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We cvaluated effeéts of low and high pressure barorcecptors
en placma renin activity (immunoassay) using graded lower body
suection (LBS) in six healthy men. LBS at =10 and =20 mmHg
for 10 min decreaseﬂ eentral venous pressure without changing
arterial pressurc and thereby presumably rcduced low but not
high pressure barorcceptor inhibition of renin release. LBES
#t these levels produced forcearm vaaoconstrictiop, but did
not increase renin. ILBS at ~40 mmig decreased central venous
and arterial pulsec pressure and thus reduced both low and high
pressure barorcceptor inhibition. LBS at this level produced
forearm vasoconstriction and tachycardia and increased renin
from 2.1 * 0.4 (mean + SE) to 7.4 + 1.4 hg » mi™F + hr™t
(p < 0.05)., In summary, reduction in low pressure baro-
receptor inhibition in humans did not increase renin in the
presence of physiological tonic inhibition from high pressure
baroreceptors. Increases in renin did not occur until there

was combined reduction of high and low pressure baroreceptor

inhibition on plasma renin activity. .
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Deercaces in baroreceptor restraint during upright pocture
(4,8,23) or lower body suetion (il,lz) increasns placma
renin activity. These incercases in renin activity play an
escsential rxole in maintenance of blood pressure during upright
posture in humans during low sodium intake (24).

Several studies have evaluated the reflex mechanisms
involved in renin release. Experiments in animals suggest
that low pressure (cardiopulmonary) baroreceptors way partici-
pate in reflex reﬁhlation of plasma renin activity (3,18,20,
28,29,32). - ) e IR

However, the role of high pressure (carotid and aortic)
baroreceptors in reflex regulation of renin activity is unclear.
Several investigators (7,17,29) have reported .that sinocaortic
denervation or bilateral carotid occlusion increases renin.
Other investigators (2,20,25) have not observed an increase
in renin with decreases in carotid sinus pressure.

Jarecki, Thames and Donald (18) recently demonstrated
an interaction between cardiopulmonary and carotid bharoreceptors
in control of renin activity in dogs. These investigators __ |
reported that interrupting vagal afferent trgffic from
cardiopulmonary receptors increases renin when carotid
baroreceptors are denervated, but not when carotid baroreceptors
are intact. These findings are compatible with the concept
that low and high pressure baroreceptors may both participate

in the reflex control of renin activity in animals.
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In this study we have employed lower body suction to cxamine
barorcecptor control of plasma renin activity ir humans. Lower
body suetion is considercd to produece reflex circulatory
adjuctments primarily By influcncing low and high pressure baro-
reccptoré although a contribution of other reflexes has not been
exeluded in humans,

. Low pressure (eardiepulmonary} barorceceptor restraint on
ronin release was reduced with low levels (~10 and -20 mmilg)
of lower body suction (18.%%17. Lower bedy suction at -10 and
~20 mmHg decrcases central venous pressure without deereasing
arterial pﬁessure or high pressure‘baroreceptor inhibitory
input. At higﬁer levels of lower body suction (-40 mmHg) both
central venous pressure and systemic arterial puise pressurg
decrease so that restraint on renin from both low and high

pressure baroreceptor is decreased. ’



Mothods and Desian

§ix healthy young men, age 20-25 yecors, werc studied
supine in a varm reom (26~27°¢). The ctudy was performed
with the approval of the University of Iowa.Committee on
Research Involving Humans and with the informed, written con=-
sent of cach subjcct. Forcarm blood flow was measured in the
right axm by venous occlusion plethysmography using a
mercury-in-silastic strain'gauge (1,14,33). Heart rate was
obtained from an electrocardiogram.' Systemic blood pressure
was measured with a sphygmomanometer. - Using loecal anesthesia,
a polycthyleéne cannula (60 cm long; I.D. 0.7 mm) was inserted
into an antecubital vein and advanced into an intrathoracic
vein to measure central venous pressure and to sample blood
for determination of plasma renin activity.

Plasma renin activity was determined by radioimmunoassay
by medification of the method of Haber et al (15). Seven ml
of blood were collected in a chilled EDTA tube. The samples
were centrifuged in the cold at 4°c for 10 min. Plasma was

obtained and frozen until assayed. Angiotensin 1 {1251) -

—

Radioimmunoassay Kit (New England Nuclear) was used, with
modification of plasma prior to incubation to pH 5.5. One
half of each sample was incubated at 1 hour at 37°C, the

remainder was incubated at 4%c. a duplicate standard curve




was performed for each immunoassay. All scamples from a given
experiment were run simultaneausiy, and all werc run within
Lvd wecks of the cxperiment. All experimental placmas were
also run in duplicate.

Renin aetivity wao determined by subtraeting the angiotensin
I present in the 4% sample from that obtained in the sample
incubated at 37°C for one hour. Results are recorded as
ngaml-lohrnl. The mean variance of 29 duplicate pairs for this
method using split samples from normal, high and low subjects
done on two different days is 0.21.

Lower body suction {application of subatmospheric pressure)
was produced by enclosing the lower part of the subject's body
caudal to the iliac crests in an airtight chamber (33). A
commercial vacuum cleaner was modified with a rheostat and
connected to the chamber to produce graded lower body suction.
The subjects had been exposed to lower body suction.in previous
experiments and tolerated suction without adverse effects.”

After experimental preparation, the subjects rested quietly
for 20 min before we began the protocol. We then obtainedi_
responses to lower body suction at -10, ~20.and -40 mm¥lg for
10 min each. Each intervention was separated by 10-20 min.

The ordex of interventions was varied and was not known to
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the indiviQpal performing the rcnin determinations. Plaoma
renin activity was meaoured in control periods, the 10th min
of suctien, and recovery periods. In two subéécts, responses
to 1LBS -20 mmHg were not obtained during the first cecsion
and were obtained during a sceparate cescion.

in four subjccts, we obtained recponses to lower body
guction at =10 mmHg for 20 min to determine if more prolonged
decreased in‘low pressure baroreceptor restraint might pro=
duce significant increases in renin,

In three subjects, respomnses to LBS ~40 mmHg were obtained
after intravenous administration of propranolol, 0.15 mg - kg-l.
This was performed to demonstrate that the increases in renin
were mediated through activation of beta adrenergic receptors
and not from decreases in clearance of renin or from decreases
in pulse pressure acting via the renal vascular stretch receptor.

Three subjects were restudied after 3 days of a low
sodium diet. The subjects were fed the low sodium diet in
the Clinical Research Center as a liquid formula which contained
10 meq Na+/24 hr and 100 meg K+/24 hr. It might be noted '
here that strict adherence to the diet was not essential fdf
the study and was, therefgre,‘ndt assessed. However, we have

previously demonstrated excellent compliance with this diet

in the Clinical Research Center. Most impnrtantly, the



baseline placma renin activity was 5 to 8 times higher in the
three subjeects during tﬁe low sohium intake than during ad
1ib sodium intake. In this sessien, we obtaincd resﬁansgﬁ'
to lower body suction at =10 and =40 mmHg for 10 min cach.

In the studics with lower body suction we plaeecd the
puction chamber eaudal to the iliae erests to minimige appli=-
cation of suetion to the kidneys. Nevertheless, to asocure that
troncmipsion of gsubatmogpheric prescsure to kidneys was not a
factor in the resulis, we obtained response to leg suction
in threc additioénal subjects. The suction chamber was applied
distal to the upper thighs., The level of leg suction (=50
mnHg) was selected as the level which produced a decrease in
central venous pressurc comparable to that produced by lower
body suction at -10 to ~20 mmig.

Statistical compariséns were performed using the t test

for paired data.



Deercase in lew proscure barorceeptor reotraint. Lover

body suction at =10 mmilg-for 10 min decercased eentral venous
precsoure and forcarm bloocd f£lew, but 4id not alter arterial
pulse prescsure, arterial mean pressure, or heart ratc (Table 1).
LBS Qt this level did not increase plasma renin activity

(Table 1 and Figurc 1). )

Lower body suection at ~20 mmHg decrcascd eentral venous
pressure and forcearm bloed flow (Table l). ILBS at this level
tended to decrease pulse pressurc and increage heart rate
and renin, but these changes were not significant (Table 1
and Pigure 1}. w 'y

A longer period (20 min) of lower body sucﬁion at =10 mmig
also did not increase renin activity; renin averaged 1.7 + 0.2
and 2.0 + 0.2 ng - m~L « nr™! pefore and after 20 min of
lower body suction, respectively.

Combined decrease in low and high pressure baroreceptor

restraint. Tower body suction at -40 mmHg decreased central
venous pressure, arterial pulse pressure and forearm blood | _
flow and increased heart rate (Table 1l). Thié stimulus produced
a two to three fold increase in renin (Table 1 and Figure 1}.
Propranolol blocked the innreases in renin during LBS -40 mmig

(Figure 2}).



Regponses during low _codium intoke. During lew sodium

intake, eontrol values for renin averaged approsimately cight
timeo the control values during ad ;;g cedium intake (Pigurc 3).
Renin inercascd during LBS =40 mmlg (Figurc 3). Renin

averaged 15.6 + 1.9 in econtrol, 41.0 + 12,9 during LBS ~40

and 17.6 + 1.6 ng . m=t . het in reeovery during low

podium intake. 3In contrast, with LBS -10 mmilg during low

sodium intake ¥enin decreaced olightly in two.subjecks and
incrcased modestly in one cubject (Pigure 3)., Renin averaged
16.5 + 2.5 in control, 16.9 % 3.0 during LBS -10

1

and 15.6 + 1.9 ml » min " .. 100m1’a during rccovery.

Responses_to_leg suction. In three additional subjects,

leg suction at ~50 mmHg produced decreases (p < 6.05) in
central venous pressure and forearm blood f£flow which approxi-
mated those during lower body suction at -20 mmHg., Central
venous pressure averaged 4.2 4+ 0.2 in contrel, 0.3 + 0.9

* dueiny ieg suction, and 4.0 + 1.0 mmHg during recovery.
Forearm blood flow averaged 5.2 + 1.2 in control, 4.4 + 0.7
during leg suction, and 5.§ + 0.6 during recovery. However,
this stimulus, like LBS -10 and -20 mmHg,did not increase .
renin. Renin averaged 4.3 + 2.3 in control, 4.6 + 2.4 during

leg suction, and 4.3 + 1.9 during recovery.



Digeusscion
In &hioc otudy, lcovels ef veneus poeling whieh dcercase
low but not high proscurc barercecpter reotraint on renin
roleace {LDS =10 and =20 mmig) did not signifieantly’ inecrecase
placma rcnine Lovels of venous poeling whieh produee combined
deercacce in high and low presoure barercceptor rectraint
were reguired to inercase placma renin,

Deerecage in lew proosurce barorcecpter reotrainst. Ve

conclude that decrcace of low prebsuré baroreccepter rceotraint
does not scignifieantly inercase renin in the- prescneec of

nermal tonie restraint oz buffering £réh arterial barorcecptors.
However, wc should congcider alterndéiﬁé cxplahqﬁions_fer the
failure of LBS =10 and =20 mmig to ineredse renin.

First, did these levels of lower beody cuction produce
sufficient venous popling to decrease low pregssure baroreceptor
inhibitory activity.' In this and previous studices (19,33),

LBE =10 and =20 mmig decrcased central venous pressure and
triggered refleg forearm vasoconstriction in the abtence of
decreases in arterial pulse pressure or mean pressurc. Thgﬁ
likely source for these forcecarm vasomotor chéngés during

LBS ~10 and -20 mmHg is a decrease in low pressure baroreceptor
restraint. Howeyer, we cannot from this or earlier studies

(18,24,31l) exclude a contribution of other reflexes originating

in somatic or visceral receptors.

-®
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Sceond, was tho ronin cyotem reoponcive te roflen ctimuli?
Beercaces in borercecpter restraint during LBS -40 muflg
pruduccd oignificant inercascs in ronin during both od 1ib
and lew cedium dictoc., Thuo, deopitc reoponciveoness of the
renin cystem, ccleetive deercose in low prescure baroroecptor
rootraint with ILBS =10 and =20 mmilg did not cignifieantly
inercase renin.

Lower body ouction at =20 mmAg peols approximatcly
400-600 ml of bloed (22)., Scveral investigators have reperted
that rcmoval of -400-600 ml of bloed (approximately 10% of
blood volume) doeo hot inercace renin (5,6,13,15). Frailurc
of renin te increasc with these levels of hemorrhage might be
attributed to failure to inhibit low preshure bé:oreceptox
restraint. However, the marked reduction in atrial or central
venous prescuczes would suggest that there io inhibition of
low pressurc baroreceptors with these levels of hemorrhage (15).
Furthermore, the f£inding in the present study that LBS ~10 and
-20 mmHg produces cignificant forcarm vasoconstrietion alsco
suggests that these levels of venous pooling or hemorrhage ,
are sufficient to decrease low pressure barofeceptor reotraint.

Combined decrease in low and high pressure barorcceptor

réstraint. LBS -40 mmHg, which decreases arterial pulse pressure

and reduces high as well as low pressure restraint, -produced
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periking inercases in renmin. Thus, whoreas a celeetive deercase
in lew prooourc reostraint did not inercace remin, cembincd
deercace in lew and high preooure bororcecptor rcotraing pro-
duecd cignificant lnercoccs in renin.

Propranolel bleckced the inercoces in renin during LBG
=40 mnilg. This indiecates that the inercaces repulted from
stimulatien of botao aarénergic reeeptors. Wo eonnot frem
this ctudy ctate that the inercascd ronin resulted frem ncural
as oppoccd to humoral ctimulation of the rcmal bota reecptor.
liewover, 2Zonehetti (31) has demonotrated that the inercace
in renin during orthogtatic otreos in cats ic mediated
almoot cntirely by ncural mechanlom.

We chould concider the pooscibility that influénces
other than bhroreéeptor reflexes triggered the increaces
in renin during LBS -40 mmig. TFor cxample, decrcases in
cardiae output ..iiag LBS =40 mmHg might increase renin
indeperndent of barorcecptor reflexcs by éecreasing pulce
pressure and stretch on the renovascular stretch receptor
(9) or by decreasing splanchnie blood £low and hepatie _
clearance of renin (26). However, these mechanisme are un-

likely sinee the increase in renin with LBS -40 mmHg was

blocked by propranolol.
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We eannot from these studies exelude a contiibution of
other rofloxes eriginating in soﬁatiq and visecral reecptors.
fsuwever, it cecemo unlikely that reflexes originating in
cutaneous, musecle or venous rcecptors in the lower extremitics
eontributed beeause leg cuetion at -50 mmig did not increase
renin,

Inereases in renin by LBS ~40 mmHg, whicp deereaced high
and low préSsure baroreceptor restraint, might be cxplained
in three ways. One cxplanation might be that high pressure
baroreceptors play the preéominant role in the barorcccptor
reflex control of réhin in humans. However, Zanchetti
(personal communication) has stated that selective inhibition
of high pressure (carotid) baroréceptors'produced by positive
neck pressure does not increase renin in humans. Thus, it
would appear that selective decrcease of either low or high
pressure baroreceptors restraint does not significantly
increase renin in humans.,

A second explanation might be that low and high pressure
baroreceptors both exert a physiological tonic restraint | _
on renin'activity in humans. This could expiain Zanchetti's
observation that selective decrease of carotid baroreceptor
inhibition does not increase renin since the presence of
physiological restraint from low pressure baroreceptors would

prevent "increases in renin activity under these conditions.
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This interprotation would aloo explain our f£inding that
seleetive deercase in lew prcssﬁre baroreceptog inhibition
does not significantly incrcase renin in the ptcsence of
phyciologieal rcstraint'from high pressurce barorcceptors. Wes
ouggest that reflex inercases in glasma renih.in humans recult
from a combined and not selecective decrease in low and high
presocure restraint. In other words, plasma rgnin inercases
when there is a concerted decrcase in tonic ééstraint from
low and high pressure barorécaétars during lower body suction
~40 mnflg, but not when there is a selective decrease in
restraint from low pressure.ﬁaroreceptors during LBS -19 or
~-20 mmﬁg. ' ‘

There is a third possible explanation for the f£inding
that renin increases with 1BS -40 mmHg, but not with LBS =10
and ~-20 mmig. Decreases in central venous pressure are
greater with LBS -40 mmHig (ACVP -5.8 mmig) than with LBS -20
mmig (ACVP -4.9 mmHg). Thus there is greater withdrawal
of low pressure restraint auriﬂg LBS ~40 mmHg than there is
during LBS -10 and -20 mmig., If the threshold for decreases
in central venous pressure required to tfigéer low pressuré
baroreceptor effects on renin are reached with lower body
suction -40, but not with lower suction -10 and -20 mmHg then
one might explain Ehe increases in renin with 1LBS -40 mmHg on
the basis of low pressure baroreceptors without implicating
a role for high pressure baroreceptors. LaGrange et al (20),

reported that neurogenically-nediated renin release is



ceparate from nourogoenically-mediated vasoconstriction. In
their ecxperiments low levels of direct cloectiical stimulation
of renal sympathetic nerves inecreasced renin releasc with
only minimal changes in vascﬁlar resistanec. In our experi-
ments, the stimulus of lewer body suetion =10 or ~20 mmlig was
suffieicent to triggér low pressure cffects on vascular
resistance.' Thug, baséd on the observations of LaGrange et al
(20) , one might have expected reflex increasqs in renin if
low pressure baroreceptors exerted the dominant restraint
on renin release. |

In summary, decreases in low pressure barorcceptor
restraint in humans did not significantly increase plasma
renin activity in the presence of physiological tonic
restraint from high pressure baroreceptors. Increcases in
plasma renin activity did not occur until there was combined
decrease in low and high pressure barorceceptor inhibition.
These results in humans supporit recent cbservations in
animals (17) that high as well as low pressure baroreceptors

—

participate in reflex regulation of renin activity. .

N
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Figure Legends

Pigure 1.

Pigure 2.

Figure 3.

Changes in placma renin aetivity during lower

hody suetion (.B5) at =10, 20 and 40 mmig.

BEntries are mcan + SE for 6 subjects. Acterick
indicates p < 0.05
Bffects of lower body ouetion at -40 mmig (LBS 40)

on plasma renin activity before and after propran=—

‘olol in’ three subjects.

Effcets of lower body suction at =10 mmHg (LBS 10)
and ~40 mmig (LBS 40) on pldoma renin activity
during ad lib codium intake and low sodium intake

(10 leq/24 hxs) in three subjects.t o
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