm

*: vs Baseline p<0.05
10 9#: vs Wrap p<0.05

e 2
B

100

90 1

MAP (mm Hg)

80 4

70 -

80 1

70 1 '];

LONNREr

HR (beats.min'1)

J. Cui and others

50
B Wrap Infu P-0 P-5 R

J Physiol 587.14

wrapping. Three seconds prior to forearm wrapping,
the heart rate was significantly greater than the baseline
value (67.8+1.7 vs. 62.1 +1.3beatsmin~!, P < 0.05).
During the wrapping, heart rate was significantly
greater than the baseline, while the blood pressure and
MSNA were not significantly different from the baseline
(Fig. 2). During the last minute of the infusion and the
first 30 s of post-infusion, MSNA and blood pressure were
significantly elevated from baseline (Fig. 2). Moreover,
the MSNA and blood pressure were significantly greater
than those during the wrapping. The heart rate during
the first 30 s of the post-infusion was significantly greater
than the baseline. Thereafter, MSNA, heart rate and blood
pressure decreased (Fig. 1). During the fifth to sixth minute
of post-infusion ischaemia, MSNA and heart rate were
not significantly different from the baseline, although the
blood pressure was still higher than the baseline (Fig. 2).
Recordings of heart rate, integrated MSNA and blood
pressure in the second visit in the same subject for Fig. 1 are
shown in Fig. 3. The wrapping did not induce significant
changes in MSNA, blood pressure and heart rate (Fig. 4).
From the upper arm occlusion, the 3 min pre-infusion
period was at the approximate same time as when the
infusion was performed in the first visit (see Figs 1 and 3).
During this 3 min pre-infusion period, the MSNA, blood
pressure and heart rate were not different from the baseline
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Figure 2. Mean arterial blood pressure (MAP), heart rate (HR) and MSNA measured as burst rate (right
upper panel) and total activity (right lower panel) during the Bier block procedure

B: baseline (6 min). Wrap: the first min of wrapping. Infu: the last min of the saline infusion. P-0: the first 30 s
of the post-infusion. P-5: the 5th to 6th min from the end of the infusion (2 min). R: recovery (6 min). Subject

number = 19. Data are means =+ S.E.M.
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Figure 3. Representative tracing of heart rate (HR), <
MSNA and arterial blood pressure (BP) obtained Z
from the same subject as in Fig. 1 during the second g
visit
Pre-Infusion: 3 min period just before the onset of the 200
saline infusion. The interval between the wrap and the S
infusion during the second visit was much longer than I 150
during the first visit. From the onset of the occlusion, the g

Pre-Infusion period was at the approximate same time
when the infusion was performed in the first visit. After
the end of the infusion, circulatory occlusion was
maintained for 10 min before the cuff was deflated.

BP

(Fig. 4). During the last minute of the infusion and the
first 30 s of post-infusion, MSNA and blood pressure were
significantly elevated from baseline (Fig. 4). Moreover, the
MSNA and blood pressure were significantly greater than
those during the 3 min of the pre-infusion period. The
heart rate during the first 30's of the post-infusion was
significantly greater than the baseline.

In the control studies without forearm exsanguination,
MSNA and blood pressure clearly increased in all
three of the subjects during the saline infusion, which
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Occlusion

Pre-Infusion

5 min

was initiated just after inflating the upper arm cuff
to 250 mmHg. The prior occlusion MSNA baseline
was 15.6 £ 4.7 bursts min~' and 288 + 86 units min~".
The peak MSNA response during the last 30s of the
infusion and the first 30 s post-infusion (total 1 min) was
24.3 +5.4burstsmin~! and 506 & 125 units min~'. The
mean blood pressure increased from 81.2 £ 3.6 mmHg
(baseline) to 89.6+3.1mmHg (peak response).
Representative recordings from one subject are shown in
Fig. 5. Saline infusion under freely perfused condition
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Figure 4. Mean arterial blood pressure (MAP), heart rate (HR) and MSNA measured as burst rate (right
upper panel) and total activity (right lower panel) during the Bier block procedure in the second visit
Pre-I: pre-infusion, a 3 min period just before the onset of the saline infusion. Subject number = 7.
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did not induce changes in MSNA and haemodynamic
variables.

Discussion

The main finding of the present study was that MSNA
and blood pressure rose during the saline infusion into a
forearm vein when the arterial circulation was occluded.
This observation confirmed our hypothesis that infusion
of saline into the local peripheral venous circulation
of an arterially occluded vascular bed evokes systemic
sympathetic activation and induces the increases in blood
pressure in healthy humans.

A previous study (Williamson et al. 1994) showed
that compression of leg muscles under circulatory
occlusion condition increases blood pressure. The authors
concluded that this intervention could stimulate the
muscle mechanoreceptors. It should be emphasized that
leg muscle compression evoked a pressor response only
when circulatory occlusion was present. Removal of the
circulatory occlusion abolished the pressor response even
when leg compression was sustained (Williamson et al.
1994). Limb compression of occluded vessels would be
expected to cause a much larger increase in tissue pressure
than when the compression was performed without
circulatory occlusion. Compression with occlusion may
also cause greater ischaemia. However, direct pressure
applied to the forearm musculature during ischaemia had
no similar effect (McClain et al. 1994). In the present
study, wrapping the arm from the wrist to the elbow
did not increase the MSNA. The blood pressure was not
significantly greater than the baseline. The difference in
muscle mass (forearm vs. leg) can be one of the factors
which cause the different response from the previous
study (Williamson et al. 1994). Because the upper arm

QOcclusion
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cuff was not inflated during the wrapping, the vessel
pressure change evoked by wrapping in this fashion may
be less than that noted during compression of an occluded
vessel. The heart rate increased by ~4 beats min~! during
the wrapping during the first visit. We speculate that
mental stress contributed to this small increase in heart
rate during forearm wrapping as this procedure requires
two or three investigators to surround the subject’s raised
forearm. We suspect this served to ‘arouse’ the subjects.
This speculation was supported by the fact that heart rate
rose just before the wrapping was initialled on the first visit.
Moreover, the heart rate did not rise during the second
trial, suggesting extinction of the arousal response (Silber
et al. 2000).

The MSNA and blood pressure increased greatly from
the baseline during the last minute of the infusion.
Moreover, the MSNA and blood pressure during the
infusion were also greater than those during the wrapping
period. We believe the observed rise in MSNA was not
due to muscle ischaemia but to the saline infusion for
the following reasons. (1) During the prolonged interval
between wrapping and the infusion in the second
visit, no significant MSNA and blood pressure response
was observed. This suggests that muscle ischaemia of
~1-2 min does not evoke significant increases in MSNA
and blood pressure under the condition of the present
study. (2) Similar MSNA and blood pressure responses
were observed during the saline infusion during the second
visit. (3) the MSNA and blood pressure increases were
also observed during the infusion after only inflation of
the upper arm cuff. Thus, these data demonstrate that the
infusion of saline into a vein of an isolated limb induces
increases in MSNA and blood pressure. Furthermore, we
suspect that the elevated MSNA and blood pressure seen
during the first 30 s after the infusion were due to the
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Figure 5. Representative tracing of heart rate (HR),
MSNA and arterial blood pressure (BP) obtained
from another subject during the saline infusion
under the circulatory occlusion condition

The exsanguination procedure (i.e. wrapping forearm,
etc.) was not performed before upper arm cuff inflation
in this control trial.
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effects of the infusion. Importantly, no pain was reported
by the volunteers after the saline infusion was completed.

Previous studies have shown that the saline infusion via
the intravenous catheter during Bier block significantly
increased the venous pressure in the isolated limb (Mabee
& Orlinsky, 2000), although tissue pressure might not
be increased (Mabee et al. 1997). Thus, the increase in
peripheral venous pressure and/or peripheral vascular
distension by the saline infusion into the occluded limb
may stimulate sensors on or near the blood vessels. An
early anatomical study (Stacey, 1969) demonstrated that
group IITand IV muscle afferents were predominantly seen
in the vascular nerve trunks that formed anastomosing
plexi closely associated with the branching arterioles and
venules. Many group III and IV fibres are found in the
adventitia of the blood vessels, including the arterioles
and venules. Other studies (Von Diiring & Andres, 1984;
Andres et al. 1985; Von Diiring & Andres, 1990) also
showed that a large proportion of group III and IV fibres
ended directly within the adventitia of the small venous
vessels (for both groups), and the arterioles (for group
IIT). Some of the nerve fibre endings were found in close
proximity to the smooth muscle cells of the blood vessels.
We suspect that the saline infusion stimulated these muscle
afferents.

Animal studies have shown that distension of peripheral
veins evokes activation of group III and IV afferents. For
example, the local distension of the femoral-saphenous
vein (large vein) by a relatively large range of venous
pressures evokes activities in group III afferents in cats
(Davenport & Thompson, 1987; Michaelis et al. 1994). For
the small vessels in muscles, Haouzi et al. (1999) showed
that groups Il and IV afferents from endings in the triceps
surae muscle responded to vasodilatory agents and venous
occlusion. Most of the group IV fibres responding to inter-
mittent dynamic triceps surae contractions also responded
to venous distension or to vasodilatory agents (Haouzi
et al. 1999). Using a similar approach in sheep, Haouzi
et al. (1996) demonstrated that limb peripheral venous
distension increased ventilation and arterial pressure.
The present result supports the observations in animals.
Therefore, the systemic sympathetic activation observed
in the present study could be evoked by the stimulation
of muscle afferents near the blood vessels by the infusion.
In a recent study performed in humans by Green et al
(2007), the forearm was exposed to sub-atmospheric pre-
ssures without prior circulatory occlusion. The hypobaric
pressure evoked by suction induced significant increases in
the hydrostatic pressure in the forearm veins. In this prior
report, the mean arterial pressure significantly increased
when the hypobaric pressure was equal to and greater
than 160 mmHg. Because the suction was applied on the
surface without forearm circulatory occlusion, the physical
changes evoked by this intervention (e.g. pressure gradient
in the forearm) are likely to be different from those seen
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in the present report where a relatively small volume of
saline is infused into a closed system.

Group III muscle afferents are mechanically sensitive,
whereas unmyelinated group IV muscle afferents are
predominantly sensitive to metabolites (Kaufman et al.
1983, 1984; Adreani et al. 1997; Adreani & Kaufman,
1998). However, a significant proportion of both types
were capable of responding to both mechanical and
metabolic stimuli (Kniffki et al. 1978; Kaufman et al.
1983, 1984; Mense & Stahnke, 1983). Although chemical
stimulation cannot be excluded in the present study, we
postulate that the mechanical distension was a necessary
fact in the responses observed. This hypothesis is based
on the following observations. First, the response was not
observed during the infusion under the freely perfused
condition. Under the freely perfused condition, the
infusion would induce far less vascular deformation and
less of a rise in forearm venous pressure. Second, the
MSNA and blood pressure increased during the infusion
of saline performed after forearm cuff inflation alone (i.e.
no 2 min occlusion or forearm wrap). This result suggests
that the muscle compression and the period of ischaemia
were not necessary to evoke the reflex responses. Third,
the maximal MSNA response occurred towards the end
of the infusion. Thereafter, MSNA decreased gradually.
A previous study (Mabee & Orlinsky, 2000) showed that
the intravenous pressure during the Bier block procedure
increased during the infusion. The pressure gradually
decreased after the end of the infusion along with saline
diffusinginto tissues, although the pressure was still higher
than the baseline during the later period of the Bier block.
Fourth, the time courses of MSNA and blood pressure
responses by the saline infusion were different from those
by chemical stimulation during occlusion. The MSNA
levels evoked by the chemical stimulation, as is seen during
post exercise muscle ischaemia (Cui et al. 2008), generally
remains elevated (and in some cases increases) as long as
ischaemia is maintained. The above observations suggest
that mechanical stimulation is a key factor in evoking the
observed responses. On the other hand, previous studies
(Rotto & Kaufman, 1988; Adreani & Kaufman, 1998;
Cui et al. 2008) have suggested the responses seen with
mechanical stimulation are influenced by the prevailing
local metabolic conditions. Thus, the changed chemical
milieu evoked by the pre-muscle compression and a period
of ischaemia are likely to have influenced the magnitude
of the responses seen in trial 1 and 2. Further studies are
necessary to examine the roles played by various chemicals
in evoking the observed response.

Heart rate increased toward the end of the infusion.
After the infusion was completed, the heart rate decreased
rapidly (see Figs1 and 3). The significant heart rate
elevation was observed during the first 30 s of the post
infusion period. Thereafter, heart rate was not significantly
different from baseline. Previous studies demonstrated
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that stimulation of the muscle mechanoreceptors can
evoke increases in heart rate (Hollander & Bouman, 1975;
Gelsema et al. 1985; Nobrega & Araujo, 1993; Gladwell
& Coote, 2002; Fisher et al. 2005). Gladwell & Coote,
(2002) reported that 1 min of sustained passive triceps
surae stretch increased heart rate. These authors concluded
that stimulation of mechanoreceptors in muscle inhibits
cardiac vagal activity and increases heart rate. Passive
rhythmic movement of leg muscles rapidly increases the
heart rate (Nobrega & Araujo, 1993). Our previous study
also showed that dynamic passive stretch evokes a trans-
ient increase in heart rate (Cui et al. 2006). Thus, the
heart responses seen at the end of the infusion could be
evoked by the stimulation of mechano-sensitive afferents
on and/or near the blood vessels. It should be noted that
stimulation of metaboreceptors during the post exercise
muscle ischaemia does not alter heart rate (Mark et al.
1985).

It is well known that muscle blood flow increases
with exercise (Delp & Laughlin, 1998; Saltin et al. 1998).
Moreover, dynamic exercise induces venous opening and
refilling (muscle pump) (Laughlin, 1987). Skeletal muscle
venules dilate during the hyperaemia of exercise (Koller
et al. 1998). Therefore, the sensory afferent fibres on
and/or near the blood vessels can be stimulated by the
deformation of the vessels during exercise. The present
study suggests that these sensory afferent fibres can be
stimulated by infusing saline into the venous circulation
of an arterially occluded forearm. We speculate that the
volume infusion into a vein in an isolated limb can be
used as a model to study the role these afferents play during
physiological interventions that evoke venous distension
such as during exercise.

Study limitations

In the present study, the saline infusion was performed
manually. The period for the infusion varied somewhat in
the different subjects (~1.5-2 min). This makes it difficult
to summarize the mean response curves during the
whole infusion period. Because the maximum responses
occurred toward the end of the infusion, data during
the last minute of infusion were analysed. In the present
study, only one volume of the saline was infused. In a
previous study (Mabee & Orlinsky, 2000) a total of 60 ml of
saline was infused into an exsanguinated arm at 2.5 ml/5 s.
After 40 ml saline was infused, the peak increase in the
venous pressure was reached in both male and female
subjects. Thus, the volume of the saline in the present
study (40 ml) was reasonable. The question about whether
the magnitude of the responses observed is volume and/or
rate dependent will require further study.

In conclusion, saline infusion into the venous
circulation of an arterially occluded vascular bed induces
sympathetic activation and an increase in blood pressure.

J. Cui and others
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We speculate that the infusion under such conditions
stimulates the muscle afferent endings near the vessels,
and evokes the sympathetic activation.
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