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Role of arterial baroreceptor function on cardiovascular 
adjustments to acute and chronic dynamic exercise 
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Our series of experiments in rats, and other data of the literature, indicate that 
the arterial baroreceptors are actively involved in the reflex control of 
circulation during acute and chronic exercise. Although heart rate increases 
simultaneously with arterial blood pressure during an acute bout of dynamic 
exercise, the gain of the baroreflex bradycardia remains unchanged. 
Moreover, the more pronounced increase in mean arterial pressure during all 
exercise period observed in sino-aortic denervated rats, compared to sham-
operated rats, suggests that the arterial baroreflex restrains the increase in 
blood pressure during dynamic exercise. However, the arterial baroreflex 
seems to have no influence on the development of exercise tachycardia. 
Exercise training can affect baroreflex bradycardia and tachycardia in the 
opposite direction, since decreased baroreflex bradycardia is observed despite 
increased baroreflex tachycardia. Since the increased baroreflex tachycardia 
may be attributed to an increased sensitivity of the afferent pathway of the 
baroreceptors, the attenuation of the baroreflex bradycardia is probably due 
to an impairment of the efferent pathway of the reflex. Finally, the decreased 
tonic sympathetic nerve activity produced by exercise training can be 
considered as one of the mechanisms involved in the attenuation of 
hypertension induced by exercise training. 

Key terms: arterial pressure, baroreceptor, baroreflex, cardiovascular 
adjustments, circulatory reflexes, dynamic exercise, heart rate 

INTRODUCTION 

D y n a m i c e x e r c i s e r e q u i r e s s u b s t a n t i a l 
c a r d i o v a s c u l a r a d j u s t m e n t s to m a i n t a i n 
o p t i m a l o x y g e n d e l i v e r y to e x e r c i s i n g 
m u s c l e . T h e c a r d i o v a s c u l a r r e s p o n s e to 
exerc ise is cha rac te r i zed by an increase in 
arterial b lood p ressu re (BP) , which is very 
impor tan t to ma in ta in b lood flow to cri t ical 

areas such as the hear t and bra in , as well to 
sat isfy the r e q u i r e m e n t s of t h e w o r k i n g 
musc le s and skin. T h e r e is a la rge fall in 
p e r i p h e r a l r e s i s t a n c e d u e to m e t a b o l i c 
vasodi la ta t ion in ac t ive musc l e , but B P is 
i n c r e a s e d d u e to t h e l a r g e i n c r e a s e in 
card iac output and also the vasocons t r i c t ion 
in n o n w o r k i n g t i ssues (6 , 18). T o ach ieve 
a l l t h e s e r e s p o n s e s , B P n e e d s to b e 
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c o n t i n u o u s l y r e g u l a t e d by t h e c e n t r a l 
cont ro l of the cardiovascular areas , through 
a c o m p l e x i n t e r a c t i o n b e t w e e n s i g n a l s 
a r i s i n g f r o m c h e m o s e n s i t i v e a n d 
mechanosens i t ive afferent nerve fibers in the 
active musc le and arterial baroreceptors , and 
also from central areas of the brain (central 
c o m m a n d ) . 

Th i s r ev iew deals specif ical ly with the 
ro le of a r te r ia l b a r o r e c e p t o r funct ion on 
c a r d i o v a s c u l a r a d j u s t m e n t s to a c u t e and 
chron ic d y n a m i c exerc i se . In the first part , 
the role of the ar ter ial baroref lex dur ing an 
acute bout of exercise will be discussed in 
terms of: i- sensit ivity of arterial baroreflex 
d u r i n g s u c h e x e r c i s e , a n d ii- a r t e r i a l 
baroreflex contr ibut ion to the cardiovascular 
response to exerc ise . In the second part of 
this review, the effect of exerc ise t raining on 
the sensi t ivi ty cont ro l of ar ter ial baroref lex 
of hear t and sympa the t i c ne rve act ivi ty wil l 
be ana lyzed . 

A R T E R I A L B A R O R E F L E X FUNCTION 

DURING AN ACUTE BOUT OF DYNAMIC EXERCISE 

The arterial baroref lex , the major cont ro l le r 
of BP , has a h igh gain and responds rapidly 
to per tu rba t ion in B P (16) . U n d e r no rma l 
c o n d i t i o n s , t he ba ro re f l ex is e f fec t ive in 
m i n i m i z i n g f l u c t u a t i o n s o f t h e m e a n 
a r t e r i a l p r e s s u r e ( M A P ) a r o u n d i t s 
opera t ing poin t . A l though this funct ion of 
the reflex has been wide ly s tudied unde r 
different phys io log ica l cond i t ions , the role 
of ar ter ial baroref lex dur ing an acute bou t 
of exe rc i se is not yet wel l es tab l i shed . T w o 
major ques t ions need to be addressed : 1) 
Does the baroref lex buffer B P f luctuat ions 
as effect ively dur ing exerc i se as at rest; 2) 
Does the arterial baroref lex con t r ibu te to 
t h e c a r d i o v a s c u l a r r e s p o n s e d u r i n g 
exerc i se? 

Baroreflex sensitivity during dynamic 
exercise. 

T h e e l e v a t i o n in B P o b s e r v e d d u r i n g 
exerc i se is a c c o m p a n i e d by increased hear t 
rate ( H R ) , and not by b radycard ia . This has 
b e e n u s e d a s e v i d e n c e t o s u p p o r t t h e 
c o n c e p t t h a t t h e a r t e r i a l b a r o r e f l e x is 

" t u r n e d off" d u r i n g e x e r c i s e . A l t h o u g h 
s o m e i n v e s t i g a t o r s s t i l l r e p o r t t ha t t h e 
reflex inf luences of ar ter ia l ba ro recep to r s 
are abo l i shed or b l u n t e d at the onse t of 
e x e r c i s e ( 5 , 2 1 , 2 8 ) , m o r e r e c e n t d a t a 
s u p p o r t t h e c o n t e n t i o n t h a t t h e y a r e 
act ively invo lved in the reflex control of 
c i rcula t ion dur ing exe rc i se (20 , 27 , 30) . 

W e e v a l u a t e d t h e s e n s i t i v i t y of t h e 
baroref lex b r adyca rd i a at rest and dur ing 
t w o d i f f e r e n t e x e r c i s e i n t e n s i t i e s in 
no rmo tens ive ra ts (25) . T h e sensi t iv i ty of 
b a r o r e f l e x b r a d y c a r d i a w a s s t u d i e d by 
measu r ing the changes in H R in response to 
t rans ient d rug - induced increases in B P . On 
the first day of the e x p e r i m e n t , increas ing 
doses of pheny l eph r ine (iv) w e r e injected at 
r e s t . O n e d a y l a t e r , a s i n g l e d o s e of 
pheny l eph r ine was injected dur ing exerc i se 
p e r f o r m e d at 0 .5 a n d 0 .8 m i l e s - h - 1 . T o 
c o m p a r e t h e s e n s i t i v i t y o f b a r o r e f l e x 
b r a d y c a r d i a d u r i n g e x e r c i s e wi th tha t at 
rest , we used a s imi lar inc rease in M A P in 
both s i tua t ions . T h e baroref lex index was 
ca lcu la ted us ing the ave rage va lues of all 
rat ios of changes in H R and M A P (AHR/ 
A M A P ) . T h e ca lcu la ted baroref lex indexes 
at 0.5 and 0.8 mi les-h" 1 w e r e s imi la r to 
those observed at rest (-1.45 ± 0.3 and -1.48 
± 0.3 vs -1.41 ± 0.1 b e a t s - m i n ' m m H g ' , 
respec t ive ly) (F ig 1). T h e s e da ta ind ica te 
t h a t t h e a r t e r i a l b a r o r e f l e x is e q u a l l y 
effect ive dur ing rest and exe rc i se . 

In t h e a b o v e c o n t e x t , M e l c h e r a n d 
D o n a l d (20) h a v e s t u d i e d c a r o t i d s inus 
s t i m u l u s - r e s p o n s e c u r v e s r e l a t i n g B P to 

rest 0.5 mph 0.8 mph 

Fig 1. Baroreflex bradycardia analyzed by the relationship 
HR/MAP at rest and during exercise (0.5 and 0.8 miles-h"1) 
in normotensive Wistar rats (n = 10). Data presented as 
means ± SEMs. One way ANOVA. 
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carot id s inus p ressu re (CSP) genera ted by 
c o n t r o l l i n g p r e s s u r e w i t h i n s u r g i c a l l y 
isolated s inuses , in res t ing and exerc i s ing 
dogs . Exe rc i s e caused n o al terat ion in the 
shape (s lope or gain) of s t imulus - response 
curves . T h e en t i re cu rve was s imply shifted 
ver t i ca l ly so tha t B P w a s h ighe r at any 
given C S P . This f inding sugges ted that the 
o p e r a t i n g p o i n t of t h e b a r o r e f l e x w a s 
increased dur ing exerc i se . In a m o r e recent 
s t u d y , P a p e l i e r et al ( 2 7 ) r e p o r t e d the 
responses of H R and B P to changes in C S P 
in h u m a n be ings at rest and dur ing exerc i se 
a t i n c r e a s i n g i n t e n s i t i e s . T h e r e s u l t s 
showed no effect of exerc i se on the s lope 
of r e l a t i o n s h i p s H R - C S P or M A P - C S P . 
H o w e v e r , exe rc i se did cause a p rogress ive 
sh i f t o f t h e r e l a t i o n s h i p , w h e r e e a c h 
i n c r e m e n t in e x e r c i s e i n t e n s i t y sh i f t ed 
u p w a r d the l inear cu rves re la t ing H R and 
B P to C S P , s u g g e s t i n g an i n c r e a s e d 
opera t ing poin t of the ref lex. In conc lus ion , 
ou r o b s e r v a t i o n s a n d t h o s e o b t a i n e d in 
these two s tud ies (20 , 27 ) p r o v i d e c lea r 
e v i d e n c e t h a t t h e b a r o r e f l e x g a i n i s 
main ta ined dur ing exerc i se , s imul taneous ly 
w i t h a s h i f t in t h e s e t p o i n t of t h e 
baroref lex . 

Arterial baroreflex contribution 
to the cardiovascular response 
to dynamic exercise. 

O n e way to e x a m i n e whe the r the arterial 
baroreflex contributes to the cardiovascular 
r e s p o n s e to e x e r c i s e is to c o m p a r e 
c a r d i o v a s c u l a r r e s p o n s e s d u r i n g d y n a m i c 
e x e r c i s e b e f o r e a n d a f t e r b a r o r e c e p t o r 
deafferentation. Therefore, these studies have 
been performed only in experimental animals, 
in w h i c h t h e a r t e r i a l b a r o r e f l e x c a n b e 
surgically interrupted by denervation of the 
baroreceptor areas (sino-aortic denervation). 

In our labora tory , we have s tudied B P 
and H R responses to d y n a m i c exerc i se in 
sham-ope ra t ed and s ino-aor t i c dene rva t ed 
( S A D ) r a t s ( 7 ) . A t r e s t , M A P and H R 
v a l u e s w e r e no t d i f f e ren t b e t w e e n b o t h 
groups s tudied one week after surgery (120 
± 15 vs 119 ± 8 m m H g and 332 + 6 vs 335 
± 18 b e a t s - m i n - 1 , r e spec t ive ly ) . H o w e v e r , 
S A D r a t s e x h i b i t e d t h e c h a r a c t e r i s t i c 
increased B P var iabi l i ty (18 ± 5 vs 6 ± 1 

m m H g ) . At the onse t of exe rc i se (20 s), 
S A D rats had a m o r e p r o n o u n c e d increased 
in M A P as c o m p a r e d with sham-ope ra t ed 
rats (Fig 2A) . In cont ras t , the t achycard iac 
r e sponse at the onset of exe rc i se was not 
s ignif icant ly different be tween both g roups 
(F ig 2 B ) . T h e i n c r e a s e d B P r e s p o n s e in 
S A D ra t s w a s m a i n t a i n e d d u r i n g s teady 
state exerc i se (2 min at 0.5 m i l e s h 1 ) (30 ± 
6 vs 13 + 3 m m H g ) , sugges t ing that the 
inf luence of the ar ter ial baroref lex cont ro l 
of B P p e r s i s t e d d u r i n g al l t h e e x e r c i s e 
per iod . H o w e v e r , no s ignif icant difference 
w a s o b s e r v e d in H R i n c r e a s e s b e t w e e n 
S A D and sham-ope ra t ed rats (85 ± 15 vs 79 
± 9 beats-min" 1 , r e spec t ive ly ) . T h e s e da ta 
s u g g e s t e d t h a t t h e a r t e r i a l b a r o r e f l e x 
res t ra ins the increase of B P dur ing d y n a m i c 

Fig 2 . Mean arterial pressure (MAP; panel A) and heart 
rate (HR; panel B) increases at onset of exercise in sham-
operated (diamonds; n = 7) and sino-aortic denervated 
(squares; n = 7) Wistar rats. Data presented as means ± 
SEMs. Asterisks, significant differences between both 
groups (p < 0.05). Student's t test. 
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exerc i se in ra ts . M o r e o v e r , the baroref lex 
m o d u l a t i o n of the c a r d i o v a s c u l a r s y s t e m 
dur ing exe rc i se s eems to be se lect ive , s ince 
the exe rc i se - t achyca rd iac response was not 
affected by ba ro recep to r s denerva t ion . 

In contrast to our results, other studies ( 1 , 
17, 21) u s i n g the s ino-aor t ic denerva t ion 
t e c h n i q u e c o n c l u d e d t h a t t h e a r t e r i a l 
ba rore f lex had l i t t le or no effect on the 
cardiovascular response to exercise. Arterial 
b l o o d p r e s s u r e w a s no t d i f fe ren t d u r i n g 
steady state exerc i se in control and S A D 
dogs. Moreover , a transient decrease in B P 
has been observed at the onset of exercise in 
dogs ( 1 , 17, 21) . It seems that the role of the 
arterial baroreflex during exercise is different 
a m o n g s p e c i e s . In fact , t he m e c h a n i s m s 
matching the exercising muscle blood flow 
and m e t a b o l i c r e q u i r e m e n t s a re s p e c i e s 
d e p e n d e n t . In d o g s , the i nc reased b l o o d 
supply to the exercising muscles is obtained 
without vasoconstrict ion in nonworking beds 
(1). In contrast, in rats (26) and humans (9), 
the cardiac output is diverted to exercising 
muscle by a vasoconstriction in visceral beds 

E F F E C T OF E X E R C I S E TRAINING 

ON A R T E R I A L B A R O R E F L E X 

in e x e r c i s e - t r a i n e d r a t s ( 8 ) . B a r o r e f l e x 
s e n s i t i v i t y w a s e v a l u a t e d by m e a s u r i n g 
changes in H R in response to transient drug-
induced progressive increases and decreases 
in B P , i n d u c e d b y iv i n j e c t i o n s of 
p h e n y l e p h r i n e and s o d i u m n i t r o p r u s s i d e , 
respectively. The baroreflex sensitivity was 
evaluated by calculating the ratio of the mean 
of all H R changes to the mean of all M A P 
increases or decreases (AHR/AMAP). When 
all va lues of A H R / A M A P were used , the 
ba ro r e f l ex b r a d y c a r d i a w a s s ign i f i can t ly 
lower in exercise- t ra ined rats compared to 
seden ta ry ra ts (F ig 3 A ) . In con t ras t , the 
b a r o r e f l e x t a c h y c a r d i a w a s s i g n i f i c a n t l y 
h i g h e r in e x e r c i s e - t r a i n e d ra t s (F ig 3 B ) . 
These data indicated that exerc ise training 
a f f e c t s b a r o r e f l e x b r a d y c a r d i a a n d 
t a c h y c a r d i a in o p p o s i t e d i r e c t i o n s . T h i s 
difference could be explained by alteration in 
the reflex pa thways . In another study (23), we 
also observed that the decreased baroreflex 
bradycardia recorded in exercise-trained rats 
was accompanied by decreased bradycardic 

BRS-BRADYCARDIA 

2 

E x e r c i s e t r a i n i n g i n d u c e s c a r d i o v a s c u l a r 
a d a p t a t i o n s , such as d e c r e a s e d H R and 
increased stroke vo lume (4, 13, 22, 23) , both 
at rest and d u r i n g s u b m a x i m a l exe r c i s e , 
which are general ly viewed as beneficial to 
the ca rd iovascu la r sys tem. Al though these 
cardiovascular responses to exercise training 
have been extensively studied, the influence 
e x e r t e d b y e x e r c i s e t r a i n i n g on t h e 
ba ro r e f l ex c o n t r o l of the c a r d i o v a s c u l a r 
system has not been clarified yet. 

BRS-TACHYCARDIA 

B 

Effect of exercise training on baroreflex 
control of heart rate. 

S e v e r a l i n v e s t i g a t o r s h a v e r e p o r t e d 
increased baroref lex sensi t ivi ty in exerc i se -
t r a ined h u m a n s (2 , 19, 31) . In con t r a s t , 
s t u d i e s p e r f o r m e d in e x e r c i s e - t r a i n e d 
a n i m a l s s h o w e d an a t t e n u a t i o n of 
baroref lex b radyca rd i a at rest (23) . 

W e recently studied the sensitivity of the 
baroreflex bradycardia and tachycardia at rest 

Fig 3 . Baroreflex sensitivities (BRS) for bradycardia (pa
nel A) and tachycardia (panel B), analyzed by index AHR/ 
AMAP obtained in sedentary (S; n = 12) and exercise-
trained (T; n = 15) Wistar rats. Data presented as means ± 
SEMs. Asterisks, significant differences between both 
groups (p < 0.05). Student's (test. 
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responses to electrical vagal stimulation and 
me thacho l ine inject ion, in exerc ise- t ra ined 
ra ts . The re fo re , the a t t enua ted baroref lex 
b r a d y c a r d i a i n d u c e d by e x e r c i s e t r a in ing 
could be explained by an impairment of the 
efferent pathway of the reflex. Conversely, 
the increased baroreflex tachycardia could be 
explained by an increased sensitivity of the 
af ferent p a t h w a y of the ba ro re f l ex after 
exercise training, since the gain-sensitivity of 
the baroreceptor curve is increased by 4 4 % in 
exercise-trained rats (8). 

The difference be tween our results and 
those obtained in humans may be attributed 
to different methodological approaches and 
dif ferences a m o n g spec ies . T h e increased 
ba ro re f l ex s ens i t i v i t y in e x e r c i s e - t r a i n e d 
subjects has been descr ibed by m e a n s of 
s igmoida l logis t ica l funct ion (19 , 31) . In 
c o n t r a s t , t h e a t t e n u a t i o n in b a r o r e f l e x 
sensitivity has been described by means of 
the index of baroreflex bradycardia (23) or by 
regression analysis, fitting changes in mean 
arterial pressure to corresponding heart rates 
(3, 23). Unpubl ished data from our laboratory 
( F a r a h et al) s h o w tha t t h e b a r o r e f l e x 
s ens i t i v i t y i n d e x o b t a i n e d by s i g m o i d a l 
logistical function in rats is quite similar to 
t h e b a r o r e f l e x t a c h y c a r d i a c i n d e x , b u t 
a p p r o x i m a t e l y t w o - f o l d t h e b a r o r e f l e x 
bradycardic index. As observed in this study, 
e x e r c i s e t r a i n i n g c h a n g e s the ba ro re f l ex 
t a c h y c a r d i a and t a c h y c a r d i a in o p p o s i t e 
d i r e c t i o n s . T h e r e f o r e , t h e i n c r e m e n t e d 
b a r o r e f l e x i n d e x o b t a i n e d by s i g m o i d a l 
logist ical funct ion may reflect main ly the 
changes in baroreflex tachycardia, but not the 
changes in baroref lex b radyca rd ia , which 
could be actually depressed. Kingwell et al 
(15) observed no significant changes in the 
sensitivity of the baroreflex control of H R in 
exercise-trained humans , but an attenuation 
in the baroref lex sensit ivity unde r cardiac 
s y m p a t h e t i c b l o c k a d e w i t h p r o p r a n o l o l , 
suggesting a decrease in the sensitivity of the 
baroreflex bradycardia. 

Effect of exercise training on baroreflex 
control of sympathetic nerve activity. 

C a t e c h o l a m i n e s r e l e a s e is s i g n i f i c a n t l y 
d imin i shed in exe rc i se - t r a ined h u m a n s at 
rest and dur ing exe rc i se pe r fo rmed at the 

s a m e w o r k l o a d ( 3 3 ) . T h e m e c h a n i s m s 
i n v o l v e d in t h e a t t e n u a t i o n of t h e 
s y m p a t h e t i c n e r v e ac t iv i ty after exe rc i s e 
t r a i n i n g a r e s t i l l u n c l e a r , b u t m a y b e 
m e d i a t e d b y c e n t r a l d e p r e s s i o n of t h e 
s y m p a t h e t i c s y s t e m a n d / o r c h a n g e s in 
s e n s i t i v i t y of p e r i p h e r a l r e f l e x e s t h a t 
con t ro l c i r cu la t ion , i nc lud ing the ar ter ia l 
baroref lex. 

T h e r e l a t i onsh ip b e t w e e n s p o n t a n e o u s 
c h a n g e s in B P a n d a v e r a g e d r e n a l 
sympathe t i c nerve act ivi ty ( R S N A ) s h o w s a 
"ba ro recep to r pa t t e rn" (29) r ep resen ted by 
the n e g a t i v e c o r r e l a t i o n b e t w e e n R S N A 
and systol ic ar ter ial p ressure . Di Car lo and 
B i shop (11) obse rved that exe rc i se t ra in ing 
in rabbi ts dec reased the sensi t iv i ty of the 
ba ro re f l ex con t ro l of R S N A , w h i c h was 
a t t r i b u t e d t o a t o n i c i n h i b i t i o n of 
c a r d i o p u l m o n a r y r e c e p t o r s . W e h a v e 
s tudied the effect of exe rc i se t ra in ing on 
t o n i c a n d r e f l e x R S N A in c o n s c i o u s 
u n r e s t r a i n e d r a t s by d i r e c t l y m e a s u r i n g 
neura l act ivi ty th rough a p l a t i num bipolar 
e l e c t r o d e i m p l a n t e d on a b r a n c h of the 
r e n a l n e r v e ( 2 4 ) . T h e R S N A w a s 
s ignif icant ly lower in exerc i se - t ra ined rats 
than in sedentary ones (Fig 4 ) . M o r e o v e r , 
an i m p a i r m e n t of b a r o r e f l e x c o n t r o l of 
R S N A in r e s p o n s e to A P d e c r e a s e w a s 
o b s e r v e d ( 4 . 9 2 ± 0 . 8 9 vs 1 2 . 3 ± 1.2 
ba rs -cyc le" 1 -mmHg" 1 ) . P r o l o n g e d increases 
in B P dur ing exe rc i se may con t r ibu te to the 
r e f l e x a t t e n u a t i o n o f R S N A . S o m e 
r e s e a r c h e r s h a v e d e m o n s t r a t e d t h a t a 

S T 

Fig 4 . Renal sympathetic nerve activity (RSNA) expressed 
as percentage of maximal activity during 1,000 cardiac 
cycles in sedentary (S; n = 6) and exercise-trained (T; n = 
6) Wistar rats. Data presented as means + SEMs. Asterisks, 
significant differences between both groups (p < 0 . 0 5 ) 
Student's t test. 
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s u s t a i n e d i n c r e a s e in B P fo r 9 0 m i n 
( p h e n y l e p h r i n e infus ion) inh ib i ted R S N A 
in rabbi ts , even after the infusion had been 
s topped and the B P had re turned to base l ine 
v a l u e s ( 3 2 ) . In a d d i t i o n , t h e i n c r e a s e d 
sympathe t i c ne rve act ivi ty obse rved dur ing 
p r o l o n g e d exe rc i se m a y lead to a d o w n -
r e g u l a t i o n of t h e s y m p a t h e t i c n e r v o u s 
sys tem dur ing the recovery per iod . In fact, 
after an acu te bou t of d y n a m i c exerc i se , the 
sympathe t i c ne rve act ivi ty is dec reased in 
h y p e r t e n s i v e s u b j e c t s ( 1 2 ) . A n o t h e r 
poss ib i l i ty is tha t e x e r c i s i n g m u s c l e can 
s t imula te the re lease of (3-endorphin in the 
b r a i n ( 1 0 ) , c a u s i n g i n h i b i t i o n o f 
sympathe t i c ac t iv i ty . If this m e c h a n i s m is 
e l i c i t e d f r e q u e n t l y , i t c o u l d r e s u l t in 
c h r o n i c s y m p a t h e t i c i n h i b i t i o n a n d 
decreased R S N A . 

In h u m a n s , the s tudy of the e x e r c i s e 
t r a in ing effect on the s y m p a t h e t i c n e r v e 
act ivi ty w a s substant ia l ly advanced by the 
m i c r o n e u r o g r a p h i c record ing (pe rcu taneous 
d i r e c t i n t r a n e u r a l r e c o r d i n g s ) of m u l t i -
un i ta ry p o s t g a n g l i o n i c s y m p a t h e t i c n e r v e 
ac t iv i ty . U s i n g this m e t h o d , Grass i et al 
(14) s tudied the ton ic and reflex control of 
m u s c u l a r s y m p a t h e t i c n e r v e a c t i v i t y 
( M S N A ) in h u m a n s b e i n g s , b e f o r e a n d 
af te r a c o n t r o l l e d p r o g r a m of e x e r c i s e 
t r a i n i n g . S i m i l a r l y to o u r r e s u l t s , t h e y 
obse rved a dec rease in M S N A . H o w e v e r , 
they repor ted that the baroref lex control of 
M S N A was increased dur ing rapid dec rease 
in B P , w h e r e a s w e o b s e r v e d a d e c r e a s e 
u n d e r t h e s a m e c i r c u m s t a n c e s . T h u s , 
exe rc i s e t r a in ing s e e m s to d e c r e a s e tonic 
s y m p a t h e t i c n e r v e a c t i v i t y in b o t h r a t s 
( 2 4 ) a n d h u m a n s ( 1 4 ) . H o w e v e r , t h e 
s e n s i t i v i t y of t h e b a r o r e f l e x c o n t r o l of 
s y m p a t h e t i c n e r v e ac t iv i ty after exe rc i s e 
t r a in ing can be s p e c i e s - d e p e n d e n t , or it 
c a n e v e n b e d i f f e r e n t in r e n a l a n d 
m u s c u l a r va scu l a r beds . 
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